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2  Chapter 1 

General introduction

Spatial cognition comprises the encoding, manipulation, integration, retrieval and utilization of spatial 

information, that is information concerning elements which are part of a two- or three dimensional 

space. Nearly all human activities require interaction with the spatial environment, which makes 

spatial abilities crucial for daily life functioning. The understanding of the processes in the acquisition 

and employment of spatial knowledge in everyday life, seems to be fundamental for any theory of 

complex mental functioning (McNamara, 1986). Spatial abilities seem to be equally important for 

every individual. Yet both common belief and scientific literature claim that men and women differ in 

these abilities. Gender differences are assumed to exist in several cognitive areas, but the strongest 

and most consistent differences are thought to be those in spatial cognition. Whereas in an early 

review by Maccoby & Jacklin (1974) spatial ability was still considered as a unitary capacity, on which 

males would generally outperform females, this oversimplificated view has been convincingly 

challenged during the following decades. Besides the fact that spatial cognition encompasses a broad 

range of different skills, it is now acknowledged that gender differences in spatial performance 

strongly depend on the specific ability measured. While subprocesses like mental rotation and spatial 

perception indeed show clear male advantages, the memorization of object locations yields a female 

advantage (Silverman & Eals, 1992; Voyer, Postma, Brake & Imperato-McGinley, 2007). Despite 

reasonably reliable findings with traditional paper-and-pencil tasks, findings on more real life activities 

are far less consistent, presumably due to variable experimental settings. The present thesis was 

aimed at providing more insight into crucial task components- and conditions that might modulate 

gender1 differences in two important spatial abilities; object location memory and spatial navigation.  

Do gender differences matter?  

Before discussing the state of art in gender differences in spatial cognition as well as its supposed 

causes, the question has to be addressed whether it is valuable to study cognitive differences 

between men and women at all. Questions about gender differences have been a popular topic in 

general and in social sciences specifically for many years.  

                                                     
1 Some authors make a distinction between sex differences, referring to biologically based differences and gender 

differences, which would be culturally/socially determined. Since differences between males and females result 

from complex interactions among these influences (Hines, 2004), it is quite difficult to dissociate these factors. 

Despite the fact that in general the term ‘gender differences’ will be used throughout this thesis (except in Chapter 

3, following from general conventions), on itself this does not imply any statement on the underlying causes.
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The theoretical as well as practical value of gender studies has however not always been 

acknowledged. Not that long ago, scientists were convinced that it was useless to study gender 

differences, simply because it was clear to them that women were inferior to men in all aspects. In 

the 19th century Gustave le Bon, a social psychologist, wrote: 

In the most intelligent races, as among the Parisians, there are a large number of women whose brains are closer 

in size to those of gorillas than to the most developed male brains. This inferiority is so obvious that no one can 

contest it for a moment; only its degree is worth discussion. All psychologists who have studies the intelligence of 

women, as well as poets and novelists, recognize today that they represent the most inferior forms of human 

evolution and that they are closer to children and savages than to an adult, civilized man. They excel in 

fickleness, inconsistency , absence of thought and logic, and incapacity to reason. Without doubt there exist some 

distinguished women, very superior to the average man, but they are as exceptional as the birth of any 

monstrosity , as, for example, of a gorilla with two heads; consequently, we may neglect them entirely. (1879, p. 

60-61, quoted in Hines, 2004).

Despite the fact that opinions have fortunately changed, the topic still has inspired much controversy 

during the following century. Some outspoken critics have claimed that studying gender differences 

eventually leads to sexist stereotypes, whereas similarities between men and women far outweigh the 

differences (e.g.: Baumeister, 1988). Others suggest that variation in cognitive processes between 

men en women does not exceed the variation within the sexes (e.g.: Fausto-Sterling, 1992). This 

seems however a rather weak statement since most findings in cognitive gender differences research 

are based on analyses of variance, taking into account these between- and within-group variations 

(Cahill, 2006). Regardless of some opposing views, in neurocognitive sciences it is nowadays largely 

acknowledged that males and females do differ in cognitive functions, such as spatial abilities and 

verbal skills. Also structural neuroanatomical differences and differences in neurotransmitter systems 

in the brain seem evident (for a review see: Cahill, 2006). Much more research is however needed to 

gain more insight into the underlying mechanisms and link these sexual dimorphic brain- and 

behavioural processes.  

Assuming thus that gender differences in cognition are real, the question remains whether they 

matter. Besides a fundamental interest, relating to us all, can gender studies ad to our knowledge on 

problems of ‘practical’ importance? Yes, gender differences matter. Discovering the mechanisms for 

gender differences often not only ads to the understanding of differences between men and women, 

but between individuals of the same gender as well. First of all, individual differences provide insight 

in the organisation of human abilities. For example, if males are better on one specific spatial task, 

such as mental rotation, whereas females excel in the memorization of object locations, these two 

tasks must represent relatively independent types of spatial ability (Kimura, 2000). When a specific 

brain difference between males and females can be related to behavioural or cognitive gender 
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differences, this can provide us with information on how these cognitive or other characteristics might 

be in general related to specific brain patterns (Kimura, 2000). For example, it has been suggested 

that some subregions (the splenium and isthmus) of the corpus callosum (i.e. the structure that 

connects the two brain hemispheres) are larger in females than in males. This structural difference is 

suggested to provide an advantage in females in verbal functions, since they would use more of both 

hemispheres for language (Hines, 2004). It would then be interesting to investigate whether in 

general the size of parts of the corpus callosum can predict language abilities. Moreover, a 

considerable number of diseases show gender differences in their incidence or nature, for example 

Alzheimer’s disease, multiple sclerosis, schizophrenia, autism and eating disorders. Besides the fact 

that comprehension of gender differences in the association between pathologies and behavioural 

symptoms, can lead to gender-specific treatments, it adds to our understanding of healthy brain-

behaviour correlates. As such, men and women might be considered as the two largest available 

experimental groups in neurocognitive research. To quote Cahill (2006) in a recent review on gender 

differences in neuroscience: “Despite the heightened complexity it implies, the issue of sex influences 

seems to be much too important, both practically and theoretically, to be ignored or marginalized any 

longer in our field”.  

Gender differences in spatial cognition 

The first influential literature review on gender differences in cognition in general was provided by 

Maccoby and Jacklin in 1974, claiming that these differences existed in verbal ability, spatial ability 

and mathematic ability. Spatial ability was considered as one unitary ability, favouring males. A 

subsequent meta-analysis by Linn and Peterson (1985) nuanced this conclusion to some extent. They 

classified spatial tests into categories showing homogenous effect sizes. Using this procedure, three 

different classes of spatial tests were defined, namely; mental rotation, spatial perception, and spatial 

visualization. Mental rotation is the ability to mentally rotate a two or three dimensional figure rapidly 

and accurately. This task, originally introduced by Shepard and Metzler (1971) elicits the most robust 

male advantage (see Figure 1-4) (Linn et al., 1985; Voyer, Voyer & Bryden, 1995). Also tasks of 

spatial perception show male advantages, though to a lesser extent than mental rotation tasks. Two 

well known tasks that measure spatial perception are the Water Level task (Inhelder & Piaget, 1958) 

and the Judgement of Line Orientation task (Benton, Varney & Hamsher, 1978) (see Figure 1-4). In 

the Water Level task the assignment is to draw a line depicting the orientation of the water level in a 

tilted water bottle. Since water always settles in the horizontal in essence only a horizontal line has to 

be drawn. Yet women in general perform less well on this task, independently of age and education. 

There appear to be two main components in the water level task: maintaining perception of the 

horizontal in the presence of a distracting framework and understanding the principle that water 

achieves a horizontal position at rest. Men and women who understand this principle performs better 
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than those who do not, but even when the principle is explained to people, women still perform less 

well than men. This seems to be due to the tilted framework. Women’s perception is assumed to be 

more context-dependent, making it hard to disregard the presence of distracting cues. Also the 

Judgement of Line orientation task, in which participants have to indicate which line in a depicted 

array matches two lines shown above it often elicits a male advantage. Whereas a tendency for a 

male advantage in spatial visualization ability has been shown, findings are much more variable for 

this category of spatial ability. Spatial visualization taps on the ability to imagine what would happen 

when parts of an object are folded or put together. An example to test this ability is the DAT Space 

Relations test (Bennett, Seashore & Wessan, 1974) (see Figure 1-4) in which participants have to 

decide which of four unfolded paper figures depict a folded cube. The Mental Rotation task as well as 

the Judgement of Line Orientation task are applied and discussed in Chapter 4 and 5, respectively 

Chapter 2.

 A more recent review by Voyer, Voyer & Bryden (1995) suggests that whereas the proposed 

subdivision by Linn and Peterson remains a meaningful categorization, a further specification based on 

the different tasks in each class appeared valuable in order to obtain more homogeneous effect sizes. 

This stresses the importance of the insight that spatial ability is a collection of a broad spectrum of 

spatial components, and that findings in general and with respect to individual differences are highly 

dependent on the specific task that is used to measure these abilities. This notion becomes even more 

important when more naturalistic daily spatial activities are investigated.  

             
Mental Rotation task         Water Level task 

                
Space relations test        Judgement of Line Orientation task

Figure 1. Examples of classical spatial paper-and-pencil tasks (Kimura, 2000; Hines, 2004) 
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Although extensive literature on psychometric paper-and-pencil tasks have demonstrated that 

males on average perform better on some of these tasks, it is largely unclear how exactly such 

classical tasks contribute to the performance of real-life tasks, such as route-learning and map-

reading. Some studies have shown relations between navigational abilities and performance in mental 

rotation (e.g.: Moffat, Hampson & Hatzipantelis, 1998; e.g.: Malinowski, 2001) as well as spatial 

working memory (e.g.: Bosco, Longoni & Vecchi, 2004). Nevertheless, considering the complexity of 

spatial activities and behaviour humans as well as other animals display, it is very unlikely that factors 

derived from paper-and-pencil tests could account for the whole spectrum of ecological relevant 

spatial skills (Montello, Lovelace, Golledge & Self, 1999). During the past decades, a considerable 

number of studies has compared performance in males and females on spatial tasks with ecological 

value. Two such important spatial activities are object location memory and spatial navigation. While 

sexual dimorphic performance has been shown in these specific spatial activities, findings are 

nevertheless far from straightforward.  

Object location memory 

Object location memory is the cognitive ability to remember the location and relations between 

objects in the worlds. It is essential in daily live to retrieve items we use. Crook, Youngjohn & 

Larrabee (1990) were among the first to report a female advantage in this spatial ability. Still, 

probably the most cited study on this subject is the one by Silverman & Eals (1992). Their participants 

were required to indicate whether objects in a previously learned array of objects had moved 

locations. Females outperformed males in this task. Explanations for this female advantage is typically 

sought in our evolutionary history. Eals and Silverman have argued that due to a sexual division in 

foraging activities in early hominid societies, males and females would have developed specific talents 

in spatial abilities. Since females had to reside close to home gathering plants and foods, they became 

gifted in the encoding and retrieval of objects. Males on the other hand had to go far from home in 

order to hunt, which would have resulted in better targeting- and navigation capacities (but see for an 

overview of evolutionary models: Ecuyer-Dab & Robert, 2004). A recent meta-analysis conducted by 

Voyer, Postma, Brake and Imperato-McGinley (2007) has supported the assumption that females 

outperform males in tasks assessing object location memory, however not al studies have found this 

female  advantage in object location memory (for example: Dabbs Jr., Chang, Strong & Milun, 1998; 

Epting & Overman, 1998; Postma, Izendoorn & De Haan, 1998; Postma, Jager, Kessels, Koppeschaar 

& Van Honk, 2004; Iachini, Sergi, Ruggiero & Gnisci, 2005).  

 Due to its ecological relevance, it has been argued that object location memory in specific and 

spatial memory in general would mainly operate in an automatic fashion (Hasher & Zacks, 1979; see 

also: Postma, Kessels & van Asselen, 2008). This assumption has been supported in some studies 

showing that the intent to remember does not affect spatial memory. Nevertheless, other studies have 



General introduction | 7

shown better performance in case locations were encoded intentionally (Light & Zelinski, 1983; 

Naveh-Benjamin, 1988). Moreover, males and females are suggested to differ in the required effort 

with which they encode object locations in their environment. Eals and Silverman (1994) as well as 

McGivern, Mutter, Anderson, Widerman, Bodnar & Hust (1998) showed that females outperformed 

males in retrieving object locations under intentional conditions, i.e. when participants were informed 

about the upcoming retrieval test, as well as under incidental conditions, when they were unaware of 

the subsequent retrieval phase. In our evolutionary past, both deliberate and automatic registering of 

object locations in females would have enhanced foraging success and offspring protection. Notably 

most previous studies have only focused on the encoding side. An interesting further question is 

whether gender difference exist also in the nature of the retrieval processes. Anooshian and Seibert 

(1996) found a females advantage in the implicit (unconscious) retrieval of route-based visual scenes, 

but not for explicit (conscious) recollection. They attributed this advantage to a female tendency to 

make intuitive decisions, based on fast automatic processing of holistic properties of an environment.  

Moreover, it might be that a relation exists between the type of encoding and the way object locations 

are retrieved. In Chapter 2 we therefore examined how gender may affect automatic and effortful 

processes in object location memory. 

 Another issue addressed in Chapter 2 and also in Chapter 3 concerns the various functional 

components of object location memory. Postma, Kessels & Van Asselen (2008) suggested that the 

process of encoding object locations can be functionally subdivided in at least three distinct processing 

mechanisms: - object processing, - spatial location processing and object to location binding. Despite 

a clear interdependency between these processes, each of these subcomponents might be 

differentially sensitive to gender differences. This seems especially relevant since females are 

supposed to posses superior object identity memory abilities (McGivern et al., 1998; Levy, Astur & 

Frick, 2005), which is suggested to be based on a female advantage in the processing of verbal stimuli 

(e.g.: Chipman & Kimura, 1998; e.g.: Lewin, Wolgers & Herlitz, 2001). Hence, a female advantage in 

object location memory could be simply brought about by a superior object identity memory.  

Therefore, in Chapter 2 as well as Chapter 3 both object identity memory as well as object location 

memory were assessed. Besides the independent investigation of object identity memory and object 

location memory, this enabled us to examine possible gender differences in the binding of objects to 

locations, as has been suggested by James and Kimura (1997).  

In a study by Alexander, Packard and Peterson (2002) women had better memory for object 

locations learned in the right visual field, i.e. half of space assumed to be mostly attended to by the 

left hemisphere. The authors argued that this advantage might be related to the way hemispheric 

processing biases affect spatial processing. It has been claimed that the right hemisphere is especially 

efficient in the processing of coordinate spatial relations (i.e. exact metric measures), whereas the left 

hemisphere is more efficient in the processing of categorical, that is relative, spatial relations (e.g. 

object A is on top of object B). Accordingly, Alexander et al. suggested that the female advantage in 
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object location memory specifically would concern the memorization of categorical relations between 

objects. In Chapter 3 we investigated whether visual field position (left-right hemispace) affects 

performance on different components of object location memory. These measurements can be 

interpreted in terms of hemispheric differences in attentional preferences for specific visuospatial 

features (Bächtold, Brugger & Regard, 2000). 

Besides looking at visual field differences, in Chapter 3 we also examined the role of retrieval 

context in object location memory.  A striking feature of  the existing literature is that in most studies 

that do find a female advantage in object location memory, context was provided, such as the 

presence of other objects (see for example: Eals et al., 1994; Levy et al., 2005). Studies in which no 

context was provided, tend to show equal performances in males and females in memory for relative 

object locations and even a male advantage when taking exact metric distances into account (Postma 

et al., 2004; Iachini et al., 2005). A possible explanation of these observations stems from the idea 

that females tend to perceive their environment in a more holistic way and that their object perception 

is more affected by the surrounding background than in males (Kimura, 2000).  

Besides, and in interaction with, evolutionary, socio-cultural factors as well as structural brain 

differences, hormones are proposed to be an potent proximate factor in the causation of sexual 

dimorphic cognitive abilities (see for a review: Kimura, 2002; but see also : Hines, 2004). Chapter 4

focused on gaining more insight on specific hormonal mechanisms which might explain, at least 

partly, a female advantage in object location memory. Spatial abilities in general are believed to be 

affected by organizational as well as activational effects of gonadal hormones. Organizational effects 

refer to the effects hormones have during critical periods in the early development of mammal brain 

structures. Activational effects imply short-term effects on behaviour in adulthood, caused by 

fluctuations in hormone-levels. Whereas it was previously thought that only during development 

gonadal hormones produce structural changes in the brain, Woolly and colleagues (1992) have shown 

that in adult females rats, there are significant changes in hippocampal synaptic density over the 

estrous cycle. Gonadal hormones can exert permanent or transient actions on the brain in at least two 

ways. One is by the binding to steroid receptors within cells, which activates or inhibits the expression 

of specific genes through DNA transcription. The other way involves direct action on the cell 

membrane, but this mechanism is less well understood (Kandel, Schwartz & Jessell, 2000). Precisely 

how eventually cognitive changes are produced by sex hormones is the subject of much research, 

mostly using the rat as a model.  

It is assumed that tasks on which males excel (such a navigation and mental rotation) are 

positively affected by the presence of androgens (e.g.: Silverman, Kastuk, Choi & Phillips, 1999; e.g.: 

Driscoll, Hamilton, Yeo, Brooks & Sutherland, 2005). Estrogens on the other hand would promote 

tasks on which females typically show an advantage (e.g.: episodic memory, verbal memory and fine 

motor skills) (Hampson, 1990) or even suppress performance on typical ‘male tasks’ (Hausmann, 
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Gunturkun, Slabbekoorn, Van Goozen & Cohen-Kettenis, 2000). Nevertheless, this ‘theory’ seems to 

be too simple and results are not always straightforward, most likely related to differences in 

experimental setups and hormone assessment methods. Some studies failed to show any hormone-

behaviour relation, some found results opposite to the expected relations while others indicated a 

non-linear relation (suggesting an optimal hormone level) between spatial abilities and testosterone 

(see for an overview: Hampson, 1995; Hines, 2004). 

 Whereas most hormone studies have focused on spatial abilities in which men excel, only few 

studies examined the possible relations between sex hormones and object location memory. Two 

studies on the organizational effects of androgens did not reveal any relation. The presence of 

prenatal androgens in the womb, as is assumed to be reflected in the ratio of the second and fourth 

finger (lower ratios, i.e. more masculine ratios, are assumed to correspond to higher prenatal 

androgens), did not relate to object location memory (Rahman, Wilson & Abrahams, 2004; Hassan & 

Rahman, 2007). Previous studies on activational effects revealed no relation at all between moment in 

menstrual cycle and object location memory performance (Epting et al., 1998) or enhanced 

performance in reconstructing objects in their exact locations after testosterone administration 

(Postma, Meyer, Tuiten, Van Honk, Kessels & Thijssen, 2000). This might have to do with how 

hormone levels were assessed as well as the restricted focus on either androgens or estrogens. It has 

been suggested however that the conversion of testosterone into estradiol, as well as the relative 

presence of testosterone and estradiol are important in elucidating hormone- behaviour associations 

(Nyborg, 1983; Gouchie & Kimura, 1991; Janowsky, Oviatt & Orwoll, 1994).  In Chapter 4, we tried to 

shed new light on the possible relations between hormonal levels and object location memory, by 

using an ecological valid task and conducting direct measurements of both estradiol and testosterone 

in saliva.

Navigation

Perhaps even more than remembering object locations in one’s immediate surroundings (e.g. rooms 

and table tops), an individual’s survival depends on successful encoding of the locations and spatial 

relations in large scale environments. Historically, the need for people to find resources and 

communicate required the development of navigational skills and procedures for large scale space 

(Golledge, 1999). Starting of with experiments in rodents halfway through the 20th century, spatial 

navigational memory has continued to be a widely studied phenomenon in animals as well as in 

humans. A fruitful paradigm originally developed to study spatial navigation in rats, is for example the 

Morris water maze (Morris, 1981). In this task a circular swimming pool containing a nonvisible goal 

platform in a fixed location is used. With training, the rats eventually learn to use the only available 

cues, that is the distal cues in the room in which the pool is located, to learn to swim to the platform. 

Subsequent studies on human spatial behaviour have shown that functions engaged by the task in 
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rats are similarly engaged in humans (Hamilton, Driscoll & Sutherland, 2002). The Morris water maze 

and other related tasks have been successfully used to demonstrate the crucial role of the 

hippocampal formation in spatial learning and memory processes in rats as well as in humans (for a 

review see: Burgess, Maguire & O’Keefe, 2002). Moreover, gender differences have been shown in 

spatial navigation tasks. Closely corresponding to what has been found in rats, in equivalent virtual 

mazes it has been shown that males typically learn to retrieve the hidden platform faster, covering 

smaller distances, than females (Astur, Ortiz & Sutherland, 1998; Astur, Tropp, Sava, Constable & 

Markus, 2004; Driscoll et al., 2005; Mueller, Jackson & Skelton, 2008).  

The foregoing differences can be linked to proximate biological mechanisms. Sex specific 

patterns between circulating testosterone and spatial navigation performance have been reported in 

several studies (e.g.: Choi & Silverman, 2002; Burkitt, Widman & Saucier, 2007). A brain imaging 

study by Grön, Wunderlich, Spitzer, Tomczak & Riepe (2000) have shown that males and females 

recruit different brain regions in navigation. They found that men primarily engaged the left 

hippocampal region. In women on the other hand the right parietal and right prefrontal areas were 

activated. These differences might reflect typical gender differences in navigational approaches, that 

is a strong reliance in females on landmarks and the usage of both landmarks and geometry in males, 

which would in general provide males with an advantage in navigational tasks. Activity of the 

prefrontal area in females would imply working-memory processes in holding landmarks online 

whereas the left hippocampal activity in the male group is assumed to represent the processing of 

multiple geometric cues. 

 A considerable number of behavioural studies have shown these differences in cue preference 

between males and females. When giving verbal description of a previously learned route, females 

tend to mention more landmarks whereas males’ reports contain more cardinal directions and 

distances (Dabbs Jr. et al., 1998; Lawton, 2001). Also in map-based navigational performance (Galea 

& Kimura, 1993) as well as in wayfinding performance in virtual and real environments (Sandstrom, 

Kaufman & A. Huettel, 1998; Montello et al., 1999; Jansen-Osmann & Wiedenbauer, 2004), the same 

difference in cue preference has been found between males and females. Whereas in general these 

differences in cue use are attributed to distinct abilities, some authors have questioned the cognitive 

origins of these differences in environmental encoding. In a study by Ward et al. (1986) in which 

participants had to give map-based route directions, females significantly improved their usage of 

cardinal directions after they were prompted to do so, without making more errors. This suggests that 

gender differences in environmental knowledge derive to a greater extent from preferences in 

strategies to encode the environment than from differences in ability. In line with these findings, 

Schmitz (1997) has suggested that different strategic preferences already develop in childhood; since 

boys, as compared to girls, tend to have a larger range of spatial experience, they would experience 

less spatial anxiety later on in live. Higher levels of anxiety would induce a stronger dependency on 

landmarks, which provides an explanation for the preference for this cue type in females. In Chapter 4
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we investigated the contribution of ability and preference in cue use in route learning, by having 

participants memorize routes in a virtual environment which differed in the availability of landmarks 

during encoding and retrieval.

 Strongly related to this ability-strategy debate is the issue of experience. A considerable part 

of the studies on navigational- or map-based spatial knowledge indicates a male advantage, in specific 

on task measuring configurational knowledge. Configurational knowledge denotes ‘multidimensional 

information about the spatial relationships among environmental features’ (Golledge, 1999, p. 71). 

Studies assessing this type of knowledge often contain pointing tasks (pointing to different landmarks 

out of sight along an encoded route from one position) and distance estimation tasks. A male 

advantage on these kind of tasks is believed to stem to an important extent from their preference for 

geometric cues. A remarkable aspect of a number of studies that have nevertheless failed to show 

superior male performance in tasks assessing configurational knowledge, is the fact that these studies 

employed an everyday, more familiar environment (see for example: Montello & Pick, 1993; see for 

example: Montello et al., 1999). This has brought about the idea that experience might be a key 

factor in the occurrence of gender differences in tasks assessing configurational knowledge (see for 

example: Coluccia & Louse, 2004; Fields & Shelton, 2006). Due to an initial preference in males to 

attend to geometrical cues during navigational activities, males may develop a direct advantage in 

their configurational knowledge. Nevertheless, over time, with more experience, females might 

become equally proficient in the processing and retrieval of this type of knowledge. In Chapter 5 we 

address the issue of experience by assessing distance as well as directional knowledge of the city of 

Utrecht (The Netherlands) in male and female inhabitants who had different levels of familiarity with 

this city. Besides investigating the possible modulating effect of experience on gender differences in 

configurational knowledge, findings shed light on the natural development of our every day spatial 

knowledge.

