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Getting caregivers to respond to their pain cries is vital for the human
baby. Previous studies have shown that certain features of baby cries—
the nonlinear phenomena (NLP)—enable caregivers to assess the pain
felt by the baby. However, the extent to which these NLP mobilize the
autonomic nervous system of an adult listener remains unexplored. Here,
we show that variations in a listener’s facial temperature, a marker of the
autonomic emotional response, reflect the pain expressed by a baby’s cry.
Specifically, by conducting listening experiments with cries expressing mild
discomfort or acute pain, we demonstrate that NLP modulate the facial
thermal response in adult listeners, irrespective of sex and of cry pitch
variation. The temporal dynamics of the thermal response is more closely
synchronized with the amplitude envelope of the acoustic signal when
listening to a cry containing a large level of NLP than when NLP are less
prominent. The pain encoded in a baby’s cry thus generates a synchronized
emotional response in both adult men and women, emphasizing that our
ability to decode the information carried by babies’ cries integrates an
immediate activation of the autonomic nervous system before engaging
higher-order cognitive processes.

1. Introduction

The cry is a sound signal enabling the baby to solicit help [1,2]. This signal
carries both static information (the baby’s individualized vocal signature [3])
and dynamic information (the baby’s emotional state [4]). Its main function
is to alert the baby’s caregivers, encouraging them to provide care [5,6]. As
a graded signal, the cry gives the baby the possibility to express a variable
amount of discomfort or pain by varying a set of acoustic features [7,8].
When a baby cries because of an uncomfortable situation but is not really in
pain, the vocal folds vibrate mostly periodically, producing a sound consist-
ing mainly of a fundamental frequency and its harmonic series. When a
baby is in real distress, they forcefully contract their rib cage, resulting in
higher-pressure airflow that produces faster and chaotic vibrations of the
vocal folds. This results in a more variable pitch (fundamental frequency,
fo) and disharmonious sounds, known as nonlinear phenomena (NLP) [9-
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11]. As detailed in Corvin et al. [8], cries can express various types of NLP: deterministic chaos (aperiodic vibration of the vocal n

folds; hereafter chaos), low amplitude modulation (modulation of the fundamental frequency by a much lower frequency, possibly
produced by another sound source, such as the ventricular folds), subharmonics (resulting from period doubling or tripling in
the vocal fold vibration), vibrato (resulting from frequency and amplitude modulations of the fundamental frequency), frequency
jumps (sudden jump in the fundamental frequency) and vocal fry (slow and irregular glottal pulses; for further explanations
on nonlinear acoustic phenomena, see [12-14]). Previous psychoacoustic experiments have shown that these pain- or distress-
induced acoustic traits (pitch variation, NLP) affect adult listeners’ perception of the pain expressed by cries [8-11,13]. Notably,
auditory tests using synthetic cries where the presence of each type of NLP in the cry was controlled, demonstrated that
almost each NLP significantly contributes to an adult listener’s perception of pain (namely: chaos, amplitude modulation,
subharmonics, vibrato in both parents and non-parents; frequency jumps only in parents; see figure 1 for a representation of
these NLP) [8].

The response to babies’ cries by caregivers involves both low- and high-level neurophysiological processes, from the
detection of stimuli by the peripheral auditory system to the decoding of the information by cortical areas [15]. In order to
assess the effect of NLP on the perception of a baby cry, it would be informative to measure physiological processes directly
related to the spontaneous response of the autonomic nervous system using methods such as the electrodermal response or
heart rate monitoring [16,17]. In the present study, we chose to test a promising non-invasive method: facial thermography,
i.e. the measurement of variations in the surface temperature of the face. Thermography is based on a simple principle: the
surface temperature of an individual varies as a function of blood flow through the skin, and these variations can be captured
remotely by filming with an infra-red camera [18,19]. Thermography already has a wide range of applications in the field of
human health, such as monitoring revascularization processes after traumatic accidents [20] and the monitoring of emotion [21].
As the autonomic nervous system is primarily responsible for vasodilation and vasoconstriction of vessels in the skin’s dermis,
surface temperature is an indicator of its activity [22-29]. The major advantage of thermography lies in its non-invasive nature,
since it does not require any sensor to be placed directly on the skin and only requires filming the individual from a fixed
distance. The face is usually the target area, since this is where temperature variations linked to emotional expression are the
most significant [30]. As facial thermal imaging is performed at a distance, it can be easily deployed in adults and children, as
well as in non-human animals [31,32].

