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Abstract

The visual processing disorder is broadly observed among individuals with autism. This study was conducted to develop an
integrated rehabilitation program based on vibroacoustics and virtual reality and to assess its effectiveness on the visual
processing of autistic children. This experimental case report was conducted using an Aberrant Behavior Checklist (ABC)
design on 5 children with autism referred to Zehnara Rehabilitation Clinic in the second half months of 2021. First, the
integrated program was implemented for ten 30-minute sessions on 2 subjects randomly selected from among the samples.
After determining the program validity, 3 more subjects were entered into the study. The sensory profile questionnaire-2 was
used. The questionnaires were filled out at the baseline stage, at the end of each intervention session, and at the one-month
follow-up stage. The visual analysis, the percentage of recovery, the percentage of non-overlapping data (PND), and the
percentage of overlapping data (POD) were used for data analysis. The implemented intervention was evaluated to be
effective for all five subjects so that for Subjects No. 1, 2, 3, 4, and 5, the PND rates were obtained to be 90%, 90%, 70%,
100%, and 90%, respectively. The results of this study demonstrated that the integrated sensory rehabilitation program could
be used to improve the visual processing of children with autism.
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Introduction

A utism spectrum disorder (ASD) is a complex neurodevelopmental
disorder, and individuals with this disorder have impairments in

communication skills, social interactions, limited interests, and repetitive
and stereotyped behaviors.

In addition to impaired communication and social skills, abnormal sensory
processing is also observed in 95% of individuals with ASD, which influences all
aspects of the lives of individuals with this disorder and brings them various
problems in their personal, academic, and social lives.

Since children with autism hardly respond to common psychiatric treatments due
to limited verbal communication and stereotypic and autistic behaviors, the use of
modern technologies has become widespread in education and rehabilitation to
strengthen or compensate for their symptoms and problems, and by taking
advantage of the attractiveness of updated technologies, experts introduce modern
technology-based approaches as a complement to traditional therapeutic methods.

Vibroacoustics is among the received and non-invasive music therapy
approaches in which the physical characteristics of sound and sinus pulse
vibrations are used.

Virtual reality is another outstanding technology that has been applied in the
field of rehabilitation in recent decades. Virtual reality is also known as immersive
technology.

Since two vibroacoustics-based and virtual reality-based therapeutic approaches
create a multi-sensory approach, the present research was conducted to develop an
integrated rehabilitation program based on virtual reality and vibroacoustics and to
assess its effectiveness on the visual processing of children with autism.

Methods

This experimental case report was conducted using an Aberrant Behavior
Checklist (ABC) design on 5 children with autism referred to Zehnara
Rehabilitation Clinic.

In order to determine the external validity of the integrated sensory rehabilitation
program developed based on vibroacoustics using Skill, Wigram, Bartel, and
Mosabbir’s model and based on virtual reality using Rossi et al.’s model, the
program was primarily implemented on two subjects (Subject 1 and Subject 2)
randomly selected among the samples. Considering the research design, which was
of the single-subject type, the researcher implemented the initial evaluation of the
subjects’ visual profiles using the sensory profile questionnaire-2 during 4 sessions
(baseline), and no intervention was performed on the subjects in these sessions
(baseline sessions A). Then, integrated vibroacoustic and virtual reality sessions
were held individually for five weeks, two 30-minute sessions a week.

Virtual reality consisted of a roller coaster game, a rotating turbine game, and a
swinging game.

After each session, the child talked to the therapist about his/her physical
conditions and experiences, and all the child's feelings were recorded in a clinical
report by the researcher. It should be mentioned that none of the subjects had a
report of physical or mental unpleasant experiences.

At the end of each session (intervention session B), each subject’s visual
processing was evaluated. Then, one month after the termination of the
intervention sessions, during two consecutive weeks, four sessions, as follow-up
sessions, were allocated only to evaluate the visual processing in the research
samples.

In order to assess the results obtained from the individual intervention program,
the data collected from the baseline, intervention, and follow-up situations of each
subject were first displayed on the diagram. Then, in order to interpret and
conclude from these diagrams, intra-situational and inter-situational analyses were
performed, and the percentage of non-overlapping data (PND) (indicating the
amount of changes in the subject behavior in the intervention situation), the
percentage of overlapping data (POD) (indicating the amount of the lack of
changes in the subject behavior in the intervention situation), and the percentage of
recovery were determined.

