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Gamification is a powerful technique for improving engagement and learning, which has been applied 
in many contexts, including education. In behavior analysis, a procedure that has also driven several 
applications in educational settings is Matching-to-Sample, especially in the context of the Stimulus 
Equivalence paradigm. Considering the potential benefits of the interaction between both fields, this 
study describes a gamified Matching-to-Sample (MTS) software called “Miner Troubles”. The 
program shares the same characteristics of the typical MTS, but it was adapted to provide a game-like 
experience, which was defined based on conventional gamification elements. The software serves as 
an example of a possible interaction between concepts from behavior analysis and gamification and 
discusses how it can be further developed and evaluated. 
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Games have become a significant part of many 
people's lives. In the United States, 65% of the 
population plays video games at least one hour a 
week, and globally, at least 87% of 16-24 years 
old population plays video games 
(Entertainment Software Association, 2023; We 
Are Social et al., 2023), leading some authors to 
refer to this generation as the “gamer 
generation” (Deterding, 2014). While research on 
game playing has often focused on the negative 
effects of game-play, such as game addiction, 
which can impact up to 15% of the youth 
population (Humayya et al., 2022; Karaca et al., 
2020), some studies have shown that playing 
video games can actually improve various 
cognitive skills, particularly when the games are 

based on learning principles and research 
evidence (Mayer et al., 2019). 

Considering the significant amount of time 
spent on games and their characteristic to 
capture attention, the utilization of game designs 
in non-game contexts – what has been known as 
gamification – has emerged as a potential path to 
engage people in various tasks (Deterding et al., 
2011). In line with this perspective, numerous 
studies have been conducted, with a particular 
focus on education (de Sousa Borges et al., 2014). 
For instance, a bibliometric survey of 
gamification research in education revealed a 
significant increase, from fewer than 50 papers 
before 2012 to over 500 papers in 2019, involving 
researchers from 100 different countries 
(Swacha, 2021). 

In addition to the quantity of published 
papers, several studies have examined the 
impact of gamification in applied contexts. A 
meta-analysis investigating the effects of 
gamification on learning found a positive effect 
on various outcomes, including cognition, 
performance, and engagement (Sailer & 
Homner, 2020). Furthermore, a literature review 
indicated that gamification applied to 
educational contexts can have a positive impact 
on academic performance and motivation 
(Manzano-León et al., 2021). 

Given the observed positive outcomes, the 
utilization of game-based procedures or 
gamification has been considered as a potential 
area for exploration, description, and integration 
within behavior analysis (Morford et al., 2014). 
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The authors propose that the intersection 
between behavior analysis and gamification can 
be mutually beneficial, expanding the toolkit 
available to behavior analysts for behavior 
interventions and fostering collaboration in 
explaining and exploring behavior analysis 
concepts for gamification researchers. 

This intersection has already begun in 
various research subjects, including: delay 
discounting (Young & Howatt, 2024; Young & 
McCoy, 2015), the use of common resources 
(Camargo & Haydu, 2016; de Oliveira et al., 
2023), healthcare interventions (Vaidya & 
Armshaw, 2021), increasing accuracy of data 
entry (Parry-Cruwys & MacDonald, 2021), do-
say correspondence (Alves et al., 2024),  reading 
and writing instruction (de Souza et al., 2017; de 
Souza et al., 2018; Nascimento et al., 2012; 
Tripiana-Barbosa & de Souza, 2015), 
mathematics instruction (de Souza et al., 2023), 
developing gamified interventions for children 
with autism (Silva et al., 2024), and procedures 
for human operant research (Helvey et al., 2023). 
However, there is scope for further 
development, considering the advancements 
made by both games/gamification and behavior 
analysis over the past decade. It is noteworthy 
that psychology researchers (including behavior 
analysts), have published relatively fewer papers 
on gamification compared to other fields such as 
Social Sciences, Engineering, and Medicine 
(Swacha, 2021). This is peculiar considering the 
use of psychological terminology and concepts 
by gamification researchers (Morford et al., 
2014). 

A procedure extensively used in behavioral 
research, particularly in educational 
applications, that can be readily adapted to a 
game format, is the Matching-to-Sample (MTS). 
While there is a wide range of manipulable 
variables in MTS (Arntzen, 2012), the core 
procedure always involves a series of discrete 
trials. Each trial begins with the presentation of a 
sample stimulus, followed by the presentation of 
two or more comparison stimuli, which are 
selected by the participant (by pointing to, 
touching, or clicking on the stimulus using a 
mouse). For each sample stimulus, one of the 
comparison stimuli is designated as correct, and 
its choice is reinforced. This establishes a 
relationship between each sample stimulus and 
its corresponding comparison stimulus. As an 
example, when a sample stimulus (e.g., A1) is 
presented with two comparison stimuli (e.g., B1 
and B2), choosing only one of the comparison 

stimulus (B1) results in reinforcement. But when 
another sample stimulus is presented (e.g., A2), 
choosing only the other comparison stimulus 
(B2) is reinforced. 

The MTS procedure has been used for a long 
time and in many contexts to establish identity 
matching and to train and test for different 
repertoires (Anderson & Colombo, 2022; Hively, 
1962). However, in behavior analysis, the MTS 
procedure is most associated with the paradigm 
of equivalence relations, as proposed by Sidman 
and Tailby (1982). According to Sidman, a 
conditional discrimination training procedure 
(as the MTS) is a contingency that might generate 
equivalence relations (Sidman, 2000). For 
example, when training AB and BC (two 
relations), the learner may correctly exhibit the 
relations BA, CB, AC, and CA (four novel 
relations) without the need for explicit training 
for each one individually (Pilgrim, 2020; Sidman, 
1994). This potential to faster teaching, by 
expanding the number of relations beyond the 
ones explicitly taught, has prompted numerous 
studies examining the applicability of the 
stimulus equivalence paradigm on different 
populations and with various subjects, what 
have originated what is referred to as 
Equivalence-Based Instruction (de Rose et al., 
1992; Fienup et al., 2011; Fienup & Brodsky, 2020; 
Matos & D’Oliveira, 1992; Pilgrim, 2019; see also 
Rocha e Silva & Ferster, 1966, for an example of 
using matching to sample to generate new 
relations before the equivalence paradigm had 
been formulated). 

