
Vol 11, Issue 5, 2018
Online - 2455-3891 

Print - 0974-2441

MORRIS WATER MAZE – A BENCHMARK TEST FOR LEARNING AND MEMORY DISORDERS IN 
ANIMAL MODELS: A REVIEW

CH. VENKATARAMAIAH, G. SWATHI, W. RAJENDRA*
Division of Molecular Biology, Department of Zoology, Sri Venkateswara University, Tirupati, Andhra Pradesh, India. 

Email: rwudayagiri16@gmail.com

Received: 12 December 2017, Revised and Accepted: 24 January 2017

ABSTRACT

The morris water maze (MWM) was developed by morris as a device to investigate spatial learning and memory in laboratory rats. MWM has become 
one of the most frequently used laboratory tools in behavioral neuroscience. The MWM task has been often used in the validation of rodent models for 
neurocognitive disorders (e.g., Parkinson, Alzheimer, Epilepsy, and Schizophrenia), and the evaluation of possible neurocognitive treatments. It is also 
being used to assess the properties of established potential antipsychotics in animal models of Schizophrenia. The MWM task requires rats to find a 
hidden platform in a large, circular pool of water that is colored opaque with powdered non-fat milk (or) non-toxic tempera paint where they must swim 
to the hidden platform. Because they are in the opaque water, the animals cannot see the platform and cannot rely on scent to find the escape route. 
Instead, they must rely on extra-maze cues. The behavior of rat can be evaluated by analyzing the different parameters such as escape latency, swim speed, 
and path length, and probe trail. The purpose of this review is to briefly describe procedural aspects, interpretational difficulties of data and advantages of 
MWM. This paradigm has become a benchmark test for learning and memory difficulties in animal models and preclinical research in general.
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INTRODUCTION

Morris water maze (MWM) task is classic and probably most widely 
used test of spatial learning and memory. The apparatus was designed 
by Morris in 1981 [1]. It represents a circular maze with larger diameter 
(180 cm), filled with opaque water, in which a rodent (typically a rat) 
collected from various locations and released on the pool periphery, 
reaches for an escape platform hidden under the water surface. In 
addition, the test uses the natural ability of rats to swim while not causing 
major distress to the animals despite a significant stress response 
induced by the task [2,3]. Another advantage of this test is its simplicity, 
which has contributed significantly to its success and massive use. The 
MWM is typically used in two basic experimental protocols such as the 
reference memory version and delayed matching to place [4-6].

The reference memory version
It involves the training of rats released from the periphery of the 
pool to find a hidden platform, the position of which is stable across 
daily sessions. There are visually more swims in daily sessions. An 
early study by Morris showed that place navigation in this version 
is impaired by a hippocampal lesion. However, this version can also 
be made hippocampus-dependent as well as resistant to several 
pharmacological manipulations after extensive pre-training (or) 
specific training protocols. An interesting procedure is the so-called 
non-spatial pre-training in which animals are first made familiar with 
all procedural aspects of the task, such as the platform is in the maze [7]. 
It is pursued by closing a dark curtain around the pool (without any 
cues) and putting the submerged platform is random places in the pool. 
Animals thus get fully acquainted with searching for the platform but 
do not know where to reach. Such pre-training was found to eliminate 
a number of cognitive deficits such as NMDA receptor and cholinergic 
blockade [7,8] serotonin depletion [9], and diazepam treatment [10].

Delayed matching to place version
In which animals are released in four trials a day, and the platform 
position is changed in between the days (but always stays the same 
within four on a particular day). Therefore, the rat cannot locate the 
platform correctly (or) find it just by chance in the first swim every 

day. The second swim already contains a memory trace from the first 
one, and typically this swim is evaluated. Moreover, multiple intertrial 
intervals between first and second swims can be used. (e.g., 15 s, 
20 min,). There should be no interface between positions in a particular 
day. (Each position should be used only once). The task represents the 
paradigm for assessment of one trial spatial learning. The short delays 
may be used for evaluating the persistence of the memory trace [6]. The 
delayed-matching-to-place test in the MWM is strictly hippocampus-
dependent, which means that the animal with a hippocampal lesion 
was not capable of improving from first to the second swim and thus 
failed to learn even after extensive experience with the maze [5].