The intervention effectiveness was evaluated based on comparing the trend of
each subject’s responses in the baseline stages with the treatment and the
responses’ continuation in the follow-up stage.

The sensory profile questionnaire-2 was used to collect data in baseline,
intervention, and follow-up situations.

Cases Presentation

The first patient: A 9-year-old boy diagnosed with ASD at three years of age due
to delayed speech and impaired fine and coarse motor skills. The PND in Subject
No. 1 indicated that the intervention was effective with more than 90% confidence.

The second patient: An 11-year-old girl diagnosed with ASD at two years of age

due to the lack of eye contact with her mother, indifference to her surroundings,
and delayed verbal development. The PND index in Subject No. 2 indicated that
the intervention was effective with more than 90% confidence.

The third patient: A 5-year-old boy diagnosed with ASD at 9 months and 3 years
of age by a pediatric psychiatrist due to the lack of verbal and non-verbal
communication. The PND index in Subject No. 3 indicated that the intervention
was effective with more than 70% confidence.

The fourth patient: A 10-year-old boy diagnosed with ASD at 3 years of age due
to delayed walking and speaking. The PND index in Subject No. 4 indicated that
the intervention was effective with more than 100% confidence.

The fifth patient: An 8-year-old girl diagnosed with ASD at 4 years of age due to
avoiding eye contact with others and severe reactions toward stimuli. The PND
index in Subject No. 5 indicated that the intervention was effective with 90%
confidence.

Visual processing scores of Subject No. 1 and Subject No. 5, who were more
hypersensitive than others, decreased after the intervention, and visual processing
scores of Subject No. 2, Subject No. 3, and Subject No. 4, who were less
hypersensitive than others, increased after the intervention. These results also
remained in the follow-up sessions.

Conclusion

The integrated sensory rehabilitation program was evaluated to be effective in
the visual processing of children with ASD.

In explaining the current study results, considering that visual processing is
integrated into the central nervous system, low-frequency sound vibrations activate
Pacinian cells and produce an afferent impulse in the vagus nerve, which is one of
the 12 pairs of cranial nerves and is considered one of the main elements of the
parasympathetic (efferent) autonomic nervous system. Afferent impulses are
transmitted to the sensory ganglia of the medulla via the vagus nerve without
synapses to the medulla, the nucleus of the tractus solitarius, and the splanchnic
nerves in the myelinated nerve fibers. These impulses are spread through the
thalamus, ventral-posterior-lateral nuclei to the sensory cortex, and central dorsal
gyrus to the limbic system. Thus, the impulses of Pacinian cells are spread in the
nervous system with maximum range and speed and influence the central nervous
system through the vagus nerve. Moreover, because proprioception is greatly
sensitive to vibrations, stimulation, or sensitization of proprioceptive receptors by
a vibroacoustic-based therapeutic approach, consisting of mechanosensory neurons
in the skin (Merkel discs and Meissner and Pacinian cells), muscles (spindles),
tendons (Golgi tendon organs) and joints, leads to the transmission of vibrations to
the central nervous system in the thalamus and cerebral cortex. Since the central
nervous system integrates the information of proprioceptive and visual senses
concurrently and given the association between these two senses, the vibrations
transmitted to the cerebral cortex apparently culminate in stimulating the occipital
lobe as well, which contributes to visual processing, and consequently, improves
the visual processing of children with ASD. Also, in explaining the effectiveness
of virtual reality-based games, it can be stated that since giving artificial
information to the human brain causes changes in human’s perception of reality in
response to emotions and the brain actively generates a simulated model of the
body and its surrounding area and uses it to predict the entrance of the expected
sensory information and minimize the number of predicted errors, virtual reality
also attempts to imitate the brain model to the possible extent and, by providing
various visual stimuli through 3D images in the virtual setting, activate and
provoke the occipital lobe of the brain while playing virtual reality games and
immersing in them. According to Ayers’ sensory integration (ASI) theory,
receiving sensory input by the brain improves the brain’s function in sensory
processing.
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