Despite the substantial number of papers 
demonstrating the effectiveness of EBI (Brodsky 
& Fienup, 2018), few papers compared EBI with 
more traditional teaching procedures. As one 
example, Lovett et al (2011) compared the 
satisfaction levels of lecture videos and EBI using 
a social validity test. The participants rated the 
lecture video slightly higher than EBI when 
considering if they would prefer that type of 
instruction over traditional instructions, but 
there were no differences when considering all 
items of the social validity test. The authors 
discussed that the preference data indicated that 
participants equally preferred passive (lectures) 
and active (EBI) learning, and that EBI might be 
less preferable than a lecture video. Similar 
results were found in other experiments, 
although differences in the procedures and social 
validity tests difficult a proper comparison 
(Augland et al., 2020; Ferman et al., 2020). While 
the preference of EBI over other teaching 
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procedures is still a question that requires more 
experiments, none of the studies mentioned the 
hypothesis that EBI can be perceived as less 
appealing than traditional lectures, due to 
experimental tasks (including MTS trials) being 
described by participants as “simple and 
repetitive, and often described by the participant 
as boring or uninteresting” (Pilgrim, 1998, p.23).  

The gamification of the MTS procedure 
offers a potential avenue to test motivational 
aspects in experimental research and EBI, while 
preserving the key characteristics and 
effectiveness of the conventional procedure. But 
the initial step towards exploring this research 
agenda is the development of a gamified MTS 
software (e.g., de Souza et al., 2018). Therefore, 
the objective of this paper is to describe the 
software “Miner Troubles”, providing an 
example of the potential interaction between 
behavior analysis and gamification, and tracing 
future paths of research. The software program 
is presented based on the incorporation of 
gamification elements and it’s MTS 
characteristics.  

 

Development of a Gamified MTS (Miner 
Troubles) 

Equipment and software 

Miner Troubles was developed utilizing the 
UPBGE software (version 0.3 alpha), an open-
source game engine specifically designed for 3D 
games. The programming code was written in 
Python language (version 3.9.6), which is 
compatible with UPBGE. The variables and 
conditions within the game were manipulated 
using a Python script reader. The physical 
structure and design of the game were created 
using the UPBGE program. 

 

Story and Instructions 

The procedure begins by presenting the story of 
the main character, the participant's objectives, 
and providing general instructions on the screen: 

“Miner works in a mine and sells diamonds. 
One day, when he was digging, Miner fell into 
a hole and, when looked around, realized that 
he had fallen into Namdis tomb, famous for 
being an old maze. To get out of it, Miner needs 
to learn which doors he may or may not open. 
Your task is to help Miner to get out of the 

tomb and collect all the diamonds you can find. 
Your total number of diamonds is on the right-
upper corner of the screen. To pass each phase, 
you must open 12 correct doors consecutively 
(the total number is in the left-upper corner of 
the screen). Use the keyboard arrows to move 
Miner and the spacebar to open the selected 
door.” 

The software scenery was designed as a 
close, dark, and abandoned space to create an 
environment without distracting stimuli. The 
primary source of illumination in the game is 
Miner's lantern, which allows the participant to 
clearly see only one stimulus at a time (see Figure 
1d). The doors, walls, floor, and overall scenarios 
remain consistent across trials, with the only 
changes occurring in the abstract stimuli used for 
the training and testing procedures. The use of a 
single spot illumination, the repetition of the 
same scenery without variations and the place in 
which the game story takes place were 
intentional choices to help participants focus on 
the task of learning stimulus relations, rather 
than being distracted by irrelevant variables 
(such as door color and room shape).  

 

Experimental Task and Game Structure 
 

All training and testing trials take place within 
the same virtual space in the game, which 
consists of two rooms: The Sample Room and the 
Comparison Room, connected by corridors. At 
the start of the game, Miner is located in the 
Sample Room (the participant is unaware of the 
room names). The Sample Room contains a door 
with a single stimulus displayed on it (the 
sample stimulus; see Figure 1a). Upon opening 
the door, the participant must traverse the 
corridor between the Sample Room and the 
Comparison Room (the character is controlled 
using the keyboard arrows and the ‘space’ key to 
open the door). Therefore, the procedure is a 
Delayed Matching-to-Sample (DMTS; what 
means that the sample stimulus is removed from 
the screen when the comparison stimuli are 
presented) and the time it takes for the 
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participant to cross the corridor is approximately 
3.5 seconds1.  

In the Comparison Room, three doors are 
present, each displaying a different comparison 
stimulus (Figure 1d). The participant must 
choose one door to open, and only one door can 
be opened. During training trials, selecting the 
correct door leads Miner to a corridor containing 
a diamond (see Figure 1b). The participant can 
then proceed through this corridor, reaching an 
open door that grants access to the next Sample 
Room. If the participant chooses the door with a 
stimulus that is not related to the sample, the 
corridor has no diamonds, and Miner falls into a 
pit (see Figure 1c). After falling, the participant 
loses one diamond and the consecutive correct 

 

1 A new version of the software was developed, in 
which crossing from Sample Room to Comparison 

response counter is reset, so the participant 
needs to do 12 consecutive correct trials to end 
the block, independent of how many correct 
trials they had done before. After falling, Miner 
is taken back to the Sample Room (trials are 
presented randomly, so the trial following a 
correct or incorrect comparison stimulus 
selection vary).  

