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PREFACE
This report presents the five-month final master project of 
the Industrial Design Program, at the Eindhoven University of 
Technology. This project builds on the cooperation project with 
Accenture Industry X.0 in the first semester of the final year (M2.1 
project). 

In this project, I took a detour from the traditional scientific studies 
of haptics and propose an exploratory design process to create the 
haptic symbols. Haptic symbol was defined, in this project, as a set 
of designed spatial-temporal vibrotactile patterns that could link 
to specific abstract information in human-computer interaction. 
The results show the potential of using haptic symbols as a new 
interaction modality and provides a steppingstone for further 
research in interaction design with haptic feedback. I focus on the 
vibrotactile stimuli on the lower back area, generated by a three-
by-three matrix of vibration motors. The matrix is attached to a 
garment prototype, which is used for usability evaluation. After 
the analysis and evaluation, I recommend a set of haptic symbols 
that are readily being employed. The final step is to implement the 
recommended haptic symbols in various scenarios.

This report starts with a brief introduction to the relationship 
between the M2.1 project and this final master project, leading to 
the introduction of the final master project. After showing the design 
process and methodology, the reports described the co-design for 
the proposed haptic symbols. Then it introduces usability evaluation, 
data analysis, findings and discussion, followed by expert evaluation 
and design implementation. In the end, it discusses the limitation 
and future work, and draws the conclusion. 
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From M2.1 Project in Company
During the last semester, I cooperated with Accenture and 
conducted a project in the company. Building on the connected 
worker technologies within Industry X.0 (IX.0), the project took 
a first attempt to implement vibrotactile feedback wearable 
in the construction industry and provided an initial business 
model to bring designed haptic wearable into the market. 

The findings of the M2.1 project indicated the feasibility of 
the on-body vibrotactile display to provide safety-related 
information and to serve as an alternative when the visual and 
auditory modalities are engaged. 

However, compared to the research on the visual and auditory 
channels, there is not a lot of exploration into haptic modality 
being used in human-computer interaction. Without guidance 
and tools, it is relatively difficult for designers to efficiently 
design haptic feedback that carries the right meaning and 
feeling. This issue also caused some hiccups while designing 
the vibrotactile patterns during the M2.1 project. Furthermore, 
during the user test, it is shown that the interpretation of the 
vibrotactile patterns is not only based on the pattern itself, but 
also the aesthetic preference and perceptual experience. Thus, 
it is meaningful to design the vibrotactile patterns feedback 
considering these factors. Therefore, the M2.1 project was 
taken as a starting point for future research on design process 
and tools in vibrotactile display and haptics research fields.  

In this final master project, I took a step back and explored 
the design space of meaningful and expressive vibrotactile 
patterns through a design research process. 

BACKGROUND
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Haptics in HCI
As the usage of digital and connected devices is increasingly popular, 
issues regarding visual and auditory sensory overload lingered. The 
problem happened in both typical desktop user interface, and embedded 
portable devices in non-desktop context (Maclean & Enriquez, 2003). 
Therefore, alternative sensory modalities are considered and integrated 
into contemporary human-computer interaction (HCI), one of which is 
haptic sensory.

In HCI definition, haptics refers to one or multiple perceived sense of 
touch, which consists of tactile sensations and proprioceptive sensations 
(Schneider, MacLean, Swindells, & Booth, 2017). Haptic sensing often 
functions synchronously with other senses and fewer stimuli in the 
physical environment could interfere with it (Schneider et al., 2017). 
Therefore, the most effective and traditional application of haptic feedback 
in HCI is served as a viable alternative to communicate information when 
other sensory modalities are impaired or engaged. Many researchers 
have investigated the application in different contexts, such as providing 
navigation information to visual impaired (SungMin, 2016; Wang et al., 
2017), providing situation awareness in driving context (Van Erp & Van 
Veen, 2004). 

It needs to be noticed that, research in this scope mainly focused on the 
most sensitive part of our body, such as fingers and hands, when applying 
haptic feedback (Hsieh, Liang, & Chen, 2016; Moussette & Banks, 2011). 
However, these body parts are also under frequent usage, and putting on 
haptic devices could cause inconvenience and impediment. For example, 
due to the labor working conditions of the construction workers, keeping 
the flexibility of the limbs is non-negotiable. Therefore, I made the decision 
to focus on the torso area, which is also big and more suitable for placing 
multiple normal and cheap vibration actuators. Moreover, the widely 
used computers and touch screens drove the interest in this category of 

research. By including haptic feedback into graphical user interfaces, or 
touchpads, it addressed the defectiveness of the existing digital devices 
for not fully utilizing humans inherent sensory-motor skills (Hayward et al., 
2004). 

