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1. Introduction

he use of the mazes has a long history in 
the studies of the memory and learning pro-
cesses in mammals. In many physiological 
experiments, rodents, especially rats and 
mice are the model animals subjected to the 
maze experiments. Probably, the first maze 

experimentation was conducted by Willard S. Small at 
the beginning of the 20th century. Small aimed to com-
pare the mental abilities of the wild and tame white rats. 
To achieve this, he recorded the time and error factors for 
each rat when it was solving the Hampton Court maze 
(Small, 1901). 

The maze learning has two aspects. When the animal is 
placed inside the maze for the first time, it begins to learn 
that the maze is a path to be traversed to get a reward 
(the discovery process). But solving the maze better 
than before (with fewer errors) is a distinct problem (the 
fixation process) (Simon, 1957; Yoshioka, 1929). The 
well-trained animals solve the mazes rapidly without 
any considerable error, so if the old path is blocked, they 
will be completely surprised. Following the pioneering 
experiments, the kinesthetic machine theory proposed 
that the behavior of the well-trained animals is inflexible 
and unthinking, in the maze. However, the subsequent 
experiments with novel mazes refuted this theory. They 
showed that the behavior of the animals in the mazes 
is flexible, thus, they can find the shortcuts if the previ-
ous path is blocked. Also, it has been proved that the rats 
have a strong spatial memory, and they can construct a 
plan of the maze in their minds (Olton, 1979). 

To solve the maze, the subject must be able to construct 
a correct sequence of directions (i.e. left and right) in 
its memory and follow that sequence. The subject must 
choose the correct direction on the list, at any chosen 
point (Simon, 1957). Dennis and Henneman showed 
that the rat did not enter some of the cul-de-sacs in the 
first trial, and this avoidance of errors was not in a ran-
dom manner (Dennis & Henneman, 1932). However, the 
rats tend to explore their environment, thus, even if they 
choose one of two paths and get the reward in the first 
trial, it is more likely to choose the other path in the sec-
ond trial (Olton, 1979). In a revolutionary study, Clark L. 
Hull from Yale University introduced the goal-gradient 
hypothesis to explain the subject’s behavior in a typical 
maze. According to this hypothesis, the shorter the dis-
tance from the reward, the more the tendency to solve 
the maze (Hull, 1932). Simply, the term maze learning 
refers to a process in which the skill of the subject (here 
is a rat or mouse) in solving the maze is going better by 
more trials (Liggett, 1930). 

Huang classified the affecting factors of the maze ex-
periment into two groups: the conditions of the subject 
and the conditions of the maze (Huang, 1928). The ap-
plied type of maze depends on the research query (Olton, 
1979). One of the most important pioneering maze ex-
periments was performed by Karl S. Lashley who con-
cluded that the data obtained using a simple maze was 
as valid as the data gathered with the complicated mazes 
commonly used in the previous studies. Also, using a 
simple maze was easier and less time consuming, so it 
provided the possibility of more trials (Lashley, 1918). 
Direction as a maze condition was classified into gen-
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● Historical study is helpful to design a novel maze or to improve a previous one.

● Selection of the right maze can easily detect damage or improve memory.

● Choosing the different types of mazes depends on the aim of the research.

Plain Language Summary 

The use of the mazes has a long history in learning processes of mammals. The well-trained animals solve the mazes 
rapidly without any considerable error. The novel mazes showed that the behavior of the animals in the mazes is flex-
ible, thus, they can find the shortcuts if the previous path is blocked. To solve the maze, the subject must be able to con-
struct a sequence of directions in its memory. According to a hypothesis, the shorter the distance from the reward, the 
more the tendency to solve the maze. Using a simple maze was easier and less time consuming. In most maze experi-
ments, four common measures have been used to quantify the maze learning skill, including errors, time, distance, 
and the number of required trials. The maze design is probably the most challenging part of the maze experiment.
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eral and specific. For example, the maze rotation is 
about the general direction, and the relative position of 
the maze elements is about the specific direction. It has 
been shown that the rats learn the directions in the maze 
experiments (Yoshioka, 1929). Another maze condition 
is the reward. Furchtgott and Rubin concluded that the 
maze learning time is not a function of the magnitude of 
the reward when the incentive is above a defined thresh-
old (Furchgott & Rubin, 1953). This conclusion was 
in contrast with the conclusion of Cross, Rankin, and 
Wilson (Cross, Rankin, & Wilson, 1964). Besides, the 
subject conditions include age (Oliverio & Bovet, 1966; 
Spangler, Chachich, Curtis, & Ingram, 1989), sex (Co-
rey, 1930), and the degree of hunger (Washburn, 1926). 