In testing blocks, no programmed 
differential consequences, such as diamonds or 
pits, are presented, and after selecting a 
comparison stimulus, Miner proceeds through 
the corridor to the next Sample Room. At the end 
of each training or testing block, Miner arrives at 
a resting room with a mining cart on a rail. In this 
room, the following instruction is presented: 

Room was automatized and it takes approximately 2.5 
seconds. 
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“This is a resting room if you need to pause. 
When you feel ready to continue, just press the 
spacebar close to the mining cart. Don’t close the 
game now or it won’t save”. 

The inclusion of the resting room provides 
participants with an opportunity to pause the 
game and attend to personal needs, such as 
drinking water or using the bathroom. Pausing 
the game during the training or testing blocks is 
not feasible as it could disrupt participant 
performance. Upon completing the entire 
procedure, Miner emerges from the tomb into a 
safe and open space, signaling the end of the 
game. It is important to note that the end of the 
procedure is independent of the participant's 
performance in the tests, ensuring that the game 
never ends with Miner being trapped in the 
tomb. 

During the training phases, the number of 
consecutive correct doors and the number of 
diamonds are displayed for the participant (see 
Figure 1d – upper corners). The first is associated 
with progressing to the next phase: one point is 
added for each correct selection, while an 
incorrect selection resets the value to 0. Once a 
specified number of consecutive correct 
responses (e.g., 12 correct consecutive trials) is 
achieved, Miner enters the resting room and 
proceeds to the next phase of the experiment. 
The selection of correct or incorrect doors also 
affects the number of diamonds, with each 
correct selection adding diamonds and each 
incorrect selection subtracting diamonds. 
However, the game continues even if the number 
of diamonds is down to zero (the number of 
diamonds is never lower than zero). During the 
testing phases, no diamonds are won or lost, and 
the participant does not have access to the 
number of correct doors or the number of 
diamonds. 

Other information that are recorded but not 
made available to the participant, are: block 
identifier, number of trials, correct or incorrect 
selections, the sample and comparison stimuli 
used in each trial, and the selected door. 
Additionally, the program has the capability to 

 

2 Different components were already changed and 
tested using Miner Troubles software. As an example, 
the instructions were eventually changed because the 
first instruction (the one described here) suggested that 
the participant could occasionally fail, in purpose, to 
maximize the number of diamonds they could earn 
(what actually happened for one participant in the first 
pilot study).  

record time intervals, including the time between 
trial start and Sample Door opening, the time 
between Sample Door opening and entering the 
Comparison Room, the time interval between 
entering the Comparison Room and selecting a 
comparison, and the total trial duration. These 
intervals correspond to the durations typically 
measured or controlled in MTS tasks, such as the 
visualization time for samples and comparisons, 
the delay time between sample withdrawal and 
presentation of comparisons, response latency 
for selection response, and the overall duration 
of the trial (these are the information initially 
planned to be recorded, but other information 
can also be recorded depending on the aim of the 
particular experiment). 

Therefore, as other MTS software, Miner 
Troubles characteristics can be manipulated 
depending on the user’s goals2. Different 
instructions can be presented, it is possible to 
manipulate the number and order of training 
and testing blocks, the stimuli used, the mastery 
criteria for the training blocks, number of trials, 
and other details, with simple modifications.  

And with some knowledge to use the UPBGE 
software and Python programming it is possible 
to change the character’s movement from 
keyboard keys to joystick (and even virtual 
reality headsets), to present a simultaneous 
rather than delayed MTS, or to present an 
auditory sample stimulus. Different 
manipulations can be done but are dependent on 
different levels of knowledge3 of the user about 
the software and about programming. And 
although this might seem discouraging initially, 
it only shows the need for collaboration when 
conducting this type of research. 
 
Gamification elements 
A taxonomy of gamification elements in 
educational environments was utilized to 
describe the characteristics considered when 
planning Miner Troubles (Toda, Klock, et al., 
2019; Toda, Oliveira, et al., 2019). These authors 
categorize various gamification components into 
five main dimensions: performance, ecological, 

3 With the use and further development of the software, 
some variables became easier to manipulate. And 
although a detailed discussion of the programming 
code and how to change different parameters of the 
software is beyond the scope of this paper, questions 
regarding parameters and software availability can be 
addressed to the corresponding author. 
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social, personal, and fictional. These dimensions 
group elements with distinct characteristics that 
may generate specific effects on the learning 
outcomes. 

The performance elements in Miner Troubles 
are directly linked to the consequences of 
participants’ behaviors within the procedure. 
These elements include points, progression, and 
stats. Points in the game correspond to the 
diamonds won or lost based on participants' 
performance and are considered a crucial 
gamification element (Toda, Oliveira, et al., 
2019). Progression refers to the number of correct 
consecutive trials and, also, the progress through 
different rooms and phases of the game (such as 
completing a training block, entering the resting 
room, moving to a testing block, etc.). Stats 
provide participants with feedback on their 
performance by displaying the points earned 
and the number of correct consecutive trials. 

Another significant game element in this 
procedure falls within the ecological category, 
known as imposed choice (Toda, Klock, et al., 
2019). Imposed choice occurs when participants 
must select a path in the game that leads to 
different consequences. The structure of the 
procedure compels an imposed choice in each 
trial since participants must choose only one of 
the comparison stimuli and cannot select more 
than one.  

The personal elements, related to engagement 
through the procedure, consist of objectives, 
sensations, and puzzle. Objectives provide a 
description of what should guide participants' 
behavior and are considered one of the most 
important game elements (Toda, Oliveira, et al., 
2019); sensations depict the game's ambiance, 
including visual and auditory stimuli; and 
puzzle is the challenges provided by the MTS 
task itself (figuring out why some relations lead 
to diamond and others not). In Miner Troubles 
these elements involve the combination of the 
instruction in the beginning of the procedure 
(“getting out of the tomb”) with the 
corresponding sensations presented during the 
game (the dark environment, the focused light of 
the lantern) and the challenge to discover which 
stimulus goes with which. 

