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Abstract

Background: Social robots have been used for improving anxiety in children in stressful clinical situations, as during painful
procedures. No studies have been performed yet to assess their effect in children while waiting for emergency room
consultations.

Objective: To assess the impact of social robots in managing stress in children waiting for an emergency room procedure
through the assessment of salivary cortisol levels.

Methods: This was an open randomised clinical trial in children attending a paediatric emergency department. Children
accessing the emergency room were randomised to one of three groups: 1) playing with a NAO social robot; 2) playing with a
study nurse; 3) waiting with parents. All children were measured salivary cortisol levels through a swab. Salivary cortisol levels
before and after the intervention were compared in the three groups. We calculated the effect size of our interventions through
the Cohen's d-based effect size correlation (r).

Results: A total of 109 children aged 3 to 10 years were enrolled in the study and 94 had complete data for the analyses. Salivary
cortisol levels decreased significantly more in the group exposed to robot interaction than in the other two groups (r=0.75).
Cortisol levels decreased more in girls (r=0.92) than boys (r=0.57).

Conclusions: Social robots are efficacious in decreasing stress in children accessing the emergency room and may be considered
as a tool for improving emotional perceptions of children and their families in such a critical setting. Clinical Trial: Robot
Therapy in Pediatric Emergency, NCT04627909, https://clinicaltrials.gov/ct2/show/study/NCT04627909.
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Original paper

Using  social  robot  NAO  for  emotional  support  to  children  at  a
paediatric emergency department: a randomised clinical trial

Abstracts

Background  Social robots have been used for improving anxiety in children in stressful clinical

situations, as during painful procedures. No studies have been performed yet to assess their effect in

children while waiting for emergency room consultations.

Objectives  To assess  the  impact  of  social  robots  in  managing stress  in  children  waiting  for  an

emergency room procedure through the assessment of salivary cortisol levels.

Methods: This was an open randomised clinical trial in children attending a paediatric emergency

department. Children accessing the emergency room were randomised to one of three groups: 1)

playing with a NAO social robot; 2) playing with a study nurse; 3) waiting with parents. All children

were measured salivary cortisol levels through a swab. Salivary cortisol levels before and after the

intervention were compared in the three groups. We calculated the effect size of our interventions

through the Cohen's d-based effect size correlation (r).

Results: A total of 109 children aged 3 to 10 years were enrolled in the study and 94 had complete

data for the analyses. Salivary cortisol levels decreased significantly more in the group exposed to

robot  interaction  than  in  the  other  two groups  (r=0.75).  Cortisol  levels  decreased  more  in  girls

(r=0.92) than boys (r=0.57). 

Conclusions: Social robots are efficacious in decreasing stress in children accessing the emergency

room and may be considered as a tool for improving emotional perceptions of children and their

families in such a critical setting.  

Clinical  Trial  Registration: Robot  Therapy  in  Pediatric  Emergency,  NCT04627909,
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https://clinicaltrials.gov/ct2/show/study/NCT04627909. 

Keywords: Children; Emotional health; Emergency department; Social robots; Anxiety; Stress.

Introduction

Social robots (SRs) may offer a multifactorial sensory experience to children and distract

them from stressful situations as it frequently happens during healthcare encounters  [1,2]. SRs are

designed to interact and communicate with human beings by play, gestures, poses, gaze and colours

and have been successfully used with paediatric patients in different settings [3,4], although not all

the available devices on the market  have anthropomorphic, physical, and behavioural qualities to

establish a virtuous collaboration with children [5–8]. 

Addressing the emotional needs of children who present to paediatric emergency department

(ED) is a complex task that requires the management of anxiety and pain during medical procedures

[9]. In such situations, emotional stress may affect the outcome of emergency interventions due to

the lack of cooperation of young patients with healthcare providers, may delay the diagnosis, and

may  prolong  medical  procedures  [10,11]. For  this  reason,  interventions  for  reducing  stress  in

children attending the ED are highly desirable [12–14]. 

Despite several studies have explored the impact of social robots on negative emotions in

children  [3,15,16],  their  efficacy  in  reducing  stress  in  hospitalized  children  is  still  uncertain.

Moreover, to our knowledge, the impact of social robots on stress in children accessing the ED has

not been investigated yet. 

We therefore conducted a randomised clinical trial with the aim of comparing social robot

interaction with playing with a nurse, or no intervention, in children accessing the emergency room

prior to enter the medical office. Our hypothesis was that social robot interaction was superior to

other interventions in reducing stress. As the biological response in stressful situations includes the

activation  of  the  hypothalamic–pituitary–adrenal  axis  (HPA-axis),  a  glucocorticoid  response  and

https://preprints.jmir.org/preprint/29656 [unpublished, peer-reviewed preprint]
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subsequent cortisol release [17], we measured as an outcome salivary cortisol in children.

