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Figure 1: a) Stress Diffuser in a homework session with parent involvement. b) A snapshot when the diffuser was activated and
indicated “stressed”.

ABSTRACT
Parent involvement in children’s homework has emerged as an im-
portant component of their education. However, this involvement
can generate tension between parents and children, particularly
when coupled with a heavy workload, potentially exacerbating
stress levels in children. Some children desire to express and share
their stress with their parents. However, limited emotional regula-
tion abilities and a lack of stress awareness often hinder effective
stress management and communication by children. To address
this, we designed a stress biofeedback system named Stress Dif-
fuser, comprising a wearable biosensor with interactive embodied
devices, that display the child’s stress during homework sessions.
The system intends to manage children’s stress by enhancing aware-
ness among both the child and the parent, and influencing their
educational strategies and the way of interaction. We conducted
experiments with eight families, including primary school children
aged eight to eleven and their parents. The results of our quantita-
tive and qualitative analysis indicated that all participants enhanced
their stress awareness while using Stress Diffuser during homework.
Most parents adjusted their supervisory strategies and interaction
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styles in response to their children’s stress data. The study sheds
light on children’s needs for a designed agent to communicate their
stress and regulate their emotions. Furthermore, the study explores
the use of interactive biofeedback technology in homework settings
with parent involvement. It reveals a favorable influence on facili-
tating stress management in children and on enhancing the quality
of supervision and interaction between children and parents.
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1 INTRODUCTION
Involving parents in their children’s homework positively influ-
ences children’s learning process[13]. Primary schools and teachers
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frequently adopt the strategy of encouraging parental involvement
with homework to enhance educational success[5]. Parents recog-
nize their important role in homework and often dedicate consider-
able time to this task[13][17]. However, there is an inherent tension
between parents and children during homework sessions[16]. Par-
ents’ concerns about their children’s task performance, often cou-
pled with a heavy workload, can lead to a stressful environment for
children during homework[16]. The effects of parent involvement
in homework on children’s mental health and task performance
are determined by a variety of complex factors. These include the
supervisory strategies employed by parents, the quality of com-
munication, and the stress regulation abilities of both parents and
children[13].

On the other hand, the emotional health of children is becoming
a focus of concern, particularly as rates of depression and anxiety
continue to rise[2][3]. The growing academic demands, including
large amounts of assigned homework, are affecting the social and
mental health of primary school children[7]. Limited coping skills
and lack of stress awareness restrict children’s ability to manage
their stress[8]. Given their vulnerability in stressful situations, it
is crucial to support children and involve their caregivers in stress
management during homework tasks.

The emergence of interactive technologies has provided use-
ful tools for managing stress. Especially, embodied technologies
such as robots, smart wearables and augmented reality (AR) have
been exploited and evaluated by researchers and practitioners for
stress management within the educational context[11]. Biofeed-
back, with advancements in biosensors, computing platforms, and
human-computer interaction, offers a potent method for stress man-
agement and relaxation training[18]. It enables users to enhance
their self-awareness of internal states and develop self-regulation
skills[6]. However, the application of biofeedback systems in ev-
eryday settings, particularly within complex social environments,
remains an underexplored area[18].

The primary objective of our study is to explore the impact
of a biofeedback system on stress management in children dur-
ing homework sessions with parent involvement. We developed a
biofeedback system, named Stress Diffuser (SD), and deployed it
in controlled experiments with eight groups of children aged 8 to
11 years old and their parents. Our exploration extends to investi-
gate the interaction dynamics between children and their parents
facilitated by the biofeedback system. The study also searches to
establish the role of the biofeedback system in emotion or stress
regulation, as well as its potential as a catalyst to improve the
quality of parent-child interactions. Our findings are presented
across four themes, derived from quantitative analysis of the chil-
dren’s Heart Rate Variability (HRV) data, and a qualitative analysis
of experimental recordings and interviews with both parents and
children.

Our study contributes to the field of biofeedback design and
research in three aspects: 1)We developed a biofeedback system
tailored to the needs of multiple stakeholders within the context of
children’s everyday life. 2)We examined the effects and defined the
role of SD in managing stress and regulating emotions among chil-
dren, particularly when involving parents. 3)We identified potential
applications of biofeedback in facilitating parent-child interactions

and provided recommendations for further research and design in
this area.

