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Introduction to Applied Behavior Analysis, Virtual Reality,
and their Role in Educator Training

History and development of ABA

Introduction

Applied Behavior Analysis (ABA) has evolved from its roots in behaviorism to become a leading
approach for understanding and modifying behavior across diverse populations and settings. This
chapter provides an overview of its historical foundations and developmental trajectory, emphasizing
key milestones, influential figures, and contemporary trends.

Foundations in Behaviorism and Behavior Modification

The early 20th-century contributions of behaviorists like Ivan Pavlov, John B. Watson, and B.F.
Skinner laid the groundwork for understanding behavior as a function of environmental stimuli and
consequences. Behavior modification techniques emerged, introducing principles such as
reinforcement and shaping to modify behavior in various settings, including schools and clinics.
ABA as a distinct field was formalized in Baer, Wolf, and Risley's seminal 1968 article, which
emphasized applying behavior analytic principles to socially significant behaviors. Pioneering
research demonstrated the efficacy of ABA in teaching skills to children with autism, leading to the
development of techniques like natural environment teaching, discrete trial teaching or precision
teaching. From its origins in autism intervention, ABA expanded beyond this population to address a
wide range of behaviors in educational and clinical settings.

Professionalization and Contemporary Trends

The professionalization of Applied Behavior Analysis (ABA) gained momentum with the
establishment of the Behavior Analyst Certification Board (BACB) in 1998, which set standards for
professional competence. Recognition of ABA as an evidence-based practice has been reinforced by
numerous studies (Larsson, 2021).

Contemporary developments in ABA focus on the dissemination and implementation of
interventions, leveraging technological innovations to enhance assessment and intervention
methods. Advancements include telehealth services and mobile apps, which improve the
accessibility and effectiveness of ABA interventions. Current research aims to refine ABA techniques,
enhance ethical standards, and promote culturally responsive practices to serve diverse populations
more effectively.

Moreover, the field has seen an increased emphasis on interdisciplinary collaboration and the
application of ABA principles across various domains, such as education, healthcare, and
organizational behavior management. This holistic approach ensures that ABA remains adaptable
and relevant in addressing a wide range of behavioral challenges and needs.
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Basic principles of ABA

ABC principle

Intime and space, behavioris implemented in a predictable sequence. A preceding stimulus provokes
or triggers behavior, which is then implemented. As a result of behavior, a consequence may be
another stimulus in the environment. In applied behavioral analysis, the antecedent-behavior-
consequence sequence is called three-term contingency (ABC).

The three-term contingency (ABC) represents the central concept of behavior analysis. It is the
fundamental unit of operant behavior analysis based on the causal relationship between the
antecedent, the behavior, and the consequence within the environment.

Environmental stimuli that influence behavior are divided into two categories:

1.The first category of stimuli that occur before the behavior occurs are antecedents, which include
discriminative stimuli and motivational conditions that occur or are in place before the behavioral
response occurs. Antecedents influence our behavior based on the principle of conditioning, which
influences the formation of the relationship between a neutral stimulus, a meaningful stimulus, and
behavior.

Knowing which stimuli trigger behavior allows you to add or remove them from the environment,
increasing or decreasing the likelihood of a particular behavior.

2. The second category of stimuli is consequences, which occur after the behavior. Consequences are
also changes in the environment that occurimmediately after our behavior and affect the frequency
of this behavior in the future. The mechanisms of influence on behavior through consequences can
be reinforcing (reinforcement) and weakening (punishment).

If we know which consequences reinforce behavior and which consequences weaken behavior, we
can modify those consequences to reinforce acceptable behavior and weaken challenging behavior.

Reinforcement

Reinforcement affects behavioral parameters such as frequency, duration, latency, intensity, and
shape (topography) of the response.

Reinforcement is a process that takes place over time, not a one-time provision of something
pleasant. The change in future behavior determines the effectiveness of reinforcement.
Reinforcement is an immediate consequence of behavior. Therefore, it is crucial that reinforcement
immediately follows the response. There are two classical classifications of reinforcement: by source
of reinforcement and by formal features. Classification by source of reinforcement includes
unconditional (e.g., food, sleep, water, movement, touch), conditional (e.g., approval, attention,
activities, toys), and generalized reinforcement (e.g., grades, rewards, money, tokens). Classification
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by formal features includes nutritional reinforcement, sensory reinforcement, object reinforcement,
activity reinforcement, and social reinforcement.

The effectiveness of reinforcement is influenced by the following factors: deprivation or satiation;
size or quantity; the novelty of reinforcement; and consistency of reinforcement (modes of
reinforcement: fixed ratio, fixed interval, variable ratio, variable interval).

Positive reinforcement is the process by which an individual's behavior is reinforced when they
perform the desired action, and a reinforcing and pleasant stimulus is provided immediately after the
action has occurred. This process leads to the individual's behavior becoming more frequent in the
future.

Type of Description Outcome Example
reinforcement

Add orincrease a Happens more Praise your learner
pleasant stimulus frequently in the future. for completing
POSITIVE
homework

Negative reinforcement is defined as the removal of an unpleasant stimulus immediately
following the occurrence of a behavior, which subsequently increases the frequency of that behavior
in the future.

Type of Description Outcome Example
reinforcement
Reduce or remove an Happens more The use of medication
unpleasant stimulus | frequently in the future. | to reduce the frequency
or severity of
NEGATIVE headaches.

Shaping

Shaping is a behavioral method that transforms a previously existing behavior or action into a new,
improved behavior or action. In the process of shaping, successive approximations of the desired
behavior are made systematically and differentiated. Shaping is used to gradually model a target
behavior that an individual has never exhibited before or has exhibited only on rare occasions. This
technique consists of reinforcing behavioral acts gradually bringing the individual closer to the
desired outcome.

The objective of shaping is achieved when the behavior's topography, frequency, latency, duration,
and amplitude meet predefined criteria. The key components of shaping include differential
reinforcement and successive approximations.

Differential reinforcement entails reinforcing reactions that meet pre-established quantitative and
qualitative criteria, while responses that do not meet the mentioned criteria are not reinforced. Under
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the successive approximation principle, which governs the process of forming behavior, a specialist
differentially reinforces reactions (approximations) that are similar in some way to the final desired
behavioral outcome. At the beginning of the shaping process, the reactions that are part of the
learner’s behavioral repertoire are reinforced, as these are the most closely related to the final
behavior and are a necessary component of this behavior. As the frequency of these reactions
increases, the specialist begins to reinforce other reactions that are more complex and closer to the
final behavior. In this way, the specialist gradually modifies the criterion of reinforcement, moving
closer to the final behavior.

Extinction

Extinction is a process that occurs after a behavior and involves no changes in the environment. Thus,
the behavior stops being reinforced, and its frequency gradually decreases. The effectiveness of the
extinction procedure depends on an accurate identification of the function of the behavior and the
consequences that contribute to its occurrence.

There are three methods of extinction, depending on the type of amplification:

1) Extinction for behavior that is supported by positive reinforcement. In cases where the
behavior is maintained by positive reinforcement, the removal of reinforcement is used.

2) Extinction for behavior that is supported by negative reinforcement. If the behavior is
maintained by negative reinforcement, extinction involves preventing the behavior from
achieving the removal of the aversive (unpleasant) stimulus. This means that the
behavior no longerresults in the avoidance or escape from the aversive condition, leading
to a decrease in that behavior over time.

3) Extinction for behavior that is supported by automatic reinforcement. In this case,
sensory extinction is used. It is carried out by weakening or eliminating sensory
consequences.

The outcome of the extinction procedure is the gradual reduction of the behavior. However, an initial
temporary increase in the undesirable behavior, known as an "extinction burst," can occur. During
this phase, the behavior may intensify before it begins to decrease. The professional should be
prepared for potential manifestations such as increased intensity, frequency, or duration of the
behavior, sometimes referred to as "extinction-induced aggression" or similar reactions, which are
replaced by a fading of undesirable reactions when continued.

The effectiveness of the extinction procedure depends on identifying all possible sources of
reinforcement for the undesirable behavior and ensuring that these reinforcements are not available.
The effectiveness of the impact becomes greater with an increase in the number of samples. The
specialist should successfully combine extinction with other ABA methods. While using the
extinguishing method, the professional should reinforce socially acceptable alternative behavior.
This behavior should serve the same function as the undesirable behavior.

It is inadvisable to employ extinction as a disciplinary measure in instances where there is a high
probability of other children imitating the undesirable behavior in question, or where the individual
in question is exhibiting behavior that is perceived as a threat to themselves and others.
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Applications of ABA in education

ABA techniques are instrumental in teaching skills such as communication, social interaction, and
academic performance. Educators apply reinforcement and shaping to systematically develop key
behaviors.

Communication Skills

In discussing the achievement of optimal educational outcomes in a general education setting, it is
imperative to identify the most crucial skills for children in this environment. One of the most pivotal
skills is communication. By developing this skill, children can articulate requests, convey their needs,
respond to questions from a teacher or classmates, form friendships, and engage in numerous other
activities without resorting to unacceptable or challenging behaviors.

ABA methods successfully teach children to communicate using augmentative and alternative
communication (AAC) devices, sign language, Picture Exchange Communication System (PECS), or
verbal language, helping them express their needs and desires more effectively. Communication
skills can be developed through creating opportunities for vocal expression, modeling behavior by a
peer or teacher, prompting, and providing natural consequences for appropriate vocal or AAC
responses. This approach is complemented by using differential reinforcement of alternative
behaviors.

Teaching Social Interaction Skills

Social interaction skills are essential for fostering positive peer relationships and social inclusion,
especially for students with disabilities such as Autism Spectrum Disorder (ASD), ADHD, and learning
disabilities. ABA techniques, including Social Skills Training (SST), are widely used in both inclusive
and specialized educational settings to support these students.

SST employs systematic methods to teach essential interpersonal skills, such as initiating
conversations, understanding social cues, and engaging in group activities. Further studies, such as
those by Leaf, Taubman, Milne, Dale, and Leaf (2016), have expanded on these methods, using “cool”
and “uncool” routines, role-playing, and social skills taxonomy to teach appropriate social behaviors.
Their work showed that these strategies not only enhance immediate social interactions but also help
generalize these skills to various social contexts, ultimately creating a more inclusive and supportive
learning environment for all students.

