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Spatial relation processing 
 
Many of our interactions with the world that surrounds us require processing of 

spatial relations. These can concern relations between objects, between parts of 
objects, and also between objects and ourselves. When simply walking around we 
need to acquire accurate information of where objects are in relation to other objects 
and our own position and how this changes as we move around in order to avoid 
bumping into things. Also when we grasp an object, for instance a mug, we make use 
of the spatial relation between the mug and our hand to make sure we correctly 
position our hand on its handle and bring it to our mouth. These two examples entail 
very precise, metric spatial relation information. 

In other situations, particularly when communicating about our surroundings, 
spatial relations with a more abstract and general nature are commonly applied. For 
instance, when giving a tourist directions to the local post office, you would probably 
use terms similar to “turn left after the library” and “walk alongside the bike path until 
you reach the square in front of the supermarket”. The propositions left, alongside, and 
in front of typically describe these abstract spatial relations. In particular when retaining 
information in memory, such as when remembering where you have left your keys, it 
can be sufficient to specify a spatial relation in such an abstract manner, e.g. “the keys 
are on the coffee table”.  

Stephen Kosslyn has played a crucial role in the definition and examination of the 
processing of spatial relations. In a theoretical paper (Kosslyn, 1987) mainly discussing 
lateralization in the human visual system, he was one of the first to describe the 
dichotomy of categorical and coordinate spatial relations. In the examples given 
above, the precise and metric relations used for navigation and motor actions are 
named coordinate spatial relations. The more abstract and general relations that are 
typically used in communication and certain forms of spatial memory refer to categorical 
spatial relations.  

In figure 1, categorical and coordinate relations are illustrated in the context of a 
typical living room. Categorical relations can be expressed in abstract terms (e.g. 
above, in between), whereas the coordinate relations are always metric in nature, 
whether absolute (e.g. 2 meters apart) or relative (e.g. closer by). Kosslyn discussed 
this distinction between categorical and coordinate in light of a theory on how certain 
functions have become lateralized in the human brain. He suggested that because of 
different predispositions of the two hemispheres they have evolved to favour 
processing of categorical and coordinate information differentially. The left 
hemisphere’s predisposition for associative memory has made it more suitable for 
processing categorical information, whereas coordinate processing would be more 
effective in the right hemisphere, given its prominent role in navigation ability. A 
further examination of this theory on spatial relations and their underlying processing 
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mechanisms is presented in this thesis. This will not only lead to more detailed 
information about how the brain processes different types of spatial information, but 
also how this comes into play in everyday activities like navigation and location 
memory.   

 

 
 

     
Figure 1. An example of how spatial relations in a living room can be represented categorically 
and coordinately (Illustrations taken from Gazzaniga, Ivry & Mangun, 2002). 

 
 
Experimental setting 

 
Not long after Kosslyn’s review was published, the hypothesized lateralization of 

spatial relations was put to the test in many empirical papers (e.g. Hellige & 
Michimata, 1989; Kosslyn et al., 1989; Koenig, Reiss & Kosslyn, 1990; Bruyer, 
Scailquin & Coibion, 1997; Wilkinson & Donnelly, 1999; Banich & Federmeier, 1999). 
In the first few years, such studies mainly focused on verifying the double dissociation 
of hemisphere and type of spatial relation in behavioural experiments with healthy 
subjects. Typically, quite simple and abstract stimuli were used in a visual half field 
design to examine hemispheric differences in terms of accuracy and response time 
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differences. In a visual half field design, stimuli are presented briefly in either the left 
or right side of the visual field, which project to the contralateral hemispheres. This 
type of stimulus presentation allows for behavioural measurements of left and right 
hemisphere performance (see Bourne, 2006 for an elaborate description). Examples of 
stimuli used in studies focusing on spatial relation processing are given in figure 2. 
These studies have clearly indicated a dissociation between categorical and coordinate 
processing. Typically, a clear right hemisphere advantage is found when a coordinate 
instruction is given, whereas a left hemisphere advantage with a categorical instruction 
is smaller or sometimes even absent (for a review see Jager & Postma, 2003 and 
Laeng, Chabris & Kosslyn, 2004). 

 
 

   
 
 
 
Figure 2. Examples of stimuli used to test spatial relation processing in visual half field designs. 
A) dot bar stimuli for which the categorical instruction is to indicate whether the dot appeared 
above or below the bar; the coordinate instruction is to indicate whether the dot appeared 
within 1 inch away from the bar, or not within 1 inch from the bar. The dots presented here 
indicate all possible dot positions; in a single stimulus only 1 position is presented (e.g. Hellige 
& Michimata, 1989). B) four dot blob stimuli are depicted, for which the categorical instruction 
is to indicate whether the dot appeared on the line or off the line (top two stimuli); the 
coordinate instruction is to indicate whether the dot is far from or near the blob (bottom two 
stimuli) (Kosslyn, Koenig, Backer Cave, Barrett, Cave, & Tang, 1986).  
 

As technological possibilities for neuroscientific research progressed, inferences 
about lateralization could be made in more detail. First, computational modelling 
allowed for findings supporting the view that two separate systems for processing 
categorical and coordinate relations were more appropriate and likely than a unitary 
system processing both types of spatial relations (e.g. Kosslyn, Chabris, Marsolek & 
Koenig, 1992; Kosslyn, Chabris, Marsolek, Jacobs & Koenig, 1995). This was quickly 
followed by the use of neuroimaging methods like positron emission tomography 

A  B
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(PET), functional magnetic resonance imaging (fMRI), and transcranial magnetic 
stimulation (TMS), which substantiated the idea of two separate underlying processing 
systems for categorical and coordinate information even further (e.g. Baciu, Koenig, 
Vernier, Bedoin, Rubin & Segebarth, 1999; Kosslyn, Thompson, Gitelman & Alpert, 
1998; Trojano et al., 2002; Trojano, Conson, Maffei & Grossi, 2006). In particular, the 
involvement of the left and right parietal cortex was implicated. Apart from the use of 
these techniques, patients with unilateral brain damage have also been tested in a 
number of studies, providing additional support for the hypothesized lateralization 
pattern of spatial relation processing (e.g. Laeng, 1994; Palermo, Bureca, Matano & 
Guariglia, 2008).  

What could have caused this distinct lateralization pattern of spatial relation 
processing? Kosslyn’s original suggestion about hemispheric predispositions that have 
evolved into clear lateralization has been adjusted over time. Instead of such pre-
existing qualities, Ivry and Robertson (1998) and Kosslyn and Jacobs (1994) have later 
suggested that low-level perceptual biases could be at the root of the hemispheric 
lateralization of categorical and coordinate spatial relations processing. They have 
discussed the possibility that each hemisphere receives output of population of 
neurons with different receptive field sizes. A link between such hemispheric 
asymmetries in spatial frequency processing and receptive field sizes of neurons have 
been documented in some studies and have been suggested to be related to spatial 
relation processing (see Jager & Postma, 2003; Laeng et al., 2003). Yet, the issue 
remains contentious, as direct physiological evidence for such asymmetries is lacking 
(e.g. Smith, Singh, Williams & Greenlee, 2001). At this moment, this is an ongoing 
debate that still needs to be resolved.  

 
 
Alternative theories 

 
In spite of the abundance of confirmative reports, some researchers have 

criticized the notion of the underlying mechanisms processing spatial relation 
information. Two main alternative views have been proposed. One view is that 
categorical and coordinate processing are in fact at two ends of a continuum and 
essentially rely on the same mechanism that processes spatial relation information at 
various levels of complexity. Sergent (1991a; 1991b) was the first to bring this view 
forward, followed by Van der Lubbe, Scholvinck, Kenemans & Postma (2006) and 
Martin, Houssemand, Schiltz, Burnod, and Alexandre (2008). Martin et al. (2008) have 
stated that instead of the type of spatial relation, the frequently reported lateralization 
effects are due to differences in difficulty. This alternative view has been criticized as 
well (Kosslyn et al., 1992; Slotnick, Moo, Tesoro, & Hart, 2001). In chapter 1.2 of this 
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thesis, the issue of task difficulty and lateralization patterns in spatial relation 
processing will be addressed. 

The other alternative view was proposed by Kemmerer and Tranel (2000). They 
argued that the hemispheric differences do not follow from the nature of the spatial 
relation processed, but from the nature of the task, which can be either verbal or 
visuospatial. Kemmerer and Tranel reasoned that when a task evokes the use of verbal 
categorical relations, a left hemisphere advantage will be found. In contrast, both 
categorical and coordinate spatial relations can also be tested strictly visuospatially, 
which in turn would cause a general right hemisphere advantage. This alternative 
theory will be discussed in more detail and empirically tested in part II of this thesis. 
In Figure 3 the three viewpoints are depicted schematically. 
 

     Left hemisphere            Right hemisphere 
 
Main theory: Kosslyn  categorical       coordinate 
 
Alternatives: Task difficulty      easy          difficult 
 

Task characteristics        verbal        visuospatial  
           (categorical)    (categorical and coordinate) 

 
Figure 3. A schematic depiction of the main theory on spatial relation processing “Kosslyn”, 
and two alternatives; “Task difficulty”, as suggested by Martin et al. (2008), and “Task 
characteristics”, as suggested by Kemmerer & Tranel (2000). Note that only task difficulty is 
continuous, as it ranges from easy to difficult, whereas the division in the other two theories is 
strictly dichotomous. 
 
 
Themes within spatial relation processing 

 
In this thesis three themes within spatial relation processing research are of 

particular importance: time, format and strategy, and context. Time concerns the temporal 
dynamics of both categorical and coordinate spatial relation processing as measured in 
spatial working memory. The theme format and strategy relates directly to Kemmerer 
and Tranel’s (2000) alternative theory of verbal versus visuospatial processing. This 
distinction can be suitably addressed by looking into the differences between verbal 
and visuospatial stimulus formats and verbal and visuospatial strategies. Finally, 
context is about the effects of stimulus and task design, which can range from very 
basic to naturalistic and lifelike. Each of these themes is addressed in more detail 
below, along with an outline of the chapters in the corresponding parts of this thesis. 
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Time 
Originally, the topic of spatial relation processing was mainly tested by means of 

perceptual tasks, in which responses to a single stimulus were measured. Over the 
years, different experimental approaches have been used to further investigate the 
processing of spatial relations (see Postma & Laeng, 2006), such as working memory 
designs (e.g. Laeng, 1994; Laeng & Peters, 1995; Van der Lubbe, et al., 2006) and 
designs focusing on mental imagery (e.g. Michimata, 1997; Palermo, et al., 2008). 
Importantly, the use of working memory designs can provide important additional 
information with regard to the temporal characteristics of spatial relation processing, 
as comparisons of stimuli are made over time. Behaviourally, such characteristics can 
be studied by varying the duration of the retention intervals between the two stimuli 
to study the dynamics of the lateralization pattern. Furthermore, the decay patterns of 
both categorical and coordinate information in memory can be studied in more detail. 
These might differ given the nature of their main functional properties (see Kosslyn, 
1987). For successful communication about spatial features, categorical information 
should be retained in memory for longer periods of time. In contrast, the coordinate 
information required for navigation is processed more instantaneously and 
continuously adjusted. In addition, techniques with a high temporal resolution, such as 
EEG, can be applied to study these temporal dynamics within single trials, as working 
memory trials typically consist of stimulus encoding, memorizaton, and retrieval (e.g. 
Van der Lubbe et al., 2006).   

In part I – Time, these temporal characteristics of spatial relation processing are 
further explored. A new working memory task design, the “cross-dot task”, is 
presented and thoroughly examined. In this task, two sequentially presented stimuli 
consisting of a cross and a dot are compared either according to a categorical or a 
coordinate instruction. A specific focus on the temporal dynamics of spatial relation 
processing is enabled by this working memory design, in which the retention interval 
between the two sequentially presented stimuli could be manipulated. The cross-dot 
task is first tested behaviourally (Chapter 1.1), followed by an fMRI study focussing on 
the neural correlates of spatial relation processing in this setting (Chapter 1.2). 
Furthermore, the temporal characteristics of neural activity throughout the different 
elements of the working memory process are addressed in an EEG study (Chapter 1.3). 
Neuropsychological data is provided in a study that includes a closer examination of 
the stimulus features, to better understand how the cross dot stimuli are processed 
(Chapter 1.4). Finally, by means of retinotopic mapping of imaging data, the activation 
patterns in early visual cortex in response to categorical and coordinate instructions 
are compared (Chapter 1.5). Taken together, the outcomes of these five studies provide 
a well-rounded view of spatial relation processing in working memory, with a specific 
interest in the temporal characteristics as measured by different retention intervals. 
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Format and strategy 
The right hemisphere advantage of coordinate relation processing has 

convincingly been shown, whereas the left hemisphere advantage of categorical 
relation processing has commonly been found to be weaker in comparison to the 
coordinate right hemisphere advantage, or even absent in some cases. This pattern has 
led some to look further into factors that could possibly affect the direction and 
extent of lateralization for both types of spatial relations (e.g. Rybash & Hoyer, 1992).  
Variation in strategy use could be an important factor in explaining some of the 
inconsistencies in literature with regard to lateralization. Arguably, such strategic 
differences can be sought in both the characteristics of the task and stimuli used and 
the characteristics of participants.  

So far, direct measures of the verbal and visuospatial nature of either the task or 
the strategy used, have not yet been obtained. Clearly, this approach could be of 
significant value in verifying Kemmerer and Tranel’s “task characteristics” view that 
assumes that the extent to which tasks load upon the verbal or visuospatial dimension 
determines the observed lateralization. Such characteristics likely differed between the 
experiments that have been used so far and they could possibly explain for the 
variation found in lateralization, in particular for categorical processing. Apart from 
verbal and visuospatial strategy use as triggered by task characteristics such as stimulus 
format, individual differences could play an important role here as well. Participants 
could differ in their preferred strategy to generate a response in spatial relation 
experiments, or in their ability to apply certain strategies. 

The three studies in part II – Format and strategy, focus on the verbal and 
visuospatial characteristics of spatial relation processing and individual differences. 
First of all, these studies can help in understanding the variation in the strength and 
direction of lateralization patterns reported so far, in particular for categorical 
processing. Furthermore, these studies are of particular interest in the discussion 
initiated by Kemmerer and Tranel (2000). These authors have stated that only verbal 
categorical processing will show a left hemisphere advantage, in contrast to 
visuospatial categorical and coordinate processing, that are thought to be related to a 
right hemisphere advantage. Verbal and visuospatial characteristics are studied at a 
task level by adapting stimuli and enforcing specific strategies (Chapter 2.1). In 
addition, they are also assessed in terms of naturally occurring strategies as measured 
by verbal and spatial interference tasks (Chapter 2.2). Finally, a range of individual 
differences are considered in Chapter 2.3, including gender, and verbal and visuospatial 
cognitive qualities. The combined outcome of these three chapters may provide a 
solid contribution to the discussion of the precise characteristics of the lateralization 
pattern. 
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Context 
Experiments focusing on spatial relation processing have typically made use of 

very simple and abstract stimuli. This raises the question how all these findings relate 
to spatial perception and working memory in the natural environment that surrounds 
us in daily life. Are categorical and coordinate spatial relations processed in the same 
way when the context of the stimuli changes from from very basic to more natural 
and lifelike? In other words; can we generalize the many findings on spatial relation 
processing for basic tasks to how humans perceive and memorize such spatial features 
in the environments we encounter in real life? It might be possible that findings from 
studies with abstract stimuli cannot be generalized to such natural settings, as there is 
an abundance of spatial cues and information in these much more complex stimuli. In 
the literature just a single study has focused on spatial relations is natural scenes and 
has shown that categorical as well as coordinate information is used to encode 
location changes in a perceptual setting (Rosielle, Crabb & Cooper, 2002). Another 
important issue that requires attention is whether the lateralization pattern reflecting 
the separate categorical and coordinate processing systems can also be observed in 
such lifelike settings. If so, this will provide an indication that indeed the same 
processing mechanisms are relevant for spatial relation processing, regardless of the 
context used in the task. For this purpose it is valuable to use virtual renderings of 
natural environments, so that such experiments can be carried out in controlled 
settings. 

On a more practical note, in spatial navigation these spatial relations as well as 
many other spatial features of the environment are taken into account, as described in 
the examples given at the beginning of this introduction. By using virtual depictions of 
the real world as for scene perception and location memory, spatial cognitive features 
of navigation behaviour can be studied. It is valuable to study how practical uses of 
spatial relation information are processed in complex navigation behaviour, for 
instance as in deciding which turns to take and processing metric route information. 

The studies included in part III - Context address the use of spatial information in 
more natural circumstances. The studies described in Chapters 3.1 and 3.2 were 
performed to examine to what extent the findings in simple, controlled laboratory 
settings can be extrapolated to complex, more lifelike stimuli. In Chapter 3.1 the 
contribution of categorical and coordinate position information was tested in an 
object location memory setting. Chapter 3.2 includes a scene perception experiment for 
which brain damaged patients and healthy controls were tested. In Chapter 3.3, the role 
of various types of spatial information was investigated during spatial navigation in a 
study of two patients with right hemisphere damage. 
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Throughout the first part of this thesis the temporal dynamics of spatial relation 

processing are discussed. In order to do so, we developed a working memory task. 
This cross dot task allowed us to implement manipulations of the temporal features of 
the task, by changing the duration of the retention interval between two stimuli. We 
used this task in five studies making use of behavioural, fMRI, EEG, and 
neuropsychological measures, allowing for an in depth examination of spatial relation 
processing in working memory. 
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The time course of hemispheric differences in categorical and 
coordinate spatial processing 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Published as: 
Van der Ham, I. J. M., Van Wezel, R. J. A., Oleksiak, A., Postma, A. (2007). The time 
course of hemispheric differences in categorical and coordinate spatial processing. 
Neuropsychologia, 45, 2492-2498. 

  



20  
 

 

Abstract 
 

Spatial relations between objects can be represented either categorically or 
coordinately. The metric, coordinate representation is associated with predominant 
right hemisphere activity, while the abstract, qualitative categorical representation is 
thought to be processed more in the left hemisphere (Kosslyn, 1987). This 
hypothesized lateralization effect has been found in a number of studies, along with 
indications that specific task demands can be crucial for these outcomes. In the 
current experiment a new visual half field task was used which explores these 
hemispheric differences and their time course by means of a match-to-sample design. 
Within retention intervals that were brief (500 ms), intermediate (2000 ms), or long 
(5000 ms), the processing of categorical and coordinate representations was studied. 
In the 500 ms interval, the hemispheric effect suggested by Kosslyn (1987) was found, 
but in the longer intervals it was absent. This pattern of the lateralization effect is 
proposed to be caused by the differential effect the retention interval has on 
coordinate and categorical representations. Coordinate spatial relations appear 
susceptible to changes in retention interval and decay very quickly over time, 
congruent with previous findings about accurate location memory. The processing of 
categorical spatial relations showed less decay and only between 2000 ms and 5000 
ms. Qualitative self reports suggest that the decay found for categorical relations 
might be caused by a switch from a visual to a more verbal memorization strategy. 
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Introduction 
 

The ability to discern the location of objects is crucial in our daily lives. It enables 
navigation and allows us to interact with our environment. Visuospatial processing of 
spatial relations within and between different objects and between objects and 
ourselves, critically contributes to this ability. Spatial relations between, as well as 
within objects can be subdivided into two distinct types. With coordinate spatial 
relations, these relations are described precisely and in a metric manner, such as ‘the 
distance from the lamp to the table is 45 cm’. Categorical spatial relations are 
expressed by more abstract, qualitative terms, useful for storing prototypical 
descriptions, such as ‘the lamp is hanging above the table’ (Kosslyn, 1987; Kosslyn et 
al., 1989). Kosslyn (1987) first suggested the coordinate–categorical subdivision and 
linked it to the two cerebral hemispheres. Coordinate representations are thought to 
be associated more with the right hemisphere, following upon its pre-existing 
specialization in navigational processes. Categorical representations are assumed to be 
processed mostly in the left hemisphere, because of its associative memory and 
linguistic properties1.  

The hypothesized hemispheric differentiation in the two types of spatial relations 
has received empirical support by experiments applying divided visual field tasks, 
neuroimaging and neuropsychological studies (e.g. Baciu et al., 1999; Banich & 
Federmeier, 1999; Jager & Postma, 2003; Laeng, 1994). Yet, a number of research 
reports has presented opposite results (e.g. Niebauer, 2001; Sergent, 1991a, 1991b). 
Part of this incongruence appears attributable to experimental design and specific task 
demands (Bruyer, Scailquin, & Coibion, 1997; Wilkinson & Donnelly, 1999).  

A widely used and much adapted task design in this field is the dot-bar paradigm, 
first reported by Hellige and Michimata (1989) and Kosslyn et al. (1989). In this task a 
dot is presented either above or below a horizontal line, at several predetermined 
positions. Some of those positions are ‘near’ the line, and the others are ‘far’ from the 
line. Subjects are instructed to respond either categorically or coordinately to the 
presented dot-bar combinations. The categorical response is an indication of whether 
the dot is above or below the line, the coordinate response is the assessment whether 

                                                 
1 There are some indications for relatively higher levels of input from the magnocellular visual 
pathway and the parvocellular visual pathway to the right and the left hemisphere, respectively. 
These pathways are also assumed to be related to large and small field sizes, correspondingly 
(Hellige & Cumberland, 2001; Kosslyn, Chabris, Marsolek, & Koenig, 1992; Roth & Hellige, 
1998). The right hemisphere is suggested to be biased toward encoding outputs from neurons 
with relatively large and overlapping field sizes, suitable for encoding of coordinate 
representations. The receptive field size attended to by the left hemisphere seems relatively 
small and more appropriate for encoding categorical representations (Chabris & Kosslyn, 1998; 
Jacobs & Kosslyn, 1994; Kosslyn et al., 1992).  
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the dot is positioned near or far from the bar. One problem commonly found in this 
task design is that the hemispheric pattern related to coordinate responses disappears 
after a number of trials. Because of the repetition of the same stimulus type, subjects 
likely develop new binary categories in the coordinate condition, as the exact dot 
positions become familiar to them (Rybash & Hoyer, 1992).  

A way to circumvent this problem is to apply a match-to-sample S1–S2 design 
(Laeng & Peters, 1995; Van der Lubbe, Schölvinck, Kenemans, & Postma, 2006). In 
this type of design the required response depends on the categorical or coordinate 
similarity between the first (S1) and second stimulus (S2), which prohibits the 
emergence of general practise effects. Van der Lubbe et al. (2006) applied this design 
in an event related potential (ERP) study in which they studied the time course of 
brain activity during encoding and memorizing S1, and encoding S2 and retrieval of 
S1, separately. Behaviourally, they found a right hemispheric advantage for coordinate 
trials, but the proposed left hemispheric advantage for the categorical tasks was not 
found. ERP analysis showed a quantitative, but not qualitative, divergence between 
categorical and coordinate processing during encoding and memorization.  

At a behavioural level time course effects can be further examined by varying the 
length of the retention interval between the first and second stimuli. In a different, 
spatial memory paradigm, in which a dot had to be relocated within a circle, according 
to an example, Postma, Huntjens, Meuwissen, and Laeng (2006) employed retention 
interval variation to examine the time course of categorical biases and found 
deviations in both the angular and radial position features. The longer the interval was, 
the larger the deviation of the dot placements towards the outer circumference of the 
circle. The authors suggested that categorical coding might be a default way in which 
spatial information is remembered over time, since the categorical biases grew 
stronger with larger retention intervals.  

In the current task design the match-to-sample and retention interval variation 
were combined to further examine the potential hemispheric lateralization of the 
categorical and coordinate spatial representations over time. A new and important 
aspect of the current study is that it compared the effects of as well as coordinate 
responses in equivalent experimental circumstances. three separate retention intervals 
on hemispheric lateralization of categorical This allowed us to take a closer look at the 
effect of retention interval on both categorical and coordinate representations, as has 
been found for categorical bias in the study of Postma et al. (2006).  

We may consider three effects of different retention intervals. One possibility 
could be that the hypothesized double dissociation in hemispheric differences is 
present only in the brief, 500 ms interval and diminishes in the intermediate (2000 ms) 
and long (5000 ms) retention intervals. This pattern could occur if categorical 
representations persist over time (Postma et al., 2006), while the coordinate 
representations do not. Accurate location memory, required for coordinate 
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representations, is prone to fast decay (Huttenlocher, Hedges, & Duncan, 1991; 
Werner & Diedrichsen, 2002). The decay is expected to be expressed in a lower level 
of performance and a decrease of the hypothesized right hemispheric advantage in the 
coordinate trials. This temporal pattern is in line with the functional properties of 
both representations, as proposed by Kosslyn (1987). Coordinate representations 
serve actions such as grasping an object or avoiding it while navigating through space, 
these actions are immediate and the representations involved are not necessarily 
required to be retained in memory for a long time. Categorical representations 
however, serve to select the constancies in a continuously changing world. There is a 
clear need to keep this information available for longer durations.  

A second option follows upon a number of reports stressing the effect of interval 
length on the extent of hemispheric lateralization, which grows larger with longer 
intervals in several paradigms. Several reports (Dee & Fontenot, 1973; Hannay & 
Malone, 1976) have pointed out an increase of the left hemispheric advantage in 
verbal tasks as the interval between two stimuli is longer. Coney and MacDonald 
(1988) suggested that lateral asymmetries appear and grow stronger when processing 
reaches a more complex level of representation. Assuming that longer retention 
intervals put a higher strain on memory and induce a higher level of complexity, the 
proposed hemispheric advantages in this task should increase from the brief, 500 ms 
interval to the long, 5000 ms retention interval. 

Another alternative outcome might be that performance in both categorical and 
coordinate trials is equally affected by the manipulation of retention interval, while a 
longer retention interval might yield a higher task difficulty and therefore more errors 
and longer response times, the lateralization pattern should not be altered. Admittedly, 
this outcome would be close to the null hypothesis, at least for the interaction 
between instruction, hemisphere, and retention interval.  

It should be mentioned here that the current S1–S2 paradigm, besides avoiding 
possible undesired practice effects, was also intended to raise the level of difficulty, 
thus making the task more sensitive. In particular, this could be relevant for the 
categorical condition, because in most dot-bar experiments, categorical responses are 
much faster and more accurate than the coordinate responses. The left hemispheric 
advantage in categorical judgments could thus have been caused by the low level of 
difficulty in these tasks, while the right hemisphere performs better on the relatively 
difficult decisions, typical for coordinate tasks. If the categorical tasks can no longer 
be considered ‘easy’, then a possible left hemispheric advantage can no longer be 
attributed to a difference in level of difficulty. By creating stimuli with four instead of 
two categories, we intend to increase this difference in level of difficulty. Because this 
stimulus type doubles the number of possible categories, the categorical task was 
expected to show a higher level of difficulty, relative to categorical tasks in previous 
studies. These four categories were created by adapting the traditional dot-bar stimuli. 



24  
 

 

Instead of a horizontal bar, a cross was chosen consisting of one horizontal bar and 
one vertical bar. The dot could be in one of the four quadrants (four categorical 
options), regardless of position within the quadrant and at four different distances 
(four coordinate options) from the centre of the cross, regardless of which quadrant 
the dot was in.2 
 
 
Methods 
 
Participants 

Twenty-four students participated in exchange for course credit or a small 
monetary reward. Half of the group of participants consisted of males, the other half 
of females. The overall mean age was 21.54 (SD = 2.04). A Dutch version of the 
Edinburgh Handedness Inventory was filled out by all participants to ensure right 
handedness (mean score = +89.42, S.D. = 13.86, on a scale of −100, extremely left-
handed, to +100, extremely right-handed) (Oldfield, 1971). All participants had 
normal or corrected to normal vision and were unaware of the rationale of the 
experiment. 
 
Design 

The experiment consisted of two match-to-sample tasks, one with a categorical 
instruction and one with a coordinate instruction. In this match-to-sample paradigm, 
subjects determined whether the second (S2) of two stimuli matched the first stimulus 
(S1), in either a categorical or a coordinate fashion, depending on the instruction 
given. The two different instructions were given for two separate tasks. The 
categorical instruction was to indicate whether the dot in the second stimulus was 
presented in the same quadrant as in the first stimulus or not. The coordinate 
instruction was to pay attention to the distance between the dot and the centre of the 
cross and state whether the distance in the second stimulus was identical to the 
distance in the first stimulus or not. The current task design was similar to the S1–S2 
paradigm used by Van der Lubbe et al. (2006), but adaptations were made regarding 
stimulus features and the duration of the retention interval. The task featured a 
divided visual field approach to examine hemispheric differences. S1 was presented 
centrally and S2 was presented laterally, either in the left or right visual field. Apart 
from the difference in instruction the categorical and coordinate tasks were equal in 
structure and duration. Besides these two tasks, a third task was also administered with 

                                                 
2 The term “categorical” used here means abstract and refers to the rough position of the dot 
relative to the cross. “Coordinate” signifies the metric relationship between the dot and the 
cross; the absolute distance, regardless of the angle with respect to the fixation origin. 
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the instruction to detect changes of any kind in dot position in S2 compared to S1. 
The order of the three tasks was counterbalanced. In several of the conditions in the 
“any change” task performance was not above chance level. Therefore this third task 
was not included in the results.  

For both the categorical and coordinate instruction 96 trials were presented, and 
for both instructions there were three blocks each with a different retention interval. 
These intervals correspond to the length of the presentation of the second blank 
screen and fixation cross in the trial sequence. Thirty-two trials were presented for 
each retention interval, brief (500 ms), intermediate (2000 ms) and long (5000 ms). 
The retention intervals were blocked and the order of these three blocks was 
counterbalanced across subjects. In total, there were 12 separate conditions, two tasks 
(instruction: categorical, coordinate), three blocks (retention interval: 500 ms, 2000 
ms, 5000 ms) and two lateralized positions of S2 (visual field: left, right).  
 
Procedure 

Subjects were seated in front of a 17 inch computer screen (1024×768 pixels), at a 
distance of 50 cm. A chin rest was used to keep the head stabilized in front of the 
exact centre of the screen. A four button response box was used to register response 
times (RT) and error rates (ER). The buttons were positioned so that they could be 
easily operated with the index and middle fingers of both hands. All responses were 
given bimanually, to eliminate any possible lateralization effects caused by motor 
activity. The button presses, with simultaneous pressing and fast button release, were 
demonstrated by the experimenter. By pressing with both index fingers participants 
gave a ‘match’ response, the middle fingers were used to give a ‘non-match’ response. 
The RT of the fastest hand was recorded and analysed. Due to technical 
characteristics of the response box used, the response times given here represent the 
first button release. A follow up study indicated that pressing and releasing buttons is 
highly correlated (R2 = 0.96, p < .001) and the difference between the two measures 
of RT is constant over conditions (for 23 subjects; RT difference = 251 ms, SD = 
62.66, unpublished data). The instructions and the experiment itself were shown on 
the computer screen, by means of Presentation 9.90 software (Neurobehavioral 
Systems). Instructions were given orally and in text on the computer screen. Nine 
practise trials preceded the actual experiment.  

All single trials consisted of the following elements: a blank screen (750 ms), a 
fixation cross presented centrally (500 ms), S1 presented centrally (150 ms), a blank 
screen (0 ms, 1500 ms, or 4500 ms), a centrally presented fixation cross (500 ms), S2 
presented laterally, either left or right (150 ms) and a blank screen (2000 ms) (see Fig. 
1). The fixation cross was “×” shaped (10×10 pixels) so it would not provide a cue for 
the angles of the “+” shaped cross in the stimuli. All text and stimuli displays were 
presented in black, on a white background, as suggested by Jager and Postma (2003). 



26  
 

 

S2 appeared laterally with a visual angle of 2.5◦ from the centre of the screen to the 
centre of the stimulus. The direction of laterality (left or right visual field) was 
balanced within each retention interval block. 

 
Figure 1. A diagram of the trial sequence used in both the categorical and coordinate trials. 
 

S1 and S2 were dot-cross stimuli, which are an adaptation of the traditional dot-bar 
stimuli. The size of the cross was 90 × 90 pixels and the dot radius was 6 pixels. With 
the intent to increase the level of difficulty of the categorical task, the dots in the 
stimuli could appear at 16 different positions with regard to the cross, in each of the 
four quadrants and with four different distances to the centre of the cross (see Fig. 2). 
In the categorical task, subjects were instructed to determine whether the dot in S2 
appeared in the same quadrant as the dot in S1, regardless of its metric position. In the 
coordinate task, they were asked to determine whether the dot in S2 appeared at the 
same distance to the centre of the cross as the dot in S1, ignoring the quadrants they 
were in (see Fig. 3). Therefore there were four options for each instruction type, four 
quadrants and four distances, instead of the two options of near/far and above/below 
in the original dot-bar paradigm. The instructions and examples were carefully 
composed to keep the subjects naïve to the restriction in number of positions and 
actual location of the dots in S1 and S2. The subjects were told that the dots could 
appear at any position in and around the cross. The combinations of the S1 and S2 

 

 

 

 

 

 

 

750 ms

500 ms

S1: 150 ms, central

0/1500/4500 ms

500 ms

S2: 150 ms, lateral 

2000 ms 



Chapter 1.1 27 
 

 

dot positions and the direction of laterality of S2 were pre-programmed in order to 
have a balanced number of trials for every condition.  
 

 
 
 
 
 
 
 
 
 
Figure 2. The 16 possible dot positions, relative to the cross. Note that only one dot was 
presented in each actual stimulus. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Examples of S1–S2 combinations for the categorical and coordinate instructions. All 
four options are given: categorical and coordinate, matching and not matching. 
 

S1 S2

categorical match

categorical non-match

coordinate match
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After each task was completed subjects were asked about the strategy they had 
applied to solve the task and the subjective level of difficulty. They were specifically 
asked about what they did during both tasks, and the perceived effect of the different 
retention intervals on these strategies. As one of the anonymous reviewers suggested, 
it should be noted here that these qualitative self reports do not exclude the possibility 
of other processes taking place, of which the subjects are unaware. Yet, the use of 
typical verbal and visuospatial strategies in comparing sentences and pictures can be 
strongly influenced by the explicit instruction to apply one of those strategies 
(Mathews, Hunt, & MacLeod, 1980). In other words subjects can evaluate and adapt 
their strategy, which implies a conscious perception of the strategy used. 
 
Data analysis 

The RT and ER measured in the categorical and coordinate tasks were analysed to 
examine the performance levels in all 12 conditions. All scores, RT and ER, were first 
subjected to a repeated measures general linear model (GLM) with instruction 
(categorical and coordinate) visual field (left and right, corresponding to the contra 
lateral cerebral hemispheres; LVF/RH and RVF/LH) and retention interval (500 ms, 
2000 ms, and 5000 ms) as within subject factors. Bonferroni corrected post hoc 
analyses were used to further examine possible significant interaction effects. In 
addition, the qualitative self reports the subjects provided are discussed. 

 
 
Results 
 
Overall response times and error scores 

The means of RT and ER for all conditions were analysed (Fig. 4A and B). For 
RT the GLM revealed a significant main effect of instruction, F(1,23) = 16.35, p = 
.001, and retention interval, F(2,22) = 8.96, p = .001. Post hoc tests showed that RT 
was significantly higher in the coordinate instruction, than in the categorical 
instruction. Moreover, post hoc tests revealed that RT was significantly higher for the 
5000 ms interval, than for the 500 ms and 2000 ms intervals, p = .004, and p = .002, 
respectively. Significant interaction effects were found for visual field × retention 
interval, F(2,22) = 4.67, p = .020, and instruction × visual field × retention interval, 
F(2,22) = 4.33, p = .026. Post hoc repeated measures GLMs were performed on the 
latter interaction effect within each retention interval to investigate it more 
thoroughly.  
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Figure 4. A) Average response times (RT) and B) error scores (ER) for the categorical and 
coordinate instruction tasks in both the left (LVF) and the right (RVF) visual field and all three 
retention intervals. The error bars represent the standard error of the mean (S.E.M.). 
 

At 500 ms, a significant main effect for instruction, F(1,23) = 4.97, p = .036, and 
a significant interaction effect of instruction × visual field, F(1,23) = 5.19, p = .032, 
were found. Again the average RT was higher for the coordinate instruction than for 
the categorical instruction. In the categorical instruction the RVF/LH outperforms 
the LVF/RH and the reverse is true for the coordinate instruction. A paired samples 
t-test revealed that the difference between both visual fields at the 500 ms interval, 
was significant within the categorical instruction, t(23) = 2.31, p = .030, but not within 
the coordinate instruction, t(23) =−1.57, p = .130. At 2000 ms a similar main effect 
for instruction was found, F(1,23) = 16.94, p < .001. The same main effect was found 

A 

B 
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at 5000 ms, F(1,23) = 12.71, p = .002, as well as a main effect for visual field, F(1,23) 
= 5.94, p = .023, indicating that the average RT was higher in the LVF/RH, than in 
the RVF/LH.  

Furthermore, the interaction effect of instruction × visual field × retention 
interval was analysed within both instruction types. For the categorical task, there was 
a main effect of retention interval, F(2,22) = 7.80, p = .003, indicating that for the 
longer retention intervals, there was a higher mean RT. Post hoc pair wise 
comparisons showed a significantly higher RT in the 5000 ms interval, compared to 
the 2000 ms interval, p = .002. A similar main effect was found for the coordinate 
task, F(2,22) = 6.22, p = .007, but in this case the increase of RT was significant 
between the 500 ms and 2000 ms interval, p = .019 after which it remains similar at 
the 5000 ms interval, p = 1.000. A closer look at the retention interval × visual field 
interaction shows that only within the 5000 ms interval there is a significant main 
effect of visual field, F(1,23) = 5.94, p = .023, as mentioned earlier, indicating a higher 
mean of RT in the LVF/RH, compared to the RVF/LH.  

A GLM on ER showed a significant main effect of instruction, F(1,23) = 84.44, p 
< .001, and a significant interaction effect of visual field × retention interval, F(2,22) 
= 9.13, p = .001. Post hoc tests showed that ER was higher for the coordinate 
instruction, than for the categorical instruction, congruent with the RT outcome. A 
closer examination of the visual field × retention interval effect revealed a significant 
main effect of visual field at the intermediate interval of 2000 ms, F(1,23) = 11.14, p = 
.003, indicating a lower ER for the LVF/RH.  
 
Qualitative self reports 

When asked about the difficulty of the tasks, most subjects reported that they 
experienced the categorical task to be easier than the coordinate task. The differences 
in retention interval affected the comfort with which the tasks were performed. In the 
2000 ms interval this comfort was highest because it provided an agreeable rhythm in 
which the answers could be given. The 500 ms interval was mainly experienced as 
demanding concentration, while the 5000 ms interval put noticeably more weight on 
memory.  

The reported strategies used can be roughly divided into the use of words, visual 
imagery and a combination of both. Nearly all subjects used only words to solve the 
categorical task; they coded S1 with verbal labels as “top left” or “bottom right”. This 
effect appeared to be moderated by the retention interval, some subjects report that 
the use of words became easier with longer retention intervals, for both the categorical 
as the coordinate tasks. The coordinate task was mainly solved by applying visual 
imagery, many subjects developed techniques to make this imagery easier. Some 
subjects imaged circles around the centre of the cross, others imaged additional lines 
in the figure and paid attention to the angle those lines created. A few subjects 



Chapter 1.1 31 
 

 

reported the use of words in the coordinate task as well, but because the number of 
possible positions of the dots were unknown the verbal codes were restricted to terms 
like “nearby”, “somewhere in the middle”, and “further away”, which could not 
uniquely describe the actual distance, because there were four possible distances. Only 
one of the 24 subjects had deducted that there were four predefined distances at 
which the dots could appear.  
 
 
Discussion 
 

Spatial relations between objects can be represented either categorically or 
coordinately. The abstract, categorical representation is thought to be processed 
predominantly in the left hemisphere, while the metric, coordinate representation is 
associated more with right hemisphere activity (Kosslyn, 1987). Although spatial 
relations have been studied extensively, the time course of these two representations 
has not been examined much. In the current experiment three different time intervals 
were employed in a divided visual field, match-to-sample task, to investigate the effect 
of delay on both representations and the related hemispheric lateralization patterns.  

For the brief retention interval of 500 ms, the hemispheric differences proposed 
by Kosslyn (1987) were found in the RT analysis; presentation in the LVF/RH 
showed better performance for coordinate trials, while RVF/LH presentation had the 
same effect on categorical trials. Notably, this effect was not present in the 
intermediate and long intervals. Therefore the interaction of instruction and visual 
field appears to have been affected by the length of the retention interval. While the 
coordinate trials showed an increase in RT between the brief and intermediate 
retention interval, which remains the same for the long retention interval, an increase 
in RT only appeared between the intermediate and the long interval for the categorical 
responses. The coordinate trials therefore seem to have been affected at an early stage 
by the duration of the retention interval, while RT for the categorical trials was only 
affected by the long duration of the retention interval. The results for the coordinate 
condition are congruent with the notion that exact location memory decays very 
quickly (Huttenlocher et al., 1991; Werner & Diedrichsen, 2002). Because of the 
decay, the intermediate and long intervals were very likely to be too long to examine 
responses based purely on exact, coordinate representations, because they were simply 
not present anymore.  

Some subjects reported a verbal encoding strategy for the coordinate trials, but 
this was mainly restricted to the long, 5000 ms interval. It is very well possible that in 
the long interval, the coordinate strategy failed completely, because the exact, metric 
information had decayed in memory. A verbal approach could replace the coordinate 
strategy, which would result in a lower level of performance, because the coordinate 
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trials were not perfectly solvable without knowing the total number of possible 
positions. A verbal, more categorical strategy, using words like near, in the middle, and 
far, could well have caused the left hemispheric advantage found, because of the use 
of categories and verbal memorization. A drawback of a verbal approach in the long 
intervals might be the effects of interfering intrusive thoughts. Some of the subjects 
mentioned they found it harder to concentrate during the long intervals because they 
suffered from involuntary intrusions, unrelated to the task.  

Detection of categorical changes was also affected by an increase of the length of 
retention intervals. The RTs for categorical trials showed decay over time, but at a 
later point in time than the responses to coordinate trials. A possible explanation for 
this effect could be a shift in the format in which S1 is retained over time. Qualitative 
self reports indicated the use of words in solving the categorical trials, but this strategy 
differed between the intervals for a number of subjects. More subjects reported a 
verbal strategy in the long, 5000 ms interval than in the brief 500 ms interval. Thus, 
for the brief interval these reports suggest the possibility to encode the category in a 
visual manner, without actively naming it. The modality switch between the intervals 
could have caused the increase in RT. A switch between visual and verbal strategies 
has been found in the past, yet in a different setting and in the opposite direction. 
Tversky (1975) found that sentences are encoded verbally in sentence–picture 
comparisons, but only with simultaneous presentations. This strategy changed when 
the picture was presented 5 s after the sentence. In this case the sentences were 
encoded pictorially. Perhaps the reverse is true when pictures are encoded in picture–
picture comparisons as present in the current study. Kemmerer and Tranel (2000) 
have proposed a subdivision in the modality of categorical representations: it can be 
either perceptual or verbal. It is very well possible that the manipulation of interval 
length has separated perceptual categorical representations from verbal ones. It should 
be acknowledged that the time course of categorical responses seems to differ from 
what is reported by Postma et al. (2006). However, the task and experimental design 
were clearly different in their experiment, where the main focus was on error biases 
instead of absolute performance levels.  

Surprisingly, in light of the foregoing considerations, the categorical LH advantage 
seems to disappear after the 500 ms interval, both RT and ER were no longer 
significant. However, when looking at the patterns together, there still seems to be a 
LH advantage in the categorical task for the long retention interval (5000 ms). 
Therefore, it might not be the case that the categorical LH advantage simply 
disappears with longer intervals. It may be affected by the strategy switch which might 
be present at the intermediate interval (2000 ms) and absent in most cases at the long 
interval (5000 ms). Additional experimental designs are needed to further investigate 
this issue.  
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The overall level of difficulty of the ‘dot-cross task’ is higher than the level usually 
found for the dot-bar task. The average overall RT and the ER for the coordinate 
trials found in the current task are higher than found by Van der Lubbe et al. (2006), 
in similar match-to-sample task with the dot-bar stimuli. The coordinate trials appear 
to be systematically more difficult than the categorical trials, as indicated by the RT 
and ER scores. The difference in difficulty in the current experiment does not seem to 
depend on the number of categories and coordinates, because the same pattern of 
difficulty is found in categorical and coordinate trials in most dot-bar reports (e.g. 
Wilkinson & Donnelly, 1999). We can disqualify the argument that hemispheric 
differences between categorical and coordinate trials are simply due to a difference in 
difficulty, and a right hemispheric advantage in more difficult tasks. Strikingly, the 
trials in the long, 5000 ms interval have the longest RT, but exhibit a left hemispheric 
advantage, contrary to the argument that perceptually more difficult tasks are 
performed better by the right hemisphere.  

