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Abstract

The concepts of habituation has been widely used in
several domains, ranging from neuroscience of learn-
ing and memory to sensory profiling and neurologi-
cal/neurodevelopmental disorders characterization. De-
fined as the ability of the nervous systems to reduce their
response over repeated stimulation, habituation inflects its
parameters in terms of frequency, intensity, recovery and
anticipation of responses. Historically, this concepts have
developed from the study of the Central Nervous System
(CNS), as designated in processing stimuli at the corti-
cal level. In this work, we aim at defining habituation
from an autonomic point of view, via heart rate and heart
rate variability assessments. To this extent, by using a
point-process approach, we devise a novel Autonomic Re-
activity Function (ARF) describing the time-varying Auto-
nomic Nervous System (ANS) response in terms of inten-
sity and anticipation, whose reduction (or increment) over
repeated stimuli can be ascribed to habituating (or sen-
sitizating) patterns. We tested the mathematical formal-
ization of such metrics in both neurotypical subjects and
children with autism spectrum disorder. By eliciting auto-
nomic responses via audio-video naturalistic stimulation,
we collected electrocardiography (ECG) and galvanic skin
response (GSR) signals, pulled ARFs out from them and
performed the Persons coefficient between autonomic ha-
bituation metrics and participants sensory profiles and dis-
order severeness. Results show a relevant positive cor-
relation with Short Sensory Profile (SSP-2) questionnaire
(60%) and with Autism Diagnostic Observation Schedule
(ADOS-2) questionnaire (76%).
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1. Introduction

Acuity of responses in absolute terms might not be ap-
propriate for measuring predictive abilities. Rather, these
could be translated into the capacity to anticipate sensory
processing in order to face the huge amount of informa-
tion we are subjected to every day. In fact, a lag in pro-
cessing pathways, both ascendant and descendant, would
lead to an altered perception of the environment, as well as
difficulties in relating and interfering with real time stim-
uli, thus making it hard to measure predictive behavior by
looking at only autonomic responses. As a matter of fact,
usually knowledge from central sensory processing is of-
ten used to estimate the impact that a stimulus has while
traveling in our brain as reflected, for example, in the am-
plitude of its event-related potential. As this stimulus is
provided several time over a temporal window, its corre-
sponding event yields a smaller and smaller response in
the brain potential. This phenomenon is called habituation
[1] [2]. Habituation has been designed for event-related
measurements such as EEG or EDA. Our challenge here
is to define habituation by looking at autonomic changes
reflected in the heartbeat variations along time, i.e. heart
rate variability (HRV), by exploiting the time-varying fea-
ture from advanced models of hearbeat dynamics in order
to create some even-related function that may provide the
same habituation paradigm.

In this context, there is evidence to suggest that children
with Autism Spectrum Disorder (ASD) do not show pro-
gressive dampening of neural response to repeated stan-
dard tones or clicks [1] [3]. Perry and colleagues found
that ASD participants required more trials to reach maxi-
mal habituation and suggested that ASD participants have
a generalized slowing of habituation to repeated stimuli [4]
[5] [6] [7]. Thus, we test and practically evaluate our met-
rics on ASD case study by accessing the ASD reduced ha-
bituation thesis from an autonomic point of view.

According to these premises, our study aims at (a) build-
ing autonomic habituation metrics as a proxy of predic-
tion, (b) investigating habituation reduction in ASD with
multi-modal naturalistic stimuli and (c) exploring the rela-
tionship between autonomic habituation and clinical ASD
parameters measured by psychological assessments of sen-
sory, cognitive and behavioral performance.



2. Experimental Protocol
Twentyone neurotypical subjects (9 females) and eight

ASD subjects (2 females) ranging from 7.2-12.8 years
have been included in this study. All participants had a
Wechsler Intelligence Scales for Children - Fifth Edition
(WISC-V) nonverbal IQ of 85 or greater. All ASD partic-
ipants met criteria for autism or autism spectrum disorder
based on administration of the Autism Diagnostic Obser-
vation Schedule (ADOS-2), which describes the syndrome
severeness. Moreover each participant has been subjected
to a sensory profile delineation according to the Short Sen-
sory Profile (SSP-2) questionnaire. In particular, 125 items
describe the child’s response to sensory experiences con-
cerning registration, seeking, sensitivity, and avoiding sen-
sory processing patterns [8]. The higher the scores, the
higher the sensory impairment.