In most maze experiments, four common measures 
have been used to quantify the maze learning skill, 
including errors, time, distance, and the number of re-
quired trials to complete the maze learning process. 
Each of these measures has its advantages and disad-
vantages (Hunter & Randolph, 1924). However, along 
with the development of various mazes, new measures 
have been used (Paul, Magda, & Abel, 2009). 

During the 1920s, studying the effects of different factors, 
including environmental and conditional factors, chemical 
agents, drugs, and foods on the memory and learning of the 
rodents using simple and complicated mazes gradually be-
came a routine method in the field of behavioral physiolo-
gy. In 1923, Carleton MacDowell published a study about 
the effects of alcoholism on the maze learning of white rats 
and their ascendants using the Watson circular maze (Mac-
Dowell, 1923; Watson, 1914). In the same year, Macht and 
Teagarden from Johns Hopkins University published a pa-
per about the effects of the UV rays on the ability of rats 
to learn the circular maze (Macht & Teagarden Jr, 1923). 
In 1927, a work was published by Calvin P. Stone and 
Marry Sturman-Huble. They compared the effects of food 
and sex incentives on the learning of two kinds of mazes: 
Asimple T-maze and a maze described by Warden (Stone 
& Sturman-Huble, 1927; Warden, 1923).

Along with the rapid increase of such studies, some con-
troversies were raised about the reliability and validity of the 
maze experiments, in the late 1920s. In 1927, Tolman and 
Nyswander investigated these two parameters for the maze 
measures of the rats. They concluded that the time, retrac-
ing, and perfect runs cannot provide reliable and valid scores 
for the individual abilities of rats to learn the mazes, but the 
number of errors can. The values of reliability coefficients 
are strongly dependent on the kind of applied maze (Stone 
& Nyswander, 1927). In other words, the results of these ex-
periments completely depended on the maze type. 

Along with the initial development of the maze experi-
ments, the mechanism of maze learning and the physi-
ological basis of this process became a matter of query. 
Gradually, behavioral physiologists and neurobiologists 
focused on the functional neuroanatomy of maze learn-
ing. Such studies included a straightforward experimen-
tal design: making lesions in a specified part of the ani-
mal’s brain and observing the results in maze learning. 
Using the albino rats, Lashley and Franz investigated 
the effects of the destructions of the different parts of the 
cerebral cortex on the maze learning ability (Lashley & 
Franz, 1917). Since making lesions in the subcortical nu-
clei without damaging the cortical parts of the brain was 
very challenging at that time, the investigation of the ef-
fects of the subcortical lesions on the maze learning abil-
ity started two decades later (Brown & Ghiselli, 1938). 

According to what was said, the maze design/choice is 
probably the most challenging part of the maze experi-
ment design. Thus, for studying the memory and learning 
phenomena using the mazes, the researchers must know 
the rationale behind the different types of mazes, the best 
type of maze for their experiment, and so on. Also, they 
should know how to design a completely novel maze or 
modify a previously described one if there is any neces-
sity. It is important to note that the concepts of “maze 
pattern” and “maze construction” are different. The for-
mer term refers to the plan of alleys and blinds, while 
the latter refers to the physical structure of the apparatus 
(Chou, 1934). This review article aims to describe the 
various types of mazes that have been used in the studies 
of memory and learning in the rats and mice. Also, the 
history, rationale, and the principle of each type of mazes 
will be described in short. It is better to initially explain 
the principles of a typical memory and learning maze 
experiment, before talking about the different types of 
mazes, plans, and constructions. 

2. Memory System, Learning, and Navigation

Memory is an information management system (Rolls, 
2000). This system keeps the stimuli and brain states even 
after the diminishing and disappearing of the triggering 
event (Chaudhuri & Fiete, 2016). Three main functions 
of this system include encoding, storage, and retrieval of 
the information. The memory system is a high-value evo-
lutionary adaptation. Traditionally, memory is hypotheti-
cally divided into the short-term/working memory and the 
long-term/reference memory. The short-term memory 
provides the ability to remember the information for a few 
seconds to a few thousand seconds. The ability to remem-
ber the information for more than this period is defined as 
the long-term memory (Neath & Surprenant, 2005). Also, 
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the process during which the memory develops is called 
learning (Xu, Grigoryev, Li,  Bian, Zhang, & Liu, 2013). 

