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ABSTRACT 
Tactile experience plays an important role in evaluating 
textile properties both for fashion designers and customers. 
For designers, they urge to know the way customers interact 
with textiles and their sensory perception during the design 
process in the customer-focused market. Besides, designers 
want to share textile experience in the co-design process. 
There are few studies on how tactile experience with textiles 
can be transferred to people or can be reproduced on 
designers and how they interpret those tactile interactions.  
 
Currently, seeing handling gestures has been reported as the 
primary way to communicate with tactile information. In this 
paper, a qualitative experiment (with part of quantitative data 
analysis) is conducted. We look at the problem from a new 
perspective which is to convey someone else’s tactile 
experience through controlling the agency of participants’ 
hands. Sixteen participants were recruited in this experiment, 
and each participant was required to handle three different 
textiles using prescribed five common textile handling 
gestures under three different modes which were ACTIVE 
(controlled by themselves), PASSIVE (controlled by another 
human hand) and EMS (controlled by Electrical Muscle 
Stimulation). Participants were asked to fill in a rating-scale 
questionnaire about the impression of different properties of 
the textile and the performed gestures after each condition 
and finally to take a semi-structured interview. The 
quantitative data was analysed by JASP and Microsoft Excel 
software; the thematic analysis method was used to analyse 
the interview transcript. 
 
The result shows someone else’s tactile experience with 
textiles can be simulated by their hands being controlled. 
Though more self-directed handling allows exploring textiles 
better, the PASSIVE mode helps to infer others’ intention 

most, and people are willing to give up their partial agency 
when the mode is comfortable and predictable. These results 
raise important implications on how future technology or 
tool could be designed to support designers in understanding 
their customers or co-designers’ experience. 
 
Author Keywords 
Tactile experience; co-agency; EMS; textile handling; 
thematic analysis. 
 
ACM Classification Keywords 
Human Computer Interaction (HCI) 
MSc Contribution Type 
Empirical 
 

1. INTRODUCTION 
1.1 Research Problem under Investigation 
Tactile experience which involves multi-sensory interactions 
with the physical textile plays an important role in evaluating 
textile properties [37]. Customers rely on the tactile 
interaction to enhance their cognition of textiles and the 
tactile experience also has an emotional impact on their 
decision-making during textile selection. Similarly, besides 
fashion designers’ knowledge and intuition, they also need 
experiential information both from themselves and from 
their customers or even their co-design team to support 
textile design [29]. In this paper, we consider textile design 
as both the design of a new type of textile and the design of 
product made from textiles such as clothes. The former is 
indeed very important to designer to understand what clothes 
should be made from a specific textile, and the latter 
designers need to know more about user experience and how 
handling behaviour influence their experience. 
 
In fact, besides the mechanical measurement of objective 
properties of textiles, the tactile sensory analysis [5]has been 
used to evaluate pattern construction of textiles. Therefore, 
tactile experience is indispensable for customers and fashion 
designers in experiencing textiles.  
 
Though textile designers would be more professional than 
customers when using gestures to handle textile or when 
judging properties according to their experience and intuition, 
most gestures that designers use and customers use overlap 
[29]. However, it is also their kinematics (e.g., speed 
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pressure, finger movement asynchrony that contributes to 
it[13]. Furthermore, in the customer-centred textile and 
fashion industry[3], understanding customers tactile 
experience and emotional states are crucial for fashion 
designers during the design process. For example, When 
shopping online, the inability to interact with real physical 
objects and the lack of involvement with the textile causes a 
gap in the perception of textile properties [28]. The absence 
of the tactile channel accounts for the return rate of textile 
products due to the frustration of wrong assessment [36]. 
That is why some retailers still send textile swatches to 
customers or fashion agents with high need of touch despite 
high transporting and material cost[3]. 
 
Designers also face similar dilemmas when purchasing and 
sharing cloth information with others[31]. For example, 
when designers need to describe how the textile feels to their 
colleague after a textile fair, they may remember this kind of 
feeling, but others will not understand.  
 
The touch of textiles involves a multi-sensory experience. 
Changes in our handling behaviour can affect the 
deformation of textiles as well as the changes in tactile, audio, 
and visual feedback produced by handling interactions[32]. 
For example, the sound of friction when rubbing the textile 
and the sense of softness help designers visualize the 
movement of the cloth. In addition, designers can create 
associations [30]for how to shape the textile by manipulating 
it. 
 
Therefore, the tactile experience of customers and co-
designers cannot be ignored either in online trading stage or 
textile designing stage. If designers know how customers 
interact with those textiles and what do they like about those 
textiles, it helps to guide designers and give them inspirations 
during the creative process. In fact, designers urge to know 
how customers communicate with textile and their sensory 
perception in order to facilitate their understanding of the 
properties of textiles and make better decisions [29]. 
 
However, it is impossible to have the customers there all the 
time due to the time and money cost. Similarly, sending 
samples to customers to record their gestures or obtain their 
tactile descriptions is a huge cost. How can designers be 
empathetic or resonate with customers, especially, to 
understand customer's tactile experience becomes imperative. 
 
1.2 Theoretical Issues 
Researchers began to pay attention to the tactile experience. 
It is found that even the written descriptions of the material’s 
touch properties could help people simulating real touch 
perception[24]. Few studies are dedicated to finding “tactile 
language” which is how people explore textile and what 
those handling gestures mean [8,30]. Some have turned their 
eyes to simulating haptic feedback on forearms[38] or 
deceiving people’s brain to let them feel they are touching 
real textiles through making gestures at the same time 

watching videos of textile being handled. However, most 
studies are more inclined to simulate the tactile sensation in 
the digital environment where textile is inaccessible, and 
they are inevitably limited to verbal and visual side. 
Additionally, they focus more on how people feel textiles 
from their own perspective and less on finding a new way to 
simulating others’ tactile experience as well as on how 
people, especially designers interpret other peoples’ tactile 
interactions. 
 
1.3 Research Question 
Based on the research problem and theoretical issues above, 
in this study, we want to investigate how a person can 
embody and experience someone else’ textile touching and 
to what extent this loss of agency in touching interferes in the 
experience. 
 
Here, a qualitative study (with part of quantitative data 
analysis) is conducted. We hope the experiment could 
answer the following questions: 
1. Whether one’s tactile experience with textiles can be 
transferred to others or can be simulated by their hands being 
controlled? 
2. How does the person being controlled perceive those 
tactile interactions? 
 
Sixteen participants were recruited in this experiment, and 
each participant was required to handle three different 
textiles using five prescribed common textile handing 
gestures under three different modes which are: ACTIVE 
(controlled by themselves), PASSIVE (controlled by the 
other person’s human hand) and EMS (controlled by an 
Electrical Muscle Stimulation). Participants were asked to 
fill in a rating-scale questionnaire about the impression of 
different properties (softness, smoothness, thickness, 
durability and warmth) of the textile and the experience of 
the performed gestures after each condition. Finally, they 
were invited to take a semi-structured interview about their 
feelings and thoughts under different conditions. The 
quantitative data was analysed by JASP and Microsoft Excel 
software; the thematic analysis method was used to analyse 
the interview transcripts. 
 
Currently, seeing handling gestures has been reported as the 
primary way to communicate with tactile information. The 
main contribution of this paper is that we are looking at the 
problem from a new perspective, which is to convey the 
controller’s tactile experience through controlling the agency 
of participants’ hands. We want to test whether and how 
losing part or entire control would make participants feel 
they are experiencing textiles under the will of other people.  
 
In addition, EMS as a new approach of simulation is adopted 
here. Though the technology for EMS to reproduce handling 
gestures is not mature yet, the exploration of new technology 
may lead to a better understanding how the opportunities to 
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and implications for the design of tools to help fashion 
designer empathize with customers. 
 