 An additional interest described in Chapter 4 as well as Chapter 5 was how basic (spatial) 

abilities might relate to navigational memory. Differences in retrieval strategies and the ability to 

‘compute’ configurational information is suggested to be an important factor in the occurrence of 

gender differences. A reason for the fact that males outperform females in the comprehension of 

environmental geometry partly might be a superior ability in the active mental manipulation of spatial 

information (Bosco et al., 2004). During navigation relations among places are processed through 

working memory as well as the mental integration of different route components, in order to relate 

past locations to the present. Furthermore, different tasks require different amounts of mental 

processing and may tap on different retrieval strategies. By including measurements of general 

(spatial) abilities as well as the application of different types of tasks measuring configurational 

knowledge in Chapter 5, insights could be obtained on the role of differences in these task demands 

and retrieval strategies.
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Abstract

Object location memory is the only spatial task where female subjects have been shown to 

outperform males. This result is not consistent across all studies, and may be due to the combination 

of the multi-component structure of object location memory with the conditions under which different 

studies were done. Possible gender differences in object location memory and its component object 

identity memory were assessed in the present study. In order to disentangle these two components, 

an object location memory task (in which objects had to be relocated in daily environments), and a 

separate object identity recognition task were carried out. This study also focused on the conditions 

under which object locations were encoded and retrieved. Only half of the participants were aware of 

the fact that object locations had to be retrieved later on. Moreover, by applying the ‘process 

dissociation procedure’ to the object location memory assessments and the ‘remember – know’ 

paradigm to the object identity measure, the amount of explicit (conscious) and implicit (unconscious) 

retrieval was estimated for each component. In general, females performed better than males on the 

object location memory task. However, when controlled for object identity memory, females no longer 

outperformed males, whereas they did not obtain a higher general object identity memory score, nor 

did they have more explicit or implicit recollection of the object identities. These complicated effects 

might stem from a difference between males and females, in the way locations or associations 

between objects and locations are retrieved. In general, participants had more explicit (conscious) 

recollection than implicit (unconscious) recollection. No effect of encoding context was found, nor any 

interaction effect of gender, encoding and retrieval context.  
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Introduction

Everyday we use, manipulate and navigate through space. Although these abilities seem to be equally 

important to all individuals, on most spatial tasks (e.g mental rotation and route-finding) males 

outperform females (for a review see: Voyer, Voyer & Bryden, 1995; for a review see: Coluccia & 

Louse, 2004).  One of the few spatial abilities in which females have been shown to outperform males 

is object location memory, i.e. remembering where things are located in space. Silverman and Eals 

(1992); Eals and Silverman (1994) found that females excel when asked to retrieve locations of object 

drawings as well as when retrieving objects from a more natural setting. Subsequent studies also 

demonstrated a female advantage in object location memory (James & Kimura, 1997; McBurney, 

Gaulin, Devineni & Adams, 1997; Levy, Astur & Frick, 2005; Rahman, Abrahams & Jussab, 2005). 

Explanations for gender differences in spatial abilities are typically sought in human evolutionary 

history. Task divisions between our male and female ancestors (Eals et al., 1994) as well as sexual 

selection pressures (Ecuyer-Dab & Robert, 2004) are considered to be important causes. Females 

would have resided close to their homes in order to protect and feed their offspring. Therefore there 

was a greater chance of personal survival as well as that of their offspring if they were talented in 

hiding resources and remembering food spots. In contrast for males, competition for mating as well as 

hunting may have led to the necessity to cover greater distances which resulted in better navigation.

 Not all studies however have shown a female advantage in memorizing object locations. 

(Dabbs Jr., Chang, Strong & Milun, 1998; Epting & Overman, 1998; Postma, Izendoorn & De Haan, 

1998; Postma, Jager, Kessels, Koppeschaar & Van Honk, 2004; Iachini, Sergi, Ruggiero & Gnisci, 

2005). These controversies are likely to have arisen from different task components that were 

assessed, and specific conditions under which information was encoded and retrieved. Postma, 

Kessels en van Asselen (2004) proposed that object location memory consists of three separate 

processes; object identity processing, remembering the locations and finally, binding objects to their 

locations. As such, object location memory is a complex multi-component process, and the various 

components might show different gender effects. Concerning memory conditions, it has been widely 

acknowledged that encoding of information as well as retrieval can be based on automatic (implicit) 

as well as controlled (explicit) processes. Importantly, it has been suggested that differences between 

men and women might critically depend on how information is encoded or retrieved. Hence, the aim 

of the present study was a systematic comparison of men and women on components of object 

location memory and the conditions under which object locations are encoded and retrieved from 

memory. Most importantly, whilst the majority of studies focused on a single aspect, in this study, 

multiple components of object location memory were investigated in relation to each other, and in 

relation to the conditions under which they were stored and retrieved.  

 One of the factors that defines to what extent we are able to retrieve information later on, is 

the amount of attention we pay to the information during encoding. It has been suggested that men 
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and women differ in the amount of attention that is paid to objects in the environment, irrespective of 

the relevance of these objects. McGivern, Mutter, Anderson, Wideman, Bodnar and Huston (1998) and 

Eals and Silverman (1994) showed that females were better than males when recalling object 

locations under incidental conditions, i.e. when they were unaware of the subsequent retrieval phase, 

as well as under intentional conditions, where the requirement of subsequent retrieval was made 

explicit to the subject. An advantage in object location memory would enhance survival based on 

greater foraging success and offspring protection. These factors would therefore have selected for 

greater incidental memory and better global perception in females (Eals et al., 1994; McGivern et al., 

1998). Notice, incidental encoding of object locations is a very important aspect of our everyday life. 

We repeatedly have to use and retrace objects whose locations we did not consciously and 

deliberately encode.  

 A female advantage in more unconscious aspects of memory processing might also apply to 

retrieval of information (Anooshian & Seibert, 1996). The assumption that recognition memory 

consists of two types of memory, implicit memory and explicit memory, is quite extensively supported 

by empirical findings (see for a review: Yonelinas, 2002). Explicit memory entails conscious, controlled 

recollection of learned information, while implicit memory is considered as more automatic and 

unconscious. Anooshian and Seibert (1996) found that females outperformed males in the implicit 

(unconscious) recollection of route-based visual scenes, but not in explicit (conscious) retrieval. 

Anooshian and Seibert (1996) attributed the female advantage in implicit retrieval to a greater 

tendency in women to rely on their intuition in making decisions, i.e. on quick and automatic 

processing of holistic properties. To the authors’ knowledge, no study has specifically addressed 

possible gender differences in the way object locations are retrieved. Moreover, it would be interesting 

to investigate the relationship between the type of encoding context and the way object locations are 

retrieved. If females indeed show an advantage under incidental (unconscious) encoding, would this 

also involve greater implicit retrieval? 

As well as the manner of encoding and retrieving information, the exact components being 

processed might form an important factor in the study of gender differences in object location 

memory. This is especially relevant since it has been shown that in general, females perform better at 

object identity memory tasks (McGivern et al., 1998; Levy et al., 2005). This is possibly linked to a 

left-hemisphere advantage in females for processing of categorical, easy-to-verbalize inputs (Chipman 

& Kimura, 1998) (see however: Silverman & Eals, 1992; Eals et al., 1994; Alexander, Packard & 

Peterson, 2002). Therefore, the observed superior object location memory in females could simply be 

related to a better memory for object identities. In the present study, with this in mind, we specifically 

assessed object identity memory and its role in remembering object locations.  

  A related possibility could be that, rather than differences in object identity memory, object 

location memory differences between men and women involve the process of binding an object to its 

location. James and Kimura (1997) suggested that females outperform males when location (spatial 
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context) and identity of an object have to be integrated. They showed subjects an array with different 

objects of which subjects had to learn the identity and location. Subjects were then presented with an 

array in which half of the objects were in different positions; pairs of objects either exchanged 

locations or locations were shifted. Women showed better location memory performance only in the 

location exchange task. James and Kimura (1997) argued that in the location shift task, subjects could 

rely mainly on the information of filled and unfilled spaces since new locations were added. This way, 

object identity became less important. However, using the same paradigm, Levy et al. (2005) found a 

female advantage in the location shift condition as well as in the location exchange condition. This 

might have to do with slightly different task characteristics, like the dimensions of the array. In the 

present study, we applied a novel method developed by Dent and Smyth (2005), consisting of first 

establishing object recognition scores for objects which later had to be relocated. This way, object-

location binding measures, which are independent from object identity memory, can be derived by 

only including correctly recognized objects. 

 With the aim of exploring the discussed components of object location memory in controlled 

as well as automatic encoding and retrieval conditions, several additional measurements and task 

manipulations were included. First, different encoding contexts were created by varying task 

instructions between subjects, thereby having subjects in the incidental condition being unaware of 

the object location retrieval task later on.  

 In order to assess both explicit and implicit retrieval, we applied the Process Dissociation 

Procedure (PDP), developed by Jacoby (1991). This procedure separates the two types of retrieval 

within one task by using two different instructional conditions. This can be illustrated by considering 

the so-called stem-completion task (Jacoby, Toth & Yonelinas, 1993). Here, subjects learn a list of 

words and afterwards they are instructed to complete word stems. In order to separate implicit and 

explicit memory influences, in the include condition subjects are instructed to complete stems with 

recalled words, while in the exclude condition subjects have to create words that were not presented 

earlier. The rationale behind these different instructions is that if people have explicit memory for an 

item, they should be able to retrieve and use an item correctly according to the specific task demand, 

that is always complete stems with old words in the include condition and always complete stems with 

new words in the exclude condition. If no explicit knowledge is present, automatic implicit memory 

will only lead subjects in the include condition to the correct answer. In the exclude condition, implicit 

memory will result in old words as well, contrary to the instruction. Thus the probability that in the 

include condition, an item from the learned list is correctly retrieved, consists of the probability that an 

item is explicitly (consciously) retrieved, plus the probability that an item is only implicitly 

(unconsciously) retrieved: P (inclusion) = C + (1 – C) U, in which C stands for explicit (conscious) 

memory and U for implicit (unconscious) memory. In contrast, in the exclude condition, the probability 

that an item from the learned list is incorrectly retrieved, consists of the probability that it is implicitly 

retrieved (U), in the absence of explicit memory (C): P (exclusion) = (1 – C) U. Three assumptions 
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underlying the PDP are: 1. Independence of C and U 2. C and U operate consistently in both the 

inclusion and the exclusion condition 3. The presence of implicit memory dominates the presence of 

explicit memory.  In order to apply this paradigm in the present study to object location memory, the 

original procedure was adjusted, following the very elegant example of Caldwell and Mason (2001). In 

the learning phase of our task, objects were located one-by-one in different everyday places. As in the 

original procedure, in the test phase, participants had to comply with an ‘include’ as well as an 

‘exclude’ condition. In the include condition, an object had to be relocated in its original location (out 

of three possible locations). If a person succeeded, conscious as well as unconscious memory 

processes could be involved. The exclude instruction implied that the subject should relocate the 

object in a new location, thus not in the original target location. In case of conscious recollection, a 

person would then have been able to select a new location. However, if no conscious recollection was 

present, implicit memory traces ‘automatically’ lead a person back to the old target location. Based on 

the observed probabilities that the original target location was selected in the include condition as well 

as in the exclude condition (see above formulae), the explicit (C) as well as implicit (U)  memory 

components could be calculated. 

Where the above described PDP method was used to differentiate implicit and explicit object 

location memory, a similar logic was applied to investigate implicit and explicit retrieval of object 

identity memory as well. For this we turned to the so-called remember-know paradigm2 (Tulving, 

1985). In the object recognition tasks, participants had to indicate the number of items they 

recognized as being previously encountered, and whether they recollected any aspect of their 

previous experience of the item. If they did so, they had to indicate their recognition as ‘remember’ (R 

response), which would reflect ‘recollection’, retrieval from the episodic memory system (conscious, 

controlled retrieval), equivalent to explicit retrieval (C) in the PDP. If subjects did have any recollection 

of the time of encoding, as well as the recognition of the item, they had to label their response as 

‘know’ (K response). This type of answer would represent ‘familiarity’, i.e. retrieval from the semantic 

memory  system (unconscious, automatic), equivalent to implicit memory (U) in the PDP. This way, 

besides assessing different retrieval processes on the object level, more insight could be gained into 

the relation between different memory processes in object identity retrieval and object location 

retrieval.  

The experimental tasks and procedures described above yielded several different measures: 

explicit object location memory (C), implicit object location memory (U), object identity memory, 

explicit object identity memory (R) and implicit object identity memory (K). In order to  obtain an 

                                                     
2  It has to be mentioned here that although the PDP and the remember-know paradigm both derive from the 

assumption that two distinct  processes  contribute to memory for events, the underlying assumptions about the 

characteristics and working of these distinct processes are not exactly the same (see for a exhaustive review: 

Yonelinas, 2002). For the sake of simplicity however, we consider both paradigms here to assess the same type 

of dissociation. 
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explicit and implicit object location memory measure, controlled for object identity memory, C and U 

were re-calculated, including only trials of the object location task where the object was correctly 

recognized in the separate object identity memory task. These new measures can also be considered 

as implicit and explicit object identity-location binding measures (Ub and Cb), and represent the 

storage of object identity and location in an integrated fashion.  

With the above measures, gender differences relating to the essential components of object 

location memory could be investigated and considered under automatic as well as controlled, 

encoding and retrieval conditions.  

Methods

Participants

44 males and 41 females participated in this study, although only data from 41 males (mean age 

22.5, SD = 3.2) and 40 females (mean age: 21.6, SD = 3.2) were processed. Incomplete data, due to 

technical reasons, were excluded from one male subject. Reasons for excluding data from 3 further  

participants (2 males, 1 female) will be described in the concerning methodological sections. All 

subjects gave informed consent and received 10 euros for participation. Participants had normal or 

corrected-to-normal vision. Mean handedness score, as assessed by a Dutch version of the Annet 

handedness inventory (Annet, 1970), was 16.1 (SD = 11.2) for females and 16.2 (SD = 10.3) for 

males. On the Raven Advanced Progressive Matrices Set I (which gives an indication of perceptual 

reasoning ability) (Raven, 1962), the mean score for females was 11.00 (SD = 1.2) and the mean 

score for males was 11.5 (SD = 0.8). Males and females did not differ in age, handedness and 

perceptual reasoning ability. Given hormonal effects on cognitive performance (Kimura, 1996; Postma, 

Winkel, Tuiten & Van Honk, 1999), the phase of female participants’ menstrual cycle was roughly 

tracked by self report (day count method). This procedure was used to show variations in female 

participants’ menstrual cycle. Fifteen women were reported to be in the follicular phase (day 1-16 of 

the menstrual cycle) whereas 25 women were reported to be in the luteal phase (day 17 – 28 of the 

menstrual cycle). However, given the crude nature of the categorization in the luteal and the follicular 

phase, coupled with cycle distribution being largely skewed in the present study, and the fact that 

methods of day-counting have been shown to be unreliable (Phillips & Sherwin, 1992), we decided not 

to take moment in cycle into account in the present study. Nevertheless, at this moment we are 

working on a follow up study in which estrogen as well as androgen levels measured in saliva, will be 

taken into account. 

 The current study was approved by the ethics committee of Utrecht University. 
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Materials

All computer tasks were run on a Pentium PC with a 17” monitor.

Rooms Task 

The Rooms Task, by which object location memory was assessed, was adapted from Caldwell and 

Masson (Caldwell et al., 2001). It consisted of coloured photographs of 8 places (rooms) in and 

around the house (kitchen, bedroom, lounge, study, living room, bathroom, attic and garden) and 

coloured photographs of 80 every day objects (10 objects per place). During the encoding phase, on 

each trial, subjects were shown an object in a small grey square ( 5 x 5 cm) at the bottom of the 

screen above which a picture of the corresponding place appeared (20 x 20 cm) (see Figure 1A).  For 

each trial, subjects had to click on the object as soon as it became visible at the bottom of the screen, 

after which it moved to its target location. This target location was indicated by a red-green square (2 

x 2 cm). The object remained visible in the target location for 2 seconds. Participants had to link 80 

different objects with 8 different places one-by-one, in random order. 

 In the retrieval phase, participants had to relocate all 80 objects again one-by-one, in random 

order. Three possible locations for each object were indicated by red and green squares within the 

depicted place. By clicking on the object and clicking on the square of choice, the object appeared at 

the selected location at a size of 2 x 2 cm (see picture 1B). 

   

              

Picture A  Encoding phase    Picture B  Retrieval phase 

Figure 1.  Example of stimulus displays of the Rooms task during the encoding phase and during the retrieval 

phase.
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Filler tasks 

During the retention interval between the encoding and retrieval phases of the Rooms Task, the Annet 

handedness inventory (Annet, 1970), the Raven Advanced Progressive Matrices Set I (Raven, 1962), 4 

filler tasks and finally the object identity recognition task were carried out. The 4 filler tasks were: 1) 

the NLV, the Dutch reading comprehension task (Schmand, Lindeboom & Harskamp, 1992) where 

participants had to read words of increasing difficulty with the correct pronunciation. 2) A variation on 

the Benton Judgement of Line Orientation task (Benton, Varney & Hamsher, 1978). 3) An object 

relocation task where participants were asked to simply copy a spatial layout of icons presented on a 

computer screen, by dragging the icons to their correct positions. 4) A ‘picture-sentence’ task, in 

which participants had to decide as quickly as possible whether two spatial relations presented in 

either a sentence or a picture, were similar. Since these 4 tasks were required for other studies, they 

will not be discussed any further here.   

Object identity recognition task 

The object identity recognition task, in which memory for the object identities present in the Rooms 

Task was assessed, was developed and run by use of E-prime software (E-prime 1.1; Psychology 

Software Tools, Inc.). In this task, by pressing a button (“j” or “n”) for each of 160 presented objects 

(80 targets, 80 distracters), subjects indicated whether it had been present in the Rooms Task. The 

objects appeared in the middle of a white screen, fitting into an invisible frame of 280 x 280 mm.  

If subjects had indicated that they did recognize an object from the Rooms Task, they had to indicate, 

again by pressing a button (“h” or “w”), whether they could label this recognition as remembering or 

knowing.  Written instructions that explained the remember-know distinction, followed those used by 

Rajaram (1993) (see Appendix I). After subjects had read these, the experimenter summarized again 

the concept’s main points. If they still did not understand the distinction, the experimenter provided a 

further explanation until it was clear to the subject. All subjects were asked after doing the task, to 

explain to the experimenter the meaning of remembering and knowing. One subject switched around 

the meaning of remember and know, which was corrected afterwards.

For each place (‘room’ in the experiment), 20 suitable everyday objects were first selected by the 

experimenter. 10 people (5 males and 5 females who did not participate in the main study), then 

rated for each place, the degree to which the 20 objects fitted that specific place on a scale of 1 to 5 

(1 = least probable, 5 = most probable). Based on these ratings, 10 objects for each place were 

selected as being a target in the Rooms Task and in the object identity recognition task, and 10 

equally likely objects were used as distracters in the object identity recognition task. This way, objects 

in the object identity recognition task could not be correctly selected based only on their normal 

presence in certain places. For example, target objects for the study room were: a diary, a compact 

disc player, an eraser, a computer mouse, a stapler, a pen tray, sellotape, a wastepaper basket, a 
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telephone and a water bottle. The equally-likely distracters presented in the object identity recognition 

task were: a floppy disk, a ruler, a scratch-pad, a ring binder, staples, an electric kettle, a perforator, 

a printer and scissors.  

 In order to prevent the use of knowledge of typical locations for objects in the Rooms Task, 

another 9 participants (4 males and 5 females who did not participate in the main study) indicated the 

likelihood of certain locations for each object.  For each object, 15 locations were pre-selected in the 

corresponding place. Participants then had to decide which three positions of the 15 were the most 

probable, in order of likelihood. Based on these measurements, the three most likely locations were 

determined for each object. From these three locations, the ‘second’ location, i.e. neither the most 

likely, nor the least likely location, was used as the target location. The other two positions were used 

as distracters in the retrieval phase of the Rooms Task.  

Procedure 

Half of the subjects (21 females, 21 males) were randomly assigned to the incidental condition of the 

Rooms Task; they were told that they had to judge the visibility of the object after it was moved to its 

position, relative to its visibility in the square at the bottom of the screen. Subjects’ responses (which 

were registered by the experimenter), were either the object is very visible, or  the object is not very 

visible. The other half of the subjects (19 females, 20 males) received an intentional instruction; this 

consisted of the incidental instruction as well as being asked to remember all object-locations in order 

to relocate them after all other tasks were done. This was done in order to guarantee that the only 

difference between the incidental and the intentional group was the effortful memorizing of the object 

locations by the intentional group. Following the encoding phase of the Rooms Task, the 4 filler tasks 

were done. This yielded a mean retention interval between the encoding phase and retrieval phase of 

the Rooms Task of 52.7 minutes, SD = 7.1 (males: 53.7 (SD = 7.5); females: 51.6 (SD = 6.5). There 

was no significant difference in retention interval between males and females (t (79) = 1.3, P > 0.05). 

Right before the retrieval phase of the Rooms Task, the object identity recognition task was 

conducted.  

Before starting the retrieval phase of the Rooms Task, subjects in the incidental condition 

were questioned in order to assess whether they foresaw the relocating part of the study. This was 

the case for 1 male and 1 female subject, who were therefore excluded from analysis. Within 

subjects, half of the trials during retrieval were randomly assigned to the ‘include’ condition, half to 

the ‘exclude’ condition. The order of the trials was again randomized and therefore different from the 

trial order in the encoding phase. In each trial, the instruction (include or exclude) was written at the 

bottom of the screen and read out loud by the experimenter for the first 10 trials. In the include trials, 

subjects had to relocate the object to the location shown in the encoding phase. In the exclude 

condition, subjects were instructed to relocate the object to a position different from the original 
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location. Subjects were instructed to relocate the objects as fast as possible, in order to avoid a 

generate-recognize-strategy (see: Jacoby et al., 1993). Based on the observed probabilities of 

choosing the original target locations selected in the include condition as well as in the exclude 

condition (i.e. the number of target locations selected, divided by 80), the implicit component as well 

as the explicit component of object location memory could be calculated according to the PDP 

formulas, as explained in the introduction. 

Chance level was assessed in order to define a baseline estimate of the probability that subjects chose 

the target location without previous experience with the object locations. It was defined by computing 

the proportion of correctly guessed locations in the test phase for trials which contained objects that 

were not present during the learning phase. Chance level was adopted from another study in our lab 

using the same task under comparable conditions (Stotteler, Postma & Hooge, Not published).

One male subject was excluded because he relocated all objects correctly in the exclude condition. 

This resulted in an underestimation of the unconscious estimate (U) (see: Jacoby et al., 1993). 

Results

The proportion of selected target locations was the dependent measure in the first set of analyses. 

Two separate ANOVAs were conducted for the proportion of selected target positions in the include 

condition and the exclude condition (see values in Table 1). Between subject factors were gender and 

encoding condition (intentional-incidental). Under inclusion instructions a significant effect was found 

for gender (F(1,77) = 4.36, p < 0.05), which implies that females relocated more objects correctly.  

 Based on the proportion of selected target locations in the include and the exclude condition, 

estimates of explicit (C) and implicit object location memory (U) were calculated. A mixed analysis of 

variance (repeated measures ANOVA) was performed with object location retrieval memory (C and U) 

as the within subject factor and gender and encoding condition (incidental or intentional) as the 

between subject factors. A main effect of retrieval memory was found (F(1,77) = 6.74, p < 0.05), 

which indicates that overall, explicit memory for object locations was greater than implicit memory. 

Also a main effect of gender was found (F(1,77) = 4.66, p < 0.05), showing that females had better 

object location memory, irrespective of the type of retrieval, i.e. explicit or implicit (see Table 1). No 

main effects of encoding condition were found, nor any interaction effects with gender and/or object 

location retrieval memory.  

Additionally, for both males and females implicit memory estimates were compared to the 

implicit estimate obtained by chance (0.27), reflecting the probability that the target location is chosen 

for new objects. For both sexes, implicit memory performance was not above chance level (males: 

t(40) = -0.24; females: t (39) = 1.40).  
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Intentional encoding (N= 39) Incidental encoding (N= 42) 

Females

(N= 19)

Males

( N = 20) 

Females

(N= 19)

Males

(N = 21) 

M SE M SE M SE M SE 

Instruction

    

Inclusion 0.54 0.03 0.50 0.03 0.57 0.03 0.49 0.02 

Exclusion 0.18 0.02 0.19 0.02 0.18 0.02 0.19 0.02 

Estimates from PDP   

Explicit OLM (C) 0.36 0.04 0.32 0.04 0.38 0.05 0.29 0.03 

Implicit OLM (U) 0.28 0.02 0.27 0.01 0.29 0.02 0.26 0.02 

Table 1. Mean proportion of target positions selected and calculated estimates of explicit and implicit object 

location memory (OLM) components 

In the analyses concerning object identity memory, the proportion of correctly recognized objects in 

the object identity memory task was the dependent measure (the number of recognized objects 

divided by the total number (80) of target objects). According to the number of correctly recognized 

objects indicated as ‘remember’ or ‘know’, proportions explicitly recognized objects (R) as well as 

implicitly recognized objects (K) were calculated. A mixed analysis of variance (repeated measures 

ANOVA) with object recognition memory (R and K) as a within subject factor and encoding condition 

(intentional, incidental) and gender as between-subject factors only showed a main effect of object 

recognition memory, that is in general R was greater than K (F (1,77) = 58.6, p < 0.01) (see table 2).  