Moreover, it is widely believed that including haptic feedback in HCI 
could enrich the multimodal interaction and create more immersive user 
experiences (Bongers & van der Veer, 2007; Visell, 2009). Especially due to 
the rapid development of the textile-based electronics and components, 
the interest towards haptic wearables is also growing, which brings new 
forms of HCI in off-desktop scenario (Hughes-Riley, Dias, & Cork, 2018). 
The haptic wearable mainly uses passive touch to provide artificial stimuli 
for different applications (Kurita, 2014). One of the mainstreams focused 
on simulating the reality and rendering the virtual environment, such as 
haptic feedback in training simulators (Kajimoto, Ando, & Kyung, 2015) and 
virtual reality (VR) scenario (Shor et al., 2019). Another focus of the haptic 
wearable research is providing social and emotional connections through 
mimicking the human touch, such as a hug (VanBerlo, n.d.). For example, 
Haritaipan et al. (2018) complementary the visual and auditory senses with 
haptic to create affective computing to mediate interpersonal connection 
in long-distance communication (Haritaipan, Hayashi, & Mougenot, 2018). 
It also showed the potential to improve co-presence connectedness and 
elicit helping behavior and generosity in social decision-making (Ahmed et 
al., 2016).

Haptics, as an umbrella term, involves a massive range of concepts and 
research topics. One of the most widely used haptic feedback is through 
vibration, due to the easiness to obtain and to implementation the 
vibrotactile actuators. In this project, I focus on using the vibrotactile stimuli 
to display information as a communication modality for HCI. 
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Haptic Symbol
Many attempts have been made using vibrotactile feedback to provide low-resolution notifications and feedback to the 
users. The most common and simple example is the vibration motors on our mobile phone. Another example is the 
wearables providing haptic-based alarms to track maintenance workers in real locations (“Safewatch life saving device 
for Siemens,” n.d.). Apart from that, research also shows the potential of the skin to receive more accurate and high-
resolution information with well-designed vibrotactile feedback, such as showing the graphical letters through vibrotactile 
(Dunkelberger et al., 2018; Novich & Eagleman, 2015). 

In this project, I would like to explore using the abstract form of vibrotactile feedback to convey high-resolution information. 
My approach shares the philosophy of semantics in linguistics, which “concerned with the relationship between signifiers, such 
as words, phrases, signs and symbols, and their denotation” (wikipedia, n.d.). This means that the vibrotactile feedback is 
designed and serves as a symbol for specific meanings in HCI. 

Similarly, for traditional computer interface, visual icons have been integrated and indicating information in a streamlined 
fashion (Maclean & Enriquez, 2003). These icons are acquainted and easily recognized by the users, thus, related to certain 
abstract meanings and information, such as the equilateral triangle pointing to the right is a play button icon; the LED light 
on the camera means the recording started. Moreover, non-speech auditory symbols are also been used in HCI to convey 
information. Similar to what Brewster et al. stated about the “auditory icon”, the shape of the graphical representation 
and the lighting of the LEDs do not have intrinsic meaning, the meanings are attached artificially with associations and 
metaphors, and the meanings need to be learned. 

Therefore, the project defined haptic symbol as a set of designed spatial-temporal vibrotactile patterns that could be 
linked to specific abstract information in HCI, such as the system state, response and problem. The goal of this project is to 
propose a design process to design haptic symbols, as well as provide a set of recommended haptic symbols. In the future, 
the result could contribute to creating a common basis for better encoding and decoding the information to vibrotactile 
patterns.

“We have the ability to discriminate tactile patterns and process and learn 
them just as we do for recognizing letters or words in speech and vision.”

—— Sherrick, 1975, The art of tactile communication 

“ “
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Design Haptics
The concept of haptics has a root in traditional scientific domains, such as neuroscience, physiology 
and psychology, while designers are often unfamiliar and inexperienced with the scientific knowledge 
of haptic sense (Choi & Kuchenbecker, 2013; Moussette, 2012). Meanwhile, it is also insufficiently 
investigated how the traditional scientific definitions and research could contribute to the interaction 
design with haptic modality. When designers try to create the haptic interactions, in my case, the 
vibrotactile patterns, they need to handle engineering parameters, such as amplitude, frequency and 
time. the link between the sensation of the end-users and those parameters is poorly understood, 
which obstructs the sense-making design process (Seifi & MacLean, 2017). The gaps caused the 
absence of design guidance and tools in haptics design projects, which makes it difficult for designers 
to efficiently conduct design activities (Moussette, 2012). 

Therefore, I took a detour from those scientific studies and give more autonomy to interaction 
designers via a formative research through design process. The process started with gathering 
what information could be conveyed through vibrotactile patterns. The list of information items was 
extracted from previous research from Chaung et al. (2019). Then, a co-design session is proposed 
to create the vibrotactile patterns together with designers and users. The co-design started with 
defining the information, and how the corresponding vibrotactile pattern might be perceived and 
interpreted. This process was facilitated by the descriptive words proposed by Seifi et al. (2017) and 
the visualization tools I created (Seifi & MacLean, 2017). After the co-design session, I sort out the 
design of the haptic symbols, both the vibrotactile patterns and the meaning. Then, a functional 
garment prototype was built to carry the vibrotactile patterns with a 3×3 matrix of vibration motors 
attached to humans back. The recognizability of the haptic symbols and user experience was 
investigated with a usability evaluation. After the analysis and evaluation, I recommended a set of 
recommended haptic symbols. The final step was to implement the recommended haptic symbols 
in various scenarios.
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PREVIOUS WORK
There is various research on all the aspects of the vibrotactile display, 
here, I especially research on the works that are more directly related 
to this project.