1.4. Structure of the Thesis 
In the literature review, we review previous research and 
pertinent findings which are closely related to this research, 
clarify the motivation for this research and also inform the 
design of the study. The method section presents the 
experiment details, including participants, materials, design, 
procedure, data analysis and result. The result section reports 
the findings from the qualitative analysis supported by some 
quantitative data. Then the implications and limitations of 
the work are discussed in the discussion section, followed by 
a brief conclusion. 
 
2. LITERATURE REVIEW 
This chapter is an overview of relevant research and 
literature, starting with how designers or people feel textiles. 
It is followed by a review of the existing tools and related 
findings on simulating tactile experience.  
 
2.1 How People Feel Textile 
Textile sourcing or textile selection is an early step and also 
an important stage of the fashion design process. It aims to 
interpret the characteristics of the textile and also to 
experience the textile as an emotional source. In textile 
manufacturing, the objective properties of textiles such as 
smoothness and softness can be precisely and measured by 
modern instruments and mechanical devices[33]. Designers 
gather a subjective understanding of those (including the 
emotional experience derived from it) from their direct 
handling of the textile [29].  
 
It is found that even the written descriptions of material’s 
touch properties could help people simulating the real touch 
perception[24]. For example, Obrist has proposed 14 
categories of haptic experience description under two 
intensity of stimulation. However, it was also found that 
people find it difficult to describe their haptics tacit 
experience due to the lack of vocabulary[26]. Verbal 
description of handling experience might be considered as an 
important tool to interpret subjective assessment; however, 
even the meaning of the same word can be different for 
everyone, especially in relation to experiences[4]. To 
compensate the limitation of words, designers and experts in 
the field make use of mood board [34](formed by 
metaphorical images and sounds or other textiles) to try to 
communicate their experiences better.  
 
Some researchers are trying to define the “tactile language” 
beyond verbalisation by investigating its embodiment. 
Petreca et al.[30] revealed that there are three phases when 
designers are experiencing textile, specifically, situating, 
simulating and stimulating using active hand and passive 
hand. Participants use their “active” hands by stroking or 
rubbing textile actively to explore the basic characteristics of 

textile and put or move the textile on their skin using 
combination of “active’ hand, “passive” hand (only 
perceiving) and “active tool-hand”(letting another agent of 
body to experience) to feel how skin is touched by that textile 
during ‘situating’; then on ‘simulating’ stage, they ‘reshape’ 
the textile, for example, to roll the textile into a sleeve to test 
their ideas of applying textiles; finally, they try to find new 
possibilities to interact and experiment with the textile.  
 
Different from Petreca’s experiments, Cary [8] explores 
more in detail the specific gesture people use when 
interacting with textile and how others interpret those 
gestures. She summarized six key handling gestures by 
observing people touch textiles. They are rubbing, stroking, 
squeezing, lifting, scratching and pressing. Then she 
investigated whether these specific gestures are associated 
with certain textile properties. The results show that gestures 
affect people’s perceptions of textile properties. For example, 
slow-stroking gestures are more related to ‘smooth’; lifting 
gestures reflects the light level of the textiles. The gestures 
most commonly used by people are adopted in this research. 
 
Before Karana et al.’s experiment[16] where 25 participants 
were invited to appraise and select products, there are few 
studies on exploring tactile experience which involves users 
or customers during the design process.  In the real world, it 
is impossible to have consumers all the time or to test 
thousands of textiles. At present, some retailers will send 
customers free limited samples (such as five items) if the 
order is above a certain price. If the number of samples 
exceeds this upper limit, customers will be charged at extra 
pounds. Thus, in this paper, we start with gestures rather than 
textiles.  
 
Compared to textile, the gestures or the embodied experience 
is more important in understanding others because handling 
textile is not a simple hand movement, but also an emotional 
experience[32]. The emotion emerges or changes when 
handling behaviour changes, especially in the physiological 
and psychological level. Our feelings and anticipations can 
be expressed by body movements. In the context of textile, 
the change of handling gestures, the deformation of textiles 
and the multi-sensory feedback impact our cognition and 
emotion. 
 
2.2 Tools Supporting Simulating Tactile Experience 
Some of the technology which supports to enhance tactile 
experience is under the background of the digital 
communication environment, and much research on 
simulating tactile experience has been done to compensate 
for the lack of real sensory information. For example, 
“IShoogle” [2] was designed to reduce the gap of perception 
between physical textiles and digital ones. After 
summarising several natural gestures for handling textiles 
through previous textile handling study, the interactive 
videos of textile being handled under these gestures are 
recorded, processed and these videos can be played in touch-
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screen based mobile devices such as iPhone and iPad. When 
people ‘handling’ the textiles on screen using a certain 
gesture, a corresponding video of textile moving as well as 
the sound samples such as scratch, rub and crunch sound 
would be played to simulate a perceptual experience as 
handling real textiles[27]. The experiment shows that 
IShoogle helps consumers to evaluate textiles more 
accurately. Because of the limitation of touch-screen, 
gestures adopted are almost finger movements and the 
number of gestures is limited; however, the real textile 
handling is beyond finger and requires free hand 
manipulation or other parts of body manipulation [30].  
 
Though the hand gestures are brought to enhance the tactile 
experience, IShoogle is limited to the vision channel, which 
limits people’s understanding of the textile. This is because 
the involvement of the multi-sensorial stimulation such as 
tactile, auditory enhances cognition and perception[9]. More 
importantly, in Petreca’s research[29][31], designers stated 
that they need not only to see how the textile behaves but 
they want to see how the hand of their customers have 
behaved when they touch the textile or the IShoogle. Such 
behaviour is critical to understand what the customers want 
to experience. If possible, designers still want to touch the 
textile. 
 
One of the attempts of using haptic feedback is the ‘haptic 
sleeve’ designed by Yu [38]. When participants are watching 
videos of textile being handled by other people, the haptic 
sleeve produces different intensities of vibration and 
temperature feedback. The result shows that haptic feedback 
makes participants feel more about the present of the textile 
almost as they really touch the textile. Additionally, it 
impacts the evaluation properties such as smoothness and 
softness. However, it also shows that the use of vibrators 
tended to increase the feeling of roughness while the heat 
actuator the sense of softness. Similarly, Bueno[7] use a 
continuous stimulator (STIMTAC) by adjusting the friction 
level between fingers and tactile device to stimulate user’s 
fingertips in order to simulate a real velvet surface not only 
the texture. It shows that participants create an illusion of 
touching the real textile. Though in this experiment, the 
stimulation is mainly applied on fingertips and only one 
finger at a time, it indicates that it is possible to deceive our 
brain to think we are touching real textiles by stimulation on 
the body.  
 
The literature above shows hand gesture is important no 
matter it is shown in the interactive screen or performed to 
experience. Cary[8] and Yu[38] has investigated how people 
interpret the properties of textiles based on seeing handling 
gestures. Though most gesture simulation was limited in a 
small range of finger sensation, it shows the possibility of 
reproducing the sensation of certain properties on the skin. 
However, currently, no research has explored how the 
passive stimulation of a handling gesture can contribute to it.  
 

In this thesis, we aim to explore the use of EMS (Electrical 
Muscle Stimulation) to this purpose. 
 
 
2.3 EMS and Its Effect on Experience 
In the previous research, no one has turned their eyes on 
EMS in the context of textile handling; however, the studies 
on EMS has shown some possibility and potential to use it as 
a way of simulating handling gestures. 
 
An EMS device sends electrical impulses through a signal 
generator and electric motor to facilitate the activation of 
muscles or even to move limbs[20]. The muscle is actuated 
non-autonomously. Usually, there are at least two electrodes, 
one positive and one negative placing on the body skin. 
These two electrodes control the muscles beneath the skin. 
For example (as indicated in Figure 1), when the electrodes 
are placed on flexor carpi radialis and brachioradialis, the 
middle finger and ring finger usually bend.  
 

 
Figure 1. The middle finger and ring finger bend when 

electrodes are placed on flexor carpi radialis and 
brachioradialis. 