Gender differences in object location memory 29

Intentional encoding (N=39) Incidental encoding (N= 42) 

Females

 (N= 19)

Males

( N = 20) 

Females

(N= 19)

Males

(N = 21) 

M SE M SE M SE M SE 

Proportion correctly 

Recognized object (total = 80)

       

Total object identity memory 0.67 0.04 0.63 0.05 0.67 0.04 0.59 0.04 

Explicit object identity memory (R) 0.45 0.05 0.44 0.04 0.46 0.04 0.37 0.05 

Implicit object identity memory (K) 0.22 0.03 0.19 0.02 0.20 0.03 0.21 0.03 

Table 2. Total, implicit and explicit object identity memory 

The relations between object identity retrieval (total, R and K) and object location memory 

type (C and U) were investigated by conducting correlation analyses. For both males and females a 

significant correlation was found between object identity memory and C (r = 0.62, P < 0.01; males: r 

= 0.60, P < 0.01; females: r = 0.63, P < 0.01) (see Figure 2). No significant difference existed 

between these correlations. For males no relation was found between object identity memory and U, 

whereas for females a significant negative correlation was found between object identity memory and 

U (females: r = -0.32, P < 0.05) (See Figure 2). A significant positive correlation for both males and 

females was found between C and R (r = 0.62, P < 0.01; males: r = 0.56, p < 0.01; females: r = 

0.66, p < 0.01) (see Figure 3). No significant difference existed between these correlations. For males 

as well as for females, no significant correlation was found between U and K, whereas for females, a 

significant negative correlation existed between U and R (r = 0.32, P < 0.05) (See Figure 3 and Figure 

4).
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Figure 2. Explicit (C) and implicit (U) object location memory and object identity memory 
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Figure 3. Explicit (C) and implicit (U) object location memory and explicit object identity memory (R)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 0.2 0.4 0.6 0.8 1

K

C

males
females

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 0.2 0.4 0.6 0.8 1

K

U

males
females

Figure 4. Explicit (C) and implicit (U) object location memory and implicit object identity memory (K) 
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The final analysis computed explicit and implicit object identity-location binding memory estimates, 

Cb and Ub (see table 3). A mixed analysis of variance (repeated measures ANOVA) was conducted 

with object location retrieval memory (Cb and Ub) as a within-subjects factor, and gender and 

encoding context (intentional or incidental) as a between-subjects factor. Again, an effect of object 

location retrieval memory type was shown, indicating that in general Cb estimates were higher than 

Ub estimates (F(1,77) = 30.97, P = 0.00). Now there was no longer an effect of gender. Also, no 

main effects of encoding condition were found, nor any interaction effects with gender and/or object 

location retrieval memory. 

Intentional encoding (N = 39) Incidental encoding (N = 42) 

Females

(N = 19) 

Males

(N = 20) 

Females

(N = 21) 

Males

(N = 21) 

M SE M SE M SE M SE 

Instruction

 Inclusion 0.60 0.03 0.58 0.03 0.62 0.03 0.56 0.02 

 Exclusion 0.18 0.02 0.15 0.02 0.16 0.02 0.16 0.02 

Estimates from PDP equation 

(only correctly recognized objects 

included)

 Explicit OLM (Cb) 0.42 0.04 0.43 0.04 0.47 0.05 0.40 0.04 

 Implicit OLM (Ub) 0.31 0.02 0.26 0.03 0.29 0.02 0.24 0.03 

Table 3. Mean proportion of selected target positions for correctly recognized objects in the object identity 

recognition task, and calculated estimates of explicit and implicit object-location binding memory components 

Discussion

The aim of this study was to investigate gender differences in object location memory while taking 

into account its different components, as well as the conditions under which object locations can be 

encoded and retrieved.  

In general, females turned out to have a better memory for object locations compared to 

males. This finding confirms those from previous studies. The female advantage has been 

hypothesized to have evolved from natural selection pressures that our ancestors dealt with (Gaulin & 

Fitzgerald, 1986; Silverman, 1992; Ecuyer-Dab et al., 2004). An obvious difference with other studies 

that did not find a gender effect in object location memory, is that in these studies less objects were 



32  Chapter 2 

used and object locations were presented all at once instead of in a serial order (e.g.: Epting et al., 

1998; Postma et al., 1998; Iachini et al., 2005). Moreover, in studies of Postma et al. (1998, 2004) 

and Iachini et al. (2005), objects had to be actively relocated in their correct (relative or absolute) 

position as opposed to recognition of location-changes. Speculatively, the present findings, based on 

more ecologically valid parameters, might be more representative of daily life.  

An important aspect of this study was the manipulation of both the encoding and retrieval 

context. Remarkably, encoding context (incidental versus intentional) neither affected object identity 

memory nor object location memory, and this did not differ between men and women. Previously, it 

has been claimed that women would outperform men particularly under incidental encoding conditions 

Eals and Silverman (1994): McGivern et al. (1998). However, in line with the present findings, 

Cherney and Ryalls (1999) did not report superior female performance in object location memory 

under incidental encoding instructions. These authors pointed out that the nature of the objects to be 

relocated (i.e. typical male vs. typical female objects) might be an important factor.  

Hasher and Zacks (1979) proposed that because of its ecological relevance spatial memory 

would work relatively autonomously. Indeed Ellis (1990) found no difference between incidental and 

intentional encoding in a simple task assessing spatial memory. In contrast, Naveh-Benjamin (1988) 

did reveal better performance with intentional coding. These controversies suggest that possibly only 

some aspects or varieties of object location memory are processed in an automatic fashion, whereas 

some aspects can profit from elaborative encoding. In turn, the exact features of the task used could 

also be critical (Caldwell et al., 2001). In our task no performance differences between the intentional 

and incidental encoding condition were found, as well as an above chance performance in the 

incidental condition. This hints at an, at least partially, automatic character of object location memory. 

The salient objects and environments used in our task may have attracted sufficient attention in order 

to be efficiently processed, even under incidental learning instructions.  

The fact that type of retrieval, as assessed by the PDP, was not affected by encoding condition 

might be considered as additional support for the claim that object location memory works partly 

automatically. Despite the fact that encoding and retrieval processes are often equated, it can be 

questioned whether automatic encoding also necessarily implies automatic retrieval. On the contrary, 

if information is very important, all details of it should be conscientiously retrieved, even without 

deliberate effort to encode it. This logic appears to apply to object location memory as measured in 

our study. In general, participants displayed more explicit object location memory than implicit object 

location memory under both encoding conditions. Therefore it seems that the suggested automatic 

character for object location memory is confined to the encoding of object locations, while in retrieval, 

effortful processes prevail. Importantly, males and females did not differ in the availability of the two 

memory types. Previously, Anooshian and Seibert (1996) did show superior performance in female 

participants on implicit memory for scenes experienced from a videotaped route. Apparently, there is 
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a difference between implicit memory for scenes compared to implicit retrieval of details from those 

scenes, such as object locations.  

One methodological concern to be mentioned here is that the implicit memory estimates for 

males as well as for females were not above chance level (defined as the mean implicit memory 

estimate calculated for new items, as explained in the Methods), which might be due to the 

methodological limitations of the PDP (Dodson & Johnson, 1996; Kessels, Feijen & Postma, 2005). 

Participants were instructed to relocate an object in the first location that came to mind in case they 

could not recall the original location. It might be that participants did not follow this instruction, but 

instead figured out the best possible location for an object. Since each location was chosen in such a 

way that it was not the most plausible one, such a conscious strategy would result in lower estimates 

of unconscious memory.  

Besides the conditions under which object locations can be encoded and retrieved, we also 

addressed different components of object location memory and how they might relate to one another. 

Importantly, males and females did not differ in object identity memory. Previous studies have shown 

mixed results. Some indicate that females have a better object identity memory than males (e.g.: 

Silverman et al., 1992; McGivern et al., 1998; Levy et al., 2005; Rahman et al., 2005). Other studies 

did find however results in line with our findings (e.g.: Alexander et al., 2002; Iachini et al., 2005). To 

the authors’ knowledge, studies in which a female advantage was found often used a relatively high 

number of objects. In our study whilst a high number of objects was also used, the serial presentation 

could have had a counteractive effect.  

 Object identity memory in general correlated strongly with explicit object location memory, 

whereas this relation was not found for implicit object location memory. For females, object identity 

memory and implicit object location memory even showed a negative correlation. Remarkably, the 

object location memory advantage in females disappeared after controlling for object identity 

recognition (resulting in the object-location binding measure), although females did not show better 

object identity memory. Apparently neither object identity memory per se nor the binding aspect per 

se (i.e. number of correctly recognized objects that were relocated in their correct position) differed 

between men and women. However, the aggregated object location memory scores (i.e. not 

controlled for object identity recognition) did show a significant gender difference. This could suggest 

a special role for the objects which were not correctly recognized. We wish to speculate that women 

might be better in accessing feature information (such as location information) when objects are 

placed in the proper context (i.e. the original room) whereas this information could not be accessed 

when the object was shown in isolation. In other words, for females rather than males, context can 

elicit the association between an object and its position. A slightly different interpretation of the 

present findings is that females simply have a better categorical (relative) memory for locations, 

independent of object identities, which would provide them with an advantage in cases where the 

object in isolation was not recognized. According to this line of reasoning, for females, contextual 
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information facilitates access to locations, independently of the identity of the objects occupying those 

locations. Both interpretations seem to be supported by the fact that in several studies of object 

location memory, a female advantage is found when contextual cues are provided, such as other 

objects present in a spatial array or a natural environment (Eals et al., 1994; James et al., 1997; 

McBurney et al., 1997). Studies in which objects have to be actively relocated in the correct position 

and no context is provided often show no female advantage. In addition, in these studies a coordinate 

(absolute metric) measure even revealed a male advantage (Postma et al., 1998; Postma et al., 2004; 

Iachini et al., 2005). 

Importantly, men and women did not differ in object identity memory in a qualitative way 

either, i.e. with respect to the implicit (K) and explicit (R) object identity memory scores. No gender 

difference was found in the amount of objects labelled as ‘remember’ or ‘know’. Interestingly, there 

seems to be a specific relation between object identity related retrieval scores and explicit (C) and 

implicit (U) memory estimates yielded by the PDP procedure. Correctly recognized objects labelled as 

‘remember’ showed a significant positive correlation with explicit object location memory scores, while 

this was not the case for correctly ‘remembered’ objects and implicit memory scores. There was even 

a negative correlation in the female group. In itself, this is an intriguing finding, suggesting that 

memory for objects accompanied by remember states is linked to a better explicit retrieval of the 

object contextual features, such as where they were located. This confirms the claim made by Perfect 

et al. (1996), that location is a strong contextual feature encoded in relation to the object. Moreover, 

it provides support for the validity of the PDP, in that explicit memory estimates of object location 

memory relates to explicit retrieval of object identities.  

To summarize, females have a better memory for object locations, when looking at the overall 

object memory scores. However, when comparing object identity memory and object-location binding 

in isolation, no female advantage was found. The overall object location memory scores are based on 

explicit as well as implicit retrieval of both correctly and incorrectly recognized objects. As such, it 

might suggest that women can better associate objects with locations or simply retrieve locations, 

independent of object identity memory. This is done either in an implicit or explicit way, when the 

proper context is presented (i.e. the room in which the object was displayed). Interestingly, in both 

men and women, explicit recollection of object identity (R) was strongly related to the explicit retrieval 

of object locations. Both encoding and retrieval context did not seem to have differentiating effects on 

(different components of) object location memory for both males and females, which suggests a 

(partially) automatic encoding of object locations in rich contexts.  
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Appendix

Instructions knowing / remembering (originally presented in Dutch) 

After the example of instructions used in a study by Rajaram (1993) 

Remember (‘R’) = when the recognition of an object is accompanied by a conscious memory of the 

moment you encountered this object in the first task. Remembering is the ability to consciously 

retrieve characteristics, events or personal experiences of the moment you saw the object (for 

example: physical appearance of the object or surrounding, something that happened in the room or 

your personal thoughts or actions). In other words: in order to label an object as ‘remember’(R) you 

have to be able to retrieve a certain association, picture, something personal concerning the 

appearance or location of the object from the moment of perception. 

Know (‘K’) = when you recognize an object from the first task but you are not able to retrieve 

anything consciously concerning the perceptional experience itself, anything that happened or your 

personal experience on the moment of presentation. In other words, label an object as ‘know’(K) if 

you are sure that you recognize the object but the object does not elicit any conscious memories.

Two examples: 

If somebody asks your name, you give a typical ‘know’-answer, without having any conscious 

memories of certain aspects or experiences. On the contrary, if somebody asks you about the last 

movie you have seen, your response will be typically based on ‘remembering’, whereby you will 

consciously recall several aspects of this experience.  

Example given by the experimenter: 

Sometimes you see somebody in the bus whose face is very familiar to you, but you cannot recall 

where or under what circumstances you met that person. In that case, you just ‘know’ that you have 

seen that person before. However if you recall after a while that that was the person who was in line 

in front of you in the supermarket yesterday, your memory has become a ‘remember’ memory. 
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Abstract

The aim of the present study was to investigate the modulating effects of context as well as field 

position on object location memory. Participants had to perform an object location memory task in 

which object identity memory, location memory and object-location binding memory could be 

dissociated. Results revealed that whereas location memory and object location-binding memory are 

enhanced by the presence of context, object memory was not. On the other hand, a right visual field 

advantage was only found for object memory and object-location binding memory. Together this 

suggest that the left hemisphere might be dedicated to processing object and binding them to their 

locations. Remembering which places were occupied in the world and by which object in turn appears 

to depend on the availability of the overall spatial context.  
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Introduction

Spatial context, i.e. the layout of objects in the visual world, facilitates the daily interaction with our 

environment. For example, seeing a monitor on a desk elicits expectations about where to look for the 

keyboard and the mouse. In an object-change detection task, Hollingworth (2006; , 2007), showed a 

same-position advantage, i.e. that object-changes were more easily detected when the object 

remained in the same position from study to test, as opposed to when it changed position. Moreover, 

this same-position-advantage was only present if the context in which the object was presented 

stayed the same from study to test. It was also shown that useful context could be provided by a 

natural scene (e.g. a room) as well as an object array. Hence, both meaningful and abstract contexts 

serve the binding of an object to its position. Notably, the studies of Hollingworth (2006; , 2007) 

focused on visual memory of objects, only assessing context dependency of object location memory in 

an indirect way.

In a different paradigm Chun and colleagues demonstrated that spatial contexts might be 

learned implicitly, leading to enhanced visual search (Chun & Jiang, 1998; Jiang, Olson & Chun, 2000; 

Olson & Chun, 2002). Apparently, a target might be localized faster when the overall spatial context is 

repeated, even when subjects do not consciously memorize the global spatial configuration, the so 

called “contextual cueing effect”. Interestingly, Olson and Chun (2002) also found that contextual 

cueing was stronger for items in the right visual field than for items in the left visual field, suggesting 

that the left hemisphere profits more from spatial context in localizing objects than the right visual 

hemisphere. Olson and Chun (2002) explained this functional difference by suggesting that ‘strategic 

visuospatial control’  would be mainly supported by the left hemisphere. An alternative account follows 

from the idea that the two hemispheres process different types of spatial information. It has been 

suggested that the right hemisphere preferentially processes coordinate spatial relations (i.e. exact 

metric relations) whereas the left hemisphere is more involved in processing categorical relations (i.e. 

relative relations, e.g.: object a is behind object b). (Kosslyn, 1987; Hellige & Michimata, 1989). 

Following from this theory, most object location tasks, requiring the processing of relative spatial 

relations, are assumed to be more strongly supported by left hemisphere processing. In line with this 

assumption Alexander, Packard and Peterson (2002) found an advantage in retrieval of object 

locations learned in the right visual field, i.e. assumed to be mostly attended to by the left 

hemisphere. As such, the stronger left hemisphere contextual cueing effect observed by (Olson et al., 

2002), could follow from a greater left hemisphere proficiency in processing inter-objects spatial 

relations.  

Importantly, effects of specific task characteristics and -conditions might differ according 

which component of object location memory is assessed. Object location memory can be functionally 

dissociated in three processing components: object identity memory, location memory and object-

location binding memory (Postma & De Haan, 1996; Postma, Jager, Kessels, Koppeschaar & Van 
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Honk, 2004; Postma, Kessels & Van Asselen, in press). Notably, these components have shown to be 

differentially affected by a number of factors and manipulations, such as: specific cerebral lesions 

(Kessels, Kappelle, De Haan & Postma, 2002), dual task performance (Postma et al., 1996) gender 

(Postma et al., 2004; De Goede & Postma, 2008), age (Kessels, Hobbel & Postma, 2007) and 

hormonal states (Postma, Meyer, Tuiten, Van Honk, Kessels & Thijssen, 2000). Notably, in studies 

addressing the effect of spatial context as well as visual field position, the effect on each component 

separately has not been addressed yet. Hence, the aim of the present study was to investigate in a  

direct, systematic way the effects of spatial context and visual field position on object identity 

memory, location memory and object location binding.  

Methods

Participants

Fourty healthy right-handed students (20 females) from Utrecht University participated in the 

experiment. All participants gave informed consent and received six euros or one course credit for 

participation. Participants had normal or corrected-to-normal vision. Males (mean age: 22.7, SD = 

2.6) and females (mean age: 21.7, SD = 2.1) did not differ in age.  

Design and procedure 

In each trial participants had to learn the positions of ten different objects randomly located in a 

centrally presented frame of 10 x 10 cm for fifteen seconds. After an interval of three seconds, the 

same frame was presented again to the participants with four different objects at the bottom of the 

frame and four different locations (indicated by an empty circle) in the frame. Only two of these four 

objects and their corresponding locations had been present in the original frame. Participants had to 

combine the two correct objects with their correct positions by clicking on an object and subsequently 

on its corresponding position. This way, object memory, location memory as well as object-location 

binding memory could be assessed.  

 The experiment was divided in two blocks, a ‘context’ block and a ‘no-context’ block. Half of 

the participants (half male, half female) performed the context block first and the no-context block 

second whereas for the other half of the participants this was the other way around. In the context 

block all objects, except for the two target-objects, were still in their correct position in during 

retrieval, whereas in the no-context block the non-target objects were left out as well during retrieval 

(see Figure 1). Both blocks consisted of 24 different frames, each set of 24 frames being randomly 

assigned to the context or no-context condition. Hence, in total participants had to relocate 96 

objects.
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 240 different everyday objects and animals were used in each block (context, no-context), 

which were repeated between blocks. For each trial, locations were randomly administered within the 

frame, allowing locations to overlap with locations in previous trials. Since we made use of an already 

existing task, visual field positions of the target objects were not equally distributed. 54 target objects 

were located in the right visual field, whereas 38 target objects were located in the left visual field. 

Four target objects were excluded from analysis, since they were located on the midline of the frame. 

In total (target and non-target objects), 118 objects were located in the right visual field, 102 objects 

were located in the left visual field and 20 objects were located on the midline. 

 Between the two blocks (context and no-context) participants did a mental rotation task for 

approximately 30 minutes. Since these mental rotation data were used for another study, results will 

not be discussed here. Before each session, participants received a task instruction, after which they 

started doing three practice trials before each session.

                       

Learning frame         Test frame context   Test frame no-context

Figure 1. Learning- and test frame in the context and no-context condition 

Results

First, a repeated measures analysis of variance was performed with memory type (object memory – 

location memory), context and visual field as within-subjects variables. Since sex turned out to yield 

no effect at all, this factor was excluded from further analyses. An interaction between memory type 

and context was found (F (1,39) = 20.9, p < .01), indicating that location memory was better when 

context was present whereas context did not have an effect on object memory (see Figure 2A). 

Furthermore, there was an interaction between memory type and visual field (F (1,39) = 145.0, p < 

.01); object memory performance was better for objects located in the right visual field than for
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objects in the left visual field, whereas for location memory no such difference appeared (see Figure 

3A). Also main effects for context (F(1,39) = 10.8, p < .01) and visual field (F(1,39) = 92.9, p < .01) 

were found. No interaction effects were observed for context and visual field (see Figure 4A).

Since object-location memory is dependent on both object-memory and location-memory, 

having a different chance performance level as well, a separate analysis was conducted for object-

location memory. This second repeated measures analysis of variance was performed with object 

location memory as dependent variable and context and visual field as within-subjects variable. Here 

also a main effect of context was found (F(1,39) = 24.5, p < .01), meaning that object location 

memory was better when context was present (see Figure 2B). In addition, there was an effect of 

visual field position (F(1, 39) = 9.6, p < .01), indicating that object location memory was better for 

objects in the right visual field than in the left visual field (see Figure 3B). Again no interaction effects 

were found for context and visual field (see Figure 4B). 
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Figure 2. A. Mean percentage correctly retrieved objects and locations with and without context. B. Mean 

percentage correctly retrieved object-locations with and without context. 

   * 
    * 



Context and visual field position 45

0

10

20

30

40

50

60

70

80

90

100

objects locations

m
ea

n 
pe

rc
en

ta
ge

 c
or

re
ct

ly
 r

et
rie

ve
d

L
R

0

10

20

30

40

50

60

70

80

90

100

object-locations

m
ea

n 
pe

rc
en

ta
ge

 c
or

re
ct

ly
 r

et
rie

ve
d

L
R

A           B 

Figure 3. A. Mean percentage correctly retrieved objects and locations in the left (LVF) and right (RVF) visual 

field. B. Mean percentage correctly retrieved object-locations in the left and right visual field. 
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Figure 4. A. Mean percentage correctly retrieved objects in the left- and right visual field with and without 

context. B. Mean percentage correctly retrieved locations in the left- and right visual field with and without 

context.
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Figure 4. C. Mean percentage correctly retrieved object-locations in the left- and right visual field, with and 

without context. 

Discussion

In this study it was shown that context as well as visual field position can have an effect on 

performance in object-location memory. Importantly, these effects vary with the specific component 

measured. Location memory as well as object-location binding memory were affected by the presence 

of context, whereas context did not have an effect on object identity memory. Visual field position on 

the other hand influenced object identity memory and object-location binding memory, leaving 

location memory unaffected.  

Locations as well as object-locations were better retrieved when context was available, i.e. 

when non-target surrounding objects were presented in their correct position. This corroborates and 

extends the findings by Hollingworth et al. (2006; , 2007). Whereas in these studies, object location 

memory was only indirectly addressed, manipulating spatial position as an indirect cue when deciding 

whether the appearance of an object was the same or not, the present study showed a more direct 

impact of context on object location memory. Moreover, we were able to address the effect of context 

on distinct components of object location memory. Besides on object-location binding performance, 

context turned out to have an positive effect on location memory per se, in line with findings by Jiang 

et al. (2000). So also in arrays of meaningful objects, giving the general spatial configuration of 

objects promotes the correct retrieval of individual positions. Considering the fact that in the non-

context condition, performance on all components was still well above chance, other aspects, such as 

the frame and the computer monitor, presumably provided useful context as well. Object identity 

retrieval, however, did not differ between the context and no-context condition. One could argue that 

*  * 
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the absence of a context effect in object identity retrieval was induced by the design of our study, that 

is during retrieval objects were presented below the frame, not being directly part of the frame, in 

both the context as well as the non-context condition. However, since participants always had to bind 

an object to its correct location, attention had to be nonetheless focused on the frame. Hence, the 

present findings suggest that context does not enhance object-object associations, but only place-

place links or object-place links, which is in contrast with a suggestion by Hollingworth (2007). 

Importantly, Hollingworth (2007) addressed object-location binding memory in an indirect way 

whereas here we asked for explicit recall of which items were shown before.  

  Correct retrieval of object identities as well as object-locations turned out to be dependent on 

the position in the visual field. In healthy people this lateralization of function in processing spatial 

relations has been mostly investigated by the application of visual half field methods, in which stimuli 

are very shortly presented to either the right or left visual field, to establish unique access by one of 

both hemispheres. Observed laterality effects in reaction time or accuracy can then be explained by a 

different involvement of both hemispheres. But studies, in which the stimuli could be foveated during 

encoding as well as retrieval, as in our study, also have found an effect of hemispatial location 

(Bächtold, Brugger & Regard, 2000; Alexander et al., 2002). A conclusion drawn from the latter type 

of measurements should be interpreted in terms of hemispheric differences in attentional preferences 

for specific features, since both hemispheres have access to the stimuli (Bächtold et al., 2000). In the 

present study, both object identity memory and object-location memory were better retrieved when 

located in the right visual field. This is in line with findings by Alexander et al. (2002), who also found 

such an advantage. Bächtold et al. (2000) demonstrated however a left hemispace advantage for 

spatial locations. This discrepant findings could derive from the fact that we and Alexander (Alexander 

et al., 2002) used common objects, whereas the latter used abstract shapes. Using common objects, 

as in our study, might promote verbalization which would explain a greater involvement in processing 

by the left hemisphere (Chipman & Kimura, 1998), and hence better recall of nameable objects in the 

right hemispace. The present result that indeed object identity memory was enhanced in the left 

visual field further supports this reasoning.  Importantly remembering the locations per se was not 

affected by their field position. Thus a left hemispheric advantage would be limited to recalling 

concrete object in the appropriate locations. In turn assessing location memory in terms of more exact 

positional coordinates might even lead to right hemisphere advantage (van Asselen, Kessels, Kappelle 

& Postma, 2008). 

