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Matching-to-Sample (MTS) é um procedimento comumente utilizado em treinos e testes de discriminagdo condicional
em pesquisas sobre equivaléncia de estimulos. Considerando que o desenvolvimento de softwares intuitivos e
acessiveis desempenha um papel crucial na promog3o e avanco de pesquisas, e que hd uma lacuna na disponibilidade
de softwares gratuitos e atualizados de MTS, desenvolvemos o PyMTS, um software de codigo aberto desenvolvido na
linguagem Python. O PyMTS consiste em um arquivo executavel e pastas contendo estimulos e configuracGes de
blocos, e oferece uma interface de programacdo simples para planejar e implementar pesquisas que utilizam o
procedimento de MTS. Além disso, a disponibilidade do cédigo do software permite a modificacdo de varidveis
experimentais por pesquisadores com conhecimento em programacdo em linguagem Python. Esperamos que este
software incentive a realizacdo de novas pesquisas, facilitando o trabalho de futuros pesquisadores.
Palavras-chave: matching-to-sample, equivaléncia de estimulos, software, Python.

Matching-to-Sample (MTS) is commonly used in conditional discrimination training and testing. Considering that the
development of intuitive and accessible software tools plays a crucial role in promoting and advancing research and
that there is a gap in the availability of free and updated MTS software, we have developed PyMTS, an open-source
software developed in the Python language. PyMTS consists of an executable file and folders containing stimuli and
block configurations, and it offers a simple programming interface for planning and implementing research that
utilizes the MTS procedure. Additionally, the availability of the software's code allows for the modification of
experimental variables by individuals with knowledge of Python programming. We hope that this software will
encourage the conduct of new research, thereby facilitating the work of researchers.
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Matching-to-sample (MTS) is commonly used in behavior analysis and cognitive experiments (Anderson &
Colombo, 2022). The task typically involves presenting a sample stimulus. An observing response to the same stimulus,

such as clicking on it, is typically followed by the presentation of at least two comparison stimuli. Correct and incorrect
comparison stimulus selection results in the presentation of differential consequences. This sequence is called a “trial”
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and is repeated until a predetermined criterion is met. MTS has been used for a long time in cognitive research (Hively,
1962); however, in behavior analysis, MTS became of fundamental importance for stimulus equivalence research
(Sidman, 1994).

Sidman and Tailby (1982) argued that stimulus equivalence could be described based on the properties of
mathematical set theory. According to the authors, after teaching relations between stimuli (e.g., A — B, and B — (),
equivalence would be demonstrated if the learners responded in accordance with reflexivity (e.g.,A— A,B— B,and C
— C), symmetry (e.g., B— A, and C — B), and transitivity (e.g., A— C). Stimulus equivalence became one of the major
experimental accounts of language within behavior analysis (Clayton & Hayes, 1999), has generated a broader
understanding of symbolic meaning (see Sidman, 1994, for a full book treatment on stimulus equivalence), has been
extensively applied on the development of reading abilities (e.g., de Albuquerque & de Melo, 2023; Pilgrim, 2020), and
in education more generally (e.g., Brodsky & Fienup, 2018; Fienup & Brodsky, 2020).

In the first experiment on stimulus equivalence, Sidman and his colleagues used a MTS machine to teach
reading with comprehension to a teenage boy with developmental disabilities (Sidman, 1971).The machine was
composed of nine translucent windows arranged in a 3x3 matrix and disposed in a panel (Stoddard & Sidman, 1966).
Other researchers, without access to mechanical equipment, printed the stimuli used in the MTS procedure and glued
them onto sheets of paper (de Rose et al., 1996). Each page presented one trial and was placed in a plastic bag, inside a
binder. Two experimenters had to conduct the procedures using this equipment: one presented the trials and provided
feedback, and the other recorded responses. In this initial experiment, the apparatus, stimuli, and data registration
were analog, requiring several efforts to conduct the experiment and the data analysis.

With the advance of computing and the availability of personal computers, several software programs were
developed to automate the MTS procedure, such as Mestre (Goyos & Almeida, 1994), Matching to Sample Program
(Dube & Hiris, 1997), Match to Sample Program IIl (Wallace, 2003), and Contingéncia Programada (Hanna et al., 2014).
The creation of these programs was an important advance that facilitated planning and conducting the experiments:
the procedure and data registration became entirely automatic. Without the need for human interference during the
experiment and the data recording, research and application of the MTS could be done faster, easier, and without the
risk of human error. The creation of computerized software allowed, for example, the development of stimulus-
equivalence programs that have helped more than 3,000 children learn reading with comprehension (de Albuquerque
& de Melo, 2023; Pilgrim, 2020).

However, none of the cited programs were updated to recent programming languages and computer
development. A program that stands as an alternative and is broadly used in experimental psychology is PsychoPy
(Peirce et al., 2019; Peirce, 2007). This program has frequently been updated in the past years, has an open-source
programming code, and is free to use. However, it is a software designed for general psychological experiments and its
usability to MTS procedures depends on the experimenter’s programming skills. Additionally, due to the frequent
updates and its purpose for general psychology experiments, PsychoPy requires more computer performance to start
and run experimental programs and can encounter issues with different software versions (a PsychoPy file created in a
different version may not work depending on the program's version).

Therefore, although there are some available options, there is a lack of modern, flexible, and intuitive software
to facilitate the implementation of MTS procedures. Aiming to promote research using MTS procedures, we developed
the software PyMTS. It is an executable file (which means it does not need to be installed on the computer) and it is
programmed using the Python language, a common programming language that is easy to learn and use (Sanner, 1999).
In this paper, we describe some aspects and functionalities of PyMTS! and encourage researchers and students to use
it in experiments and applied contexts (e.g., clinical applications).

