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Abstract: Training people interested in implementing Applied Behavior Analysis (ABA)
interventions to children with autism spectrum disorder (ASD) is important to promote skill gains.
A recommended training package is called behavioral skills training (BST), which involves four
components (didactic instruction, modeling, role play, and performance feedback).
Background/Objectives: The purpose was to assess the effects of BST on the accurate teaching of
multiple repertoires via DTT by six Psychology university students to a confederate and six children
diagnosed with ASD. Generalization and maintenance assessments were conducted. Results:
Through the research conditions, all university participants were able to teach ten different
repertoires with high integrity level to the children. In addition, across four months after training, all
participants maintained high teaching integrity levels while teaching skills to the children related to
their individualized curriculum goals. Each child accumulated over 1000 correct responses across
several sessions. The university participants rated their training with the highest possible score in a
social validity assessment. Conclusions: BST successfully trained Psychology university students to
accurately teach multiple skills via DTT to children with ASD and involved long lasting effects.
Limitations and new avenues for research were discussed.

Keywords: behavioral skills training; university participants; children with ASD

1. Introduction

Principles and procedures from Applied Behavior Analysis (ABA) are frequently used to
produce socially relevant behavior change (Baer et al., 1968). Differential reinforcement practices, use
of prompts and their subsequent fading to teach discrimination, among other measures, are
commonly used, for example, to treat learners such as those diagnosed with autism spectrum
disorder (ASD) and other cases of learning disabilities (Cooper et al., 2014). ASD frequently involve
deficits in language and communication and the presence of stereotypic/repetitive behavior patterns
(American Psychiatric Association [APA], 2014). For cases of children and young people who require
comprehensive specialized monitoring, a recommended format of ABA-based interventions to target
multiple skill acquisition is called discrete trial teaching (DTT) (Lovaas, 1987; Souza & Ribeiro, 2023;
Varella & Souza, 2018).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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DTT is usually applied in a structured environment with control of possible distracting stimuli.
When a trial to teach a skill is about to be administered, the interventionist first needs to evoke the
learner’s attention and make sure that all necessary materials are available. When the instruction of
the trial is provided, some seconds are allowed for the emission of a response by the learner. If the
response is correct, a reinforcer is provided. If an error occurs (or no response is emitted during the
allowed time), a correction procedure is applied. Prompts may also be used along the process to
increase the likelihood of independent performance. The termination of the trial is followed by a brief
interval until a new teaching trial is presented (Souza & Ribeiro, 2023; Varella & Souza, 2018).

In Brazil, the number of well-trained professionals is still not sufficient for the growing number
of children with ASD who need intensive behavioral interventions (Avila & Matos, 2023; Matos,
Nascimento, et al., 2021). An alternative to this could be training parents and other caregivers to
implement interventions to their children themselves, which is considered evidence-based practice
(Schmidt et al., 2024). Leaf et al. (2017b) states that parent training increases the intensity of
interventions and may promote improvements in the relationship with their children with ASD.
However, involving caregivers in the process of implementing interventions through DTT (e.g., Avila
& Matos, 2023; Higgins et al., 2023) and other more naturalistic formats (e.g., Bagaiolo et al., 2017;
Ferguson et al., 2022a, 2022b; Sena et al., 2024; Tsami et al., 2019) may not be an easy task in Brazil.
Many families have a low socioeconomic status, the members spend many hours at work or on
household chores and are many times unavailable to be trained (Avila & Matos, 2023; Gomes et al.,
2022). Training programs for a greater number of professionals are warranted to expand the
possibilities of access to quality and lower-cost behavioral interventions for children with ASD,
whose family members lack the time to be properly trained.

A recommended training package for people interested in carrying out behavioral interventions
using a format such as DTT is called behavioral skills training (BST). It consists of four components:
Didactic instructions to implement the interventions properly; modeling (two actors, representing
interventionist and child with ASD, rehearse the implementation of DTT trials, or the trainer directly
rehearses with a child); role-play (the person being trained implements DTT to a confederate/actor or
child with ASD); performance feedback by the trainer concerning the correct or incorrect
implementation of DTT. Research reveals that BST has been used in training professionals, university
students and caregivers (e.g., parents) to implement DTT to learners with atypical development
(Avila & Matos, 2023; Clayton & Headley, 2019; Ferreira et al.,, 2016; Guimaraes & Matos, 2024;
Higgins et al.,, 2023; Lerman et al., 2008; Matos, Hiibner, et al., 2021; Matos, Nascimento, et al., 2021;
Sarokoff & Sturmey, 2004; Sarokoff & Sturmey, 2008; Souza et al., 2022).

