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ABSTRACT
Accurate pain assessment and management is particularly impor-
tant in children exposed to prolonged or repeated acute pain includ-
ing procedural pain because of elevated risk for adverse outcomes
such as traumatic medical stress, intense pain response for subse-
quent pain and also developing chronic pain. Our current work in
progress tries to help pain management in children through de-
veloping intelligent adaptive humanoid robots as a multi-modal
non pharmacological intervention. This paper explains our study
design focused on increasing the interactive capabilities of Nao
humanoid robots by using the camera and microphone to assess
pain and emotion in children undergoing procedural treatment. By
combining detection models for facial expression, voice quality,
we adapt the robot’s verbal and non-verbal interactive responses
accordingly for optimal distraction through adaptive behavioral
models. By combining two different methods of obtaining emotion
predictive probabilities using facial expression and stress speech
data, we predict an emotion label. This label is then used as an envi-
ronment input to a reinforcement learning model with the robot as
the agent to choose the best action out of a set of entertaining and
distracting verbal and non-verbal actions to cheer up the child and
distract them from the pain and fear of the medical procedure. This
study provides a scenario to apply sound from the robot’s speakers
as a distraction from pain.

CCS CONCEPTS
•Human-centered computing→User centered design; •Com-
puter systems organization → Evolutionary robotics; Robotic
autonomy.
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1 INTRODUCTION
Children often associate fear and pain with a doctor’s visit. A report
from the University of Michigan’s C.S. Mott Children’s Hospital
National Poll on 726 parents shows that over 50% of children be-
tween the ages of 2 to 5 years are afraid of going to the doctor [10].
This often due to fear of needles and improperly managing pain
from medical procedures, causing a source of distress and anxiety
to the parents and the providers who have to administer the proce-
dure. As a result, recovery time, hospital stay, and suffering may

be prolonged [13]. This distress and anxiety also cause parents to
postpone a vaccination or even cancel an appointment due to their
child’s fear [10].

Reducing children’s suffering and caregiver distress is critical for
both the short term and long term; therefore, methods ofminimizing
the associated pain must be explored [12]. Various psychological
methods for managing pain associated with children’s medical
procedures have been recommended, with distraction as the most
promising for pain reduction [3].

A common distraction technique is asking the child to repeat-
edly blow out the air during the procedure as if they were blowing
bubbles. Although these methods show some effect, the distraction
is not as intense as the needle’s pain stimuli[5, 11]. Parents or care-
givers often try giving the child devices such as tablets or phones.
It holds more promise for reducing children’s pain during various
medical procedures [6]. Based on this idea, previous works explored
using a humanoid robot such as the Nao robot to distract the child
during vaccinations and blood draws, showing the potential for
humanoid robots in pain management [1, 4]. Our work explores
that idea further by using an adaptive Nao humanoid robot that can
recognize the fearful facial expressions and painful voice data from
the child to assess the emotion and pain. By using that assessment,
the Nao robot can adapt it’s verbal and non-verbal behavior toward
the child appropriately to distract the child from the pain stimuli
more effectively.

2 BACKGROUND
Our work’s idea is primarily inspired by the works of Beran et al.
2013 [1] and Shenoy 2020 [9]. Beran et al. explores the novel idea
of using a humanoid robot for pain management by having the
robot sitting in the procedure room and talking to the child during
the procedure with actions such as greeting, waving, breathing
sound effects. Shenoy 2020 [9] explores the idea of using emotion
recognition to persuade humans towards an action.

3 METHODS
Our work combines two state of the art machine learning mod-
els from previously published works to detect emotion prediction
probabilities. We use Minaee et al.’s [7] work on Facial Expression
Recognition (FER) using Attentional Convolutional Network to
detect facial expressions’ emotional probabilities. We use Prasetio
et al.’s [8] work on the Deep Time-Delay Markov network (DTMN)
for predicting stress and emotions by analyzing prior emotional



states from time-series sequenced speech data of the SUSAS dataset.
The structure of our work is illustrated in Figure 1 below.

