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Abstract. The present study aims to investigate the design of interactive textiles 

for emotion regulation. In this work we proposed a design which allows users to 

visualize their physiological data and help regulate their emotions. We used the 

Research through Design method to explore how physiological data could be rep-

resented in four different interactive textiles and how movement-based interac-

tion could be designed to support users’ understanding and regulation of their 

emotional state. After an initial user interview evaluation with several textile pro-

totypes, light and vibration were selected as modalities within the biofeedback-

based interaction. A smart interactive shawl that reacts to changes in emotional 

arousal was designed to help the users know their emotion and adjust it, if neces-

sary, with the support of electrodermal activity sensor and pressure-based sen-

sors. The results of the second study showed that the smart shawl could help the 

user to visualize their emotions and reduce their stress level by interacting with 

it.  

Keywords: Design, Smart Textiles, Emotion regulation, Interactive Textiles, 

Research though Design. 

1 Introduction 

Emotional fluctuations, caused by work stress, academic examinations, challenging re-

lationships, physiological diseases, happen regularly in many people’s lives and affect 

our behaviour and decision-making to a considerable extent. Despite emotions, such as 

depression, fear, anxiety, and nervousness being an essential part of the life experi-

ences, it may not be ideal for people to be regularly trapped in an overwhelming emo-

tional state for a long time without realizing it. We are encouraged to self-regulate our 

emotions, and it has been reported that emotion self-regulation plays a significant role 

in effectively restoring physical and mental health [30]. 

The prevalent strategies of emotion self-regulation include psychological counsel-

ling, self-reflection, physical exercise, yoga, meditation, and catharsis. Conventionally, 
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people rely on their subjective will to regulate their emotions through different ap-

proaches; however, in extreme cases, maintaining a rational and calm mindset may not 

be possible, given that many people may occasionally be overwhelmed by strong emo-

tions. Therefore, researchers have explored ways to support the process of emotion reg-

ulation with digital technology. Biofeedback, as a body-mind technique that involves 

using visual, auditory or haptic feedback to control involuntary body functions, can 

help the user better control body's reactions and behaviours and understand their inter-

nal emotional states more explicitly [35]. The classical biofeedback design is a kind of 

one-way augmented feedback; that is, users can reflect on their physiological state 

through augmented feedback. However, as Yu [34] mentioned, biofeedback can also 

be functional and allow bidirectional, dynamic, adaptive feedback base on user’s states 

and interaction [33]. We hope that users have more autonomy in emotional regulation. 

In this research, we aim to help people self-regulate their emotions by not only provid-

ing biofeedback but also allowing the wearer to actively interact with the ‘visualized’ 

biofeedback on clothing that they typically wear. However, what remains unclear is 

how to design bidirectional adaptive biofeedback-based interaction to regulate emotion.   

Although many HCI researches are paying attention to emotion engaged interaction 

design [9, 10, 32], very few studies have explored how interactive design could be used 

to regulate emotion, especially with interactive textiles. Interactive textiles can sense 

the stimuli or signals from the user and the environment, then react and properly adapt 

to them [4]. Besides, interactive textiles have the advantage of traditional textiles, while 

also being able to integrate technology and can be unobtrusively worn close to the 

source of physiological signals—i.e., the user. As such, they are well suited for sup-

porting users with needs of short- and long-term emotion self-regulation. The goal of 

this research is to explore how interactive textiles can be designed to let users better 

engage in interacting with their own emotions. Our research also aims to explore 

whether an interactive system built around smart textiles could be used for emotion 

regulation. 

2 Related Work 

Emotion regulation and interactive textiles are two distinct domains, which both 

involve communication through the user's body and feelings. Advances in the 

development of smart textiles and emotion engaged interaction design have also helped 

drive the integration of these two domains. 