In some of the investigations, during training, the participants always interacted directly with
children with ASD and other cases of atypical development to teach repertoires (Clayton & Headley,
2019; Lerman et al., 2008; Sarokoff & Sturmey, 2004; Sarokoff & Sturmey, 2008). In other studies, the
participants interacted during training with a confederate who pretended to be a child with ASD
(Ferreira et al., 2016; Guimaraes & Matos, 2024; Matos, Higgins et al., 2023; Hiibner, et al., 2021; Matos,
Nascimento, et al., 2021; Souza et al., 2022). Overall, in all studies shown, BST was successful in the
sense that the participants, either professionals or university students, learned to teach several skills
accurately. There were cases with evidence of generalization of accurate teaching of skills to children
with ASD, based on training DTT rehearsal with a confederate (Higgins et al., 2023; Guimaraes &
Matos, 2024; Matos, Hiibner, et al., 2021; Souza et al., 2022). In all studies, increases in performance
accuracy (or teaching integrity levels) referred to the correct implementation of several DTT
components (e.g.,, the interventionist evoked the learner’s attention; provided instruction
consistently; specified the expected response and without repetition; reinforced only the learner’s
correct response etc.) by each participant across the presentation of trials to teach repertoires. The
more the components were implemented correctly, the more accurate the teaching of skills was.

Through the studies, verbal (Skinner, 1992), non-verbal and academic repertoire were
successfully taught to children or confederates. However, it is important to emphasize that, in the
investigations mentioned so far, the effects of BST training were not clearly investigated on the
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accurate teaching of multiple skills, that is, at least ten. According to Gomes et al. (2022), a greater
number of programs, aimed at teaching several skills, may be a predictor of further gains in
development. In this previous research, caregivers, who were trained to systematically teach at least
ten different skills through DTT across a year, produced significant developmental gains for their
children with ASD. So, one of the research questions of the new investigation consisted of the
following: 1) Did BST effectively train university students to accurately teach multiple skills to a
confederate pretending to be a child with ASD?

Plus, considering that the assessment of generalization is a predictor of the effectiveness of an
intervention, once BST proved successful, the second research question consisted of the following: 2)
Did BST training produce the generalization of accurate teaching of multiple repertoires, including
new ones not covered in training, to children with ASD across post-training probes? Finally,
considering that the previous studies did not clearly assess the impact of BST on performance
accuracy by the university students and acquisition of repertoire by the children in the long term,
that is across several months, the final research question consisted of the following: 3) After BST
training and assessment of generalization proved successful, would the high teaching integrity levels
by the university students, during the provision of DTT and acquisition of repertoire by the children,
be demonstrated across four months on average?

2. Materials and Methods

2.1. Participants

Six undergraduate Psychology students (P1, P2, P3, P4, P5 and P6) participated in the research,
with ages ranging between 20 and 23 years old. None of them showed previous experience with ABA-
based interventions, including DTT, to children with ASD, which represented an inclusion criterion.
Participants with previous knowledge would be excluded from the study. Six children with ASD
(CD1, CD2, CD3, CD4, CD5 and CD6), aged between 5 and 9 years, also participated as learners in
DTT-based interventions. They all received interventions once a week for 1 hour and 30 minutes in
the university-based laboratory where data collection was carried out. To be eligible to participate,
the children could not demonstrate severe behaviors related to hetero-aggression, self-injury and
property destruction.

2.2. Environment

Data collection was carried out in a university laboratory room. It contained a table and two
chairs. At different stages of the research, a confederate, who simulated behaviors of a child with
ASD, sat on one of the chairs. Sometimes, either a Psychology student or an experimenter sat on the
other chair, facing the confederate, to provide DTT trials. The experimenter conducted trials when he
needed to demonstrate the correct teaching of skills. Each participating student conducted DTT trials
under assessment and BST training conditions to establish more accurate teaching of repertoires to
the confederate. In other situations, designed to measure generalization and maintenance of accurate
teaching of repertoires over four months, each of the six children with ASD sat on the chair that
previously accommodated the confederate.

2.3. Data Collection Instruments

Firstly, the definition of repertoires taught by the university participants was based on possible
curricular goals commonly established to many learners diagnosed with ASD in a manual of ABA-
based interventions (Matos, 2016). When the research began, the participants used recording sheets
to measure skill gains attained by a confederate and children with ASD involved. The research team
also used recording sheets to measure the correct and incorrect implementation among 11 possible
DTT components, which could be demonstrated across the administration of each of ten trials per
session to teach a given repertoire.


https://doi.org/10.20944/preprints202502.2053.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 February 2025 d0i:10.20944/preprints202502.2053.v1

4 of 17

The 11 components were as follows:  C1 - The participant kept the area free from distractions,
removing unnecessary items from the table surface; C2 - the participant organized necessary
materials such as pencil, recording sheet, stimuli cards and reinforcers to be within reach; C3 - the
participant evoked behaviors that indicate attention such as eye contact and shoulders facing the
interventionist; C4 - the participant waited for the emission of behaviors that indicated sustained
attention for at least 2 seconds; C5 - the participant provided well-articulated and clear verbal
instructions in a way that she did not use more than four words; C6 - the participant waited for a
response from the learner for up to 5 seconds; C7 - if the learner emitted a correct response, the
participant provided praise and access to an arbitrary reinforcer; C8 - if the learner emitted an
incorrect response, the participant implemented a correction procedure; C9 - the participant recorded
the learner’s response; C10 - the participant removed used stimuli before the provision of the next
trial; C11 - the participant waited 5 seconds before starting the next trial.

Part of the stimuli used to teach repertoires by the university participants was organized in
plastic cards, measuring 6 x 3cm. The cards comprised images representing several categories such
as animals and transportation. Whenever a learner emitted a correct response across DTT trials,
praised and access to a preferred game or toy were provided.

