
  

CHAPTER XVII 

THE ANALYSIS OF MAZE LEARNING 

THE SENSORY CONTROL OF THE Maze Hapir 

One of the first problems which arises in connection with maze 
learning is that of determining what differential sensory experiences 
an animal uses when it runs a maze. This problem immediately 
suggests a variety of experiments. For example, one may change 
one sensory condition, leaving all others the same, and observe 
whether such a change alters (a) the performance of an animal in a 
previously well-learned maze, or (b) the learning rate of a new maze. 

The sensory condition may be altered in two different ways. In 

  

the first place, one may remove, alter, or exaggerate the stimulus 
characteristics which give rise to the sensory condition in question. 
In the second place, one may alter the animal by operation, and so 
make it insensitive in the sensory mode that is to be tested. 

There are three possible effects that such changes may have on the 
behavior of the animal and each of the possibilities has different 
consequences: (1) If each of the two types of change has no effect, we 
know that the particular sensory condition in question is not essential 
to the performance, but we cannot conclude that it is not an adequate 
sensory condition for learning. It might well become the basis for 
learning in the absence of other sensory conditions. (2) If the 
changes make the learning of the maze impossible, we know that the 
removed sensory condition is essential. (3) If the modified con- 
dition merely makes the performance less perfect, or affects only some 
of the animals tested, no satisfactory conclusions can be drawn. 
Poor performance may be the result of distraction or of additional 
difficulty introduced by the modified conditions. If the method 
of extirpation of sense organs has been used, it is difficult to ascertain 
whether the operation has merely removed a sensory modality or 
whether the animal’s physical condition has been altered in some 
other essential way. 

From this discussion it is evident that our problem is a rather 
difficult one. One must therefore interpret with care the experi- 
mental results which follow. 
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Experiments Which Stress the Fundamental Importance of 

Kinesthesis.—When Small (1901) used the Hampton Court maze 

(see Fig. 78) to study the mental processes of the rat, he became 

convinced that running a maze was primarily a kinesthetic habit. 

By using sawdust on the floor of the maze and changing this from 

time to time, he convinced himself that rats did not smell their way 

through the maze. He also modified the visual situation by (r) 

changing the position of the light above the maze, and (2) introducing 

red posts at the junctions of the maze. These modifications seemed 

to have little or no effect upon the rat’s performance. He also 

tested blind rats and rats with vibrissae removed, and obtained no 

substantial differences in performance between these and normal 

rats. Since only kinesthesis and tactual sensations were present in 

all cases, he concluded that they furnished the essential data for the 

necessary discriminations. 

Watson (1907) reported a detailed investigation on the sensory 

control of the rat in the Hampton Court maze. He established 

certain norms for the learning of the maze by rats under ordinary 

conditions and compared these norms with the records made by 

rats tested under various experimental conditions. He found that 

darkening the room, blinding the rat, destruction of the olfactory 

bulbs, destruction of the middle-ear bones (producing partial deaf- 

ness), removal of vibrissae, anesthetization of the soles of the feet or 

noses, and the introduction of air currents and temperature differ- 

ences in the maze had no final detrimental effect on the rat’s 

performance. 

A rat which was blind, anosmic, and without vibrissae finally, 

after considerable difficulty, learned to run the maze very accurately. 

The above results indicate that maze learning can be quite inde- 

pendent of visual, auditory, olfactory, and tactual sensations, but 

other of his results seem to be in disagreement. ‘Thus rotating 

the maze 180 deg. confused normal, anosmic, and partially deaf 

animals, but not blind animals. However, rotation through go deg. 

also slightly confused blind rats. As rotation changes the visual 

and perhaps the auditory environment, it seems that these results 

indicate that vision, in some way, is functional in maze running. 

Taking the results as a whole, it is rather difficult to draw any 

specific conclusions. Watson realized the danger in dogmatic 

statements about the sensory modes which were used by the rat, and 

claimed only to have demonstrated which sensations were not
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essential to maze learning. He believed, however, that the maze 

habit was kinesthetically controlled and that kinesthesis was per- 

haps coupled with certain organic and static sensations. Since, 

liowever, all extraorganic sensations were never excluded at one and 

the same time in any rat, their contribution to maze learning can 

merely be regarded as a possibility. Maze junctions differ in many 

ways, and unless all differences are excluded at once, with the 

breakdown of the habit as a consequence, it is difficult to decide on 

the importance of any one of them. 

Positive evidence of the use of kinesthesis in maze running was 

obtained by Carr and Watson (1908). They found that if the alleys 

of a maze which had already been learned by rats were either 

lengthened or shortened, the rats were greatly disturbed. In the 

case of shortened alleys, the rats often ran head long into the end 

walls, and in the case of lengthened alleys they tended to make their 

turns at the points where the junctions had previously been. These 

results seem to indicate definitely that the rats were running the 

modified form of the maze on the basis of the kinesthetic sense. 

Experiments Which Indicate that Kinesthesis Is Supplemented 

by Other Senses.—Bogardus and Henke (1911) took records of 

the number of times blind rats and rats without vibrissae made 

contacts with their noses at junctions during maze learning. They 

found that in new mazes and in slightly altered familiar mazes, the 

number of contacts paralleled the number of errors. They believed 

that the number of contacts were, therefore, sources of sensory data 

to which the rat resorted when it became confused. As contacts 

were not present during perfect performance, kinesthesis seemed 

adequate. They concluded that the maze habit depends on tactual 

sensations during the process of learning, but that the sensory con- 
trol is gradually transferred to kinesthesis. 

