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ABSTRACT

Advances in neuroimaging technology allows for the investigation of neural activity patterns of many
different populations. Some populations, such as individuals with Autism Spectrum Disorders (ASD)
present with particular challenges, such as hypersensitivities to touch especially around the head and face.
Many studies report therefore having to exclude participants due to inability to comply with equipment
requirements. The purpose of this particular study was to systematically desensitize a child with ASD to a
44-channel functional Near-Infrared Spectroscopy cap.

The participant was a 10-year-old child with reported hypersensitivities to touch around the head. A
systematic desensitization procedure was employed including a Brief Multiple-Stimulus-Without
Replacement (MSWO) preference assessment, a token economy, as well as gradual increase of optodes to
the cap. Results indicate that the participant was able to increase tolerance of the cap with each successive
desensitization sessions, as well as completing the experimental task.

The results from this case-study indicate that a systematic approach can be employed to successfully
desensitize a child with ASD to wear the fNIRS cap to successfully complete an experimental task. Future
research should expand the systematic approach to more participants with varying severity levels of ASD.

© 2019 Daphne Hartzheim. Hosting by Science Repository.

Case Study

though, functional ~Magnetic Resonance Imaging (fMRI),
Electroencephalogram (EEG) and recently functional Near-Infrared
Spectroscopy (fNIRS) are dominant in neuroimaging studies with

Neuroimaging techniques are advancing rapidly in precision and
functionality. With such advances, we have been able to learn many
things about structural and functional differences of the brain between
typical individuals and individuals with disabilities or disorders.
Neuroimaging has given us some insight into the brain mechanisms of
individuals with Autism Spectrum Disorders (ASD). Thus far, we have
established differences in activation patterns in specific regions as well
as atypical inter- and intrahemispheric connectivity [1-9]. Further,
studies have found structural differences due to overgrowth and
undergrowth of certain regions during certain ages [10-12].
Technologies such as Positron Emission Tomography (PET), Diffusion
Tensor Imaging (DTI), and Magnetic Resonance Spectroscopy (MRS)
have been used to conduct neuroimaging studies. More commonly

individuals with ASD. Each technology presents advantages and
disadvantages. Comparatively, there are few studies with individuals
with ASD, especially children, due to challenges in compliance and
tolerance of the different types of equipment. While fMRI imaging
technology has the best spatial resolution at the level of voxel sizes, the
fMRI imaging environment is not child-friendly, recording imaging data
is susceptible to motion artifacts, the spatial confinement and noise level
is challenging for some individuals with ASD and the analyses are
complex. Kana, Libero, and Moore (2011) describe special techniques
that were employed with individuals with developmental disabilities to
ensure successful testing with fMRIs. They (1) used social stories,
explaining the unusual environment and often confusing situation for
children with ASD. Social stories have been shown to be effective in

*Correspondence to: Daphne Hartzheim, Louisiana State University, Department of Communication Sciences and Disorders, 86 Hatcher Hall, Baton Rouge, LA

70803; Tel: (435) 938-1629; E-mail: dhartz4@Ilsu.edu

© 2019 Daphne Hartzheim. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited. Hosting by Science Repository.

http://dx.doi.org/10.31487/j.NNB.2019.02.01


https://www.sciencerepository.org/neurology-and-neurobiology
https://www.sciencerepository.org/
mailto:dhartz4@lsu.edu

Desensitization fNIRS for ASD

helping children adjust to unknown situations [13]. They (2) recorded
scanner sounds to acclimate the individuals with ASD to the sounds that
are produced by the scanner. (3) A discarded old mock-MRI scanner was
used to acclimate participants to the environment. (4) A tour of the MRI
scanner was provided prior to the scanning, to again familiarize the
individual with the equipment as well as the upcoming procedures. Great
measures were taken to (5) make the MRI scanner child-friendly by
decorating it with stickers, providing blankets and making the scanner
look like an item of interest (e.g., trains). Lastly, (6) the participants were
given the option of watching cartoons or movies during the anatomical
and DT acquisition. Even though extensive preparatory measures were
taken to make fMRI scanning most successful with this group of
participants, motion artifacts, anxiety and refusal to enter the scanner
were still a major concern and some data had to be excluded from the
analysis due to the special considerations of this population.

