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Abstract

The quality of mathematics education in Brazilian schools has generated discussions
about procedures and professional training. Teaching mathematics through conditional
discrimination can be organized into a network of stimulus relationships, among which
a set of tasks can be taught directly and others evaluated without direct instruction.
The objective was to analyze the effect of a procedure composed of baseline and
teaching by differential consequence, using conditional discrimination of mathematical
concepts (greater/lesser, much/little, equal/different) and number-quantity

relationships. Four students aged six to 15 years with autism spectrum disorder (ASD)
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participated in the research, two of whom had intellectual disabilities (ID), enrolled in
the regular education system, who presented performance equal to or less than 61%
correct answers on the Protocol for Recording and Evaluating Mathematical Skills
(PRAHM). The teaching procedure was organized in two stages. In the first, the teaching
sequence was composed of three groups: equal/different, greater/lesser, much/little.
The second stage consisted of numerical stimuli and their respective quantities. An
individual design scheme with multiple probes was carried out among the stimulus
groups to evaluate the results. The assessment of entry repertoire shows that the four
participants replicated the pedagogical gap in relation to basic knowledge, considering
the school year. The behaviors that showed the highest number of correct answers were
counting and numerical sequencing. It is concluded that the procedure planned through
the teaching of conditional discriminations favored the acquisition of pre-mathematical
behaviors.

Keywords: Intellectual disability, Special education, Stimulus equivalence,

Mathematics, Autism spectrum disorder.

Resumen

La calidad de la ensefianza de las matematicas en las escuelas brasilefias ha generado
debates sobre procedimientos y formacion profesional. La ensefianza de las
matematicas mediante discriminacion condicional puede organizarse en una red de
relaciones de estimulos, entre las cuales un conjunto de tareas puede ensefarse
directamente y otras evaluarse sin instruccion directa. El objetivo fue analizar el efecto
de un procedimiento compuesto por linea base y ensefianza por consecuencia
diferencial, utilizando discriminacién condicional de conceptos matematicos
(mayor/menor, mucho/poco, igual/diferente) y relaciones numero-cantidad. Cuatro
estudiantes de entre seis y quince afios con Trastorno del Espectro Autista (TEA)
participaron en la investigacion, dos de ellos con discapacidad intelectual (DI),
matriculados en el sistema de educacién regular, que presentaron un rendimiento igual
o inferior al 61% de respuestas correctas en el Protocolo para el Registro y la Evaluacion
de Habilidades Matematicas (PRAHM). El procedimiento de ensefanza se organizé en
dos etapas. En la primera, la secuencia de ensefianza se compuso de tres grupos:
igual/diferente, mayor/menor, mucho/poco. La segunda etapa consistido en estimulos
numeéricos y sus respectivas cantidades. Se llevé a cabo un esquema de disefio
individual con multiples sondas entre los grupos de estimulos para evaluar los

resultados. La evaluacion del repertorio de entrada muestra que los cuatro participantes
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replicaron la brecha pedagdgica en relacién con el conocimiento basico, considerando
el aflo escolar. Las conductas que presentaron el mayor nimero de respuestas correctas
fueron el conteo y la secuenciacidn numérica. Se concluye que el procedimiento
planificado mediante la enseflanza de discriminaciones condicionales favorecié la
adquisicidon de conductas prematematicas.

Palabras clave: Discapacidad intelectual, Educacion especial, Equivalencia de

estimulos, Matematicas, Trastorno del espectro autista.

Résumé

La qualité de I'enseignement des mathématiques dans les écoles brésiliennes a suscité
des débats sur les méthodes pédagogiques et la formation des enseignants.
L'enseignement des mathématiques par discrimination conditionnelle peut étre
organisé en un réseau de relations entre stimuli, au sein duquel certaines taches
peuvent étre enseignées directement et d'autres évaluées sans instruction directe.
L'objectif de cette étude était d'analyser I'effet d'une procédure composée d'une phase
de référence et d'un enseignement p-ar conséquence différentielle, utilisant la
discrimination conditionnelle de concepts mathématiques (plus grand/plus petit,
beaucoup/peu, égal/différent) et de relations entre nombres et quantités. Quatre éleves
agés de six a quinze ans présentant un Trouble du Spectre de L'autisme (TSA), dont
deux avec une déficience intellectuelle, scolarisés dans le systeme d'enseignement
ordinaire, ont participé a la recherche. Leurs performances au Protocole
d'enregistrement et d'évaluation des compétences mathématiques (PRAHM) étaient
inférieures ou égales a 61 %. La procédure d'enseignement était organisée en deux
étapes. La premiere séquence pédagogique était composée de trois groupes :
égal/différent, plus grand/plus petit, beaucoup/peu. La seconde étape consistait en des
stimuli numériques et leurs quantités respectives. Un dispositif expérimental
individualisé, comprenant plusieurs sondages, a été mis en ceuvre aupres des groupes
de stimuli afin d'évaluer les résultats. L'analyse du répertoire initial montre que les
quatre participants ont reproduit le déficit pédagogique lié aux connaissances de base,
compte tenu de leur niveau scolaire. Les comportements ayant obtenu le plus grand
nombre de réponses correctes étaient le dénombrement et le séquencage numérique.
On en conclut que la procédure planifiée, basée sur I'enseignement des discriminations
conditionnelles, a favorisé I'acquisition des comportements pré-mathématiques.
Mots-clés : Déficience intellectuelle, Education spécialisée, Equivalence des

stimuli, Mathématiques, Troubles du spectre autistique.
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Resumo

