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Summary 

Spatial tasks in rodents are commonly used to study general mechanisms of 

cognition. We review two groups of novel spatial tasks for rodents and discuss how 

they can extend our understanding of mechanisms of spatial cognition. The first 

group represents spatial tasks in which the subject does not locomote. Locomotion 

influences neural activity in brain structures important for spatial cognition. The 

tasks belonging to the first group make it possible to study cognitive processes 

without the interfering impact of locomotion. The second group represents tasks in 

which the subject approaches or avoids a moving object. Despite this topic is 

intensively studied in various animal species, little attention has been paid to it in 

rodents. Both groups of the tasks are powerful tools for addressing novel questions 

about rodent cognition. 

Cognition and its neural substrate are intensively studied in many 

laboratories. Novel behavioral tasks with well characterized cognitive demands are 

necessary for further progress. Once a novel task is introduced lesion, 

pharmacological or electrophysiological studies can be used to study whether and 

how certain brain areas are involved in the underlying cognitive processes. In 

rodents the research is focused on spatial cognition. Here we present two types of 

novel spatial tasks for rats: 1) tasks in which spatial cognition is tested in non-

locomoting animals and 2) tasks in which the subjects navigate or avoid a moving 

object. We discuss how these tasks contributed or can contribute to spatial cognition 

research. 

Our knowledge of spatial cognition in rats is mainly based on observation of 

locomotion. Through the locomotion we learn whether the subject is able to use 

available sensory stimuli for navigation or whether it remembers the location of a 
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goal or of visited places. Nevertheless, some questions concerning spatial cognition 

are difficult to address by means of locomotor tasks. Below we show two examples: 

the importance of hippocampus for the ability to recognize places and the 

relationship between hippocampal theta rhythm and spatial cognition. To answer 

these and other questions it is important to use spatial tasks in which the locomotion 

is absent or at least minimized. Such tasks have used non-spatial operant behavior 

controlled by spatial stimuli (Klement and Bures 2000, Pastalkova et al. 2003, 

Kelemen et al. 2005, Nekovarova and Klement 2006, Klement et al. 2008). 

Typically an animal is trained to press a lever for reward but its responses are 

reinforced only if they occur in the presence of a to-be-recognized spatial stimulus. 

Preferential responding in the presence of the to-be-recognized stimulus indicates 

that the animal recognizes the stimulus.  

Spatial tasks exploiting operant behavior have been used to study the ability 

to recognize places (Klement and Bures 2000, Pastalkova et al. 2003) and the role 

of hippocampus in this ability (Klement et al. 2005). Hippocampus is necessary for 

navigation toward a place which can be found only according to its spatial 

relationship to distal landmarks (Morris et al. 1982). During such navigation the 

subject has to first determine where to go in order to reach the place and, after it 

reaches the desired position, to recognize it. For example, rats easily learn to 

navigate toward a platform hidden under the water surface using distal cues present 

around the pool. If the platform is removed then they start to search for it in the 

location, where it was in the previous trials. The switch from goal directed 

navigation to random search indicates that the animals have recognized the place. 

Researchers were interested whether the ability to recognize places depends on 

hippocampus. This question was addressed indirectly using spatial tasks in which 
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rats should actively move to the location recognized as the goal place (Whishaw et 

al. 1995, Whishaw and Jarrard, 1996, Dudchenko et al. 2000, Pouzet et al. 2002, 

Hollup et al. 2001). These experiments provided contradictory results about the role 

of the hippocampus for place recognition. To help to resolve this question Klement 

and Bures (2000) used non-spatial operant behavior controlled by spatial stimuli. 

They tested place recognition without asking the animal to actively move to the to-

be-recognized place. Thus they isolated the place recognition process from the recall 

of the target position and from the navigation toward it. Food deprived rats were 

placed in the box located on the edge of rotated arena and passively transported 

along a circular trajectory. They could press a lever all the time but their responses 

were rewarded by delivering a food pellet only if they occurred within a limited 

region in the experimental room. Accumulation of responses inside and in the 

vicinity of the region indicated that the rats were recognizing the region. Subsequent 

study showed that this task is hippocampal dependent (Klement et al. 2005). The 

result supported the view that hippocampus is necessary for recognizing places. 