 Context and visual field did not interact in the present study, suggesting a relative 

independence between the two factors. Olson & Chun (2002) did find an interaction between context 

and visual field, but they focused on implicit learning whereas here we assessed explicit recall.  Future 

studies could shed more light on specific task characteristics which induce either context or visual 

fields effects.
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As a topic of secondary interest here, it should be mentioned that gender yielded no effects in 

the present study. Object location memory has become a focus of interest in gender studies, since 

females are assumed to outperform males in object location memory (Silverman & Eals, 1992; 

Alexander et al., 2002; De Goede et al., 2008). Notably,  Alexander et al. (2002) found only in females 

a left hemifield advantage for object locations. Findings are however inconsistent, possibly related to 

specific task aspects (Voyer, Postma, Brake & Imperato-McGinley, 2007). Our null-effects could have 

to do with the difficulty level of the task, since most tasks finding a female advantage, use more than 

twenty objects (e.g.: Silverman et al., 1992; McBurney, Gaulin, Devineni & Adams, 1997; De Goede et 

al., 2008). It might be that a female advantage only  occurs when the task is difficult enough.   

 In sum, results from our experiment indicate that memory for object locations is affected by 

the availability of context as well as the visual field in which the respective objects are positioned. The 

present study provides clear evidence that context enhances object location memory. Moreover, 

relative object location memory seems to rely mostly on left hemispheric processes, confirming findings 

from other studies. These effects depend however on the specific component of object location 

memory measured, which supports the notion that object location memory consists of distinct 

processes. Object-location binding memory was affected both by context and visual field position. 

Nevertheless, whereas object memory was better retrieved for objects in the right visual field, it was 

not affected by context. The opposite was true for location memory; retrieval of locations was 

enhanced by context but did not depend on field position. These findings suggests that specific task 

conditions, such as available context and visual field distribution of objects, should be carefully 

monitored, when assessing distinct components of object location memory.  
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Abstract

Previous studies have indicated that object location memory (OLM) is a spatial ability on which 

females outperform males. Biological mechanisms, such as the action of sex hormones, are 

considered to be an important cause of cognitive sex differences. The present study was designed to 

investigate the possible relations between testosterone (T) and estradiol (E2) and object location 

memory. Performance of 41 males and 40 females on an object location memory task, which showed 

a female advantage, was related to T and E2. A judgement of line orientation task was used as 

control measure. Within females a positive relation between E2 and OLM was found, whereas T 

negatively related to OLM. Moreover, a quadratic relation was found between the E2/T ratios and 

OLM. Males only showed a negative relation between E2 and OLM. These results indicate that the 

presence of both E2 as well as T modulate OLM performance, though the effects were most evident in 

females.
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Introduction

General consensus exists that males outperform females on tasks that require spatial skills, such as 

mental rotation, spatial perception and navigation. Object location memory (OLM) seems to be the 

exception on this assumption, since a considerable number of studies have demonstrated that females 

outperform males on this specific spatial ability (e.g.: Silverman & Eals, 1992; Levy, Astur & Frick, 

2005; Hassan & Rahman, 2007; Voyer, Postma, Brake & Imperato-McGinley, 2007; De Goede & 

Postma, 2008). (See however: Postma, Jager, Kessels, Koppeschaar & Van Honk, 2004; Iachini, Sergi, 

Ruggiero & Gnisci, 2005). Besides selection pressures in mammal evolution and sociocultural 

influences, sex hormones (or: gonadal hormones) are considered to be an important biological cause 

of gender differences in cognition and spatial cognition particularly (for a review see: Kimura, 2002). 

Evolutionary as well as biological explanations are supported by the fact that gender differences in 

spatial abilities are found across countries and ethnic groups (Silverman, Choi & Peters, 2007). 

Accordingly, the present study focused on gaining more insight in the biological mechanisms which 

might explain, at least partly, a female advantage in OLM.  We tried to elucidate relations between 

two important sex hormones, respectively Testosterone (T) and Estradiol (E2), and object location 

memory.

 Sex hormones are believed to exert two types of effects on cognitive processes. 

‘Organizational’ effects encompass the hormonal influences on brain structures during critical periods 

in the early development of a mammal, whereas short-term reversible effects on behaviour during the 

adult life-span are referred to as ‘activational’ (Kimura, 1996). Based on studies of organizational as 

well as activational effects, the general assumption is that androgens positively affect abilities in which 

males excel (such as navigation and mental rotation), whereas estrogens promote behaviours in 

which females typically excel (episodic memory, verbal abilities and fine motor skills) and even 

suppress performance on typical male tasks (Kimura, 2002). For example, Silverman, Kastuk, Choi and 

Philips (1999) found a positive relation between mean T levels and mental rotation in men. Burkit, 

Widman and Saucier (2007) as well as Driscoll, Hamilton, Yeo, Brooks and Sutherland (2005) found a 

positive relation between mean T levels and performance on a virtual navigation task. In a study of 

Hampson (1990) females in the high-estrogen phases of their menstrual cycle performed better on 

verbal fluency and fine motor skills as opposed to females in their low estrogen (menstrual phase), 

whereas Hausmann (2000) found a negative effect of E2 on mental rotation performance. Philips and 

Silverman (1997) implied a negative effect of E2 on three dimensional spatial tasks, as would be 

reflected in worse performance by females in their nonmenstrual phase compared to females in their 

menstrual phase.  

Nevertheless, results are not always straightforward, presumably related to the use of 

different tasks and hormone assessment methods (see for a review: Hampson, 1995). Some studies 

found results opposite to the expected relations or failed to show any relation at all between 
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menstrual phase or hormone levels and spatial abilities (e.g.: Epting & Overman, 1998; Halari, Hines, 

Kumari, Mehrotra, Wheeler, Ng & Sharma, 2005). Also non-linear relationships between hormone 

levels and spatial ability have been suggested. Gouchie and Kimura (1991) found that women with 

high levels of T outperformed women with low levels of T on measures of spatial/mathematical ability, 

whereas men with lower T performed better than the three other groups. These findings pointed 

towards an optimal level for T, showing a curvilinear relation between T (measured in saliva) and 

spatial ability (see also: Moffat & Hampson, 1996). Nyborg (1983) suggested however that hormonal 

effects on spatial performance are essentially estrogen-based. Non-linear relations between T and 

spatial tasks would be indirectly established by the conversion of T into E2 in the brain, resulting in 

optimal spatial performance with moderate levels of E2. Janowsky, Oviatt and Orwell (1994) explained 

a non-linear relation by the fact that only with high T-levels, some testosterone may be aromatized 

into E2, which has a negative effect on spatial performance. Another possibility is that the E2/T ratio 

affects cognitive performance, since it has been suggested that some brain receptors are sensitive to 

relative concentrations of androgens and estrogens (Gouchie et al., 1991). Furthermore, since E2 and 

T might have opposite effects on some spatial tasks, it is sensible to consider ratio values.  

Whereas a considerable number of hormone studies have focused on spatial tasks in which 

males excel, very few studies have investigated the relation between sex hormones and object 

location memory. In two studies by Rahman, Wilson and Abrahams (2004) and Hassan & Rahman 

(2007), object location memory appeared to be unaffected by prenatal androgen levels, as measured 

with the ratio of the second and fourth finger (2D:4D) ratios, which is considered a marker for the 

presence of prenatal androgens in the womb. Lower, i.e. more masculine ratios, are assumed to 

correspond to higher prenatal androgens (Manning, Scutt, Wilson & Lewis-Jones, 1998). These 

findings seems to suggest that prenatal androgens do not affect object location memory. 

Nevertheless, the relation between 2D:4D ratios and spatial ability in general has been called into 

question in a recent meta-analysis on spatial ability and prenatal androgens by Puts, McDaniel, Jordan 

and Breedlove (2008). They showed that little or no relationship between 2D:4D and spatial ability 

exists. They argued that it might be that 2D:4D ratios are only very weakly related to prenatal 

androgen levels. Moreover, it could also be possible that the developmental timing of the sensitivity to 

androgens is different for spatial memory and finger ratios. Nevertheless, activational effects of 

hormones might exist independent of any organizational effects. Moreover, since object location 

memory is a task on which females typically excel, arguably estrogens might positively relate to this 

ability. Yet, Epting & Overman (1998) did not find any effect of menstrual cycle on memorizing an 

array with objects. However, Postma, Winkel, Tuiten & Van Honk (1999) demonstrated an effect of 

menstrual cycle on a specific processing component of object location memory, namely the retrieval of 

the exact metric positions of objects, for which also a male advantage was found. Females in their 

nonmenstrual phase (in which estrogens are high) performed better on this task than females in their 

menstrual phase (in which estrogens are low). Since testosterone levels did not show any correlation 



Hormones and object location memory | 55

with performance, these cycle effects presumably seemed attributable to variations in estrogens, i.e. 

higher levels of estrogens contribute to better performance. In a follow-up study Postma, Meyer, 

Tuiten, Van Honk, Kessels & Thijssen (2000) found that the delayed reconstruction of objects in their 

exact locations improved after administering testosterone in healthy women. In particular, the 

retrieval of exact metric positions, something males usually excel in (see: Voyer et al., 2007), might 

explain positive effects of testosterone.  

In the present study existing data on a rather naturalistic object location memory task (see: De 

Goede et al., 2008) that yielded a female advantage were related to levels of E2 and T in males and 

females. Since especially those behaviours that show gender differences are supposed to be 

influenced by sex hormones (Hampson, 1995), it seems important to use sexual dimorphic cognitive 

tasks in order to reveal underlying hormonal processes in cognitive processes. A methodological 

drawback of earlier studies might be the way in which hormonal levels were determined. Whereas 

menstrual cycle is strongly linked to fluctuations in estrogens, often cycle moment is only based on 

day counting, which might be in some cases an unreliable method. In the present study, besides 

defining moment in menstrual cycle based on day counting, T and E2 concentrations were directly 

measured in saliva. This method is less invasive than measuring hormone levels in serum. Another 

advantage is that only free hormones (i.e. not bound to sex-hormone binding globulin) are present in 

saliva. It has been suggested that these free fractions are biologically active in target issues, like the 

brain, and consequently affect cognitive behaviours (Vermeulen & Verdonk, 1972; Gouchie et al., 

1991).

 We hypothesized that E2 would be positively related to performance on our object location 

task. Object identity memory (OM), an essential component of object location memory, was also 

examined concerning its relations with E2 and T. This is relevant since it has been shown that females 

can outperform males on object identity memory (McGivern, Huston, Byrd, King, Siegle & Reilly, 1997; 

Levy et al., 2005). (see however: Silverman et al., 1992; Alexander, Packard & Peterson, 2002). 

Whereas the present object identity memory task did not reveal any female advantage (see: De Goede 

et al., 2008), it is interesting to consider its hormonal correlates, in order to identify component-specific 

processes. For comparative purposes we also included a task measuring visuospatial perception, a task 

on which males typically excel and which might be an important component of OLM. 

 Following from assumptions that the relative presence of T and E2, as well as the existence of 

optimal values of T and E2 (Nyborg, 1983; Gouchie et al., 1991; Janowsky et al., 1994), might be 

crucial in illuminating the hormonal correlates of cognition, a secondary aim of  the present study was 

to consider non-linear relations between T and E2 and our cognitive tasks as well as to explore E2/T 

correlates.
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Methods

Saliva samples were collected during the behavioural assessments, which are already partly discussed 

in De Goede & Postma (2008). However, since the hormonal analyses took place much later, and the 

data proved to be very valuable in their own right, it was decided to present these findings in the 

present follow-up paper.   

Participants

41 males (mean age: 22.5, SD = 3.2) and 40 females (mean age: 21.6, SD = 3.2) (see for details: De 

Goede & Postma, 2008) participated in this study in return for a small payment or course credits. All 

participants gave informed consent and reported to be healthy, not taking any psychoactive or 

hormone medications or substances. None of the females were currently using any hormone-based 

contraceptives and were only included if they reported to have a regular menstrual cycle, i.e. between 

25 and 35 days. Mean handedness scores, measured by the Annet Handedness Inventory (Annet, 

1970) was 16.2 (SD = 10.3) for males and 16.1 (SD = 11.2) for females. Males and females did not 

differ in age and handedness. 

 The phase of female participants’ menstrual cycle was roughly tracked by self-report. 19 

females reported to be in the follicular phase (day 4-16 of the menstrual cycle), 19 reported to be in 

the luteal phase (day 17- last day before menstruation) and 2 women were in their menstrual phase.  

Cognitive measures 

The computer tasks, i.e. the Rooms Task and the object identity recognition task were run on a 

Pentium PC with a 17” monitor. The Rooms Task and the object identity recognition task were part of 

a previous study. For details see: De Goede & Postma (2008).  

Object location memory (OLM) 

Object location memory (OLM) was assessed by the Rooms Task, adapted from Caldwell and Mason 

(Caldwell & Masson, 2001). The task consisted of coloured pictures of 8 different common places in 

and around the house, such as a kitchen, a living room and a garden. During the encoding phase, on 

each trial a room and an object below it were shown. When the object was clicked on, the object was 

moved to a specific position in the room. The object remained visible in the target location for 2 s. 

Participants had to remember 80 different objects, 10 objects per place. In the retrieval phase, 

participants had to relocate all 80 objects in random order, choosing each trial out of 3 possible 

locations. By clicking on the object and clicking on the location of choice, the object moved to this 

location.  
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 Based on the Process Dissociation Procedure instructions during object location retrieval were 

varied within subjects, which resulted in a Conscious as well as an Unconscious estimate of object 

location memory (for details see: De Goede et al., 2008). Since only both estimates considered 

together yielded a sex difference (females outperformed males), the following analyses concern the 

sum of the conscious and the unconscious estimates, i.e. aggregate Object Location Memory scores. 

Judgement of Line Orientation 

Visuospatial ability was measured with a Judgement of Line orientation task (JLO) (Benton, Varney & 

Hamsher, 1978). In this task participants view two target lines of which the orientation had to be 

matched to two lines in a semicircular array. 

Object identity memory (OM) 

With this task the memory for the objects, that were located in the different rooms in the Rooms 

Task, was assessed, independently of object location measures. In the object identity recognition 

task, created in E-prime (E-prime 1.1; Psychology Software Tools, Inc.), subjects had to indicate, by 

pressing a key (“j” or “n”), for each object (80 targets, 80 distracters) whether it had been present in 

the Rooms Task or not (see for more details: De Goede et al., 2008). 

Hormonal assays 

Salivary testosterone was determined with the double antibody testosterone kit from Diagnostic 

Systems Laboratories Inc (Webster, Texas), with some modifications according to those described in 

Granger, Schwartz, Booth & Arentz (1999). Detection limit was 4 pmol/L (equivalent to 1.154 pg/ml), 

within run coefficient of variation was 5-8%. All samples from the same person were analyzed 

together in the same kit to reduce variability. References values range from 20 – 145 pg/ml in males 

and 2 – 50 pg/ml in females. 

 Salivary estradiol was determined with an ELISA from DRG Instuments GmbH, Marburg, 

Germany. Detection limit was 5 pmol/L (equivalent to 1.362 pg/ml) , within run coefficient of variation 

ranged from 5-7%. All samples from the same person were analyzed together in the same kit. 

Reference values range from 2.7 – 4.75 pg/ml in males and 1.2 – 8.5 pg/ml in females. 

Procedure

After giving informed consent, participants provided their first saliva sample (2.5 ml), after which the 

experiment started with the encoding phase of the Rooms Task. Saliva collection began between 9.00 

h  and 11.30 h. Following the first saliva sample, the psychometric tasks took place in the above 

described order, the object identity task preceding the retrieval phase of the Rooms Task. The object 



58  Chapter 4 

identity recognition task was done right before the retrieval phase of the Rooms Task. The retention 

interval between the encoding and retrieval phase of the Rooms Task was approximately 50 minutes. 

After all tasks were done, participants were asked to provide a second saliva sample (again 2.5 ml). 

This second sample followed about 1,5 h after the first saliva sample was collected. Participants were 

instructed to refrain from eating, drinking, smoking and brushing their teeth, one hour prior to the 

experiment.  

  Half of the participants (21 males, 21 females) were randomly assigned to the incidental 

condition of the Room Task. In this condition people were told that they had to compare the visibility 

of the object after it was moved to its target position in the room to its visibility when it was 

presented in isolation. Subjects could respond that it was as good as visible or worse visible, which 

was registered by the experimenter. In the intentional condition (20 males, 19 females), participants 

got the same instruction as in the incidental instruction and in addition they were required to 

memorize all object locations. Since encoding condition did not yield any effect, results reported in this 

study concern the measures averaged over both encoding conditions. 

Results

Hormones 

In table 1 mean values of Testosterone (T) and Estradiol (E2) are reported. Males en females 

significantly differed in mean T levels (t(79) = 12.32, p = 0.00). One male participant with an E2 level 

of 7.61 pg/ml (which is more than 3 SD above average and far outside the normal range), was 

excluded from E2 analyses. Also E2 levels were significantly different for males and females (t(78)= -

2.47, p < .05). Significant correlations were found between the hormone levels measured in the first 

saliva sample and in the second saliva sample for both hormones (see Table 1). Therefore, further 

analyses were done by using the mean of both samples. Two females had blood contamination in one 

sample. Thus only the other sample was used for these participants in the subsequent analyses. 
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Males Females

T Sample 1 141.83 (7.57)  53.29 (5.93)  

(pg/ml) Sample 2 144.08 (6.99)  32.87 (3.00) 

Correlation .75**   .74** 

Mean 142.95 (6.80) 43.81 (4.21) 

E2 Sample 1 3.9 (.21)  4.32 (.21) 

(pg/ml) Sample 2 3.4 (.16)  3.95 (.17)  

Correlation .71**   .67** 

Mean 3.7 (.17)  4.11 (.17) 

E2 / T Sample 1 .003 (.003)  12 (.01) 

Sample 2 .003 (.003)  .16 (.02) 

Correlation .82**   .75** 

Mean .03 (.003) .13 (.01) 

** = significant with p-level < .001 

Table 1. Mean (+/- SE) saliva concentrations of sex steroids.  

Cognitive tests 

In table 2 mean values of all cognitive tests are reported. T-tests showed that females performed 

significantly better on the object location memory task than males did (t(79) = -2.2, p < .05), 

whereas males outperformed females on the JLO task (t(79) = 3.2, p < .01). Object memory 

performance did not show gender differences (see also: De Goede et al., 2008).  
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Cognitive tests Males Females

Object Location Memory 

(mean estimate) 

.57 (.02) .66 (.03)*

Object Memory

(proportion correctly recognized) 

.61 (.03) .67 (.03)

Judgement of Line Orientation 

(nr of correct answers, max. 48) 

43.35 (.67)** 39.86 (.77)

Significance is indicated next to the gender that performed better. * is a 

significant difference with p < .05, ** is a significant difference with p < .001. 

Table 2. Mean (+/-SE) performance on cognitive tests.  

Relations between hormones and cognitive test scores 

Separate stepwise regression analyses were performed for each hormone and cognitive test in order 

to determine relations between hormone concentrations (E2, T and E2/T) and performance on each 

cognitive tests. The linear component of the hormone measures entered the regression equation on 

the first step, subsequently the quadratic term was entered in order to investigate non-linear 

relations.  A first analysis within females indicated a quadratic relationship between E2 and OLM (F (2, 

38) = 4.6, p < .05, R² = .19). However, after inspection of the scatter plot, it appeared that one 

data-point was responsible for this quadratic relation (see the encircled data-point in Figure 1B). 

When performing the analysis without this value,  only the linear model appeared to be significant (F 

(1, 37) = 6.2, p < .05,  R² = .15). A regression analysis within males resulted in a significant negative 

relation between E2 and OLM (F (1, 39) = 11.7, p < .01, R² = .23) (see Figure 1A). A subsequent 

regression analysis, investigating whether relations between E2 and OLM were statistically different 

for males and females, indeed showed a significant contribution of the interaction term of E2 and Sex 

(t = 3.2, p < .01). 

Only in women an almost significant negative linear trend was found between T and OLM 

(F(1,38) = 3.6, p = .07) (see Figure 2).  

One extreme female outlier in the E2/T values (E2/T = .44, which was more than 3.0 SD (mean 

(SD) = .13 (.08) above the mean) was excluded. Within females a significant quadratic relation 

between E2/T ratios and OLM appeared. (F (2, 36) = 5.3, p = .01, R² = .23) (see Figure 3).

In order to get insight in the joint effects of T and E2 on OLM, stepwise regression analyses 

were performed for both males and females with E2 and T entering the regression on the first step, 

and the interaction term between E2 and T entering the regression on the second step. For females a 

model with both E2 and T proved to be significant (F (2, 38) = 6.8, p < .01, R² = .28), with both E2 

and T contributing to a significant extent; E2 positively (t = 3.0, p < .01) and T negatively (-2.5, p < 
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.05). However the interaction term of E2 and T was not associated to OLM, which indicates that T and 

E2 do not relate interactively to OLM. The same regression equation for males, also revealed a 

significant model with E2 and T (F (2, 40) = 5.9, p < .01, R² = .24), showing however only a 

significant negative association between E2 and OLM (t = -3.4, p < .01). As for females, for males no 

association was found between the interaction term of E2 and T and OLM.  

For OM as well as for NLV performance, for both males and females no relations with both 

hormones nor with their ratio values were found. Only in females a significant negative linear relation 

was found between JLO and T (F (1, 39) = 4.2, p < .05, R² = .10) (see Figure 4).  

Menstrual cycle effects 

In order to investigate whether correlations between E2 and OLM in females could be attributed to 

differences in menstrual cycle, for females an ANOVA was conducted with OLM as dependent variable 

and menstrual cycle phase (follicular / luteal) as between-subjects factor (two participants in the 

menstrual phase were not considered in this analysis). This revealed a significant effect of menstrual 

cycle phase (F (1, 38) = 5.6, p < .05). Females in the luteal phase performed better than females in 

the follicular phase (mean (SD) luteal phase = .73 (.2); mean (SD) follicular phase = .59 (.2)). Also 

E2 significantly differed between cycle phases, being higher in the luteal phase (mean (SD) = 4.6 

(1.0)) than in the follicular phase (mean (SD) = 3.6 (.96). To examine the contribution of E2 to the 

menstrual cycle effect, a subsequent analysis was performed with the addition of E2 as a covariate. 

Now, the effect of menstrual cycle effect was no longer present, suggesting that menstrual cycle 

exclusively yields its effects by means of E2. When T was included as a covariate the menstrual cycle 

effect remained (F (1, 38) = 4.4, p < .05). 
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Figure 1. Relations of E2 with OLM performance for males (A) and females (B).  
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Discussion

The aim of this study was to gain further insight in the psychoneuroendocrinological mechanisms of 

object location memory. Performance on an object location memory task, which showed a female 

advantage, was related to T, E2 and E2/T ratios. Moreover, spatial control tasks were included in 

order to define the specificity of these hormonal correlates.  

A prime finding was that within females object location memory is modulated by both E2 and 

T. As hypothesized, E2 positively related to object location memory whereas T showed a negative 

relation. This supports the assumption that estrogens promote performance on tasks females excel in, 
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whereas T only positively relate to task on which males show an advantage, or even show a 

detrimental effect on ‘female’ tasks (Kimura, 2000). This is in line with findings by Postma (1999) who 

found a menstrual cycle effect for a measure of object location memory, presumably induced by 

fluctuations of estrogens. In the present study menstrual cycle phase also had an effect on OLM. 

Females in the luteal phase (when estradiol is relatively high) outperformed females who were in the 

follicular phase (in which estradiol is relatively low). Besides estradiol, also progesterone, strongly 

varies along the menstrual cycle and may affect cognitive performance (see for example: Phillips & 

Sherwin, 1992). However, analysis of covariance indicated that estradiol significantly contributed to 

the cycle effects in our data. While both estradiol as well as testosterone predicted OLM performance 

in females, no linear interaction effects between both hormones were revealed.  

Interestingly, also an inverted U-shape relation was found within females between the E2/T 

ratio and object location memory, suggesting that the relative value of T with respect to E2 has an 

optimal value. One explanation for these findings would be that complex non-linear interactions 

between T and E2 exist, resulting in positive effects of relative low proportions of T down to an 

optimal point, after which even lower proportions of T have a negative effect on performance. 