2.4. Dependent Variable and Independent Variable

In this investigation, the main dependent variable (DV) consisted of the number of DTT
components implemented correctly by the university participants during the teaching of repertoires
to confederate and child with ASD. As mentioned before, each participant could implement among
11 possible components during the provision of each teaching trial in a session. The independent
variable (IV) consisted of the implementation of four BST training components (didactic instruction,
modeling, role-play and performance feedback) by an experimenter. During BST role-play, across
trials with the emission of correct responses by the confederate learner, the implementation of a
correction component by the university participant was not possible.

Across trials with the emission of incorrect responses by the confederate, the implementation of
a reinforcement component by the university participant was not possible. The data was organized
in a percentage format per session, that is, the number of DTT components implemented correctly
was divided by the total number of possible components, and the result was multiplied by 100. A
secondary DV of the research consisted of the cumulative number of correct and incorrect responses
emitted by six children with ASD across five months of DTT teaching sessions following the end of
BST training.

2.5. Interobserver Agreement

Across many sessions involving most of the research conditions (baseline, BST training with
immediate and delayed feedback, assessment of generalization and maintenance), data collection
related to the DTT components implemented correctly and incorrectly by the participants was
conducted by an experimenter and an independent researcher. This was done to establish agreement
rates between the two observers. For each of the six university participants (P1, P2, P3, P4, P5 and P6)
with whom IOA was obtained, agreement calculations were carried out by dividing the number of
agreements by the number of agreements added to the number of disagreements and multiplied by
100 to obtain a percentage. The two observers showed agreement when they both recorded that a
given participant either implemented DTT components correctly or incorrectly. For P1, IOA was
obtained in 43.75% of the sessions and ranged between 96% and 100% (98% on average). For P2, IOA
was obtained in 78.94% of the sessions and ranged between 90% and 100% (98% on average). For P3,
IOA was obtained in 38.09% of the sessions and ranged between 94% and 100% (98% on average).
For P4, IOA was obtained in 80% of the sessions and ranged between 44% and 100% (91% on average).
For P5, IOA was obtained in 66,67% of the sessions and ranged between 93% and 100% (98% on
average). For P6, IOA was obtained in 71,42% of the sessions and ranged between 82% and 100%
(92% on average).
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2.6. Experimental Design

The effects of the IV, BST, on the main DV, number of DTT components implemented correctly
by the university participants, were investigated with a single case design consisting of
nonconcurrent multiple baselines across participants (following recommendations by Cooper et al.,
2014). Watson and Workman (1981) asserted that this design involves the observation of participants
at different times. Data collection does not occur simultaneously. Baseline and intervention are set at
different times for the participants.

In this study, six participants were allocated into two triads. Within each triad, the baseline
condition was established first. Across sessions, each participant conducted sequences of ten trials to
teach repertoires to a confederate. An experimenter took data on the correct and incorrect
implementation of DTT components. After a low and stable performance was demonstrated, an
intervention started for one participant, and the others remained in the baseline condition. The
intervention involved the four components of BST in the following order: Didactic instructions about
the repertoires to be taught, modeling (the experimenter rehearsed the correct implementation of
DTT with the confederate), role-play (each university student conducted DTT trials with the
confederate) and performance feedback provided by the experimenter per teaching trial across the
sessions (immediate feedback).

Data on correct and incorrect implementation of DTT components was systematically collected
during role-play as in baseline, but the experimenter programmed differential consequences for the
participant’s performance. After an arbitrary learning criterion was demonstrated (two sessions with
at least 90% of DTT components implemented correctly), another BST intervention condition was
established. The only difference from the previous case was that performance feedback was delayed,
that is, in each session, feedback was solely provided by the experimenter after the university
participant administered the ten teaching trials to the confederate.

After the learning criterion was achieved, probe sessions were conducted to assess the
generalization of teaching new skills to a child with ASD instead of the confederate. Then, a
maintenance (follow-up) condition was defined for the university participant over four months in
which she had the opportunity to teach multiple repertoires through DTT to a child with ASD based
on his/her individualized curriculum goals. Throughout this period, skill gains by the child were
measured (secondary DV) and three probe sessions, to assess the participant’s maintenance of
accurate skill teaching, were conducted. Finally, a self-assessment questionnaire was administered to
obtain measures of social validation of the research procedures by the participant.

For each triad, when the effects of the IV on the main DV were demonstrated by the first
participant (improvement in teaching accuracy through BST with immediate feedback), BST training
was also established for the second university participant, who also went through the remaining
research conditions thereafter. Finally, when the second participant also showed improvement in
performance accuracy through BST with immediate feedback, this condition and the others in the
study were also implemented with the third participant. Everything that was done served the
purpose of measuring experimental control, through the logic of the multiple baseline design,
replicating the effects of interventions across different participants.

2.7. Ethical Procedures

This research was approved by the human research ethics committee of the Federal University
of Maranhao (authorization 4.284.271). The six university students, the six children with ASD and
those responsible for them signed an informed consent form. All personal information was
confidential. The participants could remove their consent at any time, if they wished, without any
harm.