 
The literature [21]has shown that EMS has many advantages 
from a design perspective. For instance, EMS can be 
integrated into a variety of wearable devices because of its 
small size. More importantly, it allows controlling the human 
body from an internal power through the direct stimulation 
of the muscles. Though EMS passes stimulation through the 
skin to muscle, which makes it difficult to aim at specific 
muscles; however, EMS can stimulate the place where the 
mechanical device cannot. For example, EMS can help the 
novice user to sing in the vibrato through vibrating the 
muscles inside of the throat[10]. 
 
EMS has been widely applied in the medical treatment field. 
For example, it helps increase muscle thickness and strength 
effectively when in muscle rehabilitation at the early stage of 
treatment[11,25]; the WB-EMS (Whole-body 
electromyostimulation) helps improve cardiopulmonary and 
psychophysiological factors [14]; Parkinson’s tremor could 
be alleviated by adjusting the peripheral reflex mechanism 
through EMS[15]. 
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Recently, the application of EMS is no longer limited to the 
medical treatment but also began to show its prominence in 
interactive experiences. For example, wearing an EMS 
device helps to enhance immersion in virtual reality by 
applying a stimulus to muscle in order to simulate the weight 
of an object or the resistance of a wall in a virtual world[21] 
through the experience of the proprioceptive feedback of the 
movement. The PossessedHand, which stimulates muscles 
around the forearm to control fingers, is able to assist in 
playing the stringed musical instrument [35]. A wearable 
device called Pose-IO [23]can transfer the gesture of one 
hand to another hand so that users can sense themselves 
without visual or audio aid. The input port uses three-axis 
accelerometer and the output port uses EMS. 
 
Besides physical assistance, EMS can also be used to convey 
emotions. In the study on embodied emotional feedback[12], 
the researcher set a database of EMS gesture where different 
categories emotional states such as sad and amused have 
their corresponding hand gestures. Then these gestures are 
reproduced by using EMS to stimulate participants’ muscle. 
The result shows that users are able to sense the emotions 
through those gestures. 
 
All these studies show the potential of using EMS to let 
people experience how someone else handles textile through 
their own body. This is what we start to investigate in this 
thesis.  
 
3. MAIN CONTENT/ METHOD 
Following the research problem under investigation and 
literature review, a qualitative study supported by 
quantitative analysis of people’s perception was designed.  
 
The qualitative experiment involves a video recording of 
participants handling textile and a semi-structured interview 
about their thoughts on experiencing some else tactile 
experience of textile. The quantitative part includes the 
analysis of ratings of five properties of textile (softness, 
smoothness, thickness, durability and warmth) as well as the 
impression of the performed gestures after they handle textile 
under different conditions. 
 
3.1 Participants 
Sixteen participants were recruited with age ranging from 22 
to 23 years old; 15 female and one male; 3 native English 
speakers and 13 Asians; one fashion designer, 6 HCI (Human 
Computer Interaction) students and others from other 
backgrounds (e.g., psychology, neuroscience, artificial 
intelligence, etc.). All the participants were in good physical 
condition without any chest pain, heart disease or motor 
impairment. There were important inclusion criteria given 
the use of EMS[14]. Each participant got 10 pounds as 
compensate. The study has been approved by the UCLIC 
Research Ethics Committee as Project ID Number: 
UCLIC/1516/003/Staff Berthouze/Newbold. 

 
3.2 Design 
There are four independent variables:  three modes (ACTIVE, 
PASSIVE and EMS); three types of textiles (T1, T2, T3); 
two visual environments (Blind and Non-blind); five 
prescribed handling gestures. The following is the detailed 
description of each variable and its rationale. 
 
3.2.1 Modes 

1) ACTIVE(A): Participants make prescribed gestures 
by themselves, which means they decide how to 
handle the textile without any imposed constrained.  

2) PASSIVE (P): Participants’ hand (and hence the 
gestures and its kinematics) is controlled by the 
researcher’s hand while the researcher stands 
behind the participant.  

3) EMS: Participants wear an EMS device on their 
lower arm, and EMS controls the gesture they do as 
they handle the textile. Because of technical 
limitation, only a subset of gestures was selected: 
specifically scrunching and scratching. 
 

For all conditions, the predominant hand was selected. 
Figure 2 is the same gesture (scratching) under three 
different modes. 
 

 
Figure 2. Same gesture under three different modes. 

The first reason we set ACTIVE mode is to consider the case 
in which people look at others touching textile and copy them 
in order to try to understand what they feel. Rather than 
looking at a video, they saw how the researcher was making 
those gestures as an instruction to get more comprehensive 
information about the gestures. The second reason is to 
enhance the changes in perception when people are 
controlled. 
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PASSIVE mode is one way to simulate handling gestures. It 
is natural and easily being accepted. To draw an analogy, 
usually, the guitar tutor would teach by holding student’s 
hands if the student does not know how to play the chord. In 
this case, participants are not strictly controlled, which 
means if they want to get rid of the control, they can break it. 
However, in EMS mode, they lose entire control. That is one 
of the reasons why we choose EMS mode. We want to see 
how people react when they are losing agency. 

3.2.2 Textiles 
Three textiles of the similar colour were used (as indicated 
in Figure 3): 

1) T1: Cotton (black) 
2) T2: Wool (black) 
3) T3: Canvas (dark grey) 

 

 
Figure 3. Three types of textiles: cotton, wool and canvas. 

 
These three textiles are used commonly in clothes and there 
is a significant difference such as smoothness and softness 
among them. Similar dark colours are chosen to avoid colour 
interference.  
 
3.2.3 Visual Environment 

1) Blind (B): participants cannot see textile nor their 
hand movement. 

2) Non-blind (N): participants see both textile and 
their hand movement. 

 
3.2.4 Five Gestures 
From Cary’s [8] research on exploring a language of gestures, 
it was found several gestures are used most frequently. Thus, 
we selected the following five most commonly-used gestures. 
(as indicated in Figure 4) 

1) Stroking: whole palm down moving back and forth. 
2) Rubbing: based on pinching gesture (with thumb 

and index finger) and rubbing the textile in between. 
3) Scrunching: palm down using five fingers to grab 

textile.  

4) Swiping: using the palm to swing textile with arms 
raising. 

5) Scratching: using finger belly and nails to rub the 
textile. 
 

In the PASSIVE mode, different levels of speed and pressure 
as these affect the perception of the textile and they stimulate 
the skin tactile receptors differently and also impact the 
effort made by the muscles. 
 

 
Figure 4. Five prescribed gestures: stroking, rubbing, 

scrunching, swiping and scratching. 
 
 
3.2.5 Five Gestures 
The study consists of two phases. 
 
Phase 1: participants are blindfolded experiencing ACTIVE 
and PASSIVE conditions (as indicated in Table 1). Q 
represents the rating-scale questionnaire. For example, 
ACTIVE-T1-Q means under ACTIVE mode participant 
handling Textile 1 and then answer the questionnaire. 
Participants use the five prescribed gestures for each textile. 
 

ACTIVE(A) PASSIVE(P) 
T1-Q T2-Q T3-Q T1-Q T2-Q T3-Q 

Blind environment. 
The order of A and P is randomised. 

The order of textile and gestures is also randomised. 
Table 1. Phase 1: ACTIVE and PASSIVE conditions 

 
The purpose of phase 1 is to see whether losing agency or 
not would make any difference in interpreting textile and 
how do people feel about the gestures under these two 
different modes. 
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Phase 2: participants can see the textile and hand movement 
and experience PASSIVE and EMS conditions (as indicated 
in Table 2). Participants use the five prescribed gestures for 
each textile. 
 

PASSIVE EMS 
T1 T2 T3 T1 T2 T3 

The order of textile and gestures is randomised. 
A semi-structured interview is conducted after the 
experiment. 

Table 2. Phase 2: PASSIVE and EMS conditions. 
 