Another way to interpret these findings, in line with a suggestion by Gouchie and Kimura (1991), is 

that specialized brain receptors exist which are sensitive to E2/T ratios, requiring an intermediate level 

to function optimally. The present data cannot provide any firm conclusions regarding the exact 

underlying mechanisms involved. Nevertheless, our findings stress the importance of considering both 

androgens and estrogens, as well as their relative values, in order to gain more insight into the 

relation between cognitive tasks and sex hormones.  

For males a negative relation between E2 and OLM was found. No relation with T was found 

within males. Therefore, the effect of E2 on OLM seems not to be indirectly induced by T, through the 

conversion of T into E2, as was proposed by Nyborg (1983). Moreover, this indicates that 

psychoneuroendocrinological processes differ between males and females. These differences might be 

attributable to the application of different cognitive strategies (see for example: Anooshian & Seibert, 

1996; Kimura, 2000) in males and females, as well as to the notion that the same hormones can yield 

different neurocognitive effects in male and female brains.  

 Object identity memory did not relate to T or E2, nor did it show a female advantage. 

Elsewhere, it has been reported that females outperform males on tasks of episodic memory (Yonker, 

Eriksson, Nilsson & Herlitz, 2003). Importantly, only specific forms of episodic memory, such as 

verbal- and face memory (Yonker et al., 2003), are sexually dimorphic and consequently are under 

the influence of sex hormones. Presuming that the current OLM and OM tasks may be considered as 

specific forms of episodic memory, the present findings thus agree with the foregoing notion by 

showing that E2 specifically affects OLM performance, whereas OM is not influenced by E2 and T. 

The female advantage on our OLM cannot be explained in terms of superior visuospatial 

perception performance, since males outperformed females on the JLO task. In males, no relation was 
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found between JLO and T levels, while in females a negative relation was observed between JLO 

performance and T. This seems in contrast with the idea that tasks in which males excel are positively 

affected by androgens and with findings by Collear, Reimers & Manning (2007), who reported a 

positive relation between the 2D:4D ratio and performance on a JLO task. One reason for not finding 

any relations between T levels and cognitive performance in males here might be that T levels did not 

contain enough variation between individuals. T levels, especially in males, show strong fluctuations 

over the day. The fact that we have only tested participants in the morning could have lowered the 

variation.  

In conclusion, the results of this study indicate that performance on an OLM tasks in which 

females excel is modulated both by E2 and T, although these effects are most evident in females. 

Moreover, these effects are related to which phase of the menstrual cycle females were in. To our 

knowledge this study is the first which assesses the relation between actual E2 levels an object 

location memory. Interestingly, the (positive) relation with E2 as well as the E2/T ratio only appeared 

for OLM, suggesting that E2 specifically modulates OLM performance, leaving its component object 

identity memory unaffected.  
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Abstract

Previous studies have shown that males and females tend to differ in their reliance on specific cues 

during route learning. Whereas females tend to favour a landmark-based approach, males have the 

propensity to attend to geometric cues. The main question asked in the present study was whether 

these differences are mostly based on differences in ability or in strategic preferences. We 

investigated this question by designing routes which differed in the availability of landmarks during 

encoding and retrieval. When landmarks were unexpectedly removed during route-retrieval females 

showed a tendency to perform worse than males, whereas females’ performance equalled that of 

males when landmarks were unavailable during both encoding and retrieval. The same pattern in both 

route-conditions was found for performance in pointing from the endpoint to the starting point of the 

route. Hence, females seem to be quite able to process geometric cues, in case there are no 

landmarks to rely on. We therefore suggest that, on top of more hard-wired gender differences, 

strategic preferences and potentially attentional limitations to apply multiple spatial strategies together 

may play a considerable role in the different usage of landmark and geometric cues in route learning 

between males and females.   
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Introduction

In order to efficiently interact with the environment, humans have to acquire spatial knowledge of 

their surroundings. A most common way to learn an environment is by active exploration, i.e. based 

on route learning (Golledge, 1999). Successful retrieval of routes is partly based on the recognition of 

distinct scenes and features. Central here are landmarks, i.e. objects in the environments which are 

distinctive by their shape, structure, colour or sociocultural significance (Appleyard, 1969). Landmarks 

can be used for orientation purposes and serve as loci of decision points on the route (Golledge, 

1999). Previous studies have shown that males and females differ in their dependency on landmarks 

during route learning. In verbal reports of previously learned routes, females tend to recall more 

landmarks where males mention more cardinal directions and distances (Dabbs Jr., Chang, Strong & 

Milun, 1998; Lawton, 2001). Also in map-based navigation tasks (Galea & Kimura, 1993) as well as in 

wayfinding performance in virtual and real environments (Sandstrom, Kaufman & A. Huettel, 1998; 

Montello, Lovelace, Golledge & Self, 1999; Jansen-Osmann & Wiedenbauer, 2004), a similar difference 

in visual cue preference has been found between males and females. Hence, women tend to favour a 

landmark approach in wayfinding tasks, whereas males attend to direction- and distance attributes. 

 An explanation for these spatial gender differences is provided by evolutionary theory as well 

as proximate mechanisms. Evolutionary theories state that natural as well as sexual selection 

pressures have resulted in sex-specific spatial abilities and preferences. Central to Gaulin and 

Fitzgerald’s (1986) sexual selection model is the concept of home range. Sexual selection has forced 

males from polygynous mammalian species to navigate extensively to search for mates. Based on the 

necessity to expand their home range, males would have developed good navigational abilities. 

Alternatively, Silverman and Eals (1992) grounded their ‘foraging hypothesis’ on the position that 

within our ancestral environments, males were mainly specialized in hunting activities and females in 

gathering fruits and plants. Both natural as well as sexual selection might have led to gender 

differences in specific spatial abilities (Ecuyer-Dab & Robert, 2004). Extensive ranging, either based on 

search for mates or hunting, would have evolved in better orientation skills in males. In females, 

smaller home ranges as well as protection of offspring and gathering activities would have yielded 

superior small-scaled spatial abilities, such as object location memory. This prediction finds support in 

studies showing that females outperform males on memorizing object locations (McBurney, Gaulin, 

Devineni & Adams, 1997; Silverman, Choi, Mackewn, Fisher, Moro & Olshansky, 2000; De Goede & 

Postma, 2008), which would be closely related to their preference of landmark usage (Choi & 

Silverman, 2003). Gender differences in cue use might also be based on proximate mechanisms, such 

as differences in spatial experience. For example, Schmitz (1997) proposed that boys, as compared to 

girls, tend to have a larger range of spatial experience, promoting less spatial anxiety later on in live. 

Since higher levels of anxiety (in girls and females) induce a dependency on landmarks, this may be 

an explanation for the preference for this cue type in females. Besides environmental/social processes, 
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also differences in cerebral organization (see: Cahill, 2006) as well as the organizational- and 

activational role of gonadal hormones, that is biological mechanisms are suggested to play an 

important role (see: Kimura, 2002). 

The fact that males and females appear to favour different strategies in navigation tasks, this 

does not automatically imply a full incapability of employing a non-favourite strategy. Since in most 

studies participants are free in choosing one or the other strategy, a clear distinction between strategy 

and ability can not be made. This point has been mentioned previously, e.g. by Ward, Newcombe & 

Overton (1986) as well as by Schmitz (1997). However, to the authors’ best knowledge, only Saucier, 

Green, Leason, MacFadden, Bell & Elias (2002) have experimentally addressed the disentanglement of 

strategy and ability in cue use. In this study participants either followed landmark-based instructions 

or Euclidean instructions during route-navigation in a real environment. Whereas results showed that 

females were worse in following Euclidian instructions as opposed to landmark-based instructions, the 

conclusion that females have inferior navigation ability when landmarks are lacking is not fully 

warranted yet.  Despite the fact that males appeared to excel in the direct usage of an instruction 

based on absolute metric measures, females might be equally capable to judge and employ travel 

distances based on actual encounters with the environment. In addition, since Saucier et al. (2002) 

used a real-life environment, variables of interest were not under direct experimental control. 

Especially since males turned out to recognize more landmarks in the used environment, greater 

familiarity with the environment in men could have positively affected their wayfinding performance. 

In the present study ability and strategy differences between males and females in their 

usage of visual cues in route learning was further investigated by manipulating landmark cue 

expectations and presence. In a virtual environment participants had to learn three different routes. 

In the first route (LM condition) landmarks were available both during route learning and retrieval. In 

the second route  (noLM_unexpected condition) landmarks were only available during route learning 

and were unexpectedly removed when the route had to be retrieved. In the third and final route 

(noLM condition), both during learning and retrieval, no landmarks were present. When landmarks 

were removed without warning, males were expected to outperform females, due to a greater 

dependency on landmarks in females. When landmarks were absent both during encoding and 

retrieval, we were interested to see whether females improved performance, due to a forced focus on 

other route cues, such as distances and relative directions (geometric cues). Results can give us more 

insights into the ability, as opposed to their strategy, in males and females in their reliance on 

different cue types in route-learning. If females are capable to memorize a route without landmarks, 

their performance should be significantly better in the NoLM condition compared to the 

noLM_unexpected condition. If not, females should perform worse than males in both conditions. 

While configurational knowledge, i.e. knowledge of relative directions and distances between 

locations or landmarks in an environment is not necessary for successful route-learning, males’ focus 

on geometric cues during route navigation could also have resulted in superior performance on 
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configurational tasks (Lawton, 1996; Montello et al., 1999; Silverman et al., 2000; Coluccia & Louse, 

2004; Fields & Shelton, 2006). In order to assess configurational knowledge in the present study, 

participants were asked to point from the endpoint of a route to the starting point. Pointing accuracy 

is a good indicator of whether or not such configurational understanding has been achieved (Rieser, 

Guth & Hill, 1986). This way it could be verified whether males would indeed have better 

configurational knowledge than females, which would suggest superior processing of metric aspects of 

the environment. In addition, we were interested to see whether in the condition that landmarks are 

not available during learning pointing performance ameliorates in females due to a forced focus on 

geometric route-cues.  

Observing gender differences in route learning either because of ability or strategic 

preferences, raises the next question: which more elementary cognitive processes play a role. Two of 

these potential underlying cognitive factors are working memory and mental rotation. An association 

between navigation performance, and (active) working memory and mental rotation, especially in 

men, has often been suggested (Vecchi & Girelli, 1998; Bosco, Longoni & Vecchi, 2004; Coluccia et 

al., 2004; Rahman, Andersson & Govier, 2005). Since males are more prone to obtain flexible 

representations of a navigated route, based on configurational knowledge of locations, they would 

utilize more then females the active mental integration and manipulation of route elements. On the 

other hand, since females would represent a route as a more rigid sequential series of actions, their 

means of encoding would mainly depend on more (static) working memory processes. One way to 

investigate underlying processes related to cue use during route-navigation is to consider the relations 

between route retrieval performance and these general abilities. Therefore, tasks of mental rotation, 

spatial working memory as well as verbal working memory were included.  

Methods

Participants

Twenty-one male and 21 female students of the Utrecht University (average age = 22.5 years; range 

=  18 - 30 years) were recruited to participate in this study. One female did not finish the experiment 

since she experienced motion-sickness during navigation. All participants gave informed consent and 

received 10 euros or course credit for participation. 

Tests

Route memory 

Participants had to learn and re-navigate three different routes in a virtual environment. A three 

dimensional virtual environment, called ‘Magnapolis’ (Panagiotaki & Diard, Not published), developed 
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with Virtools software (Virtools Dev 3.0) software, was used. Magnapolis consists of rectangular and 

squared brick buildings and perpendicular straight paths in between. The original Magnapolis 

environment (Panagiotaki & Diard, Not published) was reduced in size for the present experiment, 

preventing participants from wandering about extensively in case of a wrong decision (see Figure 1 

for a layout of the environment and the routes used in the present experiment). Signboards attached 

to the walls, with different pictures of daily objects and animals, visible from two sights, functioned as 

Landmarks (see Figure 2 for a snapshot into the environment). All landmarks were equally sized and 

were positioned directly before or after a decision point. The three routes which were used in the 

experiment were of equal length, each containing 11 decision points and seven turns. 

  During the navigation tasks participants were seated in front of a large (50 Inch) screen on 

which the environment was projected. Forward and backward movements through the three-

dimensional environment was controlled using the arrow keys on a standard computer keyboard. 

Participants used a mouse for changes in orientation (turning). 

Figure 1. Top view of Magnapolis environment with the three different routes 

Pointing

After the learning phase of the second an the third route, participants had to ‘point’ to the starting 

point of the route by turning their viewpoint (by using the mouse) into the direction of the starting 
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point. This implies that the centre of their viewpoint had to be aimed at the position of the starting 

point.

Landmark memory 

In the landmark task, memory for the landmarks as well as for the corresponding route-directions was 

assessed for the second route that participants had learned. This task was developed and run by use 

of E-prime software (E-prime 1.1; Psychology Software Tools, Inc.). By pressing a button (“j” or “n”) 

for each of 22 presented objects (11 landmarks, 11 distracters), subjects had to indicate whether an 

item was present along the concerning route. The objects appeared in the middle of a white screen, 

fitting into an invisible frame of 280 x 280 mm. If subjects indicated that they did recognize a 

landmark from along the route, they had to indicate in which direction they had to navigate at the 

concerning crossing. 

General Spatial abilities 

Mental Rotation (MR) was assessed by a computerized version of the mental rotation task designed by 

Peters, Laeng, Latham, Jackson, Zaiyouna & Richardson (1995), which was based on the original 

Mental Rotation task by Vandenberg and Kuse (1978). In this task participants had to decide as 

accurately and fast as possible whether a rotated blocked figure was the same as a standard figure, 

depicted besides it, or whether the two figures were different. The task consisted of 48 trials, 

preceded by an instruction and 6 practice trials. The mental rotation task was presented on a 17 Inch 

screen.  

Spatial Working memory was assessed by the Corsi Block task (Corsi, 1972). The test consists of a 

plastic rectangular plate on which 9 cubes are fixed. The experimenter tapped a specific sequence of 

blocks, which the participant was asked to reproduce. Sequences increased in number of cubes, the 

longest sequence containing 9 blocks. If the participant failed to repeat two sequences in a row, the 

task was ended.   

Verbal working memory was assessed by the Digit Span task (Wechsler, 1991) in which the 

experimenter reads out number sequences of increasing length, which participants have to repeat. 

The longest sequence contained 9 numbers. If the participant failed to repeat two successive 

sequences in a row, the task was ended.  

Procedure

The test session began with the completion of an informed consent and a questionnaire, asking 

people for demographic information and their computer experience. Participants were asked to rate 

their computer experience on a 7-point scale, ranging from ‘never’ to ‘almost every day’. Following the 

questionnaire, participants were instructed about the tests followed by a training-session. Directly 
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after the training session the experiment started with learning the first route in the virtual 

environment. Each route started in the same starting position, ending at a ‘chocolate shop’ (for each 

route in a different position). Each route was traversed twice, by following lampposts. People started a 

route by turning in a direction according to the position of a lamppost (either on their left of right 

side). Navigation had to proceed in this direction until a next lamppost appeared which indicted the 

next turn, according to its position. The route-task contained three conditions, which were conducted 

in a fixed order.  

a. In the LM condition, landmarks were available during encoding and retrieval.  

b. The NoLM_unexpected condition contained landmarks during encoding, which were unexpectedly 

removed during retrieval.  

c. Finally, in the NoLm condition landmarks were neither present during encoding nor during 

retrieval. Three different routes were used, pseudo-randomly distributed between conditions.  

Every route spanned the same distance, the same number of turns (7), decision points (11) and total 

number of choices at decision points (23). Moreover it always covered the smallest possible distance 

from the starting point to its endpoint. The three different routes were pseudo-randomized between 

participants and conditions. Before learning each route, participants were instructed that they had to 

learn the route, in order to re-navigate the same route as accurately as possible after the second 

learning session. In Figure 2 the different learning- and test conditions are depicted in order of 

appearance.  
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Figure 2. Experimental event line 

When all route tasks were done, the Digit Span, the Corsi Block and the Mental Rotation task 

were performed. 
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Results

Navigation ability 

A significant gender difference was found in computer game experience (mean males: 4.8; mean 

females: 3.5. t(38) = 2.1, p < .05). Despite the observation that all participants, except for one (see 

procedure), appeared to navigate perfectly after the training session, gender differences in computer 

game experience could have affected the present results. Data on the navigation time for participants 

who recollected the exact correct route confirmed this: males in general had shorter navigation times 

than females, independent of route memory. Whereas no particular emphasis was placed on 

completion time, strong inclinations towards time ‘competition’ in males (Schmitz, 1997), besides 

computer game experience, could have induced this male advantage in time. Therefore, only distance 

measures were considered in the following analyses 

Route memory  

Route memory performance was expressed in travelled distance (in units of the software) as well as 

the time (in seconds) of reproduction. In order to standardize measures between routes and 

conditions, all measurements were converted into the deviation in percentages of the most optimal 

observed performance (i.e. shortest navigated distance) for each route within each condition. 

Performance scores were calculated with the following formula: Performance = (observed performance 

– optimal performance) / optimal performance * 100. Scores (in travelled distance) which were more 

than 3.0 standard deviations above the mean of the concerning route condition (higher values indicate 

lower performance), were assigned a performance of the mean plus 3 standard deviations. Having such 

a high score strongly indicates that people were lost. In order to not loose any information, these 

values were put at the edge of the distribution, instead of exclusion of participants (see: Tabachnick & 

Fidell, 2001). This was done for nine values (out of 120).    

The first analysis focused on participants’ overall performance in navigation in the three different 

conditions; the Landmark condition (LM), the condition in which landmarks were unexpectedly 

removed before retrieval (NoLM_unexpected), and the condition in which no landmarks were present 

during learning and retrieval (NoLM). A 3-way repeated measures ANOVA was performed for the 

distances measures with condition (LM, NoLM_unexpected and NoLM) as within-subjects variable and 

gender as between-subjects variable. A main effect for condition was found (F(2,37) = 4.7, p < .05) 

Moreover, a main effect of gender was found (F(1,38) = 6.1, p < .05, indicating that route retrieval in 

males in general was significantly better than performance in females (see Table 1).  
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Based on our specific interest in performance differences in the NoLM condition and the 

NoLM_unexpected condition, planned comparisons were performed within- and between males and 

females. These showed that males and females’ performance in the NoLM_unexpected condition 

differed nearly significantly (t(38) = -1.9, p = .07), while in the NoLM condition no difference 

appeared (t(38) = -.73, p = .5) (see Table 1). 

Table 1. Mean navigation performance in travelled distance (deviation in percentages from optimal distance) (+/- 

SEM) in the different route conditions  

Landmark memory 

Males and females did not differ in their landmark-identity memory (t(38) = 1.1, p > .05), nor in their 

landmark-direction memory (t(38) = .93, p > .05). (see Table 2). 

Pointing

Pointing measures were defined as the angular error (in degrees). Planned comparisons for the 

pointing measures revealed that pointing performance after the NoLM_unexpected condition (pointing 

1) differed nearly significantly between males and females (t(38) = -2.0, p = .05). This was however 

not the case for pointing performance after the NoLM condition (t(38) = .24, p = .35) (see Table 2). 

Males Females

LM 5.8 (1.2) 28.5 (11.5) 

NoLM_unexpected 40.1 (11.8) 114.0 (38.0) 

NoLM 32.8 (10.2) 44.5 (12.6) 
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Significance is indicated next to the gender that performed better. * is marginally significant with p = .05. Note: 

pointing performance is angular error (in degrees).  

Table 2. Mean performance on pointing task (angular error) and landmark task (proportion correctly identified) 

(+/-SEM).  

General spatial abilities

Table 3 shows mean performances for the tests of general spatial abilities in males and females. On 

the Mental Rotation (RTs) test as well as on the Corsi Block test, males outperformed females (Mental 

Rotation (RTs): t(38) = -2.7, p = .01; Corsi Block: t (38) = 2.7, p < .05).  

Significance is indicated next to the gender that performed better.  

* is significant difference with p < .05 

Table 3. Mean performance (+/- SEM) on working memory and mental rotation tests.  

Correlation analyses were carried out between all psychometric tasks and route conditions for males 

and females. All significant correlations indicate an increase of performance on the navigation- and 

Males Females

Point 1 31.5 (7.0)* 55.4 (9.6) 

Point 2 32.1 (5.7) 42.0 (8.9) 

Landmark identity  .88 (.02) .86 (.02) 

Landmark direction .70 (.04) .63 (.05) 

Males Females

Mental Rotation 

Accuracy .83 (.03) .82 (.03) 

  Reaction time (sec) 3.9 (.3)* 4.9 (.3) 

Corsi Block 6.6 (.3)* 5.6 (.2) 

Digit Span 6.6 (.3) 6.6 (.2) 
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pointing tasks with better performance on the psychometric tasks. For both males and females, route 

memory in the NoLM_unexpected condition was related to MR performance. Females’ performance in 

the NoLM condition correlated with performance on the DS task. While only in females the angular 

error on the first pointing negatively correlated to CB performance, for males the second pointing 

was related to MR- as well as CB performance (See table 4). 

NoLM_un = NoLMunexpected 

Note: Larger values for route retrieval as well as for the pointing task implies worse performance. Therefore 

negative correlations denote positive relations between tasks, except for RT measures in the MR task, for which 

the opposite is true.  

* is significant correlation with p < .05 

Table 4. Correlations between general (spatial) abilities and route-memory and pointing performance for males 

and females. 

Discussion

The present study investigated route-learning differences between men and women. The central 

research question was whether a stronger spontaneous reliance on landmarks in females than in 

males when memorizing a route, as has been demonstrated in several studies, is based on differences 

in preference or ability. We tried to answer this question by designing routes which differed in the 

availability of landmarks during encoding and retrieval.  

 A main effect of condition was found, indicating that performance in the LM condition was the 

easiest, followed by the NoLM condition and finally the NoLM_unexpected condition. Since in the LM 

LM NoLM_un NoLM Point 1 Point 2 

Males

     

MRrt .12 -.30 .16 .00 .43*

MRac .09 -.42* -.09 .02 -.16 

CB -.20 -.32 -.09 -.09 -.49* 

DS -.16 .14 -.15 .17 .19 

Females

     

MRrt -.38 .49* -.10 -.07 .17 

MRac -.10 -.40* -.13 -.28 .03 

CB -.35  .24 -.13 -.40* .14

DS -.24 .08 -.46* .00 -.30  
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condition more information was available during retrieval than in the other conditions, this finding was 

anticipated. Overall, males outperformed females on route-retrieval. This is in line with other studies 

that show a general male advantage in route-learning (Galea et al., 1993; Moffat, Hampson & 

Hatzipantelis, 1998).  

 Importantly though, the performance patterns in the NoLM condition and the 

NoLM_unexpected condition paint a slightly different picture. The data clearly suggest that females 

can very well use other cues, besides landmarks, in memorizing a route. When landmarks were 

unexpectedly removed during route-retrieval females again showed a tendency to perform worse than 

males. However, when landmarks were unavailable during retrieval as well as during encoding, 

female’s performance equalled that of males. Admittedly these results may not be considered 

conclusive, due to a quite large variance in the data. Still, they provide an indication that females are 

able to use route cues, other than landmarks, when they are forced to focus on them. These findings 

appear in line with those by Ward et al. (1986). In their study participants had to give directions from 

maps. Despite a male advantage for the presence of cardinal directions in direction giving, females 

significantly improved their usage of cardinal directions after participants were prompted to do so. 

Importantly, this increase in direction-usage was not accompanied by more errors. Altogether, this 

suggests that females may be relatively good in using other environmental cues besides landmarks in 

route-learning, such as distances and directions, but simply seem to have a preference not to do so 

quite as much as men. 

 Notably, females did not display greater landmark identity- or landmark direction memory 

than males. This might have to do with the fact that our landmark task only involved the recognition

of landmarks. Galea & Kimura (1993). They compared landmark-recall as well as a landmark-

recognition in a map-learning study. Although females significantly outperformed males on the 

landmark recall test, males and females did not significantly differ in the number of recognized 

landmarks. This suggests that landmarks can be as useful for males as for females in recognition of 

scenes and decision making within navigation, but in more active situations (such as direction giving), 

males may recall less landmarks. Simple inspection of the data as well as our planned comparisons 

underscore the possibility that this overall male advantage may particularly follow from performance 

differences in the first (LM) and second (NoLM_unexpected) condition. Taking the route learning and 

landmark recognition results together, it seems that both landmark information and distance/ direction 

cues help to learn a route. Both males and females process landmark information to a comparable 

extent. However, females do not spontaneously pick up enough of the distance/ direction cues. Future 

studies should investigate whether this is simply a learned preference or whether there is an inherent 

difficulty in dividing attention over the two types of spatial information, critical for route learning.  

 The improved usage of other cues by females in the absence of landmarks does not 

automatically imply the effective establishment of configurational knowledge of the route 

environment, i.e. knowledge on the relative position between locations on-route. Where route 
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memory can be based on the encoding of sequential route segments, configurational knowledge 

requires the encoding and processing of distances and directions in an integrated fashion. 

