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ABSTRACT: The body-alarm reaction results from the activation of hypothalamic–pituitary–adrenal axis, which can lead to physio-psychological
phenomena such as an exclusion ⁄ occlusion of the sense of hearing. One hypothesis to explain this alteration consists in a hydromechanical dysfunc-
tion of the internal ear attributable to antidiuretic hormone. In this study, we evaluated the perception of acoustic stimuli administered in stressful con-
ditions in 14 phobic patients and in 20 healthy subjects, in order to assess the influence of stress on perceiving capabilities. We also measured the
concentration of salivary cortisol and IL-1b and neurovegetative parameters to objectivise and quantify the physiological reactions. Our results show
a worse perception of the frequencies of the human voice under stress; these findings could have a dual value: in the legal field, concerning criminal
liability, and on the operative context, regarding the efficiency of verbal communication among law enforcement officers in situations inducing
intense emotional stress.
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The present study owes its origin to a question posed during an
assessment made in the course of a criminal investigation. We were
asked whether a situation of acute stress arising during a shooting
could have caused a police officer to fail to hear the verbal cease-
fire order, given from very short distance and in a loud voice, so
that he continued to fire causing fatal injury to a malefactor.

It is well known that one of the most ancient phylogenetic human
responses is the reaction to the perception of danger (real or imag-
ined). This reaction, known as a body-alarm reaction, can give rise
to the different behavioral and psychophysical responses. These are
attributed to the emotional activation induced by the negative stimu-
lus, organized in the limbic area, that manifests at the biological–
somatic level by producing neurovegetative and endocrine altera-
tions, for example, and at the psychological–behavioral level by trig-
gering the motor sequences allowing the subject to turn and fight or
else to flee the danger (1). This body-alarm reaction resulting from
the activation of one of the main neuroendocrine axis, hypotha-
lamic–pituitary–adrenal axis, prepares the organism for the fight or
flight reaction (2). It is characterized by a first phase consisting of
hypersecretion of adrenaline, noradrenaline and antidiuretic hormone
(ADH) and then after a few minutes, also of cortisol. The production
of these substances by the pituitary gland and adrenal cortex induces

a number of alterations in the organism such as an enhanced atten-
tion and better body reaction to a threat, and an increased blood sup-
ply to the muscle masses to equip the body for greater functional
demands, as well as a reduced sensitivity to pain.

In association with these alterations, which can be considered
adaptive reactions, some physio-psychological phenomena can also
develop, such as aberrations of psychogenic type, whereby the
mind, being totally concentrated on the threat, can partially or
totally exclude, in a completely unconscious fashion, other sensory
information arriving in the same context. In this way, an exclu-
sion ⁄occlusion of the sense of hearing, for example, can occur.
This phenomenon is tantamount to a complete distortion of the
hearing processes and is typically associated with a lowered thresh-
old of perception. One suggestive hypothesis that could justify the
occurrence of this phenomenon in the course of acute stress seems
to be a hydromechanical dysfunction of the internal ear, with the
onset of cochlear hydrops, an excess of fluid in the internal ear.
This would be attributable to ADH. In fact, even if the main physi-
ological role of ADH is exerted at the level of the renal glomeruli,
where it is involved in regulating the reabsorption of fluids through
specific channels called aquaporins, ADH receptors and aquaporins
have also been identified in the internal ear (3–5), where they may
take part in modifying the cochlear fluids.

In light of the above, the operative and legal implications of such
alterations of the perceptions can easily be appreciated in cases
where they could occur in police officers or, in general, in mem-
bers of rescue teams. Difficulty in hearing an order during the oper-
ative phase, perhaps during combat, or failure to hear the sound of
an impending threat (e.g., the arrival of a train, or gunshots) poses
a very high risk and, from a medico-legal standpoint, could be a
factor of primary importance when assessing possible liability. An

1Ufficio Sanitario XI Reparto Mobile, Polizia di Stato, Via Cacudi, 3,
70123 Bari, Italy.