2.1 Emotion Engaged Interaction 

As we know, emotion not only has an impact on how we think and behave, but also 

plays a pivotal role in self-expression, social communication, and physical health. Nor-

man [20] introduced the concept of emotional design, highlighted the importance of 

emotion in design, and took pleasant emotional experience as a standard to evaluate the 

success of a design product. In Picard's Affective Computing [24], she describes com-

puting that relates to, arises from, or influences emotions. She tried to empower com-

puter with the ability to recognize, understand, and even to have and express emotions, 
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especially with wearable computers. With the advances in interaction design, affective 

design is no longer limited to the emotional data coding and presentation but turns to 

emotion engagement, affective loop interaction and experience centred soma design 

[11, 21], which emphasises the role of physical participation in the emotional interac-

tion, including physiological signals participation and body movements participation. 

In these studies, emotion-related bio signals such as electromyogram (EMG), blood 

volume pulse (BVP), electrodermal activity (EDA) and electroencephalogram (EEG) 

were extracted for biofeedback and embodied interaction. For example, Picard et al. 

[23] designed a pair of skin conductivity gloves to measure the wearer's skin conduc-

tivity levels as indicators of physiological arousal. This glove-like device used light to 

map the degree of arousal in the human body. The visual presentation can clearly show 

people's emotional arousal levels in different activities. The Brightbeat App [13] was 

designed for stress relief with users being able to observe their heartbeats; it slowed 

their breathing and improved self-reported calmness and focus. These design practices 

help users to understand their physiological state better, based on their subjective un-

derstanding and self-reflection. 

Except for the emotion-related bio signal-based interaction, body motion was also 

explored within affective interaction research. These types of experiences were applied 

in Höök's SenToy Doll project [10], in which the user could express their physical and 

emotional state by using various kinds of emotional gestures to interact with a doll. In 

her another project, an instant messaging application could transform the user's gestures 

into emotional expressions—for example, when angry gestures were visualized into a 

strong aggressive colourful background [29], the receiver would then sense the emotion 

of the sender by interacting with the system.   

Mood Swings is an interactive artwork designed by Bialoskorski et al. [2], which 

recognises affective movement characteristics expressed by a person and displays a 

colour that matches the expressed emotion. These design cases combine body biodata 

or movement with a feedback mechanism to achieve an affective experience and 

showed the potential of supporting emotional well-being. Users often experienced more 

autonomy in this process. On the other hand, the potential of smart textiles in this field 

has not been much developed, although they are more advantageous in supporting body 

and experience centred affective design.   

2.2 Affective Smart Textiles 

In affective smart textiles design, Stead [28] put forward her thinking about the rela-

tionship between fashion, emotion, and technology through practice-based research, 

and preliminarily investigated how clothing can both represent and stimulate emotional 

response through technology. Uğur [32] reported her study on the theory and design 

practice of wearing embodied emotions and designed several kinds of smart wearable 

products which expressed wearers' emotional state. She explored the definition of new 

body boundaries and the possibilities of expressing emotions in wearable design with 

technology and stated that emotional embodiment through wearable technology can 

help people to regulate their emotions. Ashford [1] more specifically researched the 

relationship between EEG signals and emotional states. In her projects, she attempted 
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to integrate EEG signals into visualized embodied designs and found that potential us-

ers are very interested in the personalized aesthetics design of wearables and applied 

the design to inspire confidence with quantified self. In 2013, the SENSOREE company 

also designed a GER Mood Sweater collar to allow visualizing the user's emotional 

status with LED lights and brought it to the market [25]. The main function of these 

designs and research is to embody emotions on smart textiles and to arouse users' self-

reflection and attention to them. Although these cases are textile-based augmented bi-

ofeedback and took advantage of e-textiles, they have not involved functional bidirec-

tional biofeedback interaction between users and the textiles. 

Another design case is the Affective sleeve [22], which produces rhythmic tactile 

movements with warm and slight arm pressure to promote calmness and reduce anxiety. 

The researcher found that the speed of the sleeve's tactile movements affects the partic-

ipants' breathing rate and perception of calmness. It affects the user's emotional state 

with detailed vibrotactile feedback. According to the results, the feedback mechanism 

is also a potential factor to consider about in emotion regulation. 

3 Methodology 

The research followed a combination of the Research through Design (RtD) approach 

[14, 31] and mixed research method. Explorations during two design cycles served as 

stimuli to define the research direction and gather further feedback. In the first cycle, 

four types of modalities were integrated into textiles to represent biofeedback. These 

four modalities were evaluated during a qualitative user study, which resulted in the 

selection of visual, tactile feedback and hand gesture interaction as the starting point 

for the second design cycle. A shawl providing tangible emotional feedback was then 

designed. Touch motion was used for the user to interact with their embodied emotions. 