Here, we assess whether changes in facial temperature measured by thermography reveal variation in the emotional state
of human adult listeners in responses to baby cries. Specifically, we investigate the potential relationship between temporal
variations in listeners’ facial temperature and the presence of NLP in cries. As summarized in figure 2, we first filmed with a
thermal camera the faces of 41 adult men and women listening to baby cries carrying a variable level of NLP. We asked these
participants to rate whether the cries were recorded in a situation of simple discomfort, or rather strong pain. We then tested the
hypothesis that NLP amplify temporal synchronization between the cry amplitude envelope and the variations in the listener’s
facial temperature, controlling for the cry pitch variation. As we showed in a previous study that adults of both sexes identify
pain in a baby’s cry with the same acuity [33], we further tested the hypothesis that the effect of NLP on the thermographic
response is the same regardless of the participants’ sex. To achieve these objectives, we used a dynamic time warping (DTW)
approach to measure the distance between the cry amplitude envelope and the thermal signal.

2. Methods
2.1. Cry stimuli

We selected 23 baby cry recording sequences from the ENES Bioacoustics Research Laboratory recording database (duration of
each cry sequence = 6.37 + 1.27 s). This database includes discomfort cries recorded during a bathing session, and pain cries
recorded during a vaccination session at the paediatrician’s office. The 23 cry sequences were recorded from 16 different babies
(7 girls, 9 boys, aged 60 + 3 days; see [4] for details). We selected these cries by ensuring the quality of the signals (negligible
background noise, minimum sequence duration of 6 s) and because they effectively represent the diversity of NLP that may be
present in a cry [8].

In each of the 23 cry sequences selected, we quantified the presence of NLP that have been demonstrated to contribute to
non-parent adult listeners” perception of pain [8], namely chaos, amplitude modulation, subharmonics and vibrato, by visually
inspecting and annotating spectrograms provided by Praat software (frequency range 0.2-10 kHz and window length 0.05-0.08
s [34]). Chaos is visually identified as broadband noisy sections in the cry’s spectrogram, subharmonics as spectral bands often
occurring at fo/2 or f,/3, amplitude modulation as spectral bands not harmonically related to fo occurring at m*f, + n*j,, and
vibrato as rapid modulations in both frequency and amplitude contours (see figure 1 for details).

We measured the absolute duration of each instance of NLP (in seconds), as well as their relative duration to the total
duration of the cry (expressed as a percentage, % NLP). This level of NLP ranges from 0% to 76.37%, representing the
percentage of time during which at least one phenomenon is present in the cry. When we detected different types of NLP
occurring simultaneously, we did not sum the duration of each NLP to get a value for the total NLP time before calculating the
percentage of the cry with NLP. It was thus not possible to potentially have more than 100% of NLP in a cry. Besides quantifying
NLP, we also measured the cry mean pitch and the pitch variation expressed as the pitch range (= Fp range), obtained by
dividing the maximum by the minimum pitch [35,36]. We used the Soundgen R package to extract pitch contour and measure
pitch values [37]. As a precaution, this automatic pitch tracking was manually validated for all stimuli. Table 1 summarizes the
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Figure 1. Spectrograms illustrating nonlinear acoustic phenomena (NLP) in human baby cries. Segments of cries containing NLP are outlined in blue. The NLP
presented here are those known to contribute to an adult listener’s perception of pain (see main text for explanations). Vibrato (b) is characterized by rapid frequency
fluctuations in the f, contour. Amplitude modulation (c) manifests as sidebands occurring at m*f, + n*j,, where j, is a lower frequency not harmonically related to
fo, and m and n are integers. In contrast, subharmonics (d) appear as spectral bands harmonically related to £, typically at f, /2. Finally, chaos (e) corresponds to the
broadband, noisy section of the cry, and a frequency jump (f) corresponds to a discontinuity in the f, contour, such as an upward shift. Spectrograms were produced
with the function spectrogram() from the Soundgen R package [15].
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Figure 2. Experimental measurement of facial temperature variations in adults listening to baby cries. (a) Each coloured line of the panel represents a cry stimulus
consisting of two successive repetitions of the same cry sequence. The colour variations indicate the intensity modulation (envelope) of the cries over time (ranging
from blue = silence, to deep yellow = maximum intensity). We used 23 cry stimuli, ordered from top to bottom from the cries with the least NLP (low % NLP) to the
cries with the most (high % NLP; see table 1 for details). The lower graph represents the cries” average envelope. Cry duration varied between 3 and 7 s but has been
temporarily shaped to align all acoustic stimuli with the corresponding thermal signals (see §2). (b) The cry stimuli, illustrated by two examples with different levels
of NLP, are emitted by a loudspeaker. The listener is filmed with a thermal camera to measure temperature variations in different areas of the face. (c) Each coloured
line represents the temporal variation of the thermal signal recorded at a specific area of the face (here, right preorbital face area). The colour scale represents the
normalized temperature value (ranging from blue = lowest temperature, to intense red = highest temperature). The lower graph shows the average thermal signal.