2.8. Procedure

The study conditions were administered as follows:
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Baseline. All university participants had access to part of a manual (Matos, 2016), a week before
data collection, with the purpose of reading descriptions on how to conduct DTT to teach the
following ten repertoires: Sitting still (e.g., the learner corrected his posture to an erect position while
sitting and following the model provided by the interventionist); motor imitation (e.g., the learner
clapped his hands based on the model provided by the interventionist); making requests (e.g., the
learner said “can you give me juice?” in the presence of the interventionist); vocal imitation (e.g., the
learner said “airplane” after the interventionist presented the verbal instruction “say airplane”);
receptive identification of non-verbal stimuli (e.g., the learner pointed to the picture of a car in an
array with several different pictures, and under the verbal instruction “point to the car” by the
interventionist); making eye contact (e.g., the learner maintained eye contact with the interventionist
for 10s upon request); following instructions (e.g., the learner raised his hands after the
interventionist provided the verbal instruction “put your hands up”); intraverbal (e.g., the learner
said “apple” after the interventionist presented the verbal stimulus “what do you eat?”); labeling
(e.g., the learner said “cat” when the interventionist showed a picture of cat and asked “what is
this?”); receptive identification of non-verbal stimuli by function, feature and class (e.g., the learner
pointed to the picture of a tree in an array with several different pictures, and under the verbal
instruction “show me something with leaves” by the interventionist).

When the baseline condition began, across sessions, each participant conducted ten DTT trials
to teach the ten previously mentioned repertoires to a confederate, who pretended to be a learner
with ASD. He followed scripts to randomly emit correct responses, incorrect responses and no
response across trials. In each session, each trial corresponded to the teaching of a different repertoire.
During baseline, the university participants did not receive feedback from the experimenter
regarding their performance accuracy to teach skills. The termination criterion for this research
condition consisted of demonstrating a low and stable performance of correct implementation of DTT
components across sessions.

BST training with immediate feedback. The experimenter administered four BST components
(didactic instruction, modeling, role-play, and performance feedback) to train each of the six
university participants. During the first component, didactic instruction, classes on how to teach five
of the previously mentioned repertoires in baseline (sitting still, motor imitation, making requests,
vocal imitation and receptive identification of non-verbal stimuli) were given. The classes were
organized in power point slides. The contents explained how to provide DTT instructions, reinforce
correct responses and correct errors (or no response during an allowed time) committed by a possible
learner. The didactic instruction component was administered just once and lasted 30 minutes on
average. Modeling was, then, conducted. The experimenter and the confederate, representing
interventionist and learner respectively, practiced ten DTT trials under a randomized order involving
the five repertoires (two trials for each) for each participant to observe. The confederate followed
scripts to emit correct responses, incorrect responses and failure to respond along the trials and the
experimenter demonstrated the correct way to intervene on the confederate’s responses.

Thereafter, the role-play component was established and each participant had to teach the five
repertoires across sessions of ten trials (two trials for each repertoire) in a randomized order to the
confederate, who followed scripts to emit responses the same way as in the modeling component.
After each trial administered across sessions, the experimenter provided feedback on the
participant’s performance in implementing the DTT components. For those implemented correctly,
verbal praise was delivered. For those implemented incorrectly, corrective feedback was provided,
that is, the experimenter clarified what was wrong and demonstrated the correct way to intervene
with the confederate. The termination criterion for this research condition consisted of two sessions
with at least 90% of DTT components implemented correctly.

It is important to emphasize that it was only during the role-play component that the
experimenter collected data on accurate teaching of repertoires (DTT components implemented
correctly and incorrectly) by the university participants. In this research, the effects of each of the BST
components were not investigated separately. It has been discussed in the literature that the
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development of a comprehensive training package, involving the use of all BST components together
by the trainer, represents the best way to reduce integrity errors by participants interested in
implementing ABA interventions to ASD, such as those based on DTT.

BST training with delayed feedback. This research condition was similar to the previous one.
The only difference was that, during the role-play component through which each university
participant taught five repertoires to the confederate, performance feedback by the experimenter on
correct and incorrect implementation of DTT was delayed. In other words, for each session, feedback
was provided solely after the administration of ten teaching trials by each participant. The
termination criterion was the same as the one from the previous research condition.

Generalization assessment. In this condition, as in baseline, the university participants
conducted ten DTT trials to teach repertoires along sessions, and no performance feedback was
provided by the experimenter. As in baseline, the participants taught the same ten repertoires, one
per trial in each session. As was said before, five of these repertoires (sitting still, motor imitation,
making requests, vocal imitation and receptive identification of non-verbal stimuli) were involved in
the training conditions through BST. The five remaining (making eye contact, following instructions,
intraverbal, labeling and receptive identification of non-verbal stimuli by function, feature and class)
were never used in training. Their teaching by the participants during the current research condition
served as a way of assessing generalization of teaching integrity with new skills. In addition, across
sessions, every participant taught a child diagnosed with ASD instead of a confederate. Therefore,
generalization of teaching integrity was also assessed through the teaching of six children with ASD
(one per university participant).