To verify the prototype’s effectiveness and obtain further user feedback, a second 

mixed research evaluation was conducted with the prototype. 

3.1 First Design Cycle: Visualized Biofeedback on Textiles 

Table 1. Four feedback modalities for the smart textiles in our designs and their user feedback. 

Textile prototypes Textile Feedback 

modality 

Description User feedback 

 

Smocked 

scuba knit-

ting fabric 

with LED 

lights 

Visual 

feedback 

(colour and 

brightness) 

The LED light em-

bedded in 3D fabric 

structure. The bright-

ness and colour 

change according to 

the emotional arousal 

level. 

The LED light 

mode is more in-

tuitive and effec-

tive. It has more 

diversified forms 

of expression. 
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Quilted 

scuba knit-

ting fabric 

with vibra-

tion motors 

Tactile 

feedback 

(Vibration 

frequency) 

The vibration inten-

sity of the motors in-

side the textile 

changes according to 

the emotional arousal 

level. 

Vibration mode 

is more private, 

the hand is more 

sensitive for vi-

bration than the 

body. 

 

Overlapped 

non-woven 

thermo-

chromic 

stripes with 

EeonTex 

heater fabric 

Thermal-

Visual 

feedback 

(red, blue, 

black col-

our satura-

tion) 

Fabric is made of 

stripes, dyed with 

different thermo-

chromic pigments. 

The temperature 

changes with the 

emotional arousal 

level, which leads to 

colour change. 

It has delayed 

emotional bio-

feedback, but 

easy to wear. 

 

Laser-cut 

non-woven 

fabric with 

motor 

Shape-

changing 

feedback 

(Rotation 

angle) 

The fabric texture 

surface moves driven 

by motors under-

neath with thread 

pulling the texture. 

It feels cool, has 

a better visual ef-

fect, suits the 

younger user, but 

soft material is 

not easy to ma-

nipulate. 

Emotion expression and recognition is the premise of emotion regulation. So, at the 

beginning of the first design cycle, it was our goal to explore the design space of textile-

based biofeedback visualizations. Following the RtD approach, we first designed sev-

eral textile-based biofeedback visualizations and observed how the user would interact 

with these smart textile prototypes to drive the design and further research inquiries. 

Four kinds of textile prototypes were designed that could represent the user’s emo-

tional arousal level based on different feedback modalities: light, vibration, colour 

change (based on thermochromic ink), and shape change. Table 1 shows an overview 

of the four textile prototypes. An EDA sensor placed on the finger measured the user's 

emotional arousal level. The data was then used as input for the visualization in the 

textiles.  

During the evaluation, six participants were invited to interact with these textiles and 

place these textiles in their comfortable position, whether attached or spread around 

parts of their body. Most participants preferred to place the fabric on their upper body 

(near their arms and chest) where they can touch it, while their emotional arousal level 

was displayed using the feedback modality. 

After the participants finished interacting with the prototypes, they were interviewed 

about their subjective experiences.  Two participants stated that they would not mind if 

other people see their emotional states, while four participants were very concerned 

about their privacy. Most participants mentioned that the visualization of emotions 
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could be more useful for overly stressed people, while healthy (less stressed) people do 

not necessarily need to visualize their emotions all the time. It could be important for 

people under chronic, continuous stress to have ways to vent (or let out) their negative 

emotions to prevent them from bottling up these feelings. 

Some key reactions from participants about the different types of feedback modali-

ties are summarized in the last row of Table 1. Overall, visual and tactile feedback 

modalities are more widely accepted, because they can be easily perceived and placed 

around users’ body and have more diversified forms of expression. They were con-

cerned about the thermochromic feedback, because the temperature change was too 

slow to feedback the EDA level. Some participants showed interest in the fabric shape 

changing caused by the mechanical motor—for example, they said it feels interesting 

to have the fabric move on their body. Also, they thought young people may be more 

likely to accept the shape changing fabric, but the fabric structure of the sample is rel-

atively soft and unstable. When considering the possibility of daily use, they agreed 

that visual feedback and vibration feedback were more realistic. Besides, participants 

said that they did not want to wear them every day as the form of clothes, but they 

would like to wear them as accessories like a scarf or wristband which are more flexible. 