The EMS mode should have been under Blind. However, we 
are afraid that participants would be overly nervous and 
scared so that they cannot focus on feeling textiles. Thus, the 
non-blind environment was adopted. In addition, the Non-
blind environment can also be used to investigate visual 
effect when comparing Blind-PASSIVE and Non-blind 
PASSIVE. This is also one of the reasons why PASSIVE 
mode is always first. Another reason for putting EMS mode 
last is the adjustment time for EMS is long and the gestures 
EMS can reproduce is limited due to the technical 
restrictions. Here, by phase 2, we can get subjective 
experience under different modes, compare visual effect in 
PASSIVE mode. And most importantly, we want to know 
their experience of EMS and the difference in feelings when 
their agency is partial and entirely lost. 
 
The dependent variables are the participants reported ratings 
of textile properties (softness, smoothness, thickness, 
durability and warmth) and the impressions of handling 
gestures. Participants do all the five prescribed gestures and 
experience all the textile. It is a within-subject experiment, 
which means each participant took part in all conditions. In 
order to decrease confounding variables, the order of modes, 
textiles and gestures are randomised. 
 
 
3.3 Materials 
Camera, tripod, recording device, information sheet and 
consent form, online sheets for rating-scale questionnaires, 
three different kinds of textile which are cotton, wool and 
canvas, a set of EMS device called openEMSstim which is a 
mod by Pedro Lopes of EMS toolkit [19].  
 
The set is composed of a TENS/EMS stimulator, four 
electrodes and cable for electrodes (as indicated in Figure 5).  
The TENS/EMS simulator works with a nine-volt battery. It 
can provide up to 70 milliamperes. Usually, the current 
intensity for most contractions is around 20 to 40 mA for 
ordinary people. 
 
 

 
Figure 5. The components of openEMSstim: TENS/EMS 

simulator, cable and four electrodes. 
 
How to use EMS:  

1) Plug the one tip of the cable to two electrodes (a 
minimum of two electrodes, one positive and one 
negative) and plug the other tip onto the TENS or 
EMS channel.  

2) Locate the right position of the body, usually the 
palm flexor which causes muscle moves like 
clenching the fist. (This is also one of the reasons 
why it is difficult for EMS to reproduce specified 
gestures because it is hard to find the right position 
for each individual.)  Then place one electrode on 
the base of the muscle and another electrode slightly 
further away. 

3) Open the intensity of the channel chosen and 
increase the intensity gradually till the hand or 
finger contracts. 
 

Figure 6 shows how EMS works on the researcher’s hand. 
When the electrodes are placed on the arm as the following 
figure shows, the middle finger and ring finger bend. The 
current intensity is nearly 30 mA. When the electrodes are 
put a little beneath the position shown in the figure under the 
same current intensity, only the ring finger bends. People 
differ depending on their sensitivity to current stimulation. 
 

 
Figure 6. Fingers contraction stimulated by EMS. 
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3.4 Procedure 
Participants were met in a lab room and then informed about 
the study. All the participants agreed to be videoed without 
their face being captured and they agreed to their voice being 
recorded. Then they signed the consent form. Next, the five 
specified gestures were shown to them. They did not have to 
memorize the gestures as they could execute them in the way 
they wanted as long as the gesture is based on prescribed 
gestures. For example, they could stop anytime to feel deep 
details of one textile as they want. In addition, the researcher 
would remind them if they forget so that it would not increase 
the mental load. 
 
3.5 Data collection and analysis 
Data were collected mainly from two channels that are 
rating-scale questionnaires and interview transcript. Video 
recordings of them handling textile under three different 
modes were used to assist in analysing interviews as well as 
observation of participants reactions. 
 
3.5.1 Rating-scale Questionnaire 
The aim of the rating-scale questionnaires is to see whether 
different modes (ACTIVE and PASSIVE), specifically, 
whether losing agency or not would make any difference on 
interpreting textile and how do people feel about the gestures 
under these two different modes. There are no rating-scale 
questionnaires for EMS mode because the gestures 
reproduced by EMS is limited and not standard. Participants 
actually cannot feel textiles under this mode based on the 
feedback of our pilot experiment. EMS mode is more like 
exploration. The feelings of using EMS and the difference 
between hands being totally and partially controlled can be 
drawn from the interview. The full questionnaire would be 
shown in the Appendix. 
 
Question1-5 is to evaluate five properties of the textiles, 
specifically, smoothness, softness, warmth, thickness and 
durability. Figure 7 is an example. 

 
Figure 7. Rating-scale questions on judging smoothness. 

 
Question 6 (as indicated in Figure 8) is to find out whether 
different gestures have different impacts on the perceptions 
of properties. For example, the gesture of ‘stroking’ is 
especially helpful for feeling the smoothness. In addition, 
from this, we can understand whether the relationship 

between properties and gestures would change if it is under 
different modes. 
 

 
Figure 8. Question 6: finding the “best” gesture for each 

property of textiles. 
 
Question 7 (as indicated in Figure 9) aims to understand how 
passively produced gestures contribute to infer what textile 
properties the person controlling the gesture is trying to 
evaluate or experiencing. 
 

 
Figure 9. Question 7: the rating of gestures on helping to infer 

others’ experience. 
 
Microsoft Excel and JASP software were used to analyse the 
quantitative data. The Repeated Measures ANOVA was used 
to analyse the questionnaire ratings. 
 
3.5.2 Semi-structured Interview 
The purpose of the interview is to gather a more in-depth 
understanding of the experience of the participants under the 
different modes, to compare the visual effect in PASSIVE 
mode and most importantly, to know how they envisage the 
use of EMS in such contexts. 
 
A semi-structured interview was used as it allows to create 
tailor flexible and pertinence questions for each interviewee. 
The leading questions were: 
Q: Do you feel any different compared to the blind mode? 
 
Q: How do you feel when I control your arm and when you 
controlled by yourself?  
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Q: How do you feel about EMS? Can you interpret the 
properties of textile well when controlled by EMS? 
 
Q: What is the difference when controlled by me and 
controlled by an EMS? 
 
Q: Can you feel the ownership of agency? 
 
The voice recordings were converted into transcriptions. 
Transcriptions in Chinese were all translated to English. 
Thematic Analysis method was used as guidance and coding 
was conducted in NVivo 12.  
 
Thematic analysis is a qualitative research method that uses 
data to identify, define and analyse themes[1]. Here the 
"bottom-up" or the inductive way is used. This data-driven 
way is helpful when there is no clear direction at the 
beginning, but after coding several themes comes out.  
 
First, I read transcripts repeatedly to familiarize myself with 
data. Then, the initial codes were created. After having a list 
of initial coding, I started to search themes, then classified 
and summarised similar codes into one category. Finally, the 
themes were streamlined and named. The choice of theme 
was not dependent on the amount of data, but on the degree 
of relevance to the research problem. 
 
 
4. RESULT 
This section consists of two parts. One is the result of 
quantitative data (mainly the answers of rating-scale 
questionnaires); the other one is the result of the semi-
structured interview. 
 
4.1 Rating-scale Questionnaires Result 
4.1.1Question 1-5 
Question 1-5 is to find whether passive and active modes 
affect differently the experience of the properties of the 
textile. The result shows there was no significant main effect 
of modes on interpreting ‘durability’ (F (1,15) =0.14, 
p=0.714), ‘smoothness’ ( F (1,15) =0.167, p=0.688), 
‘softness’ (F (1,15) =0.067, p=0.799), ‘thickness’ ( F (1,15) 
=2.738, p=0.119); but there was a significant main effect of 
modes on interpreting ‘warmth’ (F (1,15) =7.289, p=0.016).  
 
We also calculated the percentage of participants who made 
different judgments when the mode changed using Excel (as 
indicated in Table 3). Almost half of participants made a 
different judgement for each property and textiles, except for 
the low change rate of Durability, Smoothness and Thickness 
on Textile 3. Perhaps these properties of Textile 3 (canvas) 
are too obvious that the subtle changes brought by mode 
change cannot be noticed. 
 