Maintenance of accurate teaching and monitoring skill gains by children with ASD. Two
weeks after the previous conditions, each university participant taught a child with ASD (the same
one from the previous generalization assessment condition) once a week on average across up to four
months. The repertoires taught were directly related to the curricular goals of each child regardless
of the research. Children’s progress in skills was systematically measured during this condition. In
addition, three follow up probe sessions were conducted by the experimenter to assess the level of
integrity of each university participant in teaching via DTT without performance feedback. The first
session was conducted during the beginning of skills teaching for each child. The second session was
conducted after the second month and, the third and last one, in the end.

Social validity assessment. The university participants rated the BST training by answering a
Likert scale questionnaire. It consisted of six questions with alternatives ranging from “1”, meaning
“I completely disagree”, to “5”, meaning “I completely agree”. The following questions were
presented to each participant: 1) I enjoyed participating in the BST training; 2) I felt comfortable with
the training process; 3) I learned important skills; 4) BST was effective for teaching children with ASD
accurately; 5) I will continue to use the procedures I mastered to teach other skills to children with
ASD; 6) I recommend the training to other interested people.

3. Results

Next, the percentages of DTT components implemented correctly by the six university
participants (P1, P2, P3, P4, P5 and P6) involved the research conditions are presented. Figure 1 shows
data from the first triad, that is, P1, P2 and P3.
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Figure 1. Percentages of components implemented correctly by P1, P2 and P3 at different stages. Note: The
upper, middle and lower graphs represent data from P1, P2 and P3 respectively. Each graph shows the
percentage of DTT components implemented correctly during the teaching of repertoires to a confederate and/or
child with ASD at different stages of the study (baseline, BST training with immediate feedback — IF, BST training
with delayed feedback — DF, generalization assessment and follow up/maintenance assessment). Interactions
involving children with ASD as learners only occurred during the stages to assess generalization and

maintenance of teaching integrity via DTT.

As may be seen in Figure 1, at the end of baseline, P1’s teaching integrity level consisted of 1%
of DTT components implemented correctly (session S3). The BST training condition with immediate
feedback (BST IF) was terminated after three sessions with 96% teaching integrity (S6). The BST
training condition with delayed feedback (BST DF) was terminated after four sessions with 100%
teaching integrity (510). The generalization assessment condition ended with 98% teaching integrity
(513). Finally, by the end of maintenance (follow up) assessment condition, teaching integrity level
was 100% of DTT components implemented correctly (S16).

In the case of P2, baseline ended with 40% teaching integrity (56). BST IF was completed in
three sessions, highlighting 99% teaching integrity at the end (S9). BST DF was terminated in four
sessions with 100% teaching integrity at the end (S13). Both generalization and maintenance
conditions were also finished with 100% teaching integrity (sessions 516 and 519, respectively). For
P3, baseline ended with 1% teaching integrity (S9). Both BST IF and BST DF took three sessions to be
terminated with 100% teaching integrity (sessions S12 and S15 respectively). By the end of both
generalization and maintenance assessment conditions, teaching integrity was also 100% of DTT
components implemented correctly (sessions S18 and S21, respectively). Figure 2 shows teaching
integrity for each participant in the second triad (P4, P5 and P6) across the research conditions.
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Figure 2. Percentages of components implemented correctly by P4, P5 and P6 at different stages. Note: The
upper, middle and lower graphs represent data from P4, P5 and P6 respectively. Each graph shows the
percentage of DTT components implemented correctly during the teaching of repertoires to confederate and/or
child with ASD at different stages of the study (baseline, BST training with immediate feedback — IF, BST training
with delayed feedback — DF, generalization assessment and follow up/maintenance assessment). Interactions
involving children with ASD as learners only occurred during the stages to assess generalization and

maintenance of teaching integrity via DTT.

According to Figure 2, P4’s teaching integrity level by the end of baseline was of 25% DTT
components implemented correctly (S3). Both BST IF and BST DF ended after three sessions with
100% (S6) and 98% (S9) teaching integrity, respectively. Both generalization and maintenance (follow
up) assessments were also terminated in three sessions with 100% teaching integrity (sessions 512
and S15, respectively). P5’s teaching integrity level by the end of baseline was 44% (S6). Both BST IF
and BST DF conditions ended in three sessions with 95% (S9) and 100% (S12) teaching integrity,
respectively. Teaching integrity for both generalization and maintenance assessments were, at the
end of three sessions, 91% (515) and 100% (S18). P6’ teaching integrity level at the end of baseline was
45%. Both BST IF and BST DF ended in three sessions with 99% (512) and 100% (S15), respectively.
Both generalization and maintenance assessment ended with teaching integrity level of 96% (518)
and 100% (521), respectively. Table 1 shows the number of implementation errors of DTT components
committed by all university participants across the research conditions.
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Table 1. Number of errors committed in DTT components by the university participants. Note: Each DTT
component (from C1 to C11) was described in the method section on data collection instruments. The first
column shows information on participants (P1, P2, P3, P4, P5 and P6) and each research condition in which data
on implementation errors of DTT components were taken. The conditions were the following: baseline (BL), BST
training with immediate feedback (BST IF), BST training with delayed feedback (BST DF), generalization
assessment (GEN), and maintenance assessment (MAN).

