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Real-time stress monitoring in a child-friendly
court: a repeated measures field study
Jose M. Rodríguez-Pellejero 1✉, Itahisa Mulero-Henríquez1 & Zaira Santana Amador1

Most child-friendly court reforms are based on the assumption that the court setting is a

stressful experience. Our objective was to analyze the acute stress levels of children who

come to testify in a child-friendly investigative court using a person-by-environment

approach. We employed a simple repeated measures design for this study, which included 42

minors of Spanish nationality who provided testimony as victims of violence in Spain’s

inaugural Child-Friendly Court. Among the participants, 73.8% were girls with a mean age of

12.5 years (SD= 3.4), and 26.2% were boys with a mean age of 11.4 years (SD= 3.1). Stress

levels were measured using heart rate variability, and anxiety was assessed using state-trait

questionnaires. The study found that the mean percentile of anxiety remained at moderate

levels, while stress remained at medium-low levels. No significant differences in anxiety or

stress were found based on gender or type of crime. Repeated measures ANOVA revealed

significant differences in stress levels among different court settings. Stress levels in the

waiting room and Gesell room were significantly higher than those in the decompression

room. In conclusion, the experience of testifying in a Gesell room about the aggressions

suffered increases stress levels. However, in this sample and for this Pilot Court, the stress

levels observed during testimony did not reach levels considered detrimental to children’s

health. Our results lend support to the new European Judicial Policy, which includes the

establishment and operation of Specialized Courts adapted to the needs of children and

adolescents.
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Introduction

Acute stress can have deleterious effects on brain func-
tioning (Zhang et al., 2020), even inducing depressive
disorders in some cases (Hossein et al., 2023). Specifically,

psychological stress associated with the criminal justice process
has been linked to Secondary Victimization (SV). The court
process especially in criminal trials does not typically take into
account the developmental constraints of children nor do they
fully understand trauma in children and the risks to testifying
child witnesses (Crenshaw et al., 2019).

Some authors argue that young people who experience high
levels of stress while testifying are more likely to report serious
mental health problems later in life (Quas et al., 2005). In contrast
to studies concluding that a high proportion of victims reported
negative and traumatic effects associated with going through the
justice system (Goodman et al., 1992), other studies have found
no negative impact associated with testifying, and some authors
have even suggested a potential restorative effect (Daignault et al.,
2017). This discrepancy in studies regarding the harmful effects of
having children testify in court can be explained through the lens
of Carretta and García-Quiroga’s hypothesis (2021). They argue
that participation in judicial processes is not inherently traumatic
for minors; rather, it is strongly influenced by the specific con-
ditions under which such participation occurs.

The new European Judicial Policy is placing special emphasis
on justice that is specifically adapted to children, recognizing the
unique needs and vulnerabilities of young individuals within the
legal system. In November 2010, the Council of Europe published
the Guidelines on child-friendly justice (2011) with the aim of
safeguarding children and youth from secondary victimization.
One of the main guidelines for child-friendly justice is the
organization of the proceedings, a child-friendly environment,
and the use of child-friendly language. Subsequently, the Eur-
opean Union Agency for Fundamental Rights (FRA) (2017), in its
summary of children’s and professionals’ perspectives and
experiences on Child-Friendly Justice, warns that children feel
stressed when they have to testify in non-child-friendly envir-
onments, and not only when they have to speak more than once
or in front of many people. To alleviate this stress for victims,
they urge EU member states to use child-friendly facilities to
listen to children, as well as video recording as a standard practice
in criminal proceedings.

The Spanish Judicial System has implemented various mea-
sures to tailor the administration of justice to the specific needs of
children and adolescents, while considering their unique vulner-
abilities. One of the initial measures taken by the courts to gather
testimony from minor victims while safeguarding their psycho-
logical well-being is the recording of their statements, which are
subsequently incorporated as documentary evidence during the
oral hearing, a procedure known in Spain as Preconstituted
Evidence. Initially, this child victim witness videotaping (or
Preconstituted Evidence) was incorporated into the Spanish
judicial process as an advisable practice in cases of sexual vio-
lence; nowadays, it has been extended and is a compulsory pro-
tection mechanism in the taking of statements of all minors under
14 years of age who are victims of any type of violence (García,
2022). Preconstituted evidence serves two fundamental purposes:
firstly, to prevent the repercussions of secondary victimization of
the child; secondly, to safeguard the evidentiary element (the
child’s testimony as witness evidence) to ensure the acquisition of
the material truth (Sotoca, et al., 2013).

In Spain, since the beginning of the 21st century, the classic
Gesell Room has been used to carry out child victim videotaping.
These rooms have been widely used in different justice systems
around the world and have proven useful in gathering accurate
information and protecting the welfare of children involved in

legal cases (Arantegui, 2022). Recently, these rooms have been
replaced with modern, child-friendly designs in order to create a
safe and comfortable environment, thereby reducing their
potential as stressors. Goodman et al. (1998) reported that chil-
dren who were to testify in court expressed greater anticipatory
anxiety than those who expected to be questioned via closed-
circuit television (CCT). In these modern examination rooms,
mirrors have been replaced by video cameras connected
to CCTV.