Self-care skills

The ability to care for oneself is a crucial aspect of independence and well-being. This becomes even
more important in inclusive settings, where individuals with varying abilities engage in learning and
interactions. These settings offer a unique opportunity to customize self-care practices to
accommodate diverse needs, ensuring that everyone has the chance to participate and benefit.
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Additionally, behavior analytic research has been utilized to teach menstrual self-care skills for
individuals with intellectual disabilities, showing significant improvements in independent
performance of self-care tasks. The following examplesillustrate the types of ABA strategies and self-
care skills that can be employed in inclusive settings (Santoshi, Halder, 2023):

e Personal Hygiene:

o Handwashing: The teaching of proper techniques, using visual aids or step-by-step

prompting.
Toothbrushing: The provision of adaptive tools or visual schedules.
Bathing and Showering: The use of adaptive equipment and ensuring privacy and
safety. The process is broken down into manageable steps, with visual or verbal
prompts as needed.

e Eatingand Drinking:

o Using Utensils: Proper grip and coordination are taught using adapted utensils if
necessary.

o Self-feeding: Independence is encouraged while support, such as plate guards or
spill-proof cups, is provided as needed.

o Nutrition Awareness: Promoting healthy eating habits and understanding of
nutritional needs.

e Toileting:

o Routine and Schedule: The establishment of consistent bathroom routines and the
utilization of visual schedules are both recommended.

o Independence: Appropriate wiping techniques, the flushing of the toilet, and the
subsequent handwashing.

o Adaptations: The installation of grab bars, the provision of step stools, or the
utilization of adaptive toilet seats are examples of potential adaptations.

e Grooming:

o Hair Care: The instruction of proper hair care techniques, including the use of
adaptive brushes, if necessary.

Nail Care: Guiding on safe trimming techniques or providing assistance as needed.
Skincare: The promotion of regular routines for moisturization, sun protection, and
treatment of skin conditions is also encouraged.

e Health and Safety:

o First Aid: The acquisition of fundamental abilities, such as the ability to apply a
bandage or to recognize when professional assistance is required.

o Medication: The correct administration of medication, including the use of pill
organizers or alarms as reminders.

o Safety Awareness: The ability to identify potential hazards in the environment and
to comprehend fundamental safety regulations (e.g., observing traffic signals before
crossing a street).

e Domestic Responsibilities:
o Cleaning: Such tasks include wiping surfaces, sweeping, and tidying personal spaces.
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o Laundry: The sorting, washing, and folding of clothes.
o Food preparation: The ability to prepare basic foods using adaptive tools or simplified
recipes, if necessary.

Academic skills

Academic interventions are strategies and techniques used to improve students' academic skills in
areas such as reading, writing, and math. These interventions are typically evidence-based and are
designed to address specific learning difficulties or enhance overall academic performance.

It is needed to start academic interventions with universal screening that gives the possibility to
provide regular assessments to identify students at risk of academic difficulties (Fuchs & Fuchs, 2006)
and diagnostic assessment that means in-depth evaluation to understand specific learning needs and
strengths (Jenkins & Hudson, 2006) to identify the level of people's skills.

Forstudents with ASD or other mental developmental disabilities, it is essential to select personalized
and effective teaching methods. Within the framework of ABA, the following methods can be used
to develop academic skills.

ABA-Based Interventions for Academic Skills:

e Reading Interventions:

o Discrete Trial Training (DTT): Using a structured teaching approach that involves
breaking down reading skills into discrete trials, each consisting of a prompt,
response, and consequence (Smith, 2001).

o Errorless Learning: Minimizing student errors by providing immediate prompts and
increasing difficulty to ensure success (Leaf & McEachin, 1999).

o Precision Teaching: Employs frequent measurements of student performance to
inform instructional decisions. It places a particular emphasis on developing fluency
in reading skills. Tracking progress and adjusting instruction based on data helps
build reading fluency and comprehension (Lindsley, 1992).

e Writing Interventions:

o Self-Monitoring: Teaching students to track their writing behaviors, such as the
number of words written or the use of specific writing strategies (Harris et al., 2005).

o Goal Setting and Feedback: Helping students set specific writing goals and providing
regular feedback on their progress (Graham, MacArthur, & Fitzgerald, 2013).

o Task analysis: The method of breaking down the writing process into smaller,
teachable steps. Each step is taught individually and systematically. This method can
teach complex writing tasks such as composing essays and research papers (Cooper,
Heron, & Heward, 2020).

e Math Interventions:

o Direct Instruction: Using explicit, teacher-led instruction with a focus on clear,

concise explanations and guided practice (Carnine, 1997).
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o Precision Teaching: Daily measuring student performance on specific math skills and
making instructional adjustments based on data (Lindsley, 1992).

Challenging behavior

ABA provides a framework and a set of techniques to effectively address challenging behaviors, even
when individuals with diverse abilities learn and interact together or start learning in inclusive
settings. Different research has demonstrated that ABA effectively reduces challenging behaviors
and promotes positive behaviors in inclusive settings by tailoring interventions to the specific needs
of each student (Smith, 2012). Techniques such as Functional Communication Training (FCT) and
positive reinforcement are particularly beneficial in these environments (Tiger, Hanley, & Bruzek,
2008).

Following the completion of a functional behavior assessment (FBA), professionals can identify the
function of the challenging behavior. This process involves the collection of data on the antecedents
(i.e., the circumstances preceding the behavior), the behavior itself, and the consequences (i.e., the
outcomes and consequences of the behavior). The involvement of stakeholders allows for the
collaboration of teachers, aides, parents, and students in the gathering of comprehensive data from
multiple perspectives. In addition, an environmental analysis is conducted to identify the
environmental factors, both physical and social, that may influence the behavior. This analysis is
conducted concurrently with the antecedent and consequence analyses.

Behavior Skills Training

Behavior Skills Training (BST) is a widely utilized method for teaching new skills and behaviors across
various domains, including education, healthcare, and organizational settings. This chapter provides
an exploration of BST, its underlying principles, applications, and effectiveness in facilitating behavior
change.

Foundations of Behavior Skills Training

BST is rooted in the principles of ABA, emphasizing systematic instruction and reinforcement to
teach new behaviors effectively. It comprises four main components: instruction, modeling,
rehearsal, and feedback. These components work synergistically to facilitate skill acquisition and
mastery.

Components of Behavior Skills Training

Because of the extensive use of BST to train individuals to use orimplement new skills, several studies
have sought to identify the most potent components of the intervention package (Slane &
Lieberman-Betz, 2021). One of the first studies mentioned by authors is Krumhus and Malott (1980)
independently analyzing three components of BST, including (1) instructions, (2) modeling, and (3)
feedback. Over the years, the understanding of BST has evolved, with analyses focusing on the
impact of each component on student improvement. Currently, the most widely interpreted version

MUNT Q) vimodo,

AALBORG
UNIVERSITET

< A

(R )

blue
beehive



Co-funded by Q

[
S

I the European Union

of BST comprises four components consisting of (1) instructions, (2) modeling, (3) rehearsal, and (4)
feedback (DiGennaro Reed et al., 2018, as cited in Slane & Lieberman-Betz, 2021).

Four components of BST:

1) Instructions: The learner is provided with explicit and detailed instructions that clearly
describe the target behavior and its desired outcomes. These instructions ensure the
learner understands what is expected, including the specific actions and standards to be
achieved. Clarity and conciseness are crucial to avoid any ambiguity.

2) Modeling: The trainer demonstrates the correct execution of the target behavior, serving
as a visual and practical example for the learner. This step allows the learner to observe
the precise techniques and actions required, facilitating a better understanding through
visual learning. The demonstration should be performed accurately and consistently to
set a reliable standard.

3) Rehearsal: Underthe trainer's supervision, the learner practices the target behavior. This
step involves repeated practice to develop proficiency, allowing for correction and
refinement of the behavior. The trainer guides the learner through the practice sessions,
providing opportunities for the learner to ask questions and receive immediate guidance,
which enhances skill acquisition and confidence.

4) Feedback: Constructive feedback is provided to the learner based on their performance.
This feedback highlights areas where the learner can improve and reinforces the correct
responses. The feedback needs to be specific, timely, and actionable, enabling the
learner to make necessary adjustments and continue to improve. Positive reinforcement
for correct behaviors boosts the learner’'s motivation and confidence, while corrective
feedback helps in identifying and addressing errors effectively.

Applications of Behavior Skills Training

BST has diverse applications across various settings and populations:

Education: BST is commonly used to teach academic skills, social skills, and self-care routines to
students with disabilities or learning difficulties. By breaking down complex tasks into manageable
steps and providing ample opportunities for practice and reinforcement, educators can optimize the
learning outcomes for all students. In higher education, BST can be adapted to address the unique
needs and challenges faced by college and university students. Whether it involves mastering
advanced academic concepts, developing study habits, or navigating social dynamics on campus,
BST offers a structured framework for promoting student success. Through personalized instruction,
goal setting, and performance feedback, educators can empower higher education students to
achieve their academic and personal goals effectively.

Healthcare: Its utilization extends beyond the training of healthcare professionals in clinical
procedures, patient communication, and safety protocols. While traditionally employed for
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healthcare staff, its efficacy can also benefit patients and caregivers, as well as contribute to the
continuous professional development of practitioners across various healthcare disciplines. Effective
communication is essential for building rapport, obtaining accurate medical histories, delivering
diagnoses, and facilitating shared decision-making. By incorporating role-playing exercises,
communication scripts, and feedback sessions, BST enables healthcare practitioners to develop
communication skills that promote empathy, clarity, and patient-centered care. Additionally, BST is
instrumental in training healthcare professionals in safety protocols and infection control measures,
particularly in the context of emerging infectious diseases and pandemics. Through rigorous training
modules, simulation exercises, and adherence to evidence-based guidelines, healthcare staff can
mitigate risks, prevent healthcare-associated infections, and ensure the safety of both patients and
themselves. Beyond training healthcare professionals, BST can also be adapted to educate patients
and caregivers on self-management techniques, medication adherence, and lifestyle modifications.
By employing user-friendly materials, interactive demonstrations, and reinforcement strategies, BST
empowers patients and caregivers to actively participate in their care, leading to improved health
outcomes and reduced healthcare utilization.