DTT Components (errors)
Cl1 | C2 | C3 | C4 )| C5 C6 C7 C8 C9 C10 | C11
LB (P1) 27 28 30 30 30 30 11 18 30 30 30
BST FI (P1) 0 0 3 3 2 6 7
BST FA (P1) 0 0 1 1 1 0
GEN (P1) 0 0 0 1 2 2 1
MAN (P1) 0 0 0 0 0 0 0 0 0 0 0
LB (P2) 42 17 | 23 18 32 15 3 40 38 39 40
BST FI (P2) 0 0 5 0 0 0 0 1 2 0 0
BST FA (P2) 0 0 1 1 0 1 0 0 0 0 0
GEN (P2) 1 0 0 0 1 0 0 0 1 0 0
MAN (P2) 0 0 0 0 0 0 0 0 0 0 0
LB (P3) 80 90 90 90 90 90 45 45 90 90 90
BST FI (P3) 1 0 1 1 0 2 0 1 1 1
BST FA (P3) 0 0 0 2 0 5 2 1
GEN (P3) 0 0 0 0 0
MAN (P3) 0 0 0 0 0 0 0 0
LB (P4) 30 0 30 30 22 6 13 16 14 30 29
BST FI (P4) 0 0 1 0 0 0 2 1
BST FA (P4) 0 0 0 1 0 1 0 0
GEN (P4) 0 0 0 0 0 0 1 0 0
MAN (P4) 0 0 0 0 0 0 0 0 0 0
LB (P5) 9 4 17 33 30 40 6 32 38 54 53
BST FI (P5) 0 0 0 3 6 0 5 4 3 2
BST FA (P5) 0 0 0 2 0 0 0
GEN (P5) 1 1 2 2 2 3 2
MAN (P5) 0 0 0 0 0 0 0 0
LB (P6) 66 7 66 54 37 25 12 28 27 80 82
BST FI (P6) 0 1 1 1 1 0 0 3 3 2 1
BST FA (P6) 0 0 0 0 0 0 0 0 0 0 0
GEN (P6) 0 0 0 0 2 2 0 2 2 0 0
MAN (P6) 0 0 0 0 0 0 0 0 0 0 0

For the repertoires taught, each university participant could, within sessions involving ten trials,
commit up to ten implementation errors of DTT components per trial. In a trial during which a
confederate or child with ASD as learner did not emit a correct response, the implementation of a
DTT component concerning reinforcer delivery was not possible. Likewise, in a trial during which
the learner did emit a correct response, the implementation of a DTT component concerning a
correction procedure was not possible. According to Table 1, all participants committed many errors
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during baseline. However, when BST IF was established, implementation errors of DTT components
were greatly reduced for everyone. In addition, implementation errors remained very low or absent
in the following conditions of BST DF and GEN for all participants. Even more significant data were
identified in the last condition, MAN, during which no participant made any errors in implementing
DTT components across probes performed three times in a four-month period. It is important to
remember that GEN and MAN conditions involved interactions to teach repertoires solely to children
with ASD as learners. Figure 3 shows repertoire gains by the six participating children (CD1, CD2,
CD3, CD4, CD5 and CD6) across these two mentioned research conditions (GEN and MAN).

2500
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2000 4 Incorrect responses

4 Conec resenses - Conest responses
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1000
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Figure 3. Repertoire gains by the participating children with ASD. Note: Each graph shows accumulated correct
and incorrect responses across sessions by the six participating children with ASD as learners (from CD1 to
CD6). The first three sessions with each child refer to repertoire acquisition during GEN condition. The skills
were the same ten assessed in baseline during interactions with a confederate pretending to be a child with ASD.
The remaining data refers to repertoires considering the curricular goals for each child regardless of the study.

Some skills were different than those involved in the previous research conditions.

As may be seen in Figure 3, CD1 accumulated 2047 correct responses and only 27 incorrect
responses. 13 repertoires were taught during the MAN condition (from session three to session 17):
1 - sitting still; 2 - making eye contact; 3 - answering questions; 4 — describing non-verbal stimuli
(pictures) through vocal verbal sentences; 5 — retelling of stories; 6 — three-step motor imitation; 7 —
three-step following instructions; 8 — describing actions; 9 — reading syllables; 10 — copying numbers;
11 - following the contours of the name with the pencil; 12 — receptively identifying pictures by
function, feature and class; 13 — filling words in the blanks while singing.

CD2, in turn, accumulated 1145 correct responses and solely 97 incorrect responses. Ten
repertoires were taught during MAN (from session three to session 13): 1 — sitting still; 2 — making
eye contact; 3 — performing dictation with words; 4 — summing numbers; 5 — subtracting numbers; 6
— retelling of stories; 7 — answering questions; 8 — reading texts and answering comprehension
questions; 9 — filling words in the blanks while singing; 10 — playing functionally.

CD3 accumulated 1104 correct responses and 62 incorrect responses. 13 repertoires were taught
during MAN (from session three to session nine): 1 — sitting still; 2 — making eye contact; 3 — motor
imitation; 4 — following instructions; 5 — making vocal verbal requests; 6 — describing actions vocally;
7 — receptively identifying pictures by their names; 8 - receptively identifying pictures by function,
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feature and class; 9 — answering questions and other verbal stimuli; 10 — vocal verbal imitation of
words and sentences; 11 — playing functionally; 12 — drawing; 13 — reading letters and numbers.