Several experiments demonstrated that theta rhythm is present in 

hippocampus when the animal moves across an environment or prepares for the 

movement (Vanderwolf 1969, Ranck 1973). Theta rhythm also organizes firing of 

hippocampal pyramidal cells (O’Keefe and Recce 1993) and it is involved in 

synaptic plasticity (Orr et al. 2001), phenomena thought to be associated with 

cognition. However, it was unclear whether theta rhythm reflects only locomotion 

or whether it is also triggered by cognitive processes taking place in hippocampus. 

To test this hypothesis it was necessary to use a hippocampal dependent task in 

which rats do not move. Kelemen et al. (2005) modified the place recognition task 

described by Klement and Bures (2000). Rats were trained to hold their head 
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motionless in a drinking device while they were passively transported along a 

circular trajectory. Licking was rewarded either in the to-be-recognized region or 

randomly. The frequency and the amplitude of theta rhythm were lower during the 

passive transport compared to active locomotion. Nevertheless, there was no 

difference between theta rhythm during the hippocampal dependent place 

recognition task and during the random licking. Thus the result supported the 

hypothesis that theta rhythm reflects primarily locomotion.  

Spatial cognition can be studied also in rats which do not change their 

location in an experimental room at all (Pastalkova et al. 2003, Nekovarova and 

Klement 2006, Klement et al. 2008). Such experiments permit to study spatial 

cognition and neuronal activity reflecting the cognitive task in the absence of 

inertial stimuli which are inevitably present during active movement as well as 

during passive transport. Inertial stimuli influence hippocampal theta rhythm 

(Gavrilov et al. 1996), activity of place cells (Terrazas et al. 2005) or head-direction 

cells (Blair and Sharp 1996). Pastalkova et al. (2003) used an operant chamber with 

a window through which the subject could observe a rotating scene. The rats were 

trained to recognize a particular displacement of the scene. The performance was 

equal to the performance observed in the same rats when they were passively 

transported around a stationary scene. In the next studies (Nekovarova and Klement 

2006, Klement et al. 2008) rats were trained to press a lever when a light cursor 

moving across a computer screen was at the to-be-recognized place. These tasks 

make it possible to study representation of position and velocity of a moving object 

in the rat’s brain.  

It has been demonstrated that animals preferentially explore objects which 

changed their location between two consecutive sessions in comparison with objects 
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remaining on the same place (Ennaceur et al., 1997). This preference is 

hippocampal dependent (Mumby, 2002). O’Keefe and Nadel (1978) recorded 

hippocampal neurons that fired extensively when the animal did not find an object 

on a place where it was present in the previous sessions. Rivard et al. (2004) 

reported hippocampal neurons activity dependent on the presence of a particular 

object. The data indicate that animals chart stationary objects into their 

representation of an environment. However, moving objects cannot be simply 

charted into a spatial representation of the environment as they are not bound to any 

location. It remains an unsolved question whether there exist neurons representing 

position of these moving objects and whether they are located in hippocampus. 

Spatial task in which subjects are forced to observe a moving object can help to 

answer this question. The operant conditioning tasks presented in Nekovarova and 

Klement (2006) and Klement et al. (2008) are suitable for this purpose.  

The second group of behavioral tasks concerns freely moving animal and its 

relation to objects moving in the environment. 

In their natural habitats animals respond to moving objects, e.g. to members 

of the same social group, mates, preys or predators. In order to reach or to avoid 

them the subject has to pay attention to them and quickly respond to their 

movements. Strategies evolved for catching a moving object was studied in 

different species (insect: Collet and Land 1978, Rossel 1980, fish: Rossel et al. 