The fictional element in Miner Troubles is the 
storytelling, which encompasses the integration 
of game features into a coherent and cohesive 
narrative that holds meaning for the participant. 
Storytelling has been found to contribute to 
better behavioral learning outcomes (Sailer & 

Homner, 2020). Some authors argue that better 
results are more likely to occur when learning is 
connected to the game's outcomes, such as the 
learning of conditional relations guiding the 
participant to help the character escape the maze 
(Clark et al., 2016). Social dimension, which 
involves interactions with other learners within 
the procedure, such as competition and 
cooperation contingencies, was the only category 
not included in this particular procedure. 

As discussed by other authors, certain 
elements described in the literature on 
gamification can also be interpreted using 
variables manipulated by behavior analysts 
(Morford et al., 2014). For instance, the focus on 
different consequences for behavior to stimulate 
learning outcomes, the establishment of rules 
that specify contingencies (referred to as 
objectives), and the effects of cooperation on 
behavior have all been explored in behavior 
analysis studies (de Carvalho et al., 2018, 2020; 
de Toledo et al., 2022; Harte et al., 2020; 
Zapparoli et al., 2021). However, the 
gamification literature may introduce new 
variables not commonly addressed by behavior 
analysts, such as the impact of storytelling and 
sensations on learning outcomes. 

Toda, Klock, et al (2019) used the dimensions 
described in their paper to describe gamified 
learning environments. And the same can be 
done with the dimensions interpreted using 
terminology of behavior analysis. Performance 
elements can be described as different 
conditioned reinforcers: points, progression and 
stats all change as consequences of the 
participant’s response, and are described by the 
authors as “feedback elements”. And although 
they are all consequences, this division help us 
pay attention to different types of feedback that 
might be presented.  

Fictional and personal elements can be 
interpreted as motivational operations, 
increasing the reinforcement value of the 
performance elements (Michael, 2000; Miguel, 
2013). But they can also be described as 
characteristics that give coherence to the 
procedure: the objective, storytelling and 
sensations must “make sense” as well as to be 
interesting and motivating (if Miner was an 
astronaut, the story wouldn’t make sense), and 
consequentially, be reinforcing for the 
participants (Bordieri et al., 2016). 

Although not present in Miner Troubles, the 
social element is broadly studied in behavior 
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analysis as the effect of different 
competition/cooperation contingencies in the 
behavior of individuals or groups (Azrin & 
Lindsley, 1956; Couto et al., 2023). And ecological 
elements are described as characteristics of the 
procedure that might influence participants’ 
behavior. That could be interpreted simply as the 
contingencies in which responding can occur 
(chance, imposed choice, rarity, time pressure), 
but their specific effects on behavior might not be 
well understood yet. Therefore, ecological 
elements could be interpreted as “setting 
conditions”, situational factors that affect 
behavior, but are not specifically described in a 
traditional three term contingency (Hayes & 
Fryling, 2023). 

 
 

DISCUSSION 
 

Miner Troubles was described based on its 
characteristics and gamification elements, but it 
can also be examined through the variables 
studied in the field of stimulus equivalence 
(Arntzen, 2012). For instance, the software 
utilizes a DMTS procedure, the criterion for 
completing a training block is based on the 
number of consecutive correct responses, the 
procedure involves three comparison stimuli, 
the program is divided into training and testing 
blocks, it allows for manipulations in the stimuli 
used, and in the training structure (linear, one-
to-many, many-to-one). Therefore, the software 
encompasses attributes from both the stimulus 
equivalence and gamification field. 

And although Miner Troubles is an 
innovative way to present an MTS procedure, 
this is not the first attempt to propose a new 
software for teaching and testing stimulus 
relations. The formation of equivalence classes 
has been accomplished using various 
procedures, including the go-no-go procedure 
(Debert et al., 2007), respondent type procedure 
(Leader et al., 1996; Ribeiro et al., 2020), IRAP 
procedure (Leech & Barnes-Holmes, 2020), MTS 
with paper sheets (de Rose et al., 1996), and 
computer applications and games (de Souza et 
al., 2017; Nascimento et al., 2012). These studies 
demonstrate that the process of learning 
relations between stimuli, particularly through a 
conditional discrimination procedure, is a 
powerful technology that can develop complex 
behavior. 

Creating the Miner Troubles software was an 
attempt to incorporate that vast behavioral 
technology and knowledge to gamification 
research. There are several studies that show 
how manipulation of different parameters can 
change equivalence class formation, such as 
training structure (Oliveira et al., 2021), delay to 
present comparison stimuli (Arntzen, 2006; 
Arntzen et al., 2018), and number of class 
members (Regaço et al., 2023; Zhi et al., 2023). But 
the development of the software also aimed to 
increase the number of variables that can be 
studied by behavior analysts, by incorporating 
what is known in gamification research.  

For example, studies on rule following that 
utilize conditional discrimination procedures (de 
Almeida et al., 2020; Harte et al., 2017, 2018; 
Schmidt et al., 2021), could benefit from the use 
of a gamified MTS approach, expanding the 
range of variables studied. A more complex 
software could allow for the manipulation of 
various characteristics, such as narrative 
elements, the inclusion of different characters 
and target audiences (with different 
characteristics, such as gender), the presence of 
multiple players, different consequences for 
behavior, among others. And, considering the 
advances that gamification research has made in 
enhancing learning environments (Sailer & 
Homner, 2020), studies on EBI can develop and 
test different gamified procedures to establish 
socially relevant behavior with better 
motivational operations elements. 

From the other perspective, behavior 
analysis can contribute with gamification 
research by providing procedures that can be 
used to test different gamification elements (such 
as the MTS); providing different ways to test and 
manipulate variables experimentally (as single 
subject designs); and developing a more 
comprehensive description of gamification 
elements better aligned with behavioral 
principles. The MTS procedure serves as an 
excellent example, as it is based in well-known 
behavioral principles (Sidman, 1994), and has 
been employed to assess the efficacy of several 
different variables in learning outcomes (e.g., 
Arntzen, 2012; Mizael et al., 2021). 