The MWM task has become a benchmark test for learning and memory 
deficits in animal models and preclinical research in general. In the 
contest of the use of this test, it might be emphasized that there are 
also other modifications and protocols including a working memory 
version, cognitive flexibility, neuroprotection, cholinergic dysfunction, 
and path integration in the MWM [11-16]. Testing the working 
memory in MWM is required due to information processing and 
working memory deficits in many central nervous system disorders, 
such as Schizophrenia, Parkinson, and Alzheimer’s [17]. MWM is 
widely used to assess the pharmacological properties of established 
potential antipsychotics in animal models of schizophrenia which 
impair memory in the MWM test in naïve rats [18-21]. The MWM 
test can also be used as a tool to find out the efficacy of biomolecules 
and Psychotropic drugs on chemically induced effects of learning and 
memory in rodent models [22,23]. Keeping in view of the relative 
importance of MWM Task, in this review, we have discussed the 
apparatus setting, procedure, data recording methods, swim patterns 
and strategies, factor and data analysis, limitations and interpretational 
difficulties and criticisms of MWM, used for testing learning and 
memory disorders in rodent models.

METHOD

Apparatus setting[24].
• The maze was constructed out of a circular polypropylene pool that 

measured 110 cm in diameter and 20 cm in depth.
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• A 1.5 m diameter, 45 cm deep MWM was filled with water to a depth 
of 26.5 cm at room temperature.

• The water was made opaque with the addition of 500 ml non-toxic white 
liquid tempera paint to ensure camouflage of the white escape platform.

• The pool was filled with water until it had reached a height of about 
5 cm, 100 ml of white liquid tempera paint was mixed in about 25 ml 
of water.

• The diluted paint concentrate was then poured into the pool. 
Subsequently, water was again added to the pool until the platform 
is submerged by 1 cm of whitewater.

• The water was left to sit overnight to achieve room temperature. 
(22±1°C).

• The pool was divided into four quadrants. Such as ;“north-west,” 
“northeast,” “southwest,” “southeast.” Boundaries of the quadrants 
were measured on the edges of the pool with marking tape and 
labeled as north, south, east, and west.

• A plexiglas cylinder (13.75 * 9 cm diameter) was used as the escape 
platform in the maze. The cylinder was filled with water to weight 
it down in the pool.

• The platform had a removable red and yellow stripped top (3 cm * 
9 cm in diameter) with a colorful flag erected in the center.

• The level of the water in the pool was adjusted to within 0.5 cm 
below the surface of the stripped top thus creating the visible escape 
platform (or) to 0.5 cm above the white cylinder (without stripped 
top), thus creating an invisible escape platform (Fig. 1).

The room in which the testing apparatus is located contains 
environmental cues, which aid the rodent in spatial learning. These 
cues may be high contrast geometric patterns placed on the walls of 
the room, posters or anything visible to the animal from the water and 
platform, such as room dividers, equipment, furniture, and door frames. 
The performance of the animal in the MWM task was tracked using a 
video-camera based computer tracking system (water maze beta, 
Actimetrics software), on IBM PC computer, with a camera fixed to ceil 
2.1 cm above the pool.

Test conditions [25].
• The water temperature was adjusted according to the age of the rats: 

29°C (±0.5) for postnatal day (PND) 16–20; 27°C (±0.5) for PND 
20–27 and 25°C (±0.5) for adult rats.

• Immediately before behavior testing, the rats were allowed an 
adaptation period of 10–15 min (to adapt to white light).

• The rats were placed on the platform for 1 min before undergoing 
three swim training trials.

• During each training trail, the rat was removed from the stand and 
released facing the platform at a distance of 12–18 inches.

• The rat was then guided by the experimenter to swim to the platform.
• A rest period of the 30 s was followed by 12 test trails: Two sets of 6 

trails - 4 trails from each of the 4 start positions, with a rest period 
of 30–45 min in a small heated cage in a different room (separating 
the test periods).

• During the test trial, the rats were released into the water at one of 
the four starting positions, facing the wall and were required to use 
distal cues to navigate to the platform.

• The start positions were all equidistant from the platform, located 
immediately adjacent to the wall in the center of the four quadrants 
that did not contain the platform.

• The rat was allowed to swim for up to 1 min to locate the platform. If 
it failed to locate the platform within that time, escape was assisted.

• Pups (PND 16–20) were given a 60 s intertrial interval on the platform. 
While older rats (≥20 days) were given a 35 s intertrail interval.

• Distance traveled and escaped latency were measured on each trail. 
Swim speeds, in cm/s, were calculated by dividing the distance 
traveled by the escape latency.