On 1 October 2021, Court of Instruction 3 in Las Palmas de
Gran Canaria (Spain) became the first Spanish court specialized
in cases involving violence against children and adolescents
(Poder Judicial, 2021). Its main objective is to prevent SV by
adapting its physical environment and procedures to children.
Although we can find another similar pilot experience in a New
Zealand court (Randell et al., 2022), in the first Spanish court
specialized in cases involving violence against children and ado-
lescents (the Pilot Court), we find a way of protecting children
from acute stress that is unprecedented in the history of the
courts. Based on scientific evidence, which suggests that Heart
Rate Variability (HRV) biofeedback is useful for stress manage-
ment (Goessl et al., 2017; Nolan et al., 2005; Prinsloo et al., 2013;
Sherlin et al., 2009), the new court incorporated real-time stress
measurement using a smart band as a preventive protective
measure. The protocol of the Pilot Court included the possibility
to momentarily stop the forensic interview, to introduce relaxa-
tion techniques or even to finish the interview if the reported
stress levels were high, always in the best interests of the child.

This method of protecting minors from acute stress during the
trial, involving real-time monitoring of stress, was an exclusive
feature of this Pilot Court; otherwise, it adhered to the guidelines
of the Council of Europe for child-friendly justice (2011). The
examination of statements from child victims and witnesses took
place in facilities specially designed for children, within an
environment adapted and welcoming to them. Interview and
waiting rooms were arranged for children in a child-friendly
environment, along with a Decompression room to alleviate
stress after providing their statement and before leaving the court.

Although court involvement is often perceived as stressful and
distressing by young people (Eastwood, 2003; Randell et al.,
2022), there are few quantitative scientific studies with objective
measures to help us understand in depth the degree of stress
experienced by children in a courtroom context. An exception is
the empirical study conducted by Saywitz and Nathanson (1993),
as well as the subsequent work by Nathanson and Saywitz (2003),
in which they analyzed the heart rate variability (HRV) of chil-
dren questioned in a simulated trial scenario. Based on these
measurements, the researchers concluded that children ques-
tioned in the courtroom exhibited higher levels of stress com-
pared to children interviewed in a small, private room. Since then,
and in different parts of the world, several treatment approaches
have been proposed to reduce the stress levels of children who
come to testify (Cohen et al., 2006; Peterson et al., 2020).

Most reforms aimed at creating child-friendly courts are based
on the assumption that the courtroom is experienced as stressful
(Saywitz & Nathanson, 1993; Nathanson & Saywitz, 2003).
However, we have not found studies with real victims, instead of
simulated ones, that measure stress in real time and during the
entire process of recording testimony in court, nor studies that
tell us how much stress child victims or witnesses experience in
the child-friendly court and during child victim videotaping. Do
children endure high and potentially damaging levels of stress in
child-friendly courts? This question guided our research. We
conducted a field study that extends the work of Saywitz and
Nathanson (1993). The objective is to analyze the acute stress
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levels of children who testify in a child-friendly investigative court
using a person-by-environment approach. Repeated measures of
stress (dependent variable) using Smart Bands were taken in the
different courtrooms (contextual variable).

Method
The present study used a simple repeated-measures design (Arnau
& Bono, 2008). We determined the sample size a priori to be
sufficient through calculations performed with the GPower 3.1.9.4
computer program (Faul et al., 2007). Power analysis indicated
that a total of 42 participants (number of measurements = 3) were
needed for a medium partial η2 (0.06) when α= 0.05 for a power
of 0.95 with 1 group. The statistical test selected was ANOVA:
Repeated measurements within factors, from the F test family.

In 2022, the child-friendly Pilot Court conducted 80 sessions of
Preconstituted Evidence, including victim witness videotaping; a
sample of 42 constituted 52.5% of the total. We have encountered
practical limitations in obtaining a sample larger than N= 42,
mainly due to budgetary constraints and the availability of parti-
cipants (real victims of violence who come forward to testify).
However, repeated measures designs effectively diminish between-
subject variability by employing each participant as their own
control across multiple measurements. This inherent feature allows
repeated measures designs to achieve heightened statistical power
with a smaller sample size when contrasted with non-repeated
designs (Zhang & Ahn, 2011). While non-repeated measures
studies usually require hundreds of subjects, repeated-measures
studies usually require only tens of subjects (Hopkins, 2020)

Participants. This study involved 42 minors, comprising both
boys and girls, who were Spanish nationals and had provided
statements as victims of violence to the Pilot Court in Las Palmas
de Gran Canaria, Spain. Participants were selected through con-
venience sampling. Individuals over 18 years of age and those who
did not provide statements in the modern Gesell Room were
excluded from the study. No minors were excluded on the grounds
of mental health or disability, as all had been previously assessed
by the court psychologist and declared fit to testify in court.

Out of the sampled population, 73.8% comprised girls (n= 31),
with ages ranging from 4 to 17 years (mean age = 12.5 years,
SD= 3.4), while the remaining 26.2% constituted boys (n= 11),
aged 7 to 17 years (mean age = 11.4 years, SD= 3.1). Most of the
children were involved in cases of sexual assault (64.3%), while
the remaining cases involved other forms of violence or abuse
(35.7%). In the majority of instances, the violence occurred within
the family (54.8%), with the reported perpetrators being primarily
the father (23.8%), another relative (16.7%), or the mother
(14.3%). Persons outside the family were the perpetrators in
45.2% of the cases. All participants came to court to testify as
victims of violence and voluntarily participated in the real-time
stress monitoring program. They also provided consent for the
use of their anonymized data in the research.