 T1 T2 T3 Average 
Durability 56% 69% 25% 50% 
Smoothness 50% 50% 31% 44% 

Softness 44% 56% 50% 50% 
Thickness 50% 56% 38% 48% 
Warmth 44% 50% 63% 52% 

Table 3. Percentage of participants who made different 
judgments on the properties of textiles when mode change 

from ACTIVE to PASSIVE. 
 
4.1.2 Question 6 
Question 6 is to find whether there is a particular gesture 
among the specified ones for particular properties and how 
would the relationship changes when modes changes (as 
indicated in Table 4). Here the verb form is used because of 
table size limit. 
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A-T1 rub stroke swipe rub scrunch 

P-T1 
scratch 

stroke scrunch rub scrunch 
scrunch 

A-T2 scratch stroke scrunch rub scrunch 

P-T2 rub stroke 
scrunch 

rub scrunch 
stroke 

A-T3 rub stroke stroke rub scrunch 

P-T3 rub stroke stroke rub scrunch 

Table 4. The best gesture to understand different properties of 
textiles under different conditions. 

 
It is shown that most properties seem to have the best gesture 
from Table 4. For example, ‘stroking’ is most helpful when 
judging ‘smoothness’; ‘rubbing’ is best for judging 
‘thickness’; ‘scrunching’ is most helpful when judging 
warmth. However, ‘durability’ and ‘softness’ seem to be 
influenced by modes, especially when the textile is soft. For 
instance, the ‘best’ gestures for perceiving ‘Durability’ and 
‘Softness’ in Textile 1 (cotton) and Textile 2 (wool) changes 
while modes switches. Specifically, when mode changes 
from ACTIVE to PASSIVE, durability for textile 1 changed 
from ‘rubbing’ to ‘scratching and scrunching’; durability for 
textile 2 changed from ‘scratching’ to ‘rubbing’; softness for 
textile 1 changed from ‘swiping’ to ‘scrunching’; softness for 
textile 2 added ‘stroking’ gesture based on ‘scrunching’.  
 
In addition, we also calculated the percentage of participants 
who made different judgments on choosing the best gesture 
for each property of textile when the mode changed from 
ACTIVE to PASSIVE (as indicated in Table 5). 
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 T1 T2 T3 average 
Durability 50% 56% 44% 50% 
Smoothness 50% 31% 38% 40% 
Softness 56% 56% 44% 52% 
Thickness 56% 31% 31% 40% 
Warmth 63% 56% 56% 58% 
Average 55% 46% 43%  

Table 5. Percentage of participants who made different 
judgments on ‘best’ gestures for each property of textile when 

mode changed from ACTIVE to PASSIVE. 
 
More than half of the participants changed the ‘best’ gesture 
for ‘durability’ ‘softness’ and ‘warmth’; two-fifth of 
participants changed their mind in ‘smoothness” and 
‘thickness’. 
 
4.1.3 Question 7 
Question 7 is to find out which gesture can convey other 
people’s intentions better. At the same time, we also want to 
know whether the transmission intensity of the gesture's 
intention will change as the mode changes. Table 6 is the 
score of each gesture’s capability of inferring other people’ 
s tactile experience under different conditions.  
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Active-T1 5.75 3.88 5.25 5.63 4.13 

Passive-T1 5.44 4.44 4.88 5.81 3.38 

Active-T2 5.56 4.25 5.19 5.75 3.88 

Passive-T2 5.31 4.50 4.81 5.75 3.63 

Active-T3 5.81 4.69 5.25 5.31 3.31 

Passive-T3 5.75 5.00 4.94 5.13 3.63 

Average 5.60 4.46 5.05 5.56 3.66 

Table 6. Scores of each gesture’s “capability” to infer other 
people’s tactile experience under different conditions. 

 
It shows that ‘rubbing’ ranked first in inferring others’ 
intention or experience followed by “stroking’. Among all 
the gestures, swiping is the most confusing gesture. 
 
It is also found that for all the gestures, there is no significant 
main effect of ‘modes’ or ‘textile’ on inferring others’ 
intention (as indicated Table 7).  
 
 
 
 

Gestures Modes Textile 

Rubbing F (1,15) =0.824, 
p=0.378) 

F (2,30) =1.196, 
p=0.316 

Scratching 
 

F (1,15) =2.768, 
p=0.117 

F (2,30) =2.216, 
p=0.127 

Scrunching 
 

F (1,15) =4.048, 
p=0.063 

F (2,30) =0.059, 
p=0.943 

Stroking 
 

F (1,15) =0.000, 
p=1.000 

F (2,30) =2.561, 
p=0.095 

Swiping 
 

F (1,15) =0.703, 
p=0.415 

F (2,30) =1.000, 
p=0.380 

Table 7. The Repeated Measures ANOVA results of ‘mode’ 
and ‘textile’ on inferring others’ intention analysed in JASP. 

 
It was also found that except for ‘stroking’, more than half of 
the participants made different ratings when mode changes, 
though the change was subtle. When the mode changed from 
ACTIVE to PASSIVE, only ‘scratching’ and ‘swiping’ 
shows PASSIVE mode helps to infer the controller’s 
intention. (Table 8 shows the percentage of participants who 
made different judgements on the extent of gestures helping 
to infer others’ intention; Table 9 shows whether the change 
of judgement is positive or negative. Negative numbers 
indicate hinderance. Conversely, positive numbers indicate 
promotion.) 
 

  T1 T2 T3 Average 
rubbing 63% 44% 44% 50% 
scratching 88% 63% 56% 69% 
scrunching 56% 50% 81% 63% 
stroking 69% 19% 0% 29% 
swiping 81% 88% 50% 73% 

Table 8. The percentage of participants who made different 
judgements on the extent of gestures helping to infer others’ 

intention when mode changed. 
 

  T1 T2 T3 
rubbing -0.31 -0.25 -0.06 
scratching 0.38 0.28 3.33 
scrunching -0.35 -0.34 -0.05 
stroking 0.00 -0.09 -0.19 
swiping -0.23 0.03 0.31 

Table 9. The trend of the extent of inferring others’ intention. 
 
4.1.4 Summary of quantitative data 
From the quantitative data analysis, we found that there is no 
significant effect of “mode’ or “textile” on either interpreting 
properties of textile or inferring other people’s intention. It 
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indicates that losing agency does not impact people’s 
perception. 
 
Besides, the types of gesture have an impact on the 
interpretation of the textile and the inference of other’s 
intention. It shows in two aspects:  
1) to feel certain kind of properties of textile, there is a 
corresponding optimal gesture. For example, ‘stroking’ is 
most helpful when judging ‘smoothness’; ‘rubbing’ is best 
for judging ‘thickness’; ‘scrunching’ is most helpful when 
judging warmth. 
 
2) Different gestures have different degrees of having 
resonance with other people’s experience gestures. For 
example, ‘rubbing’ and ‘stroking’ helps most to infer 
people’s intention. 

 
 
4.2 Semi-structured Interview Result 
There are five primary themes obtained from transcripts. 
Briefly, they are 1) what affects people's interpretation of 
textiles; 2) visual effect; 3) what makes people feel others’ 
intentions; 4) need for co-agency; 5) willingness of losing 
agency.  
 
4.2.1 Theme 1: What Affects People's Interpretation of 
Textiles. 
We found that personal habits or preference and the amount 
of information obtained from handling the textile determine 
the degree of understanding the properties of the textile. Here 
we are discussing the case of being guided by another agent. 
 
1) People have their own ways of exploring. For example, 
they would choose a particular gesture for a particular textile, 
and for different people, the aim of the same gesture is 
different. Thus, if the gesture is consistent with their habits, 
it will not hinder participants from understanding the textile. 

