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Background 
 
Planning depicts the ability to produce mental 
representations of future behaviour prior to action, 
interacting with spatial, temporal and semantic 
constraints, and to reason about the consequences of 
acting in order to properly choose among the possible 
courses of action. In the Traveling Salesperson Problem 
(TSP) participants decide what order between a number 
of locations optimizes total travel distance: it is a 
paradigm that allows the study of planning and strategy 
choice. In the TSP, subjects adopt visuo-spatial heuristics 
(Hirtle & Gärling 1992) to perform the task and operate a 
continuous monitoring to control and modify their 
behaviour. The frontal lobe, in particular, has been 
showed to play a crucial role in these visuo-spatial 
problem-solving tasks.  
We developed a computational model simulating the 
bottom-up and top-down processing involved in the 
human solution of the TSP.  
 
Method 
 
For each pattern, the visual input is analyzed with Gabor 
filters to enhance the most influential spatial features, 
then the competitive selection module chooses the most 
appropriate heuristic for the pattern. The winning 
heuristic activates the corresponding saliency map, that 
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influences the motor map in determining the city to be 
visited. A lesion to the top-down controller of the neural 
network simulated frontal lobe damage present in frontal 
brain injured patients. 
Both “healthy” and “injured” models were tested on eight 
TSP patterns chosen from Basso et al. (2001) by 
comparing: 1- the length of the paths, 2- occurrences of 
heuristic switches (more frequent in healthy than in 
brain injured subjects), 3- frequency of the path 
performed by the model, with respect to the human 
performance. 
 
Results 
 
The Ratio of the Tour Length (RTL) variable was 
computed to evaluate the quality of the performance, by 
assessing the percentage of distance in excess to the most 
efficient solution. An ANOVA with Subject Type (humans 
vs. model) and Lesion (absent vs. present) as factors 
showed that the Lesion factor was significant 
[F(1,1299)=8.088, p < 0.005], whereas Subject Type and 
the two-way interaction were not [F(1,1299)=1.993, n.s., 
and F(1,1299)= 2.961, n.s., respectively]. These results 
show that path lengths of both healthy participants and 
healthy model were shorter than those of  both human 
patients and damaged model. 
Strategies without switches between heuristics were 
more frequent in the damaged model, whereas the 
healthy model showed the opposite result 
(X2(df=1)=4.715, p<.05), mirroring the results obtained 
by Basso et al. (2001). The analysis of the skilled 
performance showed no difference between the healthy 
participants and the model (Χ2(df=1)=0.507, n.s.), nor 
between the frontal patients and the damaged models 
(Χ2(df=1)=2.343, n.s.). 
Finally, for the 50% of the patterns, the pathway 
executed by the model matched the one most frequently 
observed in healthy participants. 
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Discussion 
 
The performance of the model has simulated the 
continuous monitoring observed in human subjects. 
Moreover, after the lesions of the network’s units 
corresponding to the frontal lobe, the model showed a 
decrease of heuristic switching like those observed in 
 

frontal lobe injured patients (Basso et al. 2001). 
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