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ABSTRACT - The present technical note introduces the X-PloRat, a software for the scoring of animal location, displacement,
and other behavioral properties, in enclosed spaces. The X-PloRat offers a variety of data reports and can be used for training
students in behavioral observation and in validating other kinds of scoring procedures.
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X-PloRat: Software para o Registro do Comportamento em Espacos Confinados

RESUMO - A presente nota técnica apresenta o X-PloRat, um software que permite o registro da localizagéio, deslocamento e
outras propriedades do comportamento animal em espagos confinados. O X-PloRat oferece uma grande variedade de relatorios e
pode ajudar no treinamento de estudantes em observagéo do comportamento e também na validagdo de outros tipos de registros.
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Behavior scoring is one of the most important procedures
in studies involving enclosed animals. Two broadly used
apparatuses for evaluating anxiety-like behaviors in rodents
are the round or rectangular open field (OF) and the elevated
plus maze (EPM; Handley & Mithani, 1984; Pawlak,
Karrenbauer, Schneider, & Ho, 2012; Walf & Frye, 2007; for
a review, see Carobrez & Bertoglio, 2005). Used by many
researchers for a variety of purposes, the EPM consists of a
platform with two arms surrounded by walls and two open
arms intersected perpendicularly at the center resulting in a
plus-shaped delimited space, which is elevated 50 cm from
the floor. Usually, the animal behavior is recorded with a
video camera and scoring is done afterwards by watching
the video and assigning categories for specific behaviors.
Such manual scoring requires considerable training before
achieving reliable results, besides being time and energy
consuming. Therefore, overcoming these hindrances would
be extremely helpful.

There are commercially available softwares that allow
automatic recording of behavior, some of which are
connected to special apparatuses. These, however, are usually
expensive and often depend on specific equipment. There
are also non-commercial softwares designed to assist in the
scoring of behaviors, one of which is the EPMscore (Patel,
Seasholtz, & Patel, 2006).

Another non-commercial software, the X-PloRat, was
developed in the laboratory of one of the present authors
(SM) to assist in OF and EPM scoring, and has been
distributed as freeware to fellow researchers in Brazil and
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abroad (X-PloRat, version 2005 1.1.0, available for download
at http://sites.ffclrp.usp.br/scotty/). The present technical
note aims at introducing the X-PloRat for the scientific
community.

The X-PloRat allows the user to virtually divide the
apparatus’ floor into as many squares (or rectangles) as
needed to meet research purposes, and to record both (1)
the displacements from one section to another and (2) the
occurrence of target behaviors, (e.g., vertical exploration,
head dipping, rearing, stretch-attend postures and grooming,
among others) in one or more specific sections. The timing
of these two types of events is also recorded, and the exact
moment of occurrence can be retrieved and entered in
spreadsheets for analysis.

In order to perform the scoring, the user first films a
session with a video camera placed above the center of the
apparatus. A grid designed in a transparent plastic sheet
is placed on the TV or monitor that will be used for video
playback. While playing the video, the EPM floor image on
the screen (in the perspective of the video camera) is observed
through the grid, designed according to the desired number
of squares. For example, in the EPM, the floor image can
be divided into five 10-cm squares per arm plus a central
square. The software exhibits a representation of the divided
maze according to the divisions in the transparent sheet. The
user then watches the video in a TV or monitor adjacent to
the computer monitor with the software, and records the
displacements from one square to another by pressing the
arrow keys indicating the direction of the displacement. The
square indicating the animal’s position turns red, contrasting
with the remaining white squares. In addition to the sequence
of displacements and location of the rat, the software also
allows the recording of any other kind of behavior that may



be of interest to the researcher. For this feature, the researcher
previously defines a behavior and designates an alphanumeric
key to it. At video playback, the behavior is recorded by
pressing the specified key to indicate the beginning of the
behavior and releasing the key to indicate the end of the
behavior.

After the scoring session, data reports may provide (1)
the frequency of entries into each square and (2) the time
spent in each square. In addition, it may also provide (3) the
frequency, (4) location and (5) time spent performing other
recorded behaviors. Other more sophisticated reports are also
available, such as a minute-by-minute or square-by-square
analyses, or even a combination of both.

Due to the good acceptance of the X-PloRat by many
Brazilian researchers (Curio et al., 2009; Filgueiras,
Carvalho-Netto, & Estanislau, 2014; Meneses, Lopes,
Velarde, & Boaventura, 2011; Rico, Penagos-Gil, Castafieda,
& Corredor, 2016; Serafim, Kishi, Canto-de-Souza, &
Mattioli, 2010, 2013; Soares, Melo, et al., 2013; Soares,
Oliveira, et al., 2013), it is vitally important to make
available a formal presentation of the software’s technical
characteristics.

Technical Characteristics

Experiment Setup

The X-PloRat software is a Windows™ application,
written in Object Pascal programming language and it runs
in almost any Windows version, and with Wine, in the Linux
system. It requires 2 MB of hard disk space and 64 MB of
RAM memory.

Before beginning to record the information, the
experimental conditions must be defined. The user has to
enter defining characteristics, such as the type and size of
the apparatus, session duration, etc., into the specific fields
of the software interface. Should the software be used to
analyze video recordings from settings outside labs (such
as classrooms or day care centers, clinical offices, sport
courts or even bigger animal quarters, like corrals), the
same procedures must be followed (i.e., placing a camera
high in the center of the setting, using a gridded transparent
screen on the TV monitor, etc.). The software comes with a
group of preprogrammed mazes, such as for the EPM and
the OF (see examples in Figure 1), with different number of
subdivisions. For the EPM, the software comes with three
different number of subdivision: 3, 5 and 6 by arm (Figure
1 A-C). For the OF there are two subdivisions by default: 16
and 36 (Figure 1 F-G).