A gualidade do ensino de matematica nas escolas brasileiras tem gerado discussoes
acerca de procedimentos e formacdo profissional. O ensino da matematica por meio de
discriminacgdes condicionais pode ser organizado em uma rede de relagdes de estimulos,
dentre o0s quais se pode ensinar diretamente um conjunto de tarefas e avaliar outras,
sem ensino direto. O objetivo foi analisar o efeito de um procedimento composto por
linha de base e ensino por consequéncia diferencial, com uso de discriminagao
condicional de conceitos matematicos (maior/menor, muito/pouco, igual/diferente) e
relacao numero-quantidade. Participaram da pesquisa quatro estudantes de seis até 15
anos com transtorno do espectro autista (TEA), sendo dois com deficiéncia intelectual
(DI), matriculados na rede regular de ensino, que apresentaram desempenho igual ou
inferior a 61% de acertos no Protocolo de Registro e Avaliacao das Habilidades
Matematicas (PRAHM). O procedimento de ensino foi organizado em duas etapas. Na
primeira, a sequéncia do ensino foi composta por trés grupos: igual/diferente,
maior/menor, muito/pouco. A segunda etapa foi composta pelos estimulos numéricos
e respectivas quantidades. Foi realizado um esquema de delineamento individual com
multiplas sondagens entre os grupos de estimulos, para avaliacdo dos resultados. A
avaliacao de repertério de entrada mostra que os quatro participantes replicaram a
defasagem pedagdgica, em relacdo aos conhecimentos basicos, considerando o ano
escolar. Os comportamentos que apresentaram maior nimero de acertos foram a
contagem e a sequéncia numérica. Conclui-se que o procedimento planejado por meio
do ensino de discriminagdes condicionais favoreceu a aquisicao de comportamentos
pré-matematicos.

Palavras-chave: Deficiéncia intelectual, Educacdo especial, Equivaléncia de

estimulos, Matematica, Transtorno do espectro do autismo.
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Effect of a computerized pre-mathematical teaching program with autistic
children and (pre)adolescents with and without intellectual disabilities

Introduction

Autism Spectrum Disorder (ASD) and Intellectual Disability (ID) are classified as
neurodevelopmental disorders, according to the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5)*4 (APA, 2013). The characteristics that define the diagnostic
criteria for ASD are based on clinical criteria and involve qualitative impairment in social
interactions and communication, as well as restricted and repetitive interests and
activities.

The idiosyncratic development triggered by ASD causes specific changes in the
sequence and quality of development, making it difficult to establish effective
educational interventions, according to the Ministry of Health (Brazil, 2014). ID is a
slower development, which causes long-term difficulties for the individual and may
impair their participation in society on equal terms with other people, according to the
DSM-5 (APA, 2013).

According to the Brazilian National Policy on Special Education from the
Perspective of Inclusive Education (PNEE-EI), ASD is considered a target group for
special education (PAEE) (Brasil, 2008). This means that these students are entitled to
specialized educational services (Brasil, 2008). Resolution No. 2 of 2001, which
established the Brazilian national guidelines for special education in basic education
(Brasil, 2001), explains in its article 8 that common classes must involve trained and
specialized teachers in public and private schools in the common education system. In
ASD, it is common to identify the condition of Intellectual Disability (ID), especially in
children who have not undergone early intervention.

The Programme for International Student Assessment (PISA) is an assessment
carried out every three years by the Organization for Economic Cooperation and
Development (OECD), which aims to carry out an international comparative study. The
results of the assessment allow participating countries to evaluate the knowledge and
skills of their students. The content assessed includes reading, mathematics and
science, with some areas being called innovative, such as problem-solving, financial

literacy and global competence. Due to the COVID-19 pandemic, the countries

4 The DSM-5 is a reference manual, in its 5th edition, developed by the American Psychiatric Association.
It defines and systematizes operational categories for disorders based on observable symptomatological
patterns, with the aim of increasing diagnostic reliability, standardization of clinical communication and
comparability in empirical research.
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participating in the assessment decided to postpone the application from 2021 to 2022
and from 2024 to 2025. In 2022, the main knowledge domain assessed was
mathematics, and its matrix was launched at the University of Oxford. The results show
that Brazil, in the field of mathematics, has an average below that expected (472) by
the OECD, scoring only 379, which put the country between 62nd and 69th place.

Of the 15-year-old Brazilian students who took the test in 2022, 73% performed
below level 2, considered by the OECD to be the minimum standard for young people
to exercise citizenship. Only 1% of participants reached a high performance level in
Mathematics, according to the Brazilian National Institute for Educational Studies and
Research Anisio Teixeira (INEP, 2023).

Understanding that the process of school inclusion involves teaching conditions
for social behaviors, as well as pedagogical ones (e.g. Benitez et al. 2019; Takinaga,
2015), questions have been raised about the process of teaching and learning school
content involving students with ASD (e.g. Garcia et al. 2017; Picharillo, 2020; Takinaga,
2015; Takinaga & Maringue, 2018), especially in relation to basic behaviors, such as
literacy and mathematics (Takinaga, 2015). In Brazil, mathematics is considered
challenging for any student (Branker et al. 2013), regardless of their condition, such as
disability or disorder. Around 67.5% of students up to the age of 10 have some difficulty
in mathematics (Cruz et al. 2012).