In the interaction between participants and smart fabrics, we observed that they 

showed more interest in some fabrics with special texture and would like to keep touch-

ing them. The initial fabric texture design was to better integrate textiles and electronic 

components, such as the smoked sewing texture in visual feedback and the quilted sew-

ing structure in vibration feedback. During the study, participants used their hands and 

fingers to poke the bubble-like fabric textures. When asked about this behaviour, par-

ticipants mentioned that it reminded them of the action of popping bubble in certain 

plastic wraps. This action could help them to release their stress because the action of 

pressing the material combined with the sound of the popping bubbles made them feel 

more relaxed. However, they did not take many actions on the thermochromic and mo-

tion feedback textiles. Except for the reflection caused by being able to visualize their 

emotions, this insight could help frame the design of interactions that deal with motions 

[17, 18], and led us to ask whether we can regulate the user's emotion through motion-

based interaction and how-to bring motion-based interaction into the smart fabric sys-

tem. 

3.2 Second Design Cycle: Designing the Interactive Smart Shawl 

According to the first experimental results and user feedback, a new prototype was then 

designed which could be used to further explore the role of interaction for self-regula-

tion. The final prototype is a shawl, designed for people who want to regulate their 

emotions in real, actual environments during their daily activities, such as going for 

outdoor activities, communicating with people, etc. This design is expected to help us-

ers balance their emotions and reduce the negative impact of aggressive emotions on 

their health and social life (see Fig. 1). 
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Fig. 1. User scenarios: The smart shawl aims to help people to self-regulate emotions in their 

daily lives, like social activities or outdoor activities. 

Emotions are complicated and complex, there is no single bio-signal that can accurately 

capture all the emotional states. Some studies have shown that a combination of multi-

ple biological signals can be used to determine users’ emotion [12, 15].  Because the 

focus of this research is on the exploration of how movement-based interaction plays a 

role in the self-regulation of emotion, we have not focused on emotion recognition tech-

nology. Therefore, we selected a Grove EDA sensor to measure the general emotional 

arousal level.   

Based on the reactions from the participants during the exploratory study, the light 

feedback and vibration feedback were more preferred for visualizing and sensing the 

dynamic data from the EDA sensor. Moreover, an interactive action was added to the 

visualization that could be utilized when users feel stressed or emotionally aroused. 

Inspired by the action of popping bubble wrap, users can relieve their stress by poking 

each fabric bubble to change the emotion arousal triggered from the light or vibration 

feedback, thus allowing them to calm their emotion down (see Fig. 2). When the user 

feels nervous, the location of the shoulder and chest is more natural to provide comfort; 

therefore, the product is designed as a shawl, which users can wear on their shoulders. 

 

Fig. 2. User scenarios: The smart shawl aims to help people to self-regulate emotions in their 

daily lives, like social activities or outdoor activities. 
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Fig. 3. The electronic components integrated with the pressure sensor, LED and vibration mod-

ule, as an independent interaction unit. 

Smart Shawl Prototype Composition. The functional part of the shawl consists of 14 

separate fabric bubbles, each of which integrates a pressure sensor made by Velostat 

foil (pressure-sensitive material based on piezo-resistive effects), a LED light, and a 

vibration motor. When the wearer’s arousal level changes, each fabric bubble module 

will react by changes in intensity (see Fig. 3).  

Interaction Modes and Interaction Flow. The smart shawl has two modes for users 

to choose in different scenarios, the light and vibration modes. The light mode is a 

public mode, in which the people around the wearer can perceive the wearer's emotional 

state through the colour and brightness of the light. In the weak emotion arousal state, 

it will light up slightly with tint colour. In a stronger emotion arousal state, the light 

will be brighter and show stronger colour changes. The vibration mode is considered 

as the privacy mode because its feedback can only be sensed by the wearers themselves. 

Vibration intensity also changes depending on the emotional arousal level as measured 

by the EDA sensor. 