Neuroimaging with EEG equipment allows for a more natural
experimental environment in which the participant can be seated at a
table, is not confined to a tube and noise is minimized. EEG has the
potential to record neurological activity of verbal responses.
Unfortunately, EEG data is susceptible to motion artifacts as little as the
movement during a swallow. Many individuals with ASD report
hypersensitivities which results in more movement and fidgeting. Baker,
Lane, Angley, and Young (2008) reported that out of the 22 participants
with ASD, 82% had some sort of sensory processing difficulty according
to a parent questionnaire [14]. They further report the occurrence of
children who exhibit both hypo- and hyper-responsiveness. Sensory-
overresponsivity was found in the cluster of tactile sensitivity,
movement sensitivity and visual/auditory sensitivity. Poor sensory
processing was associated with higher levels of behavior and emotional
problems. Baranek, Boyd, Poe, David, and Watson (2007) observed
hyper-responsive sensory patterns to be characteristic of developmental
delays in general, including those children with ASD [15].

A study conducted by Blakemore et al. (2006) confirmed
hypersensitivity to tactile stimuli for those diagnosed with High-
functioning autism [16]. Grooming and hygiene tasks posed a particular
challenge in 60.9% of children with ASD (Tomchek & Dunn, 2007),
indicating the head and facial area to be particularly sensitive [17]. These
hypersensitivities pose a significant challenge in relation to EEG and
fMRI neuroimaging, where children are required to lay still in small
tubes for long periods of time, with packing around their heads and/or
bodies or wearing an EEG cap. Similar to EEG, fNIRS is a technology
that allows measurement of neurological activity during natural tasks,
meaning that verbal responses are possible instead of button presses. It
allows the participant to sit in a natural setting, while wearing a fNIRS
cap. While fNIRS does not have a spatial resolution as accurate as a
voxel size, it has temporal resolution of 1/10 sec, providing excellent
temporal resolution. It measures oxygenated, deoxygenated and total
blood concentration levels. Motion artifacts in the raw data is filtered
through preprocessing, posing less of a challenge compared to EEG.

Even though motion artifacts and the confined space are not as
concerning with fNIRS as they are with fMRI and EEG, wearing the
fNIRS cap can still pose a challenge due to reported hypersensitivities.
Multiple fNIRS studies report the exclusion of ASD participants due to
intolerance of the fNIRS cap. Therefore, it is important to prepare
children with ASD for the upcoming procedures. For the purpose of this
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case-study, the following research questions emerged: (1) Is there a
difference in the average time children with and without ASD tolerate
wearing the fNIRS cap during an in-vivo experimental task? (2) Would
a child with ASD with reported hypersensitivities around the head be
able to tolerate wearing the fNIRS cap for the duration of the experiment
after systematic desensitization? Regarding the first research question,
we anticipated that children with ASD would tolerate the fNIRS cap
significantly less than typically developing children during an in-vivo
task. Considering research question two, we hypothesized that a
systematic sensory desensitization training would be helpful for getting
a hypersensitive child with ASD to wear the NIRS caps. Sensory
desensitization training has been shown to be successful in getting
children with ASD to wear EEG caps. A gradual process was employed
to approximate the end goal of wearing the net for 10 minutes. Ten out
of the 12 participants completed the training successfully and were
therefore able to finish the actual EEG tasks [18]. NIRS caps have a
similar set-up as an EEG net.

Methods

A larger fNIRS study involved measuring hemodynamic responses from
children with and without ASD, ranging in ages 8 through 16 years old.
Parents for each participant, regardless of autism diagnosis or
neurotypical development, were interviewed about potential
hypersensitivities to things worn on the head. Irrespective of reported
hypersensitivities, each of the participants received a tour of the testing
room, the instrumentation, and cap set-up. Further, participants received
a child-appropriate explanation of the capping procedures, as well as the
measures that were gathered. Out of a total of 30 participants (i.e. 20
typically developing children and 10 children with ASD), one mother of
a child with ASD reported concerns of her child’s ability to wear the cap
for the entirety of the session. This participant was a 10 year,10-month-
old Caucasian male with a medical diagnosis of ASD. He had received
Early Intensive Behavior Intervention (EIBI) from 3-6 years of age. At
the time of the study, he attended a public school and received special
education services. His nonverbal full-scale intelligence quotient (FSIQ)
as measured by the Universal Nonverbal Intelligent Test (UNIT,
citation) was 75, indicating a nonverbal intelligence below average. His
verbal skills were sufficient to respond to simple questions with spoken
words in full sentences. Since it was anticipated that some children,
especially those with ASD, would need desensitization to the fNIRS cap,
a systematic procedure was developed combing multiple methods from
the field of Applied Behavior Analysis (ABA). The procedure was
employed with the child with hypersensitivities to prevent exclusion
from the study. The procedure included a Brief Multiple-Stimulus
Without Replacement (Brief MSWO) preference assessment and a token
economy system together with gradually increasing the time wearing the
fNIRS cap while gradually adding more optodes to the cap [20, 21].