Methods

Study design and participants

This was an open three-arm, parallel, randomised clinical trial conducted on children who

attended the paediatric ED of the San Salvatore Hospital of L’Aquila  from September 1, 2019, to

February 29, 2020. Children eligible for the trial were those 3 to 10 years old, who were assigned a

white (not critical), green (not very critical) or yellow (moderately critical) code with no neurological

condition at triage (as described by Piccotti) [18] and who could safely wait for non-urgent care in

the waiting room. Exclusion criteria were: age range <3 and >10 years; parents not fluent in Italian;

yellow code for headache due to recent trauma with visual disturbances, headache accompanied by

neck rigidity, vomiting, indifference to the environment; presence of dyspnoea; significant trauma to

the head with altered state of consciousness; red code (very critical). 

Parents and children who attended the paediatric ED of the San Salvatore Hospital of L’Aquila in the

study period,  were invited  to  participate  in  the study,  and informed consent  (parent)  and assent

(child)  were  obtained.  Enrolment  was  restricted  between  8:30 am and 10:30 a.m.,  to  avoid  the

differences in cortisol values due to its circadian fluctuation. Children were then randomized to one

of three groups: 1) interaction with a social robot; 2) playing with a study nurse; 3) a control group

assigned to routine waiting with parents. For all the three groups there were no restrictions regarding

whether the parents could stay with their children; however, only children in the control group could

interact with them. All children in the study received standard care.

Once randomized, children’s temperature, heart rate, and a salivary sample were taken (T0).

Children were then exposed to  one of the three interventions  for 15 minutes.  Immediately after

intervention, children heart rate was measured again, and an additional salivary sample was taken

(T1). After that, children underwent a battery of psychological tests (see below) which took nearly 10
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minutes to complete, and a third heart rate measure and a salivary sample was taken thereafter (T2).

After this, children entered the medical office in the ER. The entire process is illustrated in Figure 1. 

The primary outcome measure of the study was the difference in cortisol level of patients

before (T0) and after the intervention (T2). 

Interventions

The NAO robot is a small social robot, developed by Softbank Robotics, programmed to

interact with children (Figure 1) [10,11]. The robot uses cognitive-behavioural distraction strategies

appropriate to age (songs, stories, jokes, games, riddles) with children  [19–22]. The robot started

asking the child name and age. The robot then autonomously selected the appropriate interaction

according to age. Questions posed by the robot to tailor interactions included school attendance,

ability to count, favourite subjects and cartoons. Based on this information, the robot asked to count

together, to talk about school, and favourite subjects and cartoons.  A further interpretation of the

answers provided by children allowed the robot to make comments and to play the theme songs of

the cartoon. The robot also played songs and jokes appropriate to age inviting children to guess the

title or the solution. An additional interaction was about nursery rhymes and tongue twisters. Finally,

the robot played guessing games about animal noises and other riddles. 

The NAO Robot was equipped with NLP technologies to understand the child's speech. However, in

case of background noise or incorrect pronunciation, a doctor was present to enter manually answers

into NAO software by the use of a hidden PC. 

In the second intervention group, children played with nurses by colouring children’s books

or using toys available in the waiting room.

Children in the control group stayed with their parents and were free to play while waiting. 

Salivary analysis and heart rate measurement 

Nurses  who were  not  directly  involved  in  this  study measured  children’s  heart  rate  and

temperature.

https://preprints.jmir.org/preprint/29656 [unpublished, peer-reviewed preprint]
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Salivary samples were collected after rinsing the mouth with water to prevent food-contamination. A

swab from a Salivette (cat. 51.1534, Sarstedt, Nümbrecht, DE) device was placed under the tongue

of the participant, and saliva was absorbed for 60 seconds. The saliva-saturated Salivette swab was

placed  in  a  polypropylene  tube  and  centrifuged  at  1,000  g  for  15  minutes  at  4°C  for  saliva

extraction. The saliva sample was then frozen at −20°C. To start the analysis of the salivary cortisol

level, the saliva was centrifuged at 2,500 g for 20 minutes after thawing, and the clear supernatant

was used in the analysis. 

Each salivary cortisol level was assessed using a commercially available DetectX Cortisol Enzyme

Immunoassay  Kit  (cat.  K003-H1W,  Arbor  Assays,  USA)  and  a  Victor3  microplate  reader

(PerkinElmer, Waltham, MA, USA) according to the manufacturer’s instructions.