Procedure. The stress measurements were taken on the fifth floor
of Building III at the courthouse in Las Palmas de Gran Canaria.

Before the Child Victim Witness Videotaping session, a
briefing meeting was held with family members or legal guardians
to introduce them to the real-time stress monitoring program.
The purpose of the meeting was to explain the dual objectives of
the program: preventing elevated stress levels and collecting stress
biomarker data for research purposes. On the day they went to
court for Child Victim Witness Videotaping, they were presented
with the Smart band and could choose to use it to prevent high
levels of stress, to participate in the investigation, or both. The
child also received an age-appropriate explanation in the presence

of the accompanying parent or legal guardian. When the child
and their legal representatives agreed to participate in the
research, the adult signed the informed consent document, and
the child became part of the study sample. A researcher, trained
in preventing SV, greeted the child and their companion,
presented the child to the smart band and its associated mobile
device, and then positioned themselves in an adjacent room to
manually measure the child’s stress levels. The researcher’s
primary responsibility was child protection, involving real-time
monitoring of children’s stress levels and immediate notification
of the interviewer in case stress levels reached percentiles above
79. The researcher remained blinded to any subsequent data
processing for the research.

The measures were taken in different courthouse rooms and in
three different situations. The interior design of the rooms can be
observed in the images available at Rodriguez-Pellejero et al.
(2023). We took the same number of measurements at the same
times so that the data would be balanced, cases with incomplete
measurements were excluded. Following Arnau and Bono (2008),
we refer to these temporal continuums that underlie the
measurement of time as “occasions”:

● Waiting Room (Occasion before): The researcher explained
the objectives and also obtained verbal consent from the
minor. She introduced the smart band device and
calibrated the application following the manufacturer’s
instructions, which included entering information such as
age, weight, and activity level. In addition, the researcher
completed the questionnaire provided by the application
(Huawei Technologies Co., Ltd., 2022). In no case were
identifying data of the child or the family member entered
in order to preserve anonymity. Subsequently, the
researcher retreats to an adjacent room, leaving the child
in the care of a family member or companion. The first
measurement (T1) is then taken after a 5-minute waiting
period.

● Gesell Room (Ocasion during): The new Gesell Room is a
room with a child-friendly interior design, specifically
designed to alleviate stress. The room is equipped with a
closed-circuit video system, and there are no mirrors. This
arrangement allows both the individuals under investiga-
tion and the other magistrates and lawyers to be on the
same floor but in separate sections with independent
entrances and exits. In all cases, the Achieving Best
Evidence Interview followed the same protocol and was
conducted by the same person. in the adjacent room, the
researcher conducts a stress measurement 10 minutes after
the interview has begun (T2). At the time of the
measurement, all children were either freely recounting
the offences or responding to the interviewer’s open-ended
questions. Previously, the interviewer had made the
introduction, established rapport and informed the child
of his or her rights.

● Decompression Room (Occasion after): After the Best
Evidence Gathering Interview concludes, the child is
escorted to a Decompression Room situated 10 meters
away from the Gesell Room. In this space, they are warmly
welcomed and provided with support for a ‘return to a state
of calm. In this room, the researcher takes 4 resting
measurements, with a 3-minute time interval, while the
child completes anxiety questionnaires. This is done in
order to later assess the consistency of the measurements
(T3, T4, T5 y T6). When the child is ready to leave the
court, they are informed that the session has concluded,
and they can return home. At this point, a final stress
measurement (T7) is recorded. After the records have been
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imported into the database, the researcher proceeds by
clearing the application cache, preparing it for a new
participant.

Instruments. To measure state-trait anxiety in children under 15
years of age, we used the Spanish version (2001) of Spielberger’s
State-Trait Anxiety Inventory for Children. The T-Anxiety (Trait
Anxiety) subscale measures an individual’s general predisposition
or tendency to experience anxiety over time. It assesses the child’s
likelihood to experience anxiety across various situations, offering
insights into their overall anxiety levels as a stable trait. The
S-Anxiety (State Anxiety) subscale assesses the child’s anxiety level
in response to specific situations or events at a particular moment
in time. It specifically examines the temporary and situational
aspects of anxiety, providing a snapshot of the child’s anxiety state
in the present context. Each scale has 20 items that are answered
on a Likert-3 scale, with higher scores indicating greater anxiety.
Values for the A-State items range from 1 (not at all) to 3 (a lot),
while the T-Anxiety is scored from 1 (almost never) to 3 (often).
The Spanish version of the STAIC demonstrates high reliability on
both the T-Anxiety subscale (KR-20= 0.87) and the S-Anxiety
subscale (KR-20= 0.91). According to the scales of the Spanish
adaptation of the questionnaire, individuals with percentiles
between 1 and 33 were categorized as having low levels of anxiety,
those with percentiles between 34 and 66 were categorized as
having moderate anxiety, and those with percentiles of 67 or
higher were categorized as having high anxiety.