2Sezione di Medicina Legale (Di.M.I.M.P.), Universit� di Bari, Piazza G.
Cesare 11, 70124 Bari, Italy.

3Sezione di Criminologia e Psichiatria Forense (Di.M.I.M.P.), Universit�
di Bari, Piazza G. Cesare, 11, 70124 Bari, Italy.

4Dipartimento di Scienze Mediche e del Lavoro, Universit� di Foggia,
Viale L. Pinto 1, 71100 Foggia, Italy.

Received 27 Oct. 2010; and in revised form 29 Jan. 2011; accepted
1 Mar. 2011.

J Forensic Sci, July 2012, Vol. 57, No. 4
doi: 10.1111/j.1556-4029.2012.02161.x

Available online at: onlinelibrary.wiley.com

946 � 2012 American Academy of Forensic Sciences



investigation of altered perceptions during acute stress conducted in
armed subjects before and during a shooting revealed a reduction
in the hearing capacity in no <88% of cases, while in only 15% of
cases did the opposite occur, that is, enhanced hearing (6,7).

Moreover, even in the clinical setting, an analysis of these phe-
nomena is of extreme interest in our view, especially in the study
of subjects suffering from phobias, such that in the course of unex-
pected, sudden exposure to the phobic stimulus, they could find
themselves endangered by this condition of dysperception.

Many attempts have already been made to objectivise and quan-
tify the physiological reactions to psychological stress (ambulatory
monitoring of the autonomic nervous system parameters, such as
the heart rate, as well as the hypothalamus–pituitary axis and the
immune functions, by assessing leukocyte proliferation and cytotox-
icity induced by the natural killer cells). Nevertheless, the parameter
shown to be most efficacious in this context has been the dosage of
salivary cortisol. Salivary cortisol is closely correlated to circulating
free cortisol, the biologically active form, and the levels rise within
a very few minutes in response to acute stress (8,9), reaching a
peak after 15–30 min and having a half-life of approximately 1 h.
Activation of the hypothalamic—pituitary—adrenal axis, during
intense physical and psychological stress, thus results in a tempo-
rary increase in circulating cortisol. There is also a reciprocal influ-
ence between the immune system and the neuroendocrine activity
modulated by some interleukins (IL-1, IL-2, and IL-6) (10).

Therefore, in this study, we aimed to assess whether variations in
the levels of salivary cortisol and IL-1b, induced by deliberately pro-
voked acute stress, could affect the hearing of a human voice. This
was studied on the basis of the frequencies perceived best and ⁄or
worst, and of the different gain.

Materials and Methods

After receiving a full illustration of the purpose and aims of the
study, two groups of voluntary subjects gave written informed con-
sent to take part. One of the groups, defined as controls, included
20 subjects, 10 of whom were students or junior residents at the
ENT Clinic at the Faculty of Medicine and Surgery, Bari Univer-
sity Hospital, with a negative history for phobias. Mean age in this
group was 29.30 € 2.74 years (min 24–max 34). The other 10 sub-
jects in this group included five men aged 28.00 € 2.74 years (min
24–max 31) and five women aged 30.60 € 2.97 (min 27–max 34).
None of the subjects were currently taking medications.

The other group consisted of subjects affected by specific pho-
bias followed up at the Psychiatric Clinic of Bari Polyclinic. There
were 14 subjects in this group, five men and nine women, with a
mean age of 31.33 € 3.21 years (min 29–max 35). In each of them,
the diagnosis had been made after full clinical and psychodiagnos-
tic assessment (BSSRSPP [an Italian test for agoraphobia]). None
of them was receiving pharmacological therapy. A preliminary
study of the sensitivity to specific elements was made by showing
the subjects filmed images of the relative phobic stimulus. This
administration was an integral part of a course of treatment detailed
in a study protocol approved by the appropriate ethics committee.

A complete clinical history was taken of all members of both
groups, paying particular attention to the presence ⁄ absence of pho-
bias, and all underwent an ENT visit to exclude any hearing
deficiency.