Psychological tests 

To verify that  cortisol  salivary levels may have been not confounded by temperament or

emotional management, we performed a series of psychological tests at T1. Although this evaluation

was performed after the intervention to avoid interferences with the study and the ED workflow, it is

important  to  note  that  the  tests  performed  at  this  time  are  not  influenced  by  external  stimuli,

including those of the intervention. For this reason, these tests were considered useful for comparing

participants at the baseline. The evaluation consisted of the Children’s Behavior Questionnaire-Very

Short  Form  (CBQ-VSF)  which  evaluates  children’s  temperament,  and  the  Test  of  Emotion

Comprehension (TEC),  which  were  administered  and  completed  in  the  presence  of  assistant

psychologists.

The CBQ-VSF [23,24] is a 36-item questionnaire that is completed by the child caregiver to

assess the temperament of children aged 3–8 years. It is designed to measure three broad dimensions:

surgency/extraversion, negative affectivity, and effortful control. The surgency/extraversion scale is

characterised by high activity levels, high-intensity pleasure-seeking, low shyness and impulsivity;

the second dimension, negative affectivity, is defined by feelings of sadness, discomfort, frustration
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and  fear;  and  the  effortful  control  scale  encompasses  inhibitory  control,  attentional  focus,  low-

intensity pleasure and perceptual sensitivity [25]. Caregivers were asked to rate how well the items

describe the child’s reaction in a variety of situations. The responses were given on a 7-point scale

ranging from 1 (extremely untrue of my child) to 7 (extremely true of my child). 

The TEC [26] evaluates the understanding and managing of emotions in children aged 3–11

years. It consists of nine components, namely, the ability of recognition of emotions based on facial

expressions (labelling),  the comprehension of external emotional causes, the impact of desire on

emotions,  emotions  based  on beliefs,  the  influence  of  memories  on  emotions,  the  possibility  of

emotional regulation, the possibility of hiding an emotional state, having mixed emotions and the

contribution of morality to emotional experiences [27].

Statistical analysis and sample size

Randomization  of  the  intervention  was  made  through  computer-generated  randomisation

codes  (Random Allocation Software version 1.0,  Isfahan University  of  Medical  Sciences)  by an

independent researcher, and an envelope containing sequential numbers was given to the parents. 

Data for all variables were checked for normal distribution through the Shapiro–Wilk test. As

the test indicated that distributions were not normally distributed, we used medians and interquartile

ranges for continuous variables. To evaluate the differences in cortisol levels and heart rate at the

three different time points within each group, we used the Friedman non-parametric test. Post hoc

analyses  with  the  Wilcoxon  signed-rank  test  were  carried  out  to  determine  where  the  observed

differences. To evaluate the strength of the relationship between the variables of our interest,  we

calculated the effect size of our interventions through the Cohen's d-based effect size correlation (r).

Linear  regression  analyses  were carried out  to  evaluate  the relationship  between salivary

cortisol levels and heart rate registered at each time within each age group.

Sample size was calculated based on variations of cortisol levels. It was estimated that to detect a

reduction in cortisol levels of at least 0.6 ng/mL from T0 to T2, assuming a standard deviation (SD)
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for cortisol level of 0.17, with a 95% statistical power (confidence interval, Z=1.96; proportion of

the  population,  π=0.80;  margin  of  error  E=5%,  prevalence  control  group,  P0=0.85,  prevalence

healthcare personnel group, P1=0.75, NAO robot group, P2=0.80), we should evaluate 19 children in

each group.

All statistical analyses were performed using Graphpad Prism version 9.0.

The trial was approved by the local ethics committee of the San Salvatore Hospital of L’Aquila (IRB

protocol  no.  2666  06-25-2019)  and  registered  on  ClinicalTrials.gov  (identification  no.

NCT04627909).

Results

We invited 145 consecutive families whose children were eligible to participate in the study and we

enrolled a total of 109 patients. Reasons for refusing participation were: parents did not want to let

their  children  to  interact  with  NAO  (15);  parents  thought  that  their  children  were  already

overexposed to electronic devices (8); parents were particularly concerned about their child's illness

(7); consent by both parents could not be obtained (6).

Out of the 109 children, 94 were included in the final analysis as five salivary samples in each of the

three groups could not be analysed because of sampling problems. Among them, 32 were in the NAO

robot group, 31 were in the group playing with a study nurse, and 31 remained with their parents

(Figure 2). 

A description of demographic, psychological and other baseline characteristics of children by

intervention group are reported in Table 1 and 2, Figure S1 and S2. The baseline characteristics of

children in the three groups were balanced and did not show significant differences. 