To assess state-trait anxiety in individuals aged 16 and older, we
utilized the STAI (Spielberger, 1989), in its Spanish adaptation by
Buela-Casal, Guillén-Riquelme, and Seisdedos (2015). This is a
self-administered questionnaire that assesses, through 40 items,
anxiety from its two facets: trait (10 items) and state (10 items).
The response scale is presented in Likert-4 forma, S-Anxiety
ranges from 0 (not at all) to 3 (very much), while T-Anxiety ranges
from 0 (almost never) to 3 (almost always). The STAI has excellent
reliability ratings (Buela-Casal et al., 2015). For S-Anxiety, the
categorical alpha calculated from the polychoric correlation matrix
was 0.964. In the case of T-Anxiety, the reliability coefficient was
0.927. According to the scales of the Spanish adaptation of the
questionnaire, low levels of anxiety were defined as percentiles
between 1 and 30, medium anxiety as percentiles between 31 and
70, and high anxiety as percentiles of 71 or higher.

To measure stress in real-time, we utilize the HUAWEI Band 6
in green, along with its corresponding health app. The smart band
weighs 18 grams, and has a 1.47-inch display and an optical heart
rate sensor. View the image of the smart band model used at
Rodriguez-Pellejero et al. (2023).

Some research confirms that real-time stress monitoring can be
done using wearable devices that measure HRV (Chalmers et al.,
2022). Jarchi et al. (2018) conducted a study where they
simultaneously measured HRV using two instruments: the Huawei
Smart Band and a finger probe sensor. Their findings indicated a
high level of concordance between the HRV estimates obtained
from both instruments, leading them to conclude that HRV could
be reliably estimated using the Huawei smart band. Furthermore,
several studies have incorporated this device into their research
(Ding et al., 2021; Doan, 2023; Guo et al., 2020; Fan et al., 2019;
Harrison et al., 2023). Although other similar devices also
demonstrated validity and reliability (Hernando et al., 2018), the
Huawei device was selected for two reasons: because it allows
manual, real-time measurements to be taken and because of its low
cost. The device was also chosen due to its efficiency and ease of use
in transmitting health data quickly and conveniently via smart-
phones. We connect the smart band to the HUAWEI Health App
through a mobile phone (Huawei Technologies Co., Ltd., 2022).

Vital signs were collected using photoplethysmography (PPG)
with sensors incorporated into the smart band. The HRV was
obtained from the associated app, the algorithm of this
application calculates stress levels from HRV measurements
(Ding et al., 2021). Employing sex and age data, the algorithms
generate a stress score, which is subsequently standardized and
presented in percentile comparisons.

HRV is defined as the variation over time in the period
between consecutive heartbeats (Acharya et al., 2006) and has
been used in different research as an objective measure of
psychological stress and anxiety (Li et al., 2018; Park & Thayer,
2014; Szu et al., 2014; Taelman et al., 2009). According to Shaffer
et al. (2014), there is a brain-heart connection pathway, with the
brain innervating the heart through stimuli via the autonomic
nervous system. Sympathetic activity leads to an increase in heart
rate when faced with a stressor stimulus (Deschodt-Arsac et al.,
2018), while parasympathetic activity induces a lower heart rate
in states of relaxation (Lehrer & Gevirtz, 2014). The two circuits
constantly interact and it is this interaction that is reflected in the
HRV (Kim et al., 2018; Ernst, 2017).

Several researchers have identified HRV as the most useful
physiological metric for the detection of stress and anxiety
(Hernando et al., 2018; Hong et al., 2010; Rodrigues et al., 2018).
In a recent systematic review, the authors concluded that
individuals with high trait anxiety tend to exhibit decreased
HRV (Immanuel et al., 2023). HRV, as an index of psychological
stress, has been previously investigated using prediction models
by Ohsuga, Shimono, and Genno (2001) and Plarre et al. (2011).
These studies concluded that HRV is a useful tool for
discriminating between stressed and unstressed individuals.

Velmovitsky et al., 2023 explored the potential of smartwatches
to quantify individual stress levels within real-world contexts, and
their findings underscore the significance of smartwatches as a
minimally intrusive instrument for monitoring stress. According
to Martínez et al. (2022), HRV measures improve their predictive
power for stress when used in controlled environments with
specific stressors, so a courtroom could be an ideal opportunity to
test its validity.

HRV measures exhibit explicit directional tendencies, making
them useful for distinguishing between stressful and non-stressful
conditions (Castaldo et al., 2015), and they have been used to
determine whether a subject was more or less stressed than
before. (Li et al.,2018). Some studies have tested the validity of
wearable devices employing the PPG (photoplethysmography)
sensor, like the Huawei Smart band we utilized. These studies
have concluded that these devices can offer an alternative solution
for measuring HRV, especially during periods of rest or light
exercise, as their accuracy tends to decrease with higher levels of
physical exertion (Georgiou et al., 2018). In a recent study
conducted using the same smart band model as ours, researchers
observed an average relative error in heart rate measurement of
1.4% (Peña, 2021). Another study validated the HRV measure-
ment of a Huawei Watch equipped with a PPG sensor similar to
that of the smart band 6. Employing an experimental design and
comparing the measurements obtained from three different
devices, the authors observed a strong agreement between the
Huawei Watch and the other two devices in HRV measurement
(Jarchi, et al., 2018). According to the Huawei application’s scales,
low stress was considered when scores ranged from 1 to 29,
medium-low stress when scores ranged from 30 to 59, medium-
high stress when scores ranged from 60 to 79, and high stress
when scores were 80 or higher (Ding et al., 2021).

