
24 participants
• 4 excluded (simulator sickness)
• 10 women and 10 men analyzed (mean age = 25; range = 19 to 38)

Procedure (x5 blocks)
• Joystick training
• 5 training trials with navigation aid (i.e., arrow or map)
• 1 testing trial without navigation aid

Analysis
• Behavioral analysis – trial x task design
• Volumetric analysis – hippocampus and caudate only
• Shape analysis – local differences in growth and atrophy

Volumetric analysis
Hippocampal and caudal volumes for each participant were determined 
using cortical reconstruction and volumetric segmentation of T1 structural 
images (FreeSurfer4). Subcortical regions were normalized to the estimated 
total intracranial volume (eTIV) using an analysis of covariance approach2. 
These regional volumes were correlated with the time required to complete 
the first training trial, the fifth training trial, and the testing trial. Voxel-based 
morphometry (VBM) was also used to test for volume differences. Notably, 
the VBM results did not survive correction for multiple comparisons.

Shape analysis
Shape analysis was conducted using FSL FIRST3. We used a single 
regressor model specifying the predicted relationship between task 
performance (e.g., response task – training 1) and growth or atrophy at 
individual vertices on hippocampal and caudal surfaces. 
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Figure 3. Shape analysis results. (a) Areas of significant change (orange) for the right caudate in relation to 
response task performance for the first training trial, p = .05 (uncorrected). (b) Direction and strength of 
shape changes for the right caudate. Arrows indicate the direction of change (i.e., growth or atrophy), and 
the color of the vertices correspond to the size of the F statistic, p = .05 (uncorrected). These patterns of 
growth indicate specific subregions of the head, body, and tail of the right caudate related to early task 
performance. No other significant effects were found in the caudate or hippocampus.

Behavioral results indicate differences in the learning profiles of participants 
with respect to response and spatial tasks. Volumetric analysis revealed 
different patterns of caudal and hippocampal involvement associated with 
the response task but not the spatial task. When the compass was present, 
the volume of caudate (bilaterally) positively correlated with time required to 
complete the response task. When the compass was absent, the volume of 
the right hippocampus negatively correlated with time required to complete 
the response task. Shape analysis revealed growth at specific locations in 
the right caudate related to performance on the first training trial of the 
response task. Together, these findings suggest that the participants 
adopted a spatial strategy for the response task. Local differences in the 
right caudate may underlie this strategy.
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We conducted a 3 (trial) x 2 (task) ANOVA
omitting training trials 2 through 4. We
found a significant two-way interaction,
F(2,38)=39.104, MSE=297.807, p<.0001.
Participants performed faster on the
first training trial for the response task than
for the spatial task. However, participants
performed faster on training trial 5 and testing
for the spatial task than the response task. 

1. Introduction
The contributions of the hippocampus and caudate to spatial and response 
learning have been dissociated in terms of the relationships between 
selective chemical lesions and path choice in rats8, neural activation and 
self-reported strategy5, grey matter volume and spontaneous strategy1, and 
grey matter volume and judgments of relative direction9. While differences in 
regional (i.e., global) volumes are useful for dissociating these two regions 
during navigation, shape analysis may be more sensitive to local 
variations6,7. This fine-grained approach can further constrain theories of 
response and spatial learning by identifying subregions responsible for the 
performance of specific tasks. In the present study, we investigated global 
and local differences in the volumes of the caudate and hippocampus 
associated with response and spatial tasks, respectively. 
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Figure 1. Screenshots for (a) response and (b) spatial tasks. For the response task, participants were 
instructed to follow the direction indicated by an arrow along an elliptical path. For the spatial task, 
participants were instructed to move from their starting location to the goal location as efficiently as 
possible. The red arrow on the map represented the starting location and orientation, and the blue circle 
represented the goal location. Neither location was indicated from a first-person perspective.
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Figure 4.  Examples of paths from one block and one participant of the (a) response and (b) spatial tasks. 

Figure 2.  Volumetry results. (a) Positive correlations were found between the time required to complete the 
first training trial (aggregated over block) for the response task and the volumes of both the right and left 
caudate. (b) Positive correlations were found between the time required to complete the final training trial 
(aggregated over block) for the response task and the volumes of both the right and left caudate. (c) A 
negative correlation was found between the time required to complete the testing trial (aggregated over block) 
for the response task and the volume of the right hippocampus.

Time (sec)Time (sec)Time (sec)

Vo
lu

m
e 

(m
m

3 )

Vo
lu

m
e 

(m
m

3 )

Vo
lu

m
e 

(m
m

3 )

R CaudateL Caudate R Hippocampus

Response task - Training 1 Response task – Training 5 Response task – Testing

5

2

a) b)

b)a)
r=.45; p=.045
r=.47; p=.036

r=.48; p=.031
r=.45; p=.045

r=-.52; p=.020

Ti
m

e 
(s

ec
)

Trial

Trial x Task Interaction

Response task Spatial task


	Slide Number 1