As well as considering the specific characteristics of each student, it is essential
to propose teaching procedures that target individual repertoires. Regardless of the
difficulties they are encountering during the acquisition of a given repertoire, any
student can learn if they are given the right teaching conditions, according to the
perspective of Behavior Analysis proposed by de Rose (2005).

It is recommended to use teaching procedures that take into account the
individual pace of learning, since promising learning contingencies for some students
may not be so promising for others, depending on their individual learning history. The
situation of school failure is understood as failures in the teaching procedure and not
the intrinsic characteristics of the student, regardless of the diagnostic label they
present. For de Rose (2005) and Keller (1968), the teacher needs to pay attention to:
proposing teaching objectives, selecting content, planning activities that achieve these
objectives and arranging contingencies to promote each repertoire.

When creating a basic program for teaching mathematical concepts and skills,
according to Carmo (2012) one should identify the concepts and skills that the student

has already acquired, develop small teaching units (simple repertoire to be taught),
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gradually increase the learning requirements, establish situations of observation and
imitation of models and manipulation of materials, provide situations in which the
concepts and skills learned can be connected and ensure generalization to everyday
situations. Carmo (2012) proposed a curriculum sequence for teaching mathematical
concepts and skills, involving the following teaching units: pre-arithmetic skills
(bigger/smaller, more/less, big/small, first/last, before/after, beginning/middle/end,
near/far, discrimination of numerals from 1 to 10, quantities of objects from 1 to 10,
conservation of discrete quantities and continuous quantities, numeral-quantity
equivalence and quantity-quantity equivalence); concept of number; production of
numerical sequences; production of sets and subsets; counting; approximate
estimates; addition and subtraction, and finally multiplication and division.

Research in Behavior Analysis involving the teaching of mathematics based on
stimulus equivalence has been documented with students with varied repertoires. For
example, Dalto and Haydu (2015) proposed the teaching of functions for elementary
school students; Santos (2009) and Tulon (2008) proposed the teaching of fractions for
elementary school deaf and hearing students, according to Elias and Angelotti (2016);
Escobal et al. (2010) proposed the concept of number for students with intellectual
disabilities in elementary school and with Down syndrome, according to Prado and de
Rose (1999), among others. Specifically related to ASD using the stimulus equivalence
paradigm in mathematical skills, a literature review conducted by Garcia et al. (2015)
identified a lack of studies involving students with ASD. Currently, studies by Garcia et
al. (2017) and Picharillo (2020) have been identified.

Haydu (2003) points out that stimulus equivalence is defined as the emergent
relational response that has the properties of reflexivity, symmetry and transitivity. In
order to recognize that the relationship between arbitrary stimuli influences behavior,
a comparison stimulus must be consistently selected in relation to a model stimulus
that belongs to the same category of potential stimuli. Furthermore, this comparison
stimulus should not be chosen when there are model stimuli belonging to different
categories.

A procedure commonly used in research by Garcia et al. (2017); Picharillo (2020);
Sidman (1971) and Sidman and Tailby (1982) refers to pairing with the model. It
consists of teaching relationships between stimuli, based on conditional discriminations,
with differential consequences. The formation of equivalence classes implies the
emergence of new relations, not directly taught. To do this, it is necessary to

simultaneously verify the algebraic properties of symmetry (if X=Y, then Y=X),
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transitivity (if X=Y and Y=Z, then X=2Z) and reflexivity (X=X), according to Sidman
(1971) and Sidman and Tailby (1982).

Considering the challenges related to mathematical learning identified in previous
studies with students with ASD and/or ID, (e.g. Garcia et al., 2017; Moura et al., in
press, Picharillo and Postalli, 2021), together with the empirical potential of stimulus
equivalence for planning mathematical teaching procedures described by Garcia et al.
(2017); Picharillo and Postalli (2021) and Rossit and Goyos (2009), the question arises:
What is the learning effect on autistic students with and without intellectual disabilities
of a teaching procedure using conditional discrimination and stimulus equivalence?
Based on this, the aim of this study was to analyze the effect of a procedure consisting
of a baseline and teaching by differential consequence, using conditional discrimination
of mathematical concepts (bigger/smaller, much/little, same/different) and the
number-quantity relationship, with one child and three (pre)adolescents with ASD with
and without ID.

Methodology

In accordance with Resolution 466/12 of the Brazilian National Health Council,
the project was submitted to the Ethics Committee for Research with Human Beings of
the Federal University of Sdo Carlos (UFSCar), with the aim of ethical and academic
validation and preserving the participants from any risks. In addition, it is important to
emphasize the importance of protecting the identity of the participants, maintaining
their anonymity, and that the information obtained was used exclusively for the
purposes of scientific dissemination. Also, as a measure to guarantee the rights of the
participants, the Termos de Assentimento Livre Esclarecido (TALE) [Informed Assent
Forms] was read out to the students, guaranteeing that they could withdraw from taking
part without prejudice to them, and the Termos de Consentimento Livre e Esclarecido
(TCLE) [Informed Consent Forms] was given to the adults responsible for the students
with ASD and/or ID. All the participants and their respective guardians signed the
documents (TALE and TCLE) confirming their agreement to take part in the research.
CAAE opinion number 6.745.076 (76920124.2.0000.5504) approved the research.>

> The opinion can be accessed through the website https://plataformabrasil.saude.gov.br/login.jsf.
Access through the “Confirmar Aprovacgao pelo CAAE ou Parecer” [Confirm Approval by CAAE or Opinion]
panel and fill in the data provided in the text.
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The material used to select the participants was the Protocol for Recording and
Assessing Mathematical Skills - PRAHM (Costa et al. 2017)¢, in its computerized version,
whose purpose is to assess basic mathematical concepts and skills and which consists
of 34 trials, including seven counting trials, three sequence production trials, twenty-
one pre-arithmetic trials, and three geometric shape identification trials.