 
“For example, if the textile is silk, I will tend to use ’stroking’. 
Because I want to feel its smoothness, I generally don't use 
scratching. (You won't use this, but maybe other people 
would...) I know, that's why I say every gesture may have 
different aims. And even the same gesture, it will have 
different aims for different people.” (P8) 
  
Furthermore, people highlighted the importance of being 
able to change the type of gesture to control the exploration 
when they wanted to understand more about textiles. For 
example, they can adjust the pressure, speed and angle of the 
specified gesture they want, and they can pause at any point 
if they want to stay there for deep exploration in active mode. 

“if I'm trying to understand something about the property, I 
would take my whole hand and squeeze like this, I think I 
would try more different things......if I do it, I can try five 
different ways of squeezing it.” (P5) 

“When I touch in this way, I may feel one portion is very cool 
and slippery; then I will stop here for a while. I can stop 
when I want to stop.” (P6) 

2) In terms of obtaining textile information, it is found that 
in the ACTIVE mode, they still have more degrees of 
freedom to explore textiles than in PASSIVE or EMS modes, 
though less free than the case in real life where they can 
handle textiles without restriction. However, because in the 
ACTIVE mode where participants were asked to do 
prescribed gestures, they need to memorize the specified 
gestures, which causes a memory load. In the PASSIVE 
mode, the temperature and touch of the surface of the guiding 
hand (in this case the skin of the researcher’s hand) distract 
people from feeling textile; however, when controlled by 
others, the participants reported to have discovered  
unexpected details of the textiles which they did not notice 
in the ACTIVE mode. 

“what I’m feeling is when you control it, because I don't have 
to remember what exactly to do, does that make sense? So I 
can evaluate more from when you do it because I don't have 
to worry about what to do next.” (P14) 

“If your hand touches me directly, my senses are all 
concentrated on the back of the hand, and then the feeling of 
the touch textile is ignored. The thing is that your hand 
temperature seems to interfere with my sensation. (You can't 
distinguish it?) That is a bit difficult to distinguish.” (P3) 
 
“because you show like a wide range of how you could stroke 
and then show that it can give different information about the 
material...I think you (under PASSIVE mode) explore it quite 
well.” (P5) 
 
4.2.2 Theme 2: Visual Effect 
Most participants think that it does not make any difference 
whether they can see the movement of hands or not because 
even if they do not see the hand movement, they can imagine 
the movement subconsciously. In fact, some participants 
reported that seeing the hand moving distracts them from 
feeling textiles. 
 
“when I open my eyes, I will feel that someone is moving my 
hands, I can't completely put myself on feeling the fabric.” 
(P16) 
 
However, seeing textile may promote perception. On the one 
hand, seeing the textile may help to pre-evaluate the textile; 
on the other hand, the shape of the textile after being smashed 
and pinched as well as the haptic feedback of the textile helps 
to get more information about the textile. 
 
“For example, I initially thought that it (cotton) was thick 
than I expected. Actually, (when I saw it) it was thinner than 
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I thought. Yeah, it feels a bit thick when I close my eyes, but 
actually, it is very thin.” (P7) 
 
“…but it also helps to understand the fabric, because you 
can see what they look like when you handle them”. (P10) 
 
4.2.3 Theme 3: What Makes People Sense Others’ Intentions 
1) If people feel more about the textile, they feel more about 

others’ tactile experience. 
 

“I think this is mutually reinforcing. For example, only if I 
have different sensations of the same fabric between Passive 
and Active that I know why you want me to do this. if I don't 
feel the fabric, I don't understand your intention at all.” (P3) 
 
The factors affecting feeling textile between ACTIVE and 
PASSIVE mode are reported in Theme 1. Here, we focus 
more on EMS. Basically, all participants indicated that they 
were unable to feel the textile in the EMS mode because they 
could not fully touch the textile. Because of technical 
limitations, it is difficult for EMS to copy the specified 
gestures. EMS seems to perform extremely, either not strong 
enough to contract muscle, or so intensive that the muscle is 
over-contracted. There is no intermediate buffer zone. And 
each person's muscles are distributed in different positions, 
and small differences can lead to significantly different 
results. 
 
“Well, just like lightly scratching, like lightly grabbing like 
it's not like really pushing ahead into the fabric. So, um, but 
like for passive, you can, it's like someone ready like pushing 
you into like diving your fingers into the fabric. So, um, this 
is more like. this makes me more distant from the fabric.” 
(P13) 
 
“My hand is going to be broken, and I can't do it. The wrist 
is bending too much.” (P3) 
 
Another big problem for EMS is the pain and numbness 
caused by stimulation on the skin. It interferes with focusing 
participants’ attention on textiles because all their attention 
is on the painful skin or their ability of sensing is reduced 
because of paralysis. Also, because people are not familiar 
with EMS, they would think more about “how does this 
happen” rather than to feel textiles. 
 
“I am a little numb, the numbness due to current stimulation 
will make my skin less sensitive.” (P4) 
 
“compared to the feeling of touching the fabric, I feel that 
the pain on my skin is the strongest.” (P10) 
 
“Because at least outside-control won't let me put too much 
attention into thinking "How did this happen?"  Under 
Passive mode I know very well because your hand controls 
me, but current will make me think this is the thing that 

controls my muscles and bend my hand, I will think this 
process is amazing. Thus, I will be distracted.” (P15) 
 
 
2) People can infer other’s intention if the gesture is natural 
and planned. On the contrary, if the action conducted is 
mechanical and unpredictable like what EMS did, then 
people would consider it as without intention. 
 
“…basically, it's not a controlling movement at all. IT's just 
like making your fingers kind of move, but you like 
controlling the whole movement on my hand like, uh, moves 
up and down and stuff like that.” (P13) 
 
“Because I am not a fixed formula, but EMS is a fixed 
formula. In other words, there is no way for EMS to adjust 
anything for me.” (P9) 
 
When defining what is planned movement and what is 
unpredictable movement, participants stated that planned 
gesture is gradual and has an appropriate range of movement 
and speed. However, EMS usually makes sudden actions. It 
is random, and no one knows the consequences and body’s 
instinctive reactions. 
 
“You would basically have a planned movement that was 
very controlled. You did exactly the same movement. Um, so 
that makes it feel like you have an intention, or you have a 
plan while EMS varies a lot, then it feels more random.” (P4) 
 
“When you control me (under PASSIVE mode), there will be 
a bottom line, you will control it in a proper scope, 
appropriate range, but EMS is out of spectrum.” (P7) 
 
“It feels like a hand cramp, the current suddenly comes, and 
my hand will suddenly fold over.” (p4) 
 
“Your hand will contract until the current is to a certain 
intensity, and no one knows what the exact point is, it's 
uncertain…” (P9) 
 
Another interesting finding is about ‘internal’ and ‘external’ 
forces. In the PASSIVE mode, people highlighted that it was 
an external force that drove their hand. Instead, they 
considered the EMS as an internal force and defined the 
internal force as unpredictable. In fact, the important point of 
being able to anticipate the gesture is by feeling haptic cues 
from the other person’s hand even before the gesture is 
performed. 
 
“Because if it is a human hand, I can clearly feel that there 
is an external force, what I can do is just to follow it.” (P8) 
 
“Even if there is no pain (under EMS mode) when it is 
controlling me from internal forces, it's still unpredictable.” 
(P16) 
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3)  People are more familiar with the human hand, and 
human interaction makes them feel that the movement has 
aims.  

“Maybe because it is the human hand, I know what your 
hand looks like, and what can be done, the imagination of 
our hand is accurate.” (P7) 

“for both EMS and ACTIVE mode, I just have a basic 
understanding of fabric properties (and have no idea about 
the aim of the gestures). However, if you guide me, I know 
your intentions, because there's human interaction.” (P3) 
 
4.2.4 Theme 4: Need for Co-agency 
1) If people’s hand moves while they cannot get the intention 
from the gesture, they feel they are losing agency, especially 
in EMS mode. Because it is an internal force, there is no 
visual hint and feedback. In other words, EMS is muscle-
driven, not intention-driven. 
 