In conclusion, the current results show that hemispheric differences exist for 
categorical and coordinate judgments, in line with the findings of Kosslyn (1987). The 
categorical responses were performed better by the left hemisphere, while the right 
hemisphere yielded better coordinate responses. Importantly, this effect is restricted to 
the brief, 500 ms retention interval. The coordinate responses were directly affected 
by the increase of retention interval duration while the categorical responses were only 
affected when the retention interval changed from intermediate to long. On the long 
run, at least at 5000 ms, it is possible that subjects switch from visual to verbal 
memorization of S1, in accordance with the pattern of self reports. 
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Abstract 
 

Spatial relations within and between objects can be represented either 
coordinately or categorically. Coordinate representations concern metric and precise 
relations, and are strongly associated with right parietal cortex activity, while 
categorical representations relate to more qualitative, abstract relations, and have 
shown to have a, somewhat weaker, relationship with left parietal cortex activation 
(Trojano et al., 2002). In the current study, a functional magnetic resonance imaging 
(fMRI) experiment enabled a closer examination of this proposed hemispheric 
lateralization within a working memory paradigm. A visual half field task in a match-
to-sample format was conducted to examine these lateralization effects with a short 
(500 ms) and a long (2000 ms) interval between two stimuli, with either a categorical 
or a coordinate instruction. In the behavioural data, the hypothesized hemispheric 
specialization was found for the brief interval. The imaging data support the 
hemispheric lateralization as well. The proposed lateralization effect is present during 
spatial relation processing, but only within the superior parietal cortex and with certain 
temporal constraints. Additionally, categorical trials show a clear involvement of the 
left and right premotor and posterior parietal areas during the brief interval, while 
coordinate trials are related to higher activity in the left and right insula, during the 
long interval. We propose a refined view on lateralization of spatial relation 
processing, keeping in mind the temporal restrictions shown by this study.  
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Introduction 
 

In order to interact with our spatial environment it is critical to be aware of the 
locations of objects, not only in an absolute sense but also relative to other objects 
and ourselves. This enables us to navigate accurately through space and to 
communicate about our environment. Spatial relations between objects can be 
classified into two types; categorical and coordinate spatial relations, as first proposed 
by Kosslyn (1987). Categorical relations can be expressed by prepositional, abstract 
labels such as above/below and right of/left of. Coordinate relations are more precise 
and metric and can be expressed in absolute measures of distance. Along with this 
classification, Kosslyn (1987) and Kosslyn et al. (1989) proposed a distinct difference 
in hemispheric processing. Categorical relations are thought to be processed 
predominantly by the left hemisphere, whereas the right hemisphere is assumed to be 
mostly concerned with coordinate relation processing. These hemispheric advantages 
are suggested to be due to the linguistic characteristics and involvement in navigation 
of the left and right hemisphere respectively, which are functionally linked to the 
preferred types of processing. Later simulation studies on this lateralization suggest a 
dominant role of receptive field sizes. Relatively large and overlapping field sizes are 
related to coordinate processing, while relatively small receptive field sizes are more 
suitable for categorical spatial processing (Chabris and Kosslyn, 1998; Jacobs and 
Kosslyn, 1994; Kosslyn, Chabris, Marsolek, & Koenig, 1992).  

Evidence for the foregoing functional lateralization has been found in many 
different experiments (see Jager and Postma, 2003), including a large number of visual 
half field experiments on healthy subjects (Christman, 2002; Hellige and Michimata, 
1989; Laeng and Peters, 1995; Rybash and Hoyer, 1992) and patient studies (Laeng, 
1994; Palermo, Bureca, Matano, & Guariglia, 2008). In the majority of these studies 
the proposed hemispheric dissociation was demonstrated. In particular, a right 
hemispheric advantage for coordinate tasks has been reported most often (for a 
review see Jager and Postma, 2003). These results have been found for studies 
focusing on perception (e.g. Hellige and Michimata, 1989; Rybash and Hoyer, 1992) 
and working memory (Laeng and Peters, 1995; Van der Ham, Van Wezel, Oleksiak, & 
Postma, 2007) as well as on mental imagery (e.g. Palermo et al., 2008). Additionally, 
computer model simulations have indicated that the computation of coordinate and 
categorical relations is performed better by separate networks (Baker, Chabris, & 
Kosslyn, 1999, Kosslyn et al., 1992). Apart from these confirming results, the left 
hemispheric advantage for categorical tasks is found less often and the idea of a 
complete double dissociation has been rejected by some (Niebauer, 2001; Sergent, 
1991).  

Remarkably, the number of direct neurophysiological and imaging studies 
addressing the distinction is limited. The only EEG study focusing on spatial relation 
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processing offered a more critical view on  his double dissociation (Van der Lubbe, 
Schölvinck, Kenemans, & Postma, 2006), proposing that differences between 
categorical and coordinate processing are mainly of a quantitative nature, caused by 
differential difficulty, than a qualitative one. Nevertheless the hypothesized 
lateralization effect has been found to some extent in a PET experiment for rather 
extensive networks of activation, including parietal and frontal regions (Kosslyn, 
Thompson, Gitelman, & Alpert, 1998). An rTMS study has also provided proof for 
this lateralization pattern. Trojano, Conson, Maffei, and Grossi (2006) reported the 
hypothesized dissociation in the left and right parietal cortex involvement during 
categorical and coordinate processing. Stimulation of the left parietal cortex affected 
categorical processing and reduced the categorical learning effect during coordinate 
processing, whereas right parietal stimulation affected only the coordinate task.  

So far, two fMRI studies (Baciu, Koenig, Vernier, Bedoin, Rubin, & Segebarth, 
1999; Trojano et al., 2002) have shown that an increase in activity in the left and right 
parietal cortex was related to categorical and coordinate relation processing, 
respectively. While Baciu et al. (1999) report lateralization for the angular gyrus, 
Trojano et al. (2002) propose that the superior parietal lobule holds a central role in 
lateralized spatial relation processing. Additionally, Baciu et al. (1999) noted that the 
initial right hemispheric advantage found for coordinate processing decreased and 
eventually changed into a left hemispheric advantage in the angular gyrus, probably 
due to a practice effect, which caused categorization in the coordinate trials. Not only 
the parietal cortex seems to be of importance, there are some reports focusing on 
frontal areas, showing similar lateralization patterns (e.g. Slotnick and Moo, 2006) and 
others with a focus on larger parieto-frontal networks (Kosslyn et al., 1998).  

In a more recent fMRI study Martin, Houssemand, Schiltz, Burnod, and 
Alexandre (2008) made use of a working memory paradigm, in contrast to the older 
studies reported here, which have focused on perception in designs entailing single 
stimulus presentation (Baciu et al., 1999; Kosslyn et al., 1998) or on mental imagery 
(Trojano et al., 2002, 2006). This working memory paradigm enabled Martin et al. 
(2008) to examine memory load by changing the number of spatial relations to be 
remembered, which served as a measure of task difficulty. Accordingly, their imaging 
study lent support to a different view on spatial relation processing: the continuous 
spatial coding hypothesis. This proposal entails that both hemispheres are involved in 
categorical and coordinate relation processing, while factors as attentional and 
executive processes affect the balance between left and right hemisphere involvement. 
In particular, higher task complexity would lead to the recruitment of more right 
hemispheric resources. Coordinate spatial relation processing tasks, being typically 
more difficult, thus would show a right hemispheric lateralization. However some 
objections can be made to the idea of continuous spatial coding. The issue of task 
difficulty has been addressed previously and variation in task difficulty did not affect 
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the direction of lateralization in these studies, only the extent of the difference 
(Kosslyn et al., 1992; Slotnick et al., 2001). The lateralization thus might only be 
apparent when the task at hand is sufficiently demanding. Furthermore, the 
computational analyses mentioned earlier further support the separate coding 
hypothesis by showing that the use of two separate processing mechanisms is more 
efficient than the use of a single one (Baker et al. 1999, Kosslyn et al., 1992).  

Evidently, the diverse outcome of the limited number of imaging studies indicates 
the need for more clarity on the issue. Some criticize the lateralization hypothesis, and 
even if the expected pattern has been found, the location where it would be most 
apparent in the brain is also a matter of debate. From the literature discussed above, 
two views emerge; either the two types of spatial processing can be dissociated and 
show distinguishable patterns of activation, or the two types of processing are actually 
different expressions of the same underlying mechanisms, influenced by task 
properties such as difficulty and involvement of spatial attention. In the first case 
lateralization differences are caused directly by the different characteristics of 
categorical and coordinate processing, while in the latter case, lateralization differences 
are assumed to arise from quantitative differences during task execution.  

Within the current study we focused on a working memory paradigm, reported 
previously (Van der Ham et al., 2007), because that type of match-to-sample design 
combined with neuroimaging allows us to further separate the two views and may 
provide new insights in the processing of spatial relations. We have selected the cross-
and-dot stimuli for this task, as we did in our previous studies, where the relation of a 
dot to a cross has to be assessed, memorized, and compared to a second stimulus. The 
match-to-sample design overcomes some of the shortcomings of a simple, perceptual 
paradigm (see Van der Lubbe et al., 2006). More importantly, with this design we 
could manipulate the working memory demands by varying the temporal 
characteristics of the task, which permits the comparison of brain activation patterns 
between categorical and coordinate processing at different working memory 
conditions. Given the differential results at a behavioural level (Postma et al., 2006; 
Van der Ham et al., 2007) this variable was expected to have a substantial influence on 
brain activity during task execution and to provide for well comparable trial 
characteristics.  

The comparisons of spatial relation type as well as temporal characteristics can be 
placed in the context of the two views on spatial relation processing. If the original 
hypothesis on lateralization (Kosslyn, 1987) is fully correct we would expect a clear 
categorical-left parietal cortex and a coordinate-right parietal cortex advantage, 
regardless of retention interval. However, if the continuous coding hypothesis is more 
accurate as proposed by Martin et al. (2008), we would expect to discover 
lateralization patterns affected mainly by working memory requirements and task 
difficulty. Arguably, increasing the retention interval length may lead to increased 
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working memory load (Haxby, Ungerleider, Horwitz, Rapoport, & Grady, 1995). 
Additionally, an increasing involvement of working memory could instigate a stronger 
right hemisphere advantage (e.g. Jonides Smith, Koeppe, Awh, Minoshima, & Mintun, 
1993), regardless of instruction type (categorical or coordinate).  
 
 
Experimental procedures 
 
Subjects 

Sixteen subjects (eight females) participated in the experiment in exchange for 
course credit or a monetary reward. All subjects reported to be right-handed on the 
Edinburgh Handedness questionnaire (Oldfield, 1971), with a mean score of 87.7 
(SD=15.1) on a scale of −100 (extremely left-handed) to +100 (extremely right-
handed). Informed consent was obtained from all subjects (approved by the Human 
Ethics Committee of the University Medical Centre Utrecht). All Subjects were 
neurologically healthy, had normal or corrected to normal vision and were naive to the 
purpose of the experiment. 
 
Scanning protocol and apparatus 

Scanning was performed on a Philips Achieva 3T scanner (Philips medical 
Systems, Best, The Netherlands) with a Quasar Dual gradient set. For functional 
scans, a navigated 3D-PRESTO pulse sequence was used (Ramsey et al., 1998; Van 
Gelderen et al., 1995). The acquisition parameters were: TR=22.5 ms (time between 
two subsequent RF pulses); effective TE = 33.2 ms; FOV (anterior–posterior, 
inferior–superior, right–left) = 224 × 256 × 160 mm; flip angle = 10°; matrix: 56 × 64 
× 40 slices; voxel size 4 mm isotropic; 8-channel head coil; SENSE factors = 1.8 
(left–right) and 2.0 (anterior–posterior). A new volume was acquired every 607.5 ms, 
and encompassed the entire brain. Immediately after functional scans, an additional 
PRESTO scan of the same volume of brain tissue was acquired with a high flip-angle 
(27°, FA27) for the image coregistration routine (see below). A T1 weighted structural 
image of the whole brain was acquired at the end of the functional runs.  

The stimuli were presented by means of Presentation software (Neurobehavioral 
Systems, Inc.) on a PC. A rear projection screen and a video-projector system (frame 
rate 85 Hz) were used for stimulus projection. An MRI-compatible air pressure button 
box was used to record responses. 

 
Stimuli 

The stimuli used in the current experiment were an adapted version of the cross-
and-dot stimuli previously reported by Van der Ham et al. (2007). The stimuli consist 
of a black “+”- shaped cross (14 × 14 pixels/0.35° × 0.35°) with a single black dot   
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(6 pixels/0.15° in diameter) on a white background. In Fig. 1 all possible dot positions 
are given; ten in each quadrant of the cross, placed at four equally different distances 
from the centre of the cross with the furthest placed at 45 pixels/1.13° from the 
centre. An important difference from the stimuli in our previous study is that the size 
of the cross has been reduced and the number of possible positions has been 
increased. A reduction in cross size decreases the difference in difficulty between the 
categorical and coordinate trials. The larger number of possible positions was 
implemented to reduce possible learning effects as has been reported for other stimuli, 
probably caused by familiarity with the range of possible locations (Rybash and Hoyer, 
1992).  

 

 
 

Figure 1. All possible dot positions in the stimuli used. There were four quadrants (i.e. 
categories) each containing 10 possible positions, and four different distances (i.e. coordinates) 
between the dot and the centre of the cross. A “match” response should be given when the 
dots in the two stimuli would appear within the same quadrant (categorical instruction) or with 
the same distance to the centre of the cross (coordinate instruction). Note that only one dot 
was displayed in a single stimulus. 

 
Procedure 

There were two different trial sequences; one with a 500 ms interval between the 
two stimuli and one with a 2000 ms interval. A single trial consisted of a central “×” 
shaped fixation cross (500 ms), followed by the central presentation of the first 
stimulus (S1) (150 ms), a blank screen (1500 ms, only for the 2000 ms interval 
condition), a second central fixation cross (500 ms), the lateral presentation of the 
second stimulus (S2) at 2.5° of visual angle from the centre of the screen (150 ms), 
ending with a blank screen during which subjects could respond (2000 ms). The first 
fixation cross was presented in red to indicate the start of a new trial. The second 
fixation cross was presented in grey to reduce interference with the following stimulus. 
The trial sequence with all durations for both interval lengths is given in Fig. 2A and 
B.  
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Figure 2. The trial sequence for trials with A) a 500 ms interval and B) a 2000 ms interval. S1 is 
the first stimulus, presented centrally, while S2, the second stimulus was presented laterally. 
 

Prior to the scanning session all subjects practiced the task extensively. In total the 
experiment consisted of four blocks of trials, in which either the first and third were 
500ms interval trials, or the second and fourth. Subjects were informed about the 
interval length before each block started. The order of the blocks was pseudo-
randomized over subjects; all possible different block orders were used. Within each 
block the three different instructions varied every nine trials in the 500 ms blocks and 
every six trials in the 2000 ms blocks. The first instruction was categorical, indicating 
that the quadrant of the cross in which the dot is presented, should be compared to 
the quadrant the dot is in for the second stimulus. This results in a “match” response 
when the dot is in the same quadrant as indicated by the arms of the cross and a “no 
match” response when the second dot is in one of the other three quadrants. The 
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coordinate instruction also required a match/no match decision. Subjects were 
instructed to indicate whether the dot was at the same radial distance from the centre 
of the cross or not, disregarding quadrant information. They pressed the right button 
for a “match” response if the radial distance was identical and the left button for a 
“non match response” if the second dot appeared at one of the other three possible 
distances. The third instruction was rest, during which similar trials were presented, 
but subjects were asked to disregard all stimulus features and randomly select a 
button. The instruction was given by the presentation of a single word (“quadrant”, 
“distance”, and “rest”) presented for 1000 ms prior to the six or nine consequent 
trials.  

During each block, 1045 scans were made, for which the scanner triggered the 
start of the experiment. Each block with 500 ms intervals had a total duration of 630 
s, and the blocks with 2000 ms intervals lasted 635 s. In the two blocks with a 500 ms 
interval a cycle of nine categorical trials (30 s), four rest trials (15 s), nine coordinate 
trials (30 s), and four rest trials (15 s) was repeated seven times. Thus, in total there 
were 126 categorical, 126 coordinate, and 56 rest trials with a 500 ms interval. The 
cycle for the 2000 ms blocks consisted of six categorical trials (30 s), three rest trials 
(15 s), six coordinate trials (30 s), and three rest trials (15 s) and was also repeated 
seven times. This leads to a total of 84 categorical, 84 coordinate, and 42 rest trials 
with a 2000 ms interval. In SPM the categorical and coordinate blocks were specified 
and analyzed as 30 s segments, not at a single trial level. For all conditions, trials were 
balanced for visual field; 50% to the left visual field/right hemisphere, and 50% to the 
right visual field/left hemisphere. For both interval lengths, one block started with 
categorical trials and the other with coordinate trials. 
 
 
Data analysis 
 
Behavioural data 

A repeated measure ANOVA was used to analyze all response times (RT) and 
error rates (ER). The conditions included in the analysis were retention interval 
(500ms, 2000 ms) instruction (categorical, coordinate), and visual field (left, right), 
leading to a 2 × 2 × 2 design. Response times shorter than 200 ms and longer than 
2000 ms were removed from the analysis. 
 
Imaging data 

All preprocessing steps were performed using SPM5 (http://fil.ion.ucl.ac.uk/ 
spm/). After realignment, the functional scans were coregistered to the FA27 volume, 
using the first functional volume as a source. The structural scan was also coregistered 
to the FA27-scan, thereby providing spatial alignment between the structural scan and 
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the functional volumes. Normalization parameters were estimated using the MNI T1-
standard brain as template and the coregistered T1 volume as a source. All functional 
scans were then normalized and resliced to a 4 × 4 × 4 mm resolution. A 3D 
Gaussian filter (8 mm full width at half max) was applied to all fMRI volumes.  

A general linear model was used to estimate the task related BOLD responses for 
each subject for both the 500 and 2000 ms tasks, with a high pass filter with a cut-off 
at 128 s, global scaling and AR(1)modelling of serial correlation in SPM5 with three 
regressors modelling onsets for instruction, categorical trial, and coordinate trial. The 
six realignment parameters were added as regressors to the GLM to remove residual 
motion related noise from the fMRI data.  

The normalized response times of all trials (both categorical and coordinate) were 
used to generate a factor that could explain parametric modulations in the BOLD 
response as a result of intertrial differences in reaction times. This factor removes 
contrast activation between conditions as a result of differences in processing time. In 
addition, it removes unexplained variance as a result of intertrial response variation.  

In the second level group analysis the following procedure was carried out for 
both retention intervals separately. Bonferroni paired-sample t-tests were applied to 
the contrast estimate of categorical + coordinate versus rest. Results were corrected 
for multiple comparisons (p < .05, Family Wise Error), and a 3D watershed algorithm 
and anatomical landmarks were used to discriminate the regions of interest (ROIs) 
that were involved in both tasks. The resulting 14 ROIs are reported in Table 1 and 
Fig. 4. For each ROI the average regressor coefficients were calculated for categorical 
and coordinate trials separately, and the difference in contrast values between 
categorical and coordinate trials was calculated at single subject level, using the 
MarsBaR software. 

 
 
Results 
 
Behavioural results 

The task entailed a match-to-sample comparison of two sequential stimuli, with 
either a categorical or a coordinate instruction, and a 500 or 2000 ms interval between 
the two stimuli. The behavioural results are depicted in Fig. 3A and B. For the 
response times (RTs) the analysis revealed a main effect of retention interval, F(1,15) 
= 12.10, p < .005, indicating faster responses for the 500 ms interval condition, 
compared to the 2000 ms interval condition. Furthermore, the interaction of retention 
interval and instruction was significant, F(1,15) = 22.02, p < .001, categorical and 
coordinate trials are only significantly different for the 500 ms interval where 
responses are faster for the coordinate trials, no significant difference is found for the 
2000 ms interval. The overall interaction of retention interval, instruction, and visual 



Chapter 1.2 45 
 

 

field is a trend level effect, F(1,15) = 3.93, p = .066, indicating the differential effect of  
retention interval on the hypothesized instruction by visual field effect.  

The analysis on the error rates (ERs) showed a significant main effect of 
instruction, F(1,15) = 157.14, p < .001, where more errors were made in coordinate 
trials, compared to categorical trials. A significant main effect of visual field was also 
found, F(1,15) = 8.49, p < .05; more errors were made in RVF/LH trials than in 
LVF/RH trials. Additionally, the interaction of instruction and visual field was 
significant, F(1,15) = 5.74, p < .05, indicating a clear LVF/RH advantage for 
coordinate trials, and no significant effect of visual field on categorical trials.  

 
Figure 3. The mean values of A) response time (RT) and B) error rate (ER). Values are given 
for the left (L) and right (R) visual field (VF) and contralateral hemisphere (H) and error bars 
represent the standard error of the mean (SEM). 

A 

B 
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Figure 4 – A) The locations of all 14 regions of interest (ROIs) for both the 500 and 2000 ms 
trials and B) cortical regions activated for the 500 and 2000 ms conditions. 
 
Imaging results 

The voxel-based comparison for the factors categorical and coordinate combined, 
compared to rest led to the following bilateral ROIs, depicted in Fig. 4A and B and 
described in Table 1: Vermis, cerebellum, lateral premotor, superior and posterior 
parietal, middle occipital gyrus, insula, and medial premotor area (p < .05; corrected).  

For all ROIs the mean regressor coefficients of categorical and coordinate 
separately were determined and subtracted. The resulting values are depicted in Fig. 
5A through D, both categorical and coordinate data are reported separately as well as 

500 ms 2000 ms
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the difference between the two (categorical–coordinate), where a positive value 
indicates a higher contrast value for categorical than for coordinate, and a negative 
value specifies the opposite. Bonferroni-corrected one-sample t-tests were used to 
determine whether or not the difference values were significantly different from 0.  

The categorical contrast was significantly larger than the coordinate contrast in the 
following areas for the 500 ms interval: lateral premotor right (p < .05), lateral 
premotor left (p < .001), superior parietal left (p < .05), posterior parietal right (p < 
.01), and posterior parietal left (p < .001). In the 2000 ms interval, the categorical 
contrast was significantly larger than the coordinate contrast in superior parietal left (p 
< .05) and posterior parietal left (p < .001), and significantly smaller than the 
coordinate contrast in superior parietal right (p < .05), insula left (p < .01), and insula 
right (p < .01).   
 
Table 1 – All ROIs with MNI coordinates of peak values for the 500 and 2000 ms interval 
conditions separately.  

500 ms      

Number ROI x,y,z Nr of voxels Brodmann Mean Z 

1 Vermis 4,-64,-20 273 - 7.15 
2 Cerebellum right 28,-48,-28 171 - 6.93 
3 Cerebellum left -24,-48,-24 24 - 5.40 
4 Lateral premotor right 32,-8,56 406 6 7.92 
5 Lateral premotor left -28,-4,56 460 6 7.93 
6 Superior parietal right 44,-36,48 328 40 8.03 
7 Superior parietal left -40,-40,52 407 40 8.90 
8 Posterior parietal right 24,-68,52 454 7 9.79 
9 Posterior parietal left -24,-64,60 325 7 9.77 
10 Middle occipital gyrus right 52,-56,-8 167 20 7.04 
11 Middle occipital gyrus left -48,-64,-4 133 37 7.12 
12 Insula right 32,24,4 273 45 6.40 
13 Insula left -28,28,4 87 45 6.29 
14 Medial premotor area 0,8,52 103 6 6.31 
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2000 ms      

Number ROI x,y,z Nr of voxels Brodmann Mean Z 

1 Vermis 4,-64,-20 436 - 7.64 
2 Cerebellum right 28,-52,-28 268 - 6.73 
3 Cerebellum left -20,-48,-24 18 - 5.26 
4 Lateral premotor right 32,-8,56 357 6 7.80 
5 Lateral premotor left -24,-4,56 407 6 8.15 
6 Superior parietal right 44,-36,52 444 40 8.23 
7 Superior parietal left -36,-40,44 381 40 9.03 
8 Posterior parietal right 24,-64,56 362 7 9.19 
9 Posterior parietal left -24,-64,56 301 7 9.86 
10 Middle occipital gyrus right 52,-68,-4 144 19 6.49 
11 Middle occipital gyrus left -48,-64,-4 119 37 6.95 
12 Insula right 32,24,4 148 45 6.68 
13 Insula left -32,24,4 113 45 6.32 
14 Medial premotor area 0,8,52 187 6 6.40 

The number of voxels, Brodmann area numbers, and mean Z scores are given for each ROI. 
The ROI numbers correspond to the numbers shown in Figure  4. 
 
 
 A 
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Figure 5. The mean regression coefficients of categorical and coordinate for all ROIs for A) 
the 500 ms interval condition and B) the 2000 ms interval condition. The mean difference in 
regression coefficient (categorical–coordinate) for the lateral ROIs in the left and right 
hemisphere for C) the 500 ms interval condition and D) the 2000 ms interval condition (a 
positive difference indicates a higher categorical coefficient, a negative difference indicates a 
higher coordinate coefficient). Error bars represent the standard error of the mean (SEM), left 
and right refer to hemisphere, *p < .05, **p < .01, ***p < .001. 

B 
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Discussion 
 

Although behavioural evidence on a double dissociation between categorical and 
coordinate spatial relation processing is widespread, some have criticized these 
findings. Thus far, very few studies provided direct measures of brain activity to test 
the finding that categorical relation processing holds a left hemispheric advantage, 
while the right hemisphere shows an advantage for coordinate processing. An 
alternative for this double dissociation view is the proposal by Martin et al. (2008) that 
lateralization is mainly caused by experimental factors like difficulty and required 
spatial attention, regardless of whether a categorical or coordinate task is presented. 
With the current study we addressed this issue with fMRI data on a cross-dot 
paradigm, presented with both a 500 ms and a 2000 ms retention interval.  

The behavioural data indicated that overall the categorical trials yielded more 
accurate responses, while faster responses were given for coordinate trials, but only 
for the brief interval. The interaction of instruction and visual field was significant for 
ER and the retention interval, instruction, and visual field interaction was at trend 
level for RT; which mainly confirms the right hemispheric advantage for coordinate 
trials, and only a slight left hemispheric advantage for categorical trials in the brief 
interval. These results support the lateralization hypothesis to some extent for the 
brief interval, but the lateralization is clearly stronger for the coordinate-right 
hemispheric advantage. These results are congruent with a previous report on this 
specific task (Van der Ham et al., 2007). It should be noted however, that for the brief 
interval, there seems to be a speed-accuracy trade-off effect for the difference between 
categorical and coordinate overall performance. This obscures the interpretation of 
the behavioural data to some extent, yet the lateralization pattern was not affected by 
it. Therefore, to eliminate such an effect in the imaging data, RT was introduced as 
parametric factor.  

The imaging data indicated the involvement of a number of areas for both 
retention intervals. As expected, the superior as well as posterior parietal areas were of 
importance during both intervals. The regression coefficient was clearly larger for the 
categorical trials than the coordinate trials not only in the left superior and left 
posterior parietal cortex but also in the right posterior parietal cortex, in the brief 
interval. As the behavioural data have indicated, more errors were made in coordinate 
trials regardless of retention interval length. On the other hand, categorical trials 
showed a higher RT than coordinate trials in the short interval, yet categorical 
performance itself did not change with retention interval length.  

A clear indication of hemispheric lateralization was restricted to the superior 
parietal cortex for the long interval; the right area was significantly more active during 
coordinate processing, while the left area was significantly more active during 
categorical processing. The general involvement of the parietal cortex concurs with 
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the previous studies described in the introduction (e.g. Baciu et al., 1999; Kosslyn et 
al., 1998). Also, the direction of the lateralization effect found here are in line with the 
predictions of the Kosslyn model. On the other hand, these findings do not simply 
confirm the idea that more difficult conditions yield more right hemispheric 
involvement, as discussed by e.g. Martin et al. (2008). Categorical performance does 
not differ between the two intervals, while the lateralization pattern does. In the 
imaging data, categorical trials seem to show overall lower contrast values for the right 
hemisphere areas for the long interval, compared to the brief interval. If anything, a 
reverse pattern would be expected for this comparison as the working memory 
demands could have increased for a longer interval (Haxby et al., 1995). However, for 
coordinate trials, there was an increase in the right superior parietal cortex when 
comparing the brief and long intervals, along with the assumed increase in difficulty 
with longer retention intervals. So for the coordinate trials we did find the right 
hemisphere increase along with a difficulty increase, while this was not the case for 
categorical trials. In short, the lateralization pattern is in accordance with the Kosslyn 
model, while the continuous coding hypothesis is only partially disproven.  

The lateralization effect found for the superior parietal cortex agrees with the 
finding of Trojano et al. (2002) that a spatial transformation area is located within the 
superior parietal lobule. Furthermore, the right superior parietal cortex in particular 
appears to be involved in spatial forms of attention processing, and posterior parietal 
cortex activation of both hemispheres has been found to be related to a combination 
of spatial perception, attention, and working memory (Coull and Frith, 1998).  

In addition to the parietal areas, categorical trials also showed a greater 
contribution of the left and right lateral premotor areas compared to coordinate trials, 
for the short interval. The premotor area has been implicated in spatial processing. 
The left premotor area might also be implicated in inner speech during task execution 
(Smith, Jonides, & Koeppe, 1996), while right premotor area is thought to reflect 
spatial processing, both indicating the rehearsal of spatial information during the delay 
period in a working memory task (Smith and Jonides, 1999). Given the trial 
composition in the present study, we would expect such activation during the delay 
period. Self reports have indicated a possible role of inner speech as a strategy to solve 
the cross dot task, mainly used for categorical trials (Van der Ham et al., 2007). Also, 
some have argued that the left hemisphere contribution to categorical processing is 
mainly a result of the verbal processes involved in the task (e.g. Kemmerer and Tranel, 
2000), which might explain some of the left hemisphere activity found here. We wish 
to mention here that it appears nearly impossible to create a categorical task without 
any verbal characteristics, because it is inherent to categorical spatial relations that they 
can be adequately described by prepositions. Thus the verbal element in spatial 
categorization might be unavoidable.  
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The left and right lateral premotor cortex advantage for categorical trials restricted 
to the short interval is harder to explain. Perhaps the stimuli in the categorical trials 
require higher level processing to determine the category accurately. Due to the size of 
the cross, less immediate information on the category is available, while in the 
coordinate trials, the distance can be assessed directly and possibly more automatically. 
Category assessment might entail the elongation of the short arms of the cross, or 
some other adaptation, to determine the relative position of the dot, which might have 
led to the increase in RT. This additional processing could be reflected by the 
activation pattern in the premotor cortex.  

The coordinate trials on the other hand were related to an increase in activity in 
the left and right insula, which was restricted to the long interval. The insula has been 
shown to be part of a network implicated in navigation (Ghaem et al., 1997). Since 
accurate coordinate information is essential to correct navigation (e.g. Bruyer et al., 
1997; Jacobs and Kosslyn, 1994; Kosslyn, 1987) it is not surprising to see higher 
activation in the insula during coordinate processing, compared to categorical 
processing. The long interval might also be the situation in which more effort is 
needed to respond with metric accuracy, since this type of information decays over 
time (Huttenlocher et al., 1991; Werner and Diedrichsen, 2002) which might explain 
why this effect is only significant during the long interval.  

Notably, the behavioural and imaging findings concerning lateralization are not 
fully congruent; the double dissociation is found for the short interval behaviourally, 
and for the long interval in the imaging data. A possible explanation for this difference 
is that the imaging data are an average of activity during six or nine trials, while the 
behavioural assessment focuses on lateralization effects present after the second 
stimulus presentation. As reported by Van der Lubbe et al. (2006) these trials can be 
divided in to three different stages: encoding, memorization, and retrieval; in the fMRI 
data, all three stages are represented. The behavioural data mainly reflect effects in the 
retrieval stage, because they are a direct response to the second stimulus, which is 
presented laterally.  

Taken together, the present data appear to be more in favour of the original 
proposal of different processing systems for categorical and coordinate relation 
processing. Lateralization was found in the superior parietal cortex for the long 
interval condition; for categorical trials, more activity was found in the left 
hemisphere, while the right hemisphere was more active during coordinate trials. 
Moreover, right lateralization of coordinate processing appears to correlate with 
difficulty, but such an effect is not found for categorical processing. The latter 
findings give mixed support for the alternative continuous coding hypothesis (Martin 
et al., 2008). Integrating the two hypotheses we may speculate that factors such as 
spatial working memory and perhaps spatial attention affect the degree, but not the 
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direction of lateralization of spatial relation processing. Clearly they should be taken 
into account in future studies and when reviewing previous results. 
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Temporal characteristics of working memory for spatial relations: 
an ERP study 
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Abstract 
 

Spatial relations can be represented categorically, by means of abstract labels, or 
coordinately, in metric, absolute measures. These representations have been associated 
to the left and the right hemisphere respectively (Kosslyn, 1987). Recent studies have 
focused on the temporal dynamics of spatial relation processing, with working 
memory task designs. In this light, we examined the suggested lateralization effect in 
an ERP study incorporating a visual half field match-to-sample design, in which two 
sequentially presented stimuli were compared. By manipulating the length of the 
retention intervals between the two stimuli (500 ms, 2000 ms, 5000 ms), spatial 
working memory effects were studied at three separate stages of working memory; 
encoding, memorization, and retrieval. The hypothesized interaction of instruction 
and visual field was found in the behavioural data, restricted to the 2000 ms retention 
interval. The EEG data indicate a strong overall right hemisphere effect, which is 
likely related to spatial working memory in general. Categorical and coordinate 
processing appears to already differentiate during the encoding stage in the P300 
complex (300-500 ms after presentation of the first stimulus), where instruction 
interacts significantly with hemisphere in the parietal area. We found a clear right 
hemisphere advantage for coordinate processing and no lateralization for categorical 
processing. We argue that the outcome indicates qualitative rather than quantitative 
differences between categorical and coordinate processing.  
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Introduction 
 

The spatial relations we encounter in our environment can be divided into two 
types: categorical and coordinate relations. Categorical spatial relations concern 
abstract, qualitative relations such as “above”, or “left of”, whereas coordinate spatial 
relations are metric and quantitative in nature, describing exact distances between 
objects (Kosslyn, 1987). The mechanisms underlying the processing of these two 
types of relations are commonly thought to be dissociable at the neural level. A left 
hemisphere advantage is often found for categorical processing, while the right 
hemisphere is clearly linked to coordinate processing (e.g. Kosslyn, Koenig, Barrett, 
Backer Cave, Tang & Gabrieli, 1989). This lateralization effect has been replicated in 
numerous studies, most of which concerned behavioural half field experiments (for a 
review see Jager & Postma, 2003). Others have provided evidence for lateralized 
processing in neuropsychological studies (Laeng, 1994; Van Asselen, Kessels, 
Kappelle & Postma, 2008; Palermo, Bureca, Matano & Guariglia, 2008). Remarkably, 
the number of neurophysiological and imaging studies directly addressing the 
distinction is limited. Thus far, three functional imaging studies have substantiated the 
foregoing (Baciu, Koenig, Vernier, Bedoin, Rubin & Segebarth, 1999; Trojano et al., 
2002; and Van der Ham, Raemaekers, van Wezel, Oleksiak & Postma, 2009), but 
critical findings have also been reported (Martin, Houssemand, Schiltz, Burnod, 
Alexandre, 2008).  

Importantly, an increasing number of studies have applied a working memory 
design to study spatial relation processing (e.g. Laeng & Peters, 1995; Van der Ham, 
Van Wezel, Oleksiak, & Postma, 2007, Martin et al., 2008, Van der Ham et al., 2009), 
instead of a single stimulus perceptual design (e.g. Baciu et al., 1999). Furthermore, in 
a recent fMRI study (Van der Ham et al., 2009) we observed a clear double 
dissociation in the superior parietal cortex, only with a 2000 ms interval between two 
stimuli in a single, match-to-sample trial, and not with a 500 ms interval. These results 
indicate that temporal characteristics of spatial relations processing should be taken 
into account when studying lateralization patterns as the duration between the first 
and second stimulus appears to be an influential temporal factor. A relevant question 
in this light is whether categorical and coordinate relation processing differences 
emerge very early after stimulus presentation, or at a later processing stage. A proper 
means to examine these temporal patterns is EEG measurements, with its high 
temporal resolution. It allows us to infer how categorical and coordinate spatial 
relation processing differ for each of the underlying cognitive mechanisms that occur 
within a single trial. Most of the studies so far have only provided behavioural 
outcomes or imaging data that represent a combined outcome of all cognitive 
processes that occur within a trial. The behavioural data are likely to primarily reflect 
the retrieval and comparison process, because only the second stimulus is presented 
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laterally and requires a response, while the imaging data provide the activation patterns 
averaged for a complete trial and therefore include all processes occurring during a 
single trial. 

As far as we know, only one full EEG study has been published focusing on the 
differences between categorical and coordinate relation processing (Van der Lubbe, 
Schölvinck, Kenemans & Postma, 2006). In this study such a match-to-sample design 
was used, similar to the design in our previous studies (Van der Ham et al., 2007, Van 
der Ham et al., 2009). One stimulus (S1) presented centrally was compared either 
categorically or coordinately to a second stimulus (S2) presented laterally. This format 
combined with EEG measurements enabled Van der Lubbe et al. (2006) to examine 
the differences between categorical and coordinate spatial processing at different 
processing stages, which represent the different cognitive mechanisms underlying the 
task. In a single trial three separate stages were identified: a) the encoding stage related 
to the encoding of the first stimulus, b) the memorization stage in which the stimulus 
is retained until the second stimulus appears, and c) the retrieval stage, in which the 
relevant properties of the first stimulus are retrieved to compare them to the second 
stimulus. Van der Lubbe et al. (2006) mainly found quantitative and not qualitative 
differences between categorical and coordinate tasks and concluded that Kosslyn’s 
original lateralization account could not be confirmed. During the encoding stage early 
differences (160-320 ms) between the tasks were found, but dipole analyses did not 
show the hypothesized categorical left hemisphere and coordinate right hemisphere 
advantage. In the memorization stage, there was more posterior right hemisphere 
activity for the coordinate task, compared to the categorical task, which is likely related 
to spatial working memory activity. In the retrieval stage early effects (120-240 ms) 
confirmed the visual half field technique and task dependent effects emerged around 
400 ms after S2 presentation. As these effects are relatively late, they are suggested to 
reflect retrieval of S1 or judgment on the comparison, not the encoding of S2, and 
indicate stronger right hemisphere activity for the categorical task, compared to the 
coordinate task. Based on these specific time intervals and more general findings 
about stimulus discrimination and working memory tasks, the N2 and P300 
complexes seem of particular relevance in our study. N2 reflects the detection of 
stimuli and its amplitude increases as stimulus discrimination becomes more difficult 
(see e.g. Naatanen, 1986). P300 responses have been shown to reflect a number of 
processes all entailed in working memory (see e.g. Ellwanger, Rosenfeld, Hankin, & 
Sweet, 1999; Shucard, Tekok-Kilic, Shiels, & Shucard, 2009). Therefore we will 
examine the N2 and P300 complexes for both the encoding and retrieval stages, 
linked to the presentation of S1 and S2 respectively. To complement these analyses we 
will also make use of current source density estimations of these complexes, to gain 
more information about cortical activation during these critical time periods.  
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The memorization stage between the two stimuli is of specific interest, since when 
it is long enough (i.e. the 2000 ms and 5000 ms intervals), slow wave activity can be 
observed, which is commonly related to working memory processes (eg. McEvoy, 
Smith, & Gevins, 1998; Ruchkin, Johnson, Grafman, Canoune, & Ritter, 1997; Awh, 
Jonides, & Reuter-Lorenz, 1998). For instance, a previous report showed an increase 
in negative slow wave activity at electrodes at the posterior parietal and occipital 
locations during working memory maintenance (Mecklinger & Pfeifer, 1996). In 
addition Van der Lubbe et al. (2006) found task related effects 1000-2000 ms after S1 
presentation, which they interpret as a reflection of spatial working memory activity. 

The experimental design that we employed, provided two main advantages with 
regard to the designs previously used to test categorical and coordinate relations (see 
Jager & Postma, 2003). We have varied the length of the retention interval as we have 
done in our previous studies (Van der Ham et al., 2007; 2009). Previous empirical 
findings and theoretical inferences (e.g. Kosslyn, 1987; Huttenlocher, Hedges & 
Duncan, 1991) suggest that categorical and coordinate spatial relation processing 
differs with longer intervals, i.e. with a larger load on working memory. As categorical 
spatial relations can serve a communicative purpose, and are relatively easily 
memorized by means of prepositional terms, they show little decay with longer 
retention intervals. In contrast, coordinate spatial relations are mainly used for 
instantaneous actions like grasping and navigation, which require no elaborate 
memorization. The selected intervals of 500, 2000, and 5000 ms have been shown to 
adequately represent these differential patterns of decay in memory (Postma et al., 
2006; Van der Ham et al., 2007). Furthermore, by varying the duration of the 
retention intervals we can address the issue of strategy use at a neural level. For 
instance, in order to retain a visual stimulus in memory longer, one could recode the 
visual image verbally, offering a more persistent memory code. Such transformations 
have been reported by subjects when asked about their strategy use (Van der Ham et 
al., 2007; Van der Ham & Postma, 2010). The tasks were solved in a more perceptual 
manner in the shorter retention intervals while verbal strategies were more frequently 
used with longer intervals. As these strategy effects are only based on self-reports, 
more objective data related to strategy use and working memory processes are 
required to confirm these suggestions. If verbalization is the preferred strategy for 
some specific conditions, we would expect activity in language related areas, such as 
Broca’s area.  

The second advantage of the current paradigm is a change in stimulus 
characteristics, which in our opinion is an improvement over the stimuli used by Van 
der Lubbe et al. (2006). We applied the cross-dot stimuli, instead of the often used 
dot-bar stimuli. The cross-dot stimuli overcome the problem of the dichotomous 
comparisons of above/below and near/far, which has commonly resulted in practice 
effects for coordinate trials (e.g. Baciu et al., 1999). We have doubled these 
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possibilities by constructing four different categories and four different distances. As 
subjects have shown to be unable to deduct the pattern of possible dot positions, we 
can avoid problems like practice effects, in which subjects might assign categories to 
the coordinate positions. In addition, it somewhat increases the level of difficulty of 
categorical trials, reducing the difference in difficulty between categorical and 
coordinate trials.   

In short, the aim of the current study was to further examine the processing and 
lateralization of categorical and coordinate spatial representations and their temporal 
properties. We expected to find the hypothesized lateralization pattern for the shorter 
intervals, congruent with previous findings. The potential use of a more verbal 
strategy, as opposed to a visuospatial strategy, was expected to emerge for the longer 
intervals and categorical processing in particular.  
 
 
Methods 
 
Participants 

Twenty-four subjects participated in the study in exchange for course credit or 
money. Five participants were discarded from the dataset; four of them showed 
behavioural results at chance level in at least one of the conditions, the fifth one had 
low quality EEG recordings. The data presented here originate from the remaining 
nineteen participants, 10 male (mean age: 22.00, SD: 2.79) and 9 female (mean age: 
21.89, SD: 2.52). All participants were unaware of the rationale of the experiment, had 
normal or corrected to normal vision and filled out a consent form prior to the 
experiment. To ensure strong right handedness, the Edinburgh Handedness Inventory 
was administered (mean score: 90.74, SD: 17.81, on a scale of -100, extremely left 
handed, to +100, extremely right handed) (Oldfield, 1971). 
 
Stimuli 

Stimuli used were comparable to those reported in our previous studies (Van der 
Ham et al. 2007; 2009). Stimuli were presented on a computer screen (1024 x 768 
pixels) at a distance of 62 cm from the subjects and the total stimulus size was 2.03° * 
2.03° of visual angle. There were 40 different dot positions as shown in Figure 1. 
Additionally, the reference cross matched the dot in size (0.11° of visual angle). By 
incorporating these changes, compared to our previous work, the distances between 
the dots and the two axes of the cross were varied. The participants were told that the 
dots could appear at an unlimited number of random locations around the cross. In an 
attempt to reduce the difference in difficulty between categorical and coordinate trials, 
the central cross was reduced in size (see Van der Ham et al., 2009). To decide which 
quadrant the dot was in, a mental extrapolation of the cross is a potential strategy, 
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because the axes of the cross should be mentally elongated to make a reliable decision. 
During coordinate decisions, the distance estimations between the dot and cross 
positions were no longer hindered by the longer bars of the cross as in the original 
version of the task. 

 

 
 
Figure 1. The reference cross with all possible dot positions. Note that per stimulus only one 
of the positions was filled with a dot. 
 
Design 

The experiment was divided into two separate match-to-sample tasks, one with a 
categorical instruction and the other with a coordinate instruction. The categorical 
instruction was to compare the quadrants of the cross the dots were placed in, in the 
first and second stimulus. If the dot was in the same quadrant in the first and second 
stimulus, regardless of its exact position, this was a match trial. If the dot was in a 
different quadrant in the second stimulus than in the first stimulus, this would be a 
non-match trial. The coordinate instruction was to determine the radial distance 
between the dot and the cross, regardless of the quadrant the dot was in. If this 
distance was the same in both stimuli, regardless of the angle of the dot relative to the 
cross, this was considered a match trial. If the distance was longer or shorter; it would 
be a non-match trial. Apart from the different instructions, both tasks had the same 
set up and trial composition. 