2002, Wohl and Schuster 2006, humans: McBeath et al.1995). However there is a 

lack of corresponding tasks for rodents. Recently, novel tasks for rodents have been 

introduced. The animals were trained either to avoid a moving object (Pastalkova 

and Bures 2001, Svoboda et al. 2005, Blahna et al. 2007) or to approach it (Klement 

and Blahna 2007). 



 7

Pastalkova and Bures (2001), see also Fenton and Bures (2003), developed a 

behavioral task in which one rat (prey) should avoid another rat (predator). Both rats 

were placed on a circular arena. If the distance between the predator and the prey 

was shorter than a preset critical distance then the prey received an aversive 

stimulus. Thus the prey should continuously monitor the distance to the predator 

and to increase it when it became necessary. Two factors made this task difficult: 

limited space of the arena and the tendency of the predator to make a social contact 

with the prey. To avoid these constraints Svoboda et al. (2005) replaced the predator 

rat by a mobile robot. The robot did not chase the rat and moved slower than the 

predator rat in the previous experiment. Rats increased the average distance to the 

robot as the result of training and thus decreased the number of received aversive 

stimuli. The increase distance can be partly explained by the increased time the rats 

spent at the arena wall (Telensky et al. 2006). Inactivation of the hippocampus by 

tetrodotoxin impaired rat’s performance without changing the thigmotactic behavior 

and thus making it possible to interpret the result as a cognitive deficit (Svoboda et 

al. 2006). Since hippocampal rats are able to estimate distance from a single visible 

cue (Pearce et al. 1998), the result suggests that the observed impairment affected 

the ability to initiate an escape reaction at the right moment rather than the 

perception of distance. The avoidance task become much more difficult when rats 

were trained to keep safe distance from an object moving outside of the arena. Only 

minority of the animals learned the task and their asymptotic performance varied 

substantially between sessions (Blahna et al. 2007). 

In all the above tasks the animals avoided moving objects on a dry arena. On 

contrast, Klement and Blahna (2007) designed a task in which rats should navigate 

to a platform moving along the wall in a circular water pool. The platform did not 
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change its speed within the trials to makes it possible to predict its movement. Since 

the rats were not allowed to wait for the target at the wall they were forced to 

navigate toward the platform across the pool. When the platform moved slower than 

the rats, the animals most frequently swam directly toward the platform. When the 

platform moved faster than the rats, they swam at a point in front of the platform 

generating relatively straight trajectories toward the place of collision. Further 

experiments revealing the role of various brain structures such as hippocampus and 

prefrontal cortex in this task have to be carried on. 

 

Conclusions 

We presented two groups of novel behavioral tasks. The tasks in the first 

group are operant conditioning tasks. Their advantage is minimization or even 

elimination of locomotion in spatial tasks. It allows studying the role and the 

activity of different brain structures in non-locomoting animals while they process 

spatial information. The employment of operant conditioning in spatial research 

allows applying sensory stimuli with high flexibility, particularly if they are 

displayed on a computer screen. The computer screen makes it possible to use 

almost countless number of different stimuli and their combinations as well as to 

precisely control latency and duration of stimuli presentation. In addition such 

behavioral tasks can be easily modified and they are suitable for comparing 

cognitive functions and their neuronal substrate in various animal species including 

humans. It is possible to design several versions of the task presented in 

Nekovarova and Klement (2006) in which all the experimental parameters such as 

timing, behavioral response, motivation are identical except the stimuli presented on 

the screen. In the same apparatus rats can be trained to recognize various patterns, 



 9

configurations of stimuli or places. This phenomen is illustrated by increasing 

number of novel behavioral tasks using computer screen for presenting stimuli 

(Bussey et al. 2001, Keller et al. 2000, Nekovarova and Bures, 2006, Nekovarova et 

al. 2006, Prusky et al. 2004, Sahgal and Steckler 1994).  

The tasks in the second group address the cognitive and neural processes 

involved during navigation toward or away from moving objects. Despite this topic 

is intensively studied in various animal species, little attention has been paid to it in 

rodents. The novel behavioral tasks presented above will hopefully initiate this 

research in rodents. 
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