Fifty one percent of the participants were boys. There were no significant differences in the

levels of salivary cortisol, heart rate and temperature among the groups at T0 (Table 1). The average

total score of the TEC for children interacting with the NAO robot was 6.8  2.0, while it was 6.5 

1.2 in the group of children playing with nurses, and 6.3  2.0 in the control group (Table 2). The
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temperaments  of  the  three  groups  evaluated  using  the  CBQ-VSF  displayed  similar  profiles  for

extraversion/surgency,  negative  affectivity  and effortful  control;  the  distribution  of  the  scores  is

reported in Table 2. These results were obtained in 71 children only, because  23 of them did not

complete them due to ED time constraints. 

The lowest cortisol levels at T2 were measured in children with robot interaction (Figure 3A).

In this group, cortisol levels at T2 significantly differed from those at T0 (3.50 vs 1.87 ng/mL, P <

0.0001) (Figure 3A). Cortisol levels slightly decreased at T2 also in children playing with nurses, and

they were similar at T0 and T1 in all groups.

When exploring differences in salivary cortisol levels by sex, we found a more pronounced

decrease at T2 in girls interacting with the social robot, than in boys (Figure 3A – 3C). The trend was

different in boys playing with a nurse who had an increase of cortisol levels at T1 and then returned

at levels similar to baseline at T2, while no significant variations were observed in the control group

(Figure 3B). 

When looking at the trends of heart rate overall, they showed the same differences observed

for salivary cortisol levels (Figure 4A). Moreover, regression analysis showed a significant linear

correlation between salivary cortisol levels and heart rate in all intervention groups (Figure 4B,C,D).

Table 1.  Demographics variables by Groups.

Demographics
Group, No.

All Groups Control Group Study Nurse
Group

NAO Robot
Group

Age, median (IQR)   7 (5-8) 7 (6-7.5) 7 (5.5-8) 6 (5-7)

https://preprints.jmir.org/preprint/29656 [unpublished, peer-reviewed preprint]
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  No. 94 31 31 32

Sex        

Boys 48 (51.1%) 16 (51.6%) 15 (48.4%) 17 (53.1%)

Girls 46 (48.9%) 15 (48.4%) 16 (51.6%) 15 (46.9%)

Total, No. 94 31 31 32

Triage code        

White 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Green 90 (95.7%) 30 (96.8%) 30 (96.8%) 30 (93.7%)

Yellow 4 (4.3%) 1 (3.2%) 1 (3.2%) 2 (6.3%)

Total, No. 94 31 31 32

Discharge        

Home discharge 91 (96.8%) 30 (96.8%) 30 (96.8%) 31 (96.9%)

Hospitalization 3 (3.2%) 1 (3.2%) 1 (3.2%) 1 (3.1%)

Total, No. 94 31 31 32

T0 Heart rate (bpm), median (IQR)        

103 (97.25-117) 102 (95-116) 104 (98-114.5) 105 (99-123.5)

Total, No. 94 31 31 32

T0  Cortisol  Levels,  median  (ng/mL)
(IQR)

3.54 (3.26-3.80) 3.65 (3.35-3.89) 3.41 (3.13-3.67) 3.51 (3.33-3.80)

Total, No. 94 31 31 32

Temperature in Celsius, median (IQR)   36.4 (36-36.9) 36.5 (36.2-36.9) 36.2 (36.0-36.5) 36.5 (36-36.9)

  Total, No. 94 31 31 32

Table  2.   Psychological  variables  by  Groups.  Component  I  indicates  recognition  of

emotions;  Component  II,  comprehension  of  external  emotional  causes;  Component  III,

impact of desire on emotions; Component IV, emotions based on beliefs;  Component V,

memory  influence  on  emotions;  Component  VI,  possibility  of  emotional  regulation;

Component VII, possibility of hiding an emotional state; Component VIII, mixed emotions;

Component IX, contribution of morality to emotional experiences.

Psychological variables 

Total sample Control Group Study Nurse NAO Robot

https://preprints.jmir.org/preprint/29656 [unpublished, peer-reviewed preprint]
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(n=71) (n=19)
Group 
(n=23)

Group 
(n=29)