PROCEDURE

Testing in the MWM lasted 8 days. The 1st 3 days were acquisition 
training with an invisible platform. Days 4–6 were reversal training, 
again with an invisible platform. On the 7th day, a probe trial was 
conducted with no escape platform. On day 8, 4 trails were conducted 
using the visible platform.

Running rat
During the test period, the rat was placed in a clean empty cage (no 
bedding). Paper towel was placed on the bottom of the cage to allow 
the mice to dry more quickly. This paper towel was replaced when it 
becomes completely wet. Rats were run in squads of 5–6 with 10 min 
between each trail for each animal.

Acquisition
During acquisition training, the water was adjusted approximately 
such that the platform was covered by 1 cm of water (visible platform). 
The platform was placed in the center of North West quadrant. Each 
animal received 4 trials of 60 s (max) per day. The starting positions 
of the animals were predetermined which prevent any sequence of 2 
trials to be repeated by the same animal during any other day. Possible 
start positions were at the boundaries of the quadrants. (e.g., west, 
north, east, or south.). Each rat was removed from its holding cage 
using a small, clean 500 ml plastic yogurt container to minimize 
handling stress. The animal was then placed into the water at the 
appropriate start position, facing the center of the pool. The mouse 
was then permitted to explore the pool and to search for the hidden 
escape platform for 60 s. When the animal located the platform, the 
timer was stopped, and the animal was removed using the plastic 
container and placed in the holding cage. If the animal did not find 
the platform during the allotted time, the animal was guided onto the 
platform using the plastic container. Once on the platform, the animals 
were permitted to visually explore their surroundings for 20 s at which 
point, the researcher picked up the rat in the plastic container and 
returned the animal to the appropriate holding cage. The next animal 
was then placed in the pool, and the same procedure was followed. 
Each animal was permitted 4 trails per day over 3 days, for 12 trails of 
acquisition training.

Reversal
Reversal training began on day 4. The visible platform was moved to the 
opposite quadrant (south-east quadrant), and rats were again assigned 
to appropriate start positions. The procedures as in acquisition training 
were again carried out during reversal training. Each animal was 
permitted 4 trails for day for 3 days for a total of 12 trails of reversal 
training. During acquisition and reversal training the following 
behaviors were measured. Such as
• Swim latency (time to find out and mount the escape platform),
• Swim distance,
• Average velocity
• Duration and frequency of Thigmotaxis behavior
• Swim path error and proximity to platform.

Probe trial
A probe trial was conducted on the day 7. At this time, there was no 
escape platform in the maze at all. Each animal completed one trail of 
60 s. Each rat was placed in the maze from one of the four possible start 
positions and allowed to explore the pool. During the probe trial, the 
following measures were recorded.
• Duration of time spent in each quadrant (north-east, south-east, 

north-west, and south-west).

Fig. 1: Apparatus and quadrant poles of morris water maze. High 
contrast visual cues should be used. Rodents cannot see color and 

do not have good visual acuity
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• The number of times the mouse crossed the location of the platform 
during acquisition training (annulus reversal crossing).

• The number of times the mouse crossed the location of the platform 
during acquisition training (annulus acquisition training).

Visible platform
The visible platform task was conducted on day 8. The visible platform 
was placed in the south-west quadrant of the pool. The same procedures 
as in acquisition and reversal training were carried out, and the animals 
were allowed to complete 4 trails.

Swimming error is measured as the inability of mouse to swim in a 
relatively direct path from the start position to the location of the 
hidden (absent) platform [26]. A correct score (assigned a value of 0) 
was obtained when the subject swam directly to the platform while 
remaining within a 9-cm corridor, extending from the start location 
to the platform. Any deviation from a direct swim path in a relatively 
straight line within the corridor resulted in an incorrect score (given a 
value of 1). The proximity measure with respect to the escape platform 
was calculated by sampling the position of the subject in the pool 
(5 times per second) to provide a good record of its distance from the 
escape platform in 1-s averages [27]. By this method, the proximity 
scores were obtained, which reflect search error (deviations from an 
optimal search).

DATA RECORDING

Manually
Search paths can be obtained by placing transparent plastic sheets 
over a television screen and tracking the movement of each rat with 
a marker. The distance traveled, and the diameter of the maze on the 
plastic transparencies (scales and plan wheel XL) can then be used to 
determine the distance traveled in the actual maze using the formula 
[(real maze diameter/transparent sheet diameter) × tracking distance]. 
With probe trials, transparent plastic sheets were placed on a television 
screen and lines were drawn on the maze (as seen on the T.V.), so as to 
divide it into four equal quadrants. The duration in each zone was then 
scored by playback of video recorded trails using hindsight computer 
software (MS-Dos 1.5).