Vibrotactile patterns were defined as repeat stimulation at a series 
of contact points in the parts of the body, and the contact points are 
typically in a matrix (Klatzky & Lederman, 2002). The research examined 
the effects of temporal and spatial variations on haptic perceptions of 
vibrotactile patterns, that two temporally separated patterns could 
potentially form a new composite (Klatzky & Lederman, 2002). However, 
it also been proved that the vibrotactile sensation can be masked by 
the kinesthetic movement of the human body [47]. (Kurita, 2014)

Using vibrotactile stimuli to display rich information is considered as 
an effective and widespread modality for the haptic interaction (Choi & 
Kuchenbecker, 2013). 

Similar to the haptic symbol concept, Prasad et al. (2014) raised the 
concept vibrotactile codes, that using a 3×3 tactile display on the hand 
to convey verb phrases to the soldiers. In the project, they proposed a 
method to map the components of the verb phrase to the vibrotactile 
code – both shape and waveform (Prasad, Russell, & Hammond, 2014). 
Janidarimain et al. (2019) proposed a system that could generate 
vibrotactile stimuli in a 3×3 vibration matrix, that frequency and 
amplitude can be adjusted by the subjects (Janidarmian, Roshan Fekr, 
Radecka, & Zilic, 2019). 

Maclean & Enriquez (2003) also proposed a similar concept, called 
haptic icons, but only with single vibration actuators (Maclean & 
Enriquez, 2003). The goal was to understand how the haptic icons are 
perceived and what could be meaning behind it, in the future, build an 
expressive haptic language.

In order to better understand the correlation between haptic engineering 
and the sensation of end-users, Seifi & MacLean (2017) exploited the 
method, called haptic facets, that are used to “describe, navigate and 
analyze the cognitive frameworks”, which assist the users to make sense 
of their haptic sensations. They proposed five facets: physical, sensory, 
emotional, metaphoric and usage examples. In this project, I adopt these 
facets to build up the design process. Then they explored how the facets 
could help the users find the desired one-actuator vibration pattern, with 
a 120-item online interactive library (Seifi, Zhang, & MacLean, 2015).

When designing the vibrotactile displays for wearable devices, it is 
essential to consider the sensitivity of the passive touch of different 
on-body locations (Zeagler, 2017). One of the ways to demonstrate the 
sensitivity to passive touch is the “two-point discrimination test”, showing 
the minimal separation between two contact points needed to perceive them 
as separate (Klatzky & Lederman, 2002; Nolan, 1982). 

Mancini et al. (2014) proved that the s-point discrimination thresholds 
for simultaneous touch on the lower back (T10 and T11 process) is 
approximately 2.5cm. Based on Novich & Eagleman’s research, 6cm is the 
separation between the motors that allows high accuracy of recognizing 
vibration placement and patterns (Novich & Eagleman, 2015). Moreover, 
another group of researchers proved that the temporal discrimination 
thresholds on the lower back (L3 process) is 38ms, and for upper back 
(T2 process) is 38.7ms (Hoshiyama, Kakigi, & Tamura, 2004). For my 
prototype, I attached the vibration matrix to the wearable, which could 
press the vibration motors to the lower back area, approximately (T2 to 
T10). 
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PROCESS
In this project, the constructive design research method was applied, which means 
part of the insights will come from the pre-research while the development of 
prototypes and others will be gathered by performing experiments, interviews, 
questionnaires etc. (Wensveen, 2018).

The process of the five-month project is categorized into three main activities, 
Inspiration, Ideation and Implementation, instructed by the IDEO Human-centered 
design model (IDEO, 2020). The overview of the process is shown in Figure 1. 

Figure 1. Design Process
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Inspiration
In this stage, the goal is to define the challenge 
and focus of this project. I got inspirations 
through reflecting on the M2.1 project and I 
selected one of the future directions to frame 
the final master project. Based on the previous 
knowledge, I investigated previous works, mainly 
focused on the on-body vibrotactile display 
design as well as the design principles and tools. 
Moreover, I brainstormed with two designers in 
Manus VR, who are interested in creating on-
body haptic feedback suits to complementary 
their VR devices system. This interview provided 
more validation for this research topic. Then I 
synthesized these three aspects and defined 
the concept of “haptic symbol”, then I decided 
to focus on the exploratory design of the haptic 
symbols as an interactive modality.