characteristics of each cry sequence used to build the stimuli in the experiment. Each cry stimulus consisted of two repetitions of
the same cry sequence, separated by 1 s of silence.
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2.2. Experimental procedure

The experiment involved a total of 41 non-parent participants (7 = 21 men and 20 women, aged 35 + 13 years old), with little
to no experience with babies. The experiments were conducted in an acoustically isolated chamber (TipTopWood®; figure 3).
During an experiment, the participant was seated on a chair, facing a screen giving them instructions. The thermal camera
(Opris PI1450i) was positioned 1 m from their face. A high-fidelity loudspeaker (Triangle Comete 202) played the cry stimuli. The
participant did not wear headphones, piercings, nor glasses (except, if necessary, to read instructions) or any object that could
alter the measurements. The participant was filmed continuously throughout the experiment (27 frames s™).

Forty-one participants completed four listening sessions of 16 cries. After deleting the tests unusable due to the non-align-
ment of the face with the thermal camera causing problems with facial recognition and temperature evaluation, we obtained a
total of 2592 thermal signal measurements. Each stimulus was repeated twice with 1 s of silence between the two repetitions
(total duration of the whole experiment per participant = approx. 15 min). The order of presentation of the 23 stimuli was
pseudo-randomized between participants. At the end of the stimulus, a message appeared on the screen asking the participant
to quote the cry as expressing either mere discomfort or acute pain. There was a variable silent phase of random length
ranging from 19 to 27 s, between the participant’s response to a given cry and the start of the first repetition of a new cry. The
duration of silence varied to avoid physiological or cognitive anticipatory effects in listeners. This duration was chosen to be
as long as possible to allow a return to the baseline physiological state, while limiting the total duration of the experiment to
approximately 15 min. Each listening session consisted of a set of 16 cries (8 vaccines/8 baths) randomly selected from the 23
available. Before the start of the first cry sequence (beginning of the experiment), there was a 1 min pause to take the basal body
temperature.

2.3. Thermal signal processing

Thermal images of faces were extracted using OpenCV library [38]. Each thermal image of the participants’ faces (27 frames
s") was first normalized to greyscale, then recoloured using a normalized RGB scale. On these images, we defined four face
areas indicative of facial thermal variations due to their density in vascular vessels: left and right preorbital face area and left
and right cheeks (electronic supplementary material, figure S1). These areas were based on the 478 facial landmarks estimated
by MediaPipe [39]. The temperature of each of these areas was then calculated for each image by averaging the temperature
value of each pixel. A thermal signal was thus obtained for each facial area, corresponding to the variation in the area’s average
temperature over time.

Most of the thermal signals showed a linear temperature drift over the course of the experiment (continuous increase mean
slope: 2.53% + 43.24%), independently of the temporal dynamics of the sound stimuli. This drift, possibly induced by varia-
tion in participants’ basal stress levels during the experiment, was suppressed by detrending the signal (scipy.signal.detrend
Python’s function). This detrending process consisted of subtracting the result of a linear least-squares fit from the data. Next,
basal temperature differences between participants were corrected by normalizing each thermal signal by its initial value
immediately before the onset of the sound stimulus.

2.4, Measurement of the distance between acoustic and thermal signals

We temporally synchronized the acoustic signal (cry amplitude envelope) and the thermal signal as follows. The two signals,
acoustic and thermal, were extracted from 3 s before the start of the first repetition of the cry to 3 s after the end of the second
repetition. We then resampled the acoustic envelopes so that they had the same sampling frequency as the thermal signals (27
Hz). Both acoustic and thermal signals were denoised using a Savitzky—Golay filter to reduce high-frequency noise (window
length: N, = 2 x 27, polyorder = 2 [40]). As the duration of cry stimuli was not exactly the same across stimuli, we standardized
the duration of all signals, sound and thermal. After these resampling and normalization operations, all signals consisted of 101
successive values.