Automated
Search paths, distance traveled, average velocity, proximity measures, 
and search error can be obtained using a video camera based tracking 
system and the water maze beta (Acti metrics, http://www.actimetrics.
com)software). The system tracks the movement of each animal 
throughout the trail and auto-calculates the measures of interest.

FACTOR ANALYSIS

Wolfer et al. (1998) found three factors which accounted for 81% 
of the observed variability in the scores of mice in the MWM task: 
Thigmotaxis (49%), passivity (19%), and memory (13%). Thigmotaxis 
is associated with swimming along the walls of the pool; while passivity 
means floating in the pool, with a slow swimming speed; and memory 
represents the time spent in the target quadrant during the probe trail 
[28] (Fig. 2).

DATA ANALYSIS

During the data analysis, the following parameters were measured. 
Such as
• Distance moved
• Mean velocity
• Time in each quadrant
• Percent time in each quadrant
• Escape velocity
• Thigmotaxis
• For each day and each mouse, average the 5 trials to give a single path 

length and escape latency for each test subject. Calculate the combined 
error appropriately. For day 6, simply collect the path length, escape 

latency, and time spent in the platform quadrant for each mouse
• If any differences exist between groups in day 1, it is likely a problem 

with vision rather than learning and memory. Only proceed with 
analysis if no differences are seen in day 1.

• Compare the learning curves for days 2–5 using statistics appropriate 
for your data set. A steeper curve represents faster task acquisition; 
a shallower curve represents a deficit in task acquisition. The data 
from day 2 to day 5 are analyzed using ANOVA

• For day 6, compare the percent of time spent in the previously 
learned platform quadrant, using statistics appropriate for your data 
set. A higher percentage of time spent in the platform quadrant is 
interpreted as a higher level of memory retention.

SOME COMMON CONFOUNDS IN THE WATER MAZE

• The treatment condition (drug, age, etc.) impairs the animals’ vision, 
search strategy, stamina, etc.

• The treatments alter the motivation to escape from the water.
• Behavioral despair or anxiety is induced
• Some animals have more effective or efficient search strategies
• Hypothermia may alter behavior differentially in different treatment 

groups.
• Motor coordination or stamina may be differentially affected in 

different treatment groups.
• Different groups of animals do not have the same baseline behavior 

(i.e., do not have the same final learning times, the same rate of 
learning, or the same performance during invisible platform trials)

• The variability within subjects is high often enough to lose all 
statistical power. Cohort to cohort variability is also high

• Water temperature can affect performance.

LIMITATIONS AND INTERPRETATIONAL DIFFICULTIES

Interpretation of results in MWM suffers drawbacks as the 
performance of subjects in the MWM can be significantly influenced 
and interfered by a variety of technical as well as procedural variables 
such as dimensions of the pool, the water temperature [28], strain and 
sex of rats [29], different schedule of training [30], task parameters 
[31], aging stress [32], prenatal nutritional status [33], postnatal 
nutritional status and hormonal status [34], day of oestrus cycle 
[35], body temperature [36], and home care environment [37]. The 
immersion of the animals into the water and the initial sensation of 
being trapped in it may cause considerable stress during the first 
stages of the test [38].

CRITICISM

The swim path analysis can be used to determine whether rats are 
developing a spatial strategy for learning the maze or are using non-
spatial strategies, such as circular swimming or Thigmotaxis. Analysis 
of swim speed may be necessary to control for locomotor differences 
between strains [39].

CONCLUSION

The MWM test has become one of the most frequently used research 
tool in various subfields of behavioral neuroscience. The test has 
the number of advantages and has been used in such an impressive 
variety of applications that it might also rank as one of the best 
assays for spatial learning and memory in laboratory rodents. The 
relative simplicity of the MWM task undoubtedly one of the reason 
for its continuing success, also the possibility to differentiate between 
the spatial (hidden-platform) and non-spatial (visible-platform) 
conditions of the task and the task can be altered in numerous ways to 
investigate working memory, reference memory and task strategy [40]. 
The robustiousness/simplicity and reliability make this paradigm 
as one of the “gold standards” of behavioral neuroscience. Although 
it may continue to be a useful research tool for many years to come, 
its disadvantages and limitations should be recognized as well, and 
researchers should continue to look for new and better alternatives.
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