2 METHOD
To investigate the effectiveness of a biofeedback system in sup-
porting parent involvement in managing children’s stress during
homework, we conducted an exploratory study. This study engaged
parent-child pairs in homework activities using a designed stress
biofeedback system to assess its impact on child-parent interac-
tions and its potential to help manage children’s stress. The study
was approved by the ethics committee of Taizhou Rehabilitation
Hospital.

2.1 Stress Biofeedback Design
SD comprises three main components: biosensing, data processing,
and data feedback. As the working principle shown in Figure 3, it
begins with measuring and recording Heart Rate (HR) signals using
a proven photoplethysmogram (PPG) sensor[10] attached to the
user’s finger. These HR signals are then processed to derive Inter-
Beat Interval (IBI) and HRV data. We chose Root Mean Square of
Successive Differences (RMSSD), a statistical measure used in HRV
analysis, as the HRV parameter for its widespread use in short-term
stress assessment[14], where lower RMSSD values indicate higher
stress levels. The data is visualized with a Processing program and
transmitted to an Arduino controller, which operates the actuator
– an air diffuser – in real-time.

SD has two interfaces: a screen-based digital display on a laptop
and a physical embodied interface that sprays mist streams from
an air diffuser. The manner in which biofeedback information is
presented can influence its perception, interpretation, and overall
user experience[18]. Hence, we designed the graphical interface to
convey information clearly and precisely[12]. We used Processing
program to present the processed RMSSD data on a laptop screen
to parents, showing the baseline value (obtained from a 5-minute
measurement), and the real-time detected RMSSD value, along with
the corresponding stress states. To maintain children’s focus on
their tasks during homework, we integrated a peripheral biofeed-
back interface. An interface like the air diffuser provides users with
ambient mist, creating a relaxing environment for homework.

2.2 Experimental Design and Procedure
The experiment is composed of four stages, lasting approximately
60 minutes, as depicted in Figure 2. This study employed a within-
subjects design, exposing the participants to two different condi-
tions: homeworkwith stress feedback and homeworkwithout stress
feedback. Participant groups were randomly assigned to receive
real-time stress feedback either in Stage 2 or Stage 3 to counterbal-
ance confounding variables, such as limited participant attention
span or increasing stress and fatigue over time.

We recruited eight families from two primary schools in YiWu,
China, with children aged 8-11 years (M = 9.5, SD = 1.1; Female = 5,
Male = 5). Each participant group consisted of one child and one
parent. The experiment was conducted in a lab-setting classroom
equipped with a desk, two chairs, an SD system, and an installed
camera. The laptop interface was positioned in front of the parent
and angled toward the child (the child could not directly see the
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visualization, but the parent could), while the diffuser was placed in
front of the child (visible to both child and parent). Participants were
asked to bring homework that would take about an hour to complete
and was challenging for the child. Before the experiment began, all
participant groups received information about the experiment and
data policy from the instructor, and then signed a consent form. The
child wore a PPG sensor on the index finger of their non-writing
hand. Once the device started recording stress data, the baseline
test began, and the instructor left the room. The child was asked to
take deep breaths and relax for 5 minutes during this test. Following
the baseline test, the instructor notified the participants to start the
first 20-minute homework session. After this session, the instructor
re-entered the room to either turn on or off the visualization on
the laptop and the diffuser, and participants were given a 3-minute
break. Then, the second homework session continued for another
20 minutes. At the end, the instructor returned to the room to
conclude the homework activities and remove the biofeedback
devices. This was followed by a semi-structured interview with
both the parent and child together, focusing on their reflections on
stress and behaviors, as well as their experiences with and without
the biofeedback system.

2.3 Data Analysis
The experiments were audio-video recorded. PPG sensor collected
the children’s HR signal. Each participant group was assigned an
ID representing the order in which they participated in the study,
for example, the child in group 1 is C1, and the parent in group 2 is
P2.