Data analysis. Test-retest reliability was assessed by calculating
the Pearson correlation coefficient for four measures taken under
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similar conditions. These measures were obtained in the
Decompression Room, while the children were completing the
anxiety questionnaires. To assess discriminant validity, we
incorporated scores from various conditions with varying stressor
potential into the correlation analysis. To evaluate convergent
validity, we will examine the correlations between stress levels
and state and trait anxiety scores. In a real situation, where a
statement is taken from a child regarding sexual abuse or other
forms of child maltreatment, data collection for the investigation
should be conducted using non-invasive methods. The Spielber-
ger anxiety questionnaire (2001) cannot be administered before,
during, and after statement taking. For this reason, it has been
used only to test the convergent validity of stress measures taken
with the Smart band, a less invasive instrument that does not
require the child to pay attention to the instrument and allows
them to focus on the interviewer’s questions. The benefits of
smartwatches over other devices include portability, compactness,
low cost, and ease of use (Ding et al., 2021).

We conducted a descriptive analysis of the sample, calculating
means and standard deviations for stress percentiles on three
different occasions: in the Waiting Room, in the Gesell Room,
and in the Decompression Room. Additionally, we assessed state
and trait anxiety in the decompression room on a single occasion.
Considering that both the smart band and the Spielberger anxiety
tests yield percentile scores, placing each subject about their
normative reference group and that the versions used to measure
child anxiety employed Likert-3 scales, while those used for
adolescents featured Likert-4 scales, we chose to use percentiles.
For stress, we obtained them using the app’s algorithm, and for
anxiety, we extracted them from tables of scales adapted to the
Spanish population—the SATIC scale for boys and girls
(Spielberger, 2001, p. 19), and the STAI scale for adolescents
and adults (Buela-Casal et al., 2015, p. 38). Some authors argue
that percentiles can replace raw scores in the statistical analysis of
test data and that the use of percentiles, instead of raw scores, in
statistical analysis protects the type I error rate and increases the
power of t-tests for skewed distributions (Zimmerman & Zumbo,
2005). The variability in anxiety and stress scores was assessed by
calculating the Interquartile Range (IQR), which offers a robust
measure of dispersion around the median.

Independent samples t-tests were performed to assess baseline
differences in anxiety and stress levels between genders, as well as
between two types of offense categories: sexual assault and other
forms of violence.

To find out whether there were significant differences in
children’s stress levels before, during, and after videotaping, we
conducted a repeated measures ANOVA and a post hoc
Bonferroni test. As an intra-individual factor, we are considering
different contexts within the Child-Friendly Court, comprising
three levels or occasions: the Waiting Room, the Gesell Room,

and the Decompression Room. The normality of the stress
variable was previously assessed using the Shapiro-Wilk test, with
a significance level of alpha = 0.05. Mauchly’s test was used to
confirm the sphericity of the variance-covariance matrix. In
repeated measures ANOVA designs, when no between factors are
included, and there are no interactions, homogeneity of variance
is not a requirement, and Mauchly’s sphericity criterion is
sufficient (Arnau & Bono, 2008). The software package SPSS v.28
for Windows (IBM Corp) was used for all statistical analyses.

Results
Preliminary Analyses. Stress scores obtained during four con-
secutive assessments in the decompression room, conducted
under similar conditions, exhibited bivariate correlations that
ranged from statistically significant (p < 0.05) to highly significant
(p < 0.01), providing evidence of test-retest stability. To assess
discriminant validity, we computed correlations between stress
measures across various conditions and potential stressors. Our
analysis revealed no significant correlation between the stress
levels reported in the Waiting Room and those in the other two
rooms. However, we did observe a highly significant positive
correlation between stress experienced in the Gesell Room and
stress reported in the Decompression Room.

When we analyzed the correlations between anxiety (ques-
tionnaires) and stress (smart band) for convergent validity, we
found a significant correlation (p < 0.05) and a positive associa-
tion between S-Anxiety and stress in the Waiting Room.
However, there was no significant correlation with stress reported
in the Gesell Room or with stress reported at the time of
completing the questionnaire in the Decompression Room, as
would be expected. T-Anxiety also exhibited a positive and
significant correlation (p < 0.01) with stress in the Waiting Room,
but not with stress in either the Gesell Room or the
Decompression Room (Table 1).

Intergroup stress and anxiety. Out of the total sample, only three
children experienced high levels of stress, and this stress was
exclusively observed in the Gesell Room during the Achieving
Best Evidence Interview. In the Waiting Room, 2.4% of the
participants experienced a low-stress level, 81.0% had a medium-
low stress level, 16.7% had a medium-high stress level, and no
participants had a high-stress level. In the Gesell Room, 9.5% of
the participants experienced a low stress level, 66.7% had a
medium-low stress level, 16.7% had a medium-high stress level,
and 7.1% had a high stress level. In Decompression room, 19.0%
of participants experienced a low stress level, 71.4% had a
medium-low stress level, 9.5% had a medium-high stress level,
and no participants had a high stress level.

Table 1 Correlations between anxiety and stress measures in similar and different conditions.