Brief MSWO

The Brief MSWO consisted of interviewing the mother again about
potential toys that could function as a reinforcer for the child. The mother
provided a list of toys (i.e., light up toys, squishy toys, cars, balls, etc.).
Five of those toys were selected and placed in front of the child prior to
each session. The toys were placed on a table at equal distance from each
other in front of the child. The child was then instructed to “pick one”.
The item, which was chosen first, was given the first rank for the first
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round. After the child had chosen one item, the remaining four items
were rearranged and placed in front of the child again with the same
succinct instruction “pick one”. The item that was picked this time was
recorded as rank #2. This was repeated until all five items were gone.
The entire procedure was completed three times for reliability regarding
ranks. After three rounds of choosing toys, ranks were added to
determine the most preferred items. The lowest sum (i.e., highest
preferred item received rank #1) was determined to be the highest
preferred item and was used as the reinforcer for the session. During each
desensitization session and subsequent experimental fNIRS sessions, the
reinforcer was placed visibly in front of the child and out of reach.

Token Economy

In addition to identifying an item that functioned as a reinforcer, we
introduced a token economy system [22, 23]. According to the mother,
the child was familiar with token economy systems from prior EIBI. The
token economy consisted of a simple sheet of paper with five boxes that
was placed in front of the child. A box was checked by the experimenter
after a time period had elapsed. Time periods changed depending on the
progression towards tolerating the fNIRS cap. The time period was
determined prior to the beginning of each desensitization session.
Initially, each time period was 120 seconds long for wearing the cap
without any optodes. With increased optodes in the cap the length
initially decreased to 60 seconds intervals before returning to 120 second
intervals. A timer was placed in front of the child to provide feedback
for the child and to track the time accurately. When all ten boxes were
checked, the fNIRS cap was taken off the child and the reinforcer was
delivered.

A

Figure 1: Optode set L‘Ip
fNIRS Cap Setup

Initially, the fNIRS cap was placed on the childs’ head without any
optodes. The cap is made out of elastic neoprene material that sits tight
on the head, like a swim cap. It has 44 holes for each optode. This
particular fNIRS cap was designed to place optodes over the frontal lobe
and left lateral lobes, to ensure hemodynamic responses of four regions
of interests (i.e., superior temporal cortex, inferior parietal lobule,
dorsolateral prefrontal cortex, and orbital frontal cortex) were measured.
Criteria was set to wearing the cap for 10 minutes. Once the child
tolerated the cap without optodes for 10 minutes, optodes were added to
the cap as well as decreasing the interval time length on the token
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economy. Figure 1 displays the cap with all optodes in place. Once the
child tolerated the fNIRS cap for 10 minutes with half of the optodes, the
complete set of optodes was placed in the cap. After meeting criterion of
10 minutes with all optodes, the child was prepared to commence with
the actual experimental task.

Procedure

During each desensitization session, the child was seated in a chair
facing a computer screen on a desk to familiarize him with the actual
experimental session. The experimenter was seated next to the child,
engaging the child in simple conversation through questions about
preferred topics (e.g., computer games). This setup approximated the
actual fNIRS session as closely as possible. The arrangement was
consistent throughout all sessions. During the first session, the cap was
placed on the child’s head for the first 10 minutes without any optodes
while checking a box every 120 seconds of tolerating the cap. After
meeting criteria, half of the optodes were placed into the cap and the time
to earn a check mark was lowered to 60 seconds. Again, after meeting
criteria, the interval length was increased to 120 seconds with half of the
optodes in place. Onc the child tolerated half of the optodes for at least
a total of 10 minutes, the remainder of the optodes was added to the cap
and placed on the child’s head. A checkmark was earned after 60 seconds
of wearing the cap for an entire minute. During the final portion of
desensitization, the child wore the cap for a total of 10 minutes with all
optodes in place. This time period was the approximate time that was
previously determined to be necessary to answer at least 30 items on the
experimental task. We therefore determined that the child was
sufficiently prepared for participating in the actual fNIRS tasks.