Configurational knowledge was supposed to be reflected in the ability to point from the endpoint of 

the route to the starting point. Data showed that females performed worse than males on this task 

when landmarks were unexpectedly removed during retrieval (NoLM_undexpected condition). 

However, when landmarks were not available during both encoding and retrieval (NoLM condition), 

females’ performance was equal to males’ performance on the pointing task. This suggests that 

females are indeed able to process distances and directions in the situation that landmarks are not 

available.  Even though in general, males are supposed to excel in tasks of configurational knowledge 

(see for a review: Coluccia et al., 2004), the present findings provide an indication that this advantage 

might be largely based on a stylistic preference for geometric aspects. This view agrees to some 

extent with the observation that in familiar environments often no superior performance in distance- 

and direction estimations is found in males (Montello et al., 1999; Coluccia et al., 2004). Also in line 

with the present findings, Lambrey & Berthoz (2007) have suggested that superior processing of 

metric information during self motion (spatial updating) in males, is more likely to be based on 

different orientation strategies in males and females as opposed to differences in processing abilities. 

Females’ disadvantages on tasks of configurational knowledge may thus derive to an important extent 

from their initial preference for landmark-based route learning.  

 Previously route learning differences between men and women have typically been linked to 

ability differences. Nevertheless, where Saucier et al. (2002) showed that males are better in following 

written instructions containing distances and cardinal directions, the present findings indicate that 

when spatial relations are experienced by semi-active exploration in route-learning, females may be 

able to attain equal performance without having landmarks to rely on. Sandstrom et al. (1998) 

showed that males could depend on both landmarks as well as the geometry of an environment in 

retrieving a hidden location in a virtual setting. The authors interpreted this finding as a voluntary 

switching between strategies in males, as opposed to females, who would depend more exclusively on 

the presence of landmarks. The present results clearly demonstrate  that also females have the 

potential to switch between spatial strategies when the circumstances call for that.  

At this point a methodological issue deserves some attention. The NoLM_unexpected condition  

and the NoLM condition differed in two ways: In the former landmarks were both present during 

learning and were expected at test. In the latter neither was the case. We cannot differentiate what 

has made the main difference here. We do want to argue that both absence of landmarks during 

learning and absence of landmark expectation at test has made the females in our study switch 

towards the less preferred geometry cues.  

  In order to gain knowledge in underlying cognitive processes and to be able to extend 

findings beyond a specific experimental setup, it is important to reveal the abilities that determine our 

proficiency or preference to process certain classes of environmental cues when learning a new route. 
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We examined three general psychometric abilities which have been claimed to be relevant in spatial 

navigation: mental rotation (MR), spatial working memory and verbal working memory. Both males’ 

and females’ performance in the NoLM_unexpected condition correlated with MR performance, which 

implies active mental manipulation processes in route retrieval in both males and females. A 

remarkable finding is that in the NoLM condition, only in females route retrieval was found to correlate 

with performance on the digit span (DS), i.e. verbal working memory. This is in line with theories 

suggesting that females would tend to verbally process spatial information (Herlitz, Airaksinen & 

Nordstrom, 1999; Choi & L’Hirondelle, 2005). Intuitively it would include the memorization of a series 

of dichotomous left-right turns. Furthermore, pointing performance turned out to be related to spatial 

working memory, both for males and females. Since the global layout of the environment has to be 

inferred from the integration of different route elements, working memory allows to process and 

combine these different information parts in order to develop configurational knowledge. In males, 

pointing also correlated with mental rotation, which might indicate a flexible, map-based 

representation of the environment. The correlation with more elementary cognitive functions such as 

working memory or mental rotation could explain differences in route learning and configurational 

knowledge even when controlling for strategic preferences. Men are known to have superior spatial 

working memory and in particular mental rotation ability, which was supported by our data. While in 

the present study, using a simple geometry, it did not cause an associated difference in route learning 

ability (in the LM condition), it might be different for more complex environments. Accordingly, 

Lövdén, Herlitz, Schellenbach, Grossman-Hutter, Krüger & Lindenberger (2007),indicated that the type 

of geometry can affect performance differently in males and females.  

In conclusion, the present study extends previous studies,  indicating that males outperform 

females in route learning, probably due to a tendency in females to focus predominantly on landmarks 

in route-learning. Females’ performance improved to a nearly significant extent, when they were 

forced to encode and retrieve a route without landmarks as compared to the condition with an 

unexpected removal of landmarks during retrieval. Moreover, their pointing performance also 

improved relatively over these conditions. This provides an indication that apart from differences in 

ability, also distinct strategies in males and females have a share in the often found male advantage in 

wayfinding tasks. Future studies will have to examine whether this strategy preference is deliberate 

and learned or whether it follows from limitations in dividing attention to multiple sources of spatial 

information. An advanced psychometric approach could be useful here.  
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Abstract

Males tend to outperform females in their knowledge of relative and absolute distances in spatial 

layouts and environments. Since in many studies assessing spatial abilities new (computerized) 

environments are used, these advantages in distance knowledge could derive from initial preferences 

in processing geometric knowledge. The aim of the present study was to investigate whether gender 

differences in configurational knowledge might be modulated by experience. In order to test this 

hypothesis, distance as well as directional knowledge of the city of Utrecht in the Netherlands was 

assessed in male and female inhabitants who had different levels of familiarity with this city. 

Experience had an effect on solving difficult distance knowledge problems, but only for females. While 

the quality of the spatial representation of metric distances improved with more experience, this effect 

was however not different for males and females. Directional configurational measures did show a 

main gender effect but no experience modulation. In general, it seems that we build different 

configurational aspects according to different experiential time schedules. Moreover, these results 

suggest that experience may be a modulating factor in the occurrence of gender differences in 

configurational knowledge, though this is dependent on the type of task. It is discussed to what 

extent intrinsic differences in mental rotation ability and spatial working memory are related to these 

findings.
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Introduction

In order to interact efficiently with the outside world, humans develop spatial knowledge of their daily 

environment. Abundant evidence suggests that humans construct quite elaborate mental 

representations (cognitive maps) of spatial relations between places (see for example: McNamara, 

1986). The quality of these representations may depend on individual differences. Numerous studies 

have shown that males tend to outperform females on their configurational knowledge of previously 

learned environments or spatial layouts (see for example: Castelli, Latini Corazzini & Geminiani, 2008; 

Coluccia & Louse, 2004; Fields et al., 2006; Silverman, Choi, Mackewn, Fisher, Moro & Olshansky). An 

explanation for these findings has been sought in the fact that males have a preference for processing 

geometrical knowledge, comprehending distances and orientations, as opposed to a more route-

oriented and landmark-focused approach in females (Montello, Lovelace, Golledge & Self, 1999; 

Coluccia & Louse, 2004). Studies in different settings have supported this notion. When knowledge 

retained from map- or route learning is assessed, females retrieve more landmarks whereas males 

retrieve more distance and directional aspects (Galea & Kimura, 1993). The same difference in cue-

preference is reflected in route descriptions of men and women (Dabbs Jr., Chang, Strong & Milun, 

1998; Lawton, 2001) and findings also extend to actual navigation (for example, see Sandstrom, 

1998).

 Despite the fact that a considerable part of the studies on configurational knowledge confirm 

the assumed male advantage, a number of studies have failed to show superior performance in males 

(see: Colluccia et al., 2004). A remarkable aspect is that often an everyday, to some extent familiar, 

environment was used in the latter studies. For example Montello & Pick (1993) did not show any 

male advantage on a pointing task in a real, at least to some extent familiar, environment. Also 

Montello, Lovelace, Golledge & Self (1999) did not find a male advantage on a straight line distance 

comparison task between landmarks, placed on well-learned routes on a campus site. Based on these 

observations, several authors have argued (see: Montello et al., 1999; Coluccia et al., 2004; Fields & 

Shelton, 2006) that experience (familiarity) might be a key factor in the occurrence of sex differences 

in tasks assessing configurational knowledge.  

In general, the content of configurational representations is assumed to develop over time. In 

particular, with time more detailed information on distances and directions between places emerges 

(Golledge, 1999). Since in many studies that assess spatial abilities new (computerized) environments 

are used, male advantages in configurational knowledge could derive from their initial preference for 

processing geometric aspects of an environment. Over time with more experience females might 

become as proficient as males in developing and retrieving such type of knowledge. This viewpoint is 

further sustained by the fact that in experimental paradigms with artificially constructed, but 

overlearned, environments, gender differences on tests of configurational knowledge are typically 

absent (Coluccia et al., 2004). For example, in a study by Shelton and McNamara (2004), no gender 
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differences appeared in judgements of relative directions after extensive overlearning of a virtual 

environment. Fields & Shelton (2006) on the other hand, found a male advantage in judgements of 

relative directions when learning of a virtual environment was limited.  

Only sparse previous studies have considered familiarity or experience as an important factor 

in the assessment of (gender differences in) configurational knowledge. Kirasic and colleagues (1984) 

assessed configurational knowledge of a university campus, involving direction and distance 

measures, in freshmen and upperclassmen. Males outperformed females on a pointing task, but only 

when specific places were included. This might have to do, as the authors themselves suggested, with 

the more frequent use by males of these buildings. Nothing however could be concluded on this 

matter, since familiarity with the different places was not assessed. Evens and Pezdek (1980) 

investigated directional and distance knowledge in participants who were either familiar or unfamiliar 

with a campus. Participants who were unfamiliar with the used environment learned it from a map, 

whereas ‘familiar participants’ experienced the environment by active navigation. With this setup, it 

was unclear whether differences in performance were due to differences in familiarity or in the way 

the environment had been learned.  

In light of the foregoing, the aim of the present study was to provide more insights into the 

effects of experience in males and females on the construction of mental representations of their daily 

environment. The use of the latter is particularly attractive because it sheds light on the natural 

development of our every day spatial knowledge. In the present study, configurational knowledge of 

the city centre of Utrecht (The Netherlands) was assessed in two groups (both half male) of 

participants who each had a different degree of experience with the city (number of months being an 

inhabitant of Utrecht) at the moment of testing. Moreover, participants’ familiarity with the different 

places used in the tasks, was taken into account. Two different types of configurational knowledge 

were assessed, namely distance knowledge and knowledge of the relative positions of places in the 

environment, i.e. directional knowledge.  

A task which might be particularly suited to say something about the quality of distance 

knowledge is the distance comparison task. (see: Denis & Zimmer, 1992; Noordzij & Postma, 2005; 

Peruch, Chabanne, Nesa, Thinus-Blanc & Denis, 2006). Previous studies using this task have shown 

that when distances have to be compared mentally, after having learned an environment either 

visually or verbally, response times negatively correlate with the magnitude of the differences 

between the distances being compared. This so-called ‘symbolic-distance effect’ (Moyer & Bayer, 

1976) reflects the extent to which mental representations preserve the actual metric properties of the 

learned environment. As such, the distance comparison task in the present study provides important 

information on the development of the quality of spatial representations over time and whether this is 

different for males and females.  

Whereas different patterns of performance between individuals and conditions might relate to 

differences in the characteristics of spatial representations, these differences might also arise by the 
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employment of different retrieval strategies. One way to prevent strategic processes to act on the 

assessment of spatial representations, is to make use of priming effects in spatial memory. In 

previous studies on mental representations it has been shown that when people learn a spatial 

configuration, places close in space prime one another (McNamara, 1986; Noordzij & Postma, 2005). 

Our study started with a task aimed at assessing such a priming effect. In this task participants were 

instructed to decide as fast and accurately as possible whether a place is situated in the city of Utrecht 

or not. The rationale behind this setup is that a place preceded by a place nearby is primed stronger 

(and therefore faster responded to) compared to a place that is preceded by a place relatively further 

away. This way the effect of experience on the implicit spatial representation of the city of Utrecht 

males and females possess, supposedly unaffected by conscious choices and strategies, could be 

assessed. 

Besides distances, another important dimension of configurational knowledge is the 

orientation of places, i.e. the relative positions of places in terms of direction. Whereas tasks assessing 

distances have shown quite mixed findings with respect to gender differences, tasks measuring 

orientation knowledge have indicated a stronger male advantage (Coluccia et al., 2004). Apparently, 

different tests of configurational knowledge can produce distinct results, stemming from different task 

demands, which in turn can affect the occurrence of individual differences (Kitchin, 1996; Coluccia et 

al., 2004). Therefore, in the present study, both distance knowledge as knowledge of relative 

positions was assessed.  

In addition to the measures of configurational knowledge, also a number of general spatial 

abilities were assessed. Differences in strategies to retrieve and ‘compute’ configurational measures 

might be an important factor in the occurrence of gender differences in spatial tasks in general and 

configurational knowledge in specific. It has been suggested that males excel in active mental 

manipulation of spatial information, which might induce an advantage in spatial orientation tasks 

during navigation (Bosco, Longoni & Vecchi, 2004). By using different measures of configurational 

knowledge as well as assessing general spatial abilities, insights could be provided on differences in 

task demands and the effects of these differences. Therefore, performance on our configurational 

tasks was related to three potentially relevant basic spatial skills, that is mental rotation (MR), 

perspective taking (PT) and spatial working memory (VSWM).  

Method

Participants

Forty-one right-handed healthy males and 43 right-handed healthy females, with normal or corrected-

to-normal vision participated in this study. All participants gave informed consent and received 12 

euros or course credit for participation. Participants were subdivided according to their experience 
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with the city of Utrecht, the Netherlands. Participants either had lived in Utrecht for a minimum of 6 

months and a maximum of 12 months (short), or they had lived in Utrecht for more than 36 months 

(long) at the time of the experiment. Further requirements were that participants had to visit the city 

centre of Utrecht at least several times a month, whereas they should not have visited the city centre 

more than once a month before they lived in Utrecht. Data from 39 males (mean age: 21.5, SD = 2.8) 

and 42 females (mean age: 21.6, SD = 2.4) were eventually analysed. Three participants (two males, 

one female) exhibited extremely poor performance on one or more tasks and were therefore excluded 

from further analyses. Of the remaining participants 38 participants (18 males an 20 females) had 

lived in Utrecht for a short time and 43 participants (21 males and 22 females) had lived for a long 

time in Utrecht. Overall, males and females did not differ in age or number of months they had lived 

in the city of Utrecht.  

Materials & Procedure 

Twelve places, assumed to be generally well known by inhabitants of Utrecht, were used in the 

Familiarity Rating task, the Distance task, and the Relative Position task. In the Priming task, only 8 of 

these 12 places were used, since 4 of the 12 places (two department stores, the city theatre and the 

library) can be found in other cities as well.  

 All computer tasks were created with E-prime (E-prime 1.1; Psychology Software Tools, Inc.) 

and were run on a Pentium PC with a 17” monitor. A response box was used to register participants’ 

responses in the Priming task, the Distance task, the Relative Positions task and the Mental Rotation 

Task. The keyboard was used to register responses in the Familiarity Rating task. 

Priming task 

The first task was conducted with the aim to test the spatial representation participants possessed of 

the city of Utrecht, while the participants were unaware of this task objective. The task was presented 

to the participants as a recognition task, in which they had to decide as fast and accurately as possible 

whether serially presented places (written) are located in Utrecht or not. A list of places was 

constructed, half of the places situated in Utrecht, half of the places situated in other Dutch cities. The 

Utrecht-places were used to assess two priming relations: close in space and far in space. The 

rationale behind this task is the assumption that places preceded by places close in space are 

responded to faster than a place preceded by a place far in space. A Utrecht place could either be 

preceded by a place outside of Utrecht, a place close by in Utrecht or a place far away. Places 

between 101 and 312 meters apart were defined as close in space, whereas places  between  547 and 

850 meters apart were defined as far in space. Both priming relations were repeated seven times. 

Place names were repeated two or three times.  
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Familiarity rating task 

Before participants conducted the Distance task, they were asked how well they knew each of the 12 

places in Utrecht used (place identity) and how well they knew where they were located in Utrecht 

(place position), both to be indicated on a scale from 1 ( = very poor) to 5 ( = very well). On every 

trial, two pictures (from different perspectives) of one place were shown on a computer screen. 

Participants could indicate both their answers by pressing the appropriate numbers on the keyboard. 

If participants answered with a 3 or lower, the experimenter explained the place and its position until 

it was clear to the participant. Nevertheless, trials in which places were used on which participants 

answered lower than a 3 were removed from further analyses in all tasks. 

Distance task 

In the Distance task two pairs of places were serially presented on each trial. The participant had to 

indicate which of the two pairs were closer together in the real world, judging interplace distances 

from the closest point-to-point distance. The first place-pair was presented for 4 seconds. After an 

interval of 1 second, the second pair followed and remained until the subject responded. Participants 

had to indicate as fast and accurately as possible whether the second pair represented the shortest  

or the longest distance. The task consisted of 96 trials, half of them starting with the same place in 

both pairs (e.g: city theatre – Dom tower and city theatre – cinema) , half of them starting with 

different places in both pairs (e.g.:. city theatre – Dom tower and village square – cinema). The task 

consisted of three blocks, separated by a short break. Blocks were presented in three different orders, 

pseudo-randomized between participants. Within blocks, trials were fully randomized. Each place-pair 

was used 4 times, in order to create a continuous range of interpair distances. The interpair distance 

ratio (calculated by dividing the distance between places closest in space by the distance between the 

other two places), ranged from 0.14 to 0.92. 

 The distance task was preceded by an instruction and 8 practice trials, containing capital cities 

in Europe. During the practice trials participants received feedback. 

Relative Positions task 

In this task participants were shown triads of Utrecht places. They had to judge whether each triad 

accurately depicted the relative physical position of the places in the real environment (see Figure 1). 

Each place was represented by a black dot with a verbal label below it. Participants were presented 12 

different place triads, that were either in the correct relative spatial position or in the incorrect mirror 

image of the correct spatial position. Each triad was shown at 0°, 60°, 120° and 180° orientation from 

the Cartesian coordinates from a standard map. In total, 96 triads were presented to the participants, 

separated in three blocks with a short break between blocks. Blocks were presented in three different 

orders, pseudo-randomized between participants. Within blocks, triads were presented in a fixed 
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order, to prevent the occurrence of two or three of the same places following one another. The 

distance among the three places was always correct to scale. 

 The Position task was preceded by an instruction and 8 practice trials, containing three well 

known cities in the Netherlands. During the practice trials participants received feedback. 

A.            B.

Figure 1. One correct (A) and one mirrored, incorrect (B) place triad 

General spatial abilities 

Three tasks were performed in order to investigate possible relation between these general spatial 

abilities and performance on the Distance Task and the Position Task.  

Mental Rotation (MR) was assessed by a computerized version of the mental rotation task 

designed by Peters, Laeng, Latham, Jackson, Zaiyouna & Richardson (1995), which was based on the 

original Mental Rotation task by Vandenberg and Kuse (1978). In this task participants had to decide 

as accurately and fast as possible whether a rotated blocked figure was the same as a standard 

figure, depicted besides it, or whether the two figures were different. The task consisted of 48 trials, 

preceded by an instruction and 6 practice trials. 

 The Perspective Taking (PT) task was designed after the example of Hegarty and Waller 

(2004). In this task a configuration of seven figures was presented on a sheet of paper. On each item, 

participants had to imagine being at the position of one of these objects, facing a second object and 

point into the direction of a third object (target). At the bottom of the page, a circle was drawn which 

showed the imagined station point (e.g.: ‘car’) in the middle and the imagined heading (e.g.: ‘dog’) as 

an arrow pointing vertically up (see Figure 2). The task was to indicate the pointing direction to the 

target object by using a circular pointing device with degree markings. In order to prevent participants 

to rely on these degree markings, these were covered by a plastic sheet, which was removed by the 

experimenter out of the participant’s sight to read of the pointing angle after each trial. The task 

consisted of 16 trials, preceded by an instruction and three practice trials. 

Visuo-Spatial Working Memory (VSWM) was assessed by the Corsi Block task (Corsi, 1972). 

The test consists of a plastic rectangular plate on which 9 cubes are fixed. The experimenter tapped a 

specific sequence of blocks, which the participant was asked to reproduce. Sequences increased in 
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number of cubes, the longest sequence containing 9 blocks. If the participant failed to repeat two 

consecutive sequences, the task was ended.   

     
Imagine you are at the car and facing the dog.

Point to the tree. 

Figure 2. Example of an item in the Perspective Taking task 

Results

Priming task 

For the Recognition / Priming task, mean RT’s, computed over correct trials were analyzed using a 

2x2x2 repeated measures ANOVA with prime-target relation (far/near) as within-subjects variable and 

gender and experience (having lived in Utrecht for a long/short time) as between-subjects variables. 

Main effects were found for prime-target relation (F(1, 77) = 35,04, p = .00) and experience (F(1, 77) 

= 7.4, p < .01). RTs for primes and targets near in space were shorter than RTs for prime-targets far 

in space. Moreover, RTs were shorter for participants who had lived for a long time in Utrecht than for 

participants who had lived in Utrecht for a short time (see Figure 3). No in interaction effect between 

prime-target relation and experience as found. Also no main effect of gender, nor any inter-action 

effect with gender was shown.  

dog

     car
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Figure 3. Mean RTs (+ SEM) for the priming/recognition task for near/ far priming relations, according to the 

amount of experience with the city of Utrecht (short/long).  

Familiarity rating task 

A 2x2 ANOVA with gender and experience with between-subjects factors only showed a main effect of 

experience (F(1, 79) = 58.3, p = .000). Participants who had lived in Utrecht for a long time rated the 

Utrecht place positions as more familiar (mean rating = 4.87, SE = .07) than participants who had 

lived for a short time in Utrecht (mean rating = 4.32, SE = .03). Also when place identity was added 

as a covariate, based on the idea that knowledge of a place location is directly related to the 

knowledge of its identity, this effect remained significant (F(1, 79) = 5.38, p < .05). 

Distance task 

Both accuracy (mean proportion correct trials) and RTs were analyzed. RTs were only calculated over 

correct trials. Trials for which RTs were more than 3 SDs above or below the mean were excluded 

from analyses. In table 1 correlations are shown between overall mean RTs and accuracy scores, and 

the ratio of each place interpair distance, for males and females, with short or long experience with 

the city of Utrecht. Interpair-distance ratios for which mean accuracy was below .55, were excluded 

from analyses. This was the case for interpair-distance ratio’s of .81, .88, .89, .92 and .95. All 

correlations were strongly significant, implying that participants found it harder to compare two 

distances when the ratio of the interpair distances was larger (i.e. the two pairs were closer in actual 

distance). This finding clearly demonstrates the presence of the symbolic distance effect.   

 Subsequently, the distributions of correlations were normalized, using Fisher’s r-to-z

transformations in order to compare their confidence intervals.  When short and long experienced 

groups were compared (one-tailed), independent of gender, a significant difference between 

correlation strengths for RTs was found (Short: r (48) = .54, p = .00, Long: r (48) =  .75) (see Figure 

 * 

 * 
*



Experience and configurational knowledge 99

4A and 4B). When considered these correlations within males and females separately, for males a 

significant increase in correlation strength was demonstrated (p = .04), whereas for females a nearly 

significant difference was shown in the same direction (p =.08) (see Table 1). No significant 

differences in the symbolic difference effect between males and females were found. 

 Short experience Long experience 

 Males Females Males Females 

rt .42** .43** .67** .64**

acc -.54** -.47** -.58** -.42** 

** is significant with p < .001 

Table 1. Correlations between mean RTs and interpair distance ratios.  
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Figure 4. Mean RTs related to interpair-distance ratios for participants who either had lived for short (A) or a long 

(B) time in the city of Utrecht.   

For both the RTs and the accuracy scores, A 2x2x2 repeated measures ANOVA was performed 

with pair-type (both place pairs starting with the same/different places) as within-subjects variable 

and gender and experience (short/long) as between-subjects variable. For the RTs, only a main effect 

of pair-type was found (F(1, 77) = 16.1, p = .00) , indicating that it took participants longer to solve 

the distance pairs starting with different places than pairs starting with the same place. For the 

accuracy scores, a three-way interaction was found between pair-type, gender and experience (F(1, 

77) = 4.79, p < .05. Posthoc LSD tests showed that only for the trials in which place pairs started 

with different places, within participants who had lived in Utrecht for a short time, males outperform 

females (p < .05). Moreover, females who had lived in Utrecht for a long time outperformed females 

r = .75, p = .00 r = .54, p = .00 
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who had lived for a short time in Utrecht (p < .05). No main effects or two-way interactions were 

found. (see Figure 5).  
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Figure 5. Mean proportion of correct trials (+ SEM) in the distance task for males and females who either had lived 

for a short or a long time in the city of Utrecht. A. performance on distance pairs starting with the same place  B. 

performance on distance pairs starting with a different starting place.  

Relative Positions task 

Both accuracy (mean proportion correct trials) and RTs were analyzed. RTs were only calculated over 

correct trials. Trials with RTs more than 3 SDs above or below the mean were excluded from analyses. 

Accuracy scores as well as RTs were significantly lower for the relative position task than for both trial 

types (same / different starting places) in the distance task (p = .00). Since in subsequent analyses only 

accuracy scores showed significant effects, only these findings are reported here.  