The trial design is depicted in Figure 2. All trial elements were black and presented 
on a white background. The start of a new trial was indicated by a blue square (2.25° * 
2.25°) presented for 500 ms. A white screen appeared for 250 ms, after which the first 
fixation cross (0.20° * 0.20°) was presented centrally on the screen for 500 ms. Then 
the first stimulus (S1) was presented centrally for 150 ms. Between S1 and the second 
fixation cross a blank screen appeared in the conditions with a retention interval of 
2000 ms and 5000 ms; the blank screen was presented for 1500 and 4500 ms 
respectively in those conditions. The second fixation cross was presented for 500 ms, 
both fixation crosses were “x” shaped in contrast to the stimulus cross, which was 
“+” shaped. The second stimulus (S2) was presented laterally for 150 ms, 2.5° of 
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visual angle from the centre of the screen to the middle of the stimulus, after which 
the last blank screen appeared for 2000 ms, which was the maximum response time. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The design of a single trial: a blue square, a white screen, a fixation cross, the first 
stimulus, a white screen during the retention interval, a fixation cross, the second stimulus, 
presented laterally, and a white screen during which a response was given. 
 
Procedure 

The order of the categorical and coordinate tasks was counterbalanced over 
participants. Participants were seated in front of the computer screen, with their head 
resting on a chin rest placed in front of the centre of the screen. Participants received 
verbal and on-screen instructions, and were explicitly instructed to fixate at the centre 
of the screen during all stimulus presentations. 

The total duration of the experiment was about 90 minutes; 45 minutes for each 
task. After each task subjects were asked about what strategies they had used and how 
difficult they felt the task was. Each task consisted of twelve 30 trial blocks. Within 
both tasks, the retention interval was the same within each block, but varied between 
blocks. Between the separate blocks a 30 s break was inserted, during which an 
instruction screen introducing the duration of the retention interval of the upcoming 
block (brief, intermediate, or long) was presented. The direction of lateralized 
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presentation of S2 (left visual field/right hemisphere LVF/RH and right visual 
field/left hemisphere RVF/LH) and the matching of S1 and S2 were randomized over 
all trials and balanced within each block. A total of 720 trials were presented, 60 for 
each combination of instruction, retention interval, and visual field. 
 
 
Data recording and analysis 
 
Behavioural data 

Mean response times (RT) and error rates (ER) were recorded for both tasks. The 
responses were given on a four button response box. The correct response to a match 
trial was given by pressing down both index fingers. A correct response to a non-
match trial would be pressing down both middle fingers, to eliminate any possible 
lateralized motor activity in the brain. RTs were based on the first button press for all 
correct responses given within 2000 ms after S2. The individual data were checked for 
outliers and all data were included. ER was based on all responses given within 2000 
ms after S2.  

A general linear model (GLM) was performed to investigate all possible main and 
interaction effects. The factors involved were instruction (categorical, coordinate), 
visual field (left visual field/right hemisphere (LVF/RH), right visual field/left 
hemisphere (RVF/LH)), and retention interval (500 ms, 2000 ms, 5000 ms). To 
further investigate possible significant interaction effects Bonferroni corrected post-
hoc tests were performed. 
 
EEG data 

EEG activity was measured with an Electrocap with 58 electrodes, referenced to 
the right mastoid. The horizontal and vertical electro-oculograms (VEOG and 
HEOG) were recorded with electrodes attached above and below the left eye and the 
outer canthi of the eyes. The impedance of all channels was kept below 5 kΩ. A 
BrainAmp amplifier was used with a bandwidth of 0.04-100 Hz. The sampling rate for 
the recording was 500 Hz. 

Off-line, the EEG signals were referenced to the average of all electrodes. After 
filtering with a high pass filter of 0.015 Hz and a low pass filter of 40 Hz, potential 
bad channels were replaced by linear interpolation (1.7 % of all channels were 
replaced, with a maximum of 1 channel per subject). The continuous EEG data in 
each trial were segmented into two separate epochs in the 500 ms condition, and three 
separate epochs in the 2000 ms and 5000 ms conditions. The first segmentation was 
performed to create separate epochs for the three different trial lengths and two trial 
types. Only trials in which a correct response was given were included. Then ocular 
correction was carried out according to the algorithm proposed by Gratton, Coles, 
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and Donchin (1983). All epochs were baseline corrected to 100 ms prior to the onset 
of S1 and artifacts were removed (peak-to-peak amplitude larger than 100 μV). Out of 
the 60 trials presented in total per condition, the mean number of valid epochs per 
condition varied from 53.8 (SD = 5.05) in the categorical, 500 ms, LVF condition, to 
39.9 (SD = 5.75) in the coordinate, 5000 ms, RVF condition. The minimum number 
of trials within each condition ranged from 33 to 44 trials. 

Subsequently, the whole trial epochs were further segmented to divide each trial 
into two or three epochs. In all trials, the first epoch started 100 ms prior to the onset 
of S1 and was 700 ms long (S1, encoding stage), and the last epoch started 100 ms 
prior to the onset of S2 and was 1100 ms long (S2, retrieval stage). A new baseline 
correction was performed for the S2 epochs, based on 100 ms prior to the onset of 
S2. For the conditions where the retention interval was 2000 ms or 5000 ms a third 
epoch was defined, starting 1000 ms after the onset of S1 and lasting 1000 or 4000 ms 
respectively (S1-S2, memorization stage). The averages and grand averages were 
calculated for each epoch type (S1, S2, and S1-S2) and each of the twelve conditions 
(instruction, visual field, retention interval). 

The three epoch types were analysed separately. The approach for the S1 and S2 
event related potentials (ERPs) was very similar. The time windows of the N2 and 
P300 complexes were based on earlier findings (e.g. Van der Lubbe et al., 2006) and 
determined in detail based on the ERP waveforms of the encoding and retrieval 
stages. For the S1 epochs, the 160-240 ms time window was selected for the N2 
component. For the S2 epochs the N2 occurred slightly earlier; the 120-220 ms time 
window was selected here. To analyse the P300 complex the 300-500 ms time window 
was selected for both S1 and S2 epochs. Area measures for all four time windows 
were calculated for electrodes F3/4, F7/8, P3/4, and P7/8. The selection of these 
electrodes was mainly driven by the outcome of previous studies, indicating a strong 
involvement of the parietal cortex (e.g. Kosslyn, Thompson, Gitelman & Alpert, 1998; 
Baciu et al., 1999; Trojano et al., 2002; Van der Ham et al., 2009) but also frontal 
regions (e.g. Slotnick & Moo, 2006). For each of these four time epochs (N2 and 
P300, for both S1 and S2) a Greenhouse-Geisser corrected GLM was applied 
including the factors instruction (categorical, coordinate), retention interval (500 ms, 
2000 ms, 5000 ms), hemisphere (left, right) and electrode (F3/4, F7/8, P3/4, P7/8). 
Significant interactions were followed up by Bonferroni corrected post hoc tests. To 
complement these specific analyses, by means of LORETA, cortical current density 
maps were created for each of the four time windows (Pascual-Marqui, Esslen, Kochi 
& Lehmann, 2002). These maps were created for the waves of both the categorical 
and coordinate task, for all three retention intervals.  
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Figure 3. The location of all seven clusters in each hemisphere: fronto-lateral (FL), AF7/8, 
F5/6, F7/8; fronto-medial (FM), Fp1/2, AF3/4, F1/2, F3/4; central lateral (CL), FC5/6, 
FT7/8, C5/6; central medial (CM), FC1/2, FC3/4, C1/2, C3/4; parietal lateral (PL), CP5/6, 
P5/6, P7/8; parietal medial (PM) CP1/2, CP3/4, P1/2, P3/4; occipital (O), PO3/4, PO7/8, 
O1/2. 
 

For the analysis of the slow wave activity within the S1-S2 epochs, electrodes were 
divided into seven clusters of three to four electrodes. In Figure 3 the clusters are 
depicted in a 2D head model. The midline electrodes were not included, since our 
main interest concerned potential lateralization effects. The seven clusters were: 
frontal lateral and medial (FL and FM), central lateral and medial (CL and CM), 
parietal lateral and medial (PL and PM), and occipital (O). The ERP data were 
submitted to repeated measures ANOVAs with all relevant conditions as factors (see 
below). If appropriate, F-ratios were tested with Greenhouse-Geisser corrected 
degrees of freedom. Only significant effects related to differences in task instruction 
and retention interval are reported in the results section. The highest order significant 
interaction effects are mentioned, along with a visual depiction of these effects in the 
most pertinent time window. ANOVAs were performed on time windows of 500 ms, 
resulting in two segments in the 2000 ms retention interval conditions and eight 
segments in the 5000 ms retention interval conditions. The factors here were 
instruction (2), retention interval (2), hemisphere (2), and cluster (7) for the first 1000 
ms of the epoch and instruction (2), hemisphere (2), and cluster (7) for the remaining 
3000 ms. 
 

 

FL FM

CL CM

PL
PM

O
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Results 
 
Behavioural results  

Mean RTs and ERs in all conditions are shown in Table 1 and Figure 4. For ERs 
there was a significant main effect for instruction, F(1,18) = 65.05, p < .001, and 
visual field, F(1,18) = 7.01, p = .016. ERs were higher in case of a coordinate 
instruction and when S2 was presented in the RVF/LH. There were significant 
interaction effects for instruction * retention interval, F(2,17) = 13.02, p < .001, 
retention interval * visual field, F(2,17) = 5.21, p =  .017., and instruction * retention 
interval * visual field, F(2,17) = 6.11, p = .010. As can be deducted from figure 4, 
more errors were made during the coordinate trials of all retention intervals (p <.001 
for all three intervals). Further analyses with paired t-tests revealed that for the 
coordinate trials of the 2000 ms retention interval more errors were made in the RVF 
than in the LVF, t(18) = 5.34, p < .001. Within the categorical instruction trials, no 
significant effect of retention interval was found. For coordinate instruction there was 
a significant main effect of retention interval, F(2,17) = 9.34, p = .002; the 500 ms 
interval showed a significantly lower ER than the 2000 ms (p < .005) and 5000 ms 
interval (p = .002).  

Figure 4. Mean error rates (ERs) for each retention interval, instruction, and direction of half 
field presentation. Error bars represent standard error of the mean (SEM). (cat=categorical, 
coo=coordinate, LVF/RH= left visual field / right hemisphere). 
 

For RTs there was a significant main effect for retention interval F(1,18) = 7.72, 
p = .004. The 5000 ms retention interval showed longer RTs than the 500 ms (p = 
.002) and 2000 ms retention intervals (p = .009). All other main and interaction effects 
were not significant.  
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Table 1. Mean response times (RTs) for each retention interval, instruction, and direction of 
half field presentation. 

RT (in ms)  500 2000 5000 
  M (SD) M (SD) M (SD) 
categorical LVF/RH 806.5 (160.8) 849.2 (217.9) 872.7 (239.5) 
 RVF/LH 812.3 (165.4) 837.8 (220.4) 867.3 (255.9) 
coordinate LVF/RH 742.6 (142.2) 779.9 (152.5) 840.1 (158.2) 
 RVF/LH 753.3 (134.4) 778.6 (156.8) 854.3 (163.1) 

 M = mean, SD = standard deviation, LVF/RH= left visual field / right hemisphere 
 
ERP measurements 
 
S1 – Encoding stage 

In Figure 5 the ERPs elicited by S1 presentation are depicted for both the 
categorical and coordinate instruction. The GLM on N2 (160-240 ms after S1 
presentation) showed a main effect of instruction, F(1,18) = 7.68, p < .05, 
hemisphere, F(1,18) = 9.82, p < .01, and electrode, F(3,16) = 36.15, p < .001. The 
mean voltage was higher for the coordinate instruction, compared to the categorical 
instruction, for the right hemisphere, compared to the left hemisphere, and for P7/8 
compared to the other three electrode locations. Significant interactions were found 
for hemisphere and electrode, F(3,16) = 7.24, p < .01, and for retention interval and 
electrode, F(6,13) = 2.82, p < .05. There was no significant effect of hemisphere for 
the frontal electrodes, but a higher mean voltage was found for the right hemisphere, 
compared to the left hemisphere for both P3/4 (p < .05) and P7/8 (p < .01). None of 
the electrodes showed a significant effect of retention interval.  

The same GLM performed on the P300 (300-500 ms) complex showed a main 
effect of hemisphere, F(1,18) = 6.17, p < .05, and electrode, F(3,16) = 4.63, p < .05. 
The mean voltage was higher for the right hemisphere compared to the left 
hemisphere, and at a non significant level it was higher for the P7/8 electrode, 
compared to the other electrodes. Significant interaction effects were found for 
retention interval and electrode, F(1,18) = 2.95, p < .05, and instruction, hemisphere, 
and electrode, F(3,16) = 4.05, p < .05. For the P7/8 electrode a significant increase 
with longer retention intervals was found, both the 5000 ms and the 2000 ms 
retention interval conditions showed a higher mean voltage than the 500 ms retention 
interval condition (p < .05 in both cases). When splitting up the second interaction 
effect by the two frontal and the two parietal electrode locations, the instruction and 
hemisphere interaction was significant for the parietal electrodes, F(1,18) = 2.99, p < 
.05, whereas it was not significant for the frontal electrodes. For the parietal electrodes 
the mean voltage was significantly higher for the right hemisphere compared to the 
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left hemisphere (p < .05) for the coordinate instruction, while there was no significant 
effect of hemisphere for the categorical instruction.  

  
Figure 5. ERPs elicited by the first stimulus (S1) for both the categorical (black lines) and 
coordinate instruction (grey lines). 
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Figure 6. Cortical current density maps (LORETA) for A) N2 and B) P300 during the 
encoding stage following the first stimulus (S1) presentation. Maps are presented for both the 
categorical and coordinate task, for all three retention intervals. Scale in μA/mm2. 
 

The cortical current density models depicted in Figure 6 A and B illustrate both 
the waves of the categorical and coordinate conditions in the N2 and P300 
components, respectively. For N2 it shows an increase of medial left hemisphere 
activity for the categorical condition when the intervals are longer. In contrast, in the 
medial right hemisphere, more activity is visible for the coordinate compared to the 
categorical condition, in longer interval conditions. There also appears to be more 
frontal right hemisphere activity for categorical trials, compared to coordinate trials at 
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the 2000 ms interval. For the P300 component these findings are very similar; here a 
right hemisphere advantage at the shorter intervals appears to turn into a left 
hemisphere advantage at 5000 ms for the categorical condition, compared to the 
coordinate condition. 

 
S1S2 – Memorization stage  

Table 2 summarizes the results of the ANOVAs for the three area measures of 
the retention interval. The topographic distribution of the 1500-2000 ms mean 
amplitudes as a function of retention interval is depicted in Figure 7. For the 1000-
1500 ms interval we found that the mean voltage was lower in the 2000 ms retention 
interval than in the 5000 ms retention interval in the fronto-lateral and occipital 
clusters. This effect in opposite direction was found for the more central clusters FM, 
CL, CM and PL. The analysis of the 1500-2000 ms showed a significant interaction of 
hemisphere * cluster in the 2000 ms retention interval, F(6,13) = 4.28, p = .013, and in 
the 5000 ms retention interval, F(6,13) = 11.89, p = .000, for the categorical 
instruction only. In the 2000 ms interval, the left hemisphere showed a lower mean 
voltage than the right hemisphere in clusters CM, PL, and PM. In the 5000 ms 
interval, this effect was shown by clusters FL, PM, and O. None of the relevant 
interaction effects were significant in the combined time window of 2000-5000 ms 
after S1 onset. 
 
Table 2. F values for all relevant interaction effects in the memorization stage, presented for 
each time window. 

 Time window (ms) 
Factor (df) 1000-1500 1500-2000 2000-5000 
I * R (1,18) 2.32 3.99 - 
I * H (1,18) 0.50 5.60* 0.98 
R * H (1,18) 1.09 3.32 - 
I * C (6,13)  1.17 1.08 2.30 
R * C (6,13) 6.38** 7.76** - 
I * R * H (1,18) 1.33 7.62* - 
I * R * C (6,13) 0.14 1.77 - 
I * H * C (6,13) 0.27 0.48 0.12 
R * H * C (6,13) 13.57*** 9.00** - 
I * R * H * C (6,13) 0.34 2.93* - 

I=instruction, R=retention interval, VF=visual field, H=hemisphere, C=cluster * p<.05, ** 
p<.01, *** p<.001 Where appropriate, p values are after Greenhouse-Geisser correction. 
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Figure 7. 2D topographic display of Mean Voltage 500-1000 ms of the S1S2 interval (1500-
2000 ms after S1 onset) for categorical trials and coordinate trials. 
 
S2 – Retrieval stage 

In Figure 8, the ERPs elicited by S2 presentation are depicted. The GLM analysis 
of the N2 complex (120-220 ms) showed a significant main effect of interval, F(2,17) 
= 6.61, p < .05, and electrode, F(3,16) = 15.61, p < .001. The mean voltage in the 500 
ms and 2000 ms interval conditions was significantly lower than in the 5000 ms 
interval condition (p < .05 in both cases). Again, the P7/8 electrodes showed a higher 
mean voltage than the other electrodes. Significant interaction effects were found for 
retention interval and hemisphere, F(2,17) = 4.14, p < .05, retention interval and 
electrode, F(6,13) = 5.39, p < .05, and for retention interval, hemisphere, and 
electrode, F(6,13) = 3.39, p < .05. The follow up test of the interval and hemisphere 
interaction did not reveal further significant effects. For F3/4, F7/8, and P3/4, there 
was a significant increase in mean voltage from the 2000 ms interval to the 5000 ms 
interval. For P3/4 there was also a significant increase from the 500 ms interval to the 
5000 ms interval. A lateralization effect was found to emerge at longer retention 
intervals; regardless of instruction, there was a higher mean voltage in the right 
hemisphere, compared to the left hemisphere for the P7/8 electrode. 

The same GLM performed on the P300 (300-500 ms) complex showed a main 
effect of instruction, F(1,18) = 6.74, p < .05. A higher mean voltage was found for the 
coordinate instruction. Significant interaction effects were found for instruction and 
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electrode, F(3,16) = 4.03, p < .05, retention interval and electrode F(6,13) = 4.17, p < 
.05, and hemisphere and electrode, F(3,16) = 3.46, p < .05. For electrodes F7/8 and 
P3/4 in particular, the higher mean voltage of the coordinate instruction was found (p 
< .01 and p < .05). Follow up tests of the retention interval and electrode interaction 
did not lead to significant differences. For the P7/8 electrode, the right hemisphere 
showed a higher mean voltage than the left hemisphere (p < .05). 

The cortical current density models depicted in Figure 9 A and B illustrate the N2 
and P300 effects respectively, for both the categorical and coordinate conditions. For 
N2, it shows slightly more activity in the left temporal cortex for the categorical 
condition, with a 5000 ms interval, compared to the coordinate condition. For the 
P300 images we see a clear increase in involvement of the parietal regions, bilaterally 
with a left hemisphere advantage for the categorical condition, compared to the 
coordinate condition, as the retention interval increases. Slightly more right 
hemisphere activity is shown for the coordinate condition with the longest interval 
length.  
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Figure 8. ERPs elicited by the second stimulus (S2) for both the categorical (black lines) and 
coordinate instruction (grey lines). 
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Figure 9. Cortical current density maps (LORETA) for A) N2 and B) P300 during the retrieval 
stage following the second stimulus presentation. Maps are presented for both the categorical 
and coordinate task, for all three retention intervals.Scale in μA/mm2. 
 
 
Discussion 
 

The aim of the present study was to use EEG measurements to examine the 
temporal characteristics of the processing of categorical and coordinate spatial 
relations and the role of spatial working memory mechanisms. A match-to-sample 
design combined with the temporal resolution of EEG measurements enabled us to 
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examine three separate stages of information processing comprehensively. The ERP 
signal related to S1 presentation reflects the encoding stage, the memorization stage 
starts after S1 presentation and lasts until S2 onset, and the retrieval stage is reflected 
by the ERP signal related to S2 presentation. Additionally, the length of the retention 
interval was varied, to analyze working memory in more detail. Arguably, the task 
becomes more difficult as the retention interval gets longer, as indicated by 
significantly higher RTs. This concurs with literature stating that working memory 
load can also be manipulated by retention interval length, not only by amount of 
information retained (Barch, Braver, Nystrom, Forman, Noll & Cohen, 1997). Taken 
together, our design allowed for the further examination of the three stages of spatial 
relation processing in spatial working memory. 
 
Behavioural findings 

Similarly to our previous studies (Van der Ham et al., 2007; 2009) a significant 
interaction of task instruction and visual field was found. There was a right 
hemispheric advantage for coordinate trials and a left hemispheric advantage for 
categorical trials, in line with the hypothesised direction of this double dissociation. 
The effect was clearly stronger in the coordinate task than in the categorical task. The 
interaction effect was observed only for the 2000 ms retention interval, not for the 
shorter or longer intervals, while in our previous study this effect was limited to the 
500 ms retention interval (Van der Ham et al., 2007). This temporal shift can be 
explained by an important difference between the two task designs. The stimuli in the 
current experiment were somewhat degraded compared to the previously used stimuli, 
which consisted of a large cross, instead of only a small one. It is conceivable that the 
current type of stimuli required some sort of reconstruction, demanding additional 
processing time, causing the hemispheric double dissociation to surface at a longer 
interval. Notably, the present result is congruent with our fMRI data (Van der Ham et 
al., 2009) where we found lateralization for both categorical and coordinate trials in 
the parietal cortex only for the 2000 ms interval. Performance on coordinate trials and 
trials presented to the RVF was also less accurate than on categorical trials and trials 
presented to the LVF, respectively, indicating an overall advantage for the right 
hemisphere in this task. This right hemisphere advantage is not surprising given that 
spatial working memory load plays a critical role in the present study while this load 
has been reported to correlate mainly with right hemispheric activity (Jonides, Smith, 
Koeppe, Awh, Minoshima & Mintun, 1993; Smith, Jonides & Koeppe, 1996, see 
however Mecklinger & Pfeifer, 1996). 
 
EEG findings  

For all three stages there was a clear anterior positivity-posterior negativity effect 
that increased along with the increase in retention interval. The posterior negativity is 
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a replication of a number of working memory studies (e.g. Löw, Rockstroh, Cohen, 
Hauk, Berg, & Maier, 1999; Gevins, Smith, McEvoy & Yu, 1997; Ruchkin et al., 
1997). As we were specifically interested in the separate stages of our trial design we 
examined the three processing stages independently. Below, the task dependent and 
task independent ERP results are discussed separately for all three stages.  
 
S1 – Encoding stage 

During the N2 time window of the ERP elicited by S1 presentation there was 
more right hemisphere activity and more activity related to coordinate processing. 
Moreover, the right hemisphere advantage was only found for the electrodes over the 
parietal areas. This means that this relatively early stage, related to stimulus 
identification, was already affected by the instruction given. The parietal right 
hemisphere activity can be easily linked to the involvement of spatial working 
memory. These effects are substantiated by the LORETA images of current source 
density models. These images also indicated an increase of the right hemisphere 
advantage with longer retention intervals. Also, this increase appeared to be stronger 
for the categorical instruction. Interestingly, these effects were found before the 
presentation of the second stimulus and most of the retention interval. This indicates 
that there is anticipation of or preparation for the expected retention interval.  

In the P300 complex elicited by S1 presentation, the right hemisphere advantage 
was found as well, but here it clearly interacted with hemisphere and electrode 
location. More specifically, we found a right hemisphere advantage for the coordinate 
instruction in the parietal region, whereas there was no lateralization found for the 
categorical instruction. This indicates that categorical and coordinate spatial relation 
processing can be dissociated based on hemispheric advantages; the coordinate right 
hemisphere advantage is in line with most previous studies (see Jager & Postma, 
2003). It is interesting to see that this effect occured as early as the encoding of the 
first stimulus, which apparently occurs in a different manner for trials with categorical 
and coordinate instructions. However, we did not find a left hemisphere advantage for 
trials with a categorical instruction. A reasonable explanation for the absence of this 
effect is the right hemisphere advantage related to spatial working memory, which 
might have partially obscured a left hemisphere advantage. More importantly, 
categorical and coordinate processing differentiate significantly on hemispheric 
differences. In addition, the LORETA images suggested an increase of left 
hemisphere activity for the categorical instruction with longer interval duration, 
compared to the coordinate instruction. 
 
S1S2 - Memorization stage 

During the retention interval between S1 and S2 in the trials with longer intervals, 
hardly any differences were found between categorical and coordinate trials. The 
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categorical instruction showed only a slight posterior right hemispheric advantage, 
compared to the left hemisphere; hence, retention of the spatial properties of the 
stimuli appears to be independent of the nature of the required spatial processing. 
Furthermore, there was no indication of strategy differences between the categorical 
and coordinate instruction. There was no sign of increased activity in language related 
areas in either instruction, which could have indicated a verbal strategy. The self 
reports should therefore be considered with some caution, since the EEG data taken 
from this memorization stage do not confirm them. 

In the retention stage, there was more activity in the right hemisphere compared 
to the left, mainly located at the lateral parietal areas. The right hemispheric advantage 
emerged later in time in the longer retention interval, especially in the parietal area. 
This pattern points to a relation with spatial working memory activity, as the right 
parietal activity appears to be postponed when the retention interval was longer. A 
similar effect of right hemispheric parietal activity during the retention interval was 
found throughout the interval by Ruchkin et al. (1997) in a spatial working memory 
task. The higher level of activity during the shorter retention interval could indicate 
that most of the processing takes place during the beginning of the shorter interval; 
the longer interval could entail less activity because the processing might be spread out 
over the length of the interval. Because of the blocked presentation of same interval 
length trials, subjects might have developed the most efficient approach for each 
retention interval. 
 
S2 - Retrieval stage 

The effects found for the N2 complex during retrieval mainly concern the 
duration of the retention interval. Increased activity was found for longer intervals in 
both frontal and parietal regions, the effect was more linear in the parietal P3/4 
electrodes. For P7/8 this increase was also directly related to the emergence of a right 
hemisphere advantage. The LORETA images illustrate the involvement of frontal as 
well as parietal regions, with very little difference between the categorical and 
coordinate tasks. 

For the P300 complex there was more activity for coordinate processing, which 
was found for the F7/8 and P3/4 electrodes specifically. This substantiates the 
relevance of both parietal and frontal regions in spatial relation processing. Coordinate 
processing most likely causes this higher level of activity because of its higher 
difficulty level, compared to categorical processing. Furthermore, a right hemisphere 
advantage was again explicitly found for parietal electrodes P7/8. The LORETA 
images confirmed these findings. Interestingly, they showed a slight left hemisphere 
advantage in the longest interval for categorical trials and a right hemisphere 
advantage for the coordinate task, which concurs with the hypothesized double 
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dissociation of the left and right hemisphere, and categorical and coordinate 
processing, respectively.     
 
Conclusion 

The expected coordinate right hemisphere advantage and the categorical left 
hemisphere advantage were confirmed by the behavioural as well as the EEG data. 
The behavioural effect was limited to the intermediate retention interval and the 
categorical lateralization was weaker, concurring with previous empirical findings. In 
the EEG data, the interaction of instruction and hemisphere was also found with a 
strong right hemisphere advantage for coordinate processing that was absent for 
categorical processing, regardless of retention interval. Notably, this effect was already 
found during the encoding of the first stimulus, and moreover not found for later 
stage of the trial. It can be argued that the interaction of instruction and hemisphere 
might reflect a sheer quantitative difference in P300 activity between categorical and 
coordinate processing, for instance as a consequence of task difficulty. However, such 
factors typically influence midline P3 activity rather than increasing left-right 
asymmetries (e.g. Polich, 2007). Here we suggest that categorical and coordinate 
spatial relation processing are likely processed by at least partially separate mechanisms 
that show early differences in stimulus processing. This proposition is supported by 
the LORETA images, which reveal small left hemisphere advantages of categorical 
processing during P300 of both encoding and retrieval, and by the double dissociation 
we have found in our fMRI study (Van der Ham et al., 2009). Our view opposes the 
suggestion by Van der Lubbe et al. (2006) that there are only quantitative differences 
between categorical and coordinate spatial relation processing. The improvement of 
the stimuli and manipulation of retention intervals in the current study could have 
caused this discrepancy. 

The current data combined with the outcome of the fMRI study (Van der Ham et 
al., 2009) offer new insight in the lateralization of spatial relation processing as 
originally formulated by Kosslyn (1987) within a working memory setting. 
Lateralization appears to be strongest with an intermediate retention interval and early 
in the working memory process. Overall, it should be taken into account that these 
lateralization effects are likely to be affected by more general processes like spatial 
working memory, spatial attention, and the temporal dynamics of the task at hand. 
Therefore, relative (qualitative) differences between categorical and coordinate 
processing instead of absolute differences are of interest here. 
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Abstract 
 

Spatial relations are typically divided into categorical and coordinate spatial 
relations. Categorical relations are abstract and show a left hemisphere advantage, 
whereas coordinate relations are metric and related to a right hemisphere advantage. 
In the current study a working memory task was used to asses categorical and 
coordinate performance with two different stimulus sets. In this task, participants had 
to compare two sequentially presented stimuli, consisting of a dot and a cross. The 
cross size used in the stimuli was either large or small; a direct manipulation of the 
amount of information provided to determine a category, or to assess a distance. 
Patients with damage in the left hemisphere (LH) or the right hemisphere (RH) and 
highly comparable controls were tested. The mean accuracy and response times in 
control participants indicated that categorical processing benefits from the use of a 
large cross, i.e. more visual information about category boundaries. In contrast, 
coordinate performance was better with a small cross, i.e. presenting less unnecessary 
visual information. A performance score based on both error rates and response times 
showed that the categorical advantage of a large over a small cross is clearly present 
for the LH patients, while RH patients show no difference. Neither patient group 
showed a difference between large and small cross size for the coordinate task. The 
RH patients showed lower overall performance, regardless of instruction. We 
conclude that the amount of visuospatial information present in stimuli was of 
importance in determining categories and coordinate properties, and that category 
construction in particular is related to left hemisphere processing. 
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Introduction 
 

The spatial relations between or within objects gives us vital information on how 
to interact with the visual world. It helps us to search for items in the right places, 
navigate from one location to the other, grasp objects and recognize them from 
unusual viewpoints. Kosslyn (1987) has provided an influential theory on the 
processing of such spatial relations. He stated that two global classes can be discerned: 
categorical relations, which are abstract, such as “left of” and “below”, and coordinate 
relations, that are metric in nature, such as “2 cm apart” and “further away”. The main 
feature of Kosslyn’s initial proposal was that categorical and coordinate spatial 
relations are processed by separate subsystems in the brain, characterized by different 
lateralization patterns; a left hemisphere specialization for categorical processing and a 
right hemisphere specialization for coordinate processing. Over the years, many 
studies have confirmed this double dissociation pattern empirically (e.g. Hellige & 
Michimata, 1989; Kosslyn, Koenig, Barrett, Cave, Tang, & Gabrieli 1989). Yet, some 
have criticized this theory to some extent (e.g. Sergent, 1991; Martin, Houssemand, 
Schiltz, Burnod, & Alexandre, 2008; Oleksiak, Postma, Van der Ham & Van Wezel, 
2009). Currently the most generally accepted view seems to be that categorical and 
coordinate relation processing is based on partially separate, but not mutually 
exclusive subsystems, exemplified by hemispheric advantages (see Jager & Postma, 
2003).  

 While initially most studies used responses to single stimuli as such addressing 
primarily perceptual mechanisms (e.g. Hellige & Michimata, 1989), a working memory 
design has been used more frequently in the recent past (e.g. Laeng & Peters, 1995; 
Van der Lubbe, Schölvinck, Kenemans, & Postma, 2006; Van der Ham, Van Wezel, 
Oleksiak & Postma, 2007; Oleksiak, et al., 2009). It particular this design circumvents 
the problem of categorization of coordinate information (see e.g. Baciu, Koenig, 
Vernier, Bedoin, Rubin, & Segebarth, 1999).  

Van der Ham et al. (2007) introduced the so called cross dot task and successfully 
employed it in behavioural (Van der Ham et al., 2007; Van der Ham & Postma, 2010), 
fMRI (Van der Ham et al., 2009) and EEG studies (Van der Ham, Van Strien, 
Oleksiak, Van Wezel, & Postma, 2010). In this task, participants are shown two 
sequential images of a dot somewhere around a “+” shaped cross. The categorical 
instruction is to determine whether the dots in the two images are within the same 
quadrant, or category, of the cross, disregarding the exact dot positions. In contrast, 
the coordinate instruction is to compare the distance between the dot and the centre 
of the cross in the two images, disregarding the quadrant the dots are in. The nature 
of the stimuli in these cross dot studies has been adjusted in two ways: the number of 
possible dot positions has changed from sixteen to forty, and the size of the cross has 
been decreased from 2.25° to 0.35° of visual angle, without altering the dot positions. 
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These changes were made to prevent participants from memorizing the total number 
of options and to decrease the difference in difficulty between the categorical and 
coordinate tasks. In a previous study, we have argued that reducing cross size would 
increase difficulty of the categorical task, as less information concerning the category 
was available, and decrease difficulty of the coordinate task, as less distracting 
additional features were present (Van der Ham et al., 2009).  

This last issue is of particular interest as it raises the question in what way such 
visuospatial stimulus information interacts with category formation and coordinate 
verification. In the current study, we have manipulated the cross size in a within 
subjects approach to find an empirical answer to this particular question. We 
hypothesized that a large cross size would increase categorical performance, and a 
small cross size would lead to an increase in coordinate performance. A number of 
studies have focused on the boundaries of spatial categories within a visuospatial 
verbal matching case, e.g. when is a certain spatial relation within a visual display 
considered to be “above” (e.g. Hayward & Tarr, 1995; Crawford, Regier & 
Huttenlocher, 2000). It has been argued that such relations have “fuzzy boundaries” 
(see Vorwerg & Rickheit, 1998). Arguably, these findings about the linguistic nature of 
these categories might also apply to the spatial categories used here. In line with this, it 
can be contended that longer arms of the cross will decrease the uncertainty or 
“fuzziness” of the boundaries as they clearly mark them, and will therefore facilitate 
categorical performance. In other words less effort would be required for simply using 
a category, than for category construction. For coordinate processing, the task is to 
specifically relate the dot position to the centre of the cross, i.e. the radial distance. 
Therefore, the small cross seems more suitable for this particular task, as no 
unnecessary additional information is given. There is a possibility that participants use 
indirect measures of distance, when such information is provided, even when it is 
unnecessary for the task. In line with this possibility, Watt (1990) reported that more 
visual information reduces the need for an internal mechanism to scale distances, as 
the field itself is used as such a mechanism. This would mean that with a small cross, 
more emphasis is placed on using such an internal scaling mechanism, which is the 
aim of a task testing coordinate relation processing. In contrast, the large cross would 
provide such information externally, or indirectly. 

In the current study we therefore manipulated the cross size in a within subjects 
approach to test whether categorical and coordinate spatial relation processing would 
be differentially affected. Moreover, in order to gain further insight in the neural basis 
of spatial relation processing and in particular of category formation, we tested how 
patients with unilateral brain damage performed on these tasks. Thirty five patients 
with left or right hemisphere lesions were recruited. Such a neuropsychological 
approach is a useful way to complement existing behavioural, EEG, and fMRI data on 
this task as behavioural measures can be directly linked to the damaged hemisphere as 
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behavioural measures can be directly linked to the damaged hemisphere in a causal 
way. Importantly, it allows us to investigate how the amount of relevant information 
given in the stimuli affects such patients’ performance on spatial relation processing. 
 
 
Methods 
 
Participants 

Thirty three patients who suffered from ischemic stroke or haemorrhage were 
selected from the Stroke Database of the University Medical Center Utrecht. Inclusion 
criteria were: (1) age between 18 and 80; (2) no history of previous neurological or 
psychiatric disorder; (3) testing occurred six to eighteen months after the onset of the 
stroke; (4) lesion visible on CT or MRI scan; (5) no hemispatial neglect or severe 
hemianopia. Informed consent was obtained from each patient. The control group 
consisted of 28 healthy participants that were highly comparable to the patient groups 
in age and education.  

Education level was scored using seven categories, one being the lowest and seven 
the highest level (Verhage, 1964). Handedness was assessed with the Dutch version of 
the Annett Handedness Inventory, with scores ranging between −24 (extremely left-
handed) and +24 (extremely right-handed) (Annett, 1970). Lesions were classified on 
the basis of the description of the CT or MRI data by an experienced neurologist. 
Sixteen patients had damage in the left hemisphere (LH), and seventeen in the right 
hemisphere (RH). In Appendix A, a detailed description is given for all patients 
individually, including lesion information. 
 
Neuropsychological screening tests 

Standard neuropsychological tests were administered to obtain measures of 
overall cognitive impairment and general memory function. The Dutch version of the 
National Adult Reading Task (Schmand, Bakker, Saan, & Louman, 1991) was used as 
a measure of verbal intelligence. The 12 item short form of the Raven Advanced 
Progressive Matrices served as a measure of non-verbal intelligence (Raven, Raven, & 
Court, 1993). The subtest Letter Number Sequencing of the Wechsler Adult 
Intelligence Scale (WAIS) (Wechsler, 1987) was used as an estimate of verbal working 
memory. The Corsi block tapping test, both forwards and backwards, was used as a 
measure of spatial working memory (Corsi, 1972). The trail making test (TMT) was 
used to test visual attention and divided attention (Reitan, 1955). The Rey Auditory 
Verbal Learning Test was included to assess verbal working memory including 
learning, consolidation, and retrieval (Rey, 1964; Taylor, 1959). To test comprehension 
of the spatial prepositions above, below, left, and right, a spatial preposition test was 
composed. Participants were presented with sixteen different pictures depicting two 
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objects, along with a sentence, e.g. “the telephone is above the ball”. They were asked 
to indicate whether the sentence matched the picture or not. If the sentence did not 
match the picture, it would contain the correct object names, but an incorrect 
preposition. One point was awarded for each correct answer, leading to a maximum 
score of sixteen.  
 
Cross dot task 

The task we used to assess spatial relation processing was the cross dot task (Van 
der Ham et al., 2007, 2009; Van der Ham & Postma, 2010); a match-to-sample, visual 
half field task that assessed working memory for both categorical and coordinate 
spatial relations. In total four subtasks were used; categorical instruction with a large 
cross, categorical instruction with a small cross, coordinate instruction with a large 
cross, and coordinate instruction with a small cross. Therefore, two sets of stimuli 
were used with either a large or a small cross. Both sets were designed in a similar 
fashion; a black dot (0.15 visual angle) was positioned at one of forty possible 
locations around the black, “+” shaped cross (large: 2.25, small:  0.35). The forty dot 
positions were placed at four equally different distances from the centre of the cross, 
with ten positions within each quadrant of the cross. In Figure 1 all dot positions are 
given in one configuration for both the small and large cross stimuli. The categorical 
instruction was to match the two sequentially presented cross dot stimuli, based on 
the quadrant of the cross the dots appeared in, which were same or different. The 
coordinate instruction was to compare the distance between the dot and the centre of 
the cross in both stimuli, these were the same or longer/shorter.  

 
 
 
 
 
 
 
 
 
 
 
Figure 1. Examples of both the large and small cross with all forty possible positions. Note 
that in the actual stimuli a dot was visible in only one of these positions. 

 
A single trial sequence consisted of the following elements: a blue square 

indicating the start of a new trial (500 ms), a blank screen (250 ms), an “x” shaped 
fixation cross (500 ms), the first cross dot stimulus (150 ms), a blank screen (1500 ms), 
an “x” shaped fixation cross (500 ms), the second cross dot stimulus (150 ms), a blank 
screen during which a response should be given (maximum 4000 ms). Responses were 
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given by pressing the arrow keys of a regular keyboard. In comparison to previous 
version of this task two small adaptations were made. The current task did not entail 
visual half field measures, but the presentation of both stimuli at the exact same 
position was likely to facilitate strategies like using the fixation cross as an anchor 
point. Therefore, the first stimulus was presented centrally and the second stimulus 
slightly off centre, at one of four possible positions (combinations of 1.25 up or 
down and 1.25 left or right, with regard to the centre of the screen). The second 
adaptation was the selection of a retention interval of 2000 ms. In previous versions 
we have included durations of 500 ms and 5000 ms as well, but the 2000 ms interval 
has shown to be most successful in demonstrating lateralization effects and is most 
suitable for testing patients for practical reasons as it is the most comfortable interval 
duration. In total, twenty trials were presented for each of the four subtasks; ten 
match trials and ten non match trials, amounting to eighty trials in total. 
 
Procedure 

Participants started with all screening tests, in fixed order. The cross dot task was 
introduced by first showing the participants pictures of possible stimuli in the 
following subtask. An elaborate instruction was given on what was defined as a 
category, and to what (coordinate) distance participants should pay attention. It was 
clearly stated that the dots could appear at any position around the cross, to avoid any 
possible categorization of the coordinate judgements, as they were in fact limited to 
four possible distances. The experiment started with five practice trials that were 
repeated if necessary. The four subtasks were presented in pseudo randomised order. 
 
Statistical analysis 

The scores of the neuropsychological screening tests were analyzed by means of 
ANOVAs with group (controls, LH patients, RH patients) as between subject factors. 
Significant effects of group were followed up by Bonferroni corrected pairwise 
comparisons. 

Error rates (ER) and response times (RT) were recorded for all eighty trials of the 
cross dot task. For both measures, a general linear model (GLM) was used with 
instruction (categorical, coordinate) and cross size (small, large) as within subject 
factors for all control subjects to examine the effect of cross size on both categorical 
and coordinate judgments. After visual inspection of the ERs and RTs of the two 
patient groups, a performance score was calculated for each participant by adding z 
scores of both ER and RT (see e.g. Allen, Kirasic, Dobson, Long & Beck, 1996). This 
score appeared to be more representative and sensitive to performance as a whole, as 
the two separate measures complemented each other. A GLM was performed for this 
measure including instruction (categorical, coordinate) and cross size (small, large) as 
within subject factors and group (control subjects, LH and RH patients) as a between 
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subject factor. Any significant interaction effects were followed up by Bonferroni 
corrected post hoc tests. 
 
 
Results 
 
Neuropsychological screening tests 

In Table 1 the gender, age, education level and neuropsychological screening 
results are given for all three groups. As indicated in the table, significant main effects 
of group were found for the the Raven test, F(2,55) = 4.37, p < .05, the backwards 
Corsi block test, F(2,58) = 3.61, p < .05, the trail making test, F(2,56) = 3.60, p < .05, 
and the immediate recall and delayed recall in the RAVLT, F(2,57) = 7.11, p < .01, 
and F(2,57) = 3.44, p < .05, respectively. Follow up tests showed that the LH patient 
group was significantly impaired on the TMT (p < .05), and both immediate (p < .01) 
and delayed recall (p < .05) on the RAVLT, compared to the controls, whereas the 
RH patient group scored significantly lower on the Raven test (p < .05) and the 
backward Corsi block test (p < .05) than the controls. Consequently, the LH group 
was impaired on verbal working memory, learning and consolidation and divided 
attention, whereas the RH group was impaired on non-verbal intelligence and spatial 
working memory. 

 
Table 1. The mean scores on the neuropsychological tests for all three groups. 

 Controls 
(N=28) 

LH patients 
(N=16) 

RH patients 
(N=17) 

Delay event – test (months)  14.0 (3.8) 14.6 (5.2) 
Age 58.3 (6.5) 62.4 (11.2) 56.1 (14.7) 
Gender 12 M / 16F 12M / 4F 10M / 7F 
Education 5.4 (1.0) 5.6 (1.2) 5.1 (1.1) 
Handedness (Annett) 11.6 (17.7) 16.6 (11.0) 15.8 (12.9) 
NLV verbal IQ 106.6 (15.8) 108.6 (16.6) 102.1 (18.1) 
Raven short form 58.8 (28.1) 62.3 (28.4) 34.0 (33.2) * 
Letter number sequencing 48.0 (29.5) 44.3 (30.1) 32.3 (30.5) 
Corsi forward 7.7 (1.4) 7.4 (1.1) 7.5 (1.7) 
Corsi backward 7.8 (1.7) 7.7 (1.7) 6.4 (2.0) * 
TMT B/A 2.1 (0.8) 2.9 (1.6) * 2.1 (0.4) 
RAVLT immediate recall 44.0 (10.7) 30.4 (12.8)** 38.5 (11.6) 
RAVLT delayed recall 8.9 (3.5) 5.9 (4.4) * 8.3 (3.0) 
Spatial preposition task 15.9 (0.3) 15.8 (0.5) 15.8 (0.6) 

Standard deviation in parentheses. * p < .05, **p <.01 (compared to control scores). 
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Cross dot task 
In Table 2, the mean ERs and RTs are given for all groups in each condition. The 

GLM of ERs of the control group showed a significant main effect of instruction, 
F(1,27) = 7.94, p < .01, and cross size, F(1,27) = 143.16, p < .001. ERs were larger for 
the coordinate instruction, compared to categorical instruction and for large crosses 
compared to small crosses. A significant interaction effect was found for instruction 
and cross size, F(1,27) = 14.29, p < .01. Paired sample t-tests showed that for the 
coordinate instruction responses were more accurate for small crosses than for large 
crosses for the coordinate instruction, t(27) = 4.21, p < .001. No difference between 
the cross sizes was found for the categorical instruction. 