To quantify the link between the temporal dynamics of the acoustic and thermal signals, we measured the distance between
the temporal envelopes of the two signals using a DTW algorithm (symmetrical step model P2 constrained by slope [34]). This
algorithm gives a DTW distance value (in arbitrary units) that quantifies the difference between the two signals: the smaller
the distance between the signals, the more the thermal signal is temporally related to the acoustic signal (see figure 4). In other
words, a small DTW distance indicates that the temporal variations of the thermal signal closely follow those of the acoustic
signal. Conversely, a larger distance suggests that variations in thermal signal occur independently of temporal variations in the
acoustic signal.

The DTW calculation is particularly well suited to assessing the degree of similarity (or distance) between two time series
(here the acoustic signal and the thermal signal) that are likely to exhibit phase shifts. Although the similarity between two
time series can be assessed by calculating the Euclidean distance between them (or other similar distances), this calculation is
particularly sensitive to phase shifts between the series. If it is based on comparing the value of the first time series at time
T with the value of the second time series at the same time T, the distance between time series that are out of phase in time
but nevertheless similar will be large, in other words the series will be assessed as not being very similar. This problem can be
overcome by using DTW. The DTW compares the amplitude of the first signal at time T with the amplitude of the second signal
attimes T+1and T -1 (or T+ 2 and T - 2). This ensures that it does not give a low similarity score (high distance) for signals
with a similar shape and different phase.
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Figure 3. Experimental set-up. Each participant is placed in an acoustic chamber equipped with a loudspeaker, a screen and a thermal camera at a distance of 1 m.
Qutside the chamber, the researcher monitors the experiment using a computer.
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Figure 4. Flow of signal processing steps to quantify the distance between the acoustic signal (baby cry) and the thermal signal (temperature of the listener’s face).

2.5. Statistical analysis

We performed statistical analyses using Bayesian mixed models fitted with the ‘brms’ R package ([41], R v. 4.2.2). The advan-
tages of using the Bayesian approach are manifold, including its high flexibility, quantification of uncertainty in estimates, use
of priors for regularization and intuitive interpretation of confidence intervals. Posterior distributions of model parameters were
summarized by their median and 95% credibility interval.

To test whether nonlinear acoustic phenomena drive pain ratings by adult listeners, we built the following model: Response
~NLP x sex + (1l participant) + (1|/CryID) + (11F0_range), where the variable ‘Response” corresponds to participants’ evaluation
of the sound stimulus (i.e. discomfort cry or pain cry) modelled by a logistic function (Bernouilli family) and the fixed factors
are the level of NLP in the cry (expressed in percentage of the cry with NLP; “NLP’) and the sex of the adult listener (‘sex”).
Random factors were the identity of the participant (‘participant’), the identity of the cry (‘CryID’), and the pitch variation
("FO_range’), measured by dividing the maximum by the minimum cry pitch). We chose to control for pitch variation defined as
such rather than for the mean pitch or another pitch value because pain cries are known to have variations with extreme pitch
values (sudden incursion of pitch into high frequencies) [8,9,11].

To test whether the presence of nonlinear acoustic phenomena in the cries leads to synchronization of the cry amplitude
envelope with variation in the thermal signal, we built the following model: DTW ~ NLP x sex + (1|participant) + (11CryID)
+ (11FO_range), where ‘DTW’ is the DTW distance between the temporal dynamics of the acoustic and thermal signals. The
fixed factors are the level of NLP (‘NLP’) and the sex of the adult listener (‘sex’). Random factors are participant identity
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Figure 5. Impact of baby cries” NLP on adult listeners. (a) Rating of cries by adult participants according to the level of NLP. The participants were more inclined to
classify as expressing pain the cries presenting the most NLP. (b) Temporal dynamics of the cry signal (green) and thermal signal (purple) for the 20% of cries showing
the most (top) and least (bottom) NLP, respectively. The green curves represent the average stimulus amplitude envelopes with their 95% confidence interval. The
purple curves represent the time course of the thermal signals with their 95% confidence interval (measurements taken in the right preorbital face area). Each cry
stimulus consisted of two repetitions of the same cry, separated by silence. These curves suggest that the temporal dynamics of the cry stimulus and that of facial
temperature are more similar for cries with more NLP. (¢) Distance between the temporal dynamics of cry and thermal signals. The distance is calculated using a DTW
algorithm (see text for details) for the right preorbital face area. The more nonlinear acoustic phenomena the cry expresses, the more related are the acoustic and
thermal temporal dynamics.