1 2 3 4 5 6 7 8 9

1. Waiting _T1 --
2. Gesell_T2 0.120 --
3. Decompression _T3 0.271 0.532** --
4. Decompression _T4 0.293 0.411** 0.659** --
5. Decompression _T5 0.051 0.426** 0.483** 0.761** --
6. Decompression _T6 0.071 0.464** 0.432* 0.791** 0.891** --
7. Decompression _T7 0.173 0.384* 0.370* 0.652** 0.689** 0.751** --
8. S-Anxiety 0.391* −0.038 −0.095 −0.031 −0.085 −0.208 0.024 --
9. T-Anxiety 0.397** −0.114 0.004 −0.060 −0.112 −0.218 −0.006 0.483**

* p < 0.05. **p < 0.01
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The mean percentile score for S-Anxiety in the total sample
was 53.62, with a considerable dispersion of scores (IQR= 56).
For T-Anxiety, the mean percentile score was 55.12, also showing
considerable dispersion (IQR= 61). The average stress reported
by the Smartband in the Waiting Room was 47.32, with a small
spread in the scores (IQR= 12); in the Gesell Room, it was 50.14,
indicating a moderate dispersion of the data (IQR= 20.32), and
in the Decompression Room, it was 39.93, with a small spread in
the scores (IQR= 16).

Before evaluating the variations in stress levels across
different situations, we deemed it essential to investigate
whether there were disparities in scores based on gender, age,
or the nature of the crime. If this were the case, the repeated
measures analysis should include sex and type of crime as
covariates. Table 2 shows the anxiety and stress scores assessed
for each sex and on each occasion. No differences were found
in anxiety or stress as a function of gender or type of crime.
There were no significant age differences between boys and
girls; however, significant differences in age were observed
when considering the type of crime, the victims reporting
sexual assault crimes were significantly older in age than
victims of other violence. Did not find a significant correlation
between age and stress in all three rooms. We did not observe a

significant correlation between age and S-Anxiety. However,
we did find a significant correlation between age and T-Anxiety
(r= 0.37, p < 0.05); as age increases, T-anxiety tends to be
higher.

Intrasubject stress and the judicial context. After checking for
normality and assuming sphericity of the data, the ANOVA
performed showed a significant effect of the different occasions
on stress (F(2)= 9.91, p < 0.001, η²=0.195, β−1= 0.981). Statis-
tically significant differences were observed among at least two of
the three measurement occasions, as illustrated in Fig. 1. 19.5% of
the variability in stress levels is due to variation between occa-
sions. The observed power is very high, indicating that we are
unlikely to be making a type II error. Further post-hoc analyses
were conducted to explore the specific nature of these differences
and their implications for our study.

Post hoc analysis with Bonferroni adjustment showed that
participants experienced significantly higher levels of stress in
the Gesell Room compared to leaving the courthouse
(Decompression Room). There was no significant difference
between stress in the Waiting Room and stress within the
Gesell Room (Table 3).

Table 2 Anxiety and stress descriptives, comparison by sex and by type of crime.

Gender Type of Crime

Girls
(n= 31)
%

Boys
(n= 11)
%

Sexual Assault (n= 27)
%

Other Violence (n= 15)
%

Mean (SD) Mean (SD) t Mean (SD) Mean (SD) t

Age 12.48 (3.36) 11.45 (3.14) 0.88 (n.s) 13.04 (3.36) 10.73 (2.68) 2.27**
Anxiety
State 55.23 (29.17) 49.09 (32.69) 0.58 (n.s) 57.22 (28.22) 47.13 (32.55) 1.05 (n.s)
Trait 58.90 (33.25) 44.45 (38.98) 1.18 (n.s) 62.15 (31.34) 42.47 (38.54) 1.79 (n.s)
Stress
Waiting 46.76 (7.65) 48.90 (8.32) −0.77 (n.s) 47.16 (8.24) 47.61 (7.15) −0.17 (n.s)
Gesell 48.16 (15.76) 55.72 (19.81) −1.27 (n.s) 50.00 (16.30) 50.40 (18.77) −0.63 (n.s)
Decompression 37.87 (12.96) 45.73 (10.47) −1.80 (n.s) 38.07 (10.60) 43.27 (15.70) −1.27 (n.s)

(n.s) not significant. ** P < 0.01

Fig. 1 Estimated marginal stress means. Real-time stress measurements of minors in the Waiting Room, Gesell Room, and Decompression Room.
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Discussion
This research aimed to analyze the acute stress levels of children
who testified in a child-friendly investigative court. It was found
that most participants did not experience high levels of stress
during their visit to the court to testify. In the context of the
limitations of an investigation like the one proposed, when we
separated minors into groups based on gender or the type of
violence experienced, sexual assault, or other forms of violence,
no significant differences were found in the acute stress of these
minors during the statement-taking process. However, notable
differences in intra-subject stress levels were identified depending
on the context. This finding supports new judicial policies, which
point out the importance of adapting procedures, offering a child-
friendly environment, and the use of child-friendly language in
court (Council of Europe. Committee of Ministers, 2011).

No previous studies have conducted measurements in real-time
with real victims during court hearings; ours is the first. However,
Hayes, Bunting (2013) examined the stress of children testifying
in nonchild-friendly courts after the court process had concluded.
The child victims responded to a questionnaire about experienced
stress and anxiety, these authors concluded that young witnesses
experience high levels of anxiety and stress before, during, and
after trials. Like our study, Nathanson and Saywitz (2003) also
measured stress in real-time using the HRV, but not in a real trial
situation. Instead, they designed an experimental situation in
which young individuals simulated trials in two different con-
texts: in a non-child-friendly courtroom and an educational set-
ting. In their study, children questioned in the courtroom
identified the experiences as more stressful than those in the
control group. HRV measurements taken while testifying indi-
cated significantly higher levels of stress in children testifying in
the non-child-friendly courtroom compared to those in the group
testifying in a school setting. Unlike studies that report high or
harmful stress levels for children testifying in a regular court, our
study found that stress levels measured in real-time did not reach
levels considered harmful to health in a child-friendly court. In
our research, the stress levels measured by the real-time smart-
band did not reach levels that would be considered detrimental to
health. The stress levels observed in our sample and compared to
their normative sample remained at a medium level. The Gesell
room emerged as the environment where the highest levels of
stress were recorded, while the lowest levels were recorded in the
Decompression room at the exit. These results also support
Carretta and García-Quiroga’s hypothesis (2021) that participa-
tion in judicial processes is not inherently traumatic for minors.