The GLM on RT revealed no significant main effects, but a significant interaction 
of instruction and cross size, F(1,27) = 19.93, p < .001. Both instructions showed an 
effect of cross size; for the categorical instruction response times were significantly 
higher for the small cross compared to the large cross, t(27) = 4.26, p < .001, whereas 
at a trend level responses were faster for the small cross than for the large cross for 
the coordinate instruction, t(27) = 1.86, p = .074.  

 
Table 2. Means for both error rates (ER) and response times (RT) in all conditions for each 
group. 

  ER (in %) RT (in ms) 
  Controls LH RH Controls LH RH 
Large cross Cat 6.8  

(9.2) 
10.5 
(9.5) 

16.0 
(14.9) 

1174  
(173) 

1257 
(398) 

1481 
(479) 

 Coo 32.0  
(9.4) 

39.2 
(13.6) 

41.3 
(12.2) 

1323  
(230) 

1597 
(475) 

1720 
(343) 

Small cross Cat 7.5  
(10.1) 

17.5 
(17.7) 

20.0 
(16.9) 

1323  
(214) 

1651 
(824) 

1545 
(438) 

 Coo 22.2  
(9.7) 

24.9 
(12.6) 

31.9 
(11.0) 

1250  
(238) 

1528 
(615) 

1684 
(490) 

Standard deviations in parentheses. 
 
After visual inspection of the ERs and RTs of both patient groups, a general 

performance measure was created to equally represent both measures. Based on the 
means and standard deviations of the control group, z scores were computed for all 
individuals for both ER and RT. The performance score was calculated by adding 
those z scores of ERs and RTs for each individual in each condition. This combined 
z-score indicated lower scores for better performance, and by definition the scores for 
the control group were zero in all conditions. In Figure 2 the mean performance 
scores are given for both patient groups in all four conditions. For this measure of 
general performance a main effect of group was found, F(2,58) = 7.80, p < .01, and a 
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significant interaction effect of instruction, cross size, and group, F(2,58) = 4.00, p < 
.05. RH patients performed worse compared to the control group (p < .01). Follow 
up tests showed that the difference between small and large cross was only significant 
for the LH patients, for the categorical instruction (p < .01), the RH patient group did 
not show such effects.  

Figure 2. The mean performance scores for both patient groups, in all conditions. Performance 
reflects the combined z score of (z(ER) + z(RT)). Higher scores indicate a lower level of 
performance, compared to controls. Error bars represent standard error of the mean (SEM). 
 
 
Discussion 

 
The focus of the current study was on the effect of amount of stimulus 

information on both categorical and coordinate spatial relation processing. This effect 
was studied in both healthy participants and patients with unilateral brain damage, to 
gain additional information about the role of each hemisphere. The main hypothesis 
was that clear boundaries, as in the large cross conditions, would selectively benefit 
categorical processing, whereas less visual information, as in the small cross 
conditions, would favour coordinate processing. In addition, patients with a lesion in 
the LH were expected to show impairment in categorical processing, whereas patients 
with a lesion in the RH were supposed to show impairment in coordinate processing. 

The pattern of error scores confirms the hypothesis that coordinate processing is 
more accurate when less, unnecessary visual information is provided about category 
boundaries. Participants overall were more accurate, and slightly faster for the small 
cross condition, compared to the large cross condition. This confirms that less 
information benefits distance estimations, as long as the vital information for the task 
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is still present. As the task was to determine the distance between the dot and the 
centre of the cross, the only required visual information for the task was the dot and 
the centre of that cross. This finding is in agreement with literature stating that 
boundaries have a strong effect on the quality of distance estimations; locations on the 
same side of a boundary appear closer than locations on different sides of a boundary 
(Kosslyn, Pick & Fariello, 1974). 

For the categorical instruction, responses were faster when the large cross was 
used, compared to the small cross. This suggests that even for a relatively simple and 
straightforward categorical instruction, there is some uncertainty when only part of the 
categorical boundaries is visible. This confirms previous statements on spatial 
categorization, concerning the fuzziness of such boundaries (e.g. Hayward & Tarr, 
1995; Vorwerg & Rickheit, 1998; Crawford, et al., 2000). In short, the more explicitly a 
category is defined, the better categorical performance will be. 

When looking at the patient data separately, there was no significant interaction of 
group and instruction. The performance score, combining both ERs and RTs in a 
representative manner, did however show an interaction effect of instruction, cross 
size, and group. Instead of a clear two-way interaction, the effects in the current 
sample are more subtle. Follow up tests of this three-way interaction showed that the 
LH group was relatively impaired on the small cross categorical task, compared to the 
large cross categorical task. This indicates that in comparison to the healthy controls 
and the RH group, patients with LH damage require more visual information to 
correctly identify a category. In other words, the LH patients were impaired in 
category construction. Previous studies have shown that the left hemisphere has an 
essential role in categorical processing, but in the current case this was only noticeable 
when categories have to be actively reconstructed. The RH group on the other hand 
displayed an overall lower performance, unrelated to instruction or cross size. In 
contrast to the subtle impairment found for the LH group, the RH group thus 
displays a general visuospatial impairment. This result might be explained by their 
impaired spatial working memory, as measured by the Corsi backward block tapping 
task.  

Taken together, in our working memory cross dot task categorical judgments 
benefit from clear category boundaries in terms of accuracy. In contrast, coordinate 
distance judgments are more accurate when only the necessary position information is 
provided. Furthermore, the patient data suggest a more subtle interpretation of the 
categorical left hemisphere advantage, than is commonly presented in the literature. 
This advantage is only evident when a category had to be constructed, not when it was 
clearly marked in the stimuli. Future studies might further look into potential 
dissociations between category recognition and category construction when studying 
such spatial relation processing in the brain. RH damage led to overall impairment in 
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performance, which could be related to more general spatial working memory 
problems in this group of patients, independent of the specific task instruction.  
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Appendix A. Descriptives of all patients, including age, gender, level of education, Annett’s 
handedness score, side of lesion, and specification of lesion location(s) (based on Duvernoy, 
1999). 

Patient Age Gender Education Annett S/H Side Lesion 
PM 65 M 4 6 S LH Insula, putamen, caudate nucleus, 

precentral g., postcentral g. 
JB 78 M 5 22 S LH Superior, middle, and inferior 

temporal g. 
HB 67 F 6 18 S LH Superior occipital g., g. descendens, 

cuneus, thalamus 
NS 43 M 7 23 S LH Precentral g. 
JQ 79 F 3 15 H LH Insula, putamen, precentral g., 

postcentral g., inferior parietal g., 
superior temporal g. supramarginal g. 

MS 51 F 6 15 H LH Fusiform g., inferior lingual g., 
parahippocampal g.   

JK 60 M 5 12 H LH Caudate nucleus, internal capsule 
CW 67 F 7 20 S LH Insula, precentral g., postcentral g., 

supramarginal g. 
ES 71 M 4 20 S LH Medial occipital medial g. 
B 63 M 5 20 S LH Medial and inferior frontal g., 

precentral g., insula, superior 
temporal g. 

HZ 46 M 7 23 S LH Caudate nucleus, putamen, precentral 
g. 

S 73 M 6 24 S LH Insula, claustrum, external capsule, 
precentral g., inferior frontal g., 
lateral orbital g., postcentral g., 
superior temporal g. 

MP 63 M 5 -20 S LH Parietal cortex 
DG 50 M 7 24 H LH Caudate nucleus, internal capsule, 

putamen, corona radiata 
AM 71 M 6 18 H LH Putamen, internal and external 

capsule, claustrum, corona radiata 
RV 51 M 6 19 H LH Parahippocampal g., lingual g., 

cingulate g., cuneus, precuneus 
AM 60 F 5 -1 S RH Precentral g., medial frontal g., 

anterolateral thalamus, internal 
capsule, caudate nucleus, 
hippocampus, basal nucleus of 
amygdala, g. descendens, inferior 
occipital g., inferior lingual g., 
cuneus, optic radiation. 

LB 49 M 5 24 S RH Superior temporal g., insula, 
precentral g., postcentral g., caudate 
nucleus, putamen 

MS 25 F 5 22 S RH Posterior and lateral orbital g., 
inferior and medial frontal g., insula, 
claustrum, caudate nucleus, putamen, 
thalamus. 

CT 61 M 5 24 S RH Medial temporal g., medial occipital 
g. 

AC 36 F 6 -2 S RH Medial occipital g., angular g., 
postcentral g. 
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MP 47 F 4 22 S RH Superior and medial temporal g., 
insula, putamen, caudate nucleus, 
inferior frontal g. 

MT 66 F 4 19 S RH Precentral g., postcentral g., 
supramarginal g., angular g., superior 
temporal g., medial frontal g., optic 
radiation, medial and superior 
occipital g., cuneus 

WH 70 F 3 23 S RH Precentral g., postcentral g., medial 
and inferior frontal g., caudate 
nucleus, lateral orbital g. 

JB 78 F 4  S RH Optic radiation, superior occipital g., 
superior parietal g., precentral g., 
inferior and medial frontal g., angular 
g. 

LS 55 M 6 -22 S RH Posterior and lateral orbital g., insula, 
external capsule, claustrum, inferior 
frontal g., precentral g., postcentral 
g., superior temporal g. 

RS 46 M 6 24 H RH Insula, putamen, precentral g., 
postcentral g. 

JV 49 M 5 24 S RH Superior, medial and inferior 
temporal g., posterior and lateral 
orbital g., insula, external capsule, 
claustrum, putamen, caudate nucleus, 
internal capsule, lateral thalamus, 
inferior frontal g., precentral g. 
postcentral g., angular g., 
supramarginal g. 

GD 77 M 5 24 S RH Superior temporal g., internal 
capsule, precentral g., inferior and 
medial frontal g., cingulate g., 
superior temporal g., angular g. 

LG 67 M 5 20 H RH Medial and inferior temporal g., 
precuneus, paracentral lobule, 
superior parietal g., cingulate g. 

HW 73 M 7 24 H RH Corona radiata, thalamus, internal 
capsule 

SS 49 M 5 6 H RH Insula, caudate nucleus, internal and 
external capsule, putamen, corona 
radiata, thalamus, precentral g., 
inferior frontal pars opercularis 

EL 46 M 7 22 S RH Corona radiata 
Education level range 1-7, low to high, based on Verhage (1964). M = male, F = female, LH = 
left hemisphere, RH = right hemisphere, g = gyrus, S = stroke, H = haemorrhage. 
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Retinotopic mapping of categorical and coordinate spatial relation 
processing in early visual cortex 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In preparation as: 
Van der Ham, I. J. M., Duijndam, M. J. A., Raemaekers, M., Van Wezel, R. J. A, 
Oleksiak, A. & Postma, A. Retinotopic mapping of categorical and coordinate spatial 
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Abstract 
 

Spatial relations are commonly divided in two global classes. Categorical relations 
concern abstract relations which define areas of spatial equivalence, whereas 
coordinate relations are metric and concern exact distances. Categorical and 
coordinate relation processing are thought to rely on at least partially separate 
processing mechanisms, as shown by differential lateralization patterns, in particular in 
the parietal cortex. The parietal cortex might have a strong influence on how attention 
is directed for different spatial relation instructions. It might be crucial for how 
attention is directed according to different spatial relation instructions. It is unknown 
yet how this would work at a neurophysiological level, in particular with respect to 
projections to the early visual cortex. Therefore, in the current study the distribution 
of spatial attention was measured retinotopically, in a spatial working memory task 
with either a categorical or a coordinate instruction. Participants were asked to 
memorize a dot position, with regard to a central cross, and to indicate whether a 
second dot position matched the first, either categorically (opposite quadrant of the 
cross) or coordinately (same distance to the centre of the cross). BOLD responses 
across the retinotopic maps of V1, V2, and V3 indicated that spatial attention was 
distributed differently for categorical and coordinate instructions; attention was 
specifically directed to the matching region during categorical processing, whereas no 
difference was found between matching and mismatching regions for coordinate 
processing. This effect was strongest for V3, and decreased in V2 and V1. 
Furthermore, during stimulus presentation the two instructions led to different levels 
of attention in V3 during stimulus encoding; a stronger increase in activity was found 
for categorical processing. Together these results show that instructions for specific 
types of spatial relations yield attention effects which alter activity already early in the 
visual cortex. 
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Introduction 
 
The ability to process spatial relations between objects in our environment is 

crucial to successfully execute behaviours like navigation and object location memory. 
These spatial relations can be divided into two types; categorical and coordinate 
relations. Categorical spatial relations concern the abstract relations between objects, 
like the chair is next to the table, whereas coordinate spatial relations involve precise 
and metric properties, making use of exact distances, such as the car is closer to the 
house. Importantly, these two types of spatial relations are thought to be processed by 
two at least partially different subsystems, which is reflected by lateralization patterns 
in the brain (Kosslyn, 1987). The left hemisphere is typically better in processing 
categorical information, while the right hemisphere commonly shows an advantage in 
processing coordinate information (see Jager & Postma, 2003 for a review). These 
lateralization patterns have been shown convincingly in behavioural experiments (e.g. 
Hellige & Michimata, 1989; Bruyer, Scailquin & Coibion, 1997; Banich & Federmeier, 
1999; Van der Ham, Van Wezel, Oleksiak, & Postma, 2007), but also by means of 
neuroimaging measurements (e.g. Baciu, Koenig, Vernier, Bedoin, Rubin, & 
Segebarth, 1999; Trojano, Conson, Maffei, & Grossi, 2006, Van der Ham, 
Raemaekers, Van Wezel, Oleksiak, & Postma, 2009).  

The initial experimental designs used to test spatial relation processing mainly 
concerned perceptual, or single stimulus, tasks (e.g. Kosslyn, Koenig, Barrett, Backer 
Cave, Tang, & Gabrieli, 1989). Yet, some problems may occur in these types of 
design; categorical decisions were too easy or practice effects were found when a large 
number of coordinate trials was presented (see e.g. Baciu et al., 1999). Accordingly, in 
recent years more studies have applied a working memory design, involving two 
sequentially presented stimuli (see e.g. Laeng & Peters, 1995, Van der Ham et al., 
2007), which have to be compared following a categorical or a coordinate instruction.  

We suggest that the particular spatial relation instructions work as an attentional 
set which modulates the current contents of working memory. Previously, it has 
already been shown that spatial working memory and spatial attention are closely 
linked (e.g. Awh, Smith, & Jonides, 1995, Awh, Jonides, & Reuter-Lorenz, 1998; Awh 
& Jonides, 1998; Corbetta, 1998).  Munneke, Heslenfeld, and Theeuwes (2010) 
pointed out that whereas these two constructs may be conceptually different, they are 
in fact very similar with regard to the underlying neural mechanisms. This claim was 
supported by their finding that retaining spatial information in working memory is 
related to retinotopic BOLD responses in early visual cortex (V1, V2, V3), congruent 
with findings on spatial attention (e.g. Silver, Ress & Heeger, 2007). 

The foregoing raises the question at which stage within the visual cortical streams 
different types of spatial relations are separated. Do instructions to focus on different 
aspects of spatial information differ as early as early visual cortex, and if so in what 
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manner? Therefore, the main goal of the current study was to measure the retinotopic 
BOLD responses to categorical and coordinate spatial relation task instructions across 
early visual cortical areas V1, V2, and V3, in a working memory task. This task 
consists of the sequential presentation of two stimuli that participants should compare 
based on either the categorical or coordinate characteristics. In such measurements, 
activation during the interval between the two stimuli is of specific interest. What 
happens during this interval is closely related to the issue of strategy use, or in other 
words in what way relevant information is rehearsed in memory in order to provide a 
correct answer. A previous study showed that participants report to use more spatial 
strategies for coordinate processing, whereas more verbal strategies are typically used 
to memorize categorical information (Van der Ham et al., 2007). Later reports suggest 
that despite these differential self-reports both types of spatial relations rely on 
explicitly spatial rather than verbal processing (Van der Ham & Postma, 2010). These 
findings illustrate that the processing of categorical and coordinate information might 
differ quite substantially, but that the exact nature of this difference is unknown to 
this point.  

The process of rehearsal during the interval between two sequentially presented 
stimuli also played a key role in the analysis of the retinotopic data in the Munneke et 
al. (2010) study. They used a distinction between target locations and non-target 
locations, where a stronger BOLD response was found for the target locations, in 
absence of visual stimuli as it was measured during the interval. This was interpreted 
as an attentional rehearsal mechanism to keep spatial information available in working 
memory. Our question is therefore whether that attentional rehearsal mechanism 
functions in the same way for categorical information as for coordinate information. 
If there is a strong and fundamental difference in the way the two types of 
information are processed, a difference in this rehearsal mechanism is expected as 
well. In contrast, if they do not differ qualitatively, they should not differ in the way 
this rehearsal mechanism is used either. Furthermore, this mapping approach will also 
address the issue of how early in the visual system these potential differences arise, 
which illustrates these voluntary, top-down attentional processes in more detail. 

After retinotopic mapping of areas V1, V2, and V3, the distribution of activation 
over these regions was analyzed and compared between categorical and a coordinate 
instructions, and between the different elements of the working memory trials. These 
working memory trials typically consist of encoding - when the first stimulus is 
presented, memorization - during the time interval between the first and second 
stimulus, and retrieval - when the second stimulus is presented (see e.g. Van der 
Lubbe et al., 2006). The most important trial element in our analyses was the 
memorization stage, analogous to the Munneke et al. (2010) study. This allows for 
examination of distribution of attention, when location information about the first 
stimulus is kept in memory and no relevant visual input is present. In addition, the 
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responses related to the presentation of both the first and second stimuli were 
analysed, to further examine the mechanisms underlying categorical and coordinate 
processing. 

 
 
Methods 
 
Participants 

Ten healthy subjects (three female), with a mean age of 23.8 (SD = 4.4) 
participated in the experiment. All participants gave informed consent for 
participation, approved by the local ethics committee of the University Medical Centre 
Utrecht. Right handedness was ensured for all participants by means of the Edinburgh 
Handedness Inventory (Oldfield, 1971), with a mean score of 84.6 (SD = 23.7), on a 
scale of -100 (extremely left handed) to 100 (extremely right handed).  

 
Scanning protocol and apparatus 

Scanning was performed on a Philips Achieva 3T scanner (Philips Medical 
Systems, Best, the Netherlands) with a Quasar Dual gradient set. For functional 
images in the retinotopic mapping procedure, a navigated 3D-PRESTO pulse 
sequence was used (Ramsey et al., 1998; Van Gelderen et al., 1995). The acquisition 
parameters were as follows: TR = 30 ms (time between two subsequent RF pulses); 
effective TE = 43.87 ms; FOV (anterior-posterior, inferior-superior, right-left) = 65 × 
200 × 160 mm3; flip angle = 10°; matrix: 26 × 80 × 64 slices; voxel size 2.5 mm 
isotropic; eight channel head coil; SENSE factors = 2.0 (left-right) and 1.8 (anterior-
posterior). A new volume was acquired every 540 ms, and encompassed the posterior 
65 mm of the brain. For the functional images of the experimental task an EPI scan 
sequence was used, with the following parameters; TR = 1500 ms; effective TE = 30 
ms; FOV (anterior-posterior, inferior-superior, right-left) = 60 × 160 × 160; flip angle 
= 70°; matrix: 24 × 64 × 64 slices; voxel size 2.5 mm isotropic. EPI images 
encompassed the posterior part of the brain. A T1-weighted structural image of the 
whole brain (voxel resolution = 0.875 × 0.875 × 1.00 mm3) was acquired at the end of 
the functional series. 
 
Retinotopic mapping stimuli 

For task presentation, we used a desktop PC, a projection screen, and a video-
projector system. The stimuli used for retinotopic mapping were programmed in C++ 
software (Bjarne Stroustrup, 1983, Bell Laboratories, USA). The start of each series of 
stimuli was triggered by the scanner. During all retinotopic mapping stimuli, a red 
central fixation dot (with a radius of 0.08° visual angle) was presented, surrounded by 
a circular aperture (radius of 0.4° visual angle). Subjects were requested to maintain 
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their gaze on the fixation dot regardless of the presented stimuli. The average 
luminance of the entire screen (42.2 cd/m2) was constant during all stimuli. 

 

 
Figure 1. Schematics of the stimuli used for mapping. A) a clockwise rotating wedge for polar 
angle mapping and B) an expanding circle for eccentricity mapping. Arrows are for illustration 
purposes only. 
 

For eccentricity mapping, an expanding ring was used with a maximum 
eccentricity of 7.5° visual angle (see figure 1A). After the ring was fully expanded, it 
returned to its minimum eccentricity (0.4° visual angle). The width of the ring was 
1/5th of the maximum stimulus radius. There was one series (800 images) with eight 
cycles of 54,000 ms (100 images), and there was a blank period with only the fixation 
dot during the first and last 27,000 ms (50 images) of the series. For polar angle 
mapping, a rotating wedge (45° circular angle) was used that extended to a maximum 
eccentricity of 7.5° visual angle (Fig 1B). There was one series (800 images) with eight 
full clockwise rotations that lasted 54,000 ms (100 images) each. The screen was blank 
during the first and last 27,000 ms (50 images) of the series, except for the central 
fixation dot. Both the rotating wedge and the expanding ring contained a 
checkerboard pattern with white and black squares that reversed contrast every 125 
ms. 

 
 
 
 
 
 
 
 
 
 
 

  

 

A  B
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Figure 2. The cross dot stimulus with all possible dot positions. The central cross was red in all 
first stimuli (S1) and green in all second stimuli (S2). Note that only one of these dots was 
present in a single stimulus.  
 
Procedure and experimental stimuli 

Prior to scanning participants were trained on the cross dot task until they fully 
understood the instructions. The cross dot task entailed the sequential presentation of 
two cross dot stimuli that participants needed to compare. First, a fixation cross was 
presented (1000 ms), followed by the first cross dot stimulus (300 ms), a second 
fixation cross presented during a jittered interval (3000-8000 ms), the second cross dot 
stimulus (300 ms), and a fixation cross presentation during which a response should 
be given (2000 ms). All fixation crosses and cross dot stimuli were presented centrally. 
The interval was jittered to de-correlate BOLD responses of the different neural 
events in the experiment. 

The cross dot stimuli (see Van der Ham et al., 2007; 2009; 2010) were created 
with Presentation software (Neurobehavioral systems, Albany, CA). A single stimulus 
consisted of a cross (1.23 * 1.23° visual angle) and one dot (radius 0.92° visual angle), 
in figure 2 all forty possible dot positions are presented. A same size blue cross was 
used as a fixation cross, before and after stimulus presentation. The cross in the first 
of the two stimuli within a trials (S1) was coloured red, the cross in the second 
stimulus (S2) was coloured green, to prevent potential mistakes in the order of stimuli 
within a single trials, as subjects could accidentally perceive an S2 stimulus as the S1 of 
the subsequent trial. The dots were black for both S1 and S2 stimuli. The dot 
positions were placed at four different radial distances from the centre of the cross 
(1.9, 3.8, 5.6, and 7.5° visual angle) and they were equally distributed over the four 
quadrants of the cross. Each possible position was presented twice as S1 and twice as 
S2; once in a match trial and once in a nonmatch trial. 

The instruction for the categorical task was to compare the quadrants of the 
cross that the dots were in for two sequentially presented cross dot stimuli. A match 
response would be given if the dot in the second stimulus appeared in the opposite 
quadrant of the dot in the first stimulus, e.g. in the bottom left quadrant in the first 
stimulus, and the top right in the second stimulus. A non-match response should be 
given when the dot appeared in one of the other three quadrants. This differed from 
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prior versions of the cross dot task (e.g. Van der Ham et al., 2007) where stimuli 
would match if the dot was presented in the same quadrant. This change was made to 
be able to discriminate the visual input from attentional processes during the task. As 
the matching quadrant was not the same as the quadrant present in the first stimulus, 
they could easily be separated in the retinotopic mapping process. The coordinate 
instruction was to compare the two dot positions based on the distance between the 
dot and the centre of the cross. A match response should be given when the distances 
were the same in the two stimuli, and a non match response when the distances were 
different. There were four possible dot positions, but subjects were told that the dots 
could appear at any location around the cross.  

After training participants were placed in the scanner for the actual experiment. 
Firstly, both the eccentricity and polar retinotopic mapping tasks were performed. 
Subjects were instructed to fixate at the fixation dot throughout stimulus presentation. 
Secondly, the categorical and coordinate versions of the cross dot task were shown, in 
counterbalanced order between subjects. In each task 80 trials were shown; 40 match 
trials, 30 non-match trials, and 10 catch trials. Responses were given by pressing either 
the left or right button of a response box with the thumb of the dominant right hand. 
 
Imaging data analysis 

All preprocessing steps were done with SPM5 (http://www.fil.ion.ucl.ac.uk/spm). 
After realignment, the functional images were coregistered and resliced to the FA27 
volume, using the first functional volume as a source. The T1 structural image was 
also coregistered to the FA27-image, thereby providing spatial alignment between the 
structural image and the functional volumes. Low frequency noise in the fMRI data 
was modelled and removed from the data using a general linear model (GLM) and a 
design matrix containing the mean of each image and eight cosine functions forming a 
high-pass filter with a cutoff at 8.2 × 10-1 Hz. 

For polar angle and eccentricity mapping, a vector was created that represented 
cyclic activation during presentation of wedges and rings (7,200 ms activation every 
54,000 ms) and was convolved with a hemodynamic response function (Friston, Frith, 
Turner, & Frackowiak, 1995). The cross correlation between the fMRI data and this 
vector was calculated for every voxel and for 100 lags (0–99; i.e. every image within a 
cycle) and the peak cross correlation determined the receptive field location of the 
voxel in polar angle and eccentricity.  

The polar angle measures of voxels were used to construct the matching and 
mismatching regions for the categorical task. The polar angle measures were 
interpolated to four steps (0-90°, 90-180°, 180-270°, 270-360°), corresponding to the 
four quadrants of the cross in the stimuli. The eccentricity measures of voxels were 
used to construct the matching and mismatching regions for the coordinate task, 
based on the four possible radiuses of dot position (1.875, 3.75, 5.625, and 7.5° visual 



Chapter 1.5 101 
 

 

angle from the centre of the cross). The activated voxels (p < .05; Bonferroni-
corrected) formed a visual field representation that consisted of four segments, which 
were further subdivided in V1, V2, and V3. For each subject the average BOLD 
response was calculated in these segments, during S1 presentation, throughout the 
interval between S1 and S2, and during S1 presentation.  

 
Segmentation of Retinotopic Areas  

The T1 image was corrected for intensity inhomogeneities using the segmentation 
utility in SPM5 (Ashburner & Friston, 2005). The bias-corrected T1 images were then 
imported in the Computerized Anatomical Reconstruction and Editing Tool Kit 
(CARET) (Van Essen, Drury, Dickson, Harwell, Hanlon & Anderson, 2001). T1 
images were resliced to 1 mm isotropic resolution, manually placed in Talairach 
orientation, and subdivided in left and right hemisphere. All subsequent steps were 
done per hemisphere. The intensity of the gray/white matter border was determined, 
followed by automatic extraction of the cortex. A white matter segment was generated 
and was automatically corrected for topological errors. Remaining topological errors 
were removed manually. A surface reconstruction was generated and inflated. Several 
cuts were applied on the inflated surface, amongst others along the calcarine fissure 
and the medial wall. The surface was flattened and geometric distortions were 
reduced. Results of the polar angle mapping were mapped to the anatomical surface 
using the ‘‘enclosing voxel’’ algorithm. Retinotopic areas V1, V2, and V3 were 
manually segmented by drawing borders along the reversals in the change of the polar 
angle representation. The resulting flat segments were converted back to volumetric 
format and used as ROIs in further analysis.  

 
Statistical analysis 

Mean time courses for each ROI were extracted from the data. The time courses 
of the 4 segments of each visual cortical area were concatenated. A design matrix was 
generated with 4 factors that modelled BOLD signal changes across the entire length 
of 4 time-series, thereby simultaneously estimating a model for all 4 segments. Two 
factors represented neural activation between the first and second stimulus. This was 
either delay activity in the matching location or delay activity in the mismatching 
location. The two other factors represented activity in relation to S1, or S2. An 
additional factor was added to the model representing activation related to S1 and S2 
stimuli, parametrically modulated with the visual eccentricity. This factor could explain 
variability in BOLD responses through differences in the cortical magnification factor. 
In the second level analysis both activation during the interval and during stimulus 
presentation were addressed. The beta values measured during the delay period were 
calculated separately for both instructions (categorical, coordinate) and for the two 
types of regions (matching the first stimulus according to the instruction, not 
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matching the first stimulus according to the instruction). A general linear model 
including both instruction and region as within subject factors was used to analyze to 
what retinotopic region attention was directed during the retention interval between 
the first and second stimulus. 

Furthermore, beta values directly resulting from stimulus presentation were also 
analysed. A general linear model including instruction (categorical, coordinate) and 
stimulus (S1, S2 matching region, S2 mismatching region) as within subject factors 
was conducted for each of the three ROIs (V1, V2, V3). This allowed for the 
examination of retinotopic responses related to stimulus presentation, split up by the 
different instructions.  
 
 
Results  
 
Behavioural results 

In table 1, the mean ERs and RTs are given for both conditions. Importantly, 
performance as measured by accuracy was clearly above chance level (50%) in both 
cases. 

 
Table 1. Mean error rates (ER) and response times (RT) for both the categorical and 
coordinate condition. 

Condition ER (in %) RT (in ms) 
   Categorical 96.86 (3.14) 903.56 (176.36) 
   Coordinate 81.00 (5.64) 1081.40 (227.19)

Standard deviation in parentheses. 
 
Imaging results 

Hemodynamic brain responses evoked during the interval between the 
presentation of the first (S1) and second stimulus (S2) were determined. In Figure 3A, 
B, and C the mean regression coefficients for both the categorical and the coordinate 
conditions are depicted, for all three visual areas. A GLM including instruction and 
region as within subject factors was carried out for all three ROIs. For V1 no 
significant effects were found. For V2, the significance of the interaction of 
instruction and region was at trend level, F(1,9) = 3.46, p < .10. The difference 
between matching and mismatching regions was not significant for either the 
categorical or coordinate instruction. However, Figure 3B indicates that for the 
categorical instruction the mean regression coefficient was slightly higher for the 
matching region, compared to the mismatching region, whereas the opposite pattern 
is slightly visible for the coordinate instruction. For V3, the interaction of instruction 
and region is significant, F(1,9) = 5.97, p < .05. Post hoc tests showed that the 
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difference between matching and mismatching regions was significant for the 
categorical instruction; the mean regression coefficient was higher for matching 
region, compared to the mismatching region. For the coordinate instruction no 
significant difference between the matching and mismatching regions was found. 

To look further into the direct effect of stimulus presentation, the GLM including 
instruction (categorical, coordinate) and stimulus (S1, S2 matching region, S2 
mismatching region) was performed for all three ROIs. In Figure 4A, B, and C the 
mean Beta values for both the categorical and the coordinate conditions are depicted 
for each stimulus type and for all three visual areas. In the regression coefficients of 
V1 a marginally significant effect of stimulus was found, F(2,8) = 4.30, p = .05; a 
higher regression coefficient was found for S2 match, compared to S1 (p < .05). For 
V2 a significant main effect of instruction was found, F(1,9) = 7.89, p < .05; a higher 
regression coefficient was found for the categorical instruction compared to the 
coordinate instruction. For V3 the main effect of stimulus was at trend level, F(2,8) = 
3.94, p = .058, and the interaction of instruction and stimulus was significant. Follow 
up post hoc tests showed that the regression coefficient was significantly larger for the 
categorical instruction, compared to the coordinate instruction, only for S1 
presentation. 
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Figure 3. Mean regression coefficients of the retention interval between the first and second 
stimulus for A) V1, B) V2, and C) V3. Means are presented for both the categorical (cat) and 
coordinate instruction (coo) as well as the regions that would match and mismatch in 
comparison to the first stimulus. Error bars represent the standard error of the mean (SEM). 

 

A 

B 

C 
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Figure 4 Mean regression coefficients related to all three stimulus types for A) V1, B) V2, and 
C) V3. Means are presented for both the categorical (cat) and coordinate instruction (coo) as 
well as the first stimulus (S1), the matching region of the second stimulus (S2 match), and the 
mismatching region of the second stimulus (S2 mismatch). Error bars represent the standard 
error of the mean (SEM). 
 

A 

B 

C 
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Discussion 
 

The goal of the present study was to look further into how spatial relations are 
processed in the brain. Specifically, we were interested in exploring whether 
categorical and coordinate spatial relation processing might differ early in the visual 
stream, and whether such a difference would be reflected in retinotopically organized 
activation patterns. If so, this would be one of the first demonstrations that the 
underlying mechanisms of spatial relation processing do not only differ in 
lateralization, but also in the way attention is spread over stimuli. Retinotopic mapping 
was used to further characterize how attention is directed during the execution of 
categorical and coordinate spatial working memory tasks.  

Our results clearly confirm that retention of categorical and coordinate spatial 
information is handled differently. In area V3 a significant interaction instruction and 
region was found; when a categorical instruction is given, attention is directed more to 
the matching region. For the coordinate task a significant difference between the 
matching and mismatching regions was not found, although there seems to be a small 
difference in the opposite direction. This indicates that for the categorical task, 
subjects focus their attention on the region that is related to a match response, 
whereas there is no such explicit attentional focus for the coordinate task. 
Importantly, the categorical instruction was that two stimuli would match if the dots 
were presented in opposite quadrants, therefore it can be excluded that the heightened 
level of attention during the interval simply represent the visual rehearsal of the first 
stimulus. Apparently, the process of determining the matching, opposite quadrant 
immediately follows the first stimulus presentation. Interestingly, these differential 
attentional effects appear to grow stronger for the higher visual areas. They were 
clearly not present for V1, emerged at trend level in area V2, and were clearly 
significant in V3. This suggests a top-down influence on the direction of attention 
during task performance in the form of an attentional bias, facilitating responses to 
the attended region (e.g. Desimone & Duncan, 1995; Desimone, 1998).  

In an additional analysis the retinotopic responses to different types of stimuli 
were addressed. Most interestingly, the two types of instructions led to different 
effects of stimulus type in V3. It showed that BOLD responses were much higher 
during categorical processing, compared to coordinate processing, but only for the 
first stimuli of all trials, when encoding takes place. In contrast, no such difference 
was found for the retrieval stage in which the second stimuli were presented, 
regardless of whether it matched or mismatched the first stimulus. Importantly, the 
difference between the two types of spatial relations was largest at the start of a trial, 
when the first stimulus is shown. This is in congruence with an EEG study making 
use of a very similar design (Van der Ham et al., 2010). The hypothesized lateralization 
pattern of a categorical left hemisphere advantage and a coordinate right hemisphere 
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advantage was particularly present during encoding. Therefore, it might be that 
especially during the first part of this type of working memory trial the processing 
mechanisms of categorical and coordinate information are markedly different, not 
only with regard to lateralization, but also to the attentional processes described here. 
Furthermore for V2 higher overall activation was found for categorical processing. 
This may appear contradictory as this task is generally easier than coordinate 
processing and may therefore require less attention, but it might be due to how the 
instruction was framed. As opposed to the coordinate instruction, the first stimulus of 
the categorical instruction is placed in a mismatching region. The increase in activation 
might be because the task requires deciding which is the opposite quadrant, instead of 
merely perceiving the quadrant in the first stimulus.    

In conclusion, categorical and coordinate processing mechanisms appear to differ 
with regard to how attention is distributed over matching and mismatching regions, in 
the absence of visual stimuli. Memorizing categorical information is related to 
specifically attending to matching regions, while no clear pattern in the distribution of 
attention is found in memorizing coordinate information. Furthermore, evidence was 
presented that attentional differences between categorical and coordinate processing 
are clearest during stimulus encoding, the initial part of working memory processing. 
We think these results offer new insights on how attention regions in the parietal 
cortex project to the early visual areass of the human brain. 
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By using a working memory task design, we were able to analyse the temporal 

characteristics of spatial relation processing. Moreover, in some of the experiments in 
part I the issue of strategy use showed to be of significance. Essential to the working 
memory design is the retention interval in which the spatial relation information 
should be retained in order to answer correctly. Participants’ self reports indicated that 
there was some variation in the memorization strategy they used during this interval, 
which also seemed to depend of the temporal features of the task. Sometimes 
participants reported to use a visuospatial strategy whereas under other conditions 
they appear to rely more on a verbal strategy. Therefore we particularly studied 
strategy use and stimulus format, which could both be either verbal or visuospatial, in 
the three studies described in this part.  
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Abstract 
 

Many reports show that spatial relations between and within objects show 
differences in hemispheric lateralization; coordinate, metric relations concerning 
distances are processed with a right hemisphere advantage, while a left hemisphere 
advantage is thought to be related to categorical, abstract relations (Kosslyn, 1987). 
However, Kemmerer & Tranel (2000) argue that the left hemisphere advantage for 
categorical processing might only apply for verbal spatial categories, while a right 
hemisphere advantage is related to visuospatial categories. To test this idea we 
examined categorical processing for stimuli in both verbal and visuospatial formats, 
with a visual half field, match-to-sample design. In experiment 1, we manipulated the 
format of the second stimulus, to compare response patterns for both verbal and 
visuospatial stimuli. In experiment 2, we varied the expectancy of the format of the 
second stimulus, allowing for an assessment of strategy use. The results showed that a 
left hemisphere advantage is related only to verbal stimulus format, but not in all 
conditions. A right hemisphere advantage is only found with a visuospatial expectancy 
and format, with a brief interval. The theory we present to explain these results poses 
that the lateralization related to basic categorical processing can be strongly influenced 
by verbal characteristics and to some extent by additional coordinate processing. The 
lateralization measured in such cases does not purely represent lateralization related to 
categorical processing, but to these additional effects as well. This stresses the 
importance of careful task and stimulus design when examining categorical processing, 
reducing the influence of those additional processes. 
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Introduction 
 
Spatial relation processing is a vital element in the perception of our surroundings. 

It provides us with information on where things are and how we can spatially interact 
with them. These relations have often been described as belonging to two general 
classes: categorical, relative abstract labels like “left of” and coordinate, metric 
descriptions like “one meter apart” (Kosslyn, 1987). Along with these definitions, 
Kosslyn and colleagues (1987, 1989) also proposed a difference between the two types 
of spatial relations with regard to hemispheric lateralization; categorical relations 
would show a left hemispheric advantage, while coordinate relation processing would 
depend more on a right hemisphere circuitry (e.g. Hellige & Michimata, 1989; Rybash 
& Hoyer, 1992; Laeng & Peters, 1995; see Jager & Postma, 2003). Notably, the right 
hemisphere advantage for coordinate processing has been supported by numerous 
reports, while the left hemisphere advantage for categorical processing is smaller or 
absent in some studies (see Laeng, Chabris & Kosslyn, 2003). So far, some factors 
have been regarded as potential causes for these inconsistencies, such as individual 
differences like gender (Rybash & Hoyer, 1992) and variation in difficulty (e.g. Martin, 
Houssemand, Schiltz, Burnod & Alexandre, 2008). However, the effects of both of 
these factors are still a matter of debate and do not seem clearly linked to the 
inconsistencies of categorical processing in particular.  

Kemmerer and Tranel (2000) provided a theory on how task demands might 
determine the direction of lateralization. They suggested that spatial categories can be 
divided into two different classes. Their results indicated that only the use of linguistic 
categories is impaired by left hemisphere damage, while a right hemisphere lesion 
disturbed the processing of solely perceptual, or visuospatial categories. Using an 
elaborate battery of tests, they illustrated this double dissociation by contrasting one 
left hemisphere and one right hemisphere patient. Their linguistic tests focus on the 
use of spatial prepositions, while the perceptual tests, conventional neuropsychological 
tests, are argued to not have any verbal characteristics. However, these results should 
be considered with some caution, because in the perceptual category tasks there 
appears to be some additional demand on coordinate relation processing, which as 
reported above is commonly related to a right hemisphere advantage. Also, the idea of 
perceptual categories without any linguistic characteristics seems improbable, as they 
are defined by having the possibility of describing them in abstract propositional 
terms. The partially conflicting theories of Kosslyn (1987) and Kemmerer and Tranel 
(2000) thus raise the question whether these two types of categorical representations 
are truly different in how they are lateralized in the brain, or merely expressions of the 
same construct in different representational formats. The critical distinction between 
these two lines of thought is whether perceptual, or visuospatial category processing 
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can be dissociated from verbal category processing by right hemisphere involvement 
(Kemmerer & Tranel) or not (Kosslyn).  

The goal of the present study was to explore this issue further and focus on the 
type of task measuring lateralization of categorical relations. We aimed to gain more 
insight into why the theorized left hemispheric advantage is not always clearly present. 
In two experiments, we concentrated on the nature, or the format of the stimuli used 
to manipulate the verbal and visuospatial nature of categorical task.  This way, we 
investigated whether the difference between verbal and visuospatial processing caused 
by stimulus format can account for a difference in direction of lateralization. As stated 
before, we do not believe that visuospatial categories exist without any possibility to 
linguistic coding, but by manipulating the stimulus formats, we can compare highly 
verbal to highly visuospatial conditions properly.  

In short, along with the question in what way the format of stimuli affects 
lateralization for categorical trials, we focus on the possibility of separating verbal and 
visuospatial categories with regard to hemispheric processing. To address both issues 
we adapted the categorical version of the cross dot task (Van der Ham et al., 2007; 
2009). In experiment 1 we explore the lateralization effects in a basic setting similar to 
the original cross dot design, while we look further into the effects of strategy use in 
experiment 2, by changing expectancy of stimulus format. 
 
 
Experiment 1 

 
For this experiment we adapted the cross dot task, reported in a previous study 

(Van der Ham et al., 2007, 2009). In the original categorical version of the cross dot 
task, subjects compare two sequentially presented stimuli consisting of a “+” shaped 
cross with a dot located somewhere around the cross. They are asked to determine 
whether or not the dots in both stimuli match with regard to the quadrant they were 
in. Each quadrant represents a spatial category indicated by the horizontal and vertical 
axes, so the task entails determining whether the first and second dot belong to the 
same spatial category or not. Coordinate position information can be ignored; only 
categorical information is required for a correct answer. This task entails the lateral 
presentation of the second stimulus in each trial. As performance for stimuli 
presented to one visual half field can be related to the contralateral hemisphere (e.g. 
Bourne, 2006), the design this behavioural experiment allows for assessment of 
hemispheric processing. 

In the present experiment we varied the format of the second stimulus. It 
consisted of either a visuospatial depiction identical to the stimuli used in the original 
experiment, a more abstract visuospatial reflection of the cross dot stimuli, or a verbal 
description. The abstract visuospatial stimuli also consisted of the cross, but one 
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whole quadrant was highlighted in grey, instead of a single dot in one of the 
quadrants. This abstract version was added because it can be considered a 
combination of the visuospatial and verbal format; it is a truly visuospatial depiction, 
but without any irrelevant, coordinate position information within a category, which is 
also absent for the verbal stimuli. These verbal stimuli entailed a verbal label 
describing the quadrant the dot was in (a combination of the words left/right and 
top/bottom). Each format was featured in 33% of the trials, in random order. This 
way we could assess the lateralization patterns related to each format and see whether 
visuospatial and verbal categories are processed differently or not.  

An additional feature of the task was that the retention interval between the first 
and second stimulus was varied. In line with previous studies (e.g. Van der Ham et al., 
2007) these intervals were set to 500 ms, 2000 ms, and 5000 ms. Self-reports of 
subjects in these studies indicated that their preferred approach to the comparisons 
varied for the different interval lengths. Generally, they preferred a more visuospatial 
approach when the interval was 500 ms, while most of them reported that they 
verbalized the stimuli for the 2000 ms and 5000 ms interval. Therefore, we have 
maintained this variable to assess whether strategic recoding differences also occurred 
in the present experiment.  

If the distinction made by Kemmerer and Tranel (2000) is correct we would 
expect a left hemisphere advantage for the verbal format trials and a right hemisphere 
advantage for the visuospatial and the abstract visuospatial format trials. If the 
previous self reports are a correct reflection of the subjects’ behaviour we might find 
an increase of left hemispheric performance with longer intervals, because of an 
increase in verbalization of the stimuli. If the more traditional view on categorical 
processing initially suggested by Kosslyn (1987) is valid, we would expect a left 
hemisphere advantage for all three formats, since they all address the categorical 
relations in the stimuli. With regard to retention interval, theoretically an overall left 
hemisphere advantage would be expected, however in our previous data we found this 
advantage only for the 500 ms condition at a significant level (Van der Ham et al., 
2007, 2009). This can possibly be explained by decay of spatial information over time; 
it might not be significant for the longer intervals, but in the Kosslyn view we would 
not expect a change in direction of lateralization over time. 

 
 
Methods 

 
Subjects 

39 Participants were included in the experiment (20 female), with a mean age of 
22.4 (SD=3.01). One male subject was excluded from further analysis, due to 
performance at chance level. Right handedness was ensured for all subjects by 
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administering the Edinburgh Handedness Inventory (Oldfield, 1971) and only native 
Dutch speaking subjects were included. All subjects were neurologically healthy and 
had normal or corrected-to-normal vision. 
 