In the recording stage, we implemented a 5-minute nat-
uralistic audio-video by repeating a video sequence includ-
ing one minute of baseline video (grey area) of a nonsocial
scene, followed by a 30-second video clip (audio-video
stimulus) that repeated 5 times (with 10 seconds of grey
screen between presentations). The repeating video clips
show a person opening a jack-in-the-box, and a toy clown
popping out of the box right after, representing the stimu-
lus. ECG has been recorded for the entire duration of the
experiment.

3. Methods
Autonomic Nervous System activity has largely been

studied via sympatho-vagal balance assessment. In par-
ticular, Heart Rate Variability (HRV), i.e. the variation in
either the R-R intervals (times between R-wave events) or
heart rate with time around their mean [9], has been proven
to be an important quantitative marker of cardiovascular
regulation and a potential marker of autonomic regulation.
Its significance can be appreciated in both temporal and
spectral domains, where HRV can be decomposed into low
frequency (LF) and high frequency (HF) components of
the power spectral density: the LF-HRV reflects both sym-
pathetic and vagal influences, whereas HF-HRV is highly
correlated with vagal activity [10].

More recently, a point-process based model [11] has
been introduced for estimating time varying LF-HRV, HF-
HRV and their mutual relationship. This model allows for
extraction of autonomic features in continuous time, which
are summarized as follows:
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SRR(f, t) =
σRR(t)
1−Hf,t

where Hf,t =
∑r
k=1 θk(t)exp(−j2πjk), which is

traded on computing LF-HRV, HF-HR and balance (i.e.

LF/HF) features by Fourier-trasforming the vector of pa-
rameters θ.

According to our assumptions, the hypothetical function
describing the autonomic response should be a temporal
feature describing the status of the autonomic system at
each point in time: it should be positive when a reaction to
a stimulus is taking place and null otherwise. Exploiting
the point-process model’s high temporal resolution and hy-
brid frequency-temporal representation of the autonomic
regulation, we make use of the sympatho-vagal balance
feature (LF/HF) for building up an Autonomic Responsiv-
ity Function (ARF). In fact, the ARF should be positive
when autonomic regulation tilts towards sympathetic ac-
tivity and it is negative when a perturbation of the balance
towards the vagal system takes place. In this regard, such
response is proportional to a positive increase in LF-HRV,
determining a sympathetic prevalence, and inversely pro-
portional to the parasympathetic system’s response, i.e. the
HF-HRV power congruent to the respiratory sinus arrhyth-
mia effect.

Since LF/HF represents the sympatho-vagal balance at
each moment in time, such measure does not represents an
absolute measure of the autonomic level, and it is further
affected by individual differences, circadian rhythm and
other external conditions. On the contrary, we could use
a measure describing the change in autonomic levels for
comparing event-wise changes over time in amplitudes and
latency in building the proposed ARF configuration.

First, a derivative filter is applied to the raw LF/HF fea-
ture. Then, given that the response is event-related by
definition, we exploit the event timing for convenience.
Specifically, from the LF/HF raw feature we consider a
window in which it is physiologically likely to have a re-
sponse from autonomic system is taken. In particular, the
window includes 2 seconds of pre-stimulus and 5 seconds
of post-stimulus, for a total of 7 second duration. An ex-
emplary window presents a baseline wonder upon which
both informative and non informative peaks pop up, whose
shape, amplitude and width are not immediately accessi-
ble. In order to perform the calculation of the response
magnitude, the baseline must be subtracted. To do this, a
fitting curve is built and properly subtracted from the raw
signal (Figure 1.a). In this way, regardless if a stimulus
happens in a valley or on a hill, its value is re-scaled to
a zero-based baseline. In this way, the zeros define the
null response, in which no perturbation of sympathetic sys-
tem is happening, while peaks are event-mediated pertur-
bations of autonomic regulation toward sympathetic post-
elicitation with respect to the vagal pre-relaxation. In other
words, peaks are not only informative of the sympathetic
activation, but they are rather refelecting the sympatho-
vagal dynamical range, computed on a pre-post stimulus
difference basis.



Figure 1. From the LF/HF raw feature to the Autonomic
Responsivity Function: exemplary estimates for one sub-
ject of (a) the LF/HF raw feature properly derived, win-
dowed and rescaled; (b) the Autonomic Responsivity Func-
tion (ARF). Of note, the amplitude and latency of the auto-
nomic response is persistent throughout the stimuli. Verti-
cal lines corresponds to stimuli times.