As examples, a central question that remains 
underexplored in gamification is how different 
game elements can impact performance and 
engagement (Dichev & Dicheva, 2017; Majuri et 
al., 2018; Ofosu-Ampong, 2020). In a literature 
review, it was found that over 60% of papers 
applied and tested at least three game elements, 
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but without controlling for the effect of each 
individual element (Dichev & Dicheva, 2017). 
Furthermore, most studies tend to focus on the 
combination of the same three elements (points, 
badges, and leaderboards) without examining 
other potential game elements such as progress, 
choice, and narrative (Majuri et al., 2018). The 
challenge of testing the effects of different game 
elements arises when there is a lack of traditional 
procedures to assess the impact of various 
gamification elements. Therefore, the creation of 
gamified behavior analytic procedures, such as 
Miner Troubles, not only allows for the 
experimental investigation of new variables by 
behavior analysis but can also help develop a 
better understanding of the behavioral outcomes 
of parametric manipulations in game design 
research. 

The procedure presented in this paper has 
been tested in a master's dissertation (Regaço, 
2021) and in some lab exercises within the 
undergraduate psychology program at 
Universidade Federal de São Carlos (Brazil). 
However, no comparisons were conducted 
between the conventional MTS procedure and 
the Miner Troubles software. This question 
should be addressed in future experiments to 
determine whether the inclusion of game design 
elements has an effect not only on learning but 
also on the evaluation of the procedure. But 
many other questions arise from the creation of a 
gamified software that can only be answered by 
experimental research. Miner Troubles is only 
one example of a collaboration between behavior 
analysis and game design research that, we hope, 
can foster more interdisciplinary and broader 
research agendas within behavior analysis 
(Killeen, 2018). 

 
 

REFERENCES 
 

Alves, C., Donadeli, J. M., & de Rose, J. C. (2024). Do–say 
correspondence in adults: Audience Ccontrol in a 
virtual game. The Psychological Record. 
https://doi.org/10.1007/s40732-024-00598-w  

Anderson, C., & Colombo, M. (2022). Matching-to-
Sample: Comparative overview. In Encyclopedia of 
Animal Cognition and Behavior (pp. 4097–4102). 
Springer International Publishing. 
https://doi.org/10.1007/978-3-319-55065-7_1708 

Arntzen, E. (2006). Delayed Matching to Sample: 
Probability of responding in accord with 
equivalence as a function of different delays. The 

Psychological Record, 56(1), 135–167. 
https://doi.org/10.1007/BF03395541 

Arntzen, E. (2012). Training and testing parameters in 
formation of stimulus equivalence: Methodological 
issues. European Journal of Behavior Analysis, 13(1), 
123–135. 
https://doi.org/10.1080/15021149.2012.11434412 

Arntzen, E., Nartey, R. K., & Fields, L. (2018). Graded 
delay, enhanced equivalence class formation, and 
meaning. The Psychological Record, 68(2), 123–140. 
https://doi.org/10.1007/S40732-018-0271-6 

Augland, H., Lian, T., & Arntzen, E. (2020). Comparing a 
student active learning format to equivalence-based 
instruction. European Journal of Behavior Analysis, 
21(2), 328–347. 
https://doi.org/10.1080/15021149.2020.1752513 

Azrin, N. H., & Lindsley, O. R. (1956). The reinforcement 
of cooperation between children. The Journal of 
Abnormal and Social Psychology, 52(1), 100–102. 
https://doi.org/10.1037/h0042490 

Bordieri, M. J., Kellum, K. K., Wilson, K. G., & Whiteman, 
K. C. (2016). Basic properties of coherence: Testing a 
core assumption of Relational Frame Theory. The 
Psychological Record, 66(1), 83–98. 
https://doi.org/10.1007/s40732-015-0154-z 

Brodsky, J., & Fienup, D. M. (2018). Sidman goes to 
college: A meta-analysis of equivalence-based 
instruction in higher education. Perspectives on 
Behavior Science, 41(1), 95–119. 
https://doi.org/10.1007/s40614-018-0150-0 

Camargo, J., & Haydu, V. B. (2016). Fostering the 
sustainable use of common-pool resources through 
behavioral interventions: An experimental 
approach. Behavior and Social Issues, 25(1), 61–76. 
https://doi.org/10.5210/bsi.v25i0.6328 

Clark, D. B., Tanner-Smith, E. E., & Killingsworth, S. S. 
(2016). Digital games, design, and learning. Review of 
Educational Research, 86(1), 79–122. 
https://doi.org/10.3102/0034654315582065 

Couto, K. C., Bahari, M., Stokken, A.-L., de Carvalho, L. 
C., & Sandaker, I. (2023). Experimental analysis of 
macrocontingencies and metacontingencies between 
group competition. Behavior and Social Issues, 32(2), 
360–375. https://doi.org/10.1007/s42822-023-
00135-4 

de Almeida, J. H., Cortez, M. D., & de Rose, J. C. (2020). 
The effects of monitoring on children’s rule-
following in a computerized procedure. The Analysis 
of Verbal Behavior, 36(2), 295–307. 
https://doi.org/10.1007/s40616-020-00130-5 

de Carvalho, L. C., dos Santos, L., Regaço, A., Barbosa, T. 
B., da Silva, R. F., de Souza, D. G., & Sandaker, I. 
(2018). Cooperative responding in rats maintained 
by fixed- and variable-ratio schedules. Journal of the 
Experimental Analysis of Behavior, 110(1), 105–126. 
https://doi.org/10.1002/jeab.457 