The interaction flow is displayed in Fig. 4. The shawl first visualizes the wearer’s 

emotional state through light or vibration, which allows the wearer to be aware of and 

reflect on their emotional state; based on this visualization they can further interact with 

the smart shawl. In the light mode, when the wearer feels stressed or nervous, the EDA 

sensor measures the state after which, the light would turn on, and the wearer could 

poke each fabric bubble with his/her finger for a brief period to make the corresponding 

light to turn off. The vibration mode works this way as well. The module stops working 

as feedback to the user's behaviour. The wearer can repeat this interaction with the 

smart shawl constantly to relieve their stress or let out their negative emotions until they 

are somewhat calmer. Based on the prototype the shawl was tested to verify whether it 

could help wearers to self-regulate their emotion. 
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Fig. 4. The interaction flow of each textile bubble. 

The Emotion Regulation Loop. In this study, emotion regulation was implemented 

based on the following three steps. In the first step, the emotion data was acquired by 

the EDA sensor and processed to identify the emotion variation level based on the 

wearer’s emotional arousal. In the second step, the emotional state was visualized, 

which would transform the arousal data into lights or vibration within the smart textiles. 

In the third step, the user could interact with the smart textiles to self-regulate their 

emotions. The shawl would show the state of the user’s emotional arousal and allow 

the user to interact with the visualized emotions. Moreover, because of the interplay 

between the emotions and the user’s actions, their emotions could change continuously. 

As such, this process could form a dynamic loop to guide the user back to the ideal 

emotional level. Besides, interaction can be both conscious and unconscious. If it is a 

conscious interaction, there could be a reflection step before interaction and the user’s 

reflection may also affect his or her emotion (see Fig. 5). 
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Fig. 5. Emotion regulation loop process with visualized biodata in the smart shawl prototype. 

4 Smart Shawl Prototype Experiment 

We recruited 15 unpaid volunteers from a local University to participate in the experi-

ment. There were 9 females and 6 males (aged between 18 and 26; Mean = 21.2, SD = 

2.072). They came from different backgrounds, including industrial design, architec-

ture, computer science, media art, and were all recruited from a social media platform. 

The participants were selected based on their interest to participate in this study. The 

experiment was carried out in a design studio. To explore the attitude of the users, an 

emotion induction interview and a semi-structured interview were conducted. During 

the interviews, we recorded participants’ EDA data for quantitative analysis and their 

reactions to the prototype for qualitative analysis. The test had the following three 

goals:  

 To further understand the participants' attitude towards emotion regulation and how 

they handle it;  

 To induce the emotional response of the participants, then test the effect of the pro-

totype for emotion regulation;  

 To elicit participants’ experience and feedback on the prototype. 

4.1 Procedure and Apparatus 

According to the objective of the study, a preliminary semi-structured interview outline 

was compiled, and four students were pre-interviewed based on the outline. Two emo-

tion induction methods were compared: video emotion induction and recall emotion 

induction [27]. Based on the results and feedback from the participants, the recall emo-

tion induction method was selected since it resulted in a stronger emotional response 

from the participants (measured by the EDA sensor), while the video induction method 

resulted in too much variance between the participants based on their personal prefer-
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ence for video content—that is, for the same video content, some people are more ex-

cited, some people are more insensitive. The outline of the interview was finally formed 

after the modifications.  

Before the interview began, the general interview process was introduced, including 

duration, purpose, and the prototype itself. The participants signed informed consent to 

voluntarily participate in the study (see Fig. 6). Then participants were interviewed with 

the following pre-set questions. 

 Are you bothered by emotion problems in your daily lives?  

 What kind of emotion are you dealing with? And which scenario? 

 How do you deal with this kind of emotional fluctuation in their daily life?  

 What’s your explanation of your coping behaviour？ 

After the interview, several questions were asked for emotion induction. 

 When did your last emotional fluctuation happened?  

 Could you recall what happened? 

Then participants filled in the first Self-Assessment Manikin (SAM) form [3]. After 

the emotion induction, the participant was encouraged to experience the prototype. Fi-

nally, the participants were asked to self-evaluate their emotions again with the second 

SAM form and express their feelings and opinions about the prototype. 