Ideation
The ideation stage included most of the design 
activities in this project, which are emphasized in 
the research through design methodology. The 
insight gained from the inspiration stage contrib-
ute to the development of the design process 
for haptic symbols. In this stage, a co-design 
session was proposed to create initial concepts 
with designers and users. Then, through sum-
marizing and re-creating, I was able to propose a 
set of eight haptic symbols for this project. Then, 
a functional prototype was created and used for 
the evaluation. 

Implementation
The goal of this stage is to evaluation the design 
concept, propose recommended haptic symbols 
and generate knowledge. The usability evalua-
tion was conducted, and the data was analyzed. 
Based on the results, the recommended haptic 
symbols were proposed. In order to clarify the 
value of the research, I took the first attempt to 
envision the application of the recommended 
haptic symbols in two specific scenarios. The 
first one is for construction workers for on-site 
communication. As this project was inspired 
by the M2.1 project, the design implementa-
tion could feed back to it. The second one is for 
virtual reality instruction. Based on the expert 
evaluation with Manus VR, it shows potential to 
use haptic feedback as a new fashion to convey 
information.  

Synthesis Co-Design Concept Prototyping Evaluation DeliverResearch

- 10 -

Final Master Project_Report_Haoyu Dong_2020.6



CO-DESIGNING HAPTIC SYMBOL
As the haptic sensation is highly personal (Janidarmian et al., 2019), I proposed a co-design 
session to generate vibrotactile patterns that could consider the subject-to-subject difference 
to some extent. The co-design session allowed the designers and users to work together to 
create the vibrotactile patterns linking to the specific information. The outcome of this co-
design session is the initial concepts and sketches of vibrotactile patterns, which was used to 
iteratively refine the final design of the haptic symbols. The session was held remotely, using 
skype and web-based workspace Mural. The setup of the session is shown in Figure 2 the 
canvas page is shown in Figure 3.

Figure 2. Setup for Online Co-design Session 
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Figure 3. Mural Canvas for Online Co-design Session
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Information Items
To begin with, the abstract information that can be conveyed by haptic symbols was proposed based on the former research from Chuang et al. 
(2018). By systematically analyzing the concept video about future human-IoT system interaction, Chuang et al. (2018) proposed a list of design 
vocabulary items in this scenario (Chuang, Chen, & Liu, 2018). Based on this list, I deliberately selected the items that represent the information 
flow from the system to the users. I further narrowed down the selection by judging the suitability of the items being encoded into vibrotactile 
patterns. Finally, I picked out 9 information items for the co-design session. These information items were clearly defined based on the description 
in Chuang et al.’s report. As mentioned in Chuang et al.’s paper, the negative vocabularies were mostly ignored in the ideal demonstration of the 
concept video.  And inspired by the M2.1 project, “emergency” was added to the list, making a 10-item list for the co-design session. It is clear that 
the list it not thorough enough, yet it provides a certified list that can be used for this project purpose. 

Table 1. Defined Information Items

Item Name Description
1 Confirm After the user inputs something to the system, the system replies with a confirmation 

that it gets your input and agrees on it/ will conduct it.
2 Reject the function that the user required is not possible
3 Recommend Show suggestions and discuss options with the users
4 Reminder Based on where the notification comes from, maybe also indicate the possible 

direction the user needs to look at on the screen or to go. Need more info to follow to 
create clear interaction

5 Low power E.g. the battery is low
6 Emergency If the problem is like the system crashing, or the system tries to notify the users 

something emergency is happening. This should work with other information at the 
same time, to explain the exact situation to the users.

7 Show progress After the user changes some settings, it may take some time to process, then the 
haptics can provide information about the process.

8 Booting The system/machine is booting. 
9 Request When the system requests certain help from the users, this indicates the user needs 

to check certain information to say what they need to do.
10 Navigation Location-based service in IoT system, such as GPS navigation. Helping the users to 

find a specific product in the room (store)
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Visualization Tools
In order to facilitate the sketch of the vibrotactile patterns, I have proposed a set of co-design activities using a visualization tool. 

As mentioned in previous works, Seifi & MacLean (2017) compiled five facets that often are used to describe the perception of vibrations: physical, 
sensory, emotional, metaphoric and usage examples. In this case, physical facet, such duration, rhythm structure, etc., was considered when the 
participants visualize the patterns with graphs. The usage examples have been determined as the given information items (Table 1). Therefore, I 
provided the participants with descriptive words from three facets (sensory, emotional and metaphoric attributes). This aimed at assisting them to 
describe and imagine the perceptive feelings of the vibration patterns. 

During piloting, I found out that it is complicated to simultaneously consider one-vibration-motor-behavior (e.g. frequency, intensity, time) and 
vibration motor matrix’s patterns, when visualizing the vibrotactile patterns. In order to simplify the design process, the two aspects were separated 
and were combined again in the consolidation. However, it should be noted that matrix temporal and spatial patterns are the main focus in this 
design. And this decision was made based on the research from Novich & Eagleman (2015), they proved that designing vibrotactile arrays with both 
space and time variations could increase the vibrotactile two-point resolution and result in the most perception.