EXPERIMENTAL ANALYSIS OF HUMAN BEHAVIOR BULLETIN 2024, 35, 42-52 

 50 

de Carvalho, L. C., dos Santos, L., Regaço, A., Couto, K. 
C., de Souza, D. das G., & Todorov, J. C. (2020). 
Cooperative responding in rats: Performance on 
fixed-ratio schedules of mutual reinforcement. 
Journal of the Experimental Analysis of Behavior, 114(3), 
291–307. https://doi.org/10.1002/jeab.628 

de Oliveira, M. A., Couto, K. C., Sandaker, I., & de Rose, 
J. C. (2023). Avoiding the tragedy of the commons: 
Shaping children’s sustainable behavior in a digital 
game. The Psychological Record. 
https://doi.org/10.1007/s40732-023-00556-y 

de Rose, J. C., de Souza, D. G., & Hanna, E. S. (1996). 
Teaching reading and spelling: Exclusion and 
stimulus equivalence. Journal of Applied Behavior 
Analysis, 29(4), 451–469. 
https://doi.org/10.1901/jaba.1996.29-451 

de Rose, J. C., de Souza, D. G., Rossito, A. L., & de Rose, 
T. M. S. (1992). Stimulus equivalence and 
generalization in Reading after matching-to-sample 
by exclusion. In S. C. Hayes & L. J. Hayes (Eds.), 
Understanding verbal relations (pp. 69–82). Context 
Press. 

de Sousa Borges, S., Durelli, V. H., Reis, H. M., & Isotani, 
S. (2014). A systematic mapping on gamification 
applied to education. Proceedings of the 29th Annual 
ACM Symposium on Applied Computing, 216–222. 
https://doi.org/10.1145/2554850.2554956 

de Souza, G. N., Brito, Y. P. dos S., Tsutsumi, M. M. A., 
Marques, L. B., Goulart, P. R. K., Monteiro, D. C., & 
Santana, Á. L. de. (2018). The adventures of Amaru: 
Integrating learning tasks into a digital game for 
teaching children in early phases of literacy. Frontiers 
in Psychology, 9. 
https://doi.org/10.3389/fpsyg.2018.02531 

De Souza, G. N., Brito, Y. S., Lopes, D. F., Monteiro, D. C., 
Cardoso Da Silva, A., De Santana, A. L., & Assuncao, 
F. D. S. (2017). Engagement in digital games and web 
applications using adaptive matching-to-sample 
tasks in teaching reading. 2017 International 
Symposium on Computers in Education, SIIE 2017, 
2018-Janua, 1–6. 
https://doi.org/10.1109/SIIE.2017.8259666 

De Souza, S. R., Gris, G., Gamba, J., F. da Rocha, M. L., & 
Dos Santos Carmo, J. (2023). Adapted digital domino 
game: Teaching multiplication to children. CES 
Psicología, 16(2), 46–61. 
https://doi.org/10.21615/cesp.6473 

de Toledo, T. F. N., Benvenuti, M. F. L., Marques, N. S., & 
Glenn, S. S. (2022). Schedule performance as a 
baseline for the experimental analysis of coordinated 
behavior: Same or different units of analysis? The 
Psychological Record, 72(2), 185–195. 
https://doi.org/10.1007/s40732-022-00510-4 

Debert, P., Matos, M. A., & McIlvane, W. (2007). 
Conditional relations with compound abstract 
stimuli using a go/no-go procedure. Journal of the 
Experimental Analysis of Behavior, 87(1), 89–96. 
https://doi.org/10.1901/jeab.2007.46-05 

Deterding, S. (2014). The ambiguity of games: Histories 
and discourses of a gameful world. In S. P. Walz & 
S. Deterding (Eds.), The Gameful World: Approaches, 
Issues, Applications (pp. 23–64). The MIT Press. 

Deterding, S., Dixon, D., Khaled, R., & Nacke, L. (2011). 
From game design elements to gamefulness. 
Proceedings of the 15th International Academic 
MindTrek Conference: Envisioning Future Media 
Environments, 9–15. 
https://doi.org/10.1145/2181037.2181040 

Dichev, C., & Dicheva, D. (2017). Gamifying education: 
What is known, what is believed and what remains 
uncertain: a critical review. In International Journal of 
Educational Technology in Higher Education (Vol. 14, 
Issue 1). International Journal of Educational 
Technology in Higher Education. 
https://doi.org/10.1186/s41239-017-0042-5 

Entertainment Software Association. (2023). 2023 
Essential Facts About the U.S. Video Game Industry. 
Acessed 09 January 2024. 
https://www.theesa.com/2023-essential-facts/ 

Ferman, D. M., Reeve, K. F., Vladescu, J. C., Albright, L. 
K., Jennings, A. M., & Domanski, C. (2020). 
Comparing stimulus equivalence-based instruction 
to a video lecture to increase religious literacy in 
middle-school children. Behavior Analysis in Practice, 
13(2), 360–374. https://doi.org/10.1007/s40617-
019-00355-4 

Fienup, D. M., & Brodsky, J. (2020). Equivalence-based 
instruction: Designing instruction using stimulus 
equivalence. In M. Fryling, R. A. Rehfeldt, J. Tarbox, 
& L. J. Hayes (Eds.), Applied behavior analysis of 
language and cognition: Core concepts and principles for 
practitioners (1st ed., Vol. 1, pp. 157–173). Context 
Press. 

Fienup, D. M., Hamelin, J., Reyes-Giordano, K., & 
Falcomata, T. S. (2011). College-level instruction: 
Derived relations and programmed instruction. 
Journal of Applied Behavior Analysis, 44(2), 413–416. 
https://doi.org/10.1901/jaba.2011.44-413 

Harte, C., Barnes-Holmes, D., Barnes-Holmes, Y., & Kissi, 
A. (2020). The study of rule-governed behavior and 
derived stimulus relations: Bridging the gap. 
Perspectives on Behavior Science, 43(2), 361–385. 
https://doi.org/10.1007/s40614-020-00256-w 

Harte, C., Barnes-Holmes, D., Barnes-Holmes, Y., & 
McEnteggart, C. (2018). The impact of high versus 
low levels of derivation for mutually and 
combinatorially entailed relations on persistent rule-
following. Behavioural Processes, 157, 36–46. 
https://doi.org/10.1016/j.beproc.2018.08.005 

Harte, C., Barnes-Holmes, Y., Barnes-Holmes, D., & 
McEnteggart, C. (2017). Persistent rule-following in 
the face of reversed reinforcement contingencies: 
The differential impact of direct versus derived 
rules. Behavior Modification, 41(6), 743–763. 
https://doi.org/10.1177/0145445517715871 



ALCEU REGAÇO ET AL. 