Using a special helmet for 3D vision, all participants were
shown images that can trigger brief, intense fear (terrifying visual
stimuli), interposed in a neutral film sequence. This helmet provides
3D stereovision and is connected to a stereo audio system to make
the experience as realistic as possible. To identify any phases of

hearing loss in moments of stress, some acoustic stimuli (previously
recorded in digital format) were then administered.

The acoustic stimuli were regulated by the researcher using a
wired digital sound reproduction system; they included different
frequency patterns (achieved by applying audio filters) and different
volumes to verify whether these variables had any effect on the
level of perception of the acoustic stimuli during the acute stress
phase. Changes in the volume (gain) were made at the moment of
administration of the stimuli using the digital potentiometer pro-
vided in the device.

First of all, five conventional numerical sequences (1249, 6166,
3826, 7667, 3264) were recorded in the laboratory, as well as two
opposite orders with the same final sound (‘‘ceasefire’’ and ‘‘fire’’)
in MP3 format on a single base file. These were spoken by a male
voice, recorded using a Logitech digital microphone (Logi-tek Ltd.,
Stamford, Lincolnshire, UK) and a dual processor AMD computer
(Advanced Micro Devices, Inc., Sunnyvale, CA). For experimental
purposes, sequences with a Doppler effect were also recorded.

Then, using audio processing software (Adobe Audition 2006;
Adobe Systems Inc., San Jose, CA), the sequences were processed
by altering the frequencies to obtain three traces (normal frequency,
high frequency, and low frequency).

The operations carried out on the base file were as follows:

• Volume increase around the frequency 1.6 K by +15.
• Volume reduction around the frequency 46 K by )15.
• Volume reduction around the frequency 93 K by )15.
• Volume reduction around the frequency 187 K by )15.
• Volume reduction around the frequency 375 K by )15.
• Volume reduction around the frequency 4 K by )4.7.
• Volume reduction around the frequency 12 K by )10.

The low-frequency MP3 file was generated using a filter for cut-
ting down high frequencies and amplifying low ones using the fast
Fourier transform (FFT). In practice, a filter is applied to the base
file (normal frequency) to amplify frequencies ranging from 350 to
500 Hz and reduce the remainder. The high-frequency MP3 file
was obtained by applying a filter for cutting down low frequencies
and amplifying high ones using the FFT. To the base file (normal
frequency), a filter was applied to amplify frequencies ranging from
880 to 3650 Hz and lower the remainder. To use the sequences
during the course of the experiments of the subject’s ability to rec-
ognize sounds, the single numerical sequences were isolated by
Adobe Audition software to obtain 15 numerical sequences and six
sentences (two normal frequency, two high frequency, and two low
frequency) in MP3 format. The acoustic stimuli employed are
resumed in Table 1.

The autonomic nervous system parameters (heart rate using a
digital pulse oximeter; arterial pressure) were continuously moni-
tored, using the values obtained at the time when the salivary sam-
ples were taken as reference for correlations with variations in the
endocrine parameters.

The salivary samples were collected with Sarstedt Salivettes
(SARSTEDT Group, Numbrecht Rommelsdorf, Germany), on the
day before the experiment and again on the day of the experiment,
at 8 am and 3 pm (8.00 and 15.00 hours). Participants were asked
not to eat or drink any substance (apart from water) and to refrain
from smoking for 1 h before salivary sampling, so as to reduce
food residues and salivary stimulation to a minimum. Salivary sam-
pling was carried out by the standard method:
• The mouth was rinsed with water.
• A sterile Salivette (removed from the container) was gradually

lowered into the mouth without touching it with the hands.
• The subject chewed the Salivette (for 2 or 3 min).
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• The Salivette was placed in the test tube.
• The sample was transported in a thermal container at 5�C and

then preserved at )20�C until arrival at the laboratory of the
Department of Medical and Occupational Sciences of the Uni-
versity of Foggia.

For quantitative analysis of salivary cortisol, the Salimetrics
HS-Cort kit was used. As salivary cortisol is not affected by the
percentage of salivary flow, only the concentration was used in the
analysis. IL-1b was determined using an ELISA kit (Roche, India-
napolis, IN). Total proteins were analyzed with the Bradford
method using a commercial kit. The results for IL-1b are expressed
as the percent ratio of IL-1b and salivary proteins. Inter- and intra-
sample percent variations of <8% were obtained.