Parenting: While traditionally employed for skill-building in children, its efficacy can also benefit
parents, caregivers, and families in promoting positive behavior, strengthening parent-child
relationships, and fostering a supportive home environment conducive to the overall well-being of
children. Beyond teaching specific skills, BST empowers parents to implement positive behavior
management techniques and establish clear expectations and consequences within the family
environment. By utilizing strategies such as positive reinforcement, token economies, and behavior
contracts, parents can encourage desired behaviors, address challenging behaviors, and promote
self-regulation and self-control in their children. Through consistent and nurturing discipline, parents
can create a supportive and structured home environment that fosters the emotional, cognitive, and
behavioral development of their children.

Workplace Training: Its utilization extends beyond the training of employees in job-related skills,
customer service protocols, and safety procedures. While traditionally employed for skill-building in
the workforce, its efficacy can also benefit employers, managers, and teams in promoting
professional development, enhancing workplace culture, and improving overall organizational
performance.

Effectiveness of Behavior Skills Training

Behavioral skills training consistently led to the greatest enhancements in implementation fidelity.
Brock et al. (2017) analysis revealed significant connections regarding practitioner training provided
to those who work with individuals with disabilities between implementation fidelity and various
factors, including modeling, written guidance for implementation, and verbal feedback on
performance. Hogan (2015) also examined the effectiveness of the BST method in the educational
sector, and the results of his study indicate a positive BST effect.
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Introduction to Virtual Reality

By substituting real-world sensory information with digitally generated content, Virtual Reality (VR)
offers interactive, controllable simulations in which therapeutic and learning interventions can be
implemented. lvan Sutherland is widely recognized for designing the first head-mounted display
(HMD) in 1968, which allowed users to experience a basic wireframe virtual environment. Despite the
early HMDs being heavyweight, low-fidelity, and expensive, advancements over the decades have
transformed VR technology significantly.

In 2012, Oculus launched a Kickstarter project that promised an affordable, lightweight VR HMD with
6-degrees of freedom (6DoF) and a wide field of view. This project marked the beginning of a new
wave of high-fidelity and accessible VR equipment. Today, immersive and interactive virtual
environments are available to a large segment of the population, enabling diverse applications in
fields such as mental health and education.

In 2013, a survey of psychotherapy experts ranked VR fourth among the top predicted interventions
for psychotherapy in 2023 (Glanz et al., 2013). As highlighted by Albert "Skip" Rizzo during his
keynote speech at the IEEE VR 2018 conference, VR applications are becoming essential tools for
psychologists, researchers, and practitioners.

Relevance of VR for the Project

VR presents an innovative and transformative approach for training adult educators in the application
of ABA with autistic children. This technology offers immersive and interactive experiences that can
significantly enhance the learning process and the practical application of ABA techniques in
educational settings. Here's how VR is relevant to this project:

Enhanced Engagement and Motivation: VR creates a stimulating and engaging learning
environment. Educators can immerse themselves in realistic scenarios that capture their attention
and maintain their motivation throughout the training process. This heightened engagement is
crucial for retaining complex ABA principles and strategies.

Safe and Controlled Practice Environment: One of the significant advantages of VR is the ability to
provide a risk-free environment for practicing ABA techniques. Educators can repeatedly practice
interventions with virtual children, allowing them to refine their skills without the fear of causing
harm or experiencing real-world consequences. This controlled setting is particularly beneficial for
handling challenging behaviors safely and effectively.

Personalized and Adaptive Learning Experiences: VR allows for the customization of training
modules to meet the specific needs of individual educators. Training scenarios can be adapted to
various skill levels and learning paces, ensuring that each participant receives the most effective
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instruction tailored to their requirements. This adaptability enhances the overall learning experience
and ensures that educators can progress at their own pace.

Practical Application and Skill Transfer: VR provides a platform where theoretical knowledge can
be directly applied to practical situations. This hands-on approach facilitates the transfer of learned
skills to real-world applications. Educators can experience realistic classroom scenarios, allowing
them to practice and internalize ABA techniques in a way that traditional training methods cannot
replicate.

Feedback and Assessment: In a VR environment, educators receive immediate feedback on their
performance, which is crucial for effective learning. Real-time feedback helps educators understand
their strengths and areas for improvement, leading to a more thorough mastery of ABA techniques.
This continuous assessment ensures that educators can refine their skills iteratively, enhancing their
competence and confidence.

Accessibility and Inclusion: VR technology can be adapted to accommodate educators with
disabilities or limitations, ensuring that everyone has equal access to high-quality training. This
inclusivity is vital for creating an equitable learning environment where all educators can benefit from
the training regardless of their physical abilities.

In summary, integrating VR into the training program for educators using ABA with autistic children
offers numerous advantages. It enhances engagement, provides a safe practice environment, allows
for personalized learning experiences, facilitates the practical application of skills, offers immediate
feedback, and ensures accessibility for all educators. These benefits collectively contribute to more
effective and comprehensive training, ultimately improving the quality of education provided to
autistic children.

Integration of ABA and VR in Educator Training

An essential challenge in special education is ensuring educators have the skills to implement
evidence-based interventions consistently and accurately. A frequent issue is the transfer of learned
skills from one environment to another, which is particularly crucial when working with students with
ASD. Educators need a solid theoretical understanding and practical experience to deliver training
effectively.

Nevertheless, the difficulty lies in offering enough chances for practice and feedback due to limited
resources. Universities and colleges often find providing varied and reliable field experiences
challenging, and "practicing up" is unethical. As a result, new teachers are left to teach with a limited
understanding of effective pedagogy and skills, leading educators to search for technological
solutions to complement traditional training (Garland, Vasquez lll, & Pearl, 2012).
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VR environments have the potential to serve as adequate substitutes for real-world training
environments, offering safer and potentially more efficient training experience. This allows educators
to engage in situational training in simulated environments with virtual students, props, and
automated feedback, ultimately enhancing their teaching skills and confidence.

Immersive VR simulation platforms are currently unavailable for consumer head-mounted VR
displays like the Oculus Quest to teach behavior intervention skills. The development of such a
training simulation platform would offer affordability, ease of use, and flexibility in application.
However, despite the potential for improved safety and efficiency, more research is needed on using
VR technologies to train behavioral interventions (Clay, et al., 2021).

Staff/educator Training: VR solves the challenge of offering educators consistent and diverse field
experiences. Simulated environments, known as "virtual practicums," complement traditional
training methods and allow educators to practice teaching techniques in a safe and controlled
setting. Furthermore, technology-based platforms provide a means for educators and supervisors to
give feedback to learners (Garland, Vasquez lll, & Pearl, 2012). VR can be integrated with ABA training
using VR technologies in Behavioral Skills Training. BST has proven to be an effective ABA-based
training method that includes written and verbal instructions, skill modeling, skill rehearsal, and
performance feedback. (Sarokoff & Sturmey, 2004).

A similar training procedure, practice-based coaching (PBC), involves instructions, direct
observation, and feedback (Mason, et al., 2017). However, one disadvantage of these training
procedures is the dependence on scarce resources, specifically for the role-play and the input from a
skilled professional (Pollard, Higbee, Akers, & Brodhead, 2014). In 2015, it was recommended that
future researchers examine alternate delivery options for BST, including technology, to improve
dissemination. In the same year, video modeling was incorporated into BST, which has been used to
train intervention skills successfully for parents of children with ASD.

Although video modeling has some advantages, compared to the traditional method, by removing
the requirement of having a live model provide instruction, immersive VR training can offer even
further advantages by providing the trainee with an opportunity to engage in full-body movement
and accurately simulate the actions that would be required for an individual when responding to
problem behavior or implementing an intervention to decrease problem behavior (Clay, et al., 2021).

Furthermore, in a VR immersive environment, the trainee can rehearse several scenarios repeatedly,
improving their confidence and receiving corrective feedback multiple times without direct contact
with clients or the need to have confederates with whom to role play (Garland, Vasquez Ill, & Pearl,
2012). Another avatar (VR character) could act as the trainer, removing the need for a human or live
trainer. This way, the trainees receive feedback after making errors without impacting a real child
(Sveinbjornsdottir, et al., 2019). As trainees become more proficient, more complexities may be
layered within sessions, thereby more closely replicating real situations. Moreover, the rehearsal in
VR might feel more realistic than role-playing with a confederate acting out problem behavior.
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Finally, practicing with a virtual child/student will help professionals overcome many obstacles

mentioned earlier. Both virtual clients to train health professionals and virtual children to train special

education teachers in applying specific teaching methods have been effectively used (Clay, et al.,
2021; Sveinbjoérnsdottir, et al., 2019).
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1) Staff/educator Training: VR solves the challenge of offering educators consistent and

diverse field experiences. Simulated environments, known as "virtual practicums,"
complement traditional training methods and allow educators to practice teaching
techniques in a safe and controlled setting. Furthermore, technology-based platforms
provide a means for educators and supervisors to give feedback to learners (Garland,
Vasquez Ill, & Pearl, 2012). VR can be integrated with ABA training using VR
technologies in Behavioral Skills Training. BST has proven to be an effective ABA-
based training method that includes written and verbal instructions, skill modeling, skill
rehearsal, and performance feedback. (Sarokoff & Sturmey, 2004).

A similar training procedure, practice-based coaching (PBC), involves instructions, direct
observation, and feedback (Mason, et al., 2017). However, one disadvantage of these
training procedures is the dependence on scarce resources, specifically for the role-play
and the input from a skilled professional (Pollard, Higbee, Akers, & Brodhead, 2014). In
2015, it was recommended that future researchers examine alternate delivery options for
BST, including technology, to improve dissemination. In the same year, video modeling
was incorporated into BST, which has been used to train intervention skills successfully
for parents of children with ASD.

Although video modeling has some advantages, compared to the traditional method, by
removing the requirement of having a live model provide instruction, immersive VR
training can offer even further advantages by providing the trainee with an opportunity
to engage in full-body movement and accurately simulate the actions that would be
required for an individual when responding to problem behavior or implementing an
intervention to decrease problem behavior (Clay, et al., 2021).

Furthermore, in a VR immersive environment, the trainee can rehearse several scenarios
repeatedly, improving their confidence and receiving corrective feedback multiple times
without direct contact with clients or the need to have confederates with whom to role
play (Garland, Vasquez Ill, & Pearl, 2012). Another avatar (VR character) could act as the
trainer, removing the need for a human or live trainer. This way, the trainees receive
feedback after making errors without impacting a real child (Sveinbjornsdottir, et al.,
2019). As trainees become more proficient, more complexities may be layered within
sessions, thereby more closely replicating real situations. Moreover, the rehearsal in VR
might feel more realistic than role-playing with a confederate acting out problem
behavior.