For the visualization of one vibration motor behavior, I borrowed the approach using line graphs from designing the light behaviors by Harrison et 
al. (2012). Since the vibrator behavior could share similar parameters as the light behavior, such as temporally sequential, amplitude and frequency. 
For indicating the vibrations in matrix, I simply use the numbers to indicate the order and the light and dark grey color to show the intensity. The 
visualization tool can be found in Figure 4. 
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Figure 4. The visualization tool for co-design session
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Participants
The student designers from Industrial design at TU Eindhoven were recruited and attended the co-design session voluntarily. All of 
them have experience with HCI design and research, but not necessarily with haptic feedback. A Total of three co-design sessions were 
conducted with nine fellow designers (5 female). Each session has three designers.

Procedure
Each session lasted for one hour. After signing the consent form (Appendix 2), the designers were briefly introduced to related 
knowledge of haptics, the list of information items and visualization canvas. In order to maximize the consistency of the design from 
different designers, they were required to cooperate to choose one vocabulary item and write down the descriptions for the possible 
haptic behaviors. Then, they will work individually to generate the haptic behavior for both one vibration motor and a 3×3 grid of 
vibration motors. Afterward designers explained their concepts and discussed among the group, they were allowed to make changes. 

Consolidation
Most of the information items were well-defined and the proposed design of different designers shows a certain level of consistency. 

However, I observed that the designers have difficulties to design for item 3 (recommend). The discussion reveals that the information 
behind this item could be complicated depending on different context and need a lot of following-up information. Also, the designers 
expressed that designing for item 10 (navigation) is redundant, since it can simply be done by vibrating in the right direction. In 
response, these items have been taken out from the final list. 

By summarizing the common ground and characteristics of each design concept from different designers, I was able to propose the 
design of the vibrotactile patterns for each item.
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HAPTIC SYMBOL 

Figure 5. The Haptic Symbols
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The formative co-design session yielded eight vibrotactile patterns mapped to eight 
information items, as shown in Figure 5. 
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PROTOTYPE
In order to evaluate the proposed haptic symbols, a fully functional and experiential prototype was designed and created (Figure 6. The 
prototyping process). The designed vibrotactile patterns were created through vibration motors attached in a garment, and closely pressed 
to the back area of the users. 

Figure 6. The prototyping process: a) learning and testing the usage of the Adafruit Driver Shield, b) 
hand-made cude to enclose the vibration motor to make sure it works when attached to fabric; c) The 
first iteration of the prototype; d) prototype experiment and pilot test; e) soldering and neaten the 
circuit; f) arrange and glue the vibration motor to the garment; g) making and finishing the garment.

a)

b)

c)

e)

f)

g)

d)
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The design of the prototype was re-considered and improved 
based on the prototype in M2.1 project. The following aspects were 
considered, also follow some of the recommendations given by 
Choi et al. (2013) (Choi & Kuchenbecker, 2013). 

1) The type of the actuators: in M2.1 project, the most 
common flat ERM (Eccentric Rotating Mass) vibration 
motors were used. However, due to the mechanical 
structure and the way of mounting, the vibration occurs in 
the parallel direction to the skin, which makes the vibration 
sensation not strong enough. Therefore, for this prototype, 
a cylindrical ERM motor was applied, and the vibration 
direction is perpendicular to the skin, which causes more 
noticeable vibration; 

2) The wearable: in M2.1 project, the wearable itself was not 
deliberately considered. Sometimes the vibration motors 
cannot be pressed tightly on the back, due to the varying 
range of the body size and body movement. This causes 
the vibration unnoticeable or the offset of the perception. 
Therefore, I selected a tactical garment. The elastic band 
around the lower back could prevent the vibration motors 
from moving and the Velcro over the shoulder and lower 
back area allow individual adjustability. 
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Hardware & Software
Nine ERM motors formed a 3 × 3 matrix with a spacing of 6 cm (Appendix 
3. Hardware Datasheets). 

In order to individually control the intensity of nine vibration motors by 
Pulse Width Modulation (PWM) signals, Adafruit 16-Channel PWM Driver 
Shield is used (Appendix 3), which can be attached directly to an Arduino 
Uno board and provide 5V power to the vibration motors. The vibration 
intensity was set to two levels: low and high.  The circuit is shown in Figure 
7. 

Using Arduino IDE software, I realized the designed vibrotactile patterns 
and the full code can be found in Appendix 4. 

Figure 7. The circuit
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Prototype Experiment & Pilot test
After the first prototype (Figure 6. (c)), I have conducted three 
informal experiments (Figure 6. (d)), with fellow students to 
make minor adjustment of the vibrotactile patterns and the 
placement according to human tactile perception. I simplified 
the pattern “reminder”, due to its low recognizability. I also 
made the pause between each vibration stage in pattern 
“emergency”. 

