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Prenatal anxiety recognition
model integrating multimodal
physiological signal

Yanchi Bao?, Mengru Xue'*, Jennifer Gohumpu?, Yumeng Cao?, Shitong Weng?, Peidi Fang?,
Jiang Wu3 & BinYu*?

Anxiety among pregnant women can significantly impact their overall well-being. However, the
development of data-driven HCl interventions for this demographic is often hindered by data
scarcity and collection challenges. In this study, we leverage the Empatica E4 wristband to gather
physiological data from pregnant women in both resting and relaxed states. Additionally, we collect
subjective reports on their anxiety levels. We integrate features from signals including Blood Volume
Pulse (BVP), Skin Temperature (SKT), and Inter-Beat Interval (IBI). Employing a Support Vector
Machine (SVM) algorithm, we construct a model capable of evaluating anxiety levels in pregnant
women. Our model attains an emotion recognition accuracy of 69.3%, marking achievements in

HCl technology tailored for this specific user group. Furthermore, we introduce conceptual ideas

for biofeedback on maternal emotions and its interactive mechanism, shedding light on improved
monitoring and timely intervention strategies to enhance the emotional health of pregnant women.

Keywords Pregnant woman, Multimodal physiological signal, Emotion recognition, Feature fusion, Anxiety
model

Pregnant women frequently experience emotional instability during pregnancy, which can have adverse effects
on both their physiological and psychological well-being. As awareness of maternal mental health grows, there is
a heightened focus on the well-being of expectant mothers'. The prenatal period is associated with an increased
risk of prenatal anxiety and depression, which can result in various negative impacts on the developing fetus?.
Research has shown that timely attention to maternal emotions and proactive interventions, including emotional
support, can positively affect the Physiological and psychological well-being of pregnant women and the overall
health of the unborn child®.

Studies have revealed that specific monitoring and intervention measures can significantly benefit the emo-
tional well-being of pregnant women*. For example, monitoring sleep patterns® and implementing stress man-
agement strategies, such as mindfulness breathing exercises®, have shown promising results. Some studies have
monitored the health status of pregnant women through the measurement of Photoplethysmography (PPG) data’,
while others have employed text mining for sentiment analysis to prevent postpartum depression®. Although
these studies have contributed to monitoring and enhancing the emotional well-being of pregnant women,
research that integrates multiple physiological signals from pregnant women for monitoring purposes is limited.
Furthermore, it has been demonstrated that the fusion of multimodal signals enhances emotion recognition
accuracy when compared to single-modal signals®'".

The limited availability of publicly accessible datasets for pregnant women presents a substantial hurdle for
data collection and model development when analyzing pregnancy-related data. Consequently, this scarcity of
data resources has led to a relatively small number of data-driven interactive intervention measures designed
for the pregnant population.

To achieve more accurate monitoring and identification of the emotional states of pregnant women, this
study designed a complete experiment, and utilized the Empatica E4 wristband to measure physiological signal
data during the late stages of pregnancy, both during periods of rest and relaxation. Additionally, participants
completed questionnaires based on their self-reported feelings at each stage to gather subjective data on their
anxiety levels. The relaxation state involved deep breathing exercises guided by a biofeedback system. By fusing
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Abstract

Anxiety among pregnant women can significantly impact their overall well-being.

However, the development of data-driven HCI interventions for this demographic is
often hindered by data scarcity and collection challenges. In this study, we leverage
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PopStress: designing
organizational stress intervention
for office workers

Yanchi Bao'?, Mengru Xue®?*, Jennifer Gohumpu??,
Yumeng Cao'? and Jun Hu?®

'Ningbo Innovation Center, Zhejiang University, Ningbo, China, ?Zhejiang University, Hangzhou, China,
*Eindhoven University of Technology, Eindhoven, Netherlands

Introduction: Excessive work stress on office workers will affect people’s health
and work efficiency, and organizational stress management is becoming more and
more critical. Current studies focus on the management of individual stress. The
collective nature of stress and coping needs further exploration.

Methods: This paper proposes the PopStress system, which converts the negative
stress of an office group into the energy of a popcorn machine. When the
organizational stress accumulates to the threshold, the popcorn machine will
start making popcorn and attract office workers to take a break and eat. Through
multisensory stimuli such as visual, audio, and olfaction, the system encourages
natural and entertaining social stress-relieving behaviors within the office.

Results: Twenty-four office workers were recruited and divided into six groups
for the user study. The results showed that PopStress enables users to understand
the collective stress status, and successfully relieved the individual's physiological
and psychological stress. This work provides insights into organizational stress
management, health product design, and social design.

KEYWORDS

organizational stress, biofeedback, stress intervention, multisensory interaction, visual,
auditory, olfactory

1 Introduction

Nowadays, office workers are facing an escalating burden of organizational stress.
Prolonged exposure to this stress can result in fatigue, depression, irritability, and an
increased risk of various illnesses, including cardiovascular diseases (Chrousos, 2009). Apart
from individual stress, organizational stress (Lansisalmi et al., 2000) is another type of stress
within an organization. Major stressors within organizations are related to interpersonal
relationships, including different types of peer pressure and social comparisons (Feslingcr,
1954). Organizational stress could decrease organizational efficiency and job satisfaction
(Scott et al,, 2006), thereby impacting the individual’s health. Therefore, understanding
the collective nature of stress and exploring approaches to leverage this situation warrants
further research.

Currently, biofeedback technologies have been applied for physiological stress
management, but most work emphasizes individuals instead of an organization. Researchers
use physiological signals (e.g., EEG, EMG, EDA, HRV) as well as physical features (e.g.,
facial expressions, vocal tone, and body posture) to collect people’s reactions to stress and
offer various forms of feedback (Sharma and Gedeon, 2012). Among these, HRV is the
most commonly used parameter for biofeedback technology that is considered accurate
to reflect physiological stress levels (Yu et al., 2018b). Additionally, research has indicated
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