Design and procedure 

This experiment was an adapted version of the cross-dot experiment (see Van der 
Ham et al., 2007, 2009), where subjects were asked to compare two sequentially 
presented stimuli. The cross dot stimulus design used in this experiment is depicted in 
Figure 1, where a cross with all possible dot positions is depicted. Only the categorical 
instruction was used; the dot position with regard to the cross indicates one of the 
four possible categories (top left, top right, bottom left, bottom right), which should 
be compared between the two stimuli. If the dot was in the same quadrant for both 
the first and second stimulus, a “match” response should be given, if they were in 
different categories, a “non match response” was the correct answer.  

 
 
 
 
 
 
 
 
 
 
 
Figure 1. All possible dot positions of the cross-dot stimuli. Note that only one dot position 
was visible in a single stimulus. 

 
The adaptation in this version of the task comprised a change in format of the 

second stimulus. There were three possibilities: “visuospatial”, “abstract visuospatial”, 
and “verbal”. Examples of these options are depicted in Figure 2, the dimensions of 
visuospatial and abstract visuospatial images were 90 * 90 pixels, and 105 * 22 pixels 
for the verbal images. The visuospatial stimuli were identical in composition to the 
first stimulus: a cross with a dot. For these stimuli the dot in the second image was 
never at exactly the same position as in the first image. The abstract visuospatial 
version entailed a grey square filling an entire quadrant of the square; if the grey area 
of the square of the second stimulus included the first stimulus’ dot position, this 
would be a match. These stimuli were similar to the visuospatial stimuli, but contained 
less, irrelevant, positional information, and were designed as an “abstract” depiction 
of the verbal stimuli, containing the same amount of information as the verbal 
descriptions. The descriptions “Top Left”, “Top Right”, “Bottom Left”, “Bottom 
Right” (in Dutch: “Links Boven”, “Rechts Boven”, “Links Onder”, “Rechts Onder”) 
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were used for the verbal format. Subjects were asked to compare the relative dot 
position to the text shown and give a “match” or “no match” response in the same 
manner as for the visuospatial stimuli.  
 

Figure 2. Examples of all three possible formats of the second stimulus in a trial; visuospatial, 
abstract visuospatial, and verbal. 
 

A single trial sequence was as follows: a coloured square cueing the start of a trial 
(500 ms), a fixation cross (500 ms), the first stimulus (150 ms, presented centrally), a 
blank screen (0, 1500, or 4500 ms), a fixation cross (500 ms), the second stimulus (150 
ms, presented laterally at 2,5° from the centre  of the stimulus to the centre of the 
screen), and a blank screen during which a response could be given (2000 ms). Only 
the second stimulus was presented laterally, with the brief duration of 150 ms to 
prevent eye movements, as is commonly used for visual half field studies (Bourne, 
2006). In total 360 trials were presented in 9 blocks of 40 trials, divided equally over all 
conditions. Trials were blocked according to interval length (500 ms, 2000 ms, and 
5000 ms), while format (visuospatial, abstract visuospatial, and verbal) and visual field 
(left and right) were presented in random order. 

Subjects were seated in front of a computer screen (1048*768 pixels), with a chin 
rest 50 cm away from the screen to keep their head fixated at the centre of the screen. 
The experiment was presented with Presentation software (Neurobehavioral Systems). 
Responses were given by means of a four button response box designed to reduce any 
possible lateralization effects of motor activity; both index fingers were used for a 
match response, while both middle fingers were used for a non-match response. Prior 
to the experiment, subjects signed an informed consent form and were instructed 
orally to the experiment. Examples of the stimuli were shown by the experimenter and 
the experiment started with a brief summary of the instruction and some practice 
trials.   

 
Data analysis 
All error rates (ER) and response times (RT) were registered. RTs of incorrect trials 
and trials with an RT over 2000 ms were excluded from the analyses.  A repeated 
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general linear model (GLM) was used to analyse main and interaction effects. The 
factors involved were format (3), retention interval (3), and visual field (2). Significant 
interaction effects were followed up by Bonferroni-corrected post-hoc tests.  
 
 
Results 

 
The average ERs and RTs are reported in Table 1 A, B, and C. The analysis of ER 

showed a significant main effect for format, F(2,36) = 39.47, p < .001, and for visual 
field, F(1,37) = 10.81, p < .01. The average number of errors was significantly higher 
for the verbal format compared to the abstract visuospatial and visuospatial format. 
Overall a lower ER was found for stimuli presented to the RVF/LH. However, a 
significant interaction of format * visual field, F(2,36) = 7.42, p < .01, indicating that 
the main effect of visual field was affected by format. Follow up tests for each format 
showed that a significant effect of visual field was restricted to the verbal format, 
F(1,37) = 10.51, p < .01, less errors were made during RVF/LH stimulus 
presentation.  

The RTs showed a significant main effect for format, F(2,36) = 198.18, p < .001, 
retention interval, F(2,36) = 3.67, p < .05, and visual field, F(1,37) = 11.11, p < .01. 
Fastest responses were given to abstract visuospatial stimuli, followed by visuospatial 
stimuli, and slowest responses were given to verbal stimuli. Faster responses were also 
found for the 2000 ms interval, compared to the 5000 ms interval, and for the 
RVF/LH compared to the LVF/RH. Significant interaction effects were found for 
format * retention interval, F(4,34) = 4.64, p < .005, and format * visual field, F(2,36) 
= 15.63, p < .001. Follow up tests showed a significant main effect for retention 
interval for both the visuospatial format, F(2,36) = 6.12, p < .01, and the abstract 
visuospatial format, F(2,36) = 6.96, p < .01. In both cases the 5000 ms retention 
interval showed a significantly higher RT. Only for the verbal format a significant 
main effect of visual field was found, F(1,37) = 21.06, p < .001, indicating a lower RT 
for stimuli presented to the RVF/LH.  
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Table 1. Experiment 1: Mean ER (error rate) and RT (response time) for A) 500 ms, B) 2000 
ms, and C) 5000 ms retention intervals. 
A 

500 ms  ER RT 

Format Visual field Mean (SEM) Mean (SEM) 

visuospatial LVF 2.1 (0.55) 722.3 (18.7) 
 RVF 2.0 (0.53) 739.3 (20.8) 
visuospatial abstract LVF 2.1 (0.59) 725.8 (17.8) 
 RVF 1.7 (0.69) 720.2 (17.3) 
verbal LVF 9.3 (1.27) 946.7 (30.7) 
 RVF 7.1 (1.51) 903.9 (27.7) 

B 

2000 ms  ER RT 

Format Visual field Mean (SEM) Mean (SEM) 

visuospatial LVF 2.1 (0.45) 729.2 (22.3) 
 RVF 1.6 (0.54) 730.0 (22.1) 
visuospatial abstract LVF 1.8 (0.46) 713.4 (22.1) 
 RVF 2.2 (0.47) 710.4 (21.6) 
verbal LVF 9.7 (1.63) 940.9 (28.3) 
 RVF 5.7 (0.90) 885.1 (27.3) 

C 

5000 ms  ER RT 

Format Visual field Mean (SEM) Mean (SEM) 

visuospatial LVF 0.8 (0.43) 763.1 (26.1) 
 RVF 1.0 (0.44) 768.5 (26.0) 
visuospatial abstract LVF 1.6 (0.40) 755.8 (24.6) 
 RVF 1.3 (0.58) 749.9 (25.8) 
verbal LVF 9.2 (1.66) 924.3 (33.7) 
 RVF 5.6 (1.14) 908.4 (27.8) 

LVF = left visual field, RVF = right visual field, SEM = standard error of the mean. 
 
 
Discussion 

 
This first experiment was designed to examine the possibility of distinguishing 

verbal and visuospatial categorical processing based on lateralization patterns. 
Kemmerer and Tranel (2000) favour this distinction, and argue that only verbal 
categories show a left hemispheric advantage, while Kosslyn (1987) and others (see 
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Jager & Postma, 2003 and Laeng et al., 2003) suggest a left hemispheric advantage, 
regardless of the nature of the task.  

The analysis of visual field effects showed that lateralization in the current data 
was present, but only for the verbal format. It was clearly not present for the 
visuospatial and abstract visuospatial formats. This pattern supports both views 
partially; we found a left hemisphere advantage, but it was limited to the verbal 
format, as predicted by Kemmerer and Tranel. On the other hand, we did not find any 
significant right hemisphere advantages, which is favourable to the Kosslyn (1987) 
view. Taken together, the verbal format seems to be related to a clear left hemisphere 
advantage, for the short and intermediate interval. For the visuospatial and 
visuospatial abstract format, there was no such effect, but there was no evident right 
hemisphere advantage either.  A plausible interpretation could be that the direction of 
lateralization is determined by the type of spatial relation (categorical) as proposed by 
Kosslyn, but that the extent, and in this case the significance, of this lateralization was 
determined by the format of the stimulus. This supports the notion of a distinction 
between visuospatial and verbal categories, as proposed by Kemmerer and Tranel 
(2000), but less rigidly; this distinction is most likely not based on opposing 
hemispheric advantages. It should be noted that the clear left hemispheric advantage 
found for the verbal format might have been amplified by a left hemispheric 
involvement in reading the second stimulus. 

Furthermore, we demonstrated that the verbal format is clearly more difficult 
than the visuospatial and abstract visuospatial formats. This effect is likely due to the 
need to switch from a visuospatial to a verbal format, which does not occur for the 
other two formats. We also found that the abstract visuospatial format shows lower 
RTs than the visuospatial and verbal format, and that this effect tends to be stronger 
for longer intervals. This could be due to a slightly better compatibility to the 
representation of the first stimulus in memory; as coordinate information decays 
immediately and a bias towards categories increases over time, this representation is 
likely to be more abstract with longer intervals (Huttenlocher, Hedges & Duncan, 
1991; Werner & Diedrichsen, 2002; Postma, Huntjens, Meuwissen & Laeng, 2006). So 
the stimulus representation for the longer intervals is most likely more similar to the 
abstract visuospatial format, than to the visuospatial format. Along the same line of 
reasoning we can explain the differential effect of retention interval for the formats. 
For both visuospatial and visuospatial abstract we find higher RTs with longer 
intervals, which is congruent with our previous findings (Van der Ham et al., 2007). 
This indicates that also categorical representations are subject to decay, but not as fast 
as coordinate representations. In contrast, the verbal format was unaffected by 
retention interval, which along with the overall longer RTs suggests that a mental 
transformation of the format of one of the stimuli takes place in order to allow an 
adequate comparison to the other. We cannot be completely certain which of the two 
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stimuli is transformed, but it is likely to be second. Since there is only a 33% chance a 
verbal stimulus will appear a visuospatial encoding of the first stimulus would be most 
efficient.  

The expectancy of the second stimulus’ format is an interesting asset of the task 
design and will be addressed in a second experiment. Additional evidence for the 
effect of format of categorical relations on left hemisphere processing can follow from 
not only from manipulating the format of the stimuli, but also from the format of the 
mental representation of the stimuli. Experiment 2 was designed to manipulate the 
expectancy levels of stimulus format; changing it from an even distribution into a clear 
majority of one format over another. A clear expectancy of a specific format will 
affect the most efficient representational format for those trials, and will therefore 
allow us to examine the effects of both visuospatial and verbal mental representations 
on categorical lateralization (cf. Tversky, 1969, 1974; Noordzij et al., 2005).  
 
 
Experiment 2 

 
In the first experiment we used three different stimulus formats under the 

assumption that the format of the stimulus determines the accompanying 
representational code, i.e. either visuospatial or verbal. However, the coding strategy 
preferred by the subjects could also be important. As mentioned before, we have 
found differences in strategic approach for the cross dot task on basis of self-reports 
(Van der Ham et al., 2007). The self-reports indicated differences in strategy use 
between categorical and coordinate processing; more verbal versus more visuospatial, 
respectively. Also, they showed that in general subjects tend to use a more visuospatial 
strategy for the brief, 500 ms interval, while a verbal approach is used for the longer 
intervals, regardless of the type of processing. These findings raise the question 
whether strategy might also have an effect on lateralization patterns. Would a more 
verbal strategy be related to a relative left hemisphere advantage and a visuospatial 
strategy to a right hemisphere advantage?  

The effect of strategy has been previously addressed in studies focusing on so-
called “picture-sentence comparisons”. Categorical spatial relations have been studied 
in verbal and visuospatial format in these  experiments, mainly concerned with in what 
way spatial sentences and pictures differ in the mental representations they evoke (e.g. 
Chase & Clark, 1972; Carpenter & Just, 1975), but have never focused on hemispheric 
lateralization. One of the important findings in this line of research has been that by 
increasing the linguistic difficulty of the sentences used, eg. “plus below star” vs “plus 
not below star”, the verification times were elevated indicating that the sentences were 
represented propositionally and not pictorially (Clark & Chase, 1972). Elsewhere, 
however, it was found that this representational bias may show strong individual 
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differences (MacLeod, Hunt & Mathews, 1978). This lead to a series of reports 
focusing on strategies within this type of experiments, by grouping subjects according 
to their preferred strategy (e.g. Roberts, Wood & Gilmore, 1994; Reichle, Carpenter & 
Just, 2000; Noordzij, Van der Lubbe, Neggers, & Postma, 2004).  

Noordzij, Van der Lubbe and Postma (2005) examined strategy use by changing 
task parameters, instead of grouping subjects according to their preferred strategy 
based on their behavioural datapattern. They added sentence-sentence comparisons, 
to allow for more verbal and more visuospatial stimulus comparisons. In a match-to-
sample paradigm they set the proportion of the expected format to 80%, while the 
unexpected format was presented in 20% of the trials. In half the trials the sentence 
was the expected stimulus format, while the picture was expected in the other half. 
Three possible strategic approaches could be conceived; a propositional, a pictorial, 
and a strategic approach. In the propositional and perceptual approaches the 
expectancy manipulation would not have an effect on performance, and these two 
types could be dissociated by testing for relative advantages for either sentences or 
pictures. Performance with the strategic approach would be affected by expectancy, 
because subjects would then adjust their strategy to the expected format. The results 
of the Noordzij et al. (2005) study mostly concur with the strategic approach. More 
specifically, the authors argue for a dual representational model. This entails that the 
sentence is always represented propositionally because it shows no advantage in 
performance when it is expected, and only if the context calls for it, an additional 
pictorial representation is formed. 

As this strategic pattern has been found in a situation where the first stimulus was 
always a sentence, it raises the question of whether this dual representational model 
will also generalize to the current picture-picture/picture-word design used for our 
cross dot task. Along with our question if and when categorical processing is left or 
right lateralized, this motivated us to use the same cross dot design as described for 
the first experiment, and added the expectancy manipulation for the visuospatial and 
verbal formats. Of central interest, we examined whether the left hemisphere 
advantage only occurs when one expects a verbal format for the second stimulus, in 
line with a strategic propositional approach. Moreover, it might be that the role of the 
propositional approach increases with longer retention intervals as indicated by in the 
previous self reports.  

We framed our expectations according to the two different theories. The 
Kemmerer and Tranel view proposes a left hemisphere advantage for verbal tasks and 
a right hemisphere advantage for visuospatial tasks. Therefore a left hemisphere 
advantage should occur both with a verbal stimulus format and a verbal expectancy. 
In turn, a right hemisphere advantage would be present with both visuospatial 
stimulus format and visuospatial expectancy. The two other, incongruent, 
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combinations of expectancy and format (verbal – visuospatial and visuospatial-verbal), 
should not lead to clear lateralization.  

The traditional Kosslyn view suggests an overall left hemispheric advantage, 
independent from the second stimulus. So, no matter what stimulus combination is 
presented, or type of strategy is used we should find a categorical left hemisphere 
advantage, never a right hemisphere advantage. One could argue that a strategic 
approach would be more likely within this perspective, compared to the Kemmerer 
and Tranel theory. As the strategic approach requires the flexibility to switch between 
both strategies according to task demands, this might have a lower cost when both 
verbal and visuospatial information are processed within the same hemisphere.  

 
 

Methods 
 

Subjects 
Twentyfour subjects (12 female) participated in the experiment, with a mean age 

of 21.87 (SD = 4.1). One male subject was excluded due to significantly poor 
performance (over 3 SD below group mean). Right handedness was ensured by means 
of the Edinburgh Handedness Inventory (Oldfield, 1971). All subjects were 
neurologically healthy and had normal or corrected-to-normal vision. 
 
Design and procedure 

In this experiment the format expectancy was altered; instead of an equal 
distribution of the formats, one format was set to 80% prevalence and the other to 
20%. For this experiment only the visuospatial and verbal formats were included, to 
enable a clear dissociation between the possible verbal and visuospatial strategies. 
Therefore, the experiment consisted of two sessions, performed directly after each 
other. The order of the 80% prevalent format in the two sessions was 
counterbalanced and randomly assigned to the subjects.  

The trial design was identical to the design used in experiment 1. Again, the first 
stimulus was presented centrally and the second laterally, and the retention interval 
between the two stimuli could be either 500 ms, 2000 ms, or 5000 ms. The first 
stimulus was always in the visuospatial, cross dot format. The format of the second 
stimulus was either visuospatial, a cross with a dot, or verbal, a description of the 
quadrant using left/right and top/bottom, as described for experiment 1. One 
alteration was made to the cross dot stimuli; instead of a large cross, a smaller cross 
was used. Arguably, this makes the task more sensitive to lateralization effects (see 
Van der Ham et al., 2009).  

In total 720 trials were used; 360 in the 80% visuospatial session and 360 in the 
80% verbal session. Within each session, the trials were blocked according to the three 
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retention intervals (500 ms, 2000 ms, 5000 ms), while visual field (left and right) and 
formats (visuospatial and verbal) were randomly presented within each block. The 
experimental setup was identical to the setup used for the first experiment. Subjects 
received an oral instruction to the task, where it was mentioned that one format would 
be presented more often than the other, also indicating which one, without revealing 
the exact percentage. They were shown examples of the stimuli on paper, and 
performed a few practice trials before both parts of the experiment. 

 
Data analysis 

RT and ER data were collected for all trials. RTs of incorrect trials and trials with 
an RT over 2000 ms were excluded from the analysis. A repeated measures general 
linear model (GLM) was performed, including expectancy (2), format (2), and 
retention interval (3) and visual field (2). Significant interaction effects were followed 
up by Bonferroni-corrected post-hoc tests. 
 
 
Results 

 
The data reflecting strategic approach are given in figure 3 A and B, the 

lateralization patterns are depicted in Table 2 A, B, and C. A significant main effect 
was found for format, F(1,22) = 16.27, p < .01, and visual field, (F1,22) = 8.00, p < 
.05, for the ER data, indicating less errors for the visuospatial format than for the 
verbal format, and an overall RVF/LH advantage. Additionally, significant interaction 
effects of expectancy * retention interval, F(2,21) = 5.45, p < .01, and format * visual 
field, F(1,22) = 7.55, p < .05, were found. For the 500 ms and 2000 ms intervals the 
visuospatial expectancy has lower ER than the verbal expectancy, which is reversed 
for the 5000 ms interval. The RVF/LH advantage was restricted to the verbal format. 
For the visuospatial format the two visual fields showed equal ER. 

The RT analysis showed a significant main effect for retention interval, F(2,21) = 
5.10, p < .05,  format, F(1,22) = 47.46, p < .001, and visual field, F(1,22) = 6.35, p < 
.05. RT was lower for the 2000 ms interval, compared to the 5000 ms retention 
interval, and lower for the visuospatial format, compared to the verbal format. A 
lower RT was found for RVF/LH. Significant interactions were found for expectancy 
* format, F(1,22) = 138.42, p < .001, format * visual field, F(1,22) = 13.61, p < .01, 
expectancy * retention interval * format, F(2,21) = 3.78, p < .05, and expectancy * 
retention interval * format * visual field, F(2,21) = 8.18, p < .01. Follow up tests for 
each separate retention interval showed a significant effect of format and expectancy * 
format for all three intervals (p < .001 for all effects). A significant interaction was 
found for format * visual field in both the 500 ms (p < .05) and 2000 ms interval (p < 
.05), while for the 500 ms (p = .01) and the 5000 ms interval (p = .05) a significant 
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interaction of expectancy * format * visual field was found. Follow up paired sample 
t-tests showed a LVF/RH advantage for the 500 ms interval, visuospatial expectancy, 
visuospatial format condition, while a RVF/LH advantage was found for the 500 ms, 
visuospatial expectancy, verbal format condition, and the verbal expectancy, verbal 
condition for both the 2000 ms and 5000 ms interval. 

 
A 

 
Figure 3. Experiment 2: Mean A) ER (error rate) and B) RT (response time) for the strategy 
analysis for each retention interval. VS = visuospatial format, V = verbal format. 80/20 = 80% 
visuospatial expectancy / 20% verbal expectancy, 20/80 = 20% visuospatial strategy / verbal 
expectancy. Error bars represent standard error of the mean (SEM). 

B 
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Table 2. Experiment 2: Mean ER (error rate) and RT (response time) for A) 500 ms, B) 2000 
ms, and C) 5000 ms retention intervals. 
A 

500 ms   ER RT 
Expectancy Format Visual field Mean (SEM) Mean (SEM) 

80/20 VS LVF 3.1 (0.52) 731.1 (27.6) 
  RVF 3.0 (0.62) 751.0 (29.0) 
 V LVF 6.6 (1.78) 1005.7 (42.7) 
  RVF 3.3 (1.01) 945.3 (42.5) 

20/80 VS LVF 3.0 (1.55) 875.2 (37.6) 
  RVF 4.9 (1.29) 873.2 (37.6) 
 V LVF 9.0 (1.24) 870.0 (38.6) 
  RVF 6.2 (0.85) 868.8 (38.5) 

B 

2000 ms   ER RT 
Expectancy Format Visual field Mean (SEM) Mean (SEM) 

80/20 VS LVF 3.0 (0.64) 740.8 (28.2) 
  RVF 3.7 (0.72) 737.2 (27.3) 
 V LVF 7.0 (1.71) 947.6 (34.7) 
  RVF 2.5 (1.10) 900.7 (39.5) 

20/80 VS LVF 5.8 (1.83) 843.4 (41.4) 
  RVF 3.7 (1.25) 859.1 (35.8) 
 V LVF 8.7 (1.36) 869.3 (39.1) 
  RVF 6.2 (0.92) 835.9 (37.2) 

C 

5000 ms   ER RT 

Expectancy Format Visual field Mean (SEM) Mean (SEM) 

80/20 VS LVF 3.8 (0.71) 773.9 (31.5) 
  RVF 2.8 (0.74) 758.1 (30.5) 
 V LVF 11.2 (3.28) 996.6 (41.1) 
  RVF 7.3 (1.83) 974.5 (42.1) 

20/80 VS LVF 2.6 (1.11) 859.4 (39.1) 
  RVF 3.3 (1.15) 875.5 (42.9) 
 V LVF 6.6 (1.14) 899.1 (42.5) 
  RVF 5.6 (0.96) 856.6 (42.0) 

80/20 = 80% visuospatial expectancy / 20% verbal expectancy, 20/80 = 20% visuospatial 
strategy / verbal expectancy. VS = visuospatial format, V = verbal format, LVF = left visual 
field, RVF = right visual field, SEM = standard error of the mean. 
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Discussion 
 

To further investigate differences in lateralisation between verbally and 
visuospatially represented categories, the expectancy of the format of the second 
stimulus was manipulated in this experiment. The analysis of expectancy and format in 
RT supports the use of a full strategic approach in the cross dot task; for both formats 
RTs were significantly lower when the expected format was actually presented. This 
means that subjects use different approaches when they expect verbal or visuospatial 
stimuli, and adopt a more suitable strategy according to their expectation. While self-
reports on the original version of the task (Van der Ham et al., 2007) indicated a 
general shift in the type of strategy used as the retention interval increased, the pattern 
of responses in the current version was comparable for all three retention intervals. A 
closer look at the interaction of expectancy, format, and interval indicated that only 
visuospatial expectancy with a verbal format was affected by interval. In this case there 
was an increase of RT for the longest interval. A possible explanation for this effect is 
that the visuospatial strategy is slightly more rigid for longer intervals and therefore 
leads to somewhat longer RTs when an unexpected verbal stimulus is shown.  

The finding of a full strategic approach does not concur with the dual 
representational model suggested by Noordzij et al. (2005). An important difference 
between the two designs that might explain the different response pattern is the 
format of the first stimulus. In the Noordzij et al. (2005) study, the first stimulus was 
always verbal, while in the current design, it was always visuospatial. It therefore 
seems likely that the propositional representation is present regardless of expectancy 
because of the verbal format of the first stimulus. In other words, reading a spatial 
verbal label might force propositional coding. Yet, a visuospatial first stimulus does 
not influence type of coding in this way, because it does not lead to an overall 
presence of a pictorial representation.  

As in the first experiment, we examined the lateralization patterns by means of a 
general linear model. When the interval was brief (500 ms) and a visuospatial stimulus 
was expected and presented, there was a significant right hemisphere advantage. Three 
other effects showed a significant left hemisphere advantage; when a verbal stimulus 
was expected and presented with a 2000 ms and 5000 ms interval, and when a 
visuospatial stimulus was expected, and a verbal stimulus was shown for the 500 ms 
interval. This illustrates a dissociation of verbal and visuospatial format with regard to 
hemispheric advantage, which is partially in line with the Kemmerer and Tranel 
proposal. However, this effect is limited to visuospatial expectancy and the brief 
interval. It shows that task-driven strategy selection does not determine direction of 
lateralization, as the expectancy is the same in both cases, but that lateralization is 
determined by the format of the second stimulus. A visuospatial strategy, leads to a 
left hemisphere advantage when a verbal stimulus is expected, with a brief interval. 
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The other lateralization effect indicates that with the long interval, there is a left 
hemisphere advantage related to verbal strategy, caused by verbal expectancy, and 
verbal stimulus format. Taken together, this means that regardless of task-driven 
strategy, a left hemisphere advantage only emerged when the format was verbal. A 
critical contribution of merely reading the stimulus on the left hemisphere advantage 
seems unlikely, because we did not find such an advantage in all verbal conditions. 
 
 
General discussion 

 
Hemispheric lateralization of coordinate and categorical spatial relation processing 

has been addressed in a vast number of studies. The coordinate right hemisphere 
advantage has been substantiated convincingly, while on some occasions the left 
hemisphere advantage for categorical relations was limited or absent. In two 
experiments we further examined the lateralization of categorical processing when two 
different stimulus formats are involved; verbal and visuospatial. While the traditional 
view on spatial relation processing does not provide a clear answer to the inconsistent 
findings for spatial category processing, Kemmerer and Tranel try to do so with a case 
study report. They suggest that only clearly verbal categories show a left hemisphere 
advantage, while visuospatial categories are related to a right hemisphere advantage. 
The experiments discussed here were designed to contribute to this debate.   

First of all, the variability of lateralization in the outcomes of two experiments is 
in line with previous observations of inconsistencies lateralization patterns of 
categorical relation processing. In the first and second experiment, a left hemisphere 
advantage was only found clearly for verbal stimuli. A right hemisphere advantage was 
found in one particular condition in the second experiment; where subjects expected 
and were presented a stimulus in the visuospatial format with a brief retention 
interval. Similarly, the data pattern of the first experiment pointed towards a small 
right hemisphere advantage for the visuospatial stimuli for the brief interval. One 
feasible explanation for the right hemisphere advantage in the brief interval is the 
influence of coordinate representation. Every visuospatial stimulus contains 
categorical as well as coordinate information. Even though subjects were instructed to 
only focus on the categorical characteristics, coordinate information can also be used 
to memorize dot position and determine the category. That this coordinate influence 
was only found for the brief interval can be explained by the relatively fast decay of 
coordinate information; they are present less or are absent in longer intervals. Possibly 
subjects rely on categorical as well as coordinate representations to some extent when 
they expect and are presented a visuospatial stimulus with a brief retention interval. A 
reason why a right hemisphere advantage was not found for categorical tasks in our 
previous studies could be that the current task design explicitly emphasizes two 
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different approaches to solving the task. The task entails a clear separation of verbal 
and visuospatial characteristics. As subjects are aware of these two different stimulus 
types and different levels of expectations, this may have lead them to solve this 
condition completely pictorially, which could include some coordinate processing, 
which is strongly related to the right hemisphere. This is in line with the flexibility 
subjects have shown in adapting to expectancy; they can clearly adjust their strategy in 
accordance with task demands. 

An additional left hemisphere advantage caused by reading could have been the 
main factor in the left hemisphere advantages found in the first experiment, but the 
design of the second experiment allowed us to examine this possibility. The data 
indicated that even when a visuospatial task-driven strategy is used, a left hemisphere 
advantage is found for verbal stimuli. Importantly, only the format of the stimuli 
appears to determine the lateralization effect. Therefore reading could still be a 
contributing factor with regard to left lateralization, but by itself it cannot explain for 
the lateralization pattern completely, as we do not find this pattern for all conditions 
with a verbal format. This finding has clear implications for the design of future 
studies. It indicates that the verbal nature of a task can influence the lateralization 
found. Therefore, characteristics like the formulation of instructions, showing pictures 
versus explicitly naming the categories or the stimuli used, and difficult versus easy to 
verbalize stimuli, can all be of critical influence. They can either eliminate lateralization 
or evoke a clear left hemisphere advantage respectively. 

A variation in verbal characteristics may have been present in the large number of 
tasks that have tested categorical relation processing. Based on the current outcomes, 
differential verbal characteristics could well explain the variance in the hemispheric 
advantages reported. One note should be made here with regard to designing 
visuospatial categorical tasks; it appears nearly impossible to create a task without any 
verbal characteristics, because it is inherent to the definition of categorical spatial 
relations that they can be adequately described by prepositions, as opposed to 
coordinate relations. A risk of attempting to make a fully non-verbal task could be that 
coordinate relation processing might become vital to solve it, which could explain any 
right hemisphere advantage, such as described by Kemmerer and Tranel.  

With regard to our examination of strategy in the second experiment, we have 
found evidence for a full strategic approach, in contrast to the dual representational 
model, including propositional coding regardless of expectancy, suggested by 
Noordzij et al. (2005). In our study, subjects adapted fully to both visuospatial and 
verbal expectancy, without evidence of such a propositional coding effect. A possible 
explanation could be that using a picture as the first stimulus instead of a sentence 
might be less persuasive to which types of mental codes will be generated 
subsequently. Also, this strategic approach was similar in each retention interval. This 
last result does not completely concur with the self reports mentioned for the original 
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version of the task (Van der Ham et al., 2007), where we reported a change from a 
more visuospatial to a more verbal strategy when retention intervals increased in 
duration. An important distinction between that study and the current one should be 
mentioned here; in the present study, the task design was the determining factor in 
what strategy subjects employed, and the data were pooled over subjects. In the 
original task however, we reported the naturally occurring strategy preferences by 
subjects. A pivotal next step would be to compare groups with different strategy 
preferences and see how they differ in lateralization patterns.  

In short, we found a right hemisphere advantage and multiple left hemisphere 
advantages in some of the conditions. The right hemisphere advantage cannot be 
explained by the original Kosslyn view, because it states an overall left hemisphere 
advantage of categorical processing, regardless of format. In contrast, it appears to fit 
with Kemmerer and Tranel’s proposal, since the left hemisphere advantages are 
limited to verbal categories, and the right hemisphere advantage is present in a clearly 
visuospatial condition. However, the left hemisphere advantage for verbal stimulus 
formats when a visuospatial strategy is adopted cannot by explained by the Kemmerer 
and Tranel view. Therefore a compromise between the two views seems in place. In 
our study, the main determinant in significance and direction of lateralization is the 
format of the second stimulus. As stated before, this stresses the importance of task 
design when investigating such lateralisation effects. Consequently, the lateralization 
differences in Kemmerer & Tranel’s data most likely do not reflect two different types 
of processing, but the effect of verbal processing versus adding coordinate processing 
to categorical tasks. We believe that explicitly stated verbal processes can influence the 
lateralization outcome, but for different reasons than given by Kemmerer & Tranel. 
The influence of verbal processes appears to be primarily caused by additional verbal 
characteristics affecting categorical processing, instead of verbal versus visuospatial 
categorical processing. Additionally, reducing the possibility of verbal processing 
during categorical tasks too much, might unintentionally allow for a considerable 
contribution of coordinate processing. Therefore, we recommend reducing the level 
of verbal characteristics of a task design to decrease these interfering verbal left 
hemisphere effects, occluding the spatial lateralisation effects aimed for in those 
measurements. Likewise, categorical tasks should be clearly categorical and not require 
or even allow for strong coordinate processing, to avoid that right hemisphere 
processing might overshadow the left hemisphere categorical activity. 
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Abstract 
 

Spatial relation information can be encoded in two different ways: categorically, 
which is abstract, and coordinately, which is metric. Although categorical and 
coordinate spatial relation processing is commonly conceived as relying extensively on 
spatial representations and spatial cognitive processes, some suggest that 
representations and cognitive processes involved in categorical spatial relation 
processing can be verbal as well as spatial. We assessed the extent to which categorical 
and coordinate spatial relation processing engages verbal and spatial representations 
and processes using a dual-task paradigm. Participants performed the classical dot-bar 
paradigm (with a categorical and coordinate instruction) and simultaneously 
performed either a spatial tapping task, or an articulatory suppression task. When 
participants were requested to tap blocks in a given pattern (spatial tapping), their 
performance decreased in both the categorical and coordinate tasks compared to a 
control condition without interference. In contrast, articulatory suppression did not 
affect performance in either spatial relation task. These results provide strong 
evidence that, at least for the commonly used dot-bar stimuli, both coordinate and 
categorical spatial relation processing relies on spatial not verbal mechanisms. These 
findings have implications for theories on why categorical and coordinate spatial 
relations processing are lateralized in the brain. 
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Introduction 
 
In many different types of interactions with our surroundings, like grasping, 

navigating, and memorizing objects locations, we make use of spatial relations 
between objects and between objects and ourselves. Kosslyn (1987) has proposed a 
distinction between the representations of categorical and coordinate spatial relations. 
Categorical spatial relations concern relations expressed in abstract, propositional 
terms, like “above” or “to the left of”. In contrast, coordinate relations are more 
precise in nature and entail the exact distances between and within objects in terms 
like “two meters apart” or “three inches away”. In this theory Kosslyn hypothesized 
that categorical and coordinate relations are processed by at least partially different 
cognitive processes localized in different part of the brain. A growing number of 
evidence supports this hypothesis; studies often report a left hemisphere advantage 
for categorical processing, and a right hemisphere advantage for coordinate processing 
(for a review see Jager & Postma, 2003). 

Theories on the origin of these differences in lateralization have evolved over 
time. Kosslyn (1987) originally proposed an evolutionary explanation in terms of the 
pre-existing qualities of the two hemispheres. According to this view, categorical 
spatial relations are computed in the left hemisphere because of its role in language 
processes and linguistic category-formation, while coordinate spatial relations are 
computed in the right hemisphere because of its role in navigation. Ivry and 
Robertson (1998) and Kosslyn and Jacobs (1994) later suggest that low-level 
perceptive biases could be at the root of the hemispheric lateralization of categorical 
and coordinate spatial relations processing. They propose that each hemisphere 
preferentially responds to a different set of spatial frequencies or receives output of 
population of neurons with different receptive field sizes. Hemispheric asymmetries in 
spatial frequency processing and receptive field sizes of neurons have been 
documented in some studies (see Jager & Postma, 2003; Laeng, Chabris, & Kosslyn, 
2003) but the issue remains controversial, as direct physiological evidence for such 
asymmetries is lacking (e.g. Smith, Singh, Williams & Greenlee, 2001).  

Yet, another recent explanation of the hemispheric lateralization of spatial 
relations stresses the role of verbal processing in categorical spatial processing. For 
example, Van der Ham, Van Wezel, Oleksiak, & Postma (2007) reported the type of 
strategy used to perform a spatial relation processing task. Overall participants tended 
to rely on a verbal strategy to perform the categorical task and on a spatial strategy to 
perform the coordinate task. In addition, brain lesion studies suggest that linguistic 
and perceptual representations of categorical spatial relations are to some extent 
dissociable leading some to propose a trichotomy of spatial relations processing into 
perceptual coordinate processing, perceptual categorical processing, and verbal 
categorical processing (see Postma & Jager, 2003). Kemmerer and Tranel (2000) 
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reported a double dissociation of two patients, one with left and one with right 
hemisphere damage, showing isolated impairment in the use of spatial English 
prepositions and visuospatial processing of categorical relations, respectively. In a 
follow-up study, Tranel and Kemmerer (2004) replicated the link between left 
hemisphere damage and a specific impairment in the comprehension of English 
spatial prepositions, while the ability to process visuo-spatial relations remained intact. 
The results of these studies indicate that coordinate and perceptual categorical 
relations are processed in the right hemisphere, while verbal categorical relations are 
processed in the left hemisphere. As noted by Kemmerer (2006) these results should 
be interpreted with caution given that none of the tests performed could distinguish 
specific impairments in coordinate versus categorical spatial relation processing. In 
contrast, Laeng (1994) found that patients with left hemisphere lesions showed 
specific impairment in categorical spatial relation processing, but this impairment was 
not affected by scores on aphasia tests.  

Finally, Van der Ham and Postma (2010) recently compared verbal and 
visuospatial categorical relation processing in healthy subjects. They demonstrated that 
there is no strong divide of verbal and spatial categorical relations, but that the verbal 
and perceptual properties of the stimuli can affect the strength of lateralization. The 
direction of lateralization only shifted from a left to a right hemisphere advantage 
when coordinate information was most likely used to solve the categorical task.  

In the experiment reported here, we studied the nature of the representations 
processed in both categorical and coordinate spatial relation tasks to determine 
whether participants spontaneously encode them verbally or visuospatially. In order to 
determine the nature of the representations processed in the spatial relations tasks, we 
used a dual-task paradigm. Participants performed the classical dot-bar paradigm in its 
categorical and coordinate version. Concurrently, participants performed either a 
verbal interference task (articulatory suppression), or a spatial interference task (spatial 
tapping). These two interference tasks have shown to interfere specifically with verbal 
processing (e.g., Hitch, Woodin, & Baker, 1989) and spatial processing (e.g. Salway & 
Logie, 1995), respectively, in working memory. Therefore, the effect of the 
interference tasks on participants’ performance in the spatial relations tasks (as 
compared to their performance in a control condition with no interference), will 
indicate the type of representations and cognitive processes that are substantially 
involved in performing the two types of spatial relation tasks.  

If spatial relation processing is truly spatial in nature, regardless of type of relation 
(categorical versus coordinate), we expect an interference effect of spatial tapping on 
participants’ performance on both spatial relation tasks. On the other hand, if 
categorical spatial relations are encoded verbally and coordinate spatial relations are 
encoded spatially, then we expect a double dissociation between the type of spatial 
relations processing and the type of interference: participants’ performance should be 
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affected by articulatory suppression and not spatial tapping in the categorical task 
whereas the reverse pattern of interference should be observed in the coordinate task. 

  
 
Method 
 
Participants 

Sixteen Harvard students and Cambridge community members volunteered to take 
part in the study for pay or course credit. The sample consisted of 5 males and 11 
females with a mean age of 24.1 years (SD = 4.1). All participants were right-handed 
according to the Edinburgh Handedness Inventory (Oldfield, 1971) with a mean score 
of 68.0 (SD = 22.8, range 38-100). All participants had normal or corrected-to-normal 
vision and provided written consent. Participants were tested in accordance with 
national and international norms governing the use of human research participants. 
The research was approved by the Harvard University Institutional Review Board.  

 
Materials and procedure 

Stimuli were presented on a 17-in IBM monitor (1280 x 1024 pixels resolution 
and refresh rate of 75 Hz). The spatial relation processing tasks were adapted from the 
dot-bar task designed by Hellige & Michimata (1989). A horizontal bar was presented 
along with a single dot on the vertical axis of the bar, at one of 20 possible positions 
above and below the bar. The bar was 110 * 10 pixels in size. The dot’s diameter was 
10 pixels and could appear at one of ten distances away from the bar. The distances 
ranged from 10 to 105 pixels, with 10 pixel intervals, and an additional 5 pixels 
difference between the fifth and sixth distance away from the bar, as this was the 0.5 
inch cut off point for the coordinate decision. The categorical and coordinate tasks 
were presented separately, each with their own set of instructions. In the categorical 
task, participants were asked to decide whether the dot appeared above or below the 
bar. In the coordinate task, participants indicated whether the dot appeared within 0.5 
inch away from the bar. Participants responded by pressing one of two keys on a 
regular keyboard with the index and middle finger of their dominant right hand.  

In each task, participants performed 192 trials per task divided up into 4 blocks of 
48 trials. Before each task, participants performed 24 practice trials. The order of the 
two tasks was counterbalanced across participants. In each block of trials, participants 
performed 2/3 of the trials with a concurrent interference task (1/3 with spatial 
tapping and 1/3 with articulatory suppression) and 1/3 with no concurrent task 
(control condition). The sequence of a single trial consisted of the presentation of a 
word indicating the type of concurrent task to perform (1000 ms, “nothing”, “speak”, 
or “tap”), a central fixation cross (1000 ms), the presentation of one of the dot-bar 
stimuli in the centre of the screen (150 ms), and a blank screen during which 
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participants provided their response (maximum 2000 ms). In the articulatory 
suppression task participants repeated the syllables “bi-be-ba-bo-bu” aloud 
throughout the trial. In the spatial tapping task, participants tapped an eight shaped 
figure with their non-dominant hand on six small wooden blocks arranged in a 2*3 
configuration. Participants were instructed to start the interference task when the 
condition cue (“speak” or “tap”) appeared on the screen and repeat the sequence until 
they had provided a response to the dot-bar stimulus. Participants were asked to 
repeat 2 syllables or to tap two blocks per second. The experimenter trained the 
participants on the interference tasks by having them practice until they were 
performing correctly at the right speed (checked with a stopwatch). During the task 
itself, the experimenter monitored interference speed and indicated when participants 
should increase or decrease their speed, if necessary. 

 
 
Results 

 
First, we analyzed error rates (ERs) and response times from correct answers (RTs) 

in the 2 types of tasks (categorical vs. coordinate) x 3 interference conditions (control, 
spatial, and verbal) with within subjects analyses of variance (ANOVAs). Then, using 
paired sample t-tests (Bonferroni corrected α = .0125), we compared ERs and RTs in 
the verbal and the spatial interference to the control condition, for both the 
categorical and coordinate tasks separately. Figure 1A and B present the mean ERs 
and RTs respectively, for each of the three interference conditions in both spatial 
relation tasks. 

Error rates. ANOVA on the ERs revealed a significant main effect of the type of 
spatial relation task, F(1,15) = 8.41, p < .05, ηp2 = .36, and of the interference 
condition, F(2,14) = 7.47, p < .01, ηp2 = .33, as well as a significant interaction 
between the two factors, F(2,14) = 5.52, p < .05, ηp2 = .27. In addition, the paired 
sample t-tests for ERs revealed that in the categorical task, participants were equally 
accurate in the two interference conditions (verbal and spatial) as compared to the 
control condition, t(15) = 1.94, p = .07 and t(15) = 1.09, p = .29, respectively. In the 
coordinate task, participants made more errors in the spatial tapping condition than in 
the control condition, t(15) = 4.95, p < .001, d = .75. In addition, we found no 
difference on the ERs between the control and the articulatory suppression condition, 
t < 1.  

Reaction times. ANOVAs on RTs revealed a significant main effect of the type of 
tasks, F(1,15) = 9.20, p < .01, ηp2 = .38, and a main effect of the interference 
conditions, F(2,14) = 35.96, p < .001, ηp2 = .71. Additionally, the interaction between 
the type of tasks and the interference conditions was significant, F(2,14) = 8.96, p < 
.01, ηp2 = .37. The paired sample t-tests in the categorical task indicated significantly 
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longer RTs in the spatial interference condition compared to the control condition, 
t(15) = 5.33, p < .001, d = .91, and no difference between verbal interference and the 
control condition, t < 1. In the coordinate task, participants were slower in the spatial 
interference condition compared to the control condition, t(15) = 4.70, p < .001, d = 
.75, while they were faster for verbal interference, compared to the control condition, 
t(15) = 3.10, p < .01, d = .39.  

 

 
Figure 1. The mean (A) error rates and (B) response times in the control, verbal interference, 
and spatial interference conditions for both the categorical and coordinate tasks. Error bars 
denote standard error of the mean (SEM). 
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Discussion 
 
In this study we followed up on the debate in the literature on the nature of 

spatial relation processing. Most studies agree on the explicit spatial nature of 
categorical and coordinate relation processing, while some have stressed the 
distinction of verbal and spatial characteristics, with regard to categorical relations in 
particular (see Kemmerer, 2006), and more generally in strategy use (e.g. Van der Ham 
et al., 2007). To identify the nature of the underlying cognitive processes involved in 
the two types of spatial relation processing (i.e., categorical and coordinate), we 
studied the effects of a concurrent spatial or verbal interference task on participants’ 
performance in a categorical and a coordinate spatial task.  

Participants were slower and less accurate in the coordinate task when they 
perform a concurrent tapping task compared to their performance in a control 
condition (with no concurrent task). In the categorical task, only response times were 
affected by concurrent tapping. The absence of an interference effect of spatial 
tapping on the ERs in this task is most likely due to a ceiling effect.  

Crucially, articulatory suppression performed concurrently with both the 
categorical and coordinate task did not produce interference. Strikingly, in the 
coordinate task, participants were even faster to make their judgment with concurrent 
articulatory suppression than with no concurrent task. A possible explanation for this 
facilitation effect might be that by preventing phonological coding through 
articulatory suppression, the likelihood of visuospatial coding of the dot-bar stimuli 
was increased (Hitch, Woodin, & Baker, 1989) which fits best with the type of 
judgment participants have to make in the coordinate task. 