Test of Emotion Comprehension, Mean ± SD

Total score 6.6 ± 1.8 6.3 ± 2.0 6.5 ± 1.2 6.8 ± 2.0

Component I 1.0 ± 0.2 1.0 ± 0.0 1.0 ± 0.2 1.0 ± 0.2

Component II 0.9 ± 0.3 0.8 ± 0.4 0.9 ± 0.3 0.9 ± 0.3

Component III 0.9 ± 0.3 0.9 ± 0.3 0.8 ± 0.4 0.9 ± 0.3

Component IV 0.7 ± 0.5 0.6 ± 0.5 0.7 ± 0.5 0.8 ± 0.4

Component V 0.8 ±0.4 0.6 ±0.5 0.9 ± 0.3 0.8 ±0.4

Component VI 0.5 ± 0.5 0.4 ± 0.5 0.4 ± 0.5 0.5 ± 0.5

Component VII 0.7 ± 0.4 0.8 ± 0.4 0.7 ± 0.5 0.7 ± 0.5

Component VIII 0.4 ± 0.5 0.4 ± 0.5 0.3 ± 0.5 0.5 ± 0.5

Component IX 0.7 ±0.4 0.7 ± 0.5 0.8 ±0.4 0.8 ±0.4

Children’s Behavior Questionnaire (Very Short Form), Mean ± SD

Extraversion/Surgency 52.8 ± 8.4 57.3 ± 6.3 49.7 ± 9.8 53.1 ± 7.5

Negative Affectivity 51.0 ± 8.0 55.6 ± 7.0 51.6 ± 6.8 49.1 ± 8.6

Effortful Control 66.2 ± 8.1 61.2 ± 8.1 65.4 ± 8.1 68.3 ± 7.4

Discussion 

Our study shows that  playing with a  social  robot  while  waiting for  a  medical  procedure  in  the

emergency room may decrease the stress level in children, as demonstrated by a decrease in salivary

cortisol levels. Our study shows that this effect is visible not immediately after the intervention, but

nearly 20 minutes after robot interaction, according to the physiological cortisol response to stressor

stimuli changes that occur 15-30 min after stressor onset [28].

Moreover, the decrease in cortisol levels is more evident in girls than in boys.

Sex differences in attitude to interact with social robots have been already reported, and a previous

study conducted in Japan suggested that females have more negative attitudes than males toward

robot interaction  [29,30]. Although our findings are in contrast with these observations, this is not

surprising  as  cultural  background,  setting  and  perceived  stereotypes  may  affect  the  attitude  of

children in using technology [29,31–34].

A recent systematic review examined the effect of social robots on anxiety and distress in
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children, 4 out of the 10 included studies used the NAO robot, the same device of our study  [3].

Social robots reduced distress and anxiety in all reviewed studies, although the quality of evidence

was low mainly  due  to  small  sample  size.  Our results  are  in  line  with the  published literature,

however we are not aware of any study on the effect of social robots in children conducted in the

emergency room setting. Moreover, differently from the available studies in the literature, we used

salivary cortisol levels as an outcome, as they may be measured through an easy and non-invasive

method [35–37], and are associated with stress from non-pharmacological interventions [36,38–40]. 

We administered psychological tests to assess the temperament of children that might affect

the control of anxiety in distressing situations. Higher scores on surgency/extraversion temperament

have  an  impact  on  the  cortisol  production  independently  from  the  assigned  intervention  arm,

demonstrating that children with more extroverted personalities have less emotional distress at the

baseline.  These  findings further  support  the  idea  that  emotion  regulation  abilities  contribute  to

reduced fear and anxiety in distressing situations [37,38]. 

More than 15% of parents of children,  eligible for our study, refused to participate in the study

because they were concerned about exposure of their children to electronic devices. Although setting

and cultural background may play a role, this observation should be taken into account if strategies

including social robots for reducing stress and anxiety will be put in place in routine clinical practice.

This study has several strengths. Its design prevented common confounding effects as shown

by the baseline characteristics of participants that were similar across intervention groups. Moreover,

we used salivary cortisol levels to assess the stress level of children, which represents an objective

measure of this outcome. To validate our results, we also studied the correlation between salivary

cortisol levels and heart rate. 

On the  other  hand,  our  study was  conducted  in  a  single  clinical  center  and we  did  not

administer any psychological test to assess  stress/anxiety for avoiding slowing medical procedures

down in the emergency room. However, psychological questionnaires are less reliable than salivary
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cortisol levels in detecting slight differences in children’s stress levels.

Although social robots represent a promising tool in managing children distress in the emergency

room,  the  cultural  background  and setting  may  strongly  affect  the  acceptance  of  these  devices.

However, we frequently noticed very positive comments from parents such as: “My son didn’t want

to leave the NAO robot”, “My son wanted to take the robot with him”; “My son told me that the

NAO robot  was  amazing”;  “My son asked,  for  the  first  time,  to  come back again  to  the  ED”.

Additional studies may better address determinant of acceptability in different settings.

In conclusion, our study demonstrates that SRs are effective in decreasing the stress of children in

healthcare emergency contexts. These devices may be integrated in the pediatric ED workflow with

benefits for patients and families, and potentially to speed up clinical procedures. To this aim, future

and larger studies in different settings should be promoted. Moreover, in circumstances where social

contacts  should  be  prevented,  as  during  the  COVID  19  pandemic,  social  robots  may  play  an

important role in improving the emotional experiences of children and their families, and disease

outcomes.