Meanwhile, I conducted pilot tests in order to analyze the 
feasibility of the designed in-lab user evaluation protocol. 
During piloting, I followed two protocols: 1) participants try out 
the patterns without any previous information and education, 
2) participants are introduced to the patterns by looking at 
the graphical visualization and then try out the patterns. The 
participants expressed that the second method was more like 
testing the memory ability of the users, instead of focusing on 
the patterns itself. Therefore, for the final usability evaluation, 
the first method was adopted. The results from the pilot test 
were not used for data analysis.

After the experiment, the second iteration was built, as shown 
in (Figure 6. (e,f,g)),. A tactical garment was used to provide 
individual adjustability and fixed placement of the vibration 
motors. The vibration motors are glued to the inside of the 
garment, and the microcontroller is located on the outside of 
the garment. The final prototype is shown in Figure 8.

Figure 8. Final prototype
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USABILITY EVALUATION
The goal of the usability evaluation is to validate the design 
process through evaluating the haptic symbols from three 
perspectives: distinguishability of the patterns, the affordance, 
and general user experience. 

Participant
A total of seven student participants (5 female) participated 
voluntarily in the usability evaluation. They were recruited from 
TU Eindhoven, age 22 to 27. The participants did not have prior 
experience with vibrotactile feedback wearables. 

Setup 
The usability evaluation was conducted in the outdoor area 
(Figure 9). Though the environment would be relatively complex 
to control, in order to minimize the deviation, I have chosen the 
timeslot between 14:00 to 17:00, with sunny days. A laptop was 
used to control the prototype, and an iPad for the participants 
to digitally sign consent form, visualize the patterns and fill in 
questionnaires.

Figure 9. The setup for usability evaluation
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Method
The distinguishability of the vibrotactile patterns was accessed by the recognition rate, and the 
affordance was measured by the mapping rate with the information items. 

The subjective user experience was rated through a Likert Scale questionnaire modified from the UEQ 
questionnaire (Team UEQ, 2018). The UEQ questionnaire, which evaluates the user experience on 
five different qualities, attractiveness, efficiency, perspicuity, dependability, stimulation and novelty 
(Team UEQ, 2018). These qualities can be grouped into pragmatic quality (Perspicuity, Efficiency, 
Dependability) and hedonic quality (Stimulation, novelty). Additionally, the subjective mental workload 
(MWL) was measured through a 7-point scale questionnaire, generated from the NASA Task Load 
Scale. The questionnaires can be found in Appendix 5. 

During the evaluation session, the participants were encouraged to think aloud and speak. Then a 
semi-structured interview conducted at the end of the session. The notes were informally analyzed 
based on the content analysis method (Lazar, Feng, & Hochheiser; Harry, 2017). All the interviews 
were recorded and transcript.

Procedure
All participants signed an informed consent form before the formal evaluation (Appendix 6). The 
test started with an introduction to give the participants primary information about the project, the 
goal of this evaluation. Then they were required to read the description of the information items. 
The description was refined by personate the computer system in order to make it easier for the 
participants to understand (Table 2). Afterward they were introduced to the visualization canvas, 
which is the same one used in co-design session (Figure 10). Then, I showed the prototype to them. 

After the participants put on the prototype, they tried out the nine vibration motors one by one, in 
order to get a rough feeling of the position and intensity in advance.

Then, the eight vibrotactile patterns were given in random orders, one at each time. The participants 
can try out each pattern for three times. Then they were required to visualize and describe the 
vibrotactile patterns, as in detail as possible. The visualization tools were provided using iPad to assist 
their visualization and expression, as shown in Figure 10 (Appendix 7). Afterwards, the participants 
will use the description words as an assist to map the patterns to the information items. After all the 
trials finished, they will explain what they felt and what they mapped. Hereafter, I informed them of 
the right patterns, and asked them to try out the patterns again and express if they can feel them 
correctly.  Then, participants were required to fill in questionnaires about the workload and user 
experience. During the whole evaluation session, the users could freely express what they feel and 
think at the moment. In the end, a more instructed interview was conducted. 
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Table 2. Information items descroption used in usability test

No. Name Description
1 Confirm You send a simple command to the system (e.g. change the temperature of your heater, set up a schedule for your rice cooker).The system replies: 

Yes. Oki. Confirmed. Will do. Done.  

2 Reject You send a simple command to the system. The system replies: Oh no, the function you required is not possible. No way

3 Low battery Low battery state needs to be noticed. The system states: OHhhhh…. I need power

4 Emergency Emergency problem needs to be noticed (system crashing, something emergency is happening). The system states: Ohhh HELPPPPP! Something 
is wrong. Attention! (This should be followed by other information at the same time, to explain the exact situation to the users.)

5 Request When the system requests certain action/ help from the users (e.g. when there are multiple people in the IoT environment, you change some setting 
that does not fit others’ preferences, so the system ask you if there is a compromise). The system replies: Hello? Could you check this? I don’t 
know what to do. (This should be followed by other information at the same time, to explain the exact situation to the users.)