Table 1: Time Under the Cap in Minutes Displayed as Decimals

ASD Time under | TD Match Time under
cap cap
A06 14:50 C33 25:58
C24 20:01
A08 26:38 C23 N/A
C20 29:52
A09 26:02 C18 20:36
C27 19:59
All 25:17 C35 20:48
C19 21:10
Al2 10:29 C37 19:50
C31 22:41
Al3 13:22 C40 16:25
C38 16:46
Ald 12:01 C16 22:32
C17 26:01
A25 22:07 C32 22:45
C39 14:15
A26 16:05 C15 19:43
C30 21:46
A28 26:32 C29 22:09
C22 26:43
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Results
Research Question 1

Time under the fNIRS cap was recorded for all 30 participants regardless
of prior desensitization to the cap. All children in both groups were able
to wear the fNIRS caps while they responded to a minimum of 25
experimental items. Children in the ASD group had a duration under the
cap that ranged from 10.48 to 26.63 minutes with a mean of 19.51
minutes and a standard deviation of 6.48 minutes. The range of duration
under the cap for the TD group was 14.25 to 29.87 minutes, with a mean
of 21.57 minutes and a standard deviation of 3.76 minutes. The length of
time that the fNIRS cap was tolerated during the experimental procedure
did not differ significantly for the two groups, t(12.289) =-.93, p = .37,
d=.39. See Table 1 for minutes under the cap for each participant

Desensitization procedure A06

Minutes

no aptodes half optodes half optodes all aptodas all optodes experiment
Desensitization Sessions

Figure 2: Desensitization progression.
Research Question 2

One child in the ASD group required desensitization training in order to
tolerate the fNIRS cap with all optodes during the experimental
procedure. The progression of cap tolerance during training is displayed
in Figure 2. During the first desensitization session, this child was able
to wear the cap without optodes for 10 minutes. During the next session,
he tolerated wearing the cap for 5 minutes with half of the optodes in
place, which was then increased to 10 minutes during the next session.
The following session he was able to wear the cap for 5 minutes with all
optodes in place. During the last desensitization session, he wore the cap
for 10 minutes with all optodes in place. He was able to increase cap
tolerance to a total of 14.83 minutes during the experiment. These results
suggested that both children with and without ASD in the age range of
9-15 years are able to tolerate wearing the cap for approximately 15
minutes after careful and systematic desensitization and by utilizing
behavioral strategies throughout the testing session. While children with
ASD wore the cap with slightly lesser duration, they were able to
successfully participate in the study.

Discussion

The larger fNIRS study assessed the neural activation patterns of
children with and without ASD while they answered questions about
social situations. Neuroimaging was conducted in-vivo, enabling
functional imaging as children listened to questions, thought about their
answers, and responded verbally. We used fNIRS to record oxygenated
(HbO), deoxygenated (HbR), and total (HbT) hemoglobin concentration
values at 100 msec intervals. Based on previous neuroimaging research,
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we had identified four ROIs that were likely to play a role in the
responses to pragmatic language tasks. Those regions were Dorsolateral
Prefrontal Cortex (DLPFC) left, Orbitofrontal Cortex (OFC), Superior-
Temporal Gyrus (STG) and Inferior Parietal Lobule (IPL).

Previous research on the neural activation used equipment such as PET,
EEG and fMRI, Unfortunately, constraints inherent in the previously
mentioned imaging procedures interfere with the ability to record neural
data while participants are engaged in verbal tasks. Neural images from
these systems are obtained as participants press a button and/or think
about an answer to a question. Further, there are no neuroimaging studies
on young children with ASD; imaging research with individuals with
ASD has been limited to the study of adolescents or adults with ASD.
Three important reasons for the lack of imaging research with younger
individuals with ASD are the expense of imaging, the necessity for
participants to lie in a confined space for an extended period of time and
the need for participants to be very still during the entire imaging
process. fNIRS counters all these disadvantages because it is relatively
inexpensive, it can be conducted in a regular room, and data processing
and filtering algorithms account for motion artifacts in fNIRS compared
to other neuroimaging equipment [24]. Children can sit at a table and can
interact directly with another person while being imaged. In this study,
children with ASD and their TD controls wore optode caps that captured
hemodynamic responses from the frontal lobe and left hemisphere as
they responded to questions about a social situation. During a
neuroimaging session with fNIRS, the optode cap must sit tightly on the
head of the participant. This is necessary to emit and receive the proper
signal from the NIR optodes. Hypersensitivities to touch would make it
difficult for children to tolerate wearing the cap for long periods, which
would interfere with the ability to collect useful data. Therefore, we had
to ensure that all participants would tolerate the optode cap for the
duration of the task.