 An ANOVA was carried out with mean proportion correct trials as dependent variable and 

gender and experience (short/long) as between-subjects variable. Only a main effect for gender was 

found (F(1, 77) = 5.4, p <. 05), showing that mean performance was higher in males than in females 

(see Figure 6).  

*  *
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Figure 6. Mean proportion correct trials (+ SEM) in the Position task for males and females.  

General Spatial Abilities 

In Table 2 performance on the psychometric tasks is shown for males and females. Scores on the 

Corsi Block task were defined by the cube-span (maximum = 9) participants managed to reproduce. 

Error scores on the Perspective taking task were defined as the absolute deviation in degrees between 

the participant’s response and the correct direction to the target. Note that because the PT measures 

are error scores, a higher value indicates less ability. A participant’s total score was the average 

deviation across all items.   

 Only for the MR task a gender difference was shown. Males’ accuracy scores were significantly 

higher than females’ accuracy scores (t(79) = 2.57, p < .05). RTs for the MR task showed a 

nonsignificant trend, in that males had lower RTs than females (t(79) = -1.73, p = .087).  

 Correlation analyses were carried out between all psychometric tasks and the tasks assessing 

configurational knowledge for males and females, living in Utrecht for a short- or long time (see Table 

3). All significant correlations signify an increase of performance on the configurational tasks with 

better performance on the psychometric tasks. For males who had lived for a long time in Utrecht, 

positive correlation were found between performance on the difficult part of distance task and CB (r = 

.55, p < .05). Male performance on the relative positions task showed a significant correlation with CB 

performance (r = .46, p < .05) and MR performance (accuracy) (r = .49, p < .05). For females who 

had lived for a short time in Utrecht a significant relation was found between MR performance (RTs) 

and the easy distance trials (p = -.46, p < .05). Female performance on the Relative Positions task 

related to PT performance (r = -.41, p < .05).  

*
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Males Females

Mental

Rotation

RT (sec)  

Accuracy

5.53 (.26) 

.86 (.01)* 

6.22 (.30) 

.81 (.02) 

Perspective Taking 

(error degrees) 

20.38 (2.83) 24.07 (2.65) 

Corsi Block (span) 6.3 (.15) 6.3 (.13) 

Significance is indicated next to the gender that performed better .* is significant with p < .05 

Table 2. Mean performance (+/- SEM) on tasks of general spatial abilities in males and females.  

 PT  CB  MR  

Short Long Short Long Short Long 

Males

      

Distance same -.12 .18 .04 .25 -.04 .18 

Distance dif -.06 .00 -.17 .55* .31 .26 

Relative Position -.15 .08 .21 .46* -.28 .49* (rt) 

       

Females       

Distance same -.24 .25 .07 -.32 -.46*(ac) .33

Distance dif -.18 -.02 -10 -.10 -.12 .11 

Relative Position -.21 -.41* -.03 .34 -.18 -.21 

* is significant with p < .05 

Distance same = comparing distances with same starting place 

Distance dif = comparing distances with different starting place 

Behind the correlations with MR it is indicated whether the correlation concerns the RTs or accuracy scores of the 

MR task 

Note: lower scores in the PT task signifies better performance, since performance is expressed in degrees of 

error.

Table 3. Correlations between configurational tasks and psychometric tasks. * is significant with p < .05
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Discussion

In this study we investigated whether and how differences between men and women in configurational 

knowledge of their daily environment were modulated by experience. One dimension of configurational 

knowledge which was assessed concerned distance knowledge. Interestingly, the symbolic distance 

effect, i.e. better performance on comparing distances with increasing distance differences, was 

stronger in participants who had lived for a long time in the city of Utrecht than for participants who 

had lived for a short time in the city of Utrecht. This effect of experience on correlation strength 

between interpair distance-ratios and RTs was however not different between males and females, nor 

were there any overall differences between males and females in correlation strength. These patterns 

indicate, in line with general assumptions on the development of spatial representations (see: Golledge, 

1999) that the quality, in terms of its metric characteristics, of the spatial representation participants 

possessed of the city of Utrecht improved over time, with more experience. Moreover, males and 

females do not appear to differ in the quality of their spatial representation regarding distances of the 

city of Utrecht, nor do there seem to be gender differences in the speed of development of this 

representational aspect. 

An experience by gender interaction found for the distance comparison task only concerned 

trials in which distances of place-pairs starting with different places had to be compared, as opposed to 

trials in which place-pairs starting with the same place had to be compared. Apparently, experience may 

affect gender differences in configurational knowledge, depending on the way this knowledge is 

retrieved. RTs on the distance task showed that trials on which distances with different starting places 

had to be compared took more effort than the trials with distance pairs starting with the same starting 

place, in line with findings by Péruch et al. (2006). It  has been suggested that males especially 

outperform females on difficult, cognitive demanding spatial tasks (Coluccia et al., 2004). The reason 

for an effect of cognitive load can be directly related to how males and females are suggested to differ 

in the way they retrieve information from memory. Males would be better in active mental manipulation 

or transformation of mental images, aspects which become more important when tasks get more 

complicated, whereas females excel in the use of static images (Vecchi & Girelli, 1998). Altogether, this 

suggests that with little experience, females may be less able to cope with high task demands. 

 Another measure of distance knowledge involved the priming task. The advantage of this task is 

that performance is not affected by conscious cognitive processes, such as retrieval strategies, since 

participants are not aware of the actual aim of the task. This may be of particular value in gender 

studies since previous studies showed that beliefs on the typical male advantage on spatial tasks as well 

as thoughts on personal performance, negatively affect spatial ability in females (Lawton, 1996; Moe & 

Pazzaglia, 2006). Moreover, priming tasks require a minimal cognitive load, which might lead to more 

accurate assessments of spatial knowledge than more complicated, cognitive demanding tasks (Donald 

& Pellegrino, 1993). In previous studies, spatial priming has been shown to work for visually and 
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verbally learned new environments (Denis & Zimmer, 1992; Noordzij et al., 2005). In the present study, 

spatial priming was also shown for well known places in a daily environment, which confirms and 

extends on the symbolic distance effect. Primes close in space resulted in significantly faster RTs for the 

target than primes far in space. Both the symbolic distance effects and the priming effect indicate that 

places in the environment are spatially organised in the representation of the listener. Contrary to the 

symbolic distance effect, the spatial priming effect did not show an effect of experience. This might 

have to do with the fact that the symbolic distance effect taps on more absolute measures, whereas the 

priming effect only concerns proximity, i.e. relative distances. Since metric characteristics require take 

longer to develop, this might explain why a positive effect of experience was only shown for the 

symbolic distance effect. Nevertheless, experience affected general speed of recognition; participants 

who had lived for a short time in the city of Utrecht had slower RTs than participants who had in 

Utrecht lived for a long time. On itself it is an interesting finding that the present study showed a 

priming effect for well known places in a daily environment. This way, daily spatial knowledge can be 

implicitly assessed independent of existing stereotypes.  

 Besides distance, another dimension of configurational knowledge was assessed: directional 

place knowledge. For the relative position task, in which the relative position of three places had to be 

verified, no effect of experience was found. However, overall males outperformed females on this task. 

Intriguingly, whereas part of the distance measures clearly were modulated by experience as well as 

gender, performance on the relative position task only seemed to be affected by gender. One could 

speculate that in daily navigation distance knowledge is acquired in a direct obligatory way by route-

based environmental explorations, whereas directional position knowledge requires an active 

construction and abstraction by the observer. It might be that since direction knowledge is not essential 

for daily navigation, extra experience does not greatly enhance performance on this task. Most 

importantly, the relative position task data show that men are notably better at this. This dimension of 

configurational knowledge thus clearly is sensitive to gender differences.  

Given the observation of partial differences in configurational knowledge between men and 

women, one might question what the underlying cognitive mechanisms are. For this reason, we also 

included several general spatial abilities tests and correlated these measures with the indices of 

configurational knowledge. Only for males who had lived for a long time in the city of Utrecht significant 

correlations were shown between performance on the configurational tasks and the general spatial 

abilities, whereas no relations were shown for males having shorter experience with the city. This might 

have to do with the fact that retrieval strategies become more constant when knowledge on locations is 

firmly embedded. Performance on the difficult part of the distance task related to CB, whereas 

performance on the relative positions task showed a significant correlation with CB as well as MR 

performance In women only the easy distance trials related to MR performance. This is in line with 

findings by Bosco et al. (2004), who showed that orientating in an environment is stronger related to 

visuo-spatial working memory in men than in women. In long experienced women, the relation between 
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relative position knowledge and perspective taking performance, might be explained by the fact that 

women are suggested to prefer a more egocentric route-representation of an environment, as opposed 

to a perspective independent survey-representation in experienced men (Montello et al., 1999). This 

preference in women would require mental body-centred perspective switches. For females, who had 

lived for in Utrecht a short time, performance on the easy distance trials correlated with MR 

performance. The fact that in women only easy distance trials related to MR performance is hard to 

interpret. May be for distance pairs starting with the same place, one route-distance could be ‘projected’ 

on the other by mentally rotating one route-line in order to directly compare the two distances.  

Whereas response patterns in the distance task suggest that the quality of the representations 

regarding spatial distances was comparable in males and female, it does not necessarily preclude the 

possibility that males and females differ in characteristics of their spatial representations. In the spatial 

information processing literature, starting with Siegel and White (1975), two strategies/representations 

can be dissociated on which individuals rely when they represent an environment: route knowledge and 

survey knowledge. In route knowledge directions/turns and landmarks are sequentially processed in an 

individual-centred fashion, whereas survey knowledge implies the formation of a viewpoint-independent 

map of the environment. Males are suggested to be more prone to develop such a representation, since 

they have a preference to process geometrical cues, which form an important basis for the formation of 

a viewpoint-independent “bird’s eye view”. It could be that for relatively ‘easy’ tasks, route 

representations are sufficient to correctly compute configurational measures, whereas for more 

complicated tasks, a survey representation, in which configurational relations are already present, 

results in superior performance. Nevertheless, despite the fact that a route representation can lead to 

correct distance estimations, one would expect a route representation to elicit longer reaction times 

than a survey representation (Chabanne, Péruch, Denis & Thinus-Blanc, 2003). No gender differences in 

reaction times were however shown, suggesting that performance differences in males and females 

were not based on different types of spatial representations. Future studies should however provide 

more direct insight in the structure of spatial representations in males and females. It could be that with 

shorter experience than considered in the present study, clearer differences in characteristics of 

underlying representations exist in males and females. Yet, the symbolic distance effect as well as the 

subjective rating by participants of their familiarity with the used places, clearly showed an positive 

effect of experience, indicating that spatial knowledge did develop within the chosen time-frame. 

 Taken together, the current results reveal configurational knowledge differences between men 

and women. The evidence that findings concerning gender differences in configurational knowledge 

depend on the ease with which spatial representation of one’s environment is acquired during initial 

exposure only applies to more difficult tests of distance knowledge. Interestingly, distance knowledge 

does show a general experience influence.  With time we obtain a more precise metric sense of where 

places are in our surroundings. Knowledge on relative positions on the other hand, was not enhanced 

by experience, whereas males outperformed females on this type of knowledge. Hence, the 
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construction of a spatial representation appears to depend on a mix of experience and more hardwired 

cognitive processing abilities.  
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Summary  

The main topic of the present thesis was how specific task components and -conditions may modulate 

gender differences in object location memory and spatial navigation. Whereas previous studies have 

pointed out the existence of gender differences in these abilities, findings are not consistent across 

studies, presumably related to differences in task- and procedural features. In Chapter 2 and 3 we 

first addressed the effect of distinct encoding and retrieval circumstances and contexts in object 

location memory, as well as the various processing components involved. In Chapter 4, we have 

outlined the possible role of sex hormones in sexual dimorphic spatial behaviour and investigated 

whether object location memory and its component object identity memory are related to levels of 

estradiol and testosterone. Subsequently we have examined large-scale navigation-based spatial 

memory. In Chapter 5 the question was addressed whether the typical strong reliance on landmarks 

in females in route-learning, is a matter of ability or strategy. In other words, are females capable to 

use directional and distance cues in case there are no other cues to rely on? Finally, in Chapter 6 we 

investigated the effect of experience on different tasks assessing configurational knowledge of a real-

life environment in males and females. Besides gaining insight in secondary task factors that may 

differentially affect environmental knowledge in males and females, these findings could shed light on 

the ordinary development of our every day spatial knowledge. In this chapter the main findings and 

conclusions from this thesis are summarized.  

Object location memory

Chapter 2, 3 and 4 of this thesis were aimed at gaining more insight in crucial task facets in object 

location memory which may lead to distinct performance in males and females. In Chapter 2 a 

computer task was used in which participants had to encode objects in daily (photographed) 

environments. The encoding condition was varied between subjects, that is half of the subjects knew 

about the upcoming retrieval phase (intentional condition) while the other half was told that the task 

was used to rate the visibility of objects against different backgrounds (incidental condition). A 

separate object identity memory task was conducted to assess the memory for the objects which were 

used in the object location memory task. By applying the process dissociation procedure (Jacoby, Toth 

& Yonelinas, 1993) to the object location memory assessments and the remember-know paradigm to 

the object identity measures, also explicit (conscious) and implicit (unconscious) forms of retrieval

could be separated. Notably, females did not obtain higher object identity memory scores, neither for 

remember rates nor for know rates. They did outperform males, however, on the object location 

memory task, but this advantage disappeared when only correctly recognized objects were included in 

the analyses (object-to-location binding memory). We argue that these complicated findings probably 

stem from a difference between males and females in the way locations or object-locations 
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associations are retrieved. In general, explicit (conscious) recollection was better than implicit 

(unconscious) recollection, while no effect of encoding context, nor any interaction with gender, was 

found.

 One possible explanation for the female advantage in Chapter 2 is that females establish 

stronger object-location or object-to-object associations,  provided by the rich context in our task. In 

Chapter 3, the effect of context on the recollection of different components of object location memory 

was investigated in a task in which the location of ten objects had to be memorized in a square frame 

on a computer screen. After a short interval two objects out of four had to be selected and relocated, 

again in two of four possible locations. This way object identity memory, location memory as well as 

object-to-location binding memory could be assessed. Two test conditions were included: either all 

objects, except the two target-objects, were displayed in their correct positions during test (context

condition), or the non-target objects were left out as well during test (no-context condition). 

Moreover, hemispheric attentional differences for distinct attributes, were considered by taking 

hemispace effects (whether an object is positioned in the left or right visual field) into account. 

Results showed that location memory as well as object-location binding memory deteriorated in case 

no context was present. This suggests that remembering which places are occupied and by which 

objects is dependent on the availability of the overall spatial context. Visual field position on the other 

hand influenced object identity and object- location binding memory, that is performance for both 

components was better for objects located in the right visual field than for objects located in the left 

visual field. This might be related to fact that the left hemisphere is supposed to be specialized in 

language processing. The usage of common objects may have promoted verbalization of the items, 

which could explain a greater involvement in processing by the left hemisphere and hence a better 

recall of objects in the right hemispace (Alexander, Packard & Peterson, 2002).  In general no gender 

differences were found, nor any variation between males and females in the effects of context and 

visual field position on performance. 

 In Chapter 4 we focused on a biological mechanism which may explain dissimilar object 

location memory abilities in males and females, namely the presence of gonadal hormones. We 

related data on object location memory (presented in Chapter 2), which yielded a female advantage, 

to levels of estradiol (E2) and testosterone (T). Within females, object location memory appears to be 

modulated both by E2 and T.  E2 related positively to object location memory while T showed 

negative relations. This seems in line with existing theories, stating that tasks in which females excel 

are positively affected by estrogens whereas ‘male’ tasks would be enhanced by the presence of 

androgens (Kimura, 2000). However, processes seem to be somewhat more complicated than this, 

since for females also a nonlinear (inverted U) relation was found between E2/T ratios and object 

location memory. One way to explain these findings is that complicate interactions take place between 

E2 and T, resulting in positive effects of low proportions of T down to an optimal point. Another way 

to interpret this relation, is the existence of specialized brain receptors which are sensitive to E2/T 
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ratios (Gouchie & Kimura, 1991), requiring an intermediate level to function optimally. Present 

findings can unfortunately not differentiate between these possibilities. The (positive) relation with E2 

as well as the E2/T ratio only applied to object location memory, suggesting that E2 specifically 

modulates object location memory performance, leaving its component object identity memory 

unaffected. In males, only E2 related negatively to object location memory.  

Navigation

From spatial memory in a small scale static setting, we proceeded in the second half of this thesis to 

the investigation of cognitive processes concerning dynamic spatial learning in large scale 

environments. In Chapter 5 we examined the question whether the typical differences between males 

and females in cue use during route learning are mostly based on distinct abilities or strategies. 

Various studies have shown that females rely more on landmarks during navigation whereas males 

also process the geometry of the environment (e.g.: Sandstrom, Kaufman & A. Huettel, 1998; 

Montello, Lovelace, Golledge & Self, 1999; e.g.: Jansen-Osmann & Wiedenbauer, 2004). Since in most 

studies participants are however free in choosing one or the other strategy, it is difficult to decide 

whether these differences are strategic or more structural. We therefore tried to dissociate ability and 

strategy by designing different routes in a virtual environment in which the availability of landmarks 

during learning and retrieval was manipulated. In a virtual environment participants had to learn 

different routes in which landmarks were available (LM condition) as well as one route without 

landmarks. During the test phase, people had to retrace the learned route as accurately as possible, 

either with the landmarks still available or with an unannounced removal of the landmark cues. When 

landmarks were removed without warning, males tended to outperform females, covering smaller 

distances when the learned route had to be retraced. However, when landmarks were absent both 

during encoding and retrieval, performance by males and females was equal. These results provide an 

indication that females are very well capable in using other cues, besides landmarks, when learning a 

route. Females seem just less inclined to do so when landmarks are available to rely on.  

 A subsequent question addressed in Chapter 5 concerned whether the improved performance 

in females over conditions was due to the actual processing of geometric cues, i.e. distances and 

directions. One way to investigate this is to assess configurational knowledge, that is knowledge on 

the layout of environmental features, requiring the encoding and processing of distances and 

directions in an integrated fashion. The ability to point accurately from one location to the other is a 

good indicator of whether or not such configurational understanding has been achieved (Rieser, Guth 

& Hill, 1986). Therefore, we had participants point from the end of a learned route to the starting 

point of that route. Interestingly, the data revealed that also on this task females only performed 

worse than males when landmarks were available while females’ performance equalled males’ 

performance when landmarks were not available during encoding. These results imply that in case 
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landmarks are not available, females are very well able to process metric characteristics of the 

environment in order to memorize a route.  

The view that part of the differences between males and females in spatial tasks is based on 

distinct stylistic preferences in processing space, fits to some extent with the notion that familiarity 

with an environment affects performance differences between men and women on spatial tasks 

(Montello et al., 1999; Coluccia & Louse, 2004). It might be that due to an initial preference in males 

to encode and process geometrical knowledge, in studies in which new (computerized) environments 

are used, males excel in tasks assessing configurational knowledge. However, females may become as 

proficient as males in the correct representation of configurational information if they have had more 

experience with an environment. To test this hypothesis we designed a study (see Chapter 6) in which 

configurational knowledge of a real environment, namely the city of Utrecht (the Netherlands), was 

assessed in two groups having a different degree (short: 6-12 months; long: > 36 months) of 

experience with this city.  Participants performed three types of tasks assessing configurational 

knowledge: a distance comparison tasks, a priming task and a relative positions task. The distance 

comparison task as well as the priming task are associated with typical response patterns, that is the 

symbolic distance effect (see: Denis & Zimmer, 1992; Noordzij & Postma, 2005) and the spatial 

priming effect (see: McNamara, 1986; Noordzij & Postma, 2005). Interestingly, to our knowledge our 

study was the first that showed a spatial priming effect for a real life environment. Independent of 

gender the symbolic distance effect got stronger with more experience, which indicates that with 

experience the quality of the spatial representation in metric terms of the city of Utrecht improved. 

Despite an absence of gender effects in response patterns, performance on difficult distance trials 

showed an experience by gender interaction. When distances between place-pairs starting with 

different places had to be compared, in participants with little experience a male advantage was found 

while this was not the case for the group who had much experience with the city of Utrecht. On the 

other hand, knowledge on relative positions was not modulated by experience, whereas males 

excelled in this type of knowledge. Apparently, different aspects of configurational knowledge develop 

according to different experiential time schedules. These results endorse the suggestion that 

experience can be a modulating factor in the occurrence of gender differences in configurational 

knowledge, although to a moderate extent and dependent on the type of task.  

In order to gain insight into more elementary cognitive processes which could play a role in 

everyday spatial activities, we also examined the relation between basic (spatial) abilities and our 

navigation tasks. Both route-learning as well as configurational knowledge related to working memory 

and mental rotation abilities. This indicates that retrieval of both types of navigation based knowledge 

requires the online mental processing and manipulation of information. Combined with the fact that 

males displayed superior mental rotation and spatial working memory abilities, this provides an 

indication of the more hardwired differences between males and females, besides strategy 

differences, in navigation based skills. Interestingly, only in females knowledge on relative positions 
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related to perspective taking, which suggests an egocentric representation, requiring subject-centred 

perspective switches to retrieve information. Moreover, in route-learning, when no landmarks were 

present, females verbally processed route-information, as was reflected in the correlation with verbal 

working memory ability (Digit Span task). Future studies should focus on how exactly these distinct 

task relations between genders relate to differences in mental representations and/or retrieval 

mechanisms.  

Conclusions

The ability to memorize and represent spatial locations in small- an large scale spaces is subject to 

gender differences. Importantly these differences are not as robust as one would want them to be but 

appear to depend on the exact task settings. In this thesis some important task aspects and 

conditions that play a critical role in the appearance of gender differences have been investigated.  

 Findings in this thesis support the idea that females outperform males in object location 

memory. In a realistic setting, with meaningful objects, females were better than males in their ability 

to retrieve the correct locations of objects. This advantage is however not necessarily based on a 

supposed superior unconscious processing of their environment (as suggested by: Silverman & Eals, 

1992), or on a better memory for object identities. Still, we would like to argue that a female 

advantage dependends on the type of task used. This was nicely demonstrated by the fact that our 

subsequent study on object location memory did not show any gender differences at all. One crucial 

factor might be the fact that in the first experiment a more realistic setting was used. Familiarity might 

especially enhance performance in females, as we have also argued in Chapter 6. Moreover, our 

second study contained relatively few objects (10)  to be memorized. In general, studies which show 

a female advantage in object location memory utilize a high number of objects, i.e. between 20 and 

40 objects. It might be that specific memorization processes in females might only provide an 

advantage if the task is difficult enough. We did demonstrate however a clear differential effect of 

context and hemispace position on components of object location memory. These findings suggest 

that specific tasks conditions, such as available context and visual field distribution, should be taken 

into account when assessing distinct components of object location memory. Moreover, despite the 

lack of gender based performance modulations in our study, this does not necessarily preclude 

differential effects of context and hemispace position in males and females in different experimental 

settings. Future studies should further investigate which exact elements generate a gender sensitive 

object location memory task.  

In line with findings on other sexual dimorphic tasks (see: Kimura, 2000; Kimura, 2002), we 

also showed in Chapter 4 that performance on object location memory relates to the presence of two 

sex hormones; estradiol and testosterone. Interestingly, E2/T ratio values turned to be associated to 
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object location memory. While the exact underlying mechanism cannot be determined based on the 

present findings, we would like to stress the importance to consider both hormones when studying 

hormone-behaviour correlates. Furthermore, the different findings for men and women, indicate that 

psycho-neuroendocrinological processes are dissimilar between genders. These variations may stem 

from the application of distinct cognitive approaches (see for example: Anooshian & Seibert, 1996; 

Kimura, 2000) in males and females and/or to gender differences in the way hormones may affect 

cognitive performance. Future studies should be aimed at disentangling these distinct processes.  

 Whereas previously differences in spatial ability between men and women have typically been 

linked to ability differences, findings from the present thesis indicate, that apart from differences in 

ability also strategic choices play a role in explaining the typically found male advantage in wayfinding 

tasks. In general, it is believed that the inferior performance in females on spatial navigation tasks is 

for a considerable part caused by the fact that females rely mostly on landmarks (and less on 

distances and directions) while navigating through an environment (see for example: Montello et al., 

1999; Coluccia et al., 2004). We demonstrated that when no landmarks are available, females turn 

out to be equally able as males to depend on geometric cues when learning a route. Findings from 

our study on the effect of experience on the occurrence of gender differences in different types of 

configurational knowledge further contributed to our conviction that the occurrence of sexual 

dimorphic cognitive behaviour is strongly dependent on how and under which circumstances spatial 

knowledge is assessed. Whereas gender differences on a distance task were partly modulated by 

experience, knowledge on relative positions showed a general male advantage, unaffected by the 

amount of familiarity with the environment. Hence, we demonstrated that gender differences in 

configurational knowledge may depend on the ease with which a spatial representation of one’s 

environment is acquired during initial exposure. On the other hand, this experience dependency only 

applied to a specific test of configurational knowledge. 