When using a person-by-environment approach, we found sta-
tistically significant differences in stress levels among the three con-
ditions: Waiting Room, Gesell Room, and Decompression Room.
These findings support the research of Nathanson and Saywitz

(2003), who also found a significant effect of the interview environ-
ment on the heart rate reactivity index and on responses given to the
Court-Related Stress Scale, an instrument for measuring the level of
trial stress. In Nathanson and Saywitz’s (2003) study, children
interviewed in the courtroom demonstrated higher stress levels than
children interviewed in a private courtroom. In our study, partici-
pants experienced significantly higher stress levels in the Gesell Room
(during the deposition) compared to when leaving the courthouse,
but there was no significant difference between stress levels in the
Waiting Room (before the deposition) and the Gesell Room. Stress
levels in the Waiting Room were also significantly higher compared
to stress at the time of leaving the courthouse. These findings suggest
that disclosing traumatic events within the Gesell room has an impact
on participants’ stress levels, albeit without reaching levels that pose a
threat to their health.

The moment when a child has to confront traumatic events
from their past inside the Gesell room results in higher stress
levels compared to the moment of leaving the courthouse. This
could be interpreted as a stress release effect following the
deposition. According to some authors, testifying can be con-
sidered empowering even after brief initial distress (Quas et al.,
2005). The waiting room and the Gesell room elicit similar levels
of stress in participants. Stress in the waiting room could be
interpreted as anticipatory anxiety (Nathanson & Saywitz, 2015),
especially considering its correlation with the results of the
anxiety questionnaires.

Our results delineate three distinct phases during the court process
of testifying: intially, a preliminary period of stress accumulation in
the waiting room, associated with the anticipation of the statement
shot that will be recorded on video; secondly, a peak of stress during
the interview concerning violent events in the Gesell room; and lastly,
a moment of stress relief upon exiting the courthouse. According to
the SmartBand data, the children in the study perceived the Gesell
room and the time when they had to mentally engage with the
reported violent events as the most stressful. However, even in these
cases, the SmartBands did not indicate “high stress”; there were no
stress levels potentially harmful to health, according to this tool. In
any case, we cannot interpret the average stress levels experienced by
the participants in our study as a direct result of the anti-
victimization measures implemented in this adapted court. On one
hand, the methodological design of this study does not allow for the
establishment of causal relationships. On the other hand, there is a
theory suggesting that populations regularly exposed to stressful
events tend to report lower initial levels of perceived stress and
exhibit more attenuated biological stress responses to external stres-
sors compared to the general population (Duan et al., 2013).

We also utilized anxiety self-report questionnaires to assess
children’s anxiety immediately after testifying, measuring both
trait anxiety and state anxiety. For our study sample, we did not

Table 3 Comparisons between pairs of stress levels based on the within-subject factor Room.

Ocassions Difference in Means (I-J) Standard Error 95% Confidence Interval
for the Difference a

Lower
Limit

Upper
Limit

Waiting Gesell −2.815 2.607 −8.081 2.450
Decompression 7.399* 2.117 2.115 12.683

Gesell Waiting 2.815 2.607 −2.450 8.081
Decompression 10.214** 2.359 5.450 14.978

Decompression Waiting −7.399* 2.117 −11.674 −3.124
Gesell −10.214** 2.359 −14.978 −5.450

* p < 0.05. *** p < 0.001. aAdjustment for multiple comparisons: Bonferroni

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-024-03410-w ARTICLE

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |          (2024) 11:913 | https://doi.org/10.1057/s41599-024-03410-w 7



observe high levels of anxiety in the questionnaires; instead, we
found average levels, only slightly above the mean of their nor-
mative sample. We found no significant differences in anxiety
when comparing by gender or when comparing the group that
had experienced sexual assault with the group that had experi-
enced other violence. However, we cannot rule out that, if we
were to increase the sample size, differences in anxiety could
appear according to gender or type of aggression.

When analyzing the relationship between the stress scores
reported by the SmartBand and the anxiety scores reported in the
questionnaires, we expected to find a high correlation between them,
but this was not the case. The anxiety questionnaire scores only
correlated significantly with the waiting room stress scores, not with
the Gesell room stress nor with the Decompression room stress. This
can be explained according to the Multidimensional Anxiety and
Coping Theory (Endler & Kocovski, 2001). According to this model,
anxiety state levels depend on both the stressful situation and the
individual’s traits (T-anxiety), as well as on their coping resources.
The authors argue that the situation must be congruent with the trait
anxiety dimension to evoke increases in state anxiety.