Finally, practicing with a virtual child/student will help professionals overcome many
obstacles mentioned earlier. Both virtual clients to train health professionals and virtual
children to train special education teachers in applying specific teaching methods have
been effectively used (Clay, et al., 2021; Sveinbjornsdottir, et al., 2019).
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Desensitization: VR exposure therapy (VRET) can effectively treat specific phobias or be
used in interventions for desensitization procedures by providing controlled exposure to
anxiety-inducing stimuli. The advantage of VRET lies in its ability to manipulate and
customize the exposure experience, making it more manageable and effective than
traditional exposure methods. However, according to current research, findings
regarding generalization to real-life situations are limited (Morina, Ijntema,
Meyerbroker, & Emmelkamp, 2015).

Individualized Instruction: VR allows for individualized instruction. The therapist or
trainer can adapt instruction to the learner’s needs (e.g., the VR environment, the task
difficulty, the prompt level, the reinforcement schedule, and the reinforcer). This
individualization enhances the effectiveness of interventions by catering to each user's
requirements (Carnett, et al., 2023).

Reinforcement Schedules/Corrective Feedback: Real-time feedback in VR
environments enables the programming of specific reinforcement schedules and
corrective feedback, facilitating learning and skill acquisition (Carnett, et al., 2023).

Prompting/Antecedent interventions: VR simulations incorporate behavior analytic
components such as antecedent interventions, prompting, reinforcement, and corrective
feedback, ensuring comprehensive training experiences. In the study of Carnett et al.
(2023), in one example it was explained that extra stimulus cues were included within the
VR driving simulation based on the user's eye gaze to highlight driving hazards that evoke
driver attention and defensive driving maneuvers. In another example it was explained
that the VR system was used within the context of pedestrian safety (visual and auditory
stimuli) with a therapist delivering questions related to the safety of the situation (e.g.,
“Is there a moving car?”) and reinforcing the participant's responses (Carnett, et al,,
2023).

Generalization: VR interventions seem promising in promoting the generalization of
skills by exposing users to diverse scenarios and character skills (multiple exemplar
training study) and allowing for extra practice. Furthermore, VR can also easily allow for
generalization to the natural environment since it allows for programming of the relevant
stimuli occurring within the natural environment (Carnett, et al., 2023). However, from
the current research, the assessment of generalization to natural environments is
promising but limited (Clay, et al., 2021).

Discrete Trial Teaching (DTT): VR training is practical in teaching basic DTT skills,
providing a hands-on learning experience within a controlled environment
(Sveinbjornsdattir, et al., 2019).
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Safety Skills: VR simulations offer a safe environment for practicing safety skills such as
pedestrian safety and abduction prevention, addressing critical functional skills for
individuals with special needs. For example, using VR to simulate driving conditions by
Cox et al. (2017) can allow for safe practice environments protecting the trainee,
instructor, other drivers, and pedestrians (Carnett, et al., 2023).

Challenging Behavior/Functions of Behavior: Similar to safety skills, when training
behavior intervention skills such as managing challenging behaviors, it would be difficult
and potentially dangerous to simulate challenging behaviors such as aggression fully.
Moreover, training professionals to work with clients who exhibit self-injurious behavior
(SIB) can expose the client to potential injury as repeated SIB frequently leads to physical
injury. Exposure to aggression during staff training can lead to an increased risk of
exposure to infectious diseases (e.g., coronaviruses, severe acute respiratory syndrome
[SARS], tuberculosis, hepatitis B) due to proximity to individuals who may be carrying a
disease. Therefore, practicing functional behavior interventions in VR can eliminate all
those risks (Clay, et al., 2021).

Functional Communication Training (FCT): FCT can be trained using VR technology,
reducing risks for trainees and learners. In a study evaluating the feasibility of using VR
to train individuals to implement FCT for attention and escape-maintained problem
behavior, a VR tool (AutSim®) was used. Researchers suggest that future studies should
extend this research by examining VR BST application to other behavioral functions
(Clay, et al., 2021).

Peer-modeling: Peer modeling (PM) is a peer-mediated behavioral intervention (PMBI)
in which a selected peer is instructed to model a desired behavior for the target learner,
who is then expected to imitate the behavior in a similar context. With VR, we can create
virtual children as pedagogical playmates or learning peers, which has shown potential
as an intervention for children with autism (Tataro & Cassell, 2006).

Data Collection: VR enables tracking user movements, providing valuable data for
decision-making and assessing performance (Carnett, et al., 2023).

Skill Acquisition: VR environments provide safe spaces for developing skills needed for
independence and autonomy, reducing the risks associated with real-world practice.
Unlike real-world environments, VR can reduce the risks associated with skill acquisition.
For instance, when learning to cross the street safely in a VR environment, there are no
real risks if the user makes a mistake compared to the real environment, where an
individual could be hit by a car (Carnett, et al., 2023).

AALBORG
UNIVERSITET

< A

blue
beehive



GesBin it A

[
S

I the European Union

Realistic and engaging learning experiences

VR allows students to transfer what they learn in the classroom to a real-life situation, meaning that
students have the opportunity to transfer. According to Aarkrog, transfer occurs when a person
applies something they have learnt in one situation to another, more similar situation (AArkrog, 2010)
VR as a learning tool creates an expansion of the learning space because VR creates access to a virtual
practice that students do not otherwise have access to in their school lessons (Thamdrup, 2020).

From learning situation to application situation

According to Bjarne Wahlgren, research indicates that only a limited amount of what is learnt in a
traditional education programme is subsequently applied. However, all education can be improved if
it is organised with a greater focus on the application of what is learned (Wahlgren, 2013).

In a traditional teaching context, organizing lessons to be application-oriented can be challenging. It
is essential to structure teaching with a focus on enabling students to transfer what they have learned
to new situations, a process known as transfer. Three factors that can promote transfer include
personal factors, teaching-related factors, and those related to the situation in which the knowledge
must be applied. Didactically, this means that educators should incorporate actual applications of the
learned material into the curriculum. Additionally, the phases before and after instruction are as
important as the teaching itself. This approach connects to the use of VR in a simulation context,
where training is structured with a briefing (before), a VR scenario (during), and a debriefing (after).
The debriefing, in particular, gathers students' experiences from the VR scenario through structured
dialogue that encourages self-reflection on their learning. While theory can describe practices, it does
not provide students with the experiential understanding of how a given theory is applied in real
situations. VR can simulate practical scenarios to a much greater extent, offering students a
meaningful experience of being in and acting within those situations. The clearer students can
visualize the application context, the greater the transfer, as this perception enhances their
understanding of how learning positively impacts the quality of their future work. Setting learning
goals is also emphasized as a way to strengthen transfer (Wahlgren, 2013).

Practicality and transfer-enhancing factors

Didactically, VR teaching must contain clear learning objectives so that it is apparent to the students
what learning is in focus. It's important to adapt the learning objectives to match the level the
students are at in their programme. This increases the likelihood that students will apply what they
learn (Wahlgren, 2013)

In a practice-oriented VR scenario, students will be able to link theory to a practical situation and get
a clearer sense of whether the predetermined learning objective is being met. This will be in focus
during the debriefing after the VR scenario is performed (Simulationsstandarder, n.d.).
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Safe and controlled practice environment

Using VR in a teaching situation ensures a safe and risk-free environment where different approaches
to problem-solving, conflict management, communication and so on can be tried out. The use of VR
can be of great importance in translating the theoretical foundation into practical professional
competencies. It provides the opportunity to repeatedly test conflictual or challenging situations,
with different approaches, without consequences for the student or the child with autism spectrum
disorder. In the long run, this will give the student confidence in their professional work and role when
faced with unfamiliar challenging situations.

When theoretical knowledge has to be transferred to professional practice, it means that it may be
necessary to act differently in practice than the student imagines based on the theory (Wahlgren,
2013). The practice shock that some students experience when they encounter a practice that is far
from what they imagined can be partly mitigated with the increased use of VR in teaching.

With VR scenarios, we can simulate a practice that is as close to reality as possible. This will give
students a more hands-on experience than is possible in a case study, for example. The advantage of
VR is that it takes place in a safe learning environment where mistakes are allowed. It is also possible
to repeat parts of a scenario or action over and over.

In this context, Wahlgren (2013) mentions that the likelihood of students being able to apply their
competencies in challenging situations is greater than if they had only acquired theoretical
knowledge. In other words, the student must be able to see a connection between the learning
situation and the application situation. The challenge with classic communication teaching is that it
can take a long time before the student realises that they can link theory to practice. With VR, we can
partly meet the experience of practice immediately, in the form of practice-orientated VR scenarios.

An important transfer factor is thus the one related to the application situation, i.e. the VR scenario
itself. In a VR learning context, this means that immediately after the theoretical teaching, students
have the opportunity to apply their knowledge in the VR scenario.

Didactic framework - The holistic model

Didactically, it can be based on Hilde Hiim and Else Hippe's expanded concept of knowledge, where
learning can be viewed from a process perspective. In this perspective, learning is developed in a
tension between practical challenges, reflection on implementation and expansion of understanding
(Hiim & Hippe, 2005). In a VR context, special attention should be paid to the elements; learning
prerequisites, framework factors and the learning process, when applying this didactic framework.

Learning prerequisites
In a VR context, it is about strengthening students' belief in their abilities to master digital technology
(VR glasses and controllers), as a prerequisite for students to be comfortable with learning. A safe
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learning environment is also a prerequisite for students to be motivated to use VR as a meaningful
preparation for the practice they are about to enter. In general, the demands must be perceived as
meaningful and manageable (Hiim & Hippe, 2003). It is also important that educators are aware of
creating a clear framework to use VR, based on the students' competencies. A clear framework must
be created in the briefing (Simulationsstandarder, n.d.) so that the students experience the
technology as a safe learning space. Being able to immerse yourself in the scenario, knowing that you
are being observed in the learning space, requires confidence.

For the educator, however, there are also some learning prerequisites to consider, as it is important
to have the competencies for the entire technical set-up and have the belief that you can do it. In
addition, there is also the motivation to use VR as a learning technology and the experience that it
can create meaning and coherence in practice.

Framework factors

Each educational institution must have the relevant VR equipment and the necessary licences. In
addition, a physical and temporal framework is required that allows the simulation to take place
undisturbed and safely. Students must be introduced to the use of VR glasses and controllers before
the equipment is handed out to them. Along the way, when the students complete the VR scenario,
it is the educator's role to facilitate the process, e.g. clarification of doubts or technical challenges.
Pedagogically, the educator must support the students in trying out the scenario, based on learning
objectives and prerequisites.