“If the signal is sent from inside, you still don't know what 
will happen even though it has two patches outside.” (P10) 
 
“Because if it is a human hand, I can clearly feel that there 
is an external force, what I can do is just to follow it. But if 
it is ems, actually it is your inner muscles that let you move, 
not your intention moves you, so that the sense of loss of 
control will be strong.” (P8) 
 
2)  Under PASSIVE mode, though participants’ hands are 
controlled, they feel a small range of flexibility compared to 
EMS. In other words, they are just losing part of the agency. 
If they want to get rid of the other people’s control, they can. 
 
“For example, when your hand touches my hand and 
controls my hand, I automatically relax, because I know I 
can get rid of your control anytime I want. for example, I can 
bend my fingers slightly even you don't intend to bend my 
finger, but for ems, no, (you don't even have even a little bit 
sense of control). no, quite a little, I think.” (P9) 
 
3)  If people’s sensation is paralyzed by pain or numbness, 
they felt they lose the ability to control their hands. 
 
“In fact, if I don't look at my hands, I don't even know what 
happened to my finger. So, my attention is limited to my arms 
where there's a strong sense of numbness.” (P11) 
 
4.2.5 Theme 5: Willingness of Losing Agency 
1) Participants are willing to be controlled when they feel 
comfortable and less mind-loaded, which means they do not 
have to memorize prescribed gestures but to follow it. 
 
“…because you have generally relaxed, though you have an 
external force, you are not resisting, you will cooperate with 
it.” (P8) 
 

“(Why do you like to be controlled?) Because it feels very 
comfortable, you don't need to think about anything. It is very 
easy.” (P9) 
 
2)  Participants are unwilling to be controlled when they are 
not relaxed and want to resist due to instinctive self-
protection 
 
“Actually, the gesture is not natural, because you rarely 
being controlled and doing those gestures in your daily life.” 
(P8) 
 
“I prefer not to look at it (EMS controlling her hand). (why? 
if you don't look at it, you have no idea what is going on…) 
But I always feel that I will try to control my hands 
automatically when I see it.” (P11) 
 
3)  when the controller’s movement is in contrast with their 
handling habit, they want to switch from passive to active. 
For example, if they want to stop at a certain point, but the 
controller skips this, they would feel uncomfortable. 
 
“I still want to feel what I want to feel, so in the place I want 
to stop, if you skip it, I feel very strange and uncomfortable.” 
(P6) 
 
4.2.6 Summary of Qualitative Data 
To summarise, the main results of the interview are as 
followings. 

1) People feel textiles better when they have more 
freedom to explore the textile and could get more 
information from textiles.  

2) Among the three modes, in the degree of inferring 
others intention or tactile experience, they think 
PASSIVE mode most helpful because the gestures 
under this mode are planned, natural and have 
human interaction. The EMS mode is most 
unreliable because it is random, unpredictable, 
mechanical and lack of hint or feedback. 

3) People are willing to give up partial agency when 
the gesture is comfortable and predictable. Here, 
partial means though they are being controlled by 
others, they still have the ability to pull away from 
control or make subtle changes if they want to.  

4) Vision has no significant effect on interpretation 
textiles or inferring intentions. 

 
 
5. DISCUSSION 
5.1 Insights from Results  
The results provide interesting insights into the factors that 
are important in facilitating the understanding of other 
people’s tactile experience of textile by embodying their 
handling. 
 
5.1.1 Tactile Gestures and Cognition 
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The results support previous findings of the existence of a 
tactile gesture for understanding tactile. Still, the results also 
highlight personal differences and preferences. 
 
Specifically, gesture plays an important role in interpreting 
textiles and inferring the experience or intentions of other 
people. There are some common and mainstream gestures to 
feel certain kinds of textile properties and to help to infer 
others’ experience. For example, ‘stroking’ ‘rubbing’ and 
‘scrunching’ are best for judge ‘smoothness’ ‘thickness’ and 
‘warmth’ respectively. ‘rubbing’ and ‘stroking’ helps most 
to infer people’s intention. Most of these are the confirmation 
of Cary’s research [8] on investigating how people 
communicate through gesture. 
 
If it allows more freedom to explore textiles in people’s own 
way but still based on the specified gesture such as under 
ACTIVE mode, people can understand more about the textile, 
especially for designers who need to go further than 
customers. However, people also think PASSIVE mode is 
the most effective among three modes to infer other people’s 
intention because through the PASSIVE mode, besides 
perceiving the general properties, they can experience and 
explore the textiles in a new way, understanding what the 
other is interested in and discovering new details of textiles 
which they may not have thought about in their own normal 
explorations. Thus, we can draw a conclusion that the degree 
of inferring others’ intentions and tactile experiences are 
closely related to how much textile information they can 
obtain. 
 
In the past, gestures and movements were considered as 
external expressions of thought; new research found that the 
change of body movement or even the volume of voice, 
people can recognize things that are not currently 
sensible[17]. The theory supports the possibility of 
understanding someone’s intention by applying others’ 
movement on them. Also, our experiment has shown that this 
kind of cognition resonance is feasible to some extent. 
Further, it also shows that if users can obtain more 
information about textiles, the inference of others' intentions 
will be more accurate and in-depth.  
 
5.1.2 External and Internal Force: Need for Co-agency 
Participants can clearly perceive the source of sensation. 
Under the control of the human hand, it is an external force 
that drives hand movement; under EMS, it is an internal force 
but disconnected from the agent-brain. Similar findings are 
also found in other research using the EMS even if the 
context of the study was not the textile experience [18].  
Logically speaking, if the EMS was  “built into” the 
body[21], the participants could have felt the EMS has 
integrated with their body and controlled by themselves and 
everything should have been natural.  
 
However, unlike in the PASSIVE mode where participants 
can predict what human hand is trying to do, they feel that 

they cannot predict what EMS is trying to do. One of the 
reasons why people consider internal force as random is the 
lack of hint or feedback. In the case of hand control, users 
can see the external force initiates the action and then the 
action is transmitted to their hands. The visual cue helps us 
to prejudge what is going to happen because vision is “smart” 
with the ability of “problem-solving”[39]. Though there are 
electrodes on your skin, they could not provide any clue what 
is going to happen. Because the current EMS device is low-
cost and poor, it is difficult for EMS to reproduce gradual 
and natural gestures, which increases the difficulty for users 
to obtain cues of intended gestures as the gesture unfold.  
 
People find that PASSIVE mode which is external force 
driven is planned, natural and with human interaction. The 
EMS mode which is internal force driven is most unreliable 
because it is random, unpredictable, mechanical and lack of 
hint or feedback. Thus, participants are willing to give up 
part of their agency when the gesture is comfortable and 
predictable. Here partial means though they are being 
controlled by others, they still have the ability to pull away 
from control or make subtle changes if they want to. 
Predictability may be perceived as having some level of co-
agency. 
 
In Pedro’s research[22] on simulating the sensation of being 
hit when playing box game in virtual reality, EMS is used to 
push the user’s arm backwards to achieve the impact of being 
hit. In his research, EMS simply acts as pseudo-force 
feedback and does not require co-agency. This is because, in 
the boxing game, users need the feeling of being caught 
suddenly and surprisingly. Then the lack of predictability 
may become plus rather than a minus. However, in our case, 
users are required to perceive detailed and in-depth 
information of the textiles as well as perceive the thoughts of 
the person behind the handling gestures. Thus, the co-agency 
is needed for users to prepare themselves well for the 
following handling actions. 
 
Therefore, it is worth investigating in future research if the 
predictability and sense of co-agency could be strengthened 
at the same time using more advanced and refined types of 
EMS. Whether the refined EMS could be as competitive as 
the PASSIVE mode or not is expecting. 
 