This study involved four autistic students aged between six and fifteen with and
without intellectual disabilities who performed at or below 61% (equal to or lower than
23 out of 38 attempts) on the PRAHM (Costa et al. 2017), since the protocol is not
complex and assesses basic math concepts. Table 1 provides information about the

participants.
Table 1

Information about the participants.

Participant Age’ Diagnosis Sex Social School Clinical Pre-test scores
Classification® Year Time?®

P1 11 ASDand M B2 60 88 M 61%
ID

P2 15 ASD F Bl 80 23 M 61%

P3 06 ASD M Bl 10 23 M 42%

P4 10 ASDand M Bl 50 29 M 58%
ID

The participants were selected and the data collected at an intensive behavioral
intervention clinic? , located in a medium-sized town in the interior of the state of Sao
Paulo. The students had been attending this clinic for at least 23 months and had access
to computerized resources as reinforcers (e.g. watching videos). However, they had no

contact with the type of task designed to teach pre-mathematical concepts.

6 The original version of the PRAHM consists of 34 trials: 7 counting trials, 3 sequence production trials,
21 pre-arithmetic trials and 3 geometric shape identification trials.

7 Considering up to June 2024.

8 For social classification, the Brazil criterion was used.

° Considering up to June 2024.

10 A specialized environment that offers therapies aimed at promoting the development of skills and the
reduction of interfering behaviours, using the framework of Applied Behaviour Analysis (ABA).
Interventions are carried out between 20 and 40 hours a week by a multidisciplinary team, depending
on the student’s needs.
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The clinic where the data was collected had a room equipped with a table, chairs,
a computer and good lighting and ventilation. The furniture in the rooms ensured
ergonomic positioning for carrying out the proposed tasks. Data collection took place in
applicator-participant dyads, with the applicator ensuring that the participant
understood the task instructions and recording the participant’s performance in specific
protocols.

To develop the computerized activities, we used the Computerized Individualized
Teaching Manager - GEIC (Capobianco et al. 2013), which consists of a virtual system
in the Java language. The software makes it possible to program, apply and consult
data on how the activities were carried out remotely, as well as generating reports
saved in DLP (notepad) or XLS (Excel) files, as developed by Capobianco el al. (2013).
With the tool, it is possible to program the presentation of visual stimuli (images,
words), sound stimuli (audio recorded in MP3 format) and the consequences for the
students’ performance, with gifs appearing for correct answers and no consequences
for errors.

Table 2 shows information about the administrators of the procedure. All the
applicators were part of the clinic’'s technical team and were supervised by a
professional (A4) with extensive experience in programming and applying activities via
GEIC (Capobianco et al. 2013). The variable of applicators does not seem to have a
significant influence, given that this is a computerized program; however, care was
taken to ensure that all applicators understood the teaching or assessment objectives
of each task, as well as paying attention to the correct recording commands and types
of feedback allowed at each stage of the research.

Table 2

Information about the applicators.

Applicato  Participant Education Time working Time

r with ASD since
graduati

on

Al P2 Physiotherapy 10 years 18 years
A2 P1, P4 Psychology 2 years 5 years
A3 P1, P2,P3,P4 Pedagogy 7 years 25 years
A411 P1, P2,P3,P4 Occupational 8 years 18 years

11 PhD in Special Education, member of the technical team at the clinic where the procedure was carried
out and supervisor of its application.
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Therapist

A5 P3 Pedagogy 4 years 10 years

A6 P4 Psychology 2 years 2 years

The study included students with ASD with and without ID who were enrolled in
the regular school system, knew how to differentiate between numbers and letters, had
a performance equal to or less than 61% (equal to or less than 23 out of 38 attempts)
of correct answers in the PRAHM (Costa et al. 2017) and whose parents/guardians
accepted the child’s participation.

The independent variable involved the application of the procedure (assessment
and teaching). The dependent variable involved performance based on an analysis of
the number of correct answers and errors. The multiple probe design was used between

stimulus groups, as used in Gast and Ledford (2010).

Data collection procedure

The students took the assessment individually with the teacher. The maximum
duration was 15 minutes. The initial assessment was the PRAHM (Costa et al. 2017) in
a computerized and adapted version.