6 Booting When you initiate a new function, the system indicates its situation and afterwards you can take proper actions  (e.g. turn on the system). The system 
states: I am going alive! I am performing this task.

7 Reminder You set a reminder/ alarm, the system is notifying you.The system states: Hey! Here is something you need to do. (This should work with other 
information at the same time, to explain the exact situation to the users.)

8 Show 
progress

When you require something complicated from the system (e.g. downloading a movie, reserve a restaurant), it may take some time to process. With 
this, the user knows that it is starting and no need to press again. The system states: Oki, I am working on it. Don’t rush. 10%, 20%..... 90%...

Figure 10. Visualization canvas for usability evaluation
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DATA & ANALYSIS
The data from the usability evaluation were 
collected, consisting of pattern visualization, 
mapping with information items, results from 
user experience and workload questionnaire 
and interview and observation notes. The full 
data collection can be found in the Appendix 8, 
9, 10.

Pattern Recognition & Information 
Mapping
After each trial, the participants visualized the 
vibrotactile patterns they perceived. The result 
of the visualization is shown in Figure 11. 

Figure 11. Visualization 
results of all participants
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The accuracy of their visualization was evaluated by the recognition rate. The variations with minor errors 
that do not influence design intentions, were considered as 50% correct. For example, as shown in Figure 
11, the variations for pattern 4 by Participant 1 and Participant 3 are considered as 50% correct. Then, 
the recognition rate was calculated by adding two points for 100% correct, one point for 50% correct.

After being introduced to the patterns, most of them could be perceived correctly. Yet three participants 
could not recognize pattern 7. Even for the participants who can perceive it right, one of them expressed 
that it is really complicated, “…it is rotational symmetry…”.

The results of mapping the perceived patterns with the given information items are demonstrated in the 
confusion matrix, as shown in Table 3.

Table 3. Confusion matrix of information mapping  

 1confirm 2 reject 3 low 

power

4 emergency 5 request 6 booting 7 reminder 8 show 

progress

1confirm 1 1 2 2  

2 reject 1 3 1 1 1  

3 low power 1 1 4 1  

4 emergency 6 1  

5 request 2 1 1 1 1 1  

6 booting 1 1 2 1  

7 reminder 4 2 1   

8 show progress   1   1* 1 6

It can be noticed that the “emergency” and “show progress” patterns have good affordance, with 6 out 
7 participants map it right. Then, it followed by “low power” with four correct mappings and “reject” with 
three correct mappings. For the pattern “confirm”, there are four participants mapped it with “reminder”, 
while only one participant mapped it right with “confirm”. For the other three patterns “request”, “booting” 
and “reminder”, the confusion matrix showed a high level of misclassification rate. 
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The recognition rate and mapping rate was shown in the 
column graphic clustered by the vibrotactile patterns 
(Figure 12). 

Figure 12. Recognition rate and mapping rate per vibrotactile patterns

Among the eight tested vibrotactile patterns, pattern 
“request” possesses the highest recognition rate (100%) 
pattern “booting” and “reminder” both have the lowest 
recognition rate (29%). Yet pattern “request” has a low 
mapping rate (14%). As for mapping rate, in the first place 
are pattern “emergency” and “show progress” (86%), 
while in the last place is pattern reminder (0). The results 
show that there is no correlation between the two rates. 
Generally speaking, pattern “low power”, “emergency”, 
“show progress” have high rate in both recognition and 
information mapping. 

User experience & Mental Workload
Due to the small size of participants, the results of the UEQ 
questionnaire were spread in a large range and therefore 
were analyzed using the boxplot in the UEQ Data Analysis 
Tool (Team UEQ, 2018), shown in Figure 13. 

Figure 13. UEQ rating
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Using the boxplot graph, the median, minimum value, 
maximum value and quarter values are presented 
clearly.  It can be seen that the rating for most of the user 
experience qualities distributed in a large range. Especially 
for perspicuity, the rating ranges from around 6.5 to 2. 
Meanwhile, the rating for perspicuity is quite low, while 
the rating for novelty is high. 
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The rate for mental workload was analyzed by calculating the mean value. It shows the general high workload 
during the usability evaluation. The rate for mental workload was analyzed by calculating the mean value. 
It shows the general high workload during the usability evaluation. Corresponding to this result, the rate 
of perspicuity in the user experience questionnaire is also the lowest. Comparing the others, the mental 
workload for “feel” the intensity of each motor is evidently low. 

However, when comparing to the recognition rate of the patterns, it seems the workload for “feel” the 
patterns in general and “feel” the position of each motor are quite high. 