 
5.2 Design Implication 
Based on the results and finding of the experiment, we 
discuss here some important factors or aspects that should be 
considered in designing technology that enables to 
experience someone’s else textile handling experience. We 
discuss here these points: 
 
5.2.1 Need for a Predictable Guiding Force to Form Co-
agency 
We have discussed the external and internal force in last 
subsection. One of the reasons for EMS being considered 
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random and unpredictable is the lack of cues or feedback. In 
PASSIVE mode, the participants’ hand movement driven by 
the researcher’s hand is gradual and planned, which gives 
participants cues on what is going to happen. However, EMS 
has no such hint or feedback so that people resist EMS 
subconsciously. 
 
Thus, it is crucial for users to receive cues in order to predict 
the gestures and the exploration and in this way, people are 
willing to give up their partial agency or willing to be co-
controlled by EMS. 
 
5.2.2 Need Combination of Cognition and Sensation 
When there is a device controlling your hands, the contact 
itself between the surface of the device and the skin is an 
interference no matter it is temperature or smoothness of 
human hand or the painful stimulation of EMS. In an 
experiment investigating the effects of the material of a 
vibrating device on the user's tactile experience, the 
participants indicated that the feeling of the material had 
exceeded the vibration itself[6]. Thus, the stimulation either 
from internal or external cannot exceed the feeling of the 
textile. 
 
Apart from the effects of body movement and physiological 
changes on cognition which we have discussed in 5.1.1, 
another point is physical and physiological interfaces. 
Specifically, the information participants got under 
PASSIVE mode is from outside which needs to be accepted 
digested and learned, while the feelings and sensation 
obtained from EMS are “built-in”. Differences in physical 
and physiological interfaces or the “blurred ownership”, will 
result in different worlds users can see[23]. 
 
However, from the experiment, participants only found the 
force was from inside but not sensed it was “built-in”. There 
is a partition of cognition and action, perhaps due to the poor 
behaviour of the low-cost EMS and the lack of adaption time. 
Thus, if the cognition and sensation are well combined, users 
might be more engaged in exploring other people’s thought 
and be more empathic with others’ tactile experience. 
 
5.2.3 Need to Switch between Active and Passive Freely 
Based on the theory that sensations and cognition 
complement each other[17], a consensus can be reached, that 
is, only users handle entirely of the textile and get more 
textile information, can they better infer the tactile 
experience of others. In the experiment, we found that 
ACTIVE mode has a higher degree of freedom and 
flexibility, and people have their own unique way to handle 
textiles. In our study, the ACTIVE mode is more like 
sketching the outline of prescribed gestures, which is in line 
with real life. Users are not able to copy the micro details 
such as pressure, speed and where to stop unless there is a 
guiding force in the practical situation. 
 

However, in PASSIVE mode, because of the integration of 
other people’s handling preference participants are able to 
feel the details that have never been discovered before. In 
addition, participants are willing to give up their partial 
agency.  Thus, there is a need to switch modes freely. For 
example, users can stop the PASSIVE mode and switch to 
ACTIVE if they want to stay in one area for some time or 
want to explore one detail deeper. This is especially useful 
for a textile designer who needs to go further than average 
customers.  
 
5.2.4 Need for Naturalness of the Gesture 
It is revealed in Cary’s [8]study that there is a shared “tactile 
language” which means people can understand what people 
try to feel from the gestures they perform. However, EMS 
passes stimulation through the skin to the muscle, so it is 
difficult to aim at specific muscles precisely. In addition, in 
our experiment, because of the poor performance of the low-
cost EMS, participants cannot infer others’ intention from 
those sudden and gross hand movement.  
Thus, the premise is the repertoire of gestures such as 
pinching, stroking and scrunching [2] reproduced by our 
device should be natural. In addition, these gestures 
produced by our device should also be meticulous involving 
the right kinematics such as speed, synchronous and 
asynchronous movement of hand parts such as fingers and 
palm. In the future, it might be possible to save customer’s 
own handling preferences in “gesture dataset” in the case of 
customization. 
 
5.2.5 Need for Adaption Time 
During the experiment, it is found that at the beginning of 
trying EMS, participants felt nervous and scary. However, 
after they experienced EMS, the fear and anxiety 
disappeared, and they felt EMS amazing and interesting. 
Similar findings on sensation changes are also reported in 
other research[18]. The reason why people have such 
unpleasant feelings are not only due to their physical 
discomfort such as pain and paralysis caused by electrical 
stimulation, but also from the loss of agency. Because when 
muscles contract involuntarily, there is no way to resist.  
Though people want to pull out from control, the feeling of 
powerlessness will aggravate their nervousness and fear. At 
the same time, they are worried their resistance would hurt 
them[18]. 
 
Another reason for participants not optimistic about EMS is 
they are not familiar with EMS. Thus, they would feel 
nervous when first touching this new device; they felt 
distracted because part of their attention is on “how does this 
happen?” rather than on textile; they do not trust EMS as 
much as trust human hand. In addition, we found two 
participants were calm and they showed high tolerance to 
current when trying EMS because they had done 
electrotherapy before.  
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Pedro has conducted a study on investigating proprioceptive 
interaction through EMS[23]. In his experiment, one of the 
hand’s movement was captured by a device called Pose-IO 
and then EMS output the gesture on another hand. 
Participants feel less scary but excited when stimulated by 
EMS. Whether there is an adaption time is not mentioned in 
his paper. The reason participants are less scared could be 
because Pedro designed this experiment as a game and 
participants were listening to music during the experiment. 
The context is quite different from this study. Therefore, in 
the case of feeling textile, an adaption period is still needed 
when users are facing new tools. 
 
 
5.3 limitation 
This study has some limitations. First of all, it is the technical 
limitation of EMS. It is difficult for EMS to stimulate the 
muscles at specific locations accurately at this stage. And 
each person's tolerance to current stimulation varies. 
Because of the inability for EMS to copy the required 
gestures precisely, it is hard for participants to touch the 
textile entirely. In addition, the side effects of EMS are a 
sense of pain, numbness and even muscle fatigue for long 
stimulation, which loads psychological and physiological 
burden on the participants. Due to the limited experiment 
time of EMS according to the ethical approval, participants 
almost had no adaptive period. Thus, EMS has no advantage 
when compared to other two modes. If the side effects could 
be eliminated, perhaps participants’ judgment will be quite 
different. 
 
The second limitation is that there are not enough designers 
in the recruits. Generally speaking, if the average user can 
feel the other's tactile experience, then a designer who has 
better intuition and richer experience can feel others’ tactile 
experience without any problem. Nevertheless, they are two 
different groups. We might get more professional opinions 
on user experience if there were more designers. 
 
6. CONCLUSION 
Understanding customers’ tactile experience is very 
important for textile designers in their design process. In this 
study, we explored whether people can experience another’ 
tactile experience by their hands being controlled. Sixteen 
participants are recruited to handle three different textiles 
using specified five common gestures under three different 
modes that are ACTIVE, PASSIVE and EMS.  
 
The results show that people enjoyed PASSIVE mode which 
led to new exploration of textiles and deep understanding of 
some else’s tactile experience. Unfortunately, the EMS used 
in our experiment was too poor to replicate prescribed 
gestures as in the PASSIVE mode. However, from the study 
we identify five elements or factors that are critical or need 
to be considered when using a device to simulating someone 
else’s handling experience. These are naturalness of gestures 

produced by the device; a predictable guiding force; the 
combination of cognition and sensation; the flexibility of 
handling and the familiarity of the device. 
 
These findings also provide suggestions for future study 
directions to further explore how to transform the EMS from 
an uncontrollable internal force to a force that is predictable 
and co-shared.  
 
There are many limitations in this study and also some 
interesting findings. Combing these, for future work, we can 
do further experiments using more advanced and refined 
EMS which strengthened the predictability and sense of co-
agency to see whether EMS could be as competitive as the 
PASSIVE mode. Besides EMS, more methods of simulating 
the tactile experience can be explored such as brain 
stimulation or brain illusion. 
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