Conflicts of Interest

None declared

Abbreviations

SR: social robots 

ED: emergency department

CBQ-VSF: Children’s Behavior Questionnaire-Very Short Form

TEC: Test of Emotion Comprehension

References

1. DeMore M, Cohen LL. Distraction for pediatric immunization pain: A critical review. J Clin

Psychol Med Settings; 2005;12(4):281–291. [doi: 10.1007/s10880-005-7813-1]

https://preprints.jmir.org/preprint/29656 [unpublished, peer-reviewed preprint]



JMIR Preprints Rossi et al

2. Beran TN, Ramirez-Serrano A, Vanderkooi OG, Kuhn S. Humanoid robotics in health care:

An  exploration  of  children’s  and  parents’  emotional  reactions.  J  Health  Psychol;

2015;20(7):984–989. PMID:24140615

3. Littler  BKM,  Alessa  T,  Dimitri  P,  Smith  C,  De  Witte  L.  Reducing  negative  emotions  in

children using social robots: Systematic review. Arch Dis Child [Internet] BMJ Publishing

Group; 20218 [cited 2021 Mar 29]; [doi: 10.1136/archdischild-2020-320721]

4. Rossi S, Larafa M, Ruocco M. Emotional and Behavioural Distraction by a Social Robot for

Children Anxiety Reduction During Vaccination. Int J Soc Robot; 2020; 12(3):765-777  [doi:

10.1007/s12369-019-00616-w]

5. Meghdari  A,  Shariati  A,  Alemi  M,  Vossoughi  GR,  Eydi  A,  Ahmadi  E,  Mozafari  B,

Amoozandeh Nobaveh A, Tahami R. Arash: A social robot buddy to support children with

cancer in a hospital environment. Proc Inst Mech Eng Part H J Eng Med; 2018; 232(6):605-

618 PMID:29890934

6. Moerman  CJ,  Jansens  RML.  Using  social  robot  PLEO  to  enhance  the  well-being  of

hospitalised  children.  J  Child  Heal  Care;  2020;  25:1367493520947503  [doi:

10.1177/1367493520947503]

7. Ferrante G, Vitale G, Licari A, Montalbano L, Pilato G, Infantino I, Augello A, La Grutta S.

Social robots and therapeutic adherence: A new challenge in pediatric asthma? Paediatr Respir

Rev.; 2020; S1526-0542(20)30179-2 PMID:33386280

8. Scassellati  B,  Henny  Admoni,  Matarić  M.  Robots  for  use  in  autism research.  Annu  Rev

Biomed Eng.; 2012; 14:275-94 PMID:22577778

9. Logan DE, Breazeal C, Goodwin MS, Jeong S, O’Connell B, Smith-Freedman D, Heathers J,

Weinstock P. Social robots for hospitalized children. Pediatrics; 2019;144(1). PMID:31243158

10. Lerwick  JL.  Minimizing  pediatric  healthcare-induced  anxiety  and  trauma.  World  J  Clin

Pediatr; 2016; 5(2):143-50. [doi: 10.5409/wjcp.v5.i2.143]

https://preprints.jmir.org/preprint/29656 [unpublished, peer-reviewed preprint]



JMIR Preprints Rossi et al

11. Roohafza  H,  Kabir  A,  Sadeghi  M,  Shokouh  P,  Ahmadzad-Asl  M,  Khadem-Maboudi  AA,

Sarrafzadegan N. Stress as a risk factor for noncompliance with treatment regimens in patients

with diabetes and hypertension. ARYA Atheroscler; 2016; 12(4):166-171  PMID:28149311

12. MacLean  S,  Obispo  J,  Young  KD.  The  gap  between  pediatric  emergency  department

procedural pain management treatments available and actual practice. Pediatr  Emerg Care;

2007; 23(2):87-93 PMID:17351407

13. Young KD. Pediatric procedural pain. Ann Emerg Med; 2005; 45(2):160-71 PMID:15671974

14. Zempsky WT, Cravero JP, Knapp JF, Bojko T, Dolan MA, Frush KS, Furnival RA, Krug SE,

Isaacman DJ,  Sapien  RE,  Shaw KN,  Sirbaugh PE,  Mancuso TJ,  Cravero  JP,  Agarwal  R,

Houck CS, Kain Z,  Maxwell  LG, Valley RD, Davidson PJ.  Relief  of pain and anxiety in

pediatric  patients  in  emergency  medical  systems.  Pediatrics;  2004;  114(5):1348-56

PMID:15520120

15. Okita SY. Self-other’s perspective taking: The use of therapeutic robot companions as social

agents for reducing pain and anxiety in pediatric patients. Cyberpsychology, Behav Soc Netw;