Figure 1 shows the network of relationships taught and those that were only
assessed. On the left are the relationships taught and attributes assessed, and on the
right are the relationships taught and quantities assessed. Continuous arrows signify

direct teaching and dashed arrows signify the emerging repertoire.
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Figure 1.
Network of relations established for teaching and evaluation (Adapted from Picharillo

and Postalli, 2021).
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The experimental stimuli were organized in two stages. The first involved the
stimuli representing the content assessed and taught throughout the procedure,
namely: equal and different (G1l-attributes), greater and lesser (G2-attributes), a lot
and a little (G3-attributes). The second stage consisted of numerical stimuli and their
respective quantities distributed as follows: 1, 2 and 3 (G1-Numbers and Quantities),
4,5 and 6 (G2-Numbers and Quantities), 7, 8 and 9 (G3-Numbers and Quantities). The
sequence for data collection is shown in Table 3. It is important to note that the entire
teaching program is computerized, making it easy for anyone with an interest in the
subject to apply it, even if they are not from the field of Behavior Analysis or
Mathematics.

Table 3.

Sequence for data collection.

Phase Function Description

01 Pre-test PRAHM

02 Assessment LB: Attributes (Groups 1, 2 and 3) - BB, AB, AD / Numbers
and Quantities (Groups 1, 2 and 3) - BB, CC, AB, AC, BD, CB,
AD, BD.
LB: Manipulable items

03 Teaching  Attributes Groups 1, 2 and 3: AB up to 100% correct.
04 Teaching  Attributes Group 1: AB up to 75% correct.

05 Teaching  Attributes Group 2: AB up to 75% correct.

06 Teaching  Attributes Group 3: AB up to 75% correct.

07 Teaching  Attributes Groups 1, 2 and 3: AB up to 75% correct.

08 Evaluation Probe: Attributes (Groups 1, 2 and 3) - BB, AB, AD / Numbers
and Quantities (Groups 1, 2 and 3) - BB, CC, AB, AC, BD, CB,
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AD, BD.
Probe: Manipulable items

09 Teaching Numbers and Quantities - Groups 1, 2 and 3: BB and CC up to
100% correct.

10 Teaching Numbers and Quantities - Group 1: AB up to 77.8% correct.

11 Teaching Numbers and Quantities - Group 1: AC up to 77.8% correct.

12 Teaching Numbers and Quantities - Group 1: AB and AC up to 88.8%
correct.

13 Evaluation Probe: Attributes (Groups 1, 2 and 3) - BB, AB, AD / Numbers
and Quantities (Groups 1, 2 and 3) - BB, CC, AB, AC, BD, CB,
AD, BD.
Probe: Manipulable items

14 Teaching  Numbers and Quantities - Group 2: AB up to 77.8% correct.

15 Teaching Numbers and Quantities - Group 2: AC up to 77.8% correct.

16 Teaching Numbers and Quantities - Group 2: AB and AC up to 88.8%
correct.

17 Evaluation Probe: Attributes (Groups 1, 2 and 3) - BB, AB, AD / Numbers
and Quantities (Groups 1, 2 and 3) - BB, CC, AB, AC, BD, CB,
AD, BD.
Probe: Manipulable items

18 Teaching  Numbers and Quantities - Group 3: AB up to 77.8% correct.

19 Teaching  Numbers and Quantities - Group 3: AC up to 77.8% correct.

20 Teaching Numbers and Quantities - Group 3: AB and AC up to 88.8%
correct.

21 Evaluation Probe: Attributes (Groups 1, 2 and 3) - BB, AB, AD / Numbers
and Quantities (Groups 1, 2 and 3) - BB, CC, AB, AC, BD, CB,
AD, BD.
Probe: Manipulable items

22 Post-test PRAHM
Source: Prepared by the authors.

The baseline, probe and teaching tasks were programmed and computerized. All
the tasks were programmed with a change in the order in which the trials were
presented in the event of errors, in order to avoid memorizing the sequence. A pilot
evaluation of the baseline was carried out by the researcher, with self-application to
check the sequence of activities, criteria and flows in case of success and error. It is
worth noting that in the teaching tasks, an emoji appeared as a consequence of getting
it right and when there was an error, the task was repeated up to three times, with no
programmed differential consequence. In the evaluation tasks, there was no

consequence for getting it right or wrong.
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Baseline and probes: Identity pairing (BB and CC) between attribute-
attribute (BB) and number-number (BB) and quantity-quantity (CC)

Four stimuli were presented, one centered at the top of the screen and the other
three at the bottom. The instruction was “Point to the same” and the student was
instructed to select the attribute, number or quantity corresponding to the model that
was presented. Identity relations were assessed and, depending on performance,
taught, based on previous literature (de Freitas, 2012; Gomes et al., 2010) to identify
any challenges in learning arbitrary relations with the target audience outlined in the
project.

Auditory-visual pairing (AB and AC) between dictated attribute or
number (A), image of the attribute or Arabic number (B) and quantity (C)

Three images (attributes or Arabic numbers or quantities) were presented as
comparison stimuli and a model auditory/vocal stimulus (e.g., point “bigger” or point
“one”).

Arabic number (B)-quantity (C) and quantity (C)-Arabic number (B)
pairing

For BC, an Arabic humber was presented at the top and center of the screen and
three quantities at the bottom. The instruction was “Point to what you have___". For
CB, the quantity was shown in the top, centralized corner of the screen and three Arabic
numbers in the bottom corner. The instruction was “Point to (humber____)".

Evaluation with manipulatives (LB and probes) - Phases 2, 8, 13, 17 and
21 of Table 3

Each assessment contains 35 trials with a variety of stimuli, the aim of which is
to assess the skills that will be introduced during the course of the lessons. The
assessments used consist of two relations described below, relation AD and relation BD.