The trainer must be trained in the use of the VR equipment and the simulation concept including the
standards (Simulationsstandarder, n.d.) to optimise the awareness of the VR scenario as an
assessment-free space, focusing on the students' learning according to the Simulation Standards.
Finally, a debriefing is conducted based on the student's learning objectives. Debriefing is done
according to the Simulation Standards (Simulationsstandarder, n.d.).

The learning process

There are a number of factors that influence the learning process. Conditions such as a safe learning
environment with a good social climate and a clear framework for the use of VR in teaching are
important factors that are crucial for students to learn and experience the learning process as
meaningful (Hiim & Hippe, 2003). The students' prerequisites have a direct impact on their learning
process, and it is therefore necessary that educators take this into account in their didactic
considerations when organising teaching.

The use of VR offers the possibility of taxonomic differentiation, as it allows individual students to go
through VR scenarios of varying complexity.

The use of VR scenarios, as a supplement to a traditional teaching context, can contribute to holistic
teaching, which according to Hiim and Hippe provides a context that increases student learning (Hiim
& Hippe, 2003). By including VR technology in teaching, students' actions and competences will
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increase in relation to their future professional practice. In a study, conducted at SOSU Ostjylland, on
the use of VR versus traditional case-work on the theme Chronic obstructive pulmonary disease
(COPD) showed that the VR group, compared to a control group, had a significantly higher level of
confidence in helping someone with COPD after the training (Jensen et al., n.d.). Besides a higher
confidence, the VR training also developed the students' sensitivity to achieving a more nuanced
perception of citizens and gave the students a better overall understanding of the citizen's situation
(Thamdrup, 2020).
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Designing VR-Based ABA Educator Training Modules

Didactic considerations of using VR in an educational purpose

Virtual reality in education presents transformative didactic opportunities by immersing learners in
highly interactive and experiential environments that are difficult or impossible to replicate in
traditional settings. From a pedagogical perspective, VR aligns with constructivist theories, where
knowledge is actively built through experience and interaction rather than passive absorption. VR
allows learners to engage with abstract concepts in a tangible way, fostering deeper understanding
through experiential learning. For example, complex subjects like molecular biology or historical
events can be brought to life, allowing students to "step into" a cell or explore ancient civilizations in
ways that engage multiple senses. The immersion and realism of VR contribute to greater motivation
and engagement, key factors in learning retention. According to Dalgarno and Lee (2010), the spatial
presence created by VR environments enhances learners’ ability to visualize and manipulate virtual
objects, leading to better spatial understanding and problem-solving skills.

Moreover, VR supports differentiated learning by allowing for personalized pacing and adaptive
environments that cater to individual learning styles. Kinesthetic learners, for instance, benefit from
physically interacting with objects in VR, while visual learners can explore detailed 3D simulations.
Another crucial didactic consideration is the potential for collaborative learning in virtual spaces. VR
platforms enable multi-user experiences where students can interact, share insights, and solve
problems collectively, thereby promoting social learning theories, as highlighted by Vygotsky's
emphasis (Forman & Cazden, 2013) cognitive theory of multimedia learning suggests that VR, by
integrating both visual and auditory stimuli, can help manage cognitive load, allowing students to
focus on key concepts without being overwhelmed by extraneous information.

However, careful consideration must be given to the learning objectives and context in which VR is
used. Without clear instructional goals, VR may risk becoming a novelty rather than an effective
learning tool. Educators need to design VR experiences with pedagogical intent, ensuring that the
technology enhances rather than distracts from the learning process. Furthermore, accessibility
remains a challenge, as not all students may have equal access to VR hardware, potentially widening
the digital divide. Nonetheless, with thoughtful integration, VR has the potential to revolutionize
education by creating immersive, engaging, and effective learning experiences.

VR as an educational tool

Using VR as an educational tool offers new learning opportunities, but its effectiveness is significantly
enhanced by structured briefing and debriefing sessions. Briefing before a VR session prepares
students by setting clear learning objectives, providing necessary context, and familiarizing them
with the VR environment and tools. This preparation allows learners to focus on the educational
content rather than getting distracted by the technology itself (Makransky & Lilleholt, 2018). Pre-
experience instructions are particularly important when VR simulates high-stakes or complex
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scenarios—such as medical training or emergency response—where understanding the objectives
and navigating the virtual space efficiently is crucial. Equally important is the post-experience
debriefing, where students can reflect on their actions, critically analyze outcomes, and discuss the
broaderimplications of what they’ve learned. Debriefing helps solidify understanding by encouraging
learnersto link the virtual experience to theoretical concepts and real-world applications (Kolb, 1984).

VR also creates a "safe" learning environment that enables students to practice and explore without
real-world risks. This is particularly valuable in fields such as aviation, medicine, or hazardous work
environments, where mistakes in the real world can have severe consequences. In VR, students can
practice procedures or experiment with different approaches, safely learn from their mistakes, and
refine their skills without fear of failure or harm (Radianti et al., 2020). The sense of safety fosters a
more relaxed learning environment where experimentation and problem-solving are encouraged,
leading to deeper engagement and confidence. Educators must carefully scaffold these experiences
to maximize learning benefits, ensuring students recognize that, despite the lack of real-world
consequences, their actions within the virtual environment are meaningful. This holistic approach,
combining briefing, the safe space of VR, and reflective debriefing, enhances both the effectiveness
and depth of the learning experience.
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Lesson plans
Lesson Plan 1: Getting Started with VR Headsets

Objective:

Participants will learn about the essential parts, activities, and applications of VR headsets. They will
also get hands-on practice in setting up, moving around, and using VR headsets and picking up tips
for safe and effective VR use.

Materials:
e VR Headsets (like Oculus Quest, HTC Vive, or similar types)
e A projector or screen to show how to set up and use the headsets
e Handouts with safety tips, steps to fix common issues, and basic instructions for using the
headset
Cleaning wipes to sanitise VR headsets between users
A clear area where people can move while using VR

Activities:

1. VR Tech Basics (20 minutes)
o Content: This section provides a quick overview of VR technology and its use in
schools, job training, games, and healthcare.
o Activity: Watch a short video showing different ways people use VR to help
students see how versatile and impactful it can be.
2. Getting to Know VR Headset Parts (15 minutes)
o Content: Break down the main parts of a VR headset, such as lenses, head strap,
display screen tracking sensors, and controllers
O Activity: Have participants handle a VR headset, examine each part closely, and see
how each piece helps create an immersive VR experience.
3. How to Set Up and Use a VR Headset (20 minutes)
o Content: Show participants how to set up a VR headset, hook it up to a device (if
needed), and tweak settings to make it comfortable and precise.
o Activity: Show a live setup, then ask participants to team up and practice setting up
and adjusting a VR headset with some help.
4. Moving Around in VR (15 minutes)
o Content: This section will teach the basics of using VR controllers, picking up
objects, and moving within the space.
o Activity: Conduct a simple VR experience (such as a tutorial or an interactive game)
to help participants practice moving and interacting with virtual objects.
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o Content: Talk about how to use VR headsets. This includes taking breaks using the
headset in an open area, adjusting it for clear vision, and cleaning it before and after
use.

o Activity: Hand out sheets with safety tips. Go through each tip and answer any
questions people might have.

6. Troubleshooting Common Issues (10 minutes)

o Content: Discuss frequent issues with VR headsets, such as blurry vision, controllers
that don't connect, or battery problems.

O Activity: Provide a guide on how to fix these issues. Ask people to share their own
VR problems and discuss them.

7. Hands-On Practice and Q&A (10 minutes)

O Activity: Let people try out the VR setup independently. Help them if they need it
and let them ask questions.

8. Conclusion and Wrap-Up (5 minutes)

o Content: Go over the main things learned about VR headsets, like how to set them
up, use them, and stay safe.

O Activity: Tell people where they can learn more about VR, such as online guides and
tutorials.

Assessment:
e Observation: During the hands-on practice sessions, monitor participants’ comfort and
proficiency in setting up, navigating, and using VR headsets.
® Post-Session Quiz: To reinforce learning and assess understanding, provide a short quiz
covering essential components, safety tips, and troubleshooting steps.
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Lesson Plan 2: VR in the Classroom

Objective: Participants will learn how VR can improve education. They'll explore its advantages, uses,
and tips for using it well in class. They'll see how VR can make students more interested and involved

and help them learn better.

Materials:
e VR Headsets
e Projector or screen to show videos
e Handouts that list VR uses and benefits in schools
e Examples of VR apps for learning (like Google Expeditions, ENGAGE, or similar ones)
e QR code or link to more info about VR in schools
Activities:
1. Introduction to VR Technology in Education (10 minutes)

o Content: Start with a big picture of VR tech and how it's changing the game in
schools.

o Activity: Play a quick video showing different ways VR is used in classrooms to help
everyone see what's possible.

2. Benefits of VR in Education (15 minutes)

o Content: Talk about why VR is great for learning. It gets students more involved,
lets them interact more, creates deep learning experiences, and can mimic real-
world settings.

O Activity: Get the group to chat about how VR can tackle specific learning hurdles,
excite students, and offer experiences you can't get in a regular classroom.

3. Exploring Educational VR Applications (20 minutes)

o Content: Show popular educational VR apps, like virtual field trips, science
simulations, history reenactments, and virtual labs.

o Activity: Show a few VR apps, if you can, and talk about how to use each in different
subjects like history, science, and geography. If you have VR headsets, let people try
an educational app themselves.

4. Designing a VR-Enhanced Lesson (15 minutes)

o Content: Help people make a lesson plan that uses VR, including goals, VR
activities, and ways to check what students learned.

o Activity: In small groups, participants collaborate to create a short lesson plan that
uses VR to teach a specific subject. Encourage them to think creatively about how
VR can boost learning goals and get students more involved.

5. Using VR Safely and Effectively (10 minutes)
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o Content: Discuss smart ways to use VR in a classroom, including safety tips (like
taking breaks and keeping an eye on students who might get dizzy) and making
sure the VR experience has a clear purpose and structure.

o Activity: Hand out a sheet with best practices for using VR in schools and review
each point.

6. Tackling Challenges and Limits of VR in Education (10 minutes)

o Content: List common challenges to VR in education, like cost, space needs, and
tech problems. Suggest practical ways to solve these issues.