(“participant’), the identity of the cry ("CryID’), and the pitch variation ("FO_range’). This model was applied to different portions
of the stimulus, i.e. either the entire stimulus, the first repetition of the cry, or the second repetition of the cry. All these
measurements and statistics were carried out on the four areas of the face.

3. Results

As illustrated in figure 54, participants classified cries as either discomfort or pain cries according to their level of NLP. Cries
with a high level of NLP were more likely to be classified as pain cries (0.82, 95% CI [0.51, 0.94]) compared with cries with a
little or no NLP. This rating was independent of the listener’s sex (0.80 [0.45, 0.94] for men; 0.84 [0.55, 0.95] for women; difference
between sexes -0.04 [-0.13, 0.03]).

We then found that the percentage of NLP in the cries impacts the DTW distance between the temporal dynamics of the
cry (amplitude envelope) and the thermal signal. This is illustrated in figure 5b, which shows that the temporal dynamics of
the acoustic and thermal signals are more similar for the 20% of cries with the highest level of NLP (top panel) than for the
20% of cries with the lowest level of NLP (bottom panel), this for the right preorbital face area. Figure 5¢ further illustrates
this influence of NLP by showing a decrease in the distance between the acoustic signal and the thermal signal as the level of
NLP in the cry increases (right preorbital face area: decrease in the acoustic-thermal distance from 0% to 80% NLP = -37.05
[-63.04, -11.59]). This convergence between the temporal dynamics of the two signals when more NLP are present is observed
for each of the two repetitions of the cry within the stimulus (first repetition of the cry: —18.62 [-30.90, —5.89]); second repetition
of the cry: —-18.38 [-31.28, —5.56]). The same results are found in the left preorbital region (-37.48 [-63.26, —-11.99]) as well
as in the left and right cheeks (and -38.38 [-64.36, —12.35] and —39.14 [-65.00, —13.03], respectively; for details, see electronic
supplementary material, table S1 and figure S2). We did not identify any difference between men and women participants
(electronic supplementary material, table S2).

4. Discussion

The present study shows that baby cries trigger an autonomic nervous system response resulting in listeners’ facial temperature
variations. Specifically, our results demonstrate that the level of NLP in a cry modulates the temporal dynamics of the facial
thermal response in listeners, independent of their sex. Thermography thus appears as a possible method for investigating
physiological effects of baby cries on adult listeners.

It has been established that NLP are reliable markers of the level of distress and/or pain expressed by the baby [8]. The
present study’s psychoacoustic experiment confirms that adult listeners pay attention to these acoustic markers when judging
the degree of distress. The joint analysis of acoustic and thermal signals shows that the presence of these acoustic markers
results in a lesser distance between the temporal dynamics of these signals. A cry presenting a large level of NLP thus mobilizes
the autonomic nervous system response more effectively than a cry with a low level or no NLP. This increased synchronization
between facial thermal variations and the cry signal may reflect a more efficient mobilization of the neurophysiological
processes involved in responding effectively to the baby’s solicitations.
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Our results further reveal that the autonomic nervous system’s response, which varies with the pain level expressed in an n

infant’s cry, is consistent across adult listeners regardless of their sex. This observation builds on prior studies showing that
men and women are equally proficient in identifying infants through their cries and evaluating the pain expressed [10,33,42,43].
The present research thus strengthens evidence for this absence of sex-based differences in baby cry perception. In the context
of human cooperative breeding [44], this shared responsiveness to infant cries is a compelling and expected trait. Despite its
potential societal implications, this phenomenon remains nevertheless largely unrecognized by the general public.

To the best of our knowledge, the present study is the first to investigate the facial thermal response of adults to the listening
to baby cries. While our results sound interesting and new, this study remains rather preliminary and raises a number of
questions, both in terms of interpreting the results and from a methodological point of view. The first point concerns the
question of the respective impact of each type of NLP on the thermal response. Indeed, as reported in §1, NLP encompasses
various acoustic phenomena, and it would be valuable to assess the contribution of each to eliciting a thermal response. While
this is a clear objective, it cannot be reliably achieved in this study. Indeed, we utilized natural baby cries, which contain varying
proportions of different types of NLP. Consequently, it is not possible to isolate the effect of any specific NLP. Capturing the
thermal response to cries based on each NLP independently of the others is thus not possible here. A good strategy to address
this gap would require the use of synthetic cry replicas, allowing precise control over the presence and quantity of each NLP
type. At the ENES Bioacoustics Research Laboratory, we have begun such investigations (though without a thermal approach)
[8].