Pairing attribute or spoken number (A)-concrete attribute from everyday
life or picking up quantity in manipulable material (D)

For the stimuli involving attributes, three objects from the student’s everyday life
were selected and the name of the target attribute was asked orally, for example, “take
the biggest one”. For numbers, nine ice cream sticks were presented and the student
was instructed to pick up “X” sticks, where X was the target number. In the tasks with
manipulatives, there was no consequence for success or failure.

Arabic number pairing (B) - picking up quantity in manipulatives (D)

The student was shown nine sticks and a nhumber on the computer screen. The

student was instructed to pick up the number of sticks corresponding to the number.
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Baseline (BL) and probes - Phases 2, 8, 13, 17 and 21 of Table 3

The total number of stimuli was 15, distributed between six attribute stimuli
(same, different, bigger, smaller, much, little) and nine numerical stimuli (1, 2, 3, 4, 5,
6, 7, 8 and 9). Each relationship was assessed separately in a block of 12 trials for the
attributes part and 18 for numbers, two trials for each stimulus (adapted from Picharillo,
2020). There was no differential consequence for success and failure in any LB trial.

Teaching:

Preference test and application of each teaching stage (Table 3): At the
start of each teaching session, a preference test was carried out (Higbee, 2009), the
aim of which was to identify the students’ levels of preference as HL (high level of
preference), ML (medium level of preference), LL (low level of preference) and NP (no
preference). Afterwards, the computerized task was applied and, on completion, they
had access to the HL item for two minutes.

Teaching began with the AB relationship (Phase 3 in Table 3) for Attribute Groups
1 (n=2 stimuli), 2 (n=2) and 3 (n=2), in a total of 36 trials, six for each stimulus. The
criterion was 100% correct answers, as this serves as an elementary task for the next
stage. Figure 2 shows an example of how teaching phases 01,02,03,04 and 05 were

carried out.
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Figure 2
Example of teaching phases 01 to 05. The verbal instruction was the same for identity

(left screen) and arbitrary (right screen).
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For phases 4, 5 and 6 (Table 3), teaching the AB relationship (spoken attribute-
figure of the attribute) for each group of stimuli consisted of 12 trials each. Phase 7
(Table 3) consisted of 36 trials, with six trials for each stimulus. The learning criterion
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applied in phases 4, 5, 6 and 7 was at least 75% correct answers in each phase (nine
correct answers), adapted from Picharillo (2020).

Phase 09 (Table 3) consisted of 54 trials, 27 for each relation and three for each
stimulus in each relation. The criterion followed the logic of Phase 3. Phases 10, 11,
14, 15, 18 and 19 consisted of a block of 18 trials for each stimulus in each phase,
with a criterion of at least 77.8% correct answers (four errors) in a block, replicating
Picharillo (2020). Phases 12, 16 and 20 consisted of 18 trials in a randomized block of
the AB and AC relations, with three trials of each relation for each stimulus. The
criterion was at least 88.8% correct answers (two errors).

If the student failed to meet the criterion at any stage, the block would be re-
presented in a new order of stimulus organization, up to five times in the same
session. Even if the student did not perform as expected, the session was replayed up
to five times. If the student did not achieve the expected performance, the applicator
gave the command and the program showed a green “box” around the correct
response. Figure 3 shows an example of how teaching phases 06 to 15 were carried
out.

Final Evaluation

Reapplication of PRAHM (Costa et al. 2017), according to phase 22 (Table 3), in
order to compare the data from the first application.

Data Analysis

The data was tabulated and analyzed individually, considering the single-subject
analysis (Cozby, 2009). The performance of each student in the multiple probes (Gast
and Ledford, 2010) was compared individually according to their performance (right

or wrong) in the tasks proposed in the teaching phase.
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Figure 3.
Example of teaching phases 06 to 15.
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Results

The results were presented based on the general evaluations of performance in
the tasks, followed by the individual analysis. Figure 4 shows the results of the PRAHM
(Costa et al. 2017) before and after the teaching procedure.

The initial performances on the PRAHM (Costa et al. 2017) showed that the
sequence (50%) and geometry (57%) tasks recorded the lowest average number of
correct answers; however, the final assessment showed an increase in these
repertoires, with the average number of correct answers reaching 69% for sequence
and 82% for geometry.

Before the teaching procedure, participant P1 got 25% right in sequencing, 89%
in counting, 33% in geometry and 59% in pre-arithmetic skills. After the teaching
procedure, he got 75% right in sequencing, 78% right in counting, 67% right in
geometry and 79% right in pre-arithmetic skills.

Before the procedure, participant P2 got 25% right in sequencing, 56% right in
counting, 67% right in geometry and 68% right in pre-arithmetic skills. After the
teaching procedure, he got 75% right in sequencing, 67% right in counting, 67% right
in geometry and 66% right in pre-arithmetic skills.

Before the teaching procedure, participant P3 got 25% right in sequencing, 22%

right in counting, 0% right in geometry and 59% right in pre-arithmetic skills. After the
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teaching procedure, he got 75% right in sequencing, 56% right in counting, 100% right
in geometry and 78% right in pre-arithmetic skills.

Participant P4, before the teaching procedure, got 75% right in sequencing, 78%
right in counting, 100% right in geometry and 41% right in pre-arithmetic skills. After
the teaching procedure, he got 75% right in sequencing, 67% right in counting, 100%
right in geometry and 86% right in pre-arithmetic skills.