One of the most valuable adaptive aspects of the mem-
ory system in mobile organisms is the ability to navigate 
their environment. The navigation is divided into allo-
centric or spatial navigation and egocentric navigation. 
The allocentric navigation depends on the distal cues; 
however, the egocentric navigation depends on the prox-
imal and internal cues. Egocentric navigation is divided 
into route-based and path integration. In the route-based 
egocentric navigation, the subject follows a sequence of 
possible directions (for example, a sequence of left and 
right directions in a 2-dimensional plane), while in the 
path integration type of the egocentric navigation, the 
subject follows the vector integration to find the shortest 
path toward the goal. The direct sequence in the route-
based navigation converts to automatic behavior and 
makes a part of the episodic memory (Vorhees & Wil-
liams, 2016). The episodic memory consists of the abil-
ity to “the mental time travel” and review the past events 
(Hoerl, 2018). 

The strategy based on the injuring a part of the brain 
and searching for the impairments in the maze learn-
ing abilities have shown that different neural networks 
are responsible for the allocentric and egocentric navi-
gations. The hippocampus and entorhinal cortex are in 
charge of the spatial navigation, while the head direction 
cells of the separated parts of the brain are in charge of 
egocentric navigation. However, these two types of navi-

gation are overlapped in some aspects, by partial neuro-
anatomical overlapping, such as the presence of the head 
direction cells in the hippocampus and entorhinal cortex 
(Vorhees & Williams, 2016).

3. Different Types of Mazes

3.1. Dry mazes

3.1.1. Modified Hampton Court maze

The modified Hampton Court maze is the rectangular 
form of the Hampton Court garden maze, which is the 
ancestor of all types of the applied mazes up to now. The 
first application of this maze in the behavioral physiology 
refers to the initial work of Small in 1901 (Small, 1901). It 
seems that Small had not any scientific rationale to choose 
the Hampton Court maze, but he modified the maze to 
simplify the construction (Scott, 1931; Figure 1A).

3.1.2. Watson circular maze

This circular maze was presented by Johan B. Watson 
in 1914. This maze had a wooden base and concentric 
aluminum walls. The aluminum walls were mobile, so 
the openings and radial stops were possible to be reposi-
tioned. Then, it was possible to adjust the maze problem 
difficulty with the subject. Watson installed a camera lu-
cida on his maze to easily record the animal movements 
(Watson, 1914; Figure 1B). 

Figure 1. The modified Hampton Court maze

A: The original pattern of the Hampton Court maze (right) and the rectangular form modified by small (left) (Scott, 1931). 
B: Watson circular maze equipped with the camera lucida (Watson, 1914). C: The simple maze; The subject putting on the 
starting section (a); When the gate opens and the animal passes the middle alley (b) it meets a choice. If it turns left,  enters the 
cul-de-sac (c); and gets nothing. But if it turns right into the reward alley (d); it can find the reward place (e) (Lashley, 1918).
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3.1.3. The simple maze

This maze was originally used in the studies of the be-
havior of the vertebrates other than rodents and found its 
way into the studies on rats by Lashley and Franz in 1917 
(Lashley & Franz, 1917). This is a very simple maze that 
comprises one cul-de-sac and one way leading to the 
reward (Figure 1C). It seems that the simplicity of this 
maze was the only reason for using it. As mentioned in 
the introduction, conducting a maze experiment with this 
maze is less time consuming than using a complicated 
maze, such as the Watson maze or the modified Hampton 
Court maze; however, the gathered data of both mazes 
had the same validity and reliability (Lashley, 1918).

3.1.4. Elevated mazes

3.1.4.1. Vincent elevated maze

The idea of the elevated maze was presented by Vin-
cent in the middle of the 1910s when he was trying to 

understand the role of the tactual sensation in maze 
learning. The paths of Vincent maze had no sidewall and 
were elevated two feet from the floor, but they were far 
enough to prevent rats from jumping between them (Fig-
ure 2A). According to this maze experiment, the tactual-
cutaneous sensation is the main sensation involved in the 
maze learning problem (Miles, 1927; Vincent, 1915).