The X-Plo-Rat also allows customizing the grid to
any square or rectangular area. For example, it is possible
to analyze sessions (or reanalyze the same session for
confirmation purposes, etc.) using two or three divisions in
each arm. Many researchers prefer to analyze this maze by
dividing the arms into two sections (instead of five): one
composed by the two squares in the extremities and another
composed by the remaining three squares next to the central
square.
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Figure 1. Default maze configurations of the X-PloRat. A-C, elevated
plus maze with each arm divided into 3 (A), 5 (B) and 6 sections (C).

D and E, elevated I mazes with each arm divided into 3 (D) and 5 (E)
sections. Finally, an open field divided into an area with 4 by 4 (F) and 6
by 6 (G) squares with 16 and 36 squares, respectively.

Once the experimental apparatus is defined, the next
step is to specify keys from the keyboard that will be
used to represent a specific behavior. X-PloRat allows the
configuration of any alphabetic key for recording a specific
behavior. Thus, it is possible to specify up to 26 different
behaviors by session. Also, it is possible to record nested
behaviors, which is when one behavior is followed by another
(while maintaining the first) and then returns to the first. For
instance, the animal might perform the behavior ‘head out’,
during which it performs the ‘head dipping’, then ‘head
dipping’ ends, and finally the ‘head out’ ends. The researcher
will press and hold the key assigned to ‘head out’, then press
and hold the key assigned to ‘head dipping’ for the duration
of this behavior, release it when ‘head dipping’ ends (all this
while holding the ‘head out’ key), and then release the ‘head
out’ key when the episode ends. Finally, the last step is to
define a start position, which is the spot the animal will be
placed in at the beginning of the session. In the case of the
EPM, this is also the spot in which the animal will be placed
if it falls out of the maze.

Recording

As mentioned above, the X-PloRat helps with the manual
recording of behaviors while watching the video of a session
and displacing the red mark from one square to the next by
pressing the arrow keys according to the direction of the
displacement (see a screenshot of the X-PloRat running an
EPM recording in Figure 2). Simultaneously, it is possible
to record other behaviors by pressing and holding previously
assigned keys for as long as a specific behavior lasts.
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Figure 2. Screenshot of the X-PloRat recording an EPM experiment.

Once the recording is finished, the software saves the data
in a text file into the Installation folder. This file contains the
recorded information in an intuitive table, which can be used
to generate various types of reports.

Analysis

The software’s analysis module allows the recorded
information to be retrieved, either grouped by square, by time
or both. The two main options available are Whole session
and Minute by minute, which, as the names imply, are related
to the duration of the session. In the Whole session option, a
report of all the events that occurred in the whole session is
generated. On the other hand, the Minute by minute option
generates reports informing the events that happened in each
minute of the session.

Under each of the above options, the software can produce
even more refined reports by choosing: Compact, Compact
by arm and By squares. The first two are reports specific for
the EPM. The Compact retrieval option aggregates the results
by open and closed arms. On the other hand, the Compact by
arm option aggregates the results by each of the four arms
(e.g., the west closed arm, the east closed arm, the north
open arm and the south open arm). Finally, the By square
option arranges the events of the whole session by each of
the squares into which the maze is divided.

All the above options arrange the results in a .txt file
format table which can be readily processed by a spreadsheet
software. The table contains the frequency and duration of
each behavior. The analysis options also allow entering data
of several animals in the same file, facilitating the transfer
into statistical software.

Further Improvements

Over the years, users have requested the feature that would
allow the visualization of the video with an overlapped image
“mask” of the grid, making the animal localization in each
square easier. Although this is not presently an out-of-the-
box feature, with the advent of more sophisticated operating
systems with more powerful compositing window managers
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(such as the Desktop Window Manager for Windows or
Compiz and Kwin for Linux), the implementation of this
feature could be possible. For the time being, there are a
series of different Windows applications that can be used to
change the opacity of the windows that could be used to add
a mask to the video image (see www.ghostwindows.com).
In some cases, especially when the EPM is used, it may be
necessary to rotate the image to fit with the overlapping mask.
To do this, we suggest the use of a video player that allows
a 360 degree rotation, such as the VLC, an open-source
cross-platform video player (http://www.videolan.org/vic/).

By combining software that controls the opacity/
transparency of windows with software able to rotate and play
avideo, it is possible to obtain the effect of superimposing the
X-PloRat grid to the video and record the behavior by moving
the red square over the actual image of the rat, improving the
accuracy of the records.

Another limiting aspect of the X-PloRat is the use of a grid
(perpendicular lines) to define the apparatus’ areas, making
its use impractical to record behaviors in circular OF or
radial mazes. However, the X-PloRat could be adapted to the
circular OF, which is mostly used in pharmacological studies,
if the round area is conceived as a square area in which the
animal is unable to explore the corners. In other words,
because the X-PloRat is a software for manual recording, it
may be adapted to other situations than those for which it was
planned. For instance, in a situation in which displacement
is not of interest, it is possible to define the whole area as
a unique square, and record the defined behaviors by using
the alphabetic keys.
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