 51 

Hayes, L. J., & Fryling, M. J. (2023). Interbehaviorism: A 
comprehensive guide to the foundations of Kantor’s theory 
and its applications for modern behavior analysis. New 
Harbinger Publications. 

Helvey, C. I., Gates, L., Rountree, P., & Cariveau, T. 
(2023). Gamified human operant research: A brief 
introduction to Minecraft education. Experimental 
Analysis of Human Behavior, 34(1), 1–8. 

Hively, W. (1962). Programming stimuli in matching to 
sample. Journal of the Experimental Analysis of 
Behavior, 5(3), 279–298. 
https://doi.org/10.1901/jeab.1962.5-279 

Humayya, A., Windarwati, H. D., & Winarni, I. (2022). 
Behavior therapy in those who are addicted to online 
games. Journal of Nursing Science Update (JNSU), 
10(1), 76–83. 
https://doi.org/10.21776/ub.jik.2022.010.01.10 

Karaca, S., Karakoc, A., Can Gurkan, O., Onan, N., & 
Unsal Barlas, G. (2020). Investigation of the online 
game addiction level, sociodemographic 
characteristics and social anxiety as risk factors for 
online game addiction in middle school students. 
Community Mental Health Journal, 56(5), 830–838. 
https://doi.org/10.1007/s10597-019-00544-z 

Killeen, P. R. (2018). The futures of experimental analysis 
of behavior. Behavior Analysis: Research and Practice, 
18(2), 124–133. https://doi.org/10.1037/bar0000100 

Leader, G., Barnes, D., & Smeets, P. M. (1996). 
Establishing equivalence relations using a 
respondent-type training procedure. The 
Psychological Record, 46(4), 685–706. 
https://doi.org/10.1007/BF03395192 

Leech, A., & Barnes-Holmes, D. (2020). Training and 
testing for a transformation of fear and avoidance 
functions via combinatorial entailment using the 
Implicit Relational Assessment Procedure (IRAP): 
Further exploratory analyses. Behavioural Processes, 
172, 104027. 
https://doi.org/10.1016/j.beproc.2019.104027 

Lovett, S., Rehfeldt, R. A., Garcia, Y., & Dunning, J. 
(2011). Comparison of a stimulus equivalence 
protocol and traditional lecture for teaching single-
subject designs. Journal of Applied Behavior Analysis, 
44(4), 819–833. 
https://doi.org/10.1901/jaba.2011.44-819 

Majuri, J., Koivisto, J., & Hamari, J. (2018). Gamification 
of education and learning: A review of empirical 
literature. Proceedings of the 2nd International 
GamiFIN Conference, GamiFIN 2018, 11–19. 

Manzano-León, A., Camacho-Lazarraga, P., Guerrero, M. 
A., Guerrero-Puerta, L., Aguilar-Parra, J. M., 
Trigueros, R., & Alias, A. (2021). Between level up 
and game over: A systematic literature review of 
gamification in education. Sustainability 
(Switzerland), 13(4), 1–14. 
https://doi.org/10.3390/su13042247 

Matos, M. A., & D’Oliveira, M. M. H. (1992). Equivalence 
relations and reading. In S. C. Hayes & L. J. Hayes 
(Eds.), Understanding verbal relations (pp. 83–94). 
Context Press. 

Mayer, R. E., Parong, J., & Bainbridge, K. (2019). Young 
adults learning executive function skills by playing 
focused video games. Cognitive Development, 49, 43–
50. https://doi.org/10.1016/j.cogdev.2018.11.002 

Michael, J. (2000). Implications and refinements of the 
establishing operation concept. Journal of Applied 
Behavior Analysis, 33(4), 401–410. 
https://doi.org/10.1901/jaba.2000.33-401 

Miguel, C. F. (2013). Jack Michael’s motivation. The 
Analysis of Verbal Behavior, 29(1), 3–11. 
https://doi.org/10.1007/BF03393119 

Mizael, T. M., de Almeida, J. H., Roche, B., & de Rose, J. 
C. (2021). Effectiveness of different training and 
testing parameters on the formation and 
maintenance of equivalence classes: Investigating 
prejudiced racial attitudes. The Psychological Record, 
71(2), 265–277. https://doi.org/10.1007/s40732-
020-00435-w 

Morford, Z. H., Witts, B. N., Killingsworth, K. J., & 
Alavosius, M. P. (2014). Gamification: The 
intersection between behavior analysis and game 
design technologies. Behavior Analyst, 37(1), 25–40. 
https://doi.org/10.1007/s40614-014-0006-1 

Nascimento, H. P. C. P. A., Marques, L. B., de Souza, D. 
G., Salgado, F. M., & Bessa, R. Q. (2012). A AIED 
game to help children with learning disabilities in 
literacy in the Portuguese language. SBC-Proceedings 
of SBGames. 

Ofosu-Ampong, K. (2020). The shift to gamification in 
education: A review on dominant issues. Journal of 
Educational Technology Systems, 49(1), 113–137. 
https://doi.org/10.1177/0047239520917629 

Oliveira, J. S. C. D., Freitas, L., Tomlinson, G. M., & 
Petursdottir, A. I. (2021). Translational evaluation of 
training structures in equivalence-based instruction. 
Journal of the Experimental Analysis of Behavior, 115(1), 
393–404. https://doi.org/10.1002/jeab.657 

Parry-Cruwys, D., & MacDonald, J. (2021). Using 
gamification to promote accurate data entry of 
practicum experience hours in graduate students. 
Behavior Analysis in Practice, 14(1), 1–10. 
https://doi.org/10.1007/s40617-020-00421-2 

Pilgrim, C. (1998). The human subject. In K. Lattal & M. 
Perone (Eds.), Handbook of research methods in human 
operant behavior (pp. 15–44). Plenum Press. 