CD4 accumulated 1387 correct responses and 101 incorrect responses. Eight repertoires were
taught during MAN (from session three to session 15): 1 — sitting still; 2 — making eye contact; 3 —
motor imitation; 4 — following instructions; 5 - receptively identifying pictures by function, feature
and class; 6 — labeling pictures; 7 — playing functionally; 8 — making requests through one-word
utterances.

CD5 accumulated 1576 correct responses and 90 incorrect responses. 13 repertoires were taught
during MAN (from session three to session 17): 1 — sitting still; 2 — making eye contact; 3 — three-step
motor imitation; 4 — following instructions; 5 — making requests through sentences; 6 — labeling
actions in pictures; 7 — answering questions and other verbal stimuli; 8 — drawing; 9 — playing
functionally; 10 — reading written or printed sentences; 11 — reading numbers; 12 - three-step
following instructions with toys and other items; 13 - performing dictation with words.

CD6 accumulated 1348 correct responses and 81 incorrect responses. 13 repertoires were taught
during MAN (from session three to session 13): 1 — sitting still; 2 — making eye contact; 3 — three-step
motor imitation; 4 - following instructions; 5 — making requests through sentences; 6 — labeling
actions in pictures; 7 — answering questions and other verbal stimuli; 8 — drawing; 9 - playing
functionally; 10 - reading written or printed sentences; 11 — reading numbers; 12 - three-step
following instructions with toys and other items; 13 - performing dictation with words. Table 2, next,
shows the results of the social validity assessment conducted with each of the six university
participants who were trained through BST.

Table 2. Social validity assessment results.

1. Ienjoyed participating in the BST training. P1 | P2 |P3 | P4 |P5 |P6
2. Ifelt comfortable with the training process. 5 5 5 5 5 5
3. Ilearned important skills. 5 5 5 5 5 5

4. BST was effective for teaching children with ASD | 5 5 5 5 5 5

accurately.

5. I will continue to use the procedures I mastered to | 5 5 5 5 5 5
teach other skills to children with ASD.

6. Irecommend the training to other interested people. 5 5 5 5 5 5

According to Table 2, overall, all university participants rated the six social validity questions
with the highest score, that is, five. They were satisfied with the entire BST training process.

4. Discussion

In this study, the four BST components (didactic instruction, modeling, role-play, and
performance feedback) were used to train six undergraduate Psychology students in implementing
the accurate teaching of multiple repertoires to a confederate pretending to be a child with ASD. BST
was successful in the sense that all the university participants could teach five different repertoires
to the confederate with a high teaching integrity level, that is, representing at least 90% DTT
components implemented correctly. Besides, the high-performance accuracy generalized to the
teaching of ten repertoires (including the five from BST training with immediate and delayed
feedback) to six children diagnosed with ASD.

These data corroborate the findings of previous studies on BST involving professionals,
university students and caregivers of children with ASD (Avﬂa & Matos, 2023; Clayton & Headley,
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2019; Ferreira et al., 2016; Guimaraes & Matos, 2024; Higgins et al., 2023; Lerman et al., 2008; Matos,
Hiibner, et al., 2021; Matos, Nascimento, et al., 2021; Sarokoff & Sturmey, 2004; Sarokoff & Sturmey,
2008; Souza et al., 2022). However, the current investigation was also an extension because, by the
end of the generalization assessment condition, all six university participants were able to accurately
teach ten different repertoires unlike the cases of the previous studies, whose participants taught
fewer skills to learners.

This investigation also extended the previously mentioned studies on BST by training the
university participants to accurately teach repertoires via DTT to children with ASD in the long term.
During the follow up/maintenance assessment condition, three probe sessions were conducted across
four months and no implementation errors of DTT components occurred. During this period, the six
university participants systematically taught multiple repertoires to the six children with ASD
involved. The skills were directly related to the curriculum goals of each child in the university
laboratory attended by them once a week for 1 hour and 30 minutes. Overall, the children
accumulated more than 1000 correct responses across several sessions in which they were taught by
the university participants of this research.

All the repertoires taught to the six children with ASD in the study over the course of months
tend to have a positive impact on their development, possibly influencing them to be more functional
in different environments. This may be a prerequisite for the development of more spontaneous and
naturalistic communication and greater independence in carrying out daily routines, including
engagement in behavioral sequences that are important for promoting health and preventing
infectious diseases such as COVID-19 (Costa & Matos, 2025).

In addition, the three probe sessions conducted by an experimenter across four months
revealed that the university participants implemented all possible DTT components without any
errors. All these data mentioned represent, possibly, the most relevant contributions of this study, as
they suggest that BST training produced a high impact on skill gains for all the 12 participants
(children and university students) in the long term. In addition, all university participants rated their
training across the six questions of the social validity assessment with the highest score.