We conducted a quantitative analysis of the HRV data, followed
by a qualitative analysis of video and interview data. This involved
using the children’s stress-related (HRV) data to annotate the behav-
ioral and conversational data from the video recordings, based on
each experiment’s timeline. An example of an analyzed child’s HRV
data is shown in Figure 4. After transcribing all types of data, we fol-
lowed the method of Thematic analysis[4] to generate a codebook
and code the data with three qualitative data analysts.

3 RESULTS
3.1 SD enhanced stress awareness and reflection

in children
While the SD was in use, most children became more aware of
their stress and thought about it more. Most children reported in
the interviews that they were aware of or reflected on their stress
levels upon observing the diffuser. C4 and C7 were exceptions, but
they had no stress detected by the bio-senor during both homework
sessions, unlike the others who experienced stress more often.

In the homework session with stress feedback, all children regu-
larly checked the diffuser. C1 inquired of P1 why the diffuser was
not activating when she felt stressed. Following the cessation of the
diffuser’s spray, C1 took a deep breath and reassured herself, saying,
“I am not stressed now.”When the air diffuser sprayedmist, C2 asked
P2 “Does this mean I am stressed now? ” C2 also often looked at the
laptop and diffuser when no rising stress was detected. Additionally,
C3 inquired about her stress level twice from P3. When C5, C6, and
C8 became irritated, they checked if the air diffuser responded to
their stress levels. C5 expressed concerns about the rising stress

signals to P5, and C6 verbalized her stressful thoughts. Without
biofeedback during homework, children often got distracted, left
their work, or asked to stop, especially when stressed. They rarely
talked about feeling stressed or anxious without the stress feedback.

3.2 SD as an agent supports children to
communicate their stress with parents

Children seemed more inclined to communicate and express their
stress levels and other mental states to their parents when SD was
activated. In the homework with biofeedback, all children, except
C4, discussed their stress levels with their parents. C5, C7, and C8
explicitly expressed their stress to their parents and asked them to
stop nagging. C5, who exhibited significant emotional fluctuations
and often became irritated, had high-stress levels shown by her
HRV data in both sessions. In the session without stress feedback,
C5 wanted to stop homework and argued with P5 when stressed.
However, with stress feedback, she explained to P5, “I feel annoyed
by you, you should stop intervening in my homework right now,
or the diffuser will activate due to my rising stress.” Similar conver-
sations were observed in Groups 6 and 8. When child participants
were at low-stress levels, none of them discussed their mental state
with their parents in the session without stress feedback. But, with
stress feedback, C1 and C2 talked about feeling relaxed with their
parents. For instance, C2 proudly told P2, “I feel relaxed and I am
in control of my stress level,” and then they confirmed the stress
data on the laptop together. C3 also had multiple discussions about
stress levels with P3.

3.3 SD supports parents in adapting their
behaviors and supervising strategies to
children’s stress states

There were evident changes in parental behaviors and communi-
cation style after their child experienced stress between the two
sessions. All parents reported in interviews that they reflected or
adjusted their interaction and supervision strategies after consult-
ing the stress feedback. P4, P6, P7, and P8 stated that they used the
stress feedback to confirm their perceptions of their child’s stress
level. Upon observing high-stress states on the laptop, P1 and P8
moderated their tone of voice while assisting their children with
homework. P3 encouraged C3 by saying, “A little stress can boost
efficiency, you can handle it.” P4 and P7 did not make active changes
but paid closer attention to C4 and C7. P5 ceased arguing with C5,
P8 repeatedly asked C8 if he needed any help. When the diffuser
indicated a high-stress state, P6 utilized stress feedback informa-
tion to joke and create a relaxing atmosphere during homework.
Similarly, P2 and P5 also tried to alleviate tension by making jokes
and laughing with their children. Most parent participants believed
they could perceive their child’s stress quite accurately during the
homework session without the stress feedback. However, we did
not observe any noticeable changes in parental behaviors during
the annotated stressed moments of their children.

703



IDC ’24, June 17–20, 2024, Delft, Netherlands Jing, et al.

Figure 2: The experiment procedure.

Figure 3: The working principle of Stress Diffuser system.