3.1.4.2. Narrow-path elevated maze (elevated skel-
eton maze)

This maze was devised in 1927 and had several dif-
ferences from the Vincent maze. It comprised separate 
straight units that made any desirable pattern possible. 
The food or food box was not observable for the rat 
when it was running the paths. In contrast to the Vincent 
maze with 4-inch wide paths, the 1-inch wide paths were 
applied in this maze, yet, even the large rats could freely 
run and turn on the paths. The paths were supported by 
a few thin uprights (Figure 2B). The distances between 

Figure 2. The elevated maze 

A: First narrow-path elevated maze (Miles, 1927); B: Vincent elevated maze, the side walls are down (Miles, 1927); C: The block 
elevated maze (Dennis & Henneman, 1932).

Figure 3. The Modified Carr maze

 A and B: Modified Carr maze used by  Calvin P. Stone (Stone, 1928); C: The plan of the multiple T-maze presented by Stone 
and Nyswander (Stone & Nyswander, 1927).
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the parallel paths were 18 inches. Miles named this maze 
as “the elevated skeleton maze”.  All these modifications 
let animals to efficiently apply vision along with other 
sensations (Miles, 1927).

3.1.4.3. The block elevated maze

This maze was devised by Dennis as a modification of 
the elevated skeleton maze, in 1931. As shown in Figure 
2C, He replaced the structure of the uprights-base blocks 
by the solid blocks. Since each block was a separate unit, 
it was possible to construct any desired pattern by these 
blocks. The block elevated maze had some advantages 
over the elevated skeleton maze: 1. It wasn’t custom-
built; 2. It was more stable than the elevated skeleton 
maze; 3. The handling of the block units was easier; 4. 

It was possible to use any edges of the block units as 
paths; 5. It was possible to polish the edges to clean up 
any traces of the previous runs; and 6. The units of this 
maze were more similar than that of the elevated skel-
eton maze. The only advantage of the elevated skeleton 
maze over the block elevated maze was the fewer wide 
paths, but it could be overcome by attaching the block to 
the floor (Dennis & Henneman, 1932). 

3.1.4.4. Elevated plus maze

In 1985, Montgomery did an interesting observation. 
He observed the rats exposed to an elevated (open) maze 
were more prone to show retreats, compared with the rats 
exposed to an enclosed maze. Then, Montgomery used a 
maze with both open and enclosed alleys to investigate this 

Figure 4. Warden's Y-maze

A: Warden-Warner maze. A multiple Y-maze consisting of the Y-shaped units, entrance box, and the end box. Different maze 
patterns can be made by assembling the Y-shaped units (Warden, 1929); B: The linear pattern of Warden-Warner Maze (War-
den, 1929); C: Two different linear mazes. Corner to corner arranged maze (X-maze) (top) is more difficult than the side to side 
arranged maze (below) (Miles, 1931).  D: Liggett unit maze; E: The entrance box; D: The gates between two sections; F: The 
food box. The numbers represent the alleys. Each section has only a blind and a right way (Liggett, 1930). 

Figure 5. Yoshioka's mazes

A and B: The Yoshioka’s mazes. The diamond maze (a) and triangular maze (b) (Yoshioka, 1929). C: Two different views of the 
Walton vertical maze. The dotted line represents the true path toward the food that is in a wire cage (Walton, 1930). 

Mohseni, F., et al. (2020). Historical Evolutionary Process of Dry and Water Maze Tests. BCN, 11(4), 389-402.

http://bcn.iums.ac.ir/


Basic and Clinical

395

July, August 2020, Volume 11, Number 4

behavior. Rats preferred the enclosed alleys than the open 
alleys. This research showed that this type of maze experi-
ment can be a possible method to investigate the anxiety in 
rats (Pellow, Chopin, File, & Briley, 1985). Itoh and col-
leagues showed that the latency of entering the enclosed 
arm from the open arm decreased by 10 seconds or more 
when trials were repeated the next day. Therefore, these 
variables have been introduced for the assessment of learn-
ing and memory (Itoh, Nabeshima, & Kameyama, 1990).

3.1.5. Carr maze

This maze was presented by Harvey A. Carr in 1917. 
The maximum application of this maze in rat studies was 
reported until 1928 when Calvin P. Stone explained why 
even a modified version (Figure 3A and B) of this maze 
is not appropriate for research (Stone, 1928). 