The results of this study corroborate the data involving caregivers from research by Gomes et al.
(2022). In this case, the caregivers systematically taught at least ten different repertoires to six out of
17 children with ASD submitted to intensive behavioral interventions across a year. Post tests
involving a standardized developmental assessment protocol showed that the six mentioned children
demonstrated significant gains in repertoire compared to the others to whom multiple skills were not
targeted. In the current study, all six participating children with ASD showed significant skill gains
across multiple targets as well. These targets consisted of ten different skills across most of the
research conditions until generalization assessment, and several other skills across the sessions in the
follow up/maintenance assessment condition. However, as a limitation of this study, no standardized
developmental assessment tool was used unlike the study by Gomes et al. with caregivers.

Another limitation of this study refers to the number of sessions in which the six children with
ASD were submitted to DTT interventions across the four months of the maintenance assessment
condition. Each child was taught only a day per week for 1 hour and 30 minutes. It is expected that
many children with ASD, with difficulties in developing multiple skills, be submitted to more
intensive interventions lasting several hours per week. However, the children in this research come
from low-income families, unable to afford the costs of more intensive weekly interventions. The
university laboratory in which they were taught is only able to allow one session per week, so more
children may also be involved. Even so, it should be noted that, as another limitation of the research,
some children sometimes missed sessions due to variables such as illness, or even difficulties by their
caregivers due to work and other competing activities.

As was said before, an alternative may be training parents and other caregivers to implement
interventions themselves (Leaf et al., 2017b), but, as was said before, it may be a challenge to train
caregivers in a country where many people with low income need to spend many hours at work or
on household chores, being many times unavailable (Avila & Matos, 2023; Gomes et al., 2022). Then,
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it has been discussed that joining efforts to train an ever-increasing number of university students as
future professionals, through BST, represents a way of increasing the number of interventionists who
are better qualified to provide ABA-based services with quality and methodological precision,
reducing costs for families (Matos, Nascimento, et al., 2021).

In this research, the effects of the four BST components were not assessed separately, making it
impossible to isolate the effects of each component on teaching integrity levels by the university
participants. However, meta-analysis research developed by Fingerhut and Moyeart (2022) discussed
that the effects of BST components (didactic instruction, modeling, role-play, and performance
feedback) are better when they are administered together. These authors even stated that when the
four components of BST are employed together, they are statistically significant. The current study
took this argument into consideration and assessed the effects of the BST components together.

Other research on training university students and caregivers also discusses possible
alternatives to in-person BST training. Barboza et al. (2019) evaluated the effectiveness of an
instructional video modeling approach to train mothers to implement DTT to teach repertoires to
their children with ASD. Although access to instructional video modeling increased the mother’s
levels of teaching integrity, the authors discussed that the instructional video modeling is more
effective as part of a more comprehensive training program involving interactions with the behavior
analyst trainer. Freitas et al. (2022) assessed the effectiveness of a self-instruction manual to train
university students to accurately teach repertoires via DTT to children with ASD. Although the
manual improved the participants’ performance, the authors also discussed that the self-instruction
manual should be part of a more comprehensive approach involving other strategies such as, for
example, performance feedback by the trainer.

This discussion suggests that BST, with its four components, seems to be a gold standard in
training people interested in implementing ABA-based interventions, such as DTT, appropriately.
However, the delivery of in-person BST may pose some important limitations. People in need to learn
how to implement proper ABA interventions may encounter limitations for an in-person BST training
process to conduct DTT due to variables such as, for example, living in a rural area with little access
to training and supervision services, and health-related variables such as, for example, a pandemic
like COVID-19, establishing the need for social isolation (Carneiro et al., 2020; Ferguson et al., 2022a,
2022b; Schieltz & Walker, 2020; Tsami et al., 2019).

Recent studies have presented as an alternative to the constraints mentioned the use of remote
BST training. Avila and Matos (2023) and Higgins et al. (2023), for example, implemented the four
training components with caregivers remotely, that is, through internet. In both studies,
experimenters and caregivers were accommodated at different locations and they communicated
between themselves by using computers with internet. Although both studies reported positive
results, in the sense that participants learned how to implement DTT accurately to teach repertoires
to their children with ASD, access to computers or laptops might pose a challenge for many families
with lower socioeconomic status in a country like Brazil, and who often do not have access to devices
such as computers at home. It is important that alternatives be developed to address this issue.
Lower-cost devices could be targeted for software development that would make remote BST more
accessible to a large portion of the population that does not have a computer but does have, for
example, a smartphone. It would be interesting to conduct a systematic replication study of
procedures such as those used in this research, and to analyze the effects of using a remote training
device such as a smartphone with internet on long-term gains in repertoire among research
participants. This may represent a new important avenue for research.

5. Conclusions

BST successfully trained six Psychology undergraduate students to accurately teach multiple
repertoires via DTT to a confederate and six children diagnosed with autism in the context of a
university laboratory. The follow up/maintenance condition across four months on average indicated
that BST training effects were long-lasting. The university participants implemented all possible DTT
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components in three probe sessions without errors, and the children demonstrated over 1000 correct
responses across multiple skills, although each of them was only taught one day per week for 1 hour
and 30 minutes. An avenue for future research may be replicating the procedures of the current study
with parents and other caregivers as participants. One possible way to increase the likelihood that
caregivers, from a country such as Brazil with so many socio-economic inequalities, participate in
training may be through internet with remote meetings. The meetings may be held with devices such
as smartphones, which many people, regardless of their socio-economic status, own.
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