 

Fig. 6. Steps of the experiment process. 

4.2 Results 

The data collected during the interview included data from the EDA sensor, video re-

cordings and written text on the forms. This data was used as input for the analysis to 

evaluate the prototype. Within the data presented in this section, F and M represent the 

gender of the participants, and the numbers after the letters represent the order of the 

participants. 

Coping Behaviours of Emotional Fluctuation. As part of the unstructured interview, 

we asked the participants to recall their behaviour after they experienced stress or strong 

emotions in their daily lives and to give their interpretation for these behaviours. Their 

coping behaviours vary, including tearing paper, doing exercises, hugging people, etc. 
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Based on their responses, we were able to categorize them into five types of interpreta-

tion: positive intervention, venting negative emotion actions, increasing sense of con-

trol, attention diversion and unconscious behaviours they could not explain clearly. The 

full list of behaviours and our interpretations grouped in categories are summarized in 

Table 2. 

Table 2. The participants’ behaviours and their interpretation when dealing with stress or emo-

tion variations. 

Interpretation of their actions Behaviours when participants were experiencing 

stress/emotion variation 

Positive intervention Hugging other people or plush toys. 

Venting actions Paper tearing, tearing other things apart, rubbing hands, 

doing exercise, running, poking bubbles, throwing the 

pillow. 

Increase control Pressing a pen. 

Attention diversion Pulling hair, playing phones. 

Unconsciousness behaviour  Walking up and down, scratching head, swinging hands, 

swinging feet, more gestures. 

Emotion Induction and EDA Data. The emotion induction method evoked fluctuation 

in participants’ emotions. Fig. 7 shows each participants' average EDA data before and 

after emotion induction. A paired t-test on the data showed there was significant differ-

ence (t = 10.512, P < 0.05). Specific comparisons showed that the average EDA value 

after emotion induction (218.33±54.86) was significantly higher than the average EDA 

value before induction (71.67±21.85). 

 

Fig. 7. The participant’s EDA data comparison before and after emotion induction. 

SAM Tests Before and After Experiencing the Shawl. Based on the assumption that 

participants’ emotional reflection is significant, the SAM test was conducted to evalu-

ate the participants’ subjective emotional variations. We invited the participants before 

and after interacting with the prototype to complete the SAM questionnaire, which 

measures emotional variations on a scale from 0-9 for three aspects: emotional valence, 

0

200

400

F1 F2 F3 F4 M1 F5 F6 M2 F7 M3 M4 F8 M5 M6 F9

Before emotion induction After emotion induction
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arousal, and dominance. Fig. 8 shows the graphs of the values for the three SAM as-

pects. The values of valence1, arousal1, and dominance1 are the data after the emotion 

induction interview, but before they interacted with the prototype. Emotional valence2, 

arousal2, and dominance2 are the data after they interacted with the prototype. 

 

Fig. 8. The participants’ SAM box plot (*P < 0.05, ** P < 0.01, ***P < 0.001). 

We did 3 paired t-tests on the data. The results are as follows: (1) The emotional valence 

value increased from 4.40 ± 1.35 to 5.20 ± 1.08, after the completion of the test, and it 

was found that the difference between the two groups was significant, t = -2.567, P = 

0.022 < 0.05, indicating that the interactions with the prototype improved the general 

positive emotion of the participants. (2) After the experiment, the results of emotion 

arousal level showed that the difference between the two conditions was significant, t 

= 5.870, P < 0.01. It shows that the prototype is conducive to the recovery of users' 

emotion arousal level. (3) Although the emotion dominance score increased from 4.80 

± 1.15 to 5.27 ± 0.88, there was no significant difference between the two conditions 

after the experiment. 

User Feedback. Participants were encouraged to express their feeling and opinions 

when they were interacting with the shawl prototype. They gave their feedback about 

the shawl, the relation between the shawl and their body (for example, where else could 

the textiles be worn), and whether the poking bubble interaction could help them regu-

late their emotions. F1 mentioned that the LED light could be a disturbance for her 

because every time the lights turned on, she felt the need to reflect on herself. M1 and 

F3 discussed that the LED lights could help to distract their attention when being 

stressed. M1, F5, F6 remarked that the bubble textiles could have more sources of multi-

sensory feedback, such as a click sound and vibration. M5 suggested that the LED lights 

could light up one by one, while simultaneously creating rhythmical musical feedback.   