As autonomic arousal peaks in the LF/HF raw feature
are quite irregular and often overlapping, they need to
be transformed, reshaped and scaled prior to building the
ARF. Once peaks have been aligned along the zero-based
baseline, the computation of their prominence and width as
well as the delay between the stimulus and the maximum
point is performed. These parameters are thus used to build
a response-like curve. Specifically, since a response is in-
tended to be a bell-shaped curve in which its magnitude is
expected to grow until a maximum point and to decrease
and go back to zero level, we build the single response by
modeling a gaussian function. The total responsivity curve
is constructed from the extracted gaussian parameter. On
a practical level, the corresponding curve has the latency
of the peaks as mean and the width of peaks as standard
deviation. Peaks width is rescaled by a factor of 0.7 in
order to be consistent with the requirements of a gaussian
distribution, in which 70% of observations fall in ±σ from
mean. The maximum amplitude of the bell is then scaled
by a factor equal to the maximum prominence of the bal
peak.

We proceed by substituting the gaussian responses
within each response-window in a support function which
has been previously filled with zero values outside each
response-window. In this way the outcome function has
zeros where no stimuli occur and has bell-shaped response
curves where stimuli have been provided. Figure 1 shows
the transformation from LF/HF peaks to ARF.

Finally, areas and latency of ARF curves are computed
from gaussian parameters. Stimulus-wise, the linear re-
gression over areas (and latency) has been computed and
the first order coefficient has been taken as habituation pa-
rameter. A composite habituation metrics is thus computed

as:

HAB(i) = atan(a(i) · l(i))

where HAB(i) is the habituation composite metrics for
the i-th subject, a(i) is the slope coefficient of response
areas of subject i and l(i) is the slope coefficient of re-
sponse latency of subject l(i). When HAB(i) is negative,
we said that habituation has taken place; on contrary, a
positive HAB(i) value is informative of non habituation
patterns, that is sensitization.

4. Results

The Short Sensory Profile (SSP-2) [12] and the Autism
Diagnostic Observation Schedule (ADOS-2) [13] ques-
tionnaires have been exploited as gold standard for validat-
ing our metrics, particularly concerning the sensory profile
delineation. With this aim in mind, we computed the Pear-
son’s coefficient betweenHAB and each questionnaire as:

−1 < ρXY =
σXY
σXσY

> 1

where ρXY is the Pearson’s coefficient, σXY the covari-
ance between the two statistical variables X,Y, and σX , σY
the variances of respectively variable X and variable Y.

We conducted a first simple correlation analysis cor-
relating the composite habituation metrics with question-
naires and sensory profiles. Values show that the per-
centage representing the interaction between HAB and
the sensory profile of subjects (SSP-2) results is on av-
erage 59%, whereas Pearson’s coefficient between HAB
and Autism Diagnostic Observation Schedule (ADOS-2) is
0.76. Since SSP-2 assessment includes four areas of inves-
tigation, it is worth to mention the correlations of HAB
with each sensory response type: coefficients are 0.57,
0.61, 0.60 and 0.56 respectively for registration, seeking,
sensitivity, and avoiding sensory processing patterns. As
literature considers values of correlation bigger or equal to
0.3 as relevant, we believe our result highlights how our
metrics is a good estimation of the sensory profile. Such
results help in targeting whether or not habituation metrics
are representative of sensory profile which might be rele-
vant as a robust proxy of sensory investigation, for instance
in psychological or mental disorders. At this regard, Fig-
ure 2 graphically show the correlation presented. Of note,
subjects’ sensory scores align quite exquisitely with habit-
uation metrics, suggesting the robustness of HAB.

5. Conclusions
In conclusion, our work has focused on defining habit-

uation from dynamics estimated by a model of autonomic
control to the heart. In particular we have devised a novel
Autonomic Reactivity Function (ARF) via a point process



Figure 2. Relationship between HAB scores and sensory profile scores. The rate of habituation is predicted by the sensory
scores of the SSP-2 across all subjects. Lines show linear fit, dots correspond to subjects.

model of heartbeat dynamics, describing the time-varying
heart rate variability related to the Autonomic Nervous
System (ANS) response . Based on ARF parameters, we
have thus defined habituation metrics (HAB) directly cor-
related to sensory abnormalities. Finally, we have tested
the mathematical formalization of such metrics in both
neurotypical subjects and children with autism spectrum
disorder. Results show a relevant positive correlation be-
tween HAB metrics and the patient psycho-sensory pro-
files, providing a first preliminary validation of the metrics.
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