Taken together our data support the notion that spatial relation processing relies 
predominantly on spatial processing and representations. In fact, participants clearly 
rely on spatial processing even in the categorical task in which participants could easily 
encode the position of the dots verbally. Therefore, the left hemisphere advantage for 
categorical spatial relation processing when basic visual stimuli are used (like the ones 
in the dot-bar task) cannot be attributed solely to a linguistic coding of categorical 
spatial relations. This contradicts some of the findings based on brain lesion studies 
(see Kemmerer, 2006). Instead, it seems more likely that the two hemispheres are 
biased to process coordinate or categorical spatial relations because the two 
hemispheres operate most efficiently on outputs from units with large or small 
receptive fields, respectively (see Laeng et al., 2003). 

However, our findings do not imply that spatial relations can not be encoded and 
processed verbally. In fact, participants can use both verbal and spatial strategies 
spontaneously (Van der Ham et al., 2007) and when stimulus format is manipulated to 
favour either verbal or spatial strategy use (Van der Ham & Postma, 2010). This 
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means that verbal processes can be used, but are not required for successful 
performance.  
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Abstract 
 

Numerous studies have focused on the distinction between categorical and 
coordinate spatial relations. Categorical relations are propositional and abstract, and 
often related to a left hemisphere advantage. Coordinate relations are more precise 
and metric, and can be linked to right hemisphere processing. Yet, not all studies have 
reported such a clear double dissociation; in particular the categorical left hemisphere 
advantage is not always found. In the current study we investigated whether verbal 
and spatial strategies, verbal and spatial cognitive abilities, and gender could account 
for the discrepancies observed in hemispheric lateralization of spatial relations. 
Seventy-five participants performed two visual half field, match-to-sample tasks (Van 
der Ham et al., 2007; 2009) to study the lateralization of categorical and coordinate 
relation processing. For each participant we determined the strategy they used in both 
tasks. Consistent with previous findings, we found an overall categorical left 
hemisphere advantage and coordinate right hemisphere advantage. The lateralization 
pattern was affected selectively by the degree to which participants used a spatial 
strategy and by none of the other variables (i.e., verbal strategy, cognitive abilities, or 
gender). Critically, the categorical left hemisphere advantage was observed only for 
participants that rely strongly on a spatial strategy. This result is another piece of 
evidence that categorical spatial relation processing rely on spatial not verbal 
processes. 
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Introduction 
 

Processing visual information relies on the ability of the visual system to process 
spatial relations between objects or parts of an object. Kosslyn (1987) proposed a 
dissociation between two types of spatial relations representations in the visual system. 
Categorical representations specify spatial relations within and between objects using a 
relative abstract code, such as “Object A is above Object B”. Coordinate 
representations specify the precise, metric distances between objects, such as “Object 
A is 1 inch away from Object B”. Behavioral, neuropsychological, and neuroimaging 
findings support differential hemispheric lateralization of these two types of 
representations with a left hemisphere advantage for categorical spatial relation 
representations and a right hemisphere advantage for coordinate spatial relation 
representations (for a review see Jager & Postma, 2003). Kosslyn (1987) and Kosslyn, 
Koenig, Barrett, Cave, Tang, and Gabrieli (1989) theorize that the categorical left 
hemisphere advantage has emerged because of the pre-existing dominance of the left 
hemisphere for language and of the importance of category formation in language. On 
the other hand, the coordinate right hemisphere advantage is explained by the right 
hemisphere’s pivotal role in navigation and attentional search. However, the degree to 
which the hemispheric lateralization is observed is still a matter of debate. While the 
coordinate right hemisphere advantage is widely documented, the categorical left 
hemisphere advantage seems less robust (e.g., Rybash & Hoyer, 1992; Jager & Postma, 
2003).  

A number of factors (e.g., task properties, but also participant characteristics) have 
been considered independently, but with little success, to explain discrepancies on the 
hemispheric lateralization of spatial processing and categorical processing in particular. 
For example, mixed results have been reported on the effect of gender on the 
hemispheric lateralization of the representations of spatial relations (e.g., Rybash & 
Hoyer, 1992; Hellige, Bloch, Cowin, Eng, Aviatar & Sergent, 1994; Laeng & Peters, 
1995; Reese & Stiles, 2005). It has been theorized that gender should affect spatial 
relation processing because males tend to outperform females when fine metric 
properties of objects are needed (i.e. coordinate spatial relations) whereas the reverse 
is true when relative positional information of the objects (i.e. categorical spatial 
relations) are processed (e.g. Postma, Izendoorn, & De Haan, 1998) Yet, such 
advantages of coordinate processing for males, and categorical processing for females 
has not been consistently found. In addition, males and females have shown to differ 
in general lateralization patterns with less pronounced differences between both 
hemispheres for females compared to males (e.g. Landsdell, 1962) and a stronger right 
hemisphere dominance for males (e.g. Wisniewski, 1998). However, more recent 
studies indicate that such lateralization differences between males and females are 



144  
 

 

small or even negligible (e.g. Hellige et al., 1994; Hiscock, Israelian, Inch, Jacek, & 
Hiscock-Kadil, 1995; Boles, 2005).   

 Surprisingly, little is known about the contribution of the type of strategy 
spontaneously used to perform spatial relation tasks to the hemispheric lateralization 
of spatial relation processing. In the experiment reported here, we investigated 
whether the type of strategy (verbal, spatial) selected by the participants can modulate 
the left hemisphere advantage for categorical spatial relations and the right hemisphere 
advantage for coordinate spatial relations.   

The type of strategy used by the participants might explain the absence of 
hemispheric lateralization in categorical relation processing reported in some studies. 
In fact, some argue that the nature of the spatial processing (verbal versus spatial) is at 
the root of the hemispheric lateralization of spatial processing. This hypothesis is 
supported by two brain-damaged studies. Kemmerer and Tranel (2000) found a 
selective impairment to process English spatial prepositions but not visuo-spatial 
categorical relations for a patient with a left hemisphere lesion and the reverse 
dissociation for a patient with a right hemisphere lesion. Tranel and Kemmerer (2004) 
reported converging evidence of left-hemisphere specialization for English spatial 
prepositions. These findings led some to argue for a trichotomy of spatial relations 
processing into verbal categorical processing, spatial categorical processing, and spatial 
coordinate processing (e.g., Jager & Postma, 2003). Critically, verbal categorical 
processing would be linked to a left hemisphere bias whereas any type of visuo-spatial 
processing, categorical or coordinate, would show a right hemisphere advantage 
(Kemmerer, 2006). However, this was only partially confirmed by Van der Ham and 
Postma (2010). They found that the left hemisphere advantage for categorical 
processing was enhanced by increasing the verbal nature of the task (i.e., by using 
verbal stimuli) but found no evidence for a right hemisphere advantage for spatial 
categories. Finally, using a similar design, Van der Ham, Van Wezel, Oleksiak, and 
Postma (2007) showed that a verbal strategy was more often reported for categorical 
processing whereas a spatial strategy was more often reported for coordinate 
processing, but with clear individual differences. The study reported in this article 
directly follows up on the findings reported above. We reasoned that if the left 
hemisphere bias for categorical spatial relations reflects the degree to which 
participants rely on a verbal strategy, then participants who report above average 
verbal strategy use in the categorical task should display a stronger left hemisphere 
lateralization than participants who report above average spatial strategy use in this 
task. On the other hand, if the hemispheric lateralization of visuospatial processing is 
due to the type of spatial relation processed (categorical versus coordinate), then we 
expect stronger hemispheric lateralization for participants who report above average 
spatial strategy use than below average spatial strategy use, for both categorical (left 
hemisphere) and coordinate processing (right hemisphere).  
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In order to demonstrate that the type of strategy used by participants was the 
crucial factor that influences hemispheric lateralization, we considered other factors 
such as cognitive abilities and gender. These factors might affect the lateralization of 
spatial relation processing or interact with the type of strategy with regard to the 
hemispheric bias of spatial relation processing. First, we reasoned that cognitive 
abilities could indirectly influence the hemispheric lateralization of spatial processing 
by affecting the choice of the strategies used in categorical or coordinate spatial 
relation. In fact, Reichle, Carpenter and Just (2000) demonstrated that participants 
select the strategy that leads to the largest reduction of cognitive load in the task they 
perform. For example, participants with high verbal ability would be more prone to 
use a verbal strategy, than participants with high spatial ability and vice versa.  

Second, based on previous reports that females tend to be better than males on 
verbal tasks, while males show an advantage in spatial tasks (e.g. Vecci & Girelli, 1998; 
Crucian & Berenbaum, 1998; Weiss, Kemmler, Deisenhammer, & Fleishhacker, 2003), 
we hypothesized that females could be more likely to process categorical spatial 
relation task verbally than male which in turn could affect the pattern of hemispheric 
lateralization.  

In the current experiment, we relied on a match-to-sample task (see Van der Ham 
et al. 2007) to test our hypotheses concerning strategy use, cognitive ability, and 
gender. In this paradigm, in each trial two similar stimuli (a combination of a cross 
and a dot) are presented sequentially; the first stimulus in the center of the screen, and 
the second in the left or right visual hemifield. The visual half field presentation of the 
second stimulus allows for inferences about hemispheric lateralization as a visual 
stimulus presented briefly in one visual hemifield is initially perceived and processed 
by the contralateral hemisphere (Beaumont, 1983). In the categorical task, participants 
decided whether the dots in the two stimuli were in same quadrant (relative to the 
cross). Crucially, due to the retention interval the match-to-sample procedure we used 
allowed participants to encode the first stimulus verbally as opposed to other 
traditional categorical spatial relation paradigms such as the dot-bar paradigm (Hellige 
& Michimata, 1989). In the coordinate task, participants decided whether the dots 
were positioned at the same distance from the center of the cross. We determined the 
strategy used by the participants in each task with two 7-point scales; one for spatial 
strategy use and one for verbal strategy use. In addition, general spatial and verbal 
cognitive abilities of the participants were measured with four classical paper-and-
pencil tests (two spatial tests and two verbal tests).    
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Method 
 

Participants 
Eighty-five Harvard students and Cambridge community members volunteered to 

take part in the study for pay or course credit. Ten participants were removed from 
the sample because of accuracy levels at or below 50% in one or more conditions. The 
final sample consisted of 37 females (mean age 22.7 years) and 38 males (mean age 
23.3 years). All participants were right-handed according to the Edinburgh 
Handedness Inventory, with a mean score of 83.8 (SD=18.6, range 40-100) (Oldfield, 
1971). All participants were physically and psychologically healthy. All participants 
provided written consent and were tested in accordance with national and 
international norms governing the use of human research participants. The research 
was approved by the Harvard University Institutional Review Board.  

 
Materials and procedure 

Match-to-sample task. We derived the main task assessing spatial relation processing 
from a visual half field, match-to-sample task reported by Van der Ham et al. (2007) 
and Van der Ham, Raemaekers, Van Wezel, Oleksiak, and Postma (2009). Each 
stimulus consisted of a black “+” shaped cross (14 * 14 pixels, visual angle 0.35) with 
a black dot (6 pixels in diameter, visual angle 0.15) at one of forty possible positions, 
presented on a white background (see fig. 1). On each trial, after the presentation of 
an “x” shaped fixation cross (500 ms), the first cross-dot stimulus was displayed 
centrally (150 ms), followed by the presentation of a 1500 ms blank screen and 
another “x” shaped fixation cross (500 ms), then the second cross-dot stimulus was 
presented laterally (left or right) for 150 ms (2.5° from the inner edge of the image to 
the centre of the screen), which was immediately followed by a blank screen. Only 
responses given within 2000 ms were registered. A single trial sequence is depicted in 
figure 2. On each trial participants were asked to compare two cross-dot stimuli. In 
the categorical task, participants decided whether the dot in the second cross-dot 
stimulus appeared in the same quadrant of the cross as the dot in the first cross-dot 
stimulus (“match”) or in one of the other three quadrants (“non match”), regardless 
of its exact position. In the coordinate task, we asked participants to determine 
whether the radial distance between the dot and the center of the cross was the same 
(“match”) or different (“non match”) in the two cross-dot stimuli, regardless of the 
quadrant the dots appeared in. There were four quadrants and four possible radial 
distances for the figures used, but participants were told that the dots could appear at 
any position with regard to the cross.  

We randomized left and right visual field presentation of the second cross-dot 
stimulus and match-no match responses over trials; laterality of presentation and type 
of response were presented equally. We grouped categorical and coordinate trials in 
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two separate tasks, each with their own set of instructions and practice trials. The 
order of the two tasks was counterbalanced over participants. In each task, 
participants performed two blocks of 40 trials. Stimuli were presented on a 1024 * 768 
pixels computer screen with a 75 Hz refresh rate. Participants sat approximately 60 cm 
from the screen. They provided their answers by pressing two keys on a regular 
keyboard with the index and the middle finger of their right hand. We recorded both 
the error rates (ERs) and the response times (RTs), which were measured from the 
offset of the second cross-dot stimulus until a response was registered. Two other 
computerized tasks were administered as well, but those will not be discussed here. 

 

 
Figure 1. All possible dot positions in the stimuli used. The arms of the cross indicate the four 
quadrants (categorical task) while dots could appear at four different radial distances from the 
center of the cross (coordinate task). Note that only one dot was visible in a single stimulus. 
 

 
 
Figure 2. The sequence of a single trial. Each trial element is depicted with its duration in ms. 
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Strategy ratings. Directly after both tasks, participants filled out a questionnaire about 
the strategy they used to perform the categorical and coordinate tasks. We asked each 
participant to rate the degree with which they used a visuospatial strategy and a verbal 
strategy in each task on a 7 point Likert scale (1=did not use this strategy, 7=used this 
strategy). Instead of using the terms visuospatial and verbal strategy, we described the 
definitions with examples; “imagining the pictures”, and “use of inner speech” to 
clarify them. If asked, the experimenter elaborated on the meaning of both strategy 
types. Participants were also asked to specify the use of any other strategies than the 
two we mentioned. 

Spatial ability tests. We administered two classical paper-and-pencil spatial tests to 
assess spatial ability. In each trial of the Vandenberg mental rotation test (MR) 
(Vandenberg & Kuse, 1978) participants determined which two out of four three-
dimensional block figures were identical to the target figure regardless of their 
orientation. In each trial of the paper folding test (PF) (Ekstrom, French, Harman, & 
Dermen, 1976) a figure was presented that represented a square piece of paper that 
has been folded, with one or two circles drawn on it to show where holes were 
punched in the paper. Participants indicated the correct appearance of the paper when 
completely unfolded by selecting one of five possible answers. In each test, 
participants completed two sets of ten trials with a maximum completion time of 
three minutes per set. For each test, the score was the number of correct responses. 
For each participant, we calculated a composite score by adding the standard z scores 
of the two tests to obtain a general measure of spatial ability. 

Verbal ability tests. We assessed verbal abilities of the participants with the word 
beginnings test (WB) (Ekstrom, et al., 1976) and the digit span test (DS) (derived from 
WAIS III, Wechsler adult intelligence scale). In the WB test, two combinations of 
three letters (“PRO” and “SUB”) were presented and participants were asked to write 
down as many words that started with those letters. Participants were given three 
minutes for each combination. The score represents the total number of words 
produced for both letter combinations. The DS test required participants to listen to 
and directly repeat increasingly longer series of numbers (from to 2-8 numbers, each 
length is repeated three times). The test was stopped if the participant was unable to 
recall two out of three series of the same length. The score indicates the number of 
series correctly recalled. As for spatial ability, we calculated a composite score for each 
participant by adding the standard z scores in the two verbal tests in order to obtain a 
general measure of their verbal ability (see Shah & Miyake, 1996).   
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Results 
 
We first analyzed error rates (ERs) and response times from correct answers (RTs) 

with a general linear model (GLM) including task (categorical vs. coordinate) and 
visual field (left vs. right) as within-subject factors to determine whether we could 
replicate the classical left hemisphere advantage for categorical spatial relations and 
right hemisphere advantage for coordinate spatial relations. Then, we analyzed the 
effects of strategy, ability, and gender on the hemispheric lateralization of spatial 
processes for both ERs and RTs. Based on the combination of their relative verbal 
and spatial strategy scores, participants were divided into four groups; low spatial and 
low verbal, low spatial and high verbal, high spatial and low verbal, and high spatial 
and high verbal. The cut-off for high and low scores was the median of all participants 
for the verbal and spatial score separately. Correspondingly, four groups were 
composed with regard to ability. Consequently, strategy (4), ability (4), and gender (2) 
were treated as between-subject factors in three separate analyses, each including task 
and visual field. These analyses were all ANOVAs implemented by way of general 
linear models (GLM). If appropriate, Bonferroni corrected post-hoc pairwise 
comparisons were used to follow up on significant effects. In Table 1 all scores on the 
strategy ratings and ability tasks are reported. In Table 2 both accuracy and response 
times are given for all separate groups for all conditions.  

 
Table 1. Summary of the mean scores on the degree of verbal strategy use, the degree of spatial 
strategy use and on the four paper-and-pencil tests (i.e. MR=mental rotation, PF=paper 
folding, DS=digit span, WB=word beginnings) for all participants and for males and females 
separately. 

 N Verbal Strategy Spatial Strategy MR PF Spatial Ability 

Total 75 4.1 (1.6) 5.1 (1.4) 15.0 (9.1) 12.9 (4.4) 0.0 (1.7) 
    Male 38 4.1 (1.7) 5.1 (1.4) 17.0 (9.8) 13.1 (4.3) 0.3 (1.8) 
    Female 37 4.2 (1.5) 5.0 (1.4) 13.0 (8.0) 12.6 (4.5) -0.3 (1.6) 

 

 DS WB Verbal Ability

Total 17.6 (2.8) 37.1 (13.4) 0.0 (1.6) 
    Male 17.7 (2.7) 38.1 (14.0) 0.1 (1.7) 
    Female 17.5 (3.0) 36.2 (12.8) -0.1 (1.5) 

Standard deviation in parentheses. 
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Table 2. Summary of the mean RTs and ERs in the two tasks (i.e. categorical and coordinate 
tasks) and the two visual field (i.e. left and right) for the high low groups in function of spatial 
strategy, verbal strategy, spatial ability, verbal ability groups, and for males and females, 
separately. 

   ER 

  N Cat 

LVF/RH 

Cat 

RVF/LH 

Coo 

LVF/RH 

Coo 

RVF/LH 

Total   75 12 (10) 10 (11) 23 (9) 32 (8) 
Gender Males 38 11 (11) 9 (12) 22 (9) 32 (9) 
 Females 37 12 (9) 11 (10) 25 (9) 32 (8) 
Strategy low V – low S 16 7 (5) 6(6) 24 (9) 29 (6) 
 high V – low S 21 15 (15) 17 (17) 25 (10) 34 (8) 
 low V – high S 22 11 (8) 7 (6) 22 (8) 30 (8) 
 high V – high S 16 13 (7) 7 (7) 23 (10) 35 (10) 
Ability low V – low S 19 17 (13) 17 (16) 25 (10) 34 (9) 
 high V – low S 19 13 (9) 10 (10) 22 (8) 34 (9) 
 low V – high S 19 8 (6) 6 (4) 21 (9) 29 (8) 
 high V – high S 18 10 (9) 7 (10) 25 (9) 31 (8) 

 

  RT 

  Cat 

LVF/RH 

Cat 

RVF/LH 

Coo 

LVF/RH 

Coo 

RVF/LH 

Total   723 (190) 732 (196) 704 (155) 692 (159) 
Gender Males 693 (182) 702 (190) 674 (133) 653 (139) 
 Females 753 (195) 762 (199) 734 (171) 731 (169) 
Strategy low V – low S 715 (218) 722 (206) 723 (178) 705 (163) 
 high V – low S 724 (214) 744 (237) 670 (139) 671 (152) 
 low V – high S 730 (167) 730 (176) 707 (145) 685 (136) 
 high V – high S 719 (174) 727 (168) 725 (169) 715 (199) 
Ability low V – low S 775 (177) 771 (145) 729 (133) 717 (127) 
 high V – low S 746 (198) 767 (212) 719 (183) 714 (209) 
 low V – high S 663 (175) 671 (182) 654 (155) 649 (155) 
 high V – high S 707(204) 717 (232) 713 (143) 686 (130) 
Standard deviation in parentheses, Cat = categorical task, Coo = coordinate task, LVF/RH = 
left visual field/right hemisphere, RVF/LH = right visual field/left hemisphere, V = verbal, S 
= spatial, ER = error rate, RT = response time. 

 
A two way (task * visual field) repeated measures analysis of variance (ANOVA) 

on the ERs revealed a significant effect of task, F(1,74) = 222.01, p < .001, η2=.75, 
and visual field, F(1,74) = 26.82, p < .001, η2=.27, as well as an interaction between 
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the type of tasks and the visual fields, F(1,74) = 71.05, p < .001, η2=.49. As depicted 
in Figure 3A, participants were more accurate in processing coordinate than 
categorical spatial relations when the stimuli were presented in the left visual 
field/right hemisphere (LVF/RH) whereas the reverse was true when the stimuli were 
displayed in the right visual field/left hemisphere (RVF/LH). Post-hoc Bonferroni-
corrected paired samples t-tests confirmed that in the categorical task, participants 
were more accurate when stimuli were presented in the RVF/LH (M = 9.7%) than in 
the LVF/RH (M = 11.9%), t(74) = 2.97, p < .005, d = .20, while in the coordinate 
task they were more accurate for stimuli presented in the LVF/RH (M = 23.3%) than 
in the RVF/LH (M = 32.0%), t(74) = 8.21 p < .001, d = .99. 

A two way repeated measures ANOVA on the RTs showed a significant effect of 
task, F(1,74) = 4.69, p < .05, η2=.06, and a significant interaction between task and 
visual field, F(1,74) = 6.09, p < .05, η2=.08. The main effect of visual field failed to 
reach significance, F < 1. In addition, post-hoc Bonferroni-corrected paired samples t-
tests did not reveal a RVF/LH advantage for the categorical task, t(74) = 1.55, p = 
.13, or a LVF/RH advantage in the coordinate task, t(74) = 1.92, p = .06, although 
there is a slight trend for a RVF/LH advantage in the coordinate task (see Figure 3B). 

A three way ANOVA on the accuracy showed a significant three way interaction 
of task, visual field and strategy, F(3,71) = 3.96, p < .05, η2 = .14. Follow up tests 
showed that the interaction of task and visual field was significant for all four strategy 
groups (p < .05 in all cases). The effects of visual field for the categorical and 
coordinate tasks separately showed that the categorical right visual field advantage was 
only significant in the two high spatial groups; low verbal, high spatial and high verbal, 
high spatial (p < .01 in both cases). The coordinate left visual field advantage was 
significant in all but one group; only the low verbal, low spatial group did not show a 
significant effect of visual field, it was only at trend level (p = .06). The left visual field 
advantage was clearly present in the other three groups (p < .001). As spatial strategy 
appeared to be a crucial factor in the visual field effect of the categorical task, we 
specifically looked at the effect of spatial strategy (high vs. low) by adding it as a 
between subjects factor in the ANOVA with task and  visual field. In other words, we 
regrouped the four strategy groups into two new groups; one with high spatial strategy 
ratings, and one with low spatial strategy ratings. The ANOVA showed a significant 
interaction of spatial strategy, task, and visual field, F(1,73) = 9.20, p <.01, η2 = .11. 
The high spatial strategy group showed a significant visual field effect for both the 
categorical and coordinate task (both p’s < .001), while only the coordinate visual field 
effect was significant for the low spatial strategy group (p < .001). 
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Figure 3. The average values of A) ER and B) RT for both visual fields. Note. Cat=categorical, 
coo=coordinate, LVF/RH=left visual field/right hemisphere. Error bars represent standard 
error of the mean (SEM). 
 

 

A 

B 
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Figure 4. The average ER values for the A) high and B) low spatial strategy groups for both 
visual fields. Note. Cat=categorical, coo=coordinate, LVF/RH=left visual field/right 
hemisphere. Error bars represent standard error of the mean (SEM). 

 
To test if lateralization was significantly stronger for the high spatial strategy group 

when directly compared to the low spatial strategy group, the lateralization indices for 
the categorical task were compared in a one way ANOVA, with spatial strategy as a 
between subjects factor. The calculation applied for the lateralization index used the 
ERs for the LVF and RVF conditions as follows: (LVF-RVF) / (LVF+RVF) (e.g. 

A 

B 



154  
 

 

Thiran & Clarke, 2003; Sommer, Ramsey, Mandl, Van Oel & Kahn, 2004). The one 
way ANOVA showed that the two groups differed significantly in their lateralization 
index of the categorical task, F(1,73) = 16.92, p < .001, which was not found for the 
coordinate task, F(1,73) = 1.10, p > .10. For both groups responses to the LVF were 
clearly more accurate then responses to the RVF for the coordinate task (p < .001). In 
Figure 4, the interaction pattern of task and visual field is depicted for both the low 
spatial strategy and high spatial strategy group. 

The separate three way ANOVAs of task and visual field with ability, F(3,71) = 
1.06, p > .10, or gender, F(1,71) = 2.87, p = .09, as between subject factors were not 
significant. None of the other interactions including either between subject variable 
were significant. Separate analyses on the effect of these three between subjects 
variables for the RT data did not show any significant interaction effect with task and 
visual field.   
 
 
Discussion 

 
In the current study we attempted to re-evaluate the double dissociation of 

categorical and coordinate spatial relations with a left and right hemisphere advantage, 
respectively. By investigating the effects of strategy use, ability, and gender, we aimed 
to shed more light on some of the inconsistencies in literature, in particular the 
theorized left hemisphere advantage for categorical processing.  

First of all, we have replicated the outcome of the cross dot paradigm (Van der 
Ham et al., 2007; 2009); we found a significant left hemisphere advantage for 
categorical processing and a significant right hemisphere advantage for coordinate 
processing on the ERs but not on the RTs. 

Our analysis including strategy, ability, and gender clearly showed that strategy was 
the only factor that affected lateralization; whether or not the categorical left 
hemisphere advantage was present, was linked to reported use of a spatial strategy. 
Participants relying strongly on a spatial strategy showed a clear left hemisphere 
advantage in the categorical task. In contrast, the participants that reported a low use 
of spatial strategy showed no lateralization in the categorical task. This effect might 
seem counterintuitive, because verbal strategy does not lead to a stronger overall left 
hemisphere advantage, but it indicates that categorical processing is not simply left 
hemispheric due to verbal processing, it is in fact spatial in nature. This contradicts the 
argument that the left hemisphere advantage for categorical relations only exists due 
to the verbal nature of processing or the task itself and that more perceptual, spatial 
categories are related to a right hemisphere advantage (Kemmerer & Tranel, 2000). 

The overall coordinate right hemisphere advantage was not affected by spatial 
strategy use. The effect was significant in all groups except for the low verbal, low 
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spatial group. A possible explanation for this effect is that participants might have 
used alternatively strategies to select their answer that were less compatible with the 
current tasks. However, when splitting up participants only based on spatial strategy 
scores, the right hemisphere advantage of the coordinate accuracy is clearly present in 
the high as well as the low spatial strategy group. Given the present results, spatial 
strategy use appears to be a more likely explanation for variation in lateralization of 
categorical processing than the distinction between verbal and perceptual categories.  

In contrast, neither gender nor ability modulated the hemispheric lateralization of 
spatial relation processing. Furthermore, the gender or the cognitive abilities of the 
participants had no effect on the type of strategy they spontaneously used to perform 
the task. Taken together our results suggest that gender and ability are not crucial 
factors that could account for inconsistencies in lateralization patterns reported in 
previous experiments.  

In conclusion, we found that an explanation for the different effects of 
lateralization related to categorical spatial relation processing can be found in spatial 
strategy use, and not in gender or cognitive ability. Only when the categorical task is 
solved in a spatial, pictorial manner, the left hemisphere advantage was clear, 
emphasizing the spatial nature of categorical relation processing. The outcome of this 
study should be taken into account when interpreting previous research and when 
designing new experiments concerning spatial relation processing. Additionally, this 
study adds to the debate on the role of gender in spatial relation processing, which 
seems trivial, given the lacking influence on lateralization found here. 
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So far, all studies we have performed made use of basic stimuli, consisting of dots, 

bars, and crosses, in controlled settings with very strict visual half field presentation. 
This raised the question whether the findings in these settings would also transfer to 
circumstances more equivalent to how we perceive and memorize spatial information 
in daily life. We therefore decided to complement our experiments with measures of 
spatial relation processing in such naturalistic, lifelike settings. This resulted in three 
studies focusing on scene perception, object location memory, and spatial navigation, 
described in this last part.    
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Abstract 
 

Spatial relation processing has been theorized to include two different classes; 
categorical relations on the one hand, which are abstract, and implicated in object 
identification and coordinate, metric relations on the other hand, involved in 
navigation. Previous studies using very basic stimuli have shown that categorical 
relations are processed mainly by the left hemisphere, while coordinate processing 
shows a right hemisphere advantage. In the current study, we examined spatial relation 
processing in a setting that is more complex and realistic by means of lifelike, natural 
scenes. In an object location memory setting we tested the contribution of both types 
of relations in similarity judgments (Experiment 1) and exact location judgments 
(Experiment 2). The data of both Experiment 1 and 2 clearly indicated that categorical 
spatial relations are encoded in object location memory in particular; categorically 
different locations were found to be less similar than only co-ordinately different 
locations, and a categorical advantage was found for exact location memory. The 
hemifield in which an object was present during memorization clearly affected 
performance in Experiment 2; a right hemisphere advantage was found for coordinate 
processing, and a non-significant left hemisphere advantage for categorical processing. 
Together these results underline the importance of processing categorical object 
locations when studying natural scenes and the close resemblance to lateralization the 
pattern commonly reported for much less complex stimuli.  
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Introduction 
 

A common division in spatial relation processing is that between categorical and 
coordinate spatial relations. Categorical relations concern abstract, propositional 
relations such as “left of”, or “below”, and are suggested to be processed mainly by 
the left hemisphere. Coordinate relations are metric in nature, such as “2 inches 
apart”, and are linked to a right hemisphere advantage (Kosslyn, 1987). So far, a large 
number of studies has confirmed this lateralization effect and it is generally assumed 
that at least partially separate subsystems underlie the processing of categorical and 
coordinate relations (see Jager & Postma, 2003). This double dissociation of spatial 
relation type and hemisphere has not only been detected behaviourally (e.g. Kosslyn, 
Koenig, Barrett, Cave, Tang & Gabrieli, 1989; Hellige & Michimata, 1989; Van der 
Ham, Van Wezel, Oleksiak & Postma, 2007), but also in neuroimaging (e.g. Baciu, 
Koenig, Vernier, Bedoin, Rubin & Segebarth, 1999; Van der Ham, Raemaekers, Van 
Wezel, Oleksiak & Postma, 2009) and neuropsychological studies (e.g. Laeng, 1994; 
Palermo, Bureca, Matano & Guariglia, 2008).  

Importantly, the experiments typically employed are mostly restricted to the use 
of very basic stimuli like dots, bars, and crosses, with instructions explicitly addressing 
categorical and coordinate properties of the stimuli. Experiments directly testing in 
what way these findings are applicable in a more natural setting appear to be virtually 
nonexistent. Natural scenes offer an abundance of spatial cues and are typically 
interacted with from multiple perspectives. This raises the question to what extent and 
how categorical and coordinate spatial information is used under these circumstances. 
Moreover, it would be interesting to see if the theorized hemispheric differences also 
generalize to spatial processing of our natural environment, which might provide 
relevant information for product or interface designs. Therefore, in the current study 
we focused on if and in what way categorical and coordinate information are 
processed in object location memory in natural scenes, and if so whether they display 
analogous lateralization patterns.  

One of the very few studies that have touched upon this issue before was 
conducted by Rosielle, Crabb, and Cooper (2002). They specifically looked at the 
process of object location encoding during scene perception and focused on position 
changes in more natural displays. In their experiment the coordinate relations changed 
in all trials, as any change in position is coordinate by definition, while in a so called 
categorical trial, a categorical change occurred on top of a coordinate change. In the 
categorical change condition the object moved to a metrically different location, and 
while doing so also induced a change with respect to the categorical relation to the 
nearest object, e.g. left of the couch changed into in front of the couch. In coordinate 
changes this relation remained identical, i.e. it stayed left of the couch. So, these trial 
types are defined based on the relation of the target object to the nearest object in the 
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scene, not taking into account the relation to other objects in the scene. When the 
category changed in a trial response times were lower. This categorical advantage 
indicated that categories play a special role in scene perception. Dent (2009) provided 
additional evidence for such categorical encoding, with experiments where stimuli 
consisted of simple configurations of four squares. It should be noted here that there 
is some level of subjectivity involved in what can be considered to be part of the same 
spatial category (e.g. Crawford, Regier & Huttenlocher, 2000). Yet, as the coordinate 
(coo) and coordinate + categorical changes (coo + cat) are matched in distance, any 
difference between them is attributable to the change in category. Furthermore, the 
categorical relation between the target object and the nearest object was identical in 
the original and coordinate change location. Therefore, the design Rosielle et al. (2002) 
have used provides a useful tool in examining spatial relation encoding with stimuli 
that are more lifelike.  

Like most studies concerning spatial relation processing, Rosielle et al. (2002) 
made use of a perceptual or single stimulus task design. Yet lately there is a growing 
number of experiments involving working memory (e.g. Dent, 2009; Laeng & Peters, 
1995; Van der Ham et al., 2007). This illustrates the interest in comparing perception 
and working memory to examine whether spatial relation processing recruits the same 
processing mechanisms in these circumstances or not. One speculation is that with 
time categorical relations become more important, and coordinate information decays 
(Postma, Huntjens, Meuwissen & Laeng, 2006). In particular, it is of interest to see to 
what extent the categorical advantage is present in elaborate natural scenes. In the two 
experiments described below we addressed this issue in a naturalistic object location 
memory task.  

When dealing with natural scenes, viewpoint is an important issue. In a daily life 
setting, we typically approach scenes from multiple directions, i.e. we can view the 
couch frontally at one moment but moving to a new position we can have a side view 
a few seconds later. Importantly, the scenes used in the Rosielle et al. (2002) 
experiment were static and always from a frontal view. Therefore, we cannot discern 
whether the categorical advantage is limited to relation processing at a mere two-
dimensional level or whether it extends to more three-dimensional representations of 
objects and their locations as well. Two-dimensional encoding would mean that the 
effect is caused by relatively low-level visual properties of the image as it appears on 
the retina, while if three-dimensional encoding takes place, inferences about depth are 
made. The effect is higher-order and entails more advanced cognitive processing 
including the ability to mentally rotate the objects in depth, along with their relative 
position.   

These different levels of encoding can be dissociated by changing viewpoints 
during encoding and retrieval of object locations, to see whether these location can be 
accurately retrieved when the scene is presented from a different viewing angle. In line 
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with this, Marsolek (1992) and Burgund & Marsolek (2000) discuss viewpoint 
dependency, with the addition of explicitly linking it to hemispheric differences. Their 
model states that a viewpoint dependent, specific subsystem is related to the right 
hemisphere, while an abstract, viewpoint independent subsystem is ascribed to the left 
hemisphere. In turn, the terms ‘specific’ and ‘abstract’ can be easily related to the 
definitions of coordinate and categorical spatial relations, respectively. Furthermore 
the suggested link between specific and the right hemisphere, and abstract and the left 
hemisphere is fully compatible with the lateralization patter of spatial relation 
processing. Given these theoretical similarities we expected that the viewpoint 
characteristics of these subsystems are also applicable to the object location memory 
task reported here, suggesting viewpoint independency for categorical trials and 
viewpoint dependency for coordinate trials. We have therefore implemented 
viewpoint change as a factor to our experiments.  

The manipulation of viewpoint allowed for the inclusion of another important 
feature in the analysis; the lateral position of the target object (left and right hemifield). 
It might seem debatable whether lateral position with longer viewing times, allowing 
for eye movements, can actually be related to processing advantages in the 
contralateral hemisphere (left hemifield is related to the right hemisphere and vice 
versa). Nonetheless, it has been found that both hemispheres have more attention for 
the contralateral field regardless of viewing time (e.g. Tressoldi, 1987; Schiffer, 1997; 
Bächtold, Brugger & Regard, 2000). Therefore, the lateral position of the target will be 
used to relate performance to the contralateral hemisphere of the hemifield of 
presentation. There was a relatively straightforward way to investigate lateralization 
effects in the current experimental designs. By comparing large viewpoint changes to 
the left and to the right, performance for the two hemifields and the related 
contralateral hemispheres can be compared. During memorization the targets for 
these “large angle change” trials in particular were positioned clearly laterally, which 
ensured visibility with a large angle change during retrieval. Therefore, the large angle 
condition specifically was suitable to analyse hemifield differences.  

In short, we examined in what way spatial relations are processed in an object 
location memory setting, using similarity judgments (Experiment 1), and location 
identification responses (Experiment 2). Both tasks focused on the comparison of 
categorically same (coo) and different (coo + cat) alternative locations. We predicted 
that categorical and coordinate encoding play a role in both experiments. 
Furthermore, we expected a pattern of viewpoint dependency for coordinate 
processing, and viewpoint independency for categorical processing. We also explored 
the hemifield effects in both datasets to see whether we can confirm the categorical – 
left hemisphere and coordinate – right hemisphere advantages for the more realistic 
stimuli used in the current design.  
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Experiment 1: Similarity judgments 
 

In Experiment 1 we focused on similarity judgments; participants were asked to 
indicate what location they thought was most similar to a remembered object location; 
a categorically different location, or a location that was only coordinately different 
with regard to the nearest other object. The ratio of selected coo + cat vs. coo 
locations will illustrate if categorical relations are typically encoded during object 
location memory, analogous to the perception studies. We hypothesized that they are, 
and therefore expected a lower similarity between coo + cat locations and the original 
location, in comparison to the coo location. Such a similarity task has been previously 
used in a neuropsychological study by Laeng (1994), using animal line drawings as 
stimuli. He found that left hemisphere lesion patients regarded categorically different 
drawings as more similar to the original, compared to right hemisphere lesion patients.  
The absolute preference of control subjects is not specifically tested, but it surprisingly 
it appears to be slightly stronger for categorically different alternatives. Therefore, 
hemifield was also included as a factor in our analysis, to see whether these commonly 
found categorical – left hemisphere, coordinate – right hemisphere lateralization 
effects were also present in the current setting.  
 
 
Methods  
 
Participants 

Twenty participants were included in the experiment (10 female) with a mean age 
of 24.0 (SD = 3.68). They received course credit or money for their participation and 
gave written consent prior to the experiment. All participants filled out the Edinburgh 
Handedness Questionnaire (Oldfield, 1971); to ensure right handedness, as potential 
lateralization effects are commonly more pronounced in right handed participants (e.g. 
Peters, 1995). Their average score was 75.4 (SD = 12.5, range 50 - 100) on a scale of -
100 (extremely left handed) to 100 (extremely right handed). All participants reported 
to be neurologically healthy, had normal or corrected to normal vision and were naïve 
to the objective of the experiment.  

 
Materials and stimuli 

The stimuli were presented on a 15” monitor (resolution 1024*768) at a distance 
of approximately 50 cm from the participant. Nineteen lifelike rooms, one for each of 
the trials, were designed with a home interior design software package (3D huis & 
tuin, Transposia, Belgium). With this programme we were able to create three 
dimensional rooms and place the viewpoint at any position from any direction. Each 
room represented a conventional area in a home, such as a bathroom or a living room, 
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and was filled with furniture and common household objects, all in full colour with 
appropriate shadows. Objects were evenly spread out over the room and occlusion of 
objects from frontal view was minimised. Each scene subtended 30.5° * 20.3° of 
visual angle. The two possible target locations were indicated with small coloured 
squares (0.6°*0.6°) placed within the screen, corresponding to two colour coded 
buttons on the computer keyboard. The target object presented to indicate which 
location should be recovered was taken from the scene, presented on a white 
background, and scaled to a standardized height of about 4.8°. 

 

 
Figure 1. A top view of the five possible angle changes used in both Experiment 1 and 2. 
Angle changes could be absent, small to the left or right, and large to the left or right. 
Rectangular shape represents the three visible walls of the room, the two diagonal grey lines 
indicate the boundaries of the viewpoint. 
 

In each scene presented during the testing stage, two possible locations were 
given. One of these locations was coordinately different (coo) from the actual 
location, while the other was also categorically different (coo + cat) from the actual 
location. A category change in this experiment was defined as a change in the 
categorical relation between the target object and the nearest object, such as from 
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“right of”, into “above” (see Rosielle et al., 2002). As there is variation in what exactly is 
considered to be a category, we strictly used the terms left, right, above, and below, in 
front of, and behind. These were applicable to the actual and co-ordinately different 
location to the exact same extent, while in categorical changes the most appropriate 
label would change from one to another. The comparison of coo and coo + cat 
locations was controlled for distance; the distance between the original and changed 
location was the same in the coo and coo + cat alternative locations. Any difference 
between the two is attributable to the effect of the categorical difference. Geometric 
transformations of the location in rotation were taken into account in the 
counterbalancing of distance. Participants were unaware of the difference between the 
coo and coo + cat trials, which were also presented in random order.  
 
Procedure 

Participants were instructed to memorize the positions of all objects in a room 
during the learning stage, and to indicate which square was most similar to the 
memorized location of the target object. One of the rooms was used in six practice 
trials and if the instructions were clear to the participant they started with the 
experimental trials. An example of a trial sequence is given in Figure 2. A single trial 
started with the learning stage, in which participants studied a room for 10 seconds, 
followed by the presentation of the target object for 2 seconds, which was followed by 
the testing stage that ended when a response was given. Subsequently, the target 
object presentation and testing stage were repeated five times, so for each room, six 
target objects were selected, that were tested sequentially after a single learning stage, 
in random order. Two of the six objects were tested from the same viewpoint, one 
from a small angle change to the left, one from a small angle change to the right, one 
from a large angle change to the left, and one from large angle change to the right. 
The two possible locations in the testing stage were labelled red and green, these 
colours were counterbalanced for the coo and coo + cat options. In total nineteen 
rooms were used; one room for the practice trials and eighteen for the actual 
experiment. In total 18 * 6 = 108 trials were included in the analysis, with three 
different angle changes (no, small, and large).  
 



Chapter 3.1 167 
 

 

 
Figure 2. Example of a trial sequence and stimuli used in Experiment 1, including the learning 
phase, the object cue, and the testing phase. Each trial started with the learning phase, followed 
by six repetitions of an object cue and testing phase combination, one for each of the six target 
objects. In the testing phase all six target objects were removed from the scene. 
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Statistical analysis 
Both response type (coo or coo + cat) and response times (RTs) were recorded 

and analysed. The response type is expressed in “percentage coo + cat locations”, 
which corresponds to “100% – percentage coo locations”. Response type was 
compared to 50% in all conditions, with a Bonferroni corrected one-sample t-test, to 
directly test whether coo + cat (> 50%) or coo (< 50 %) responses are preferred. The 
effect of angle on response type was tested with a one-way ANOVA with angle 
change (no, small, large) as a within subjects variable. RTs were split up by response 
type could and therefore be analysed with a repeated measures general linear model 
(GLM) including response type (coo, coo + cat) and angle change (no, small, large) as 
within subject factors.  

To incorporate hemifield in the analyses response type and RTs were analysed for 
changes to the left and right, for the large angle change only, with a paired sample t-
test (left vs right). The large angle change trials were selected, because the target 
objects in these “large angle change” trials in particular were positioned laterally 
during the learning stage, to ensure clear visibility with a large angle change during 
retrieval.  
 
 
Results and discussion 
 

In Figure 3 the mean response types are shown for all three angle changes. In all 
three angle changes, the mean response type was significantly lower than 50%, (p < 
.001 in all three cases) indicating that coo locations were judged as being more similar 
to the remembered location of the target object, than coo + cat locations. The 
ANOVA of angle change showed a main effect of angle change, F(1,19) = 4.70, p < 
.05, follow up t-test showed that more coo responses were given in the no angle 
change condition, compared to the small angle change condition (p < .05). A paired 
sample t-test including the left (M = 34.4, SD = 9.6) and right hemifield (M = 35.6, 
SD = 11.6) of the large angle change condition did not show a significant difference 
(p > .10).  
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Figure 3. Results Experiment 1: response type for each angle change condition. Percentages 
indicate the proportion of coo + cat responses. The dotted line indicates the 50% level of no 
preference. Coo = coordinate, cat = categorical. Error bars represent standard error of the 
mean (SEM). 

 
Figure 4 summarizes the mean RTs for all three angle changes and response type, 

and the mean RTs for each response type and hemifield are given in Table 1. The 
GLM including response type and angle change showed a main effect of response 
type, F(1,19) = 24.24, p < .001, and a main effect of angle, F(1,19) = 5.54, p < .01. 
Responses were faster for coo responses, compared to coo + cat responses, and 
responses were faster for the small angle change compared to the large angle change 
(p < .05). The GLM including response type and hemifield did not show significant 
effects of hemifield in RTs (p > .10).  
 