The Multidimensional Anxiety and Coping Theory holds that
anxiety and stress are different but related constructs. While anxiety
is a dimensional construct, acute stress is a response to a situation
that the subject assesses as threatening. Specifically, HRV is a bio-
marker that reflects the physiological defense response, that is, the
ability to maintain the balance between sympathetic and para-
sympathetic activity in the presence of a stressor (Appelhans &
Luecken, 2006; Chelidoni et al., 2020). Researchers such as Kim et al.
(2011) also used HRV measures and also looked for correlations
with measures from anxiety questionnaires (STAI), and from other
questionnaires: anger (STAXI) and depression (BDI). These authors
found correlations between HRV and anger-related defensive states
but did not find correlations between HRV scores and anxiety
scores. This suggests that HRV is capable of detecting defensive
states in response to specific stressors, such as situations in which a
child must testify in court regarding the aggressions suffered and
identify the perpetrator. However, it may not be as effective at
detecting more diffuse or low-level states of anxiety. Nathanson and
Saywitz (2003) also found discrepancies between physiological and
self-reported data and concluded that, like adults, children may not
admit to the feelings they experience if they perceive them as socially
undesirable. The difference between these two psychological phe-
nomena, stress, and anxiety, along with the subjectivity in responses
to the anxiety questionnaire, could explain the lack of correlation
between anxiety and stress measures in certain contexts.

Beyond our main objective, an additional strength of this study
is that it could provide further evidence of the reliability and
validity of Smart bands in measuring stress through HRV. The
way to verify the reliability of an instrument such as a smart band,
unlike a questionnaire, is to observe the consistency or stability of
different measurements under similar conditions. The smartband
demonstrated test-retest consistency in resting situations and
when no external stressors were identified. This finding is in
agreement with that reported in the work of Georgiou et al.
(2018). Furthermore, in agreement with other authors who also
found no effect of gender and age on HRV-based stress (Pulo-
pulos et al., 2018), the scores obtained in this research were not
shown to be sensitive to these two individual variables. This may
also be attributed to the inclusion of sex and age as data inputs
during instrument calibration, which may have been taken into
account by the application algorithm.

Regarding validity, we examine discriminant and convergent
validity. The smartband also demonstrated discriminant validity,
as it yielded significantly higher average readings in the Gesell
Room compared to the Decompression Room, and these readings
were found to be positively correlated. Our results confirm other

studies that argue that HRV has directional tendencies and may
be useful in distinguishing stressful and non-stressful conditions
(Castaldo et al., 2015; Chalmers et al., 2022; Li et al., 2018;
Nathanson & Saywitz, 2003). On the other hand, the convergent
validity tests were inconclusive, this can be explained because we
chose a questionnaire that does not mediate exactly the same
phenomenon, and because the evaluation conditions could have
influenced the responses to the questionnaires.

This research has certain limitations that need to be
addressed. The Spielberger anxiety questionnaire has been used
to test the convergent validity of stress measures taken with the
smart band; however, the correlations have not turned out as
expected. An important limitation is that we did not use a
distress scale. It is also important to collect data from a larger
sample, ensuring a more balanced representation of boys and
girls to facilitate a more comprehensive gender analysis. Given
that a control group was not used in the design, we cannot
solely attribute the observed differences to the contextual
factor. Additionally, the absence of an assessment of chronic
stress is a limitation of this study, which focused solely on
acute stress. Furthermore, a significant limitation is that chil-
dren provided prior consent and received information about
the objective of our research, which may have interfered with
responses to the anxiety questionnaires, although not with the
objective measures of the Smart bands. In any case, it would
have been more comprehensive to collect state anxiety data
both before and after statement taking, not only after.

Future lines of research could expand the sample and ensure a
more balanced representation of boys and girls to facilitate a
comprehensive gender analysis. Another avenue for research
could involve adding comparative groups from other courts,
enabling comparative-causal or quasi-experimental research. A
comparison between stress levels in juvenile-adapted courtrooms
and non-adapted courtrooms would be particularly beneficial.

In conclusion, in this sample and for this Pilot Court, the
stress levels observed during testimony did not reach levels
considered detrimental to children’s health. However, the
experience of testifying in a Gesell Room about the aggressions
suffered increases stress levels. Since this stress can be main-
tained at non-harmful levels, our study supports the new
European Judicial Policy, which advocates for the establish-
ment and operation of Specialized Courts adapted to the needs
of children and adolescents, these courts ensure a child-
friendly environment and language that contribute to reducing
the stress of minor victims of violence.

These findings may have implications for understanding the
experiences of individuals involved in a judicial context, preventing
SV, and designing best practices in child-centered judicial care.
Given that satisfaction with the outcome is a powerful predictor of
SV (Orth, 2002) and that good judicial sentences require thorough
investigations, which, in turn, depend on the active participation of
victims, judicial procedures should not base their protection
mechanisms on systematically reducing the child’s participation in
the procedure. Instead, the focus should be on providing procedural
justice and adapting the environment and language to the needs of
children, making the procedure more child-friendly. The present
research supports the theory that participation in judicial processes
is not inherently traumatic for minors.

Data availability
The datasets generated and analyzed during the current study are
not publicly available because individual privacy could be com-
promised, but they are available from the corresponding author
upon reasonable request. Images of the smart bands used to
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evaluate stress, along with the various contexts assessed, are
available in the FIGSHARE repository at [https://doi.org/10.6084/
m9.figshare.24310486.v2].
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