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Although this  artificial neural network was  not explicitly given metric input, after 
training,  it produced metric res pons es .  O ur analys es  indicate that the 
connection weights  to the hidden units  are responsible for this  metric behavior. 
Due to coarse coding, each hidden unit itself does  not produce activity that 
reflects  the configuration of the map of Alberta but the activation of the entire 
network produces  an accurate s imulation of the place pos itions .   T his  
demonstrates  that a system with only s ix process ing units  can represent the 
spatial relationships  between thirteen different landmarks . T he implication for 
biological systems is  that they need not be organized topographically. Instead, 
locations  of landmarks  in the environment could be represented as  a pattern of 
activity distributed over a number of different place cells .

ME T HODS

F rom a map of Alberta, we determined the shortest dis tance in kilometres  

between each pair of locations . T hes e dis tances  were then converted into 

ratings . +
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AB S T R AC T

An artificial neural network was  trained to rate the distances  between pairs  of 

cities  on the map of Alberta, given only place names as  input. T he issue of 

interes t was  the nature of the repres entations  developed by the network's  

hidden units  after it successfully learned to make the des ired responses . A 

number of different analyses  indicated that the network's  hidden units  had 

developed metric representations  of space. T he manner in which this  network 

completed this  tas k has  implications  for the repres entation of s patial 

relations hips  in biological s ys tems ,  s pecifically,  how place cells  in the 

hippocampus may represent spatial information.

NE T WOR K  AR C HIT E C T UR E

T he network was  a network of value units  that had 10 output units , 6 hidden 

units  and 13 input units . E ach input represented one of the 13 place names . 

P airs  of place names were presented as  s timuli by turning two of the input units  

on (activated at a value of 1). All of the other input units  were turned off 

(activated by a value of 0). T he input units  themselves  did not provide any 

metric information to the network.

R E S ULT S

T he hidden units  of the network did indeed develop metric representations  of 
space as  indicated by the following analyses :

	 	 	 	 	 	2 dimensional multi-dimensionsal scaling analyses  accounted for almost all 
of the variance in the activation matrix for each hidden unit.
			 	 	 	 	 	
	 	 	  assuming each hidden unit occupies  its  own pos ition on the map, the 	 	 
pos ition for each hidden unit produces  a high correlation between the distances  
, the origin of the MDS  plot and the G auss ian-transformed distances  between 
cities  and the location of the hidden unit.

10 output units

6 hidden units

13 input units

BANFF
CALGARY
CAMROSE
DRUMHELLER
EDMONTON
FT. MCMURRAY
GR. PRAIRIE
JASPER
LETHBRIDGE
LLOYDMINSTER
MEDICINE HAT
RED DEER
SLAVE LAKE

BA
NF

F
       

  
CA

LG
AR

Y
 CA

MR
OS

E

DR
UM

HE
LL

ER

ED
MO

NT
ON

FO
RT

 M
CM

UR
RA

Y

GR
AN

DE
 P

RA
IR

IE

JA
SP

ER

LE
TH

BR
ID

GE

LL
OY

DM
IN

ST
ER

ME
DI

CI
NE

 H
AT

RE
D 

DE
ER

SL
AV

E 
LA

KE

0
2
4
3
5
9
7
3
4
7
5
3
7

2
0
3
2
3
8
8
5
3
6
3
2
6

4
3
0
2
1
6
6
5
5
3
5
2
4

3
2
2
0
3
8
8
6
3
5
3
2
6

5
3
1
3
0
5
5
4
6
3
6
2
3

9
8
6
8
5
0
8
8
10
6
10
6
5

7
8
6
8
5
8
0
4
10
8
10
6
4

3
5
5
6
4
8
4
0
7
7
8
5
5

4
3
5
3
6
10
10
7
0
7
2
4
8

7
6
3
5
3
6
8
7
7
0
5
4
5

5
3
5
3
6
10
10
8
2
5
0
5
8

3
2
2
2
2
6
6
5
4
4
5
0
4

7
6
4
6
3
5
4
5
8
5
8
4
0

	 	 	 	 	 	   for each hidden unit, one could find a vector that passed through the 
MDS  plot such that when city locations  are projected onto this  vector, there 
were very high correlations  between these projections  and the connection 
weights  feeding into the hidden unit.

			 	 	  

      assuming each hidden unit occupies  its  own pos ition on the map, one 
could find a location for each hidden unit that produced a high correlation 
between the connection weights  feeding into the hidden unit and the distances  
on the map between cities  and the pos ition of the hidden unit.
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