2013;16(6):436–441. PMID:23505968

16. Trost MJ, Ford AR, Kysh L, Gold JI, Matarić M, Trost M. Socially assistive robots for helping

pediatric  distress and pain:  A review of  current  evidence and recommendations  for  future

research and practice HHS Public Access. Clin J Pain [Internet]; 2019; 35(5):451–458. [doi:

10.1097/AJP.0000000000000688]

17. Smith SM, Vale WW. The role of the hypothalamic-pituitary-adrenal axis in neuroendocrine

responses to stress. Dialogues Clin Neurosci; 2006; 8(4):383-95. PMID:17290797

18. Piccotti E, Magnani M, Tubino B, Sartini M, Pietro PDI. Assessment of the Triage System in a

Pediatric  Emergency Department.  A pilot  study on critical  codes.  J  Prev Med Hyg;  2008;

49(3):120-3PMID:19278139

19. Cohen  LL.  Reducing  infant  immunization  distress  through  distraction.  Heal  Psychol;

https://preprints.jmir.org/preprint/29656 [unpublished, peer-reviewed preprint]



JMIR Preprints Rossi et al

2002;21(2):207–211. PMID:11950112

20. Mahony DL, Burroughs WJ, Hieatt  AC. The effects  of laughter on discomfort  thresholds:

Does expectation become reality? J Gen Psychol; 2001;128(2):217–226. PMID:11506050

21. Whitehead-Pleaux AM, Baryza MJ, Sheridan RL. The effects of music therapy on pediatric

patients’ pain and anxiety during donor site dressing change. J Music Ther; 2006;43(2):136–

153. PMID:16897906

22. Stuber M, Hilber SD, Mintzer LL, Castaneda M, Glover D, Zeltzer L. Laughter, Humor and

Pain  Perception  in  Children:  A  Pilot  Study.  Evidence-based  Complement  Altern  Med;

2009;6(2):271–276. PMID:18955244

23. Rothbart MK, Ahadi SA, Hershey KL, Fisher P. Investigations of temperament at three to

seven  years:  The  children’s  behavior  questionnaire.  Child  Dev;  2001; 72(5):1394-408

PMID:11699677

24. Putnam SP,  Rothbart  MK.  Development  of  short  and  very  short  forms  of  the  Children’s

Behavior Questionnaire. J Pers Assess; 2006; 87(1):102-12 PMID:16856791

25. Rothbart, M. K., Putnam S. Temperament and socialization. Paths to Success Dev Personal

life course; 2002; 1017: 19–45 

26. Pons  F,  Harris  PL,  de  Rosnay  M.  Emotion  comprehension  between  3  and  11  years:

Developmental periods and hierarchical organization. Eur J Dev Psychol; 2004; 2(1):127-152

[doi: 10.1080/17405620344000022]

27. Rocha A, Roazzi A, da Silva A, Candeias A, Minervino C, Roazzi M, Pons F. Test of emotion

comprehension: Exploring the underlying structure through confirmatory factor analysis and

similarity structure analysis. Factet Theory Search Struct complex Soc Cult Psychol Phenom;

2015; 10174/10838:66-84. [doi: 10.13140/RG.2.1.2457.4483]

28. Dickerson  SS,  Kemeny  ME.  Acute  Stressors  and  Cortisol  Responses:  A  Theoretical

Integration and Synthesis of Laboratory Research. Psychol Bull; 2004;130(3):355–391. [doi:

https://preprints.jmir.org/preprint/29656 [unpublished, peer-reviewed preprint]



JMIR Preprints Rossi et al

doi.org/10.1037/0033-2909.130.3.355]

29. Nomura T. Robots and Gender.  Gend Genome SAGE Publications; 2017;1(1):18–26. [doi:

10.1089/gg.2016.29002.nom]

30. Nomura T, Suzuki T,  Kanda T, Kato K. Measurement of negative attitudes toward robots.

Interact Stud Soc Behav Commun Biol Artif Syst Stud / Soc Behav Commun Biol Artif Syst

Stud; 2006;7(3):437–454. [doi: 10.1075/is.7.3.14nom]

31. Tung FW. Influence of gender and age on the attitudes of children towards humanoid robots.

Lect Notes Comput Sci (including Subser Lect Notes Artif Intell Lect Notes Bioinformatics);

2011; 6764 LNCS(PART 4):637-646 [doi: 10.1007/978-3-642-21619-0_76]

32. Sandygulova  A,  O’hare  GMP.  Investigating  the  impact  of  gender  segregation  within

observational  pretend  play  interaction.  ACM/IEEE Int  Conf  Human-Robot  Interact;  2016;