In the second phase of the experiment, within 20–30 sec of sight
of the stressful stimulus and administration of the acoustic stimulus,
the subject’s perception of these was measured using two different
systems:
• The subject was given a portable electronic device model

Pr-110 lP ⁄ S that measures the reaction time, but set in manual
touch-button mode: he ⁄ she should press the button correspond-
ing to the perceived acoustic stimulus among the three alterna-
tives: (a) order n. 1: ‘‘fire’’; (b) order n. 2: ‘‘ceasefire’’; and (c)
numerical sequence.
In this study phase, it was decided not to measure the reaction

time, although this will be measured in the continuation of the
present study. Instead, the subject was informed of what would
happen, so as to increase the level of stress during the
experiment.

• At the end of the experiment, the subjects underwent a brief
structured interview, preceded by technical memory reinforce-
ment exercises, to ascertain whether the claimed failure to per-
ceive the orders was attributed to the effect of the stressful
event on the recall capacity or else on the hearing capacity.
Finally, it should be noted that in the data assessment, the Pro-
fessional Stress Scale (PSS), modified for use with students,
was used to estimate the individual perception of the stress.

Statistical Analysis

The difference between the cortisol concentrations found at
08.00 and 15.00 hours was calculated by taking into account the
concentration at 08.00 minus the concentration at 15.00 hours.

DIFF1 indicates the difference found on the previous day, and
DIFF2 the difference on the experimental day.

The percent cortisol difference was calculated by dividing the
cortisol difference between 08.00 and 15.00 hours by the final
concentration. PERC1 indicates the percent ratio of the cortisol
difference during the experiment, and PERC2, the percent differ-
ence on the previous day.

The results for IL-1b are expressed as the ratio between IL-1b
and salivary proteins. Student’s t-test was used to assess the differ-
ences between the means; the chi-squared test was used to deter-
mine statistically significant associations between the PSS subscales
and the levels of salivary cortisol and IL-1b.

Results

No significant variation was observed in control groups either as
regards the neurovegetative parameters (increased heart rate) or the
salivary cortisol and IL-1b values. All the hearing stimuli adminis-
tered during the terrifying audiovisual stimuli were well perceived
by all the subjects in this group.

Instead, in the group of phobic subjects, we obtained the follow-
ing results. Arterial pressure (systolic and diastolic) measured
before and after the experiment was higher than the measurements
made at the same times on the previous day (Table 2); this differ-
ence was statistically significant (p < 0.05).

The changes in the heart rate at the start of the experiment and
the maximum values recorded during the experimental phase are
shown in Table 3. A statistically significant increase was obtained
during the experiment (p < 0.05).

In the group of phobic subjects, the acute stress provoked by the
administration of terrifying audiovisual stimuli was revealed by dif-
ferences in the values of salivary cortisol and IL-1b in the two
experimental phases.

The double sampling, carried out on the previous day so well
before the time of the experiment and then during the experimental
phase, reduced the errors as compared to control values. The differ-
ences observed and the association with increases in heart rate and
arterial pressure were significantly different (p < 0.05) from those
obtained during measurements made on the previous day, confirm-
ing the acute stress provoked by the administration of the terrifying
audiovisual stimuli to the group of phobic subjects.

Table 4 indicates the mean, median, and standard deviation for
the salivary cortisol concentrations during the experimental day and
the previous day.

TABLE 1—Acoustic stimuli employed.

(1) (7) (13) (16)
1-2-4-9 3-8-2-6 NF 3-2-6-4 NF Ceasefire
NF NF
(2) (8) (14) (17)
1-2-4-9 HF 3-8-2-6 HF 3-2-6-4 HF Ceasefire

HF
(3) (9) (15) (18)
1-2-4-9 LF 3-8-2-6 LF 3-2-6-4 LF Ceasefire

LF
(4) (10) (19)
6-1-6-6 NF 7-6-6-7 NF Fire

NF
(5) (11) (20)
6-1-6-6 HF 7-6-6-7 HF Fire

HF
(6) (12) (21)
6-1-6-6 LF 7-6-6-7 LF Fire

LF

NF, normal frequency; LF, low frequency; HF, high frequency.