Early in the description of autism, Dr. Asperger described
hypersensitivities of senses, especially touch, smell and taste [16, 25]. A
number of techniques have been developed to decrease
hypersensitivities for different senses, and to eliminate phobias and
anxiety. Desensitization training refers to a procedure in which the
problematic situation is analyzed into its different components. This task
analysis includes environmental conditions, personnel, and a step-by-
step outline of the task. The situation is then recreated with one
component added at a time. Mastery at each step has to be established
before moving to the next step. Desensitization has been shown to be
successful for children with ASD for managing dental visits, auditory
stimuli, and different types of phobias [26-31].

In this study, all parents were interviewed prior to the experiment
regarding potential hypersensitivities. One mother of a child with ASD
reported her child to be sensitive to touch, especially to the head. None
of the mothers of children in the TD group reported that their children
had hypersensitivities to touch. Development of the desensitization
procedure required a detailed task analysis. Brief Multiple-Stimulus
Without Replacement Preference Assessment (Brief-MSWO) prior to
each session was combined with systematic desensitization. The child
identified a highly preferred item, which was then used as a reinforcer.
A token economy system with timed intervals was used throughout.
Each time-interval wearing the cap earned the child a token. At the
beginning of the training the child tried to remove the cap from his head.
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The experimenter prevented this and reminded the child about the token
system used for reinforcement. While the child was wearing the cap, he
was engaged in a conversation with the experimenter. After mastery of
one step, more optodes were added to the cap. At each new level the
child initially voiced discomfort. The frequency of those utterances
decreased with the progression of training. Finally, the child was able to
wear the cap during the experiment and completed all the requirements.

The individualized desensitization was successful for this child. This
meant that the child did not remove the cap from his head during the
experiment. While he touched the optodes occasionally, he did not
remove the cap, allowing for proper scanning to occur. During the actual
experiment he wore the cap for a total of 14:50 min, which was even
longer then he was trained for. The chosen highly preferred item was
used as a reinforcer for earning five tokens. Throughout the sessions, the
experimenter asked the children if they were comfortable about every
five trials. When a child indicated discomfort, a short rest period was
initiated, and the cap was removed following the resting state. Children
from both groups wore the cap between 10 and 29 minutes, with an
average of 20 minutes. Findings suggested that children with and without
ASD between the 9 and 15 years can participate in fNIRS experiments
that last between 10 and 20 minutes. These time frames need to be taken
into consideration when planning new studies.

Finding particularly from the case-study indicate that a child with
hypersensitivities can be systematically trained and desensitized to
tolerate wearing the optode cap for the duration of a short experimental
fNIRS task. However, it may be unusual to have a sample of children
with ASD in which only one individual displays hypersensitivity. This
might be due to the fact that we recruited higher-functioning children
with ASD who had to display sufficient verbal skills to complete the
experimental task. This study is limited in that the children in this study
had relatively small amounts of hypersensitivity to our optode caps.
Development of more robust desensitization procedures would require a
larger number of individuals showing hypersensitivities. Differing
patterns of behavior in children with ASD may necessitate different
desensitization procedures than the ones used here. However, this case-
study provides guidance for use in other fNIRS studies.

Future research should focus on refining procedures to enable inclusion
of younger children with ASD who may exhibit more stereotypies and
challenging behavior. With the inclusion of more and younger children,
studies should also focus on including children with less verbal skills to
increase understanding of underlying neurological processes. Future
studies should also narrow the age ranges, as well as language abilities
and stereotypic behavior. Benefits include greater understanding of the
relationships between neurological activation patterns and pragmatic
language, the development of effective desensitization procedures and
potential effects of different types of interventions.
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