Figure 1: Pipeline of our work including data from Nao ro-
bot, combining models, concatenate, XGBoost and our Rein-
forcement Learning model, and final output

These two models’ outputs are emotion prediction probabilities
for each emotion outcome label. We plan to combine the detection
probabilities from both models by concatenating them into a single
feature vector and given as input to feed an ensemble classifier
called XGBoost [2]. After we train this supervised classification
model, given the true emotion label and the model-predicted emo-
tion label, we can use the trained model to aggregate and predict
the one emotion label for the next stage.

The next stage involves using one of the seven outcome labels
(Happy, Angry, Sad, Fear, Disgust, Surprised, Neutral) as an envi-
ronmental input to a reinforcement learning model with the robot
as the agent to choose the best action out of a set of entertaining
verbal and non-verbal actions to cheer up the child and distract
them from the pain and fear of the medical procedure.

4 EVALUATION SCENARIO
We consider a sample interaction scenario where the child interacts
with a Nao robot during a simple medical procedure. The partici-
pants are children between the age of 4 to 15 identified for a simple
medical procedure involving pain such as vaccination, blood draw
etc. In our scenario, the robot is taking action every 15 seconds
while interacting with a human for 150 seconds (2.5 minutes). So we
have ten actions over 150 seconds, and the robot is observing the
emotion from the human every 1 second, then the reward for the
robot is calculated at the end of each 15 second interval by taking
the average of the probabilities of each of the seven emotions.

The two and half minute interaction timestamps can be broken
down as

(1) 0.0 - 0.15 min - The robot greets with a cheerful sound effect
(2) 0.15 - 0.30 min - The robot explains briefly how it can help
(3) 0.30 - 0.45 min - The robot makes funny jokes about a chil-

dren’s cartoon
(4) 0.45 - 1.00 min - The robot makes a cartoon sound effect
(5) 1:00 - 1:15 min - The robot mimics playing an air guitar with

guitar sound effects
(6) 1:15 - 1:30 min - The robot mimics playing a saxophone with

sound

(7) 1:30 - 1:45 min - The robot tries to take a photo three times
with the camera click sound

(8) 1:45 - 2:00 min - The robot thanks the participant verbally
and with gestures

(9) 2:00 - 2:15 min - The robot offers candy as a token of appre-
ciation

(10) 2:15 - 2:30 min - The robot says goodbye with more sound
effects

For evaluating our Reinforcement Learning model, we chose
cumulative reward and regret as our evaluation metrics. The robot’s
goal is to have the least possible cumulative regret.

5 DISCUSSION
Our expected result for application of this proposed method is a
scenario where a humanoid robot can autonomously choose it’s
own action from a set of actions to cheer up the child and keep them
smiling and happy during a medical procedure without the need
for external intervention or a Wizard-of-Oz method. The emotion
estimation based adaptation of robot’s behavior is the crux of our
proposed work. RL model-based decision making for choosing the
best action is our novel approach. One of the factors for optimal
distraction is the use of appropriate sound effects, music clips and
emotional sounds.

5.1 Challenges and Limitations
Some of the challenges we recognize are detection errors due to
environmental constraints such as other background sounds, and
normal noises in a hospital environment such as sounds from the
medical devices and equipment used for the procedure itself. Other
intentional sounds such as other parents in the room pacifying or
talking loudly to the extent that the robot can’t hear the child.

Choosing a set of actions with sound effects that can sufficiently
distract the child over different age groups is also considered. A
reactive set of actions must be chosen to avoid delay between
detected emotion and action performed by the robot. Dynamic
responses are key for a smooth conversation between the child and
the robot.

Lastly, psychological factors such as reassurance, apprehension,
trust between the child and the robot is required in this study where
the child has to believe the robot’s actions and participate in the
interaction for actions such as when the robot asks for the child to
identify a sound effect or sing along to a children’s song. Attention
retention is another factor in the success of this study. If the child
is too distracted by other factors in the room such as the parent
talking to the child or sounds from the medical devices etc, that
might distract the child away from the robot, evoking a neutral or
non-pleasant stimulus in the child.

6 CONCLUSION
Our novel work provides a rich multi-modal scenario for Child-
Robot interaction. The use of sound in this scenario is vital as
children respond to different sound effects and cues. We hope that
this study will provide enough opportunities and challenges for
sonic interaction design in HRI for the scope of this workshop.
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