7451778:399-406. [doi: 10.1109/HRI.2016.7451778]

33. Essau CA, Sakano Y, Ishikawa S, Sasagawa S. Anxiety symptoms in Japanese and in German

children. Behav Res Ther; 2004; 42(5):601-612 PMID:15033504

34. Hosseini L, Khazali H. Comparing the Level of Anxiety in Male & Female School Students.

Procedia - Soc Behav Sci; 2013; 84:41-46. [doi: 10.1016/j.sbspro.2013.06.506]

35. Nicolson NA. Measurement  of cortisol.  Handb Physiol  Res Methods Heal  Psychol;  2008;

45370:37-38 [doi: 10.4135/9781412976244.n3]

36. Estrada C, Cuenca L, Cano-Fernandez L, Gil-Martinez AL, Sanchez-Rodrigo C, González-

Cuello AM, Fernandez-Villalba E, Herrero MT.  Voluntary exercise reduces plasma cortisol

levels and improves transitory memory impairment in young and aged Octodon degus. Behav

Brain Res; 2019; 373:112066 PMID:31269420

37. Miller R, Stalder T, Jarczok M, Almeida DM, Badrick E, Bartels M, Boomsma DI, Coe CL,

Dekker MCJ, Donzella B, Fischer JE, Gunnar MR, Kumari M, Lederbogen F, Power C, Ryff

CD, Subramanian S V., Tiemeier H, Watamura SE, Kirschbaum C. The CIRCORT database:

https://preprints.jmir.org/preprint/29656 [unpublished, peer-reviewed preprint]



JMIR Preprints Rossi et al

Reference ranges and seasonal changes in diurnal salivary cortisol derived from a meta-dataset

comprised of 15 field studies. Psychoneuroendocrinology; 2016; 73:16-23 PMID:27448524

38. Thirthalli J, Naveen GH, Rao MG, Varambally S, Christopher R, Gangadhar BN. Cortisol and

antidepressant  effects  of  yoga.  Indian  J  Psychiatry;  2013;  55(Suppl  3):S405-8  [doi:

10.4103/0019-5545.116315]

39. De La Rubia Ortí JE, García-Pardo MP, Iranzo CC, Madrigal JJC, Castillo SS, Rochina MJ,

Gascó VJP. Does Music Therapy Improve Anxiety and Depression in Alzheimer’s Patients? J

Altern Complement Med; 2018; 24(1):33-36 PMID:28714736

40. Antonelli  M, Barbieri  G,  Donelli  D.  Effects  of  forest  bathing  (shinrin-yoku) on levels  of

cortisol  as  a  stress  biomarker:  a  systematic  review and meta-analysis.  Int  J  Biometeorol.;

2019; 63(8):1117-1134 PMID:31001682

41. Rossi S, Conti D, Garramone F, Santangelo G, Staffa M, Varrasi S, Di Nuovo A. The role of

personality  factors  and empathy  in  the  acceptance  and performance  of  a  social  robot  for

psychometric evaluations. Robotics; 2020; 9(2):39 [doi: 10.3390/ROBOTICS9020039]

42. Cisler  JM,  Olatunji  BO,  Feldner  MT,  Forsyth  JP.  Emotion  regulation  and  the  anxiety

disorders:  An  integrative  review.  J  Psychopathol  Behav  Assess.;  2010  32(1):68–82.

PMID:20622981

https://preprints.jmir.org/preprint/29656 [unpublished, peer-reviewed preprint]



JMIR Preprints Rossi et al

https://preprints.jmir.org/preprint/29656 [unpublished, peer-reviewed preprint]



JMIR Preprints Rossi et al

Supplementary Files

https://preprints.jmir.org/preprint/29656 [unpublished, peer-reviewed preprint]



JMIR Preprints Rossi et al

Figures

https://preprints.jmir.org/preprint/29656 [unpublished, peer-reviewed preprint]



JMIR Preprints Rossi et al

Cohort Assembly: Study procedure and timing of outcome assessment. HR, Heart Rate; T0-T1-T2 indicate timing of cortisol
measurement; TEC, Test of Emotion Comprehension; CBQ- VSF, Children’s Behavior Questionnaire Very Short Form.
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Enrollment and randomization of children.
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Salivary cortisol levels: A) in the whole sample, B) boys and C) girls. Data are expressed as median and interquartile range (*P
< 0.05, **P < 0.01, ***P < 0.001). r represents Cohen's d-based effect size correlation.
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Heart rate: A) in the whole sample. Data are expressed as median and interquartile range (***P < 0.001; r represents Cohen's d-
based effect size correlation). Direct linear regression between heart rate and salivary cortisol levels at T2 in control group B)
study nurse group C) and NAO robot group D).
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