3.1.6. T-maze 

The first application of a T-maze in the studies of rats 
refers to a work by Hunter in 1920. He presented a multi-

ple T-maze with 10 choice points. The continuous correct 
path in this maze was an alternation series of right and 
left turns. This maze was called “spatial maze” (Shepard, 
1920). In 1924, Hunter and Randolph concluded that a 
simple T-maze greatly reflects the individual differences 
in the learning ability. By that time, the simple T-maze 
was the most reliable maze for the study of the habit for-
mation in white rats (Hunter & Randolph, 1924). 

Stone and Nyswander reported multiple T-maze ex-
periments upon rats, in 1927. One of the most interesting 
characteristics of their maze was the unidirectional doors 
that made retracing partly impossible, so the exploration 
behavior was possible by then (Figure 3C). They have 
applied this maze to compare four different methods of 
calculating the reliability of learning scores (Stone & 
Nyswander, 1927). 

3.1.7. Temporal maze

In 1920, Hunter devised a maze consisted of a rectangular 
continued path and a cross path between the two parallel 

Figure 6. Dashiell's open arena maze

A: Dashiell maze (Olton, 1979); B: Sunburst maze. The shaded path is the path in which rats were trained (Olton, 1979); C: The 
plan of the radial arm maze (Olton & Samuelson, 1976); D: The different stages of the Barnes maze experimentation: 1: Before 
starting the trial the rat is in the start box; 2: The trial starts with removing the start box; 3: An error by the rat; and 4: The suc-
cessful ending of the trial by the rat (Barnes, 1979).

Figure 7.  Multiple-T water maze 

A: Biel maze; B: Cincinnati maze. The points A and B represent starting and landing points, respectively (Vorhees, 1987). C: 
The pattern of the Biel maze. The points S and G represent the starting point and the goal landing, respectively. The S’ and G’ 
are the training counterpart paths for S and G. The D and D` represent the doors of the main pathway and training pathway, 
respectively (Biel, 1940).     
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sides of the rectangle. The starting point was embedded 
at one end of the cross path. It was possible to close one 
side of the rectangle path. Before the animal running, there 
was a block just behind the start point, so moving back was 
impossible for the animal. When the animal entered the 
open returning path, the block was shifted toward the other 
returning path, thus, the animal was allowed to complete 
the circuit and return to the starting point. Hunter used this 
maze to investigate the learning of the alternation series in 
white rats (Shepard, 1920).

3.1.8. Warner-Warden maze

In 1929, Warden presented a maze consisting Y-shaped 
units (multiple Y-maze; Figure 4A); later, it was named as 
Warden-Warner maze. The angles of the choice points dif-
fer between the multiple Y-maze and the multiple T-maze. 
In the T-maze, the angle of any choice point is 90 degrees, 
so it is impossible to make two successive turns toward the 
one direction. However, any successive turn toward the 
same direction is possible in the Y-maze (Warden, 1929).

3.1.9. Unidirectional mazes 

Warden presented a linear maze derived from the mul-
tiple Y-maze to investigate serial learning (Figure 4B). 
This maze had a symmetrical and tortuous pattern. War-
den proposed this pattern for studying the effects of the 
maze length on the learning variables (Warden, 1929).  It 
has been found that for the rats the solving of a unidirec-
tional maze is more difficult than the solving of a bidi-
rectional maze (Miles, 1931). Figure 4C represents two 
different types of unidirectional mazes. In 1930, Liggett 
devised a linear maze to overcome the problem of the 
variable difficulty of the different blinds of the maze ap-

paratus; he named it “the unit maze”. The retracing was 
made impossible in this maze. This change increased the 
reliability coefficients of this maze, compared with the 
ordinary mazes (Liggett, 1930). Figure 4D presents the 
Liggett’s maze.

3.1.10. The tunnel maze

In 1929, Trueblood invented a maze to study the be-
havior of the rats in a rotating maze. It was called “tun-
nel maze,” because rats run through a tunnel with the 
wooden sides, a ground glass floor, and a ground glass 
ceiling. Also, the electric lights were installed under the 
paths made of the ground glass, thus, the animal move-
ments were observable through the shadows on the ceil-
ing made of the ground glass. However, the animal could 
not get any visual cues (Trueblood, 1929).