O Activity: Let participants share obstacles they expect when using VR and develop
solutions as a group.

7. Hands-On Exploration and Q&A (10 minutes)

O Activity: Give participants more time to try the educational VR apps shown earlier.
Provide one-on-one help as needed, and answer any leftover questions about using
VR in education.

8. Conclusion and Wrap-Up (5 minutes)

o Content: Go over the key points about how VR improves learning experiences—
Highlight VR's ability to create engaging hands-on learning that helps with different
subjects and student requirements.

o Activity: Motivate participants to check out VR options for their classrooms and give
them resources to learn more, like educational VR platforms and how-to guides.

Assessment:

e Observation: Monitor how much students participate in talks and how well they grasp VR-
boosted lessons.

® Post-Session Reflection: Ask students to write a quick note on how they see themselves
using VR when they teach. They should point out any specific ways or ideas they want to
explore further.
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Lesson Plan 3: ABA Basics and Ethics

'D

Objective:

e Teachers will learn the key ideas and essential principles behind ABA.
e Teachers will see why ethical practice matters in ABA.

Materials:

e Slides showing ABA basics and principles
e Real-life examples to think about ethics
e Virtual reality setup to practice ethical situations

Activities:

1. Getting to Know ABA (30 minutes):
o Look at ABA's backstory, core ideas, and leading theories.
o Talk about how people use ABA in different places, focusing on dealing with
challenging behaviors.
2. Ethical Considerations (30 minutes):
o Show ethical guidelines that apply to ABA practice
o Talk about real-life case studies where ethical issues come up and how to solve
them.
o Have a group talk about why ethical practice matters.
3. VR Navigation Tutorial (20 minutes):
O Givealesson on how to move around and interact in the VR world used for training.
o Let participants check out the VR setup to ensure they feel at ease before starting
more complex tasks.

Assessment:

e Educators will take a test on ABA principles and ethical considerations.
e Hands-on evaluation using VR interactions where teachers show how they put ethical rules

into practice.
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Lesson Plan 4: ABA Techniques - Prompting and Fading

Objective:

e Teachers will learn about and practice various prompting strategies and how to phase out
these prompts over time.

Materials:

e VR system with prompting scenarios
e Handouts detailing types of prompts and fading techniques
e Sample videos showing effective prompting and fading

Activities:

1. Introduction to Prompting (20 minutes):
o Talk about different prompts: verbal, visual, physical, and contextual.
o0 Give examples and discuss why it's crucial to pick the proper prompts based on each
student's needs.
2. VR Prompting Practice (40 minutes):
o Teachers will step into a VR setting built to practice employing different prompts.
o The task starts with a scenario that requires many prompts and reduces them as the
student in the scene progresses.
o Teachers will get instant comments within the VR world.
3. Team Talk and Thinking Time (20 minutes):
o Talk about what it was like to use prompts in VR.
o Consider the challenging parts of reducing prompts and how to handle them in real
classrooms.

Assessment:

e Teachers will write a diary entry about their time using prompts and reducing them in VR.
e Grading depends on how well they cut back on prompts during the VR tasks.
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Lesson Plan 5: Ways to Strengthen Behaviors in ABA
Objective:

e Teachers will understand how reinforcement works in ABA and discover ways to use
positive reinforcement techniques online.

Materials:

e Virtual reality setup with scenarios for reinforcement
e Handouts outlining reinforcement methods
e Sheets to record reinforcement works

Activities:

1. Introduction to Reinforcement (20 minutes):
o Talkabout reinforcement in ABA, with a focus on positive reinforcement.
o Look at different types of reinforcers and how to pick them based on what each
person likes.
2. Reinforcementin VR (40 minutes):
o Teachers will use a VR scenario to practice giving reinforcements.
o0 The VR system will show quick reinforcement like virtual prizes, new levels opening
up, or giving praise you can see or hear.
o0 Teachers will practice changing reinforcers to fit the learner profiles given in the
scenario.
3. Analysing Reinforcement Effectiveness (20 minutes):
O Use the data sheets to track how well reinforcement works in the VR scenario.
o Talk about examining the data to make intelligent choices on strengthening
strategies.

Assessment:

e Teachers will hand in their data sheets to be checked, showing they can keep track of and
study how well reinforcement works.
e Aquick test on reinforcement, both the ideas behind it and how to use it.
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Lesson Plan 6: Breaking Down Tasks and Shaping Behavior in ABA

Objective:

e Teachers will learn to split big tasks into smaller, easier steps using task analysis and
practice shaping techniques in a fake setting.

Materials:

e VR setup with scenarios for task analysis
e Worksheets for task analysis
e Videos showing shaping methods

Activities:

1. Overview of Task Analysis (20 minutes):
o Talk about what task analysis is and why it matters in ABA.
o0 Look at task analysis examples in different areas, like job training or everyday skills.
2. Task Analysis in VR (40 minutes):
o Teachers will practice breaking a complex task in the VR world into smaller, doable
steps.
O Use checklists you can interact with in VR to ensure each step is done right.
3. Shaping Techniques (30 minutes):
o Talk about the shaping process and how to reward small steps toward your desired
behavior.
o Practice shaping in the VR world by making tasks harder as learners improve.

Assessment:

e Teachers hand in their task analysis worksheets to be checked.
e Hands-on VR test where teachers show they can use shaping methods well.
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Lesson Plan 7: Visual Schedules and Timetables

Objective:

e Teachers will grasp how to use visual schedules to make things more predictable and less
stressful for students with ASD.

Materials:

e VR setup with visual schedule situations
e Papers about making visual schedules
e Sample visual schedules for various tasks

Activities:

1. Getting to Know Visual Schedules (20 minutes):
o Talkabout why visual schedules matter in ABA for students with ASD.
o Look at different kinds of visual schedules and how to use them.
2. Building Visual Schedules in VR (40 minutes):
o0 Teachers will step into a VR setting to make and use visual schedules for tasks.
o They'll use VR tools to craft a visual schedule and watch it work, changing as tasks
get done.
3. Talk and Review (20 minutes):
o Think about what it was like to use visual schedules in VR.
o Talkabout ways to fit visual schedules to different students and places.

Assessment:

e Teachers will make a visual schedule for a made-up situation and show it to the class.
e Hands-on test in VR where teachers show how to use visual schedules.
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Adapting VR modules to different learning styles and needs

Customizing VR Modules for Diverse Learning Styles and Needs

Incorporating diverse learning styles and needs into Virtual Reality (VR) training modules is crucial to
providing a well-rounded and inclusive educational experience, particularly when training educators
in ABA. ABA educators working in VR environments must have the skills not only to implement ABA
techniques but also to recognise and accommodate their students' varied learning preferences.
Understanding these preferences—whether visual, auditory, or kinesthetic—enables the
customisation of VR modules to maximise engagement, comprehension, and effectiveness.

Integrating ABA principles into VR modules further enhances this customisation, creating
opportunities for reinforcement, shaping, and prompting strategies tailored to individual learner
profiles. By creating a flexible and adaptive learning environment, VR can address the unique
challenges of adult learners, learners with special educational needs, and diverse cultural contexts.
This section will focus on strategies for adapting VR modules for different learning styles, special
needs, cultural diversity, and personalised learning.

Learning Styles in the VR Context

Visual Learners

Visual learners prefer to engage with material through imagery and spatial representation. VR's
strength lies in its ability to offerimmersive visual experiences that make abstract concepts tangible.
For ABA training modules, visual learners benefit from clear, colour-coded prompts that guide them
through procedures. These prompts might take the form of arrows, highlighted objects, or animated
sequences that visually reinforce correct behavior or actions. Visual schedules, interactive diagrams,
and flowcharts can further enhance the learning experience by organising information in a way that
is easy to understand and retain.

For example, a VR scenario teaching task analysis could present each step of a complex procedure
visually, ensuring that visual learners can grasp the sequence of actions through interactive and
detailed representations (Balakrishnan, 2021). Colour-coding different phases of the task or
overlaying visual cues helps learners navigate the task and monitor their progress, engagingly
reinforcing learning outcomes (Ausburn, 2004).

Auditory Learners

Auditory learners excel in environments where information is delivered through sound and verbal
explanations. In VR, these learners benefit from modules that provide detailed audio feedback, such
as voice-over instructions or virtual characters that engage learners in dialogues. Incorporating ABA
strategies, auditory feedback can be used as positive reinforcement, such as verbal praise or sound
effects when learners demonstrate correct behavior. Similarly, the use of auditory prompts, like
reminders or spoken instructions, can help guide learners through tasks (Chan, 2010).
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For instance, during VR training on managing challenging behaviors, educators can practice
delivering verbal reinforcement or corrective feedback to virtual students, refining their
communication skills in the process. The auditory component of these interactions helps auditory
learners internalise key ABA techniques more effectively (Lambert, 2023).

Kinesthetic Learners

Kinesthetic learners benefit most from "learning by doing," making VR an ideal platform for engaging
them through hands-on interaction. In VR, kinesthetic learners can physically manipulate objects,
perform tasks, and practice procedures in a safe, immersive environment. Using ABA principles like
shaping and task analysis, kinesthetic learners can incrementally practice new skills through
structured, step-by-step activities that increase in complexity as they master each level.

For example, in a VR module simulating a classroom scenario, kinesthetic learners might engage in
managing behaviors by physically interacting with virtual students, reinforcing appropriate behaviors
and applying intervention techniques. These learners can actively navigate the environment,
fostering engagement and helping them internalise key ABA strategies through physical interaction
(Cercone, 2008).

Accommodating Special Educational Needs (SEN)

When adopting VR for learners with special educational needs, flexibility in sensory input and
alternative communication methods is key. VR environments can be tailored to reduce sensory
overload by adjusting elements like sound, light, or tactile feedback. For learners who rely on AAC
systems, VR can simulate communication scenarios, allowing practice in real-life situations. For
instance, a VR classroom setting can allow learners to use their AAC device to participate in
conversations with virtual classmates or teachers, enhancing their confidence and communication
skills (Balakrishnan, 2021).

Additionally, VR's capacity to simulate real-world settings offers a unique opportunity to apply ABA
strategies in helping learners manage anxiety, focus, and social interactions. For example, visual
schedules can be used to outline the day’s activities, offering predictability and reducing stress.
Virtual avatars can also model appropriate behaviors, providing clear examples for learners to follow
and practice (Lambert, 2023).