Figure 5 shows the performance, in average percentage of correct answers, for
all the participants in the baseline assessments and in the probes. There is a gradual
increase in all the behaviors evaluated, although there are variations in the initial
percentage of correct answers, the final performance is always higher than the initial
one; four of the seven behaviors (smaller, little, much, and number) reach 100%
correct answers in the final evaluation. The three behaviors that did not reach 100%
correct responses in the final assessment were identification of different (75%), a lot
(88%), and quantity (89%).

The behavior of identifying numbers is the most consolidated in the participants’
repertoire, with 97% correct in the initial assessment and 100% in the final assessment.
Two repertoires/behaviors stand out as the least consolidated: identifying what is
different and identifying what is a lot. The least consolidated repertoire is identifying
the different, with 25% correct in the initial assessment and 75% correct in the final
assessment. The initial percentage of correct answers in identifying “a lot” was 38%

and reached 100% in the final assessment.
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Figure 4
Results of the PRAHM
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Pre-Mathematical Behavior
Figure 6 shows the performance of the assessments with manipulable items. The
behaviors on the left were taught and those on the right were only tested.
In the behavior of identifying “different”, the average percentage varied from
25% correct in the first assessment to 38% in the second and fourth assessments, 63%
correct in the third assessment and 50% correct in the fifth assessment. The behavior
of identifying “same” remained at 75% correct in the first, fourth and fifth assessments,
reaching 88% correct in the second assessment and 100% correct in the third
assessment.
The average percentage for the behavior of identifying “bigger” was 75% correct
in the first assessment, 67% correct in the second assessment, 92% correct in the third
and fourth assessments and 84% correct in the fifth assessment. In the behavior of

identifying the “smallest”, the average percentage in the first assessment was 59%
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Percentage of correct answers

correct and then reached 100% correct in the second assessment, 75% correct in the
third assessment, 83% correct in the fourth assessment and 92% correct in the fifth
assessment.

In counting behavior, the average percentage went from 83% correct in the first
assessment to 92% correct in the second, fourth and fifth assessments, reaching 95%
correct in the third assessment. The average percentage of correct answers for the
number-quantity behavior was 78% correct in the first and second assessments, 86%
correct in the third and 84% correct in the fourth and fifth assessments.

Figure 5.

Average performance of the baseline assessment and probes.
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Pre-Mathematical Behavior

In the behavior of identifying “more”, the average percentage was 75% correct

in the first assessment, 58% correct in the second assessment, 84% correct in the third
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assessment, 67% correct in the fourth assessment and 58% correct in the fifth
assessment. The average percentage of correct answers for the behavior of identifying
“less” was 75% correct in the first assessment, 83% correct in the second assessment,
100% correct in the third assessment, 33% correct in the fourth assessment and 50%
correct in the fifth assessment.

Figure 6.

Average performance in the manipulatives assessment.
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Discussion

The study taught and assessed basic pre-mathematical skills using stimulus
equivalence. The participants learned the relations taught and formed equivalence
classes, with the emergence of the relations that were only tested (counting; number-
quantity; more and less), replicating the study by Picharillo (2020) and following the
authors’ recommendations of introducing computerized resources, modifying the
characteristics of the stimuli adopted and inserting pre- and post-test measures.

In addition, the study followed the recommendations of Costa et al. (2016), who
highlight the importance of developing tests to assess students’ input repertoire and
using the data obtained for teaching planning. The tests (probes) were carried out at
five points in the procedure (before, during and after teaching), which showed that
some skills can contribute to the teaching of others.

The data was analyzed using a single-subject design (Cozby, 2009) and also
multiple probes between stimulus groups (Gast and Ledford, 2010), in an attempt to

see if the teaching process had an effect on each participant individually during the

1168 Educ. Matem. Pesq., Sdo Paulo, vv. 28, p. 01- 29, 2026, ¢71190



procedure. For all the participants, the teaching procedure proved to be effective, since
all of them increased their repertoire in the evaluations.

The number of times the participants repeated the teaching applications varied
from one to five times, showing that as the participant progressed, the repetitions of
the steps decreased, showing the learning set effect, which occurs when the student
learns the task they have to perform, in other words, the “learning to learn” described
by Harlow (1949).

In summary, the results showed that the lowest mean performances, that is, the
highest numbers of errors, occurred in the tasks involving identification of the different
stimulus and number-quantity matching, suggesting the need for adjustments in the
teaching method for these skills.

Regarding the behavior of identifying the different, Ming and Stewart (2015) state
that responding by difference is a behavioral cusp for academic repertoires; however,
the tradition of behavioral analytic research systematically focuses on teaching
responding by equality. The authors warn that recent research has shown that learning
to respond by equality cannot necessarily guarantee the emergence of responding by
difference.

Thus, by describing direct teaching procedures for identifying difference, this work
innovates by addressing an important gap in the theme of behavior analytic teaching
for academic repertoires. However, the procedures described here still need to be
adjusted in order to promote more effective learning. In the present study, the tasks
used the traditional matching to sample (MTS) procedure, with simple visual stimuli
(see left column of Figure 2) and with compound visual stimuli (see right column of
Figure 2).