Regarding the form of poking bubble in the textile, some participants liked the shawl 

and would like the functional part to be placed around the shoulder as they thought it 

could be more comfortable. F5 suggested that the smart shawl could also integrate a 

hug function and heating function to give comfort to the user. F8 preferred it to be 

placed on the arm or hand, so it could be easier to wear, and its reaction could be seen 

more clearly. The participants also had some concerns, because the shawl might not be 
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tight enough to be in contact with the skin, and the user had to look down at the fabric 

to see the lights when it was in LED light mode. F4 mentioned that the interactive textile 

could also be used in handbags for women, for example by measuring the EDA data 

when they were holding the bag. F7 suggested it should be integrated into a wristband. 

M5 thought it could be placed around the user’s waist. This participant recalled that 

when he is angry, he would put his hands on his waist. Most of the participants preferred 

to keep both the public LED light mode and the private vibration mode so they could 

be able to switch between the modes according to the scenario. The light mode is more 

visual and vibration mode also has the massage function.  

F7 thought that the interaction with the bubbles was not enough for her to let her 

emotions out because she prefers more energy-consuming exercises. M2 mentioned 

that for real users, the smart textile form and interaction mode should be customized 

based on personal preferences, and users might want their relatives involved in the in-

teraction. F1 and M4 thought that the prototype did not affect them. Most of the partic-

ipants gave positive feedback after they experienced the interaction and thought it could 

help people with emotional self-regulation. Some of them mentioned their expectations 

for smart textile products with improved performance. 

5 Discussion 

5.1 Two Design Cycles 

Following the RtD approach, four smart textiles and one smart shawl were designed to 

help us explore the interactive smart textile design for emotion regulation and verify its 

feasibility with the hybrid research method. 

In the first design cycle, we tested four smart textiles and interview and got the user's 

feedback on emotional visualization and feedback mode based on different types of 

smart textiles, then chose visual and vibrotactile as the feedback modes. Another dis-

covery is the gesture interaction triggered by fabric samples in the RtD process. We 

realized that both body motion and interaction have an impact on emotional state. 

Therefore, the second study attempts to combine movement and feedback mechanism 

with interaction to amplify the effect on emotion.   

The results of the second design cycle indicated that the movement-based interactive 

emotion self-regulation design of the smart shawl could help the stressed user to reflect 

and manipulate their emotional states.  

From the participants' feedback, it seems that each person's emotions might be 

aroused by different triggers, but the negative emotional experiences are similar, such 

as depression, impatience, nervous, etc. In Table 2, we tried to categorize participants’ 

instinctive responses to emotions into four types. The participants’ interpretations of 

these behaviours are not necessarily the only ones, since there are many complex factors 

behind emotion and response behaviours. However, the participants’ explanations may 

help us to design effective interactions strategies for emotion regulation.  

After the interview emotion induction, the SAM questionnaire results show that, in 

general, the prototype had a greater impact on the participants' emotional valence and 

arousal after they interacted with the prototype. From the qualitative interviews, we 
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found that most participants showed a positive attitude towards the design of the pro-

totype and put forward their suggestions for further improvements. Male participants 

preferred to position the smart textiles on the arm or hand, while female participants 

wanted to place it around the chest. The participants’ response is consistent with Uğur's 

survey [32] on the somatic sensation of emotions, which indicates that the chest and 

shoulders have more feelings when participants are emotionally aroused. Some partic-

ipants also expressed the expectation that the interactive textile prototype could be com-

bined with gloves, wristbands, and handbags, to further integrate it into their daily life. 

Many participants expressed their expectations for richer interactive feedback. For ex-

ample, when visualizing emotion with lights or vibration, there could be additional 

sound feedback or interaction guidance to achieve a better interactive experience and 

emotional relief. 

5.2 Reflection 

Several aspects may affect the emotional status of participants in the experiment, such 

as the speed of emotional recovery of the participants, the novelty of a new prototype, 

personal preferences of materials, etc. Above all things, movement-based interaction 

and feedback mechanism are the most important factors. 