Table 1. Mean RTs for both response types and hemifields in the large angle change condition. 

Condition Mean RT (SD) 

Coo response Left hemifield 3381.0 (223.1) 
 Right hemifield 3442.7 (216.5) 
Coo + cat response Left hemifield 3740.0 (341.4) 
 Right hemifield 3736.2 (278.9) 

Coo = coordinate, cat = categorical, SD = standard deviation. 
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Figure 4. Results Experiment 1: response times for each response type and angle change 
condition. Coo = coordinate, cat = categorical. Error bars represent standard error of the 
mean (SEM). 

 
These analyses indicate that participants typically judged locations that only 

differed coordinately from the original location as more similar. In other words, 
adding a categorical change to an alternative location, makes it more different from 
the memorized location, which was also reflected in the lower response times for the 
coo alternatives, compared to the coo + cat selections. This suggests that during the 
memorization of object locations, categorical relations are specifically taken into 
account. In the current data, this preference for coo locations was affected by angle 
size; the proportion coo + cat responses was significantly larger in small angle change 
trials compared to no angle change trials, while there was no difference between small 
and large angle change trials. Also, no lateralization effects were found in either 
response type or RTs. Given the current task design it is difficult to link these specific 
effects to either categorical or coordinate processing separately, as responses reflect 
the preference for one over the other in a single variable. For instance, it could be that 
there is viewpoint dependency for coordinate processing, which was not revealed 
here, as it was concealed by the categorical viewpoint independency. Therefore, we 
designed Experiment 2 as an extension to Experiment 1; instead of similarity 
judgments that reflect both categorical as well as coordinate processing, we used two 
different trial types to test coo and coo + cat, which are thought to be more sensitive 
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to effects of angle change and hemifield. With this adapted version of the task design 
we can explore the issues of angle change and laterality, whereas the specific encoding 
of categorical relations is already illustrated and is expected to be substantiated further 
in Experiment 2.  
 
 
Experiment 2: Exact location judgments 
 

The experimental design of Experiment 2 was very similar to the design of 
Experiment 1. Experiment 2 also entailed a sequential matching design, consisting of 
memorization and retrieval, which enabled us to investigate the level of complexity of 
encoding. By implementing viewpoint changes again between the stimuli presented 
during memorization and retrieval, it is possible to see whether participants have the 
flexibility to maintain accurate location information when the scene during retrieval is 
presented with a different viewpoint. Instead of giving similarity judgments, 
participants were asked to give exact location judgments; they had to select the actual 
location out of three options, including two distracter locations that were either 
categorically different (coo + cat trials) or only coordinately different (coo trials). This 
allowed us to directly compare and separately analyse performance on coo and coo + 
cat trials, and link both trial types to effects of angle change and laterality. 
 
 
Methods 
 
Participants 

In total 38 students (20 female) with a mean age of 21.3 (SD = 2.0) participated. 
They received course credit or pay for their participation and gave written consent 
prior to the experiment. All participants filled out the Edinburgh Handedness 
Questionnaire (Oldfield, 1971) to ensure right handedness (Mean = 86.8, SD = 13.6, 
range 40-100 on a scale of -100 to 100). All participants were neurologically healthy 
and had normal or corrected to normal vision. They were all naïve to the objective of 
the experiment and had not participated in Experiment 1. 

 
Materials, stimuli, and procedure 

The materials, stimuli and procedure used in Experiment 2 were similar to those 
in Experiment 1. The same experimental set-up was used to test participants. The 
same scenes and target objects were used, with the addition of two new rooms, 
resulting in twenty rooms in the actual experiment, containing 20 * 6 = 120 trials in 
total. 



172  
 

 

The instruction in Experiment 2 was to select the actual location out of three 
options. The critical difference to Experiment 1 was the nature of the response 
options. Two distracter locations were added in each trial; these distracter locations 
were either both only coordinately different (coo, e.g. on the same shelf, on the same 
side), or categorically different as well (coo + cat, on a higher or lower shelf, on a 
different side). Coo and coo + cat trials were both constructed for all trials, after 
which two versions of the experiment were created. If in one version a certain object 
would be in a coo trial then it would be counterbalanced by a coo + cat trial in the 
other version. As for Experiment 1, the coo and coo + cat trials were controlled for 
distance. Any difference between the two is therefore attributable to the effect of the 
categorical difference. Participants were instructed to select the coloured square they 
thought was the actual location of the remembered object by pressing one of three 
correspondingly coloured keys on a regular keyboard. In Figure 5 an example is given 
of one room with two different target objects, as in experiment 1, six objects were 
selected and separately tested for each room. 
 
Statistical analysis 

The mean number of errors (ER) in the separate conditions was calculated for 
each subject, along with response times (RT). RTs of incorrect trials were excluded 
from the analysis. A repeated measures general linear model (GLM) was performed on 
both ERs and RTs, with Bonferroni corrected post hoc tests for significant main and 
interaction effects. The within subject factors included in the GLM were type of 
distracter (coo, coo + cat) and angle (no angle, small angle, large angle).  

Hemifield effects were addressed in a separate GLM including only the large angle 
data for the same reason reported in Experiment 1. Target objects in large angle trials 
were located clearly laterally, allowing for an analysis based on hemifield during the 
learning stage. This GLM included distracter type (coo, coo + cat), and hemifield (left, 
right) as within subject factors. Significant interaction effects were followed up by 
Bonferroni correct post hoc tests.  
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Figure 5. Example of a trial sequence and stimuli used in Experiment 2, including the learning 
phase, the object cue, and the testing phase. Each trial started with the learning phase, followed 
by six repetitions of an object cue and testing phase combination, one for each of the six target 
objects. In the testing phase all six target objects were removed from the scene. A = object and 
testing phase of a coordinate, small angle change to the left, B = object and testing phase of a 
coordinate + categorical, large angle change to the right. 
 

 
Results and discussion 
 

In Figures 6A and B, the mean ERs and RTs are depicted for each distracter type 
and angle size. For ER, the GLM showed a significant main effect of distracter type, 
F(1,37) = 23.68, p < .001, and a significant main effect of angle, F(2,36) = 6.07, p < 
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.005.  The effect of distracter type indicated that less errors were made for coo + cat 
distracters, compared to coo distracters. A follow up post hoc test for angle showed 
that only the difference between small and large angles was significant (p<.005); more 
errors were made in the large angle condition.  

The GLM for RT revealed a significant interaction of distracter type and angle, 
F(2,36) = 3.34, p<.05. Testing the main effect of angle for both distracter types 
separately showed that there was no effect of angle for the coo + cat distracters, but 
that there was a main effect of angle for coo distracters (p < .01), with large angle 
significantly slower than small angle (p < .01). 

In Figure 7A and B, the data for the large angle trials is split up by hemifield. For 
ER, the main effect of distracter type, F(1,37) = 12.28, p < .01, and the interaction of 
distracter type and hemifield were significant, F(1,37) = 4.69, p < .05. More errors 
were made for coo distracters and, follow up t-tests (one tailed, given our specific 
hypotheses) showed that for coo distracters fewer errors were made for the left 
hemifield, compared to the right hemifield, t(37) = 1.97, p < .05. The slight advantage 
for the right hemifield for coo + cat distracters was not significant. For RTs, there 
were no significant effects of hemifield. 

Fewer errors were made overall in trials with categorically different distracters, 
indicating a categorical advantage for recalling objects’ locations within a natural 
scene. With regard to viewpoint change, there was a main effect of angle, showing that 
more errors were made when the viewpoint changed from small to large, regardless of 
distracter type. However, responses were slower for coo distracters with a large angle 
change, compared to a small angle change, whereas there was no significant effect of 
angle for coo + cat distracters was found. So, there was a difference between 
performance on coo and coo + cat trials when it comes to viewpoint changes. Both of 
them showed an increase in errors with a larger viewpoint, but the RTs indicated that 
the decrease in performance was stronger for coo trials, compared to coo + cat trials.  

With regard to hemifield differences we find a clear interaction of distracter type 
and hemifield for the large angle trials. When only coordinate information needed to 
be retrieved, there was a right hemisphere advantage. Strikingly, when categorical 
information is also available for the same type of decision, there was no longer a right 
hemisphere advantage, but even a non significant tilt to a left hemisphere advantage. 
Taken together, we found an overall categorical advantage, a moderate effect of angle 
differentiating coordinate and categorical processing, and a clear interaction of 
hemifield and type of spatial relation involved. 
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Figure 6. Results Experiment 2, A) ERs  and B) RTs are given for the coordinate (coo) and 
coordinate + categorical (coo + cat) trial types, for all three angle conditions. Errorbars 
represent standard error of the mean (SEM). 
 
 
 

 

A 
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Figure 7. Results Experiment 2, A) ERs  and B) RTs are given for the coordinate (coo) and 
coordinate + categorical (coo + cat) trial types, for the large angle condition and the left (LHF) 
and right (RHF) hemifield. Errorbars represent standard error of the mean (SEM). 

 
 

A 
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General Discussion 
 

With two experiments we explored the question whether it is possible to translate 
findings about spatial relation processing from very simple and controlled stimuli to 
more natural and complex visual displays. The main element in the theory about 
categorical and coordinate spatial relation processing is that they rely on partially 
separate processing subsystems, which is expressed in a differential pattern of 
lateralization. Categorical processing tends to show a left hemisphere advantage, while 
a right hemisphere advantage characterizes coordinate processing. Apart from this 
double dissociation of lateralization and type of spatial relation, the main question in 
the current study was whether both categorical and coordinate relations play a 
substantial role in object location memory in realistic scenes. In short, we aimed to 
answer three questions; whether we could find a categorical advantage, similar to the 
one reported by Rosielle et al. (2002), for object location memory, whether categorical 
and coordinate information was differentially affected by viewpoint changes, and 
whether hemifield differentially affected categorical and coordinate processing 
according to Kosslyn’s theory (1987). By means of an object location memory 
paradigm including viewpoint changes between learning and test stage, we addressed 
all three issues in similarity (Experiment 1) and exact location judgments (Experiment 
2). 

Our data indicated that there was a categorical advantage for object location 
memory, for retrieval in particular, meaning that categorical information was 
specifically encoded during memorization. Categorically different locations were 
perceived as being less similar and when distracters concerned categorically different 
locations in addition to coordinate differences, subjects showed an increase in 
performance. This suggests that both coordinate and categorical information is used 
to solve such problems, which is in line with previous studies (Rosielle et al., 2002, 
and Dent, 2009).  

With regard to viewpoint dependency and lateralization patterns, the data of 
Experiment 1 called for the addition of Experiment 2. It was difficult to link these 
specific effects to either categorical or coordinate processing in this first experiment, 
as responses reflected the preference for one over the other in a single variable. For 
instance it could be that there is viewpoint dependency for coordinate processing, 
which was not detected, as it was concealed by the categorical viewpoint 
independency. Importantly, the data of Experiment 2 provide a straightforward 
answer to our questions regarding viewpoint dependency and lateralization. We found 
that both types of processing were affected by viewpoint changes but this effect was 
stronger for coordinate information by itself. It should be kept in mind that the 
categorical trials also held coordinate information, and reflect a combination of 
categorical and coordinate processing, not categorical processing by itself. This finding 
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is in line with Burgund & Marsolek’s (2000) proposal that categorical processing is 
viewpoint independent and coordinate processing is viewpoint dependent. Their 
model does not appear to be restricted to object recognition, but can also be applied 
to object location memory as is shown here. The data of experiment 2 also bear upon 
another theoretical issue raised by Jager & Postma (2003) and Ruotolo, Van der Ham, 
Iachini & Postma (in revision); the potential link between egocentric, or observer-
based reference frames, which are by definition viewpoint dependent, and coordinate 
processing and allocentric, or viewpoint independent reference frames and categorical 
processing. As viewpoint dependency can also be linked to coordinate processing and 
viewpoint independency to categorical processing, the current findings can be viewed 
as a first empirical suggestion that there is such a link between reference frame and 
type of spatial relation processing. 

With regard to lateralization, a double dissociation of type of spatial relation and 
hemifield was found in exact location judgments in a real life setting. It appears that 
the coordinate right hemisphere advantage is clearer than the categorical left 
hemisphere advantage, which is in line with previous results in more controlled 
settings; the coordinate lateralization seems to be stronger than the categorical 
lateralization effect (e.g. Rybash & Hoyer, 1992). This confirms our hypothesis that 
findings concerning lateralization in basic task designs could be generalized to the 
more realistic task used here. It should be noted that the categorical conditions in our 
design also contain the same amount of useful coordinate information as the 
coordinate conditions, which is likely to influence the extent of lateralization in the 
categorical condition. Therefore the difference between coo and coo + cat trials is 
more important than the absolute direction and magnitude of lateralization.  

In conclusion, the present results clearly show that observers employ categorical 
relation information to process object locations in natural scenes in addition to an 
exact or coordinate place sense. The effects of viewpoint changes suggest a higher 
level of viewpoint dependency for coordinate processing, compared to categorical 
processing, which appears to be more viewpoint independent. Interestingly, the 
hemifield differences found for exact location memory replicate the lateralization 
patterns obtained in controlled visual half field experiments and neuroimaging studies. 
The current hemifield effects could also serve a practical purpose. Given that it is truly 
relevant in a real life setting, it could be used to improve certain product designs. For 
instance computer interfaces or vehicle dashboards could be designed with more 
coordinate exact information, e. g. a speedometer, to the left of the observer, and 
more categorical and dichotomous information, e. g. a full/empty gasoline indicator, 
to the right of the observer, to increase efficiency and performance. 
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Abstract 
 

Understanding a complex visual scene depends strongly on our ability to process 
the spatial relations between objects in that scene. Two classes of spatial relations can 
be distinguished. Categorical information concerns more abstract relations, like “left 
of”, while coordinate information is metric and more precise, such as “2 cm apart”. 
For categorical processing a left hemisphere advantage is typically found, and for 
coordinate processing a right hemisphere advantage. However, this has scarcely been 
investigated in more naturalistic settings. The aim of the current study therefore was 
to further explore spatial relation coding in natural scenes as well as to gain more 
insight in possible hemispheric differences in processing categorical and coordinate 
position changes, by testing patients with unilateral brain damage. By means of a 
comparative visual search task using digital images of rooms, a healthy control group 
(N=28), patients with left hemisphere damage (LH) (N=16), and patients with right 
hemisphere damage (RH) (N=17) were tested on their ability to detect position 
changes that were either only coordinately different (coo), or different both 
coordinately and categorically (coo + cat). The response pattern of the control 
subjects confirmed previous findings by showing that both coordinate and categorical 
information contributed to position change detection. Furthermore, the RH patient 
group showed an impairment on both coo and coo + cat position changes. In contrast 
the LH patient group was not impaired on the coo condition and was mildly impaired 
on the coo + cat condition. These response patterns suggest that lateralization 
patterns found in previous, more simple and controlled experiments also occur in a 
more complex and lifelike setting.  
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Introduction 
 

During scene perception only very little visual information about the scene is 
coded (see Henderson & Hollingworth, 1999), which is illustrated by the change 
blindness phenomenon, in which large differences between scenes can remain 
undetected (Rensink, O’Regan & Clark, 1997). However, the mechanisms that have 
been proposed to underlie this finding appear to lack a clear description of the type of 
information that is extracted to detect changes in scenes. As an exception, Rosielle, 
Crabb and Cooper (2002) addressed this issue and have looked further into the 
process of location encoding during scene perception. They studied which types of 
spatial information are used to code object positions in scenes, making use of a flicker 
paradigm. This paradigm entails the presentation of two images that are identical apart 
from one difference. These two images are shown very briefly and intermittently on 
the same location on the screen until the difference is detected. Based on their results, 
Rosielle et al. (2002) proposed that position coding can occur in a categorical as well 
as in a metric or coordinate fashion. These two types of encoding relate directly to 
Kosslyn’s (1987) theory on spatial relation processing between and within objects. 
This theory distinguishes between categorical, or abstract relations like “left of”, and 
coordinate, metric relations like “2 cm apart”. It is proposed that they form two 
separate classes of relations which engage separate underlying mechanisms (for a 
review see Jager & Postma, 2003).  

In the Rosielle et al. (2002) study the to be detected scene differences involved 
changes of the location of one object in the scene; the location change was either 
categorically the same or categorically different with regard to the object’s spatial 
relation to the nearest object in the scene. In each position change, the coordinate 
relation between that object and its surroundings also changed, as any change in 
position is coordinate by definition. Therefore, a categorical change can be regarded as 
the addition of a categorical change of the objects’ position with regard to its 
surroundings, on top of a coordinate change. When the category changed in a trial, 
response times were lower than when they did not change, indicating that categories 
are specifically encoded during scene perception and help to detect changes. This 
categorical advantage has also been confirmed by Dent (2009), who replicated this 
effect with stimuli consisting of simple configurations of four small squares. 

Within the field of spatial relation processing, the main focus lies with the neural 
underpinnings of the suggested separate processing mechanisms. Along with the first 
description of this distinction, Kosslyn (1987) linked spatial relation processing to 
differences in hemispheric lateralization; categorical processing was thought to show a 
left hemisphere advantage, whereas the right hemisphere would predominate in 
processing coordinate information. In many behavioural (e.g. Hellige & Michimata, 
1989; Laeng & Peters, 1995; Van der Ham, Van Wezel, Oleksiak & Postma, 2007), 
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neuroimaging studies (e.g. Baciu, Koenig, Vernier, Bedoin, Rubin & Segebarth, 1999; 
Trojano, Conson, Maffei & Grossi, 2006; Van der Ham, Raemaekers, Van Wezel, 
Oleksiak & Postma, 2009; Van der Ham, Van Strien, Oleksiak, Van Wezel & Postma, 
2010), this lateralization pattern has been found for tasks testing categorical and 
coordinate relation processing. Neuropsychological studies thusfar have been sparse 
but also have found supportive evidence (e.g. Laeng, 1994; Van Asselen, Kessels, 
Kappelle & Postma, 2008; Palermo, Bureca, Matano & Guariglia, 2008). 

To our knowledge direct evidence on the lateralization patterns for categorical 
and coordinate spatial relation processing in natural scenes has been lacking. 
Therefore, in this study we compared patients with unilateral brain damage on their 
abilities to spot spatial relation changes of objects situated in a daily life setting. 
Importantly, the eventual outcomes could also have clinical relevance by increase the 
understanding of which problems these patients might have in their personal home 
environment. 

Rosielle et al. (2002) employed a “flicker” design. They used a very fast and 
intermittent presentation of the two scenes. The current study used a slightly different 
“comparative visual search” task (Pomplun, Sichelschmidt, Wagner, Clermont, 
Rickheit, & Ritter, 2001). This type of task entails the simultaneous presentation of the 
two scenes to be compared, so that the subject can go back and forth between the two 
images. Galpin and Underwood (2005) describe two advantages of using such a task 
design, compared to the flicker paradigm. The limited exposure duration of the flicker 
paradigm influences the scanning rate of the subject’s eye movements and potentially 
also limits the functional field for information acquisition. Furthermore, the flicker 
paradigm might violate some of the observer’s assumptions about the visual world 
(Simons, 2000). In contrast, the comparative visual search allows for the adoption of a 
clustering strategy (Pomplun et al., 2001), which decreases memory usage and does 
not hinder the subject’s preferred eye movement patterns (Galpin & Underwood, 
2005). In this comparative visual search experiment we still made use of the same two 
conditions as reported by Rosielle et al. (2002); one in which position changes were 
only coordinately different (“lamp left of chair” would remain “lamp left of chair”, but 
with a different distance), and one in which position changes were different 
coordinately and categorically (“lamp left of chair” would change to “lamp right of 
chair”).  

In order to study the lateralization patterns involved in detecting object location 
changes that are either categorically the same or different, a group of neurological 
patients with unilateral brain damage were tested. In most previous behavioural 
studies testing spatial relation processing a visual half field design was adopted (see 
Jager & Postma, 2003). In this design, stimuli are presented very briefly to either the 
left or right visual field, allowing for accurate measurement of the performance of the 
right or left hemisphere, respectively. An important requirement for this design to 
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work properly is the very short presentation time of the stimulus, which should be 
well below 200 ms to avoid the possibility of eye movements (Bourne, 2006). This 
also means that stimuli need to allow for the perception of sufficient information to 
correctly perform the task when presented for 100 ms or 150 ms, which greatly limits 
the allowable complexity level of stimuli. However, when testing patients with either 
left or right hemisphere damage, possible hemispheric differentiation can be explored 
without being dependent on short presentation times and inherent simplification of 
the stimuli involved. Here, the lateralization pattern will not be determined based on 
differences between visual half fields, but between LH and RH patients. Given the 
relatively long and simultaneous presentation of stimuli in comparative visual search, 
this task design fits well within this neuropsychological setting. We hypothesize that 
patients with LH or with RH damage are impaired on categorical or coordinate 
processing, respectively. In terms of our experimental design LH patients will be able 
to process coordinate information correctly, but will show impairment in categorical 
processing, which will lead to impaired performance on categorical change trials, but 
not on coordinate change trials, whereas RH patients will be impaired in determining 
both types of location changes as they both include coordinate changes, but they will 
benefit from additional categorical information and show a categorical advantage.  

 
 
Methods 
 
Participants 

Thirty three patients who suffered from ischemic or haemorrhagic stroke were 
selected from the Stroke Database of the University Medical Center Utrecht. Inclusion 
criteria were: (1) age between 18 and 80 years; (2) no history of previous neurological 
or psychiatric disorder; (3) testing occurred six to eighteen months after the onset of 
the stroke; (4) lesion visible on CT or MRI scan; (5) no hemispatial neglect or severe 
hemianopia. Informed consent was obtained from each patient. The control group 
consisted of 28 healthy subjects that were highly comparable with respect to the two 
patient groups in age and education level.  

Education level was scored using seven categories, one being the lowest and seven 
the highest level (Verhage, 1964). Handedness was assessed with the Dutch version of 
the Annett Handedness Inventory, with scores ranging between −24 (extremely left-
handed) and +24 (extremely right-handed) (Annett, 1970). Lesions were classified on 
the basis of the description of the CT or MRI data by an experienced neurologist. 
Seventeen patients had lesions in the left hemisphere, and eighteen in the right 
hemisphere. In Appendix A, a detailed description is given for all patients individually, 
including detailed lesion information. 
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Neuropsychological screening tests 
Standard neuropsychological tests were administered to obtain measures of 

overall cognitive impairment and general memory function. The Dutch version of the 
National Adult Reading Task (Schmand, Bakker, Saan, & Louman, 1991) was used as 
a measure of verbal intelligence. By means of the 12 item short form of the Raven 
Advanced Progressive Matrices (Rave, Rave, & Court, 1993) non-verbal intelligence 
was assessed. Visual attention and divided attention was measured with the trail 
making test (TMT) (Reitan, 1955). The subtest Letter Number Sequencing taken from 
the Wechsler Adult Intelligence Scale (WAIS) (Wechsler, 1987) was used to provide 
an estimate of verbal working memory. The Rey Auditory Verbal Learning Test was 
included as a measure of verbal working memory (Rey, 1964; Taylor, 1959). The Corsi 
block tapping test, both forward and backward, was used as a measure of spatial 
working memory (Corsi, 1972). Additionally, to test comprehension of the basic 
spatial prepositions above, below, left, and right, a spatial preposition test was 
composed. Participants were presented with sixteen different pictures depicting two 
objects against a white background, along with a sentence describing the situation, e.g. 
“the telephone is above the ball”. Participants indicated whether the sentence matched 
the picture or not. If the sentence did not match the picture, it would contain the 
correct object names, but an incorrect preposition. One point was awarded for each 
correct answer, so the maximum score was sixteen points.  
 
Scene perception task 

We composed the scene perception task to assess the participants’ ability to detect 
changes in object positions in a virtual scene. Two identical rooms were 
simultaneously shown, one above the other, with only one differing feature; one 
object (the target object) was moved to a different position. Participants were asked to 
identify the moved object as soon as possible.  

Thirty lifelike rooms, one for each of the thirty trials, were designed with a home 
interior design software package (3D huis & tuin, Transposia, Belgium). The rooms 
were filled with furniture and common household objects, all in full colour. Each 
room represented a conventional area in a home, such as a bathroom or a living room. 
Objects were evenly spread out over the room and occlusion of objects was 
minimised. For each room one object was selected as the target object; the object that 
occupied a different location in one of the two images. The different target objects 
varied both in location within the scene and in size (mean width and height = 1.1° * 
0.8° visual angle, smallest target = 0.3° * 0.3°, largest target = 2.7° * 2.0°), whereas the 
individual scenes were identical in size for all trials (11.9° * 15.8°).  
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Figure 1. One of the stimulus combinations used in the scene perception task. The hammer in 
the upper left corner is either moved up or down. A) moved up = coordinate + categorical 
change stimulus, B) moved down = coordinate change stimulus.  
 

There were two conditions; one in which the category of the target object 
changed (coo + cat), and one in which the category of the object remained the same 
(coo). In Figure 1 an example is given of two stimuli, one for each condition used in 
the experiment; in Figure 1 A the coordinate + categorical (coo + cat) stimulus is 
shown, in Figure 1 B a coordinate (coo) stimulus. In each stimulus the top depiction 
of the room was neutral (and therefore identical in the coo and coo + cat versions of 
that room) and the bottom depiction of the room contained the position change. A 
category change was defined as a change in the categorical relation between the target 
object and the nearest object in its surroundings, such as from “right of”, into “above”. 
When the category did not change, the relation between the target object and the 
nearest object would still be within the same category. Two counterbalanced versions 
of the task were designed; for each room both a coo + cat and a coo trial were 
created, to control for any potential biases. Both trial types were evenly and randomly 
spread over the two versions. The two versions of the task were evenly and randomly 
assigned to participants of all three groups. Additionally, the comparison was 
controlled for distance; the distance between the original and changed location was 
the same in the coo and coo + cat version of a stimulus. This way performance on 
coo trials could be easily compared to the performance on coo + cat trials. Any 

A B
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difference between the two was therefore attributable to the effect of the categorical 
difference.  

Participants viewed the two versions of the room simultaneously for a maximum 
of 30 seconds. The instruction was to name the target object as soon as they had 
identified it. For practical reasons, in particular for some of the patients who had 
trouble responding by using the keyboard correctly, the experimenter would press a 
button as soon as an object was named and write down the response. This button 
press directly terminated the stimulus presentation. Afterwards, responses were 
labelled correct, incorrect, or absent if the participant did not give any response within 
30 seconds. Participants were allowed to name features of the target object, like colour 
or shape, or point to it on the screen, when they were unable to come up with the 
appropriate name of the object.   
 
Procedure 

Participants started with all screening tests, in a fixed order. For the scene 
perception task, participants were tested on a laptop computer with a 15” monitor 
(resolution 1024 * 768 pixels) and sat at a distance of approximately 50 cm from the 
screen. Two practice trials were presented, in the same manner as the experimental 
trials. If the instructions were clear to the participants, the thirty experimental trials 
were presented, in random order. 
 
Statistical analysis 

The scores of the neuropsychological screening tests were analyzed by means of 
ANOVAs with group (controls, LH patients, RH patients) as between subject factors. 
Significant effects of group were followed up by Bonferroni corrected pairwise 
comparisons. 

For the scene perception task error rates (ER) and response times (RT) were 
recorded for all thirty responses. The average ERs and RTs on the coo and coo + cat 
trials were determined for each participant. Given our straightforward hypotheses a 
direct comparison between the coo and coo + cat condition was made for each group 
of subjects, by means of a paired sample t-test for both ERs and RTs. In addition, a 
oneway ANOVA was used to directly compare the two patient groups (LH and RH 
patients) to the control group on both experimental conditions (coo and coo + cat), 
for both ERs and RTs. 
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Results 
 
Neuropsychological screening tests 

In Table 1 the gender, age, education level and neuropsychological screening 
results are given for all three groups. As indicated in the table, significant main effects 
of group were found for the Trail Making Test, F(2,55) = 3.65, p < .05, and the 
immediate recall and delayed recall in the Rey Auditory Verbal Learning Test, F(2,57) 
= 7.21, p < .01, and F(2,57) = 3.54, p < .05, respectively. Follow up tests showed that 
the LH patient group was significantly impaired on the trail making test (p = .05), and 
both immediate recall (p < .01) and delayed recall (p < .05) on the Rey Auditory 
Verbal Learning Test, compared to the controls.  
 
Table 1. The mean scores on the neuropsychological tests for all three groups. 

 Controls 

(N=28) 

LH patients 

(N=16) 

RH patients 

(N=17) 

Delay event – test (months)  14.0 (3.8) 13.8 (5.5) 
Age 58.3 (6.5) 62.4 (11.2) 55.4 (14.3) 
Gender 12 M / 16F 12M / 4F 10M / 7F 
Education 5.4 (1.0) 5.6 (1.2) 5.2 (1.0) 
Handedness (Annett) 11.6 (17.7) 16.6 (11.0) 15.9 (13.0) 
NLV verbal IQ 106.6 (15.8) 108.6 (16.6) 101.8 (18.2) 
Raven short form 58.8 (28.1) 62.3 (28.4) 35.0 (32.7) 
Letter number sequencing 48.0 (29.5) 44.3 (30.1) 38.1 (32.7) 
Corsi block test forward 7.7 (1.4) 7.4 (1.1) 7.8 (1.7) 
Corsi block test backward 7.8 (1.7) 7.7 (1.7) 6.5 (1.9) 
TMT B/A 2.1 (0.8) 2.9 (1.6) * 2.1 (0.3) 
RAVLT immediate recall 44.0 (10.7) 30.4 (12.8)** 39.7 (11.4) 
RAVLT delayed recall 8.9 (3.5) 5.9 (4.4) * 8.4 (3.0) 
Spatial preposition task 15.9 (0.3) 15.8 (0.5) 15.8 (0.6) 

Standard deviation in parentheses. * p < .05, **p <.01 (compared to control scores). 
 
Scene perception task 

In Figures 2 A and B the mean accuracy and response times are given for each 
group of participants. The paired sample t-tests on the control data indicated that 
there was a significant difference between coo and coo + cat trials for ER, t(27) = 
2.67, p < .05, but not for RT. The control subjects were more accurate for trials 
including a categorical change, compared to the coo trials, which did not include a 
categorical change. The LH patients did not show a difference between the two 
conditions for either ER or RT. The RH patients only showed a very minor difference 
between the ERs of coo and coo + cat (p=.12) and no difference in RTs. 
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The oneway ANOVA comparing the ERs of the three groups of participants 
indicated a significant effect of group for both the coo, F(2,58) = 4.09, p < .05, and 
the coo + cat conditions, F(2,58) = 7.16, p < .01. The RH patients were impaired as 
compared to the control group on coo, p < .05, and coo + cat trials, < .01. The LH 
patients showed marginal impairment on the ERs in the coo + cat condition, p = 
.072, but not in the coo condition (p > .10). 

The ANOVA on the RTs showed a significant effect of group for both the coo, 
F(2,58) = 4.46, p < .05, and the coo + cat conditions, F(2,58) = 4.26, p < .05. Again, 
the RH patients were impaired on both the coo (p < .05) and the coo + cat condition 
(p < .05). The RTs of the LH patients were not significantly different from the control 
subjects.   
 

 
 

A 
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Figure 2. Mean error rates A) and response times B) for controls, the LH patients, and the RH 
patients, for both the coordinate (coo) and coordinate + categorical (coo + cat) conditions. 
Error bars represent standard error of the mean (SEM). 
 
 
Discussion  
 
The main aims of the current study were to link these two different types of spatial 
information to left and right hemisphere performance. To test for lateralization effects 
patients with left (LH group) and right hemisphere (RH group) brain damage were 
tested. 

A previous study (Rosielle et al., 2002) has shown that both coordinate and 
categorical spatial relation information is used in spatial location encoding. The 
performance as measured for the healthy control subjects concurs with the data found 
in this study, as it showed a categorical advantage effect. By adding categorical 
information to the position change, fewer errors were made in detecting the location 
changes. This means that it is easier to detect an object’s position change when the 
categorical location between the displaced object and its nearest surrounding object is 
changed as well. The control data show that both coordinate and categorical position 
information is used to determine location changes. Importantly, we were able to find 
these results in a setting that allows for unrestricted and more natural eye movement 
patterns, as compared to the previously used flicker paradigm (Galpin & Underwood, 
2005).    

The performance of the two patient groups provides an indication that the right 
hemisphere is particularly involved in location change detection as the RH patient 
group was impaired on both the coo and coo + cat conditions. This finding is in 

B 
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agreement with the widely documented finding that the right hemisphere has a key 
role in processing coordinate spatial relation information. However, the difference 
between the two conditions was not significantly different, indicating that the 
categorical advantage is not present to the same extent as it is in the control subjects. 

Interestingly, the LH patient group does not show impairment in the coo 
condition, compared to the controls. So coordinate changes can be adequately 
detected when the right hemisphere is intact and damage is restricted to the left 
hemisphere. In contrast the LH patients appear to be somewhat impaired in the coo + 
cat condition, albeit at trend level (p = .072). When categorical information was added 
to the position change it did not improve their performance. This suggests that the 
left hemisphere in particular might be involved in processing the additional categorical 
information given in the coo + cat condition. These findings confirm previous reports 
about spatial relation processing stating that coordinate processing shows a right 
hemisphere bias, while the left hemisphere is particularly involved in processing 
categorical relations (see Jager & Postma, 2003). Clearly, these findings indicate that it 
is possible to find this pattern of double dissociation not only with very simple stimuli, 
but also with stimuli and a task design that are more lifelike. It raises the opportunity 
to make inferences about spatial relation processing in a more natural setting, which is 
similar to the environment people perceive and interact with in daily life.  

In short, the control group results have shown that both categorical and 
coordinate location information is encoded and used in scene perception, in change 
detection in particular. The results of the two patient groups point towards a 
differential involvement of the right and left hemisphere in processing these two types 
of information. The left hemisphere appears to be specifically involved in categorical 
processing, whereas the right hemisphere has a more general influence on change 
detection in the current setting.  
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Appendix A. Descriptives of all patients, including age, gender, level of education, Annett’s 
handedness score, side of lesion, and specification of lesion location(s) (based on Duvernoy, 
1999). 

Patient Age Gender Education Annett S/H Side Lesion 
PM 65 M 4 6 S LH Insula, putamen, caudate nucleus, 

precentral g., postcentral g.  
JB 78 M 5 22 S LH Superior, middle, and inferior 

temporal g. 
HB 67 F 6 18 S LH Superior occipital g., g. descendens, 

cuneus, thalamus 
NS 43 M 7 23 S LH Precentral g. 
JQ 79 F 3 15 H LH Insula, putamen, precentral g., 

postcentral g., inferior parietal g., 
superior temporal g. supramarginal 
g. 

MS 51 F 6 15 H LH Fusiform g., inferior lingual g., 
parahippocampal g.   

JK 60 M 5 12 H LH Caudate nucleus, internal capsule 
CW 67 F 7 20 S LH Insula, precentral g., postcentral g., 

supramarginal g. 
ES 71 M 4 20 S LH Medial occipital g. 
B 63 M 5 20 S LH Medial and inferior frontal g., 

precentral g., insula, superior 
temporal g. 

HZ 46 M 7 23 S LH Caudate nucleus, putamen, 
precentral g. 

S 73 M 6 24 S LH Insula, claustrum, external capsule, 
precentral g., inferior frontal g., 
lateral orbital g., postcentral g., 
superior temporal g. 

MP 63 M 5 -20 S LH Parietal cortex 
DG 50 M 7 24 H LH Caudate nucleus, internal capsule, 

putamen, corona radiata 
AM 71 M 6 18 H LH Putamen, internal and external 

capsule, claustrum, corona radiata 
RV 51 M 6 19 H LH Parahippocampal g., lingual g., 

cingulate g., cuneus, precuneus 
AM 60 F 5 -1 S RH Precentral g., medial frontal g., 

anterolateral thalamus, internal 
capsule, caudate nucleus, 
hippocampus, basal nucleus of 
amygdala, g. descendens, inferior 
occipital g., inferior lingual g., 
cuneus, optic radiation. 

LB 49 M 5 24 S RH Superior temporal g., insula, 
precentral g., postcentral g., 
caudate nucleus, putamen 

MS 25 F 5 22 S RH Posterior  and lateral orbital g., 
inferior and medial frontal g., 
insula, claustrum, caudate nucleus, 
putamen, thalamus 

CT 61 M 5 24 S RH Medial temporal g., medial occipital 
g. 

AC 36 F 6 -2 S RH Medial occipital g., angular g., 
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postcentral g. 
MP 47 F 4 22 S RH Superior and medial temporal g., 

insula, putamen, caudate nucleus, 
inferior frontal g. 

MT 66 F 4 19 S RH Precentral g., postcentral g., 
supramarginal g, angular g., 
superior temporal g., medial frontal 
g., optic radiation, medial and 
superior occipital g., cuneus 

JB 78 F 4 - S RH Optic radiation, superior occipital 
g., superior parietal g., precentral 
g., inferior and medial frontal g., 
angular g. 

LS 55 M 6 -22 S RH Posterior and lateral orbital g., 
insula, external capsule, claustrum, 
inferior frontal g., precentral g., 
postcentral g., superior temporal g. 

RS 46 M 6 24 H RH Insula, putamen, precentral g., 
postcentral g. 

JV 49 M 5 24 S RH Superior, medial and inferior 
temporal g., posterior and lateral 
orbital g., insula, external capsule, 
claustrum, putamen, caudate 
nucleus, internal capsule, lateral 
thalamus, inferior frontal g., 
precentral g., postcentral g., angular 
g., supramarginal g. 

L 58 F 4 24 S RH Superior and transverse temporal 
g., internal capsule, posterior 
angular g. 

GD 77 M 5 24 S RH Superior temporal g., internal 
capsule, precentral g., inferior and 
medial frontal g., cingulate g., 
superior temporal g., angular g. 

LG 67 M 5 20 H RH Medial and inferior temporal g., 
precuneus, paracentral lobule, 
superior parietal g., cingulate g. 

HW 73 M 7 24 H RH Corona radiata, thalamus, internal 
capsule 

SS 49 M 5 6 H RH Insula, caudate nucleus, internal 
and external capsule, putamen, 
corona radiata, thalamus, 
precentral g., inferior frontal pars 
opercularis 

EL 46 M 7 22 S RH Corona radiata 
Education level range 1-7, low to high, based on Verhage (1964). M = male, F = female, LH = 
left hemisphere, RH = right hemisphere, g = gyrus, S = stroke, H = haemorrhage. 
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Abstract 
 

We present two cases (AC, WJ) with navigation problems resulting from parieto-
occipital right hemisphere damage. For both cases performance on 
neuropsychological tests did not indicate specific impairments in spatial processing, 
despite severe subjective complaints of spatial disorientation. Various aspects of 
navigation were tested in a new virtual reality task; the Virtual Tübingen task. A double 
dissociation between spatial and temporal deficits was found; AC was impaired in 
route ordering, a temporal test, whereas WJ was impaired in scene recognition and 
route continuation, which are spatial in nature. These findings offer important insights 
in the functional and neural architecture of navigation.  
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Introduction  
 

Impairments in spatial navigation and topographical memory can occur after right 
hemisphere damage in particular to the hippocampus (e.g. Maguire, Burke, Phillips & 
Staunton, 1996; Hartley, Bird, Chun, Cipolotti, Husain, Vargha-Khadem & Burgess, 
2007; Burgess, Trinkler, King, Kennedy & Cipolotti, 2006). It has been argued that the 
hippocampus underlies our ability to keep track of viewpoint shifts and to build an 
allocentric representation of space, which concerns the locations of objects relative to 
their surrounding, regardless of the observer’s position (e.g. King, Trinkler, Hartley, 
Vargha-Khadem & Burgess, 2004). Other elements of the navigational process include 
landmark recognition and ordering, and representation of heading (e.g. Aguirre & 
D’Esposito, 1999; Van Asselen, Kessels, Kappelle, Neggers, Frijns & Postma, 2006), 
which appear to involve the parietal areas. 

Clearly, navigation is a complex cognitive process and deficits in this process may 
follow from a multitude of neurological damage. This is illustrated by the two cases of 
patients suffering parieto-occipital cortical right hemisphere damage reported in this 
study. They came to our attention as a result of self-reported difficulties with 
navigation in particular. Given the complex nature of navigation, it is of importance to 
test it by examining separate elements in order to find out where those impairments lie 
exactly. Also, it was of particular interest to see whether these two cases would show 
different types of impairments as their self reported complaints concerning navigation 
were somewhat different. Patient AC does recognize the environment but is unable to 
find her way to another location. On the other hand patient WJ does not recognize 
her environment but manages to reach her destination, if she is forced to try.  

The reported impairments of both patients could not be revealed with standard 
neuropsychological testing. None of these tests appeared to be specific enough to 
identify the impaired ability. Therefore, the aim of the current study was to design an 
experiment that would allow us to selectively identify the impairments of these two 
patients. We composed a task battery consisting of new and existing tasks, to test 
navigation in particular and spatial and temporal cognitive processes at a more general 
level. The main task reported here was a new virtual reality task, inspired by previous 
research (Van Asselen, Fritschy & Postma, 2006), with which we tested four different 
abilities required for successful navigation. This allowed us to find out whether 
selective impairments of navigation abilities can occur.  
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Case history 
 
Case AC 

AC is a 36-year-old right handed woman, with Hebrew as her native language and 
Dutch as her second language, which she speaks fluently. Not long after the birth of 
her third child, she started losing her way at random moments. She could be driving 
or walking through an environment she was very familiar with, when she suddenly 
forgot which way to go. Due to the frightening nature of these episodes, she was first 
diagnosed with an anxiety disorder. When a neurological examination was performed, 
a lesion was detected in the right hemisphere in the superior part of the parietal 
cortex, which was diagnosed as an ischemic infarction. The lesioned areas were the 
medial occipital, the angular and a small part of the postcentral gyrus. 

During general neuropsychological examination, one standardized test, the Stylus 
Maze test, provided some evidence for her self-reported impairment. This test also 
illustrated her use of compensatory strategies; she verbalized every turn and kept 
repeating them in the correct order to memorize them. Only when the route was too 
long to be memorized verbally, her performance dropped to an impaired level. Her 
impairment was most likely so hard to assess, because of her compensation strategies. 
The main conclusion of the general neuropsychological examination was impairment 
in visuospatial functioning, and a limited storage capacity.  
 
Case WJ 

Patient WJ is a right-handed, 44-year-old woman with an education level similar to 
AC. She had been diagnosed with a brain tumour (glioblastoma multiforme), and had 
gone through multiple surgeries. The lesions were in the posterior region of the right 
hemisphere; the occipital, temporal, and superior parietal areas were damaged, as well 
as the fusiform gyrus and hippocampus. During an experiment focusing on her 
hemianopsia she reported to have problems specifically related to navigation. She 
described to have trouble planning ahead and remembering locations. Well-known 
routes were not a problem for her, but when she walked in a less familiar environment 
she would have trouble with what the next turn would be. This problem increased if 
she was riding her bicycle, because of the higher speed of movement. She reported to 
be fearful of unannounced roadblocks and very insecure in new environments. Her 
strategy mostly entailed elaborate observation of her surroundings and actively 
picturing the route from different viewpoints.  
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Figure 1. MRI scans indicating the lesion locations for AC and WJ (both T1 weighted images). 
 
 
Methods 
 
Participants 

As AC and WJ were comparable in gender, age and verbal and non-verbal 
intelligence, six control subjects were recruited to match both of them on these 
characteristics. In Table 1 the characteristics of both cases and the controls are 
depicted. In Figure 1, scans illustrate the lesions of both AC and WJ. All comparisons 
between the controls and both patients separately were made using the Bayesian 
approach for single case studies, and all reported p values concern Bayesian p values 
(Crawford & Garthwaite, 2007).  
 
Table 1. Characteristics and neuropsychological test results of patients AC and WJ, and all 
control subjects. 

 Controls   

 Mean (SD) AC WJ 

Age 36.7 (2.81) 36 44 
Education level 6.7 (0.52) 6 5* 
Handedness score 18.33 (4.41) 22 24 
Trailmaking test 2.94 (2.35) 2.3 3.6 
RAVLT : immediate recall 57.83 (2.70) 38** 49 
RAVLT : delayed recall 14.00 (0.84) 9*** 11** 
Raven APM 10.33 (1.41) 9 9 
Letter number sequencing (WAIS) 12.17 (1.6) 7* 10 
Corsi Block span forward 8.67 (1.21) 8 7 
Corsi Block span backward 9.83 (1.33) 8 4** 

Note. SD=standard deviation, RAVLT=Rey Auditory Verbal Learning test, Raven 
APM=Raven Advanced Progressive Matrices. * p<.05, **p<.01, ***p<.001. 
 
 
 

 WJ    AC 
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Task design and procedure 
Standard neuropsychological tests were used to assess overall intelligence and 

memory performance. Non-verbal intelligence was assessed with the 12-item short 
form of the Raven Advanced Progressive Matrices (Raven, Raven & Court, 1993). 
Verbal memory was assessed with the Dutch version of the Rey Auditory Verbal 
Learning Test (RAVLT, Rey, 1964; Taylor, 1959) and the Letter Number Sequencing 
task (WAIS-III) was used as an index of verbal working memory (Wechsler, 1987). 
Spatial working memory was evaluated by means of the forward and backward 
condition of the Corsi block tapping task (Corsi, 1972). The trail making test (TMT) 
was used as a measure for visual attention and divided attention (Reitan, 1955). 