TABLE 2—Arterial pressure: indices of central tendency and dispersion.

Start of the
Experiment

End of the
Experiment

Previous Day
08.00 am

Previous Day
03.00 pm

Mean 135.3 ⁄ 89 135.3 ⁄ 89 133.2 ⁄ 84 131.8 ⁄ 84
Median 136.5 ⁄ 90 135 ⁄ 90 130 ⁄ 80 130 ⁄ 83
Standard
deviation

15.4 ⁄ 10.2 14.6 ⁄ 9.9 12.5 ⁄ 7.2 14.6 ⁄ 8.7

TABLE 3—Heart rate: indices for central tendency and dispersion.

Start of the
Experiment

Maximal Cardiac
Frequency

Previous Day
08.00 am

Previous Day
03.00 pm

Mean 84 102 78 80
Median 88 96 76 76
Standard
deviation

0.74 1.2
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Table 5 shows the mean, median, and standard deviations for the
differences in salivary cortisol at the start and end of the experi-
ment (DIFF1), and mean, median, and standard deviation for the
differences in cortisol concentrations in the morning and afternoon
of the previous day (DIFF2), the cortisol index during the experi-
ment (PERC1), and the cortisol index during the previous day
(PERC2).

Table 6 shows the mean, median, and standard deviation of
IL-1b salivary concentrations during the experiment and during the
previous day. Mean concentrations of IL-1b were higher at the end
of the experiment than at the start, and this increase was statisti-
cally significant.

As to the perception of acoustic stimuli, we obtained the results
shown in Table 7 for the perception of the numerical sequences,
and in Table 8 for the perception of the orders.

Discussion

Hydromechanical dysfunction of the ear occurs as a reaction to
numerous phenomena and may or may not be associated with neu-
rosensorial hearing loss. It is characterized by an increased produc-
tion of fluid in the internal ear, secondary to hypersecretion of
ADH in response to either exogenous stimuli, largely of an envi-
ronmental nature (weather, temperature, and atmospheric pressure

changes), or endogenous stimuli (stress) (11,12), and by an anoma-
lous response by the aquaporins (13,14).

The individual response to stimuli that trigger feelings of fear,
anger, or happiness depends on cultural and idiopathic factors. The
system that processes the incoming data and determines the relative
decision-making flow is, as stated previously, the limbic system
consisting of the amygdala, hippocampus, thalamus, hypothalamus,
etc., that can influence the responses of both the autonomic nervous
system and the neuroendocrine system (1,2).

It is the interaction between the amygdala and the prefrontal neo-
cortex that lies at the heart of emotional intelligence. The amygdala
is able to set off a sort of ‘‘neural trigger’’ that can produce an
autonomic response, while the cortex processes a more sophisti-
cated type reaction. Some researchers have demonstrated that in the
first milliseconds of perception of an object, not only does the sub-
ject unconsciously realize what the object is but also whether
he ⁄ she likes it or not. However, the recall mechanism triggered by
the amygdala is a primitive, relatively simple mechanism that there-
fore gives rise to errors of perception when the subject is faced
with a similar but not identical element. This can induce a reaction
based on the emotions before conscious thought intervenes (precog-
nitive emotions), in other words, even before the information is
processed at the cortical level. In this sense, the emotional circuits,
and especially those relative to anxiety, play an essential role in
clinical psychology issues.