Vincent (1912, 1915 a, 6, and c) found that by exaggerating 

certain sensory factors the total number of errors made in learning 

the maze could be modified. Thus differentiating the true paths 

from blind alleys by making one black and the other white, or by 

laying an olfactory trail (e.g., cream cheese rubbed on the floor) on 

one set of paths (e.g., the true paths) and not the other (e.g., the blind 

alleys), tended to reduce the total number of errors produced during 

learning. The removal of the side walls of the maze (thus forming 

an elevated rather than an enclosed maze) produced a slight saving 

in learning. This saving, Vincent concluded, is attributable to 
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the fact that the open maze requires more tactual control, and so 

the tactual sensations become exaggerated. Thus the exaggeration 

of any sense department for which the true paths and the blinds are 

different seems to be an aid in maze learning. 

She also found that blind rats and rats lacking tactual sensitivity 

in the nose (fifth cranial nerve cut) made about twice as many errors 

as normal rats in the open maze. Rats without vibrissae made 

scores about equal to normal rats, but blind rats without vibrissae 

were the most handicapped. 

These results thus furnish further evidence of the function of 

sensory processes other than the kinesthetic operating in maze per- 

formance, but they still furnish no evidence bearing upon the essen- 

tial importance of these. Vincent favors the view that kinesthesis 

is fundamental and that other sensations function primarily in the 

early stages of learning. 

Carr (1917) summarized the evidence obtained in previous studies 

by stating that the rat learns the maze primarily in terms of touch 

and kinesthesis, but that touch gradually drops out as the maze 

becomes mastered. He confined his investigations (1917 5, c, and d) 

to a study of the effect of changes in the environment outside the 

maze upon the maze performance of normal, blind, and anosmic 

groups of rats. These changes involved the position of the experi- 

menter when placing the rat in the maze; covering and uncovering 

the maze; rotating the maze so as to change the points of reference in 

the room; and changes in lighting both inside and outside the maze. 

The groups of animals showed no marked differences in performance, 

but the results indicate that visual changes affected blind rats the 

least. Cleaning the maze affected blind rats the most and anosmic 

rats the least. 

Carr found further that learning efficiency was reduced in normal rats when 

the maze was rotated each day. His results also showed, contrary to previous 

studies, that blind rats were less efficient in maze learning than normal rats. 

He attributes this inferiority, not to loss of important visual experiences, but to 

either the probable loss of certain tonic effects which visual sensations may 

exert, or the possible injurious effect of the operation. Carr points out that 

instead of being useful, vision is often a handicap because certain visual changes 

might distract the animals. 

  

All of Carr’s rats showed marked individual differences in their 

reactions to the changes he introduced. This suggests that none of 

his changes involved a fundamental sense department, but rather 
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that all sensory modes may have played some part. Certainly he 

presented no conclusive evidence to the contrary. 

The most recent defender of the fundamental importance of kines- 

thesis is Dennis (1929). He used a simple maze with wide alleys 

and found that vibrissaeless rats could not perfect a maze habit 

without resorting to contact with the walls. He regards contact 

and vision to be the senses which are necessary to elicit the turn, but 

kinesthesis to be the sense which controls the direction of the turn. 

Experiments Which Question the Importance of Kinesthesis.—In 

the experiments thus far reported, the fundamental importance of 

kinesthesis has been largely inferred, although some convincing 

positive evidence for it was found. If kinesthesis is important, a 

marked modification of muscular sensations should greatly disturb 

maze performance. In an experiment by Lashley and McCarthy 

(1926) rats which had previously learned a maze were retested after 

cerebellar injuries. Such injuries destroyed the rats’ equilibrium 

and coordination. As a consequence the behavior was greatly 

modified. Some of the rats literally rolled their way through the 

maze. Nevertheless, the route through the maze was perfectly 

retained. Even rats which were blinded in addition to such injury, 

and were thus unable to use visual reflexes, made no entrances into 

blind alleys on the retest. 

Similar negative results were obtained by Lashley and Ball (1929) 

and by Ingebritsen (1932) with injuries to the spinal cord of the rats. 

Kinesthetic, organic, and tactual sensations from regions below the 

neck reach the brain by way of the cord; yet severing any group 

of such conduction paths neither destroyed maze retention nor 

affected the learning ability of the rats. 

Hunter (1929) argues that if the maze is learned on a purely 

kinesthetic basis, a rat should be unable to learn a maze in which 

it must make two right and two left turns in sequence, if all other 

sensory differences in the maze are eliminated. In such a maze the 

turn to the left is followed by another turn to the left, but this second 

turn to the left is followed by a turn to the right. Since each 

left turn must produce kinesthetic effects which are alike, it is 

difficult to understand how two like forms of stimulation can some- 

times produce a response to the left and sometimes a response to 

the right. It could, of course, be that the two responses to the left 

together produce the stimulation for the right turn, but Hunter 

regards the rat as too simple a creature for such a complex process.
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Because a maze with three pairs of right and left turns (rrl/rr) was 
learned by three of his six rats, he suspected that some other sensory 
factor must have supplemented kinesthe and so produced pairs 

  

of sensory effects which were actually different. As his rats were 
blind and without vibrissae, and as the elevated poles which con- 

stituted the pathways of the maze were well machined and carefully 

  

Fic. 79.—The tridimensional maze. (From Hunter, 1920, p. 518. By permission 
of the Journal of Genetic Psychology.) 

washed each day, he believed that a constant noise from one side of 

the room caused some difference in experience for the rats when 
making the two turns to the same side. To eliminate this possi- 
bility he built a tridimensional maze. (See Fig. 79.) In this maze, 
progress, instead of being forward, was upward, each leg of the maze 
being slightly on the incline. Only four junctions were present 
(rril). Of 23 normal rats, only 6 succeeded in making one perfect 

tun. This procedure made the problem more difficult, but the 

 