A second point, which follows the same line of reasoning, is that we did not test the influence of mean pitch and pitch
variation on the thermal response of listeners. The cry stimuli we used here, selected to represent the diversity of NLP, did not
allow for rigorous testing of this pitch influence. It is likely that pain cries with significant pitch variations over time could also
elicit a thermal response in listeners.

A third point concerns the participants. We only tested people with no or little experience of babies. This choice was made to
increase the homogeneity of the sample, given that it was impossible for logistical reasons to test a larger cohort of participants.
It should be remembered that prior experience with babies is a major factor driving the ability of adult listeners to assess
baby cries. In an earlier study, we showed that parents of young children were able to distinguish between cries of discomfort
and cries of pain without difficulty, whereas inexperienced listeners largely failed to do so [33]. It is therefore possible that
experienced people can more acutely detect the presence of NLP in cries. Variations in their facial temperature might be even
more dependent on the level of NLP contained in the cry. Conversely, it is possible that experienced people may be less easily
emotionally affected by babies” cries, and so the variations in their facial temperature may be much more modest. Another
important factor probably leading to variability between participants could be their degree of empathy. In a recent study, we
showed that the mobilization of the brain connectome involved when listening to baby cries did indeed depend on the degree
of empathy of the listeners [45]. This could arise from distinct mechanisms. One possibility is that prior experience leads
to desensitization or habituation to distress cues, resulting in a dampened autonomic response over time. Alternatively, in a
cooperative breeding context, individuals who are inherently less autonomically reactive or sensitive to aversive stimuli like
intense crying might be more likely to engage in and persist with caregiving roles; this would represent a selection effect rather
than acquired habituation. Intriguingly, this intersects with potential trade-offs involving other motivational systems, such as
disease avoidance. A recent study by Gustafsson [46] reported that priming participants with cues of infant infection reduced
tenderness towards cute babies, but only among non-carers. This aligns with both possibilities: experienced carers might be
desensitized not only to distress but also potentially to pathogen cues associated with caregiving, or individuals inherently
less prone to disgust or pathogen avoidance might be more predisposed to invest in childcare. If such traits correlate with
autonomic reactivity, it could influence the thermal responses observed.

These considerations have potentially significant implications for interpreting our findings and future work. If, as our study
might imply (though not directly tested here), baby cries elicit a stronger or more synchronized autonomic response primarily
in non-caregivers, the functional meaning of this response needs careful consideration. Does the heightened facial temperature
variation reflect increased irritation and aversion, potentially acting as a barrier to caregiving for those not habituated or
temperamentally suited? Or does it signal heightened alertness, attention and perhaps even sympathy, representing a mobili-
zation of resources to potentially respond, as suggested by related work on empathy and brain responses to cries [45] and
the general link between emotion and facial thermal signals [25]? Future studies directly comparing experienced caregivers
and non-caregivers, potentially combining thermography with subjective ratings of irritation/sympathy and other physiological
measures, are crucial to disentangle these competing hypotheses regarding habituation, individual predisposition, motivational
trade-offs and the ultimate meaning of the autonomic response to baby cries.

The last point of attention is a technical one. Facial thermography, while non-invasive and promising for capturing
autonomic responses, is sensitive to various potential confounds. Factors such as ambient room temperature fluctuations,
although mitigated by conducting experiments in a controlled chamber, can influence skin temperature. More significantly,
there are inherent individual differences in baseline facial temperature and, crucially, in vascular reactivity. While our method
of normalizing each thermal signal by its initial value immediately before the stimulus onset effectively corrects for baseline
temperature differences between trials and participants, and detrending addressed slow linear drifts, these steps do not fully
eliminate the influence of individual differences in vascular response patterns or potential nonlinear drifts unrelated to the
stimuli. Consequently, some variability in the thermal responses observed may stem from this physiological heterogeneity
among participants, independent of the cry characteristics. Moreover, the participants’” immediate psychological or physiologi-
cal state (e.g. stress, fatigue) could potentially modulate their autonomic response. Furthermore, analysing the dynamics of the
facial thermal response as a function of the temporal dynamics of a cry is no easy task. In view of the results obtained, the
method we have chosen appears promising. However, it relies on resampling and filtering the signals, both sound and thermal,
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to work on the same time scale. These manipulations, although controlled, are likely to mask subtle phenomena present in what E

we consider noise, and to create undesirable artefacts that have not yet been highlighted. In short, while we feel that we have
made a significant advance here, we also believe that much remains to be done before the thermal imaging tool can be used
routinely to monitor participants’ response to baby cries.
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