PyMTS Software Configurations

PyMTS is a MTS software for Windows computers, developed based on PsychoPy (Peirce et al., 2019; Peirce,
2007) and on other MTS software programs (Dube & Hiris, 1997; Wallace, 2003). The manipulation of the program
procedure can be divided into general configurations and trial configurations. General configurations consist of
variables such as screen color, intertrial interval, trial-block names, trial-block instructions, comp display (Delayed or

! The instructions for using PyMTS software are available as appendix in both English and Portuguese. If you want to
download a recent version of both the software and the instructions, visit PyMTS page on GitHub:
https://github.com/AlceuRegaco/PyMTS, or on ResearchGate:
https://www.researchgate.net/publication/373277794 PyMTS vs204.
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Simultaneous MTS), number of repetitions, start block, and mastery criterion (see “Configuring the experiment” in the
manual). The screen colorvariable represents the background color that will be presented throughout the experiment.
The intertrial intervalrefers to the time elapsed between the end of a trial and the start of a new trial. During this interval,
the screen will be filled with the background color. The trial-block names can be written as preferred, but it is advisable
to name the blocks based on what will be presented. For example, if the block involves training the relation of stimuli
Al and B1, and the relation of A2 and B2, a good name would be “AB training”. Trial-block instructions are the
presentation of any type of instructions before a block of training or testing (an instruction might be given before the
first test block stating that differential consequences will not be presented, as an example). The comp display refers to
the time elapsed between clicking on the sample stimulus and the presentation of the comparison stimuli. There are
two options for displaying the comparison stimuli: simultaneous and delayed. In Simultaneous MTS (SMTS), the sample
stimulus remains on the screen when the comparison stimuli are presented, and all stimuli are withdrawn after a
selection response. In Delayed MTS (DMTS), the sample stimulus is withdrawn (usually after an observing response,
such as clicking on the sample with the mouse) and comparison stimuli are displayed after a delay, during which the
screen is filled with the background color. The protocol and delay duration (for DMTS) can be specified for each block.
The number of repetitions is related to the maximum number of times each block will be presented if participant’s
responding does not reach the mastery criterion, which is specified for each block. If the maximum number of
repetitions is reached, a specified message to end the session is presented, and the program is completed. In this case,
after reviewing the data, the experimenter can decide whether the participant can continue the experiment. If the
experimenter decides that the participant can continue, the researcher can select the block in which the participant
must start again using the variable “start block.” This variable controls the start of the experiment, and changing it will
determine the first block presented to the participant.

The trial configurations are the variables related to the specificities of each block. PyMTS allows for the
manipulation of the following variables: sample stimuli (both visual or auditory), comparison stimuli, correct
comparison stimuli, consequences for correct comparison selection, consequences for incorrect comparison selection,
and duration of consequence presentation (see “Configuring the trial blocks” in the manual). Therefore, for each block,
all these variables can be specified for each trial. For example, it is possible to program a training block in which half of
the trials will train A1B1 and A2B2 relations, and the other half will train A1B2 and A2B1 relations? Alternatively, you can
program specific consequences for each class (A1B1 — Consequence 1 and A2B2 — Consequence 2).

The software saves the following information: experimenter’s name, participant’s name, date, total number of
trials, block name, total number of trials for each block, accuracy of each selection, cumulative number of correct
comparison stimulus selections (for each block presentation), sample stimulus presented, comparison stimuli
presented (in the order they were presented), the selected comparison stimulus, the time elapsed between seeing the
sample stimulus and clicking on it, the time between presentation of the comparison stimuli and selection of one of
them, and the total trial time (the times are presented in seconds). The file is saved in .CSV (comma-separated values)
format®.

Advances and Limitations

Considering previous versions of MTS software programs, PyMTS's main advances are its simplicity, the use of
a current broadly used programming language, and being an open-source software. PyMTS also offers great flexibility
in the number of variables that can be manipulated when planning stimulus equivalence research. For example, it is
possible to manipulate the training protocols, training structures, the number of classes, the number of stimuli, the
order of presentation of training and testing blocks, the type of stimuli used, and the mastery criteria (Arntzen, 2012).
However, its usefulness goes beyond stimulus equivalence basic research: the software can be used in applied identity
matching, to fastly program teaching procedures of college-level courses (Fienup & Brodsky, 2020), to program a
multiple exemplar training procedure, and it can be adapted to rule-governed behavior procedures with different
contingencies for winning or losing points*.

2This is just an example to show the flexibility of the program. Don’t do this unless you have a very specific experimental
objective. For most purposes, it is important that to keep the trained relations constant.

% The data saved from one test of the software are available in the annex. In this particular data set, the criteria to finish
the training blocks was the consecutive number of correct responses (12 consecutive correct trials), as an example of a
different application.

* A version of PyMTS with this feature was already developed and is available in PyMTS GitHub page.
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PyMTS is an open-source software, which means the script can be downloaded and it is free to be used and
changed, so that other scientists working with MTS procedures can contribute and help to further develop and modify
the software. We invite researchers to read the manual, download the software, and test its functionality and the
variables that can be manipulated. The development of good and stable software often relies on the use and feedback
from the community. We hope that this software can serve as a starting point for improved communication regarding
technological advancements and software development among behavior analytic researchers..
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