 To conclude, despite the fact hat spatial cognition encompasses some abilities on which the 

clearest and most consistent differences between males and females are demonstrated, gender 

differences in everyday spatial skills are strongly situation dependent. Understanding the key 

mechanisms requires the decomposition of these complex activities into their basic cognitive 

processes. The present thesis provides insight in some of these crucial elements in small-scale as well 

as large scale spatial memory. On the one hand we have shown that controllable factors, such as 

familiarity as well as different inclinations in males and females to focus on specific environmental 

cues, affect performance to solve particular spatial problems. Nevertheless, besides these situation 

specific gender effects, more hard-wired cognitive abilities seem to be involved as well, as is reflected 

for example in the consistent male advantage in mental rotation ability, as well as the demonstrated 

hormone-behaviour correlates. In order to gain more insight in  situation- and strategy dependent 

performance on the one hand and differences in actual cognitive abilities on the other hand, future 

research should be aimed at a further delineation of gender sensitive processes in spatial cognition. 
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Besides a better understanding of differences between male and female cognitive behaviour, these 

efforts will contribute to a more substantial comprehension of the various complex cognitive processes 

spatial abilities encompass. 
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Ruimtelijke cognitieve vaardigheden betreffen vaardigheden die nodig zijn bij het leren, onthouden, 

verwerken en toepassen van ruimtelijke informatie, dat wil zeggen informatie over ruimtelijke relaties 

tussen onderdelen van een twee- of drie- dimensionale omgeving. Ruimtelijke vaardigheden zijn 

cruciaal voor ons alledaags functioneren. Het opbergen en terugvinden van objecten, de weg naar 

huis vinden, het plannen van een route, zijn voorbeelden van alledaagse activiteiten waarbij we onze 

ruimtelijke kennis en -vaardigheden nodig hebben. Ondanks dat ruimtelijke vaardigheden voor elk 

individu even belangrijk lijken te zijn, wordt er in het algemeen verondersteld dat mannen over betere 

ruimtelijke vaardigheden beschikken dan vrouwen. In een van de eerste, invloedrijke 

literatuuroverzichten door Maccoby and Jacklin (1974) over sekseverschillen in cognitieve functies, 

werd ruimtelijke cognitie als een unitaire vaardigheid beschouwd waar mannen gemiddeld beter in zijn 

dan vrouwen. Later werd deze opvatting echter genuanceerd; ruimtelijke denkprocessen kunnen 

worden onderverdeeld in verschillende categorieën, die elk een specifiek aspect van ruimtelijk inzicht 

beslaan. Hoewel mannen vaak beter presteren op ‘ruimtelijke taken’, is de aard van dit verschil 

afhankelijk van het type vaardigheid dat wordt gemeten. Terwijl bijvoorbeeld mentale rotatie taken 

een sterk mannelijk voordeel laat zien, is dit voordeel veel minder groot voor taken die ruimtelijke 

visualisatie meten (zie pag. 5 voor voorbeelden van taken). In een inmiddels klassieke studie van Eals 

and Silverman (1992) werd zelfs een ruimtelijke taak geïntroduceerd waarop vrouwen beter bleken te 

presteren dan mannen, namelijk het onthouden van objectlocaties. Ondanks redelijk consistente 

bevindingen met ‘traditionele’ pen-en-papier taken, zijn de bevindingen voor complexere alledaagse 

omstandigheden echter veel minder eenduidig. Dit wordt waarschijnlijk veroorzaakt door verschillen in 

de opzet en uitvoer van de uiteenlopende experimenten. In dit proefschrift wordt meer inzicht 

verschaft in cruciale taakcomponenten en -condities die mogelijk van invloed zijn op het wel of niet 

aanwezig zijn van sekseverschillen in twee belangrijke dagelijkse ruimtelijke vaardigheden, namelijk 

Objectlocatie geheugen en Navigatie.

Objectlocatie geheugen 

Objectlocatie geheugen is het cognitieve vermogen om locaties van en relaties tussen objecten te 

onthouden. Het is een essentiële vaardigheid in het dagelijks leven om objecten die we gebruiken 

terug te vinden. Een studie van Eals en Silverman (1992) en andere daaropvolgende studies lieten 

zien dat vrouwen beter zijn in het onthouden van objectlocaties dan mannen. Echter, niet alle 

onderzoeken laten een dergelijk vrouwelijk voordeel zien. In hoofdstuk 2, 3 en 4 worden verschillende 

taakaspecten die van belang kunnen zijn in het onderzoek naar man-vrouw verschillen in objectlocatie 

geheugen belicht.   

Door de grote hoeveelheid aan ruimtelijke informatie om ons heen, kunnen we niet altijd onze 

aandacht op deze informatie richten en ook niet alles in ons geheugen opslaan. Aangezien het gebruik 

van ruimtelijke informatie echter essentieel is voor ons dagelijks functioneren zou deze informatie, 
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waaronder locaties van objecten, voor een groot gedeelte automatisch worden verwerkt. Uit eerdere 

studies is naar voren gekomen dat vrouwen beter zijn in zowel aandachtsvolle als automatische 

verwerking van objectlocaties (Eals & Silverman, 1994; McGivern, Mutter, Anderson, Widerman, 

Bodnar & Hust, 1998). Er is voorheen echter alleen gekeken naar het onthouden (opslaan in het 

geheugen) van object locatie informatie en niet naar het herinneren (terughalen uit het geheugen) 

van die informatie.  In hoofdstuk 2 hebben we naar beide processen gekeken, en naar mogelijke 

sekseverschillen voor beide processen. Proefpersonen voerden een taak uit waarbij ze op de computer 

locaties van objecten in verschillende kamers kregen te zien. Hierbij werd een intentionele en 

incidentele leerconditie gebruikt, wat inhield dat de helft van de proefpersonen de opdracht kreeg om 

de locaties van de objecten zo goed mogelijk te onthouden, en de andere helft ook alle locaties kreeg 

te zien maar zonder de opdracht deze te onthouden.  

Door het toepassen van de Process Dissociation Procedure (Jacoby, Toth & Jonelinas, 1983), 

kon ook een onderscheid worden gemaakt tussen het automatische en bewuste herinnering van 

objectlocaties. Hierbij werden verschillende instructies gegeven bij het testen van de kennis over de 

objectlocaties.  Bij de helft van de test items kregen proefpersonen de opdracht om een object zo snel 

mogelijk terug te zetten op de correcte locatie. Bij de andere helft van de items moesten ze een 

object juist zo snel mogelijk terugplaatsen op een onjuiste locatie (‘incorrecte’ conditie). Wanneer ze 

in de incorrecte conditie een object toch op de juiste locatie terugplaatsten werd dit beschouwd als 

een onbewuste (automatische) herinnering van de juiste locatie. In afwezigheid van bewust 

geheugen, leidt het onbewuste geheugen automatisch naar de ‘correcte’ locatie. Dit kun je vergelijken 

met de situatie dat je automatisch naar de plek loopt waar je meestal je fietst zet, ook al heb je hem 

die dag een andere plek gezet.

Er werd een aparte taak afgenomen waarin het geheugen voor de identiteit van de objecten,   

onafhankelijk van locatie, werd gemeten. Een beter geheugen bij vrouwen voor objectlocaties zou 

kunnen voortkomen uit hun betere geheugen voor objectidentiteiten (McGivern et al., 1998; Levy, 

Astur & Frick, 2005). De resultaten lieten echter zien dat hoewel vrouwen een beter geheugen hadden 

voor objectlocaties, dit niet het geval was voor objectidentiteiten. Dit vrouwelijk voordeel in 

objectlocatie geheugen was onafhankelijk van de leer- of testconditie. Wanneer alleen gekeken werd 

naar het geheugen voor locaties van objecten die men correct had herkend in de objectidentiteiten 

taak, verdween echter dit vrouwelijk voordeel. Waarschijnlijk houden deze complexe resultaten 

verband met een verschil tussen mannen en vrouwen in het vermogen om informatie over locaties of 

associaties tussen objecten en hun locaties op te slaan.  

Mogelijkerwijs wordt het betere objectlocatie geheugen bij vrouwen veroorzaakt doordat ze  

sterkere associaties vormen tussen locaties en objecten of tussen objecten onderling in het geval van 

een ‘rijke’ context, zoals in onze taak. In hoofdstuk 3 hebben we daarom aan de hand van een nieuwe 

taak gekeken naar de invloed van context op het geheugen voor verschillende componenten van 

object locatie geheugen; geheugen voor objecten, voor locaties en voor associaties tussen objecten 
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en locaties. Met context wordt hier bedoeld: de aanwezigheid van andere objecten, naast de objecten 

die moeten worden onthouden.  

Ook is er gekeken naar een mogelijk verschil in de betrokkenheid van de linker- en rechter 

hersenhelft in objectlocatie geheugen. In een onderzoek van Alexander, Packard and Peterson (2002) 

beperkte het superieure objectlocatie geheugen van vrouwen zich tot objecten die zich in het rechter 

visuele veld bevonden, dat wil zeggen het gebied waarbinnen informatie verondersteld wordt met 

name verwerkt te worden door de linker hersenhelft. De linker hersenhelft zou vooral efficiënt zijn in 

het verwerken van categorische, relatieve informatie (links, rechts, boven, onder), in tegenstelling tot 

de rechter hersenhelft, waarvan verondersteld wordt dat deze gespecialiseerd is in de verwerking van 

coördinate (exacte, metrische) informatie. Er is gesuggereerd dat een vrouwelijk voordeel in bepaalde 

objectlocatie geheugentaken is gebaseerd op een beter geheugen voor categorische relaties 

(Alexander et al., 2002). In hoofdstuk 3 hebben we voor de verschillende componenten van 

objectlocatie geheugen naast het effect van context, het effect van gezichtsveldpositie bekeken.  

Het bleek dat het geheugen voor zowel locaties als voor associaties tussen locaties en 

objecten slechter werd als er geen context aanwezig was. Verder kwam naar voren dat alleen van 

objecten in het rechter gezichtsveld de identiteit en associaties tussen locaties en identiteit beter 

werden onthouden dan voor objecten in het linker gezichtsveld. Dit zou mede veroorzaakt kunnen zijn 

door het feit dat de linker hersenhelft gespecialiseerd is in taalverwerking. Het gebruik van alledaagse 

benoembare objecten, zou de verbalisering van de objecten kunnen hebben gestimuleerd, wat een 

grotere betrokkenheid van de linker hersenhelft met zich meebrengt en daarmee een betere prestatie 

voor objecten in het rechter gezichtsveld. Er werden geen algemene sekseverschillen gevonden, en 

ook geen verschillen tussen mannen en vrouwen in het effect van context en visuele veld positie van 

de objecten.  

 Naast evolutionaire, sociaalculturele factoren en structurele verschillen in het brein, worden de 

effecten van geslachtshormonen als een belangrijke oorzaak van sekseverschillen in cognitieve 

vaardigheden beschouwd (Zie voor een literatuuroverzicht: Kimura, 2002). In hoofdstuk 4 hebben we 

gekeken naar hormonale mechanismen die mogelijk, althans gedeeltelijk, de superioriteit van vrouwen 

in objectlocatie geheugen kunnen verklaren. Verondersteld wordt dat taken waar mannen beter op 

presteren (zoals navigatie- mentale rotatie taken) positief samenhangen met de aanwezigheid van 

mannelijke hormonen. Taken waar vrouwen beter in zijn, zouden daarentegen positief beïnvloed 

worden door de aanwezigheid van vrouwelijke hormonen. Deze zienswijze lijkt echter een te 

eenvoudige weergave van de werkelijkheid. Uit sommigen onderzoeken zijn tegenovergestelde of 

lineaire verbanden naar voren gekomen. Ook werd er soms geen enkel verband gevonden tussen 

hormonen en gedrag. Terwijl de meeste onderzoeken gericht zijn op taken waarin mannen excelleren, 

is er relatief weinig onderzoek gedaan naar de relatie tussen geslachtshormonen en objectlocatie 

geheugen. Een eerder onderzoek naar effecten van het moment in de menstruatiecyclus  (wat een 

indicatie geeft voor het relatieve niveau van specifieke hormonen) en de prestatie op een objectlocatie 
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geheugen taak liet geen verbanden zien (Epting & Overman, 1998). Dit zou te maken kunnen hebben 

met de indirecte manier van hormoonbepalingen en de eenzijdige focus op mannelijke of vrouwelijk 

hormonen. Er wordt namelijk verondersteld dat de conversie van testosteron in estradiol in het brein, 

alsook de relatieve aanwezigheid van testosteron en estradiol van belang kunnen zijn in mogelijke 

effecten op het cognitief gedrag. In ons onderzoek zijn zowel testosteron (T) als estradiol (E2) direct 

gemeten in het speeksel van de proefpersonen en gerelateerd aan hun prestatie op een objectlocatie 

geheugen taak.

 Bij vrouwen lijkt objectlocatie geheugen door zowel T als E2 beïnvloed te worden. Terwijl de 

aanwezigheid van E2 een positief effect had op de prestaties, liet T een negatief verband zien. Deze 

bevindingen lijken de ‘simpele’ theorie te ondersteunen. Echter, een non-lineair verband (omgekeerde 

U) tussen de E2/T ratio waarden en prestatie op de objectlocatie geheugentaak, doet een complexer 

proces vermoeden. Een verklaring voor deze bevindingen is dat complexe interacties plaatsvinden 

tussen E2 en T, die resulteren in optimale cognitieve prestaties bij relatief lage T waarden. Ook wordt 

er in de literatuur gesuggereerd dat er gespecialiseerde breinreceptoren bestaan die gevoelig zijn voor 

specifieke niveaus van E2 in verhouding tot T niveaus.  Bij mannen werd in ons onderzoek alleen een 

negatief verband gevonden tussen E2 en object locatie geheugen.  

Navigatie

Van ruimtelijk geheugen voor een kleinschalige, statische omgeving hebben we in het tweede 

gedeelte van dit proefschrift de focus verlegd naar dynamische ruimtelijke processen (navigatie) in 

grootschaligere omgevingen. Mannen lijken over het algemeen over een beter ruimtelijk 

navigatiegeheugen te beschikken dan vrouwen. In hoofdstuk 5 hebben we de vraag gesteld of het 

typische verschil tussen mannen en vrouwen in het gebruik van bepaalde omgevingskenmerken 

tijdens het leren van een route voortkomt uit verschillen in strategie of verschillen in vaardigheid.

Talrijke onderzoeken hebben laten zien dat vrouwen meer geneigd zijn om te letten op 

herkenningspunten (in dit geval plaatjes van dagelijkse voorwerpen langs de route) gedurende het 

navigeren van een route, terwijl mannen ook de geometrie (afstanden en richtingen) van een 

omgeving in zich opnemen (zie bijvoorbeeld: Sandstrom, Kaufman & Huettel, 1998). Deze aandacht 

voor geometrische kenmerken bij mannen, zou voor een belangrijk deel de basis vormen voor betere 

mentale representaties van de ruimtelijke eigenschappen van een omgeving. Aangezien in de meeste 

studies proefpersonen vrij zijn in de keuze van hun strategie, is het moeilijke te bepalen of deze 

verschillen strategisch of meer structureel van aard zijn. We hebben getracht strategie en vaardigheid 

te dissociëren doormiddel van het ontwerpen van verschillende routes in een virtuele omgeving 

waarin de beschikbaarheid van herkenningspunten gedurende de leer- en de testfase werd 

gemanipuleerd. De proefpersonen leerden twee routes mét herkenningspunten en één route zonder 

herkenningspunten. In de testfase werd proefpersonen gevraagd de geleerde routes zo goed mogelijk 
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opnieuw te ‘lopen’, waarbij de beschikbaarheid van herkenningspunten hetzelfde was als in de 

leerfase of waarbij de herkenningspunten plotseling waren verdwenen. In het geval van deze 

plotselinge afwezigheid van herkenningspunten, presteerden mannen beter dan vrouwen, dat wil 

zeggen ze maakten minder fouten in het opnieuw lopen van de route, waardoor ze een kortere 

afstand aflegden. Daarentegen, in het geval dat er geen herkenningspunten aanwezig waren in zowel 

de leer- als de testfase, presteerden mannen en vrouwen even goed. Deze resultaten suggereren dat 

vrouwen, wel degelijk in staat zijn andere kenmerkenmerken naast herkenningspunten te gebruiken 

bij het leren van een route. In het geval er duidelijke herkenningspunten aanwezig zijn lijken vrouwen 

alleen minder geneigd te zijn die andere kenmerken te gebruiken.  

 Om te achterhalen of vrouwen bij afwezigheid van herkenningspunten op een route inderdaad 

geometrische kenmerken van een omgeving verwerken, hebben we in hoofdstuk 5 ook zogenaamde 

configurationele kennis gemeten. Met configurationele kennis wordt bedoeld: kennis over de ‘lay-out’ 

van een omgeving, hetgeen de integratie van afstanden en richten van de verschillende route-

elementen vereist. Het vermogen om vanuit een locatie naar een andere locatie op de route te wijzen 

is een goede indicator voor de aanwezigheid van configurationele kennis (Rieser, Guth & Hill, 1986). 

We gaven daarom proefpersonen aan het eind van de geleerde routes de opdracht te wijzen naar de 

startlocatie. Vrouwen presteerden alleen slechter dan mannen op deze taak in het geval dat er 

herkenningspunten langs de route aanwezig waren. Wanneer deze niet aanwezig waren presteerden 

mannen en vrouwen gelijk. De resultaten impliceren dat in het geval er geen herkenningspunten 

aanwezig zijn, vrouwen prima in staat zijn tot het verwerken van metrische eigenschappen van een 

route om deze route te onthouden.  

 Het gegeven dat man-vrouw verschillen in het verwerken van ruimtelijke informatie 

gedeeltelijk voortkomen uit strategische voorkeuren, sluit enigszins aan bij de opvatting dat ervaring

(bekendheid) met een omgeving invloed zou hebben op sekseverschillen in ruimtelijke vaardigheid. 

Een mannelijk voordeel op ruimtelijke taken in studies waarin nieuwe (virtuele) omgevingen worden 

gebruikt, zou kunnen voortkomen uit de initiële voorkeur van mannen voor het verwerken van 

geometrische informatie. Na verloop van tijd, wanneer men meer bekend is met de omgeving, zouden 

vrouwen wellicht net zo goed kunnen zijn in het vormen van configurationele kennis. Om deze 

hypothese te testen, hebben we een experiment opgezet (beschreven in hoofdstuk 6) waarin 

configurationele kennis van een dagelijkse omgeving, namelijk de stad Utrecht, werd getest in twee 

groepen proefpersonen: een groep met weinig ervaring (6 -12 maanden wonende in de stad Utrecht) 

en een groep met veel ervaring (minimaal 36 maanden wonende in de stad Utrecht). Proefpersonen 

voerden drie verschillende taken uit: een afstanden vergelijkingstaak, een priming taak en een 

relatieve positie taak. Zowel de afstanden vergelijkingstaak als de priming taak lieten kenmerkende 

respons patronen zien, respectievelijk het symbolische afstanden effect en het ruimtelijke priming

effect. Het symbolische afstanden effect houdt in dat wanneer afstanden minder in grootte van elkaar 

verschillen, ze moeilijker met elkaar te vergelijken zijn en dus de tijd die nodig is om de vergelijking 
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op te lossen zal toenemen. Het principe van priming houdt in dat je reactie op een stimulus wordt 

beïnvloed door een daaraan voorafgaande stimulus. Als je bijvoorbeeld ‘s ochtends een peer heb 

gegeten en ‘s middags iemand je vraagt een fruitsoort te noemen, zul je geneigd zijn om ‘peer’ te 

zeggen. In onze taak moesten proefpersonen zo snel mogelijk aangeven van een (geschreven) locatie 

die ze te zien kregen, of deze volgens hen in Utrecht was of niet. In het geval van ruimtelijke priming,

zouden mensen sneller moeten reageren op locaties als ze voorafgegaan worden door locaties 

dichtbij, dan wanneer ze volgden op locaties die relatief ver weg liggen. 

 Voor zover bekend is deze studie de eerste die een ruimtelijk priming effect heeft laten zien 

voor een bestaande omgeving. Voor deze taak werd echter geen sekse- of ervaringseffect gevonden. 

Het symbolische afstanden effect werd daarentegen wel sterker naarmate proefpersonen langer in de 

stad Utrecht woonden. Dus met meer ervaring werd de kwaliteit van ruimtelijke kennis over de stad 

Utrecht beter. Ondanks dat er geen sekseverschillen in deze responspatronen werden gevonden, liet 

de prestatie op de moeilijke vergelijkingen een interactie van sekse en ervaring zien. Wanneer 

afstanden met verschillende startlocaties met elkaar moesten worden vergeleken (dus bijvoorbeeld: 

Dom – Janskerkhof en Vredenburg – Neude) vonden we in de groep met weinig ervaring dat mannen 

beter presteerden dan vrouwen, terwijl dit niet het geval was in de groep met veel ervaring. Bij de 

relatieve positietaak moesten proefpersonen aangeven of de wijze waarop drie Utrechtse locaties ten 

opzichte van elkaar weergegeven waren juist was of niet (zie pag. 92). Ervaring had geen effect op de 

uitvoer van deze taak, terwijl mannen duidelijk beter presteerden dan vrouwen.

Conclusie 

De  bevindingen in dit proefschrift ondersteunen het idee dat vrouwen beter zijn in het onthouden van 

objectlocaties dan mannen. Dit voordeel lijkt daarentegen niet noodzakelijkerwijs voort te komen uit 

een betere onbewuste verwerking van de omgeving, of door een beter geheugen voor de objecten 

zelf. Wel is dit vrouwelijk voordeel hoogstwaarschijnlijk afhankelijk van het type taak dat wordt 

gebruikt. Dit wordt onder andere  geïllustreerd door het feit dat, in tegenstelling tot de taak in 

hoofdstuk 2, onze taak in hoofdstuk 3 geen enkel sekseverschil liet zien. Een mogelijke oorzaak 

hiervoor is dat er in het eerste experiment een realistischere setting werd gebruikt. In hoofdstuk 3

hebben we laten zien dat context en gezichtsveldpositie een effect hebben op het geheugen voor 

verschillende componenten van object locatie geheugen. Ondanks het feit dat bij deze taak geen 

sekseverschillen naar voren kwamen, zouden deze factoren wel van invloed kunnen zijn op man-

vrouw verschillen in andere experimentele settings. In hoofdstuk 4 vonden we dat objectlocatie 

geheugen onder invloed kan zijn van twee geslachtshormonen: estradiol en testosteron.  

 Terwijl verschillen tussen mannen en vrouwen vaak worden toegeschreven aan verschillen in 

cognitieve capaciteiten, toonden de bevindingen in hoofdstuk 5 dat naast verschillen in bekwaamheid 

verschillen in strategische voorkeuren een rol kunnen spelen bij de vaak betere prestatie van mannen 
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op navigatietaken. In hoofdstuk 6 bleek dat sekseverschillen in afstandskennis afhankelijk kan zijn van 

de hoeveelheid ervaring met een omgeving, terwijl mannen in het algemeen beter scoorden op 

positiekennis, onafhankelijk van ervaring. Sekseverschillen in specifieke elementen van 

configurationele kennis kunnen dus afhankelijk zijn van de snelheid waarmee een ruimtelijke 

representatie van een nieuwe omgeving wordt gevormd.  

Het vermogen om locaties te onthouden in kleinschalige en grootschalige omgevingen is 

sekseafhankelijk. Echter, deze verschillen zijn niet zo robuust als vaak wordt beweerd, maar lijken 

afhankelijk van specifieke taakomstandigheden. Inzicht krijgen in de exacte mechanismen die hieraan 

ten grondslag liggen, vereist de ontleding van deze mechanismen in hun fundamentele cognitieve 

componenten. Dit proefschrift draagt bij aan het inzicht in enkele van deze cruciale elementen. 

Enerzijds hebben we laten zien dat controleerbare factoren, zoals het type taak, ervaring, of voorkeur 

of voor bepaalde elementen in een ruimtelijke omgeving, de prestatie op ruimtelijke kennis taken kan 

beïnvloeden. Anderzijds lijken ook meer structurele cognitieve capaciteiten een rol te spelen. Dit blijkt 

bijvoorbeeld uit een zeer consequent mannelijke voordeel in mentale rotatie, als mede uit de relatie 

tussen hormonen en cognitieve prestaties. Om meer inzicht te krijgen in situatie- en 

strategieafhankelijk presteren aan de ene kant en verschillen in cognitief vermogen aan de andere 

kant, zal toekomstig onderzoek zich moeten richten op de verdere analyse van seksegevoelige 

processen in ruimtelijke cognitie. Naast een beter begrip van cognitieve verschillen tussen mannen en 

vrouwen, zal dit bijdragen aan het inzicht in de verscheidende complexe cognitieve processen die deel 

uitmaken van ruimtelijke vaardigheden. 
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