This emotional state, which is not completely understood and
about which no consensus has yet been reached, underlies many
psychopathological pictures such as panic attacks, phobias (specific
and social), the obsessive–compulsive disorder, the stress-related
posttraumatic disorder and generalized anxiety, as well as some sit-
uations that are not necessarily pathological, mainly associated with
fear. Fear, in the sense of an emotional response to a recognizable
threat or danger, generally coming from outside, lies at the root of
all anxiety responses. It is characterized by an immediate recogni-
tion of impending danger and by a reaction that is normally propor-
tional to the level of the stimulus. From the physiological
standpoint, in humans, there is a true cerebral circuit of fear.
According to LeDoux (15), there is a ‘‘high’’ cortical pathway
(slower, implying awareness) and a ‘‘low’’ subcortical pathway that
does not involve the cortex (faster and less aware), and then con-
scious processing occurs. When the response is experienced as a
conscious feeling, other higher-level cognitive systems offer further
opportunities for regulating the emotional reaction. This would
explain why some phobic patients feel a strong anxiety: despite
being aware that they suffer from an irrational, unreasonable fear
of something, they are still not able to control this anxiety.

The results of our experiment showed a worse perception of acous-
tic stimuli under stress, with a rate of 40–60% (depending on the type
of stimuli) of failed or wrong responses in the normal frequency
range of the human voice; the extent of this stress-induced mispercep-
tion is even greater for the low frequencies, while it appears to
decrease in the high range. Moreover, the combined study of neuro-
vegetative parameters (changes in heart rate and arterial pressure)
and salivary cortisol and interleukin values, which in our experimen-
tal sample showed a rise during stressful situations, proved to be a
useful method. In addition, the investigation opens out interesting
fields of inquiry into the possible incidence that psycho-physical con-
ditions related to feelings of anxiety—so, not necessarily pathologi-
cal—could have on questions of criminal liability, although further
work needs to be carried out on this experiment to confirm the trend.

The findings of this investigation could therefore have a dual
value. First, in the legal field if this experimental evidence was
found in a suspect, it could provide useful elements, suggesting

TABLE 4—Cortisol concentrations (lg ⁄ dL).

Start of the
Experiment

End of the
Experiment

Previous Day
08.00 am

Previous Day
03.00 pm

Mean 0.774 0.895 0.419 0.157
Median 0.524 0.812 0.316 0.125
Standard deviation 0.645 0.630 0.249 0.096

TABLE 5—Indices of cortisol concentrations.

DIFF2 DIFF1 PERC1 PERC2

Mean 0.262 0.121 2.076 0.075
Median 0.202 0.000 1.835 0.093
Standard deviation 0.213 0.722 1.600 0.711

TABLE 6—Concentrations of IL-1b (pg ⁄ dL).

Start of the
Experiment

End of the
Experiment

Previous Day
08.00 am

Previous Day
03.00 pm

Mean 3.286 4.474 2.824 3.682
Median 2.531 3.612 2.325 3.005
Standard deviation 2.492 3.303 1.922 2.860

TABLE 7—Numerical sequences: percentage of failure to respond and ⁄ or
error.

Men, % Women, %

Low frequency 80 100
Normal frequency 60 80
High frequency 10 30

TABLE 8—Orders: percentage of failure to respond and ⁄ or error.

Men, % Women, %

Low frequency 80 100
Normal frequency 40 40
High frequency 0 0
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extenuating circumstances or even absolving the subject from crim-
inal liability.

In particular, in light of our findings, in the case that gave rise
to the experiment the hypothesis that the police officer could, in
conditions of intense emotional disturbance induced by acute stress,
have failed to hear the ceasefire order given by the commanding
officer, from very short distance and in a loud voice, appears more
likely. This would be attributable to a selective temporary hearing
loss of some frequencies normally audible to the human ear. In this
case, he might have failed to obey the order for reasons outside his
own volition, as supported also by the claims of the witnesses at
the time of the preliminary hearing.