Canosa et al. (2026) evaluated the effects of a program to teach difference
relations to a 15-year-old autistic girl, who obtained a highly significant increase in
responding by difference, from 13.3% to 90% correct (x2(1) = 46.00, p < 0.001). The
procedure initially used simple visual stimuli in a 3x3 matrix arrangement, totaling nine
visual stimuli, eight of which were the same and only one of which was different. This

feature of increasing the relevance of the different stimulus was gradually faded out,
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so that only in the final stages of the procedure were compound visual stimuli
presented.

The discussion of these data suggests that future studies could investigate more
extensively this intermediate step of increasing the relevance of the different stimulus
(originally described in Mackay et al., 2002) with simple visual stimuli before
introducing compound visual stimuli to produce more effective results in identifying the
different.

Discussing the characteristics of the study’s methodological procedure, according
to the thesis by Freitas (2012), in his Study 1, the identity relations between the visual
stimuli in the network of relations (BB and CC), in general, are very simple tasks, which
are already present in the repertoire of school-age students. However, for some
students with ASD and ID, direct teaching is necessary, in accordance with the network
of relations envisaged in this study. Ensuring that the student responds to identity
relations is fundamental to moving on to teaching arbitrary relations AB and AC, which
are considered more complex.

In a general comparative analysis of the performance between the students’ input
and output repertoires, an increase in repertoires was identified, suggesting the
feasibility of using the procedure to teach basic mathematical concepts, in a
computerized teaching format, indicating that the learners identified the target
behaviors both in one-dimensional figures (in the teaching tasks) and generalized the
relevant properties of the target stimuli to three-dimensional objects (in the post-test),
replicating the results obtained by Garcia et al. (2017). The evaluation and teaching
procedure proved to be useful for application with children and a 15-year-old girl, as
well as ensuring positive engagement in performing the tasks (such as remaining
seated, performing the requested tasks, showing reactions of interest in the emojis),
without showing behavioral excesses during application, which shows that the
procedure was a viable alternative for teaching with the autistic population.

Considering the recommendations proposed by Carmo (2012), the teaching
program was established based on identifying the concepts and skills that the students
already possessed. The units of the repertoires to be taught were simple and small,

with the difficulty gradually increasing. The program proved to be sufficient for the skills
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taught (pre-arithmetic) and, for future studies, it is recommended that the repertoire
of skills tested and taught be increased, such as big and small; first and last; before
and after; beginning, middle and end; near and far, as recommended by the author.

Therefore, the teaching program planned with the use of conditional
discrimination, using a network of relations between stimuli that involved basic math
concepts, favored the learning of students who were enrolled in the first, fifth, sixth
and eighth years of elementary school, two in the initial years and two in the final years.
The analysis of the total humber of sessions ranged from a minimum of 29 (P4, 10
years old, enrolled in the 5th year of elementary school, with ASD and ID carried out
the procedure with the lowest number of sessions) to a maximum of 44 (P2, 15 years
old, enrolled in the 8th year of elementary school, with ASD, carried out the highest
number of sessions), with applications lasting between 10 and 15 minutes. The results
(Figure 5) indicated changes and learning of the concepts taught directly in the
procedure. Considering the application time and number of sessions for teaching with
the school year they were enrolled in, it is questionable whether the quality of teaching
offered to this audience and educational practices in this basic area of mathematics
were guaranteeing mathematical learning. According to previous literature, to
understand the situation in Brazilian schools, age-grade distortion was identified in a
previous study (Santos & Mendes, 2019). The late entry of children with ASD into early
childhood education favors this distortion and generates effects on learning in later
years.

Santos and Mendes (2019) state that there are still problems in assessing the
learning of these students, considering that many are frequently retained in early
childhood education and in the early years of elementary school. The participants in
this study had a distortion between age and school grade, since the PRAHM assesses
repertoires from early childhood education and they were enrolled in elementary school
IT and, in this context, with an individualized teaching procedure and detailed planning
in small steps, it was possible to guarantee learning in a short period of time. Based on
this data, it is recommended, as proposed in the study by Santos and Mendes (2019),

to rethink the services offered to PAEE students who attend ordinary classes, as well as
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the assessment processes, with a view to identifying, planning teaching and monitoring
the learning of these students.

It is important to note that the study did not systematically analyze the data
related to the recording of sessions by the professional-researcher. The procedure was
computerized and the database was generated through the professional’s correct and
error commands. It is recommended that systematic analyses be carried out in future
studies, since they can contribute to the planning of teaching contingencies, as

proposed in the studies by Rose (2005) and Keller (1968).

Final considerations

The study evaluated the effect of a teaching procedure consisting of conditional
discrimination to analyze the effect of a procedure consisting of a baseline and teaching
by differential consequence, using conditional discrimination of mathematical concepts
(bigger/smaller, a lot/a little, same/different) and number/quantity ratio, with autistic
children and young people (ASD) with and without intellectual disabilities (ID), applied
by specialized professionals, in after-school classes. Based on the data collected and
analyzed, it can be said that all the participants managed to increase their percentage
of correct answers on the PRAHM (Costa et al. 2017).

The main performances were in sequencing, which before the procedure had an
average percentage performance of 37.5% and after the procedure had an average
performance of 75%; in geometry (skill not taught) before the procedure had an
average percentage performance of 50% and after the procedure had an average
performance of 83.5%. Thus, the procedure was designed based on evidence and could
be a useful alternative for application in the school environment, for example, in after-
school classes in multifunctional resource classrooms, with the population with ASD and

ID.
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