Cultural Sensitivity and Diversity

VR’s adaptability allows for the creation of culturally relevant learning experiences, essential in
today’s diverse learning environments. By incorporating characters, environments, and scenarios
that reflect learners' cultural backgrounds, VR can make learning more relatable and inclusive.
Offering modules in multiple languages or including culturally specific examples helps break down
language barriers and ensures that the training is accessible to a wide audience (Bajt, 2011).

ABA educators must also consider cultural contexts when applying behavioral interventions, as
certain behaviors may be viewed differently across cultures. VR allows educators to practice adapting
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their ABA strategies to various cultural settings, honing their ability to apply interventions in ways
that respect and align with cultural norms (Cercone, 2008).

Personalised Learning Pathsin VR

Personalised learning is vital to accommodating individual needs, whether in the context of VR-based
ABA training or classroom settings. VR allows for the customisation of learning paths based on the
learner’s progress, adapting to their pace and skill level. For example, in a VR module that teaches
crisis management techniques, the difficulty of scenarios can be adjusted based on the learner’s
demonstrated proficiency, gradually increasing the complexity as the learner masters each level.

By integrating ABA principles like reinforcement and shaping, VR modules can provide immediate,
personalised feedback that helps guide learners toward desired behaviors. The adaptability of VR also
allows for continuous assessment, ensuring that each learner's experience is tailored to their progress
and needs (Ausburn, 2004).

Developing VR scenarios for ABA Educator Training

Selecting Appropriate VR scenarios and activities

Selecting appropriate VR scenarios and activities for ABA involves understanding the effectiveness
of VR interventions and the protocols that enhance their application. Emerging work with VR leads
us to believe that it can improve ABA outcomes by providing immersive and controlled environments
for behavior modification. Since its immersive nature allows for the simulation of real-life scenarios,
it can enhance learning and provide more naturalistic environments for practice. VR scenarios also
lend themselves to structured protocols, which align well with the tenets of ABA, which rely on
technological procedural descriptions.

While VR presents promising avenues for ABA, it is important to consider the variability in individual
responses to VR scenarios, which may necessitate personalized approaches to maximize
effectiveness.

Steps and guidelines for selecting VR scenarios that align with ABA protocols

1. Define the Target Behaviors or Skills
o Identify the specific skills or behaviors you want to target, such as social skills,

communication, daily living skills, safety awareness, or coping with anxiety-
provoking situations, as well as challenging behaviors that need to be decreased
(e.g., aggression, self-injury, property destruction, or disruptive behaviors).

o Ensure that the target behaviors are measurable and observable, as this is crucial
for ABA.

2. Select VR Scenarios that Simulate Real-World Contexts
o Choose VR scenarios that closely mimic real-life environments where the target

behavior occurs (e.g., a classroom for social skills training, a grocery store for daily

living skills, or a street for teaching safety).
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o Ensure the scenarios provide realistic and immersive experiences that can

effectively simulate the natural contingencies of the environment.

3. Ensure Opportunities for Repeated Practice and Feedback
o0 VR scenarios should allow for repeated practice of the target behavior with

opportunities for reinforcement and corrective feedback.

o Consider scenarios that can be easily reset or repeated, allowing the client to
practice skills without real-world consequences (e.g., practicing crossing the street
safely without actual danger).

4. Consider Customization and Adaptability

o Look for VR environments that can be customized or adjusted to match the client's
skill level, preferences, and specific learning goals.

O Scenarios should be adaptable in difficulty and complexity, allowing you to increase
or decrease task demands as needed.

5. Incorporate Principles of ABA
o Use VR scenarios that support discrete trial training, task analysis, shaping,

prompting, and fading strategies, ensuring the scenario can accommodate these
evidence-based ABA techniques.

o Select activities that allow for data collection on the frequency, duration, and
accuracy of targeted behaviors within the VR environment.

6. Select Scenarios that Facilitate Generalization
o Choose VR activities that promote the generalization of skills to real-world settings

by varying scenarios, prompts, and the types of stimuli used.
o Ensure the VR environment allows for the inclusion of multiple exemplars and
natural reinforcement to enhance generalization.

7. Evaluate Engagement and Motivation
o Select VR activities that are engaging and motivating for the learner, as motivation

is key to successful learning in ABA.
o Consider the learner’s interests and preferences when choosing VR scenarios to
maintain high levels of engagement.

8. Ensure Safety and Accessibility
o Verify that the VR setup is safe and accessible for the learner, considering factors

such as motion sickness, comfort, and ease of use.
o Ensure that the VR system can be adjusted to accommodate any sensory or physical
needs.

9. Use Data-Driven Decision Making
o Continuously collect and analyze data within the VR environment to assess the

effectiveness of the interventions.
O Make data-driven adjustments to the VR scenarios based on the learner’s progress
and response to the interventions.
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Example of VR Scenario Targeting Activities in ABA

VR Training Scenario: Implementing Extinction for Attention-Seeking Behavior in Home

Setting
Duration: Approximately 10 minutes
Setting: Family Living Room/Play Area
Target Skill: Implementing extinction procedure for attention-seeking behavior
Child Profile: Marcus
e Age:g5years
e Diagnosis: Autism Spectrum Disorder (diagnosed at age 2)
e Language Level: Speaks in 2-3 word phrases, can follow simple instructions
e Current Skills:
o (Canidentify basic colors and shapes
o Beginning to learn letters and numbers
o Canrequest preferred items using phrases like "want cookie"
o Independent with basic self-care tasks
o Canwait for a few minutes for preferred items or attention
e Challenging Behaviors:
o Frequent loud vocalizations during structured activities
o Will throw toys when not receiving immediate attention
o Engages in repetitive knocking on table to get attention
e Reinforcers:
o iPadtime
o Bubble play

o Musical toys
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o Physical activities (jumping, spinning)
Characters
e Trainer/Coach/Child: BCBA/Marcus, 5-year-old with autism
e Teacher: Ms. Rivera, RBT (Registered Behavior Technician) in training
Scene 1: Introduction and Briefing (2 minutes)
[Setting: Family living room with therapy materials set up]

Trainer: "Today we'll practice implementing extinction for Marcus's attention-seeking behavior,
specifically his table knocking during work time. His parents report this behavior increases during
academic tasks, and our functional assessment confirms it's attention-maintained."

Teacher: "lI've reviewed his file. | notice his parents tend to respond with 'quiet hands' when he
knocks. Should we do the same?"

Trainer: "Actually, that's providing attention. Let's work on extinction while maintaining his
engagement in activities. We'll also teach appropriate ways to request attention."

Scene 2: Initial Practice (2 minutes)
[Marcus and Teacher are seated at child-sized table with matching task]

Teacher: "Marcus, let's match colors." [Places color cards on table] [The teacher then acts as if they
have been interrupted by a question from the parent (parent can be acted by another player or
“imagined” but the teacher/an NPC.]

Marcus: [Begins knocking rhythmically on table, looking at teacher]
Teacher: [Starts to say "quiet hands"]

Trainer: [Pause simulation] "Remember, even saying 'quiet hands' is attention. Let's continue the
activity as if the knocking isn't happening. Be ready to immediately reinforce appropriate
requesting."

Scene 3a: Practice Implementation (3 minutes)

Teacher: "Time to match colors!" [Enthusiastically] [The teacher then acts as if they have been
interrupted by a question from the parent (parent can be acted by another player or “imagined” but
the teacher/an NPC.]

Marcus: [Knocks on table while looking at teacher]
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Teacher: [Maintains focus on the parent, no attention to knocking]

Marcus: [Knocks louder, pushes cards away]

Teacher: [Continues talking to the parent,but looks over to the child and makes eye contact]
Marcus: [Stops knocking and smiles at the teacher.]

Trainer: "You may not have realized it, but you just gave Marcus your attention and that can reinforce
the behavior, and that behavior can happen more in the future to gain your attention. Let’s try that
again”.

Scene 3b: Practice Implementation (3 minutes)

Teacher: "Time to match colors!" [Enthusiastically] [The teacher then acts as if they have been
interrupted by a question from the parent (parent can be acted by another player or “imagined” but
the teacher/an NPC.]

Marcus: [Knocks on table while looking at teacher]

Teacher: [Maintains focus on the parent, no attention to knocking]

Marcus: [Knocks louder, pushes cards away]

Teacher: [Continues talking to the parent, does not make eye contact with the child]

Marcus: [After brief pause in the knocking behavior, touches teacher's arm - their agreed-upon
attention request]

Teacher: [Immediately responds] "Yes, Marcus, would you like red or blue first?"

Trainer: "Perfect! You ignored the knocking but responded immediately to a more appropriate
request.

Scene 4a: Escalation Practice (2 minutes)

Teacher: "Let's find green!" [The teacher’s phone then rings and they answer it, removing their
attention from Marcus.]

Marcus: [Begins knocking very loudly, then stands up]
Teacher: [Continues in the phone call, no eye contact or physical orientation towards Marcus]
Marcus: [Escalates to throwing a card.]

Teacher: "Yes, Marcus, do not throw the card, please go pick it up.”
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Marcus: [Begins smiling.]

Trainer: "Even though it makes sense to have Marcus pick-up the card, you have actually given his
behavior attention, which might make it happen more often in the future. It would have been a better
option to wait for Marcus to calm down for a few seconds and request your attention in a more
appropriate way, before responding to his behavior.”

Scene 4b: Escalation Practice (2 minutes)

Teacher: "Let's find green!" [The teacher’s phone then rings and they answer it, removing their
attention from Marcus.]

Marcus: [Begins knocking very loudly, then stands up]
Teacher: [Continues in the phone call, no eye contact or physical orientation towards Marcus]

Marcus: [Escalates to throwing a card, then after no response from the teacher, stops the
inappropriate behavior for a few seconds, then gently touches the teachers arm]

Teacher: "Yes, Marcus, | can help you in a minute. | need to finish this phone call first. Please go pick
up the card while you wait for me.”

Scene 5: Debrief (1 minute)

Trainer: "Excellent work. Notice how Marcus's behavior escalated briefly—that's the extinction burst
we discussed. You maintained consistency and reinforced appropriate requesting."

Teacher: "l see the difference from his usual sessions. Should we teach him to verbally request
attention too?"

Trainer: "Yes, that's our next step. So other things that you can remember, too, is that you can have
a more successful session with Marcus by using proactive strategies like: reminding him how he can
request your attention before you get started, keeping a visual reminder in Marcus's view, of how he
can request your attention, and making sure that Marcus has had a lot of your attention before you
have to do something like interact with his parents, take a phone call, or prepare materials.”