3.1.11. Diamond and rectangular mazes

In 1930, Yoshioka invented two different mazes to verify 
the direction orientation of the albino rats. One maze was 
called “diamond maze,” which was a straight path divided 
into two same length alleys by an angle of 90 degrees. Then, 
the alleys turned toward the straight path by an angle of 90 
degrees and met each other to complete a square. The posi-
tion of the food box was variable relative to the central axis 
of the maze. Also, the food box was possible to be rotated in 
the same plane in which the maze path was rotating (Figure 
5A). This maze was better than a T-maze to verify direction 
orientation. At the choice point of a typical T-maze, the rat 
met a plane wall that did not provide many sensory cues to 
indicate that there existed the right and left paths. Contrary, 
in the diamond maze, the rat can readily distinguish the 
right and left paths, even before arriving at the choice point. 

Figure 8. Maze with no proximal cues for spatial memory

A: The lateral cross-section of the Morris water maze (Morris, 1984); B: The schematic picture.
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Another maze devised by Yoshioka was an “equilateral 
triangular maze” in which both paths begin as common 
paths that are separated after 10 inches by a partition wall 
(Figure 5B). The flip-flop doors were installed at the open-
ings of the separate paths; thus, it was possible for one path 
to be opened and the other to be closed at the same time. 
Yoshioka applied this maze to investigate the relationship 
between the direction of the orientation at a typical choice 
point and the direction of turning orientation at the end of a 
typical blind. He made the habit by trials in which one path 
was blocked and the other opened alternatively. Then, he 
carried out the trials in which both paths were opened. Also, 
he broke the habit by blocking the preferred path and ob-
served a positive relationship between the direction of ori-
entation at a typical choice point and the direction of turning 
orientation at the end of a typical blind (Yoshioka, 1929).

3.1.12. Vertical maze

In 1930, Albert Walton presented a vertical (or reversal) 
maze for the lecture-room demonstration (Walton, 1930) 
(Figure 5C).

3.1.13. Dashiell maze

In 1930, Dashiell introduced an open arena maze in which 
several similar blocks were placed in the middle by equiva-
lent distances between them; thus, so many alleys with the 
same distance to the goal were created (Figure 6A). Dashiell 
aimed to investigate the exploration behavior in rats. Dashiell 
observed that the rats that learned the maze well preferred to 
try new paths. Other mazes that were devised to study the ex-
ploration behavior of rats were Bättig hexagonal and Barnett 
residential mazes (Dashiell, 1930; Olton, 1979). 

3.1.14. Sunburst maze

When the tendency toward the exploration behavior 
was confirmed in rats, the hypothesis of the cognitive 
map would be raised. According to this hypothesis, 
rats can find shortcuts toward the goal (if there was any 
shortcut) by constructing a spatial map in their minds. 
One of the best experiments investigated this theory 
was conducted by Tolman and his colleagues (Tolman, 
Ritchie, & Kalish, 1946). They designed a maze experi-
ment wherein the rats were trained to run into a simple 
but indirect path with no blind toward the food. Then, 
the simple path was blocked and the rats were reinforced 
to choose a path among a lot of arm alleys (Figure 6B). 
This maze is known as the sunburst maze (Olton, 1979). 

Tolman et al. observed that most rats chose the alley 
toward the goal, in the first trial. They concluded that the 

rats can understand the spatial position of the start point 
concerning the goal. However, these results were not re-
peatable; with the hope to bypass the block, choosing an 
alley adjacent to the training path could be a logically 
right choice (Olton, 1979).   

3.1.15. Radial arm maze

To assess the place learning in rats, Olton and Samuel-
son designed an experiment in 1976, including an appa-
ratus known as radial arm maze. This maze offered only 
one choice point (in one special spatial location) to rats 
to choose among eight distinctive but equivalent alleys 
(Olton & Samuelson, 1976) (Figure 6C).

 This maze was one of the best mazes developed for 
studying spatial memory and working memory. Olton 
and Samuelson aimed to design a maze to investigate 
the spatial memory without any interference from proxi-
mal cues. However,  this purpose was not completely 
achieved, because of the presence of odors, and the abil-
ity of rats to use other proximal intra-maze cues right af-
ter entering any chose alley (Hyde, Hoplight, & Denen-
berg, 1998; Olton, 1979; Olton & Samuelson, 1976). 
The problem was overcome (35) by the development of 
a revolutionary maze method: The Barnes maze, 1979. 