In previous studies, it has been suggested that there is a bi-directional relationship 

between emotion and body motor behaviour [5, 6]. Body movements can be used not 

only to express emotions but also to influence how we feel due to the mirror neurons. 

Body movement exercises, such as TaiChi, yoga [8], have long been used in emotion 

regulation and this concept has been applied in dance/movement therapy. However, 

what remains unclear is how to design motion-based interaction to affect emotion. Hand 

Interactions such as popping sealed air capsules have been shown to be effective for 

nervous or stressed individuals since it can help to release muscle inhibition [7]. These 

types of interactions have also been applied in digital user interfaces. For example, the 

NetEase music application recently introduced a stress release mode in which users can 

poke virtual bubbles or break the virtual glass on the screen to relieve stress [19] and 

received positive feedback from users.  

Emotion self-regulation methods through body motion can be determined by differ-

ent types of emotions. Besides poking fabric bubbles, we may consider different types 

of interactive hand actions, and a wider range of body actions for interaction. Compared 

with the physiological state, we can better control our body movement, muscle move-

ment and respiratory rhythm to a certain extent. This advantage should be more inte-

grated into the interaction design for emotion regulation, rather than just receiving the 

information conveyed by biofeedback. 

In the smart shawl, the feedback mechanism plays multiple roles: (1) Visualizing the 

emotion-related physiological information; (2) Causing users to reflect on their emo-

tional state; and (3) Motivating users to interact with their emotion visualizations with 

actions. Different feedback modes also affect users' emotional state. In our design, we 

let users choose their own preferred feedback modalities to interact with the smart 

shawl. Although the results of SAM test show that the overall both modalities results 

seem to be effective on emotional regulation, the difference of impact between two 
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feedback mechanisms remains unknown, which is the part we will follow up in the 

future research. 

Future developments of smart textile products do not only concern technological 

breakthroughs but also about designing interaction styles that fit these close-to-the-

body products to improve the user’s experience. There is an intimate relationship be-

tween the human body and the products we carry around, such as our clothing. Smart 

textile products, in particular, will be more dynamic and flexible and can be tailored 

according to the user’s physical and psychological states. Embodied interaction design 

can further expand the functions of smart textiles while improving users’ emotional 

experience. This can help them to further communicate with themselves and others, 

based on their emotions in a dynamic and real-time basis. 

5.3 Further Development 

To test the effect of the movement-based interaction in smart textiles, the prototype 

design is based on a simple interaction model. In the future, we plan to design richer 

interactions in the system to improve the user experience. Also, we will explore further 

usage scenarios and user acceptance and feedback in real-life contexts. 

Further, when designing interactions based on emotions it is necessary to consider 

the appropriate interaction location on the body, fabric selection, emotion visualization 

modes, and other kinds of physiological signals which can be used to measure emotion 

states. How to personalize the emotional self-regulation products according to the dif-

ferent scenarios to achieve the best user experience will be a topic for further research. 

6 Conclusion 

The affective interaction of the prototype is self-supportive, a closed-loop, avoids pri-

vacy issues, gives users autonomy and, at the same time, helps users to understand and 

interact with their embodied emotions. Because many factors affect human emotions, 

it is difficult to design interactions which react to a specific aspect of our emotions. 

However, the emotional experience can be designed. In this case, user's emotional ex-

perience was affected through embodied interaction. Our prototype helps people to reg-

ulate emotion by letting them see and ‘interact’ with them. The emotion regulation 

smart textile system may also benefit the family members or friends since they are also 

closely related to users’ emotional states. The research application can be extended to 

the design of emotion regulation for social relationships. According to users’ cultural 

backgrounds and preferences, products can be designed for self-supportive users and 

also for users to communicate with their families or friends. 

The approach of this research is based on Research through Design. The process of 

combining making and testing in iterative cycles helped identify the research direction 

and reflect on the research question. With the development of interactive textiles, de-

signers will face the situation of solving multi-disciplinary involved design problems. 

The proposed smart textile design methods and experiences will help them explore 

functional and aesthetic possibilities in their projects.   
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