This would imply the possibility of applying, during a trial, one
of the causes of absolution from blame, as it would invalidate, in
part or in toto, the psychological element of the crime. In fact, if
the psychological link between the author of a crime and her ⁄his
conduct is lacking, the action can no longer be regarded as a con-
scious one taken with full awareness of the consequences, as it
loses the subjective component and retains only the objective ele-
ments that are not normally sufficient for the attribution of account-
ability. Moreover, although against the law, the action can be
justified by the extenuating circumstances, that is, the legitimate
use of arms (‘‘…no punishment is imposable on the person who
commits an act because they are obliged to do so in order to save
themselves or others from a danger of serious bodily harm, if this
danger was not voluntarily caused by themselves, nor otherwise
avoidable, provided the action is proportional to the danger…’’; art.
53 Italian Penal Code, ‘‘Legitimate use of weapons’’). In the pres-
ent case, the justification would be the compulsive force of the
instinct of preservation when faced with a danger of serious,
unavoidable, and involuntary bodily harm. The offense would thus
be downgraded from murder to manslaughter, in other words, the
abuse of a right by exceeding the limits established by law or by
order of the commanding officer, or even the failure to make a cor-
rect assessment of the true situation and what was required to deal
with it. In this case, the action or omission, despite being legally
classified as a crime, is attributable to an error: a false interpreta-
tion of a situation affects the determination of the will and can
induce a subject to commit actions that they would not have per-
formed if they had not involuntarily made an error. If these scien-
tific data are confirmed in other studies, they could introduce a
case for extenuating circumstances, because selective temporary
hearing loss during acute stress would be an accidental, accessory
element causing the crime to be viewed in a different light and
hence justifying a reduction of the sentence normally passed for
the relative crime.

The other implication of our experiment seems to be on the
operative context, especially in cases where the forces of order
are involved in situations inducing intense emotional stress, when
communication among the members of special forces and ⁄ or res-
cue teams is particularly vital. In fact, the use in operative con-
texts of suitable digital equipment able to produce a range of
frequencies and gain (volume) that is better audible to the human
ear could combat the onset of selective temporary hearing loss,
thus safeguarding both the operators and the success of the opera-
tion itself.

In this sense, it should be noted that in the same period as our
experiment was being conducted, at the ‘‘29th Shot Show,’’ the
most important weapons fair, held in Dallas (U.S.A.) last February,
an important American company producing weapon systems exhib-
ited the ‘‘SWAT EARS’’ system, that consists of an ear-phone kit
for use by operators potentially involved in shootings, that fosters
better hearing of sounds that would otherwise be inaudible to

humans. In fact, the sophisticated circuit of SWAT EARS allows
the immediate identification of sounds of danger like gunshots, as
well as notably amplifying the range of spoken sounds. Unfortu-
nately, we were unable to discuss the matter with this company
during the course of our study.

Moreover, in the wake of the case at hand, in the future we may
further investigate the different influence of stress on perceiving
abilities in comparison with distraction stimuli (such as the use of
cell phones during driving causing inattention blindness): both of
them can produce sensorial dysperceptions, but with different brain
mechanisms. In fact, when subjects switch between two (or more)
competing tasks, there is a ‘‘reaction-time switching cost,’’ which is
the time that the brain takes to switch its attention and focus from
one task to another (16). Several studies demonstrated that there is
only so much the brain can do at one time, even if the tasks draw
on different areas and neural networks of the brain, because the
brain has a capacity limit. This may help explain why talking on
cell phones could affect what a driver, or a pedestrian, sees because
these two tasks compete for our brain’s information processing
resources (17,18). On the other hand, when someone undergoes
stressful situations, real or perceived, the limbic system immedi-
ately responds, via autonomic nervous system and endocrine
glands, causing metabolic, psychological, and behavioral changes,
which can produce significant modifications at the sensorial and
perceptive levels without significantly involving consciousness. We
feel that delving deeper into these different mechanisms might ben-
efit both the neuroscientific and forensic fields.

Another possible future development of our study could be an
extension of the investigation to operative staff (special police and
military forces), to identify and above all quantify the emotional
stress parameters studied in this work, both during interventions in
operative scenarios (taking care to safeguard both the operators and
the operation) and in training scenarios deliberately set up for the
purposes of testing their reaction capacities under stress. The biohu-
moral parameters obtained in this study could be used as indices
for training programs to control reactions to stress, as well as in
later comparative studies with nonprofessional groups of subjects
lacking specific training in this sense.
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