Pilgrim, C. (2020). Equivalence-based instruction. In J. O. 
Cooper, T. E. Heron, & W. L. Heward (Eds.), Applied 
behavior analysis (3rd ed., pp. 442–496). Pearson. 

Regaço, A., Zapparoli, H. R., Aggio, N. M., Silveira, M. 
V., & Arntzen, E. (2023). Maintenance of stimulus 
equivalence classes: A bibliographic review. The 



EXPERIMENTAL ANALYSIS OF HUMAN BEHAVIOR BULLETIN 2024, 35, 42-52 

 52 

Psychological Record. 
https://doi.org/10.1007/s40732-023-00535-3 

Ribeiro, G. W., Kawasaki, H. N., Menzori, L. R. F., Amd, 
M., de Rose, J. C., & de Souza, D. G. (2020). Emergent 
reading via stimulus pairing with orientation 
response. The Psychological Record, 70(3), 397–410. 
https://doi.org/10.1007/s40732-020-00398-y 

Silva, L. R., Toda, A. M., Challco, G. C., Elias, N. C., 
Bittencourt, I. I., & Isotani, S. (2024). Effects of a 
collaborative gamification on learning and 
engagement of children with autism. Universal 
Access in the Information Society. 
https://doi.org/10.1007/s10209-024-01119-w 

Rocha e Silva, M. I., & Ferster, C. B. (1966). An experiment 
in teaching a second language. IRAL - International 
Review of Applied Linguistics in Language Teaching, 
4(1–4). https://doi.org/10.1515/iral.1966.4.1-4.85 

Sailer, M., & Homner, L. (2020). The gamification of 
learning: A meta-analysis. Educational Psychology 
Review, 32(1), 77–112. 
https://doi.org/10.1007/s10648-019-09498-w 

Sidman, M. (1994). Equivalence relations and behavior: A 
research story. Authors Cooperative. 

Sidman, M. (2000). Equivalence relations and the 
reinforcement contingency. Journal of the 
Experimental Analysis of Behavior, 74(1), 127–146. 
https://doi.org/10.1901/jeab.2000.74-127 

Sidman, M., & Tailby, W. (1982). Conditional 
discrimination vs. matching to sample: An 
expansion of the testing paradigm. Journal of the 
Experimental Analysis of Behavior, 37(1), 5–22. 
https://doi.org/10.1901/jeab.1982.37-5 

Swacha, J. (2021). State of research on gamification in 
education: A bibliometric survey. Education Sciences, 
11(2), 69. https://doi.org/10.3390/educsci11020069 

Toda, A. M., Klock, A. C. T., Oliveira, W., Palomino, P. T., 
Rodrigues, L., Shi, L., Bittencourt, I., Gasparini, I., 
Isotani, S., & Cristea, A. I. (2019). Analysing 
gamification elements in educational environments 
using an existing Gamification taxonomy. Smart 
Learning Environments, 6(1), 16. 
https://doi.org/10.1186/s40561-019-0106-1 

 

 

 

 

 

 

 

 

 

Toda, A. M., Oliveira, W., Klock, A. C., Palomino, P. T., 
Pimenta, M., Gasparini, I., Shi, L., Bittencourt, I., 
Isotani, S., & Cristea, A. I. (2019). A taxonomy of 
game elements for gamification in educational 
contexts: Proposal and evaluation. Proceedings - IEEE 
19th International Conference on Advanced Learning 
Technologies, ICALT 2019, 2161-377X(September), 
84–88. https://doi.org/10.1109/ICALT.2019.00028 

Tripiana-Barbosa, A., & de Souza, S. R. (2015). A board 
game for the teaching, reading, and writing to 
intellectually disabled people. Behavior Analysis: 
Research and Practice, 15(1), 90–106. 
https://doi.org/10.1037/h0101073 

Vaidya, M., & Armshaw, B. (2021). Surface 
electromyography and gamification: Translational 
research to advance physical rehabilitation. Journal 
of Applied Behavior Analysis, 54(4), 1608–1624. 
https://doi.org/10.1002/jaba.871 

We Are Social, DataReportal, & Meltwater. (2023). Share 
of internet users worldwide who play video games on any 
device as of 3rd quarter 2022, by age group and gender 
[Graph]. Statista. Accessed 09 January 2024. 
https://www.statista.com/statistics/326420/conso
le-gamers-gender/ 

Young, M. E., & Howatt, B. C. (2024). When smaller 
sooner depletes a pool of resources faster. 
Experimental Psychology, 70(4), 215–231. 
https://doi.org/10.1027/1618-3169/a000596 

Young, M. E., & McCoy, A. W. (2015). A delay 
discounting task produces a greater likelihood of 
waiting than a deferred gratification task. Journal of 
the Experimental Analysis of Behavior, 103(1), 180–195. 
https://doi.org/10.1002/jeab.119 

Zapparoli, H. R., Marin, R., & Harte, C. (2021). Rule-
governed behavior: An ongoing RFT-based operant 
analysis. Perspectivas em Análise do Comportamento. 
https://doi.org/10.18761/PAC.2021.v12.RFT.09 

Zhi, H., Fienup, D. M., Greer, R. D., & Henderson, S. S. 
(2023). A comparison of stimulus set sizes: 
Systematic replication with operant analysis 
acquisition criteria. Behavior Analysis in Practice, 
16(4), 1138–1150. https://doi.org/10.1007/s40617-
023-00793-1 

 