Scene 6: Independent Practice/Generalization (2 minutes)

Trainer: "Now you are going to practice more independently. | am going to act only as the child, and
you are going to change your own actions based on the child’s responses, not my coaching.
Remember to stop giving the child attention at some point, to create the opportunities for practice.”

[Trainer and teacher practice in the roles of teacher and child for generalization, targeting the same
attention-seeking behavior and agreed upon responses.]
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Key Learning Points
1. Maintain instructional control while ignoring attention-seeking behavior
2. Continue activity engagement during extinction
3. Immediate natural reinforcement of appropriate requesting
4. Prepare for extinction burst
5. Maintain neutral affect during challenging behavior
Success Criteria
e Teacher maintains engagement in activity during attention-seeking behavior
e Teacherignores knocking behavior completely
e Teacher responds immediately to appropriate attention requests
e Teacher maintains positive but neutral affect

e Teacher collects data on frequency of attention-seeking behavior

Integrating ABA principles into VR activities

Developing clear and concise instructions and prompts

In ABA, the term "prompts" refers to anything that can be added to the discriminative stimulus (SD)
instruction to help the learner give the correct response. Prompts are a way of assisting in
completing a task. The use of prompts aims to create conditions for implementing the errorless
learning method. This method reduces the likelihood of errors during learning. Thanks to prompts,
the learner initially exhibits correct responses, which are immediately reinforced through rewards.
The variety in choosing the necessary type of prompt allows for the adaptation of prompts to the
different abilities and needs of a learner. The selection of prompts is based on the learner's skill level.

In ABA, the following types of prompts are identified:

Gestural prompt: This may include pointing, nodding, or any other action the student can observe
from their teacher. The educator uses gestures to show the students what to do.

Physical prompt: This involves the educator providing physical contact to guide the student's actions
throughout the target activity. The learner's hand movements are corrected by the teacher's hands.
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There are different levels of physical prompts:

e Full physical prompt or "hand-over-hand" prompt: The teacher performs all the actions
themselves using the learner’s hands.

e Partial physical prompt: The teacher partially helps the learner respond correctly, providing
some physical assistance, and guiding the student’s actions during part of the target activity.

Verbal prompt: This involves modeling the correct response when the teacher demonstrates what
the learner should say.

Levels of verbal prompt intensity include:

e Full verbal prompt: Speaking the entire phrase or word.
e Partial verbal prompt: Partially saying the word or phrase.

Textual or written prompt: This can be organized as a list or other type of written instruction. The
text outlines what the learner needs to do.

Visual prompts: These may include videos, photos, or drawings on paper, a board, or an electronic
device.

Auditory prompts: Any sound the student can hear, such as an alarm or timer. This sound signals the
learner to perform a certain action.

Positional prompts: The educator places the object for the correct response closer to the student.

The following recommendations apply to the use of prompts:

The prompt should be given immediately after the instruction is provided.

Use the least intrusive prompt necessary, starting from the least to the most.

Prompt fading should be timely and consistent. If prompts are always given at the same level,
the learner may develop prompt dependency and never be able to perform the task
independently.

Prompt fading can occur as follows:

Most-to-least: The strongest prompt is used first to ensure the response occurs. Once the response
happens, a weaker prompt is used next time, and so on, until the response occurs independently.

Gradual physical guidance: This involves full physical assistance (hand-over-hand) that gradually
fades, changing points of contact (hand on wrist, hand on elbow, hand on shoulder).

Time delay: Initially, the prompt is given immediately after the instruction, but as training
progresses, the prompt is delayed by a few seconds, giving the learner a chance to respond before
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the prompt. If a response occurs during the delay, the prompt is no longer needed. If there is no
response, the prompt is given again.

It's important to plan the entire prompt fading process in advance and choose one method. Using
multiple methods may confuse and complicate learning. A criterion for transitioning from one level
of prompt intensity to another should be established before starting errorless learning when
developing a specific skill. For example, a transition criterion might be 80% correct responses over
three sessions.

While using errorless learning, the student may develop prompt dependency. Several factors
contribute to this behavior. One reason may lie in the educator's actions, who always provides
prompts, such as unintentional gestures or glances toward the correct answer. The student then
learns to follow these prompts rather than the educator's instructions. Another reason for prompt
dependency is the lack of clear, distinguishable consequences between a correct response and an
error.

Implementing reinforcement and feedback techniques

Positive Reinforcement for Student Engagement

In the context of education, positive reinforcement can play a key role in enhancing student
motivation and engagement. Positive reinforcement refers to rewarding a learner for performing a
desired behavior, thereby encouraging the repetition of that behavior. In VR, this can take the form
of virtual rewards, badges, or verbal praise from avatars after completing a learning task or mastering
a new concept. For example, in a VR classroom setting, students might explore historical events,
solve mathematical problems, or conduct science experiments. Upon successfully completing tasks,
the system can reward students with virtual trophies or progression points, which can enhance
motivation. Research shows that positive reinforcement, when coupled with the immersive nature of
VR, creates a highly engaging learning environment that helps sustain students' interest and
participation (Bailenson et al., 2018).

Positive Reinforcement for Skill Mastery

VR has proven to be an effective tool for training professionals in complex, high-stakes environments.
Positive reinforcement in healthcare VR can take the form of progression markers, performance
scores, or scenario outcomes that validate correct actions. For example, in a VR module for surgical
training, a trainee who successfully completes a simulated procedure could receive a high score or
positive feedback from a virtual mentor, reinforcing the skills acquired during training (Zhu et al.,
2020). Positive reinforcement is crucial because it builds confidence and encourages continued
practice in difficult procedures, ultimately leading to higher competence in real-world scenarios.

Negative Reinforcement to Enhance Learning
Negative reinforcement in VR can be implemented by removing stressors or negative stimuli when
the correct actions are taken. In an emergency medical training simulation, trainees might initially
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experience heightened stress as they work through life-saving procedures. As they correctly diagnose
and treat a patient, stress-inducing elements like alarms or critical time constraints can be reduced,
rewarding correct decisions and behavior. This allows healthcare professionals to experience high-
pressure situations while learning how to respond effectively and manage stress (Ally et al., 2017).

Gamification as a Reinforcement Strategy

Gamification techniques, such as point systems and leveling up, can be integrated into VR to
reinforce learning. In a VR language learning environment, for instance, students could earn points
for correctly pronouncing words or using vocabulary in context. This continuous feedback loop,
combined with rewarding systems, encourages students toimprove and engage in repeated practice.
Gamified reinforcement is particularly effective in educational contexts where repeated exposure to
material enhances retention. VR can thus support active learning strategies through engagement-
based reinforcement, promoting deeper understanding of subjects (Lee & Hammer, 2011).

Immediate Feedback for Skill Development

In VR-based learning, immediate feedback is essential for helping students correct mistakes in real
time. The immersive nature of VR allows students to receive visual or auditory feedback as they
perform tasks, making the learning experience more intuitive and responsive. For example, in a VR
environment where students learn geometry, immediate feedback might include highlighting errors
in constructing shapes or incorrect measurements, allowing students to correct their approach
immediately (Johnson-Glenberg, 2018). The same principle applies in scenarios that contain
pedagogical challenges. Again, feedback can be provided immediately, allowing the learner to try
out different approaches to achieve the most appropriate interaction possible.

Formative Feedback for Continuous Improvement

Formative feedback refers to providing learners with ongoing assessments that guide them toward
improvement. VR systems can track student performance and deliver formative feedback by
analyzing how learners interact with the virtual environment. Virtual tutors or Al-driven avatars can
assist learners by offering hints, suggestions, or clarifications during learning activities. This allows
for continuous development without overwhelming students with final assessments.
In pedagogical VR, formative feedback can be particularly valuable in subjects requiring critical
thinking and problem-solving, such as education in the use of ABA.

Immediate Feedback in Complex Procedures

Immediate feedback in VR is particularly valuable because it allows learners to understand the impact
of their actions in real time. In a simulation, trainees can receive instant feedback on their actions. If
a mistake is made, the VR system can immediately alert the trainee, giving them the opportunity to
correct their actions and learn from the mistake (John et al., 2021). The realism of VR simulations
combined with immediate feedback helps professionals develop technical skills in a safe
environment, where mistakes are learning opportunities rather than life-threatening errors.
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Debriefing
VR training can also provide summative feedback by evaluating the trainee's overall performance
after completing a module. This feedback can be given through a performance review, scoring
system, or a debriefing session where the learner reflects on their actions and outcomes. Summative
feedback in VR training helps learners gauge their progress and identify areas that require further

practice. This approach encourages a growth mindset, where learning is seen as a continuous process
of improvement (Patel et al., 2020).

Benefits of VR-Based Reinforcement and Feedback in Education

Enhanced Learner Engagement: The immersive nature of VR combined with reinforcement
techniques motivates learners to remain engaged. This is particularly important in education, where
sustained focus and practice are necessary to build expertise.

Safe Learning Environment: VR provides a safe environment where learners can make mistakes and
receive feedback without real-world consequences. This is crucial in situations, where errors in
training are preferable to errors in clinical practice.

Improved Retention and Performance: Reinforcement and feedback, when properly implemented,
significantly improve the retention of knowledge and skills. This is particularly valuable in situations,
where mastering complex procedures requires repeated practice.

Personalized Learning: VR systems can tailor reinforcement and feedback to the individual learner’s
needs, offering customized learning experiences. This is beneficial in education, where learners
progress at different rates and require different levels of support.
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List of Abbreviations

VR |

.D

6DoF 6-Degrees of Freedom

AAC Augmentative and Alternative communication
ABA Applied Behavior Analysis

ABC Antecedent Behavior Consequence
ADHD Attention Deficit Hyperactivity Disorder
ASD Autism Spectrum Disorder

BACB Behavior Analysis Certification Board
BST Behavior Skills Training

COPD Chronic Obstructive Pulmonary Disease
DTT Discrete Trial Teaching

FCT Functional Communication Training

HMD Head-Mounted Display

ICT Information and Communication Technology
LMS Learning Management System

PBC Practice-Based Coaching

PECS Picture Exchange Communication System
PM Peer Modeling

PMBI Peer-Mediated Behavioral Intervention
SARS Severe Acute Respiratory Syndrome

SIB Self-Injurious Behavior

VR Virtual Reality

VRET Virtual Reality Exposure Therapy
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