3.1.16. Barnes maze

Two years after the work of Olton and Samuelson, 
Carol A. Barnes presented maze experimentation and an 
apparatus to solve the problem of the intra-maze cues in 
the studies about spatial memory. Barnes was asking for 
the differences in cognitive abilities between young and 
old rats. The Barnes maze was composed of a circular 
platform (1.22 m in diameter) with 18 circular holes (9.5 
cm in diameter) evenly distributed around the edge of 
the platform. Also, a tunnel was placed below the plat-
form and was merely accessible from the hole above it. 
Both the circular platform and the tunnel were rotatable. 

Before every trial, the rat was held into the tunnel for 
about four minutes, then, returned to the home cage for 
one minute. At the start of every trial, the rat was held 
in the center of the platform into an open-ended cylin-
der for 30 seconds, after, the cylinder was dragged 6 m 
upward and the rat was left in the center of the platform. 
The rat started searching for the hole upon the entrance 
of the tunnel to escape from an intense light provided by 
two projectors. A video camera 6 m above the circular 
platform recorded the movements and latency of the rat. 
Bending into any wrong hole was considered as an error 
(Figure 6 D). Besides, the rat was unable to use the proxi-
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mal cues to escape, because of the rotation of the platform 
and the tunnel between the trials, and the separation of the 
platform and the rest of the room space using partition 
screens. So, the rats should be only relied on their spatial 
memory to find the entrance of the tunnel (Barnes, 1979).

Today, the Barnes maze is known as the best dry maze 
for assessing the spatial memory of rats and mice. Af-
ter the introduction of the initial version of this maze by 
Barnes, some modified versions of this maze were devel-
oped (Rosenfeld & Ferguson, 2014). 

3.2. Water mazes

The first application of a water maze refers to an exper-
iment by William McDougall. He tried to test the well-
known hypothesis of Lamarck and designed an experi-
ment that included a maze apparatus. Initially, he used a 
dry maze, but it was very time-consuming to teach the 
rat to solve the maze and get a reward. Thus, McDou-
gall replaced the dry maze by a water maze in which 
the rats were to escape naturally. He replaced the food 
incentive with the incentive to escape from the water. 
Also, this innovative idea was to overcome the problem 
of uncertainty about the degree of hunger (McDougall, 
1927). The results of the maze learning experiments de-
rived by the food incentives depend on variables (such 
as sex, age, etc.) other than that of the experiments de-
rived by the water escape and aversion escape incentives 
(Hodges 1996; Wenrick, 1935) using environmental vi-
suospatial cues. However, maze tasks differ along many 
dimensions, including 1. Indeed, the incentive of the 
water maze is aversion-based, conversely, the dry maze 
includes the reward-based incentive. Also, it is impos-
sible to use the starvation incentive for learning the maze 
in some studies (Wenrick, 1935). However, some cau-
tions must be concerned about using the water mazes; 
some factors, such as the water temperature can affect 
the results (Caldwell & Mosman, 1951).  

 After the above-mentioned work of McDougall, the 
water mazes gradually found their way into the maze 
experiments, initially as constructions based on the pre-
viously designed patterns for the dry mazes. Later, some 
maze patterns were designed specifically for applying to 
the water maze construction.

3.2.1. Biel maze

In 1940, William C. Biel used a multiple-T water maze 
to unravel the developmental adaptability of young rats 
(Figure 7A and C) (Biel, 1940). This maze included a 
straight path for training and measuring the swimming 

abilities in rats. Individual differences, such as sex and 
body weight did not affect the learning of this maze. This 
was a valuable maze in assessing the effects of different 
agents and brain lesions on the cognitive ability of rats, 
especially in prenatal developmental stages. The coef-
ficient of detection of the Biel maze has been reported 
10% to 20% (Vorhees, 1987).    

3.2.2. Cincinnati water maze

In 1987, Charles V. Vorhees from the University of 
Cincinnati introduced an improved version of the Biel 
maze to increase the sensitivity of the water maze experi-
ments. These two mazes differed in terms of complexity, 
scale, and construction materials. The Cincinnati water 
maze was twice complex, compared with the Biel maze. 
Also, the detection power of the Cincinnati maze in the 
lower doses of a standard toxic agent was more than that 
of the Biel maze (Vorhees, 1987; Figure 7B). 