Navigation skills were assessed by the Virtual Tübingen task; a virtual reality 
environment of the town of Tübingen, Germany. The task consisted of several 
elements; the study phase, a scene recognition test, a route continuation test, and a 
scene ordering test. Two partially overlapping routes were created in the virtual 
environment. For both routes a movie was constructed in which the route was shown 
at a set speed, equal to comfortable walking speed. Participants viewed both routes 
twice in the same order; first a long route (340 s), than a short route (302 s). After the 
study phase, the scene recognition was tested. Participants were shown 30 static 
images, half of which were stills taken from one of the movies and the other half was 
a collection of images taken from other points in the environment, not visible in the 
movies. For each image, participants were asked to indicate whether or not they had 
seen it before and if so, in which route. Seven images were taken from the short and 
eight from the long route. The long and short routes were named the green and red 
route in all instructions to avoid confusion. The total score was the percentage of 
correctly answered trials. If a trial was correctly indicated as seen before but linked to 
the wrong route, it was marked as incorrect. The second test involved route 
continuation; for an image taken from one of the routes, participants were asked to 
indicate whether the route continued with a left turn, straight ahead, or a right turn. In 
total thirteen images were presented; six from the short route and seven from the long 
route. The last test concerned route ordering. A series of images were shown 
simultaneously on the screen, all taken from the same route. With mouse clicks, 
participants indicated the correct order of the images when walking the route from 
start to finish. For the long route nine images were presented, and eight for the short 
route. For each correctly ranked image two points were given and one point was given 
for each image one position too early or too late in the order.  

Prior to the Tübingen task a control task for the scene recognition test was 
presented; the object recognition test. Similar to the scene recognition test, 
participants viewed a movie of a series of object images twice. Then 60 images (30 
new, 30 old) were presented separately, which were judged on whether or not they 
were present in the movie. Difficulty was set to match the scene recognition test for 
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the controls in a pilot study. The speed of presentation was adjusted and the object 
identity of the objects in the new images was very similar to the objects in the movie; 
e.g. a standard telephone and a cellular phone. 

 

 
Figure 2. A map of the virtual environment used in the Tübingen task. The black arrows 
indicate the long route and the dotted arrows the short route. An arrow is placed from every 
decision point (intersection) to the next. The squares and dots indicate the start and end points 
of the routes. 

 

 
Figure 3. An example of an image taken from one of the routes. This image is taken from the 
starting point of the long route. 
 

Throughout the experiment participants were comfortably seated in a darkened 
room in front of large, wide screen computer monitor (50 inch) at a distance of about 
60 cm. The experimenter was present throughout the experiment to introduce the 
tests and repeat the instructions given on the screen if necessary. The tasks were 
presented in this fixed order to avoid unwanted training effects (e.g. stimuli presented 
during the continuation task could help performance on the recognition task if they 
were presented in this reversed order). 
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Apart from the Virtual Tübingen task a series of new and existing tasks were used. 
The general outcome of these tasks will be reported as “additional qualitative 
findings”. 
 
 
Results 
 
Neuropsychological tests 

AC differs significantly from the controls on the RAVLT and Letter Number 
Sequencing task, most likely because she is a native Hebrew speaker, with Dutch as 
her second language. Her spatial working memory and abstract reasoning ability were 
at the same level as the controls, as measured by the Corsi and Raven tasks.  

WJ showed performance below the control’s average on verbal recall and spatial 
working memory, as indicated by her RAVLT and Corsi scores. This is an indication 
of weaker working memory performance, for both verbal and spatial information. 
Estimates of general intelligence were comparable to the controls.  
 
Virtual Tübingen task 

The results of the object and scene recognition, route continuation, and route 
ordering tests are given in Table 2. WJ’s performance was significantly lower than the 
controls on both recognition tests (both p < .05), and the route continuation test (p < 
.01). Her performance on the route ordering test was not different from the controls. 
An opposite pattern was found for AC, she was comparable to the controls on both 
recognition tests, and the route continuation test, while she was impaired on the route 
ordering test (p < .01). Apart from this double dissociation pattern, both patients were 
slightly worse on scene recognition, compared to object recognition, while no 
difference was found for controls. 
 
Table 2. Mean accuracy on the object recognition, scene recognition and route continuation 
tasks, and the mean score for the route ordering task (range possible scores 0-34). 

 Controls   

 Mean (SD) AC WJ 

Object recognition 73 (5.46) 68 55* 
Scene recognition 75 (7.04) 63 47* 
Route continuation 85 (9.65) 77 38** 
Route ordering 21.17 (3.25) 6** 16 

SD = standard deviation.  
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Additional qualitative findings 
We briefly mention some general, qualitative findings for both cases from the 

other spatial and temporal tasks that were used. AC performed well on most spatial 
tasks, even at an above average level in some cases. She was very motivated and 
extensively used verbal memorization. The few impairments found mainly concerned 
navigation, in either a virtual or real life situation. One striking deficit was her 
estimation of the length of a tone, her estimation was 14.4 seconds too long, 
compared to an average of 2.92 for five control subjects (p < .001). In contrast, she 
was at an average level in other temporal tasks concerning reproduction and 
production. When she was asked to estimate the absolute distance of routes (15 - 70 
m) after walking them she was clearly over- and underestimating, but her relative 
distance estimation was intact.  

WJ showed a more general pattern of impairment. She performed poorly on a 
number of spatial perception and spatial working memory tasks. WJ was also impaired 
on absolute time estimation, but not as strongly as AC (WJ = 4.25, AC = 14.4, 
controls = 2.92). 

 
 
Discussion 

 
The aim of the current study was to objectively assess self-reported problems in 

navigation in two patients. As standard neuropsychological testing material was 
insufficient to identify these problems we used the new Virtual Tübingen task, in 
which multiple aspects of navigation were tested within a virtual environment. AC and 
WJ were very similar in personal characteristics and gave similar selective, but not 
identical accounts about their problems with finding their way. Importantly, there was 
no sign of any major cognitive impairment in either patient that could significantly 
decrease the reliability of the current findings.  

The data indicated a clear double dissociation of spatial and temporal features of 
navigation; WJ was significantly impaired on scene and object recognition, and on 
route continuation, whereas AC was impaired on route ordering. WJ’s problems with 
scene and object recognition can be easily explained by her general deficit in working 
memory, verbal as well as spatial, which was absent in AC. Route continuation 
concerns linking a decision point to a direction, and therefore can also be considered 
as a spatial working memory aspect of navigation. In contrast, route ordering was the 
only test that clearly required temporal knowledge of the route, as subjects indicated 
the order of appearance of a set of images. AC’s impairment was restricted to the 
temporal aspect of navigation, while WJ only showed impaired performance on the 
spatial tests.  
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AC’s case therefore provides evidence that the angular and postcentral gyri might 
have a role in temporal processing specifically, which was also supported by her 
substantial problems with temporal duration estimation. These brain areas could be 
part of an extended brain circuitry including the (midparietal) precuneus (see 
Diaconescu, Menon, Jensen, Kapur & McIntosh, 2010), which may play a vital role in 
temporal order processing (Cabeza, Mangels, Nyberg, Habib, Houle, & McIntosh, 
1997; Grön, Wunderlich, Spitzer, Tomczak, & Riepe, 2000). Importantly, the 
observed temporal deficits cannot be ascribed to an impairment of sequencing, as AC 
could order numbers, and numbers and letters flawlessly in the trail making test. 
Notably, spatial information processing and memory can still be spared when damage 
to the fore mentioned areas occurs. In contrast, the considerable temporal, occipital, 
and some parietal damage found in WJ led to impairment on a number of spatial 
tasks, not only on tasks directly related to navigation. The fact that performance for 
route ordering was spared in her case, could be explained by the forced nature of the 
test. Since it was evident that all images were from the actual route, she just had to 
point out the correct order. This also fits her own descriptions; if she was forced to 
choose a route, she would eventually manage to end up at the correct location.  

The double dissociation found for these two cases illustrates a division of spatial 
and temporal aspects of navigation. This novel distinction helps to understand the 
functional architecture of navigation behaviour. Importantly, it resembles a similar 
distinction made for episodic memory (Van Asselen, Van der Lubbe, & Postma, 2006) 
and general memory in a group of Korsakoff patients (Postma, Van Asselen, Keuper, 
Wester, & Kessels, 2006). It has been suggested that spatial and temporal features of 
episodic memory rely on separate processing systems (Van Asselen, Van der Lubbe, & 
Postma, 2006), which is fully in line with the double dissociation of the two cases 
presented here. This separation of space and time could well be a pivotal factor in 
studies concerning navigation ability, as a correct representation of both spatial and 
temporal information seems to be crucial for successful navigation.  

 
 
Conclusion 

 
The ability to navigate consists of both spatial and temporal processes which rely 

on separate mechanisms as is proven by a double dissociation in the task performance 
of two patients. The Virtual Tubingen task testing these processes provides a useful 
tool to look further into those mechanisms and their neural correlates. 
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This thesis addresses three major themes within the field of spatial relation processing. 
The first of these themes concerned the temporal characteristics of spatial relation 
processing. Reports so far have been consistent in reporting a left hemisphere 
advantage for categorical processing and a right hemisphere advantage for coordinate 
processing. Yet, these advantages can be quite subtle and have shown to depend on 
the experimental design used to test them. Therefore, a new experimental paradigm 
was introduced in the first part of this thesis to carefully address this issue. With this 
paradigm we aimed to further explore the temporal characteristics of spatial relation 
processing in working memory. The second part of the thesis followed up on this by 
examining the topic of representational format and accompanying strategies in more 
detail. These findings have helped in understanding the nature and detailed definition 
of categorical and coordinate spatial relations. Lastly, findings about processing spatial 
relations of very basic and controlled stimuli have been put to the test in more lifelike 
and realistic stimuli in scene perception, object location memory, and spatial 
navigation. Each of these three parts will be discussed in more detail below. 
Furthermore, some suggestions provided for related fields of research that seem 
promising in light of the current status of spatial relation research.  
 
 
Time 

 
In part I, spatial relation processing was measured with a working memory task 

design; the cross dot task. This task entails the sequential presentation of two cross dot 
stimuli, with a variable retention interval. These stimuli consist of a “+” shaped cross, 
with a dot appearing around it. The quadrants of the cross represent the categories of 
the stimulus, whereas the dot could appear at four different distances, reflecting the 
coordinate property of the stimulus. This task has been implemented in five different 
experiments, using behavioural, fMRI, EEG, and neuropsychological measures.  

Importantly, the cross dot task has shown that the categorical left and coordinate 
right hemisphere advantages are present in working memory as well. Yet, this pattern 
is evidently restricted by the exact temporal features of the task design; it appears to 
be present when the retention interval between the first and second stimulus was 
either 500 ms (Chapter 1.1, with the relatively simplest stimuli) or 2000 ms (Chapters 1.2 
and 1.3, with more complex stimuli), but is no longer present with longer delays. The 
fMRI data in Chapter 1.2 demonstrate that the superior parietal cortex in particular 
reflects this lateralization pattern. The outcome of the EEG study (Chapter 1.3) 
indicates that this difference can be particularly observed during the encoding of the 
first stimulus in the working memory task design. 

Throughout this thesis various versions of the stimuli in the cross dot task have 
been used. In Chapter 1.4 two versions were directly compared to empirically describe 
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the properties of these stimuli. One important issue with testing categorical and 
coordinate relations has been that there is a persistent difference in difficulty between 
the two. In an attempt to reduce the difference in difficulty between the two, the size 
of the cross was either small (similar in size to a single dot) or large (extending as far 
as the largest distance between a dot and the centre of the cross). The outcome of 
Chapter 1.4 shows that the small cross reduces this difference by relatively decreasing 
coordinate difficulty and increasing categorical difficulty. The patient data included in 
this chapter were inconclusive with regard to general lateralization, but they did 
indicate that the left hemisphere may specifically be involved in the construction of 
categories, i.e. interpreting the implications of a small cross on the categorical position 
of a dot.   

The cross dot design has overcome some experimental problems that have been 
described in the past. In previous perceptual tasks that concern the responses to single 
stimuli, instead of a comparison of two stimuli, one particular shortcoming is that of 
categorization of coordinate responses, leading to a shift in lateralization from a left to 
a right hemisphere advantage (e.g. Baciu, Koenig, Vernier, Bedoin, Rubin & 
Segebarth, 1999). Such coordinate responses were dichotomous in nature, as the 
instruction was to decide whether something was “within” or “not within” a 
predefined distance, and the number of possible dot positions were generally easy to 
deduct. For the cross dot studies such categorization is much more difficult; 
participants were generally unable to identify the correct structure of the possible dot 
positions and the instruction concerned a continuous comparison; “same” or 
“different” distance. Furthermore, none of the studies offered any indication of 
lateralization changes with more practice, shown by data checks comparing responses 
to the first and last sets of trials in separate studies. 

Given that differences between categorical and coordinate processing change over 
time, the question arises where exactly in the brain these changes take place. Chapter 
1.5 shows differences in processing categorical and coordinate information, very early 
in the visual cortex. It appears as though participants mainly focused on the matching 
region of categorical trials, whereas for coordinate trials, no difference between 
matching and mismatching regions was found. It was concluded that at a very basic 
level there are substantial differences in how categorical and coordinate information is 
coded and attended to.  

When evaluating the use of the cross dot task, not only in part I, but also in chapter 
2.1 and 2.3, it is clear that this design provides solid and replicable measure of 
categorical and coordinate processing. It is evident that spatial relation processing has 
some distinct temporal features; coordinate relation information decays faster than 
categorical information, the double dissociation of lateralization is found for intervals 
500-2000 ms long, and lateralization is found most convincingly for the encoding of 
the first stimulus, illustrating early differences between categorical and coordinate 
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processing. The use of different versions of the cross dot stimuli can lead to 
differences in difficulty and the retention interval can affect the lateralization 
dissociation. In conclusion, the cross dot task provides an appropriate measure to 
investigate spatial relation processing in working memory in more detail. 
 
 
Format and strategy 

 
Part II focused on the effect of representational format and strategy on the 

direction and strength of the lateralization pattern found for both categorical and 
coordinate spatial processing. When taking together previous studies it is evident that 
the right hemisphere advantage for coordinate spatial relations is strong and found 
often. In contrast, the left hemisphere advantage for categorical processing appears to 
be weaker and sometimes even absent. Explanations for this difference in strength 
have included the verbal versus visuospatial nature of the task. 

In Chapter 2.1 the cross dot design was adapted to allow for a comparison of a 
relatively more verbal and more visuospatial processing of categorical information. 
The original version of the cross dot task typically concerned a visuospatial version of 
spatial relation information. The verbal alternative was achieved by replacing the 
picture of the second stimulus by a word describing the category. The combined result 
of two experiments showed that the strength of lateralization was affected by the 
format of the stimuli (verbal, visuospatial), but that the suggested differences in 
direction of lateralization (left or right) can not be supported. Instead of a partition 
between verbal and visuospatial processing (Kemmerer & Tranel, 2000) it appears to 
be more appropriate to state that the lateralization patterns match the partition 
between categorical and coordinate processing as originally proposed by Kosslyn 
(1987). The conclusions of Chapter 2.2 further substantiate this inference, by showing 
that a visuospatial secondary task (spatial tapping) interferes with both categorical and 
coordinate processing, whereas verbal interference (articulatory suppression) does not 
affect either type of processing. Furthermore, the individual differences study (Chapter 
2.3) showed that the difference in lateralization strength of categorical processing can 
only be explained by spatial strategy use, not by verbal strategy use, verbal ability, or 
spatial ability. When a clear spatial strategy as indicated by self reports is used, the left 
hemisphere advantage for categorical processing is significant, whereas it is not 
present for low spatial strategy use.  

It might seem somewhat of a paradox that the categorical left hemisphere 
advantage is facilitated by a spatial strategy, whereas the more verbal the categorical 
stimuli are, the stronger the left hemisphere advantage is (Chapter 2.1). Yet, these 
findings concern distinctly different types of processing; the first concerns the self 
reported, spontaneously occurring use of strategy, the second the manipulation of the 
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format of the stimuli used and forcing of specific strategy by changing stimulus 
expectancy. It is likely that the effect caused by using more verbal stimuli is more 
reflective of verbal processing in general, and can be viewed as independent from 
lateralization effects linked to the type of spatial relation processed.  
 
 
Context 

 
In the third part the main aim was to focus on spatial relation processing in more 

natural situations. The vast amount of studies within the field of spatial relation 
processing have so far been restricted to very controlled, abstract experimental 
conditions. Given the widespread use of spatial relations in our everyday environment, 
it is of importance to see in how far the outcomes of these studies actually reflect 
spatial perception and memory in more lifelike settings. Such elaborate and complex 
virtual renderings present some difficulties in reflecting performance in a completely 
controlled manner, but as it complements the existing empirical evidence, such 
experiments in virtual reality can significantly add to the research field. 

Chapters 3.1 and 3.2 show that both categorical as well as coordinate relation 
information is used to encode object locations in natural scenes in working memory 
and perception, respectively. Perhaps even more importantly, the typical lateralization 
pattern of a left hemisphere advantage for categorical processing and a right 
hemisphere advantage for coordinate processing has clearly been found in object 
location memory, and patient data (Chapter 3.2) suggest a similar pattern might be 
present in scene perception as well. Clearly, the effects found for simple stimuli are in 
congruence with measures of perception and working memory of lifelike scenes. First 
of all, both categorical and coordinate information is of importance in these processes 
and secondly, very similar lateralization patterns have been found. 

The last Chapter 3.3 describes the use of spatial information in navigation. Two 
cases with self reported impairments in navigation showed a double dissociation in 
impaired performance on spatial and temporal tasks. Both patients had right 
hemisphere lesions that were related to their navigational problems. This chapter 
provides a more practical outlook on how spatial information is used in a dynamic 
interaction with a natural environment. It confirms that navigation is a complex 
behaviour, and entails many different components that can be more spatial (e.g. scene 
memory, linking route direction to turns), or more temporal (e.g. memory of temporal 
order of scenes). 
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Related fields of research 
 
In relation to the last part of this thesis, an interesting take on spatial relation 

studies would be to transfer findings in very basic settings to other fields of (spatial) 
cognition. Some studies have already linked spatial relation processing to features of 
object recognition (e.g. Laeng, Shah, & Kosslyn, 1999; Rosielle & Cooper, 2001; 
Laeng 2006; Lag, Hveem, Ruud, & Laeng, 2006), but also face recognition has been 
examined in a similar way on a few occasions (e.g. McKone, Aitkin, & Edwards, 
2005). It could well be that face and object recognition show a double dissociation in 
hemispheric biases that could be linked directly to the type of spatial relation 
preferentially used to process them (Cooper & Wojan, 2001). 

Another topic that can be easily related to spatial relation processing is that of the 
viewpoint used in the situation at hand. In particular, the distinction between 
egocentric and allocentric reference frames seems relevant. Egocentric reference 
frames are observer based and therefore linked to the viewpoint of the observer itself, 
whereas allocentric reference frames are environment based and independent of the 
observer’s viewpoint. In two studies we have looked into the relation between spatial 
relations and reference frames (Ruotolo, Van der Ham, Iachini & Postma, in revision; 
Ruotolo, Postma, Iachini & Van der Ham, in preparation). These studies point 
towards an interaction between categorical and coordinate spatial relation processing 
and allocentric and egocentric reference frames, respectively. 

This thesis (in particular part II) offers new information about the nature of 
spatial relation processing in terms of representation format and strategy, and how 
these interact with lateralization. The question remains however, what has caused the 
hemispheres to specialize in processing spatial relations in this particular way. Kosslyn 
(1987) stated that the left and right hemispheres’ pre-existing qualities in language and 
navigation have led to them to develop differently resulting in an advantage is 
processing categorical and coordinate information, respectively. The other answer is 
provided by Ivry & Robertson (1998) who have proposed the “double filtering by 
frequency model”. In this model it is suggested that all lateralization effects found in 
human perception are essentially based on the frequency properties of stimuli; high 
spatial frequencies are processed better by the left hemisphere and low spatial 
frequencies better by the right hemisphere. This model is based on suggested 
receptive field sizes differences between the hemispheres, which makes them 
differentially suitable to process certain types of information. This could then also 
explain lateralization in perceiving local and global information (e.g. Martin, 1979; 
Boles, 1989; Sergent, 1982; Van Kleeck, 1989), and processing categorical and 
coordinate spatial relations. The main objection to this idea of receptive field sizes and 
frequencies is that there is no physiological evidence or motivation for the differences 
in field sizes between the two hemispheres. At this moment, clarity is lacking to which 
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of these two models is most realistic. As no empirical evidence supporting or rejecting 
the Ivry & Robertson model has been reported as of yet, it would be very informative 
for this debate to conduct a study addressing their proposition. If indeed all 
lateralization patterns in perception can be related to frequencies in the stimuli, then 
there should be a considerable correlation between lateralization scores on various 
tasks concerning local and global, and spatial relation processing.   
 
 
Concluding remarks 

 
The studies in this thesis have contributed to the field of spatial relation 

processing by going into its temporal characteristics, the effects of strategy, and the 
generalization of the results to lifelike perception and memory. As described in the 
general introduction there are two current alternative views on spatial relation 
processing. Some of the studies in this thesis specifically looked into the viability of 
these alternatives of task difficulty (e.g. Martin et al., 2008) and task characteristics 
(Kemmerer & Tranel, 2000). However, very little if any support is found for these 
alternative views, whereas it seems most likely that there are relative advantages of the 
left hemisphere for categorical processing and the right hemisphere for coordinate 
processing. In Kosslyn’s (1987) original proposal, this lateralization pattern was 
proposed to be quite strong and robust, but it seems more appropriate to speak of 
“relative advantages” and to keep in mind the effects of temporal and stimulus related 
circumstances as presented in this thesis. 

The reports on the cross-dot task are of importance, as they illustrate this task not 
only provides a suitable measure of spatial relation processing, but can also be 
manipulated in a number of ways to examine these processes into greater detail. 
Furthermore, the relative hemispheric advantages in spatial relation processing as 
confirmed by the cross dot task have also been found when using tasks that are more 
life-like. It is evident that both categorical and coordinate spatial relation information 
is used to perceive and memorize object locations in complex virtual environments. 
Evidence is presented that the lateralization pattern described above is also present in 
these environments. This might also be of value in other research topics, such as 
object and face recognition, where such differences between categorical and 
coordinate spatial information could play important though distinct roles. 
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Ruimtelijke relaties en het brein 

Het verwerken van ruimtelijke relaties is een essentieel onderdeel van hoe we 
omgaan met onze omgeving. Deze ruimtelijke relaties beschrijven de verhouding 
tussen objecten, tussen verschillende onderdelen van objecten, of tussen objecten en 
onszelf. Wanneer we ons van de ene locatie naar de andere verplaatsen, is het van 
belang te bepalen hoe de omgeving zich verhoudt tot onze positie, zodat we nergens 
tegenaan botsen en de juiste afslagen nemen. Ook bij het reiken naar voorwerpen 
maken we gebruik van zulke ruimtelijke relaties, om bijvoorbeeld het oor van een mok 
goed vast te kunnen pakken. De relaties die gebruikt worden in deze voorbeelden zijn 
precies en gebaseerd op exacte afstanden. 

Wanneer we communiceren over onze omgeving, gebruiken we ruimtelijke relaties 
die juist abstract en wat minder precies zijn. Wanneer een iemand bijvoorbeeld de weg 
naar het postkantoor vraagt, zal het antwoord informatie bevatten als “sla linksaf na 
de bibliotheek” en “loop rechtdoor totdat je voor de supermarkt staat”. De ruimtelijke 
voorzetsels links, rechtdoor en voor geven het gebruik van deze abstracte relaties aan. 
Vooral wanneer we over ruimtelijke informatie communiceren of deze moeten 
onthouden, is dit een passende manier om ruimtelijke relaties te omschrijven. 

In de voorbeelden hierboven noemen we de abstracte, meer algemene relaties die 
vooral van pas komen bij communicatie en geheugen “categorisch”. De exacte, 
metrische informatie die we bij navigatie en andere bewegingen benutten is 
“coördinaat”.  

Stephen Kosslyn neemt een belangrijke rol in het onderzoek naar ruimtelijke 
relaties. Als een van de eersten beschreef hij het onderscheid tussen categorische en 
coördinate ruimtelijke relaties. Het belangrijkste punt in zijn theorie over deze relaties 
is dat de onderliggende processen die gebruikt worden om ze te verwerken 
verschillend zijn. De twee hersenhelften van de mens hebben zich zo ontwikkeld dat 
ze verschillen in hun vermogen de twee typen ruimtelijke relaties te verwerken. De 
linker hersenhelft laat een voorkeur zien voor het verwerken van categorische 
informatie, terwijl de rechterhemisfeer doorgaans juist beter is in het verwerken van 
coördinate informatie.  

 
 

Literatuur tot dusver 
 
In de ruim twintig jaar na Kosslyn’s eerste publicatie over het onderscheid tussen 

categorische en coördinate relaties zijn er veel studies over dit onderwerp verschenen. 
Dit waren voornamelijk gedragsstudies waarbij accuratesse en reactietijden van beide 
hersenhelften werd gemeten. Later volgden ook een aantal neuro imaging 
experimenten die zich direct richtten op de hersenactiviteit zelf. Met behulp van 
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transcraniële magnetische stimulatie (TMS), functionele magnetische resonantie 
beeldvorming (fMRI) en elektro-encefalografie (EEG) onderzoek, kon met veel 
grotere nauwkeurigheid de activiteit van specifieke gebieden in de linker en 
rechterhemisfeer worden vastgesteld. Deze studies hebben voornamelijk bevestigd dat 
er twee verschillende onderliggende mechanismen zijn die ruimtelijke relaties 
verwerken. Daarnaast blijkt vooral de pariëtale cortex van beide hemisferen actief te 
zijn wanneer ruimtelijke relaties verwerkt worden. 

Er zijn echter ook een aantal alternatieven voor Kosslyn’s theorie voorgesteld. 
Sommige auteurs (zoals Sergent, 1991a, 1991b; Martin et al., 2008) suggereren dat in 
plaats van twee aparte mechanismen er sprake is van een continuüm van moeilijkheid, 
waarbij categorische relaties relatief makkelijk en coördinate relaties relatief moeilijk 
zijn. Moeilijkheid bepaalt in dit geval welke hersenhelft meer actief is, aangezien de 
rechterhersenhelft gemiddeld beter is in het uitvoeren van moeilijke (ruimtelijke) 
taken.  

Een tweede alternatief wordt gegeven door Kemmerer & Tranel (2006) die 
voorstellen dat niet het type ruimtelijke relatie, maar de opzet van de taak bepaalt 
welke hersenhelft de informatie verwerkt. Deze opzet is in dit geval verbaal of visuo-
spatieel. Een taak die voornamelijk verbaal is, zal een voordeel laten zien voor de 
linkerhersenhelft, omdat taalverwerking voornamelijk in de linkerhersenhelft 
plaatsvindt. Wanneer een taak vooral gebruik maakt van visuo-spatiële informatie, zal 
er een voordeel voor de rechterhersenhelft gevonden worden, ongeacht of het om een 
categorische of coördinate taak gaat.      

In dit proefschrift wordt Kosslyn’s model verder onderzocht, en vergeleken met 
deze twee alternatieve theorieën. Daarnaast wordt ook beschreven hoe ruimtelijke 
relaties verwerkt worden in realistische situaties zoals navigatie en locatiegeheugen. De 
studies in dit proefschrift zijn gegroepeerd in drie onderdelen; Tijd, Opzet en strategie, 
en Context.  
 
 
Tijd 

 
De meeste taken waarmee de verwerking van ruimtelijke relaties getest is, maken 

gebruik van een perceptueel taakontwerp. Dit houdt in dat één stimulus wordt 
aangeboden waarop gereageerd moet worden. Echter, een werkgeheugen taakontwerp 
kan hier ook voor gebruikt worden (zie bijvoorbeeld Laeng, 1994; Laeng & Peters, 
1995; Van der Lubbe et al., 2006). Een werkgeheugen ontwerp biedt enkele voordelen 
waaronder de mogelijkheid om de tijdseigenschappen aan te passen. Zo bestaat de 
werkgeheugen taak die in dit proefschrift wordt gebruikt uit de opeenvolgende 
presentatie van twee stimuli. Hierbij moet de eerste stimulus worden opgeslagen in het 
werkgeheugen om vervolgens vergeleken te worden met de tweede stimulus. De 
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tijdsduur tussen deze twee afbeeldingen kan gevarieerd worden om te zien op welke 
manier de informatie van de eerste van de twee stimuli vervalt over tijd, en hoe 
hersenactiviteit veranderd gedurende de verschillende elementen van één zo’n 
vergelijking. 

In deel I van dit proefschrift wordt steeds gebruik gemaakt van de cross-dot taak. 
Dit is een nieuw ontworpen taak waarbij steeds twee cross dot stimuli met elkaar 
vergeleken worden. Die stimuli bestaan uit een “+” vormig kruis, met een stip in een 
van de vier kwadranten van het kruis op een van vier mogelijke afstanden van het 
midden van het kruis. De categorische instructie is steeds om het kwadrant waarin de 
stippen verschijnen met elkaar te vergelijken, ongeacht de positie van de stip binnen 
die kwadrant. De coördinate instructie is om de precieze, radiale afstand tussen de stip 
en het midden van het kruis te vergelijken, ongeacht de kwadrant waar de stip zich in 
bevindt.  

Een belangrijk punt is dat de tijdsduur tussen de eerste en tweede stimulus is 
gevarieerd; deze kon 500 ms, 2000 ms, of 5000 ms zijn. De resultaten van hoofdstuk 
1.1, 1.2, en 1.3 laten zien dat de verschillen tussen beide hersenhelften hier gevoelig 
voor zijn. Bij een iets eenvoudiger variant van de cross dot taak vonden we een 
significante interactie tussen instructie (categorisch en coördinaat) en hersenhelft 
alleen bij een tijdsinterval van 500 ms (hoofdstuk 1.1). In hoofdstuk 1.2 en 1.3 
verschoof dit effect naar 2000 ms, waarbij wat meer mogelijke stipposities werden 
gebruikt.  

Ook vonden we een verschil in prestatie over tijd tussen de categorische en 
coördinate instructie. Dit komt overeen met de functionele toepassingen van beide 
typen ruimtelijke relaties. Categorische informatie wordt voornamelijk gebruikt bij het 
communiceren over ruimtelijke situaties en bij bijvoorbeeld het onthouden van 
posities van voorwerpen. Dit vereist dat categorische informatie niet snel vervalt in 
het geheugen. Coördinate informatie heeft juist een functie wanneer direct gehandeld 
wordt, zoals bij navigeren en bewegingen. Hiervoor is snel verval in het geheugen 
geen probleem. De uitkomsten van deze experimenten laten zien dat de categorische 
instructie met langere intervallen niet sterk of relatief laat vervalt, terwijl bij de 
coördinate instructie prestatie bij een interval langer dan 500 ms achteruit gaat.  

De cross dot taak is met behulp van verschillende technieken uitgevoerd, om een 
completer beeld te krijgen van de processen die gaande zijn tijdens deze taak. Het 
fMRI experiment (hoofdstuk 1.2) laat zien dat vooral de activiteit in de superieure 
pariëtale cortex het verband bevestigt tussen het verwerken van categorische en 
coördinate relaties met respectievelijk de linker- en rechterhersenhelft.  

Met behulp van EEG konden de verschillende onderdelen van de vergelijking van 
de twee stimuli worden bestudeerd. Bij het uitvoeren van zo’n werkgeheugen taak 
worden verschillende stappen doorlopen; het encoderen van de eerste stimulus, het 
opslaan van deze informatie in het werkgeheugen, en het terughalen van deze 
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informatie wanneer de tweede stimulus verschijnt. Onze data laat zien dat de 
verwachte lateralisatie zoals we die ook bij de fMRI data vonden zichtbaar is tijdens 
het eerste gedeelte van de taak, wanneer de eerste stimulus wordt geëncodeerd. In een 
tweede fMRI studie (hoofdstuk 1.5) laten we zien dat verschillen tussen categorische 
en coördinate verwerking al duidelijk optreden in de vroege visuele cortex. Dit duidt 
op een verschil in aandachtsverdeling; bij een categorische instructie wordt er vooral 
gelet op het gebied waarvan de locatie overeenkomt met de eerste stimulus, terwijl bij 
een coördinate instructie geen duidelijke voorkeur is, al zien we een lichte trend naar 
het gebied wat juist niet overeenkomt.  

In de patiëntenstudie (hoofdstuk 1.4) hebben we twee groepen patiënten getest op 
de cross dot taak; een groep met schade in de linkerhersenhelft en een groep met 
schade in de rechterhersenhelft. Door het gebruik van verschillende soorten stimuli 
laten we zien dat er onderscheid gemaakt moet worden tussen het simpelweg 
waarnemen van een categorie en het reconstrueren van een categorie. De grootte van 
het kruis was groot of vrijwel net zo klein als de stippen, waardoor de kwadranten 
(categorieën) bij het kleine kruis niet meteen duidelijk waren en geconstrueerd 
moesten worden op basis van de beschikbare informatie. In de groep met 
linkerhersenhelft schade bleek een duidelijk verschil tussen het grote en kleine kruis. 
Wanneer de categorie duidelijk herkenbaar was, presteerden ze op hetzelfde niveau als 
de controleproefpersonen. Pas wanneer ze zelf de categorie moesten construeren, 
lieten ze uitval zien. Dit geeft aan dat hier een belangrijk onderscheid ligt tussen 
waarnemen en construeren, wat mogelijk ook de variatie in uitkomsten tussen 
verschillende studies verklaart, omdat sommige taken meer gebruik van de meer 
simpele en duidelijk herkenbare variant maken, en andere meer constructie vereisen. 
Dit staat overigens haaks op de alternatieve visie van moeilijkheid; de kleine kruis 
variant is moeilijker, maar laat juist een verband met de linkerhersenhelft zien. 
 
 
Opzet en strategie   

 
Al is het bewijs voor een tweedeling tussen categorische en coördinate relatie 

verwerking grotendeels overtuigend, de sterkte van het linkerhersenhelft voordeel 
voor categorische verwerking wordt niet altijd gevonden (e.g. Rybash & Hoyer, 1992). 
Dit voordeel is vaak zwakker of zelfs afwezig, terwijl er overtuigend bewijs bestaat 
voor een rechterhemisfeer voordeel voor coördinate verwerking. Dit deel van het 
proefschrift gaat hier verder op in en gaat een aantal mogelijke factoren af die deze 
lateralisatiepatronen kunnen beïnvloeden.  

Mogelijke verklaringen voor de variatie in de bevindingen voor categorische 
verwerking liggen aan de ene kant bij de aard van de taak en aan de andere kant bij 
bepaalde eigenschappen van de proefpersonen. De aard van de taak, ofwel de opzet 
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van stimuli en instructie zouden categorische lateralisatie kunnen beïnvloeden. Dit 
hangt nauw samen met de alternatieve theorie van Kemmerer & Tranel (2006), die 
stellen dat een linkerhersenhelft voordeel alleen voorkomt bij verbale taken. Als een 
categorische taak meer visuo-spatieel is, dan zou dat dus zelfs tot een 
rechterhersenhelft voordeel kunnen leiden. 

In hoofdstuk 2.1 hebben we de cross dot taak aangepast door de opzet van de 
stimuli te variëren; die kan visuo-spatieel zijn (de standaard kruis met stip weergave) of 
verbaal (de kwadrant wordt met een tekst als “linksboven” aangegeven). De 
uitkomsten van deze studie laten zien dat hoe meer verbaal een categorische taak is, 
hoe sterker het voordeel van de linker hemisfeer is. Hier staat echter tegenover dat er 
nooit een rechterhersenhelft voordeel gevonden werd bij een puur categorische taak. 
Dus de format van de taak heeft wel degelijk invloed, maar alleen op de sterkte van 
lateralisatie, niet op de richting.  

Hiernaast laat hoofdstuk 2.2 ook zien dat zowel de categorische als coördinate 
variant van een veelgebruikte taak duidelijk visuo-spatieel zijn en niet verbaal. Deze 
conclusie kan getrokken worden uit een experiment waarbij proefpersonen naast de 
taak zelf een duale taak moesten uitvoeren die verbaal (lettergrepen uitspreken) of 
spatieel was (een patroon tikken). 

Bepaalde eigenschappen van proefpersonen zouden ook een belangrijke factor 
kunnen zijn. Zo is al een aantal keer gekeken naar het effect van geslacht, maar de 
gekozen strategie zou ook van belang kunnen zijn. In hoofdstuk 2.1 hebben we 
strategiegebruik gemanipuleerd door het format van de stimuli aan te passen, maar 
wellicht zou de natuurlijke variatie in geprefereerde strategie effect kunnen hebben. In 
hoofdstuk 2.3 wordt een individuele verschillen studie beschreven waar verbale en 
spatiële strategie en ook verbale en spatiële vaardigheden en geslacht zijn 
meegenomen in de analyses. In de literatuur bestond nog onduidelijkheid over de 
invloed van geslacht, maar in onze studie (N=75, 38 mannen) was duidelijk geen 
invloed van geslacht op lateralisatie te vinden. Ook de gemeten verbale en spatiële 
vaardigheden hebben hier geen invloed op. Spatiële strategie laat wel een duidelijk 
effect op lateralisatie zien; mensen die aangeven een sterk spatiële strategie toe te 
passen, laten een significant linker hemisfeer voordeel voor de categorische taak zien, 
terwijl mensen die weinig gebruik maken van een spatiële strategie geen verschil laten 
zien tussen links en rechts voor deze taak.  

Gecombineerd met de uitkomsten van hoofdstuk 2.1 en 2.2 bevestigt deze invloed 
van spatiële strategie dat zowel categorische als coördinate verwerking duidelijk 
visuospatieel zijn. Verbale taakeigenschappen kunnen hooguit het linkervoordeel voor 
categorische verwerking versterken.    
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Context  
 

Tot nu toe maken vrijwel alle experimenten die ruimtelijke relatie verwerking 
meten gebruik van erg simpele stimuli bestaande uit bijvoorbeeld stippen, strepen, en 
kruizen. Dit zorgt ervoor de experimenten goed gecontroleerd kunnen worden 
uitgevoerd en dat stimuli heel kort kunnen worden aangeboden zonder dat prestatie 
daar onder lijdt. Er kan echter niet zomaar worden aangenomen dat de bevindingen 
van die experimenten van toepassing zijn op menselijke waarneming en geheugen in 
hun dagelijkse omgeving. 

Een belangrijke vraag is in hoeverre wat nu bekend is over ruimtelijke relatie 
verwerking ook een rol speelt bij waarneming en geheugen in onze alledaagse 
omgeving. Om deze generaliseerbaarheid te bepalen, hebben we een tweetal 
experimenten uitgevoerd waarbij de waarneming (hoofdstuk 3.2) en het geheugen 
(hoofdstuk 3.1) van ruimtelijke relaties in een meer realistische setting gemeten werd. 

Hoofdstuk 3.1 betreft twee object locatie experimenten, waarbij proefpersonen een 
scene bestuderen en vervolgens gevraagd werden naar de locatie van een van de 
voorwerpen in die scene door een keuze voor te leggen van drie mogelijke locaties. Er 
werd bijvoorbeeld een badkamer bestudeerd en vervolgens gevraagd waar de 
handdoek hing. Proefpersonen maakten minder vaak fouten wanneer de afleidende 
locaties categorisch verschilden van de daadwerkelijke locatie, maar waren ook in staat 
de juiste locatie aan te wijzen, wanneer er alleen coördinaat verschillende afleiders 
waren. Hiermee tonen we aan dat zowel coördinate als categorische informatie 
onthouden worden bij het bepalen van object locaties. Bovendien konden we door het 
draaien van de kamers bij het aangeven van de locaties kijken naar verschillen tussen 
beide hersenhelften. Hieruit bleek een significante interactie tussen type relatie en 
hersenhelft, waarbij een voordeel van de rechterhersenhelft bij coördinate afleiders 
gevonden werd.  

In hoofdstuk 3.2 kregen patiënten met schade aan de linker of rechter hemisfeer en 
een groep gezonde controles steeds twee bijna dezelfde plaatjes te zien, van gangbare 
ruimtes in huis, zoals een woonkamer. Voor iedere combinatie moesten ze aangeven 
welk voorwerp verplaatst was. Deze verplaatsing was of alleen coördinaat verschillend, 
of de categorie van de locatie van het voorwerp was ook veranderd. De resultaten 
laten zien dat de gezonde controles duidelijk voordeel hebben van de extra 
categorische informatie. Als de categorie verandert, zijn ze beter in het detecteren van 
het voorwerp, maar ook alleen coördinate informatie is voldoende om de taak goed 
op te lossen. Dit geeft aan dat zowel coördinate als categorische informatie gebruikt 
wordt bij het bepalen van locaties van voorwerpen in realistische scenes. Het 
lateralisatiepatroon komt bovendien overeen met de eerdere bevindingen bij onder 
andere de cross dot taak. De patiënten met linkerhersenhelft schade hebben geen 
voordeel van de toevoeging van categorische informatie aan de verplaatsing. De groep 
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met rechterhemisfeer schade laat voor beide type verplaatsingen een slechtere prestatie 
dan de controles zien, en heeft een klein voordeel aan de toevoeging van categorische 
informatie. Dit geeft aan dat de linkerhersenhelft een cruciale rol heeft bij de 
waarneming van categorische informatie, ook bij deze complexe scenes, en dat de 
rechterhemisfeer bij de detectie van beide typen verplaatsingen van belang is. 

Beide studies laten zien dat zowel categorische als coördinate informatie 
waargenomen en onthouden worden in realistische, complexe stimuli. Belangrijker, 
voor allebei zien we bevestiging van het categorische linker hemisfeer voordeel en 
coördinaat rechter hemisfeer voordeel, net als voor de abstracte, simpele 
experimenten.  

Tot slot staat in dit deel nog een experiment waarin in de ruimtelijke en 
tijdsgebonden aspecten van navigatie besproken worden (hoofdstuk 3.3), waarbij niet 
alleen ruimtelijke relaties maar ook veel andere typen ruimtelijke informatie een rol 
speelt. Hierin worden twee patiënten besproken die beiden zeer grote moeite hebben 
met navigeren. In een virtuele weergave van een stad (“virtual Tübingen”) leren ze een 
route en krijgen ze na afloop een aantal taken hierover die de ruimtelijke kant 
(herkenning van scenes uit de route, het onthouden van afslagen) en de tijdsgebonden 
kant (volgorde van scenes uit de route) van navigatie benadrukken. Deze twee 
patiënten laten een tegengesteld patroon zien; een valt uit op de ruimtelijke taken maar 
niet op de tijdsgebonden taak, terwijl de ander beperkt is in de tijdsgebonden taak, 
maar niet in de ruimtelijke taken. Dit illustreert vooral de complexiteit van navigatie en 
geeft aan dat zeker bij dergelijke problemen met navigatie aandacht nodig is voor de 
precieze aard van de klachten en een nauwkeurige bepaling van welke aspecten van 
navigatie wel en niet beperkt zijn. 
 

 
Conclusies 
 

De cross dot taak is een goed en wellicht beter alternatief voor bestaande taken 
voor het meten van de verwerking van ruimtelijke relaties. Andere taken hebben een 
aantal nadelen die deze taak niet heeft en de lateralisatie resultaten zijn consistent en 
overtuigend in de verschillende studies in dit proefschrift. Daarbij kunnen we 
concluderen dat de verwerking van categorische en coördinate ruimtelijke relaties 
respectievelijk een linker en een rechter hemisfeer voordeel laat zien, met bepaalde 
restricties. Het tijdsinterval tussen twee stimuli moet niet te lang zijn (500 – 2000 ms), 
en lateralisatie is met name te detecteren in de superieure pariëtale cortex en tijdens 
het encoderen van de eerste stimulus. 

In het tweede deel van dit proefschrift is de voornaamste conclusie dat zowel 
categorische als coördinate verwerking wel degelijk visuo-spatieel van aard zijn. 
Verbale processen kunnen alleen effect hebben op de mate van lateralisatie, niet de 
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richting van lateralisatie. Daarnaast kunnen we variatie in bevindingen van lateralisatie 
van categorische verwerking verklaren door individuele verschillen in strategiegebruik. 
Wanneer proefpersonen een voorkeur hebben voor een visuo-spatiële strategie, zal dit 
tot een sterker linkerhersenhelft voordeel van categorische verwerking leiden. Hoewel 
sommigen gesuggereerd hebben dat geslacht invloed heeft op lateralisatie van 
ruimtelijke relatie verwerking, zien we dat geslacht er hier geen invloed op heeft. 

De bevindingen voor de abstracte en simpele stimuli, zoals bij de cross dot taak, 
zijn generaliseerbaar naar meer realistische en complexe scenes, zoals het derde deel 
laat zien. Ook hier wordt het lateralisatiepatroon van een linkerhersenhelft voordeel 
voor categorische informatie en een rechterhemisfeer voordeel voor coördinate 
informatie gevonden, voor zowel waarneming als object locatie geheugen. 
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