Figure 4: The visualization of C3 ‘s HRV data.

3.4 SD engages parents in children’s homework
and improves the quality of child-parent
interactions

Parent participants were more actively engaged in homework activ-
ities and paid greater attention to their child’s stress levels during
the session with stress feedback. Observations showed that without
stress feedback, parents often spent a significant amount of time
browsing on their phones, even sometimes ignoring their child’s
questions. P1, P3, P4, P6, P7, and P8 frequently checked their phones.
However, with stress feedback, they used their phones less time,
or none at all, focusing instead on their child’s stress levels and
interacting more with them.

Regarding the child-parent interaction, we noticed less tension,
more positive dynamics, and more frequency between them in
sessions with stress feedback. For example, without stress feedback,
P7 often used a demanding tone with C7, like "Keep your attention,

don’t get distracted!" But with stress feedback, P7 softened his
communication style, using encouragement in conversations with
C7 like "You can get through these tasks, just like your sister did."
and "You’ll do great if you pay attention to the questions carefully."
Similar contrasts were evident in groups 3, 6, and 8. Stress-related
educational conversations tended to occur more often in child-
parent interactions with stress feedback. In groups 2, 3, 6, 7 and
8, parents and children talked more about stress, its effects, and
how to manage it during homework. C5 and C8 told their parents
that overcontrolling homework caused them stress, which would
trigger the diffuser.

4 DISCUSSION AND CONCLUSION
In the context of homeworkwith parent involvement, SD has shown
the potential to support stress management and emotion regulation
in children. It aids children in developing self-regulation skills and
assists parents in managing their children’s emotions and stress
levels. Most child participants in our study became aware of their
emotions and stress levels upon receiving stress feedback. After
recognizing their stress, children were prone to express and com-
municate it with their parents. Recognizing their stress also led
children to attempt self-regulation through actions like taking deep
breaths to avoid activating the diffuser. On the other hand, the
biofeedback system influenced parental behaviors and strategies,
making parents more attuned to their children’s stress and creating
opportunities for emotional connection. Nevertheless, we did not
find a significant difference in children’s stress levels with or with-
out the display of stress information during homework, which may
be attributed to the inherent stressors of homework in a short-term
laboratory setting.

Furthermore, the biofeedback system served as an agent that
facilitated and enhanced parent-child interactions during home-
work sessions. The biofeedback interfaces, which were responsive
to children’s stress-related biosignals, displayed both digital and
embodied information to children and parents. It provided content
for conversational and emotional interaction between them. Both
children and parents utilized the information from the biofeedback
system as conversation triggers, leading to interactive and educa-
tional dialogues. The communication style in homework sessions
with biofeedback was observed to be more playful and reciprocal
compared to typical homework sessions. Additionally, the biofeed-
back system enabled parents to better understand and empathize
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with their children, thus improving their ability to intervene in
managing children’s stress.

Technological mediators change the dynamics of interaction and
communication[15]. As a connected solution for mental health, the
potential of biofeedback needs further exploration in everyday life,
particularly within complex social contexts. Designing a biofeed-
back system for children necessitates considering the involvement
of caregivers and other social circles, and integrating these elements
into the biofeedback process in the context of everyday life.

There are several limitations in our study. First, the study’s
results may not be representative of all primary school children
due to the narrow age range of participants. Children in the early
stages of elementary school might not fully understand stress or
emotions[19], while those approaching puberty may be reluctant to
share their stress data with parents. Thus, the effects of SDmay vary
across different age groups within the primary school demographic.
Second, participant behavior could have been influenced by their
awareness of being in a study and using biofeedback for the first
time, known as the Hawthorne effect[9]. Also, with concerns about
data privacy and ethics in designing connected technology for chil-
dren and caregivers, our study assumes children’s willingness to
share their stress data during homework. However, it is important
to explore the accessibility and ownership of children’s biodata
under various circumstances[1], such as when children prefer not
to share their stress levels with their parents. For future designs
and studies of biofeedback systems for children, we should adopt
a participatory design approach, involving children in the design
process and decision-making process regarding data accessibility
and display.
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