3.2.3. Morris water maze

In 1981, Richard G. M. Morris from the University of 
St Andrews devised a maze that did not offer any local 
cue to the goal. The apparatus included a circular water 
pool (1.30 m in diameter and 0.6 m in height), a white 
mobile platform (0.11 m in diameter), and a closed-cir-
cuit video camera on top. The pool was filled with water 
up to 0.4 m. The tip of the platform was 1 cm below the 
level of water. Water was made opaque by adding some 
milk so that the white platform was hidden. Therefore, 
the rats received no proximal cue from the platform, and 
in the first trial, they were forced to search the pool (ran-
domly) to find a basement for landing. In the next tri-
als, they have only relied on their spatial memory and no 
proximal cue to find the landing platform (Morris, 1984; 
Morris, 1981). This was the first useful maze to investi-
gate the spatial memory without any interfering by the 
proximal cues and choice points. The invention of this 
maze started a revolution in the study of spatial memory 
(Figure 8).

The above-reviewed literature is a short description of the 
initial development of the maze experiments in the studies 
about the different aspects of memory in rodents. The ratio-
nale behind the shifting interests from one type of maze to 
another can be deduced, according to the previous sections. 
As mentioned in the Introduction, there is no competition 
between different types of mazes, and choosing a maze is 
mostly dependent on the research aim. For example, both 
Morris water maze and Barnes maze tasks assess learning, 
working memory, and spatial memory. However, when the 
researchers have to choose between them they should be 
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aware that the former induces more stress and needs more 
physical effort to perform than the later (Vargas-López, 
Lamprea, & Múnera, 2011).

Some mazes are better for studying a special concern than 
the others. For example, consider two multiple T-mazes with 
the same constructions and patterns, but differ in the number 
of T-units. In this case, the favorite is the one that gives bet-
ter validity and reliability coefficients. The results of com-
parative studies concerned about validity and reliability coef-
ficients have provided a basis to regard bias between some 
of the mazes. Also, the low validity and reliability of some 
primary mazes incite the development of the new mazes. The 
study of maze learning using a special type of cue (when the 
presence of other types of cues is interfering) rises another 
challenge for the researchers. They have to choose the better 
maze among two or more mazes designed for the same pur-
pose. The development of the Barnes maze and Morris water 
maze for the assessment of the spatial memory are the classic 
examples of such situations.

The development of the maze tasks is similar to the devel-
opment of any pieces of technology in the modern world. 
The development of these tasks has been started with the 
primary versions and included some problems in assess-
ing the different aspects of learning and memory, then, the 
modified versions were developed. Today, many modified 
versions of some of the initial mazes are available (for ex-
ample, see Vargas-López et al., 2011; Dobson et al., 2012). 

Behavioral physiology and neuroscience owe a lot to 
the maze tasks, for what these tasks provided to assess 
learning and memory in the last century. Currently, the 
neuroanatomical maps of the brain of the rats and mice 
are available, in which the parts in charge of many as-
pects of learning and memory are defined. For exam-
ple, the hippocampus and less importantly striatum are 
the organs in charge of the spatial memory, so injuries 
in these parts of the brain can affect spatial navigation 
(D’Hooge & De Deyn, 2001). Besides, different parts 
of the neocortex, including the frontal cortex, prefrontal 
cortex, anteromedial extrastriate visual cortex, primary 
visual cortex, posterior parietal cortex, and somatosen-
sory cortex are involved in the learning of the water 
mazes (Hoh, Kolb, Eppel, Vanderwolf, & Cain, 2003).

 The maze tasks can be paired with functional brain im-
aging and histochemical methods to provide the more 
precise functional neuroanatomy of the brain. As an ex-
ample, such studies have revealed the role of the cer-
ebellum in the working memory and less important the 
spatial memory (Lalonde & Strazielle, 2003).

 According to the present review, we can deduct that the 
history of the use of mazes in the studies of learning and 
memory backs to more than a century ago. Thousands of 
works have been published in this issue, but maze tasks 
are actually at the beginning of a long way. The maze 
tasks in conjugation with other methods are going to an-
swer one of the mysterious questions ever: “how does 
the brain work as a complex system?”

The current study faced some limitations for comparing 
the initial and recent mazes. Initial mazes were designed 
when there was not much scientific knowledge on the 
memory system, the phases of memory, learning process, 
and related brain structures. These mazes were designed 
to study the whole (not a part of, nor the classified pro-
cess) brain processes. Therefore, comparing the old maz-
es with new types in terms of the assessment of memory 
types and memory phases was not feasible in this study.

Future studies can compare the new mazes in terms of 
application (which are more commonly used; which in-
terventions they are usually used for), and discuss the 
memory types (working/reference), related brain struc-
tures, and phases that can be studied using the mazes.
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