Figure 14. Workload Rating
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Integrated Notes
A comprehensive note was created based on the written think-aloud and voice recording of the entire 
evaluation and categorized by each participant (Appendix 10). The notes are color-coded and analyzed by 
the content analysis method. Through reading the written sentences actively, meaningful characteristics 
of the participants’ comments were spotted. I also actively link the notes to the recognition rate and 
mapping rate from each participant, which results in a deeper understanding of the reasons behind 
certain behaviors (Table 3).

 Table 3. Racognition Rate and Mapping Rate per participant

Recognition Rate Mapping Rate
Participant 1 62.5% 50.0%
Participant 2 62.5% 25.0%
Participant 3 75.0% 50.0%
Participant 4 43.8% 50.0%
Participant 5 62.5% 25.0%
Participant 6 68.8% 25.0%
Participant 7 56.3% 62.5%
Average 61.6% 41.1%

Out of the seven participants, only one participant got a recognition rate that is lower than 50%. The 
highest recognition rate is 75.0% and the average recognition rate is 61.6%. Taking the fact that none 
of them had experience of using such vibrotactile garment into consideration, the recognition rate has 
shown a certain level of recognizability of the patterns. In comparison, the information mapping rate 
of the participants are lower, and the average mapping rate is 41.1%. There are three participants only 
mapping two patterns correctly wit the information.
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FINDINGS & DISCUSSION
In this section, the findings and interpretations are discussed per topic: integrating and recommending the haptic symbols, 
the novelty has its double effects, recognition rate and learning process, and enjoyment of the vibrotactile display.

Integrating and recommending the haptic symbols
In this part, I discussed the findings regarding the haptic symbols, combining the data of recognition rate, information 
mapping rate, interview and observation notes. As the outcome, I proposed five recommended haptic symbols. 

The results showed that pattern 4 “emergency” is quite unique and noticeable for the participants, due to its strong intensity 
and fast pace. And the information item that matched to this pattern is also obvious (mapping rate 86%). Participants 
describe pattern 8 “show progress” as “relaxing”, “pleasurable” and “nice!!!”, which was interpreted as a chronological 
loading icon. Therefore, it was easily mapped with “show progress”. During the evaluation, some participants mapped 
pattern 3 “low-power” with show progress, but the uncertainty was solved after they tried out the pattern 8. Generally 
speaking, it was easily associated with show progress. For pattern 4 and pattern 8, the recognition rate is lower than the 
mapping rate, which indicates that the participants could understand the meaning through the feelings instead of the 
exact accurate patterns.

For pattern 5 “request”, it has a perfect recognition rate (100%), since it is simple and one-directional. However, the 
mapping rate is only 14%. During the evaluation, I found out that the participants are not familiar with this information 
item. The “request” item means that as the system becoming more and more intelligent, they would process some 
situations and command from the users. In certain situation, the system would ask for help from the users if the artificial 
intelligence cannot make a decision. Yet the intelligence of the system this information contains is not very common 
in daily life. As seen in the Table 2, participants tend to associate it with the opposite of pattern 3 and a power-on 
process, thus map it with booting. Also, the short and simple characteristics make it like a short notification – reminder. 
Meanwhile, pattern 1 “confirm” was perceived as simple and short. Through it has a low mapping rate (14%), four out of 
seven participants interpreted it as a reminder. Therefore, in ths final recommendation, I proposed to map the pattern 
“confirm” to “reminder”.

On the contrary, the pattern 7 “reminder” was designed to associate with “ding”, “knock-knock” and “meaningful”. However, 
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Figure 15. The recommended haptic symbols

when multiple vibration motors work at the same time, the participants struggled to figure it out. The information mapping for 
pattern 7 “reminder” shows no consistency and the right mapping is zero. The other “unrecognizable” one is pattern 6 “booting”, 
which also contains two stages, one vibration motor in on stage and multiple vibration motors in the other stage. Some of the 
participants said that it is “…hard to find the center… and put everything together…”. 

For pattern 2 “reject”, the recognition rate is pretty high, however, not all the participants could associate it with the cross icon 
“×”. This causes a relatively low mapping rate. Yet, for the participants who get the icon shape, all of them expressed affirmatively 
that this means “reject” or, as one of the participants said, “NO WAY”. This reveals the potential of this pattern to be logically 
understandable, and easy to remember.  

Based on the data analysis, five of the haptic 
symbols have been proved to be recognizable and 
intuitive, which could be ready to be implemented 
(Figure 15). 
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The novelty has its double effects
None of the participants had experience with the vibrotactile feedback 
wearable before, this causes two results – “…excited and nervous…”. On 
the one hand, they think it is very a unique and interesting experience, 
which aligned with the results from the UEQ questionnaire that the ratings 
for novelty and stimulation are high. This shows the value of creativity and 
the potential to stimulate the users to put more effort to understand the 
patterns in the future. On the other hand, it could cause some nervousness 
and feeling of uncertainty, as mentioned by most participants: “I have the 
pre-feeling that I may feel it wrong”. During the evaluation, some participants 
show their tension quite obviously, like they take this evaluation as a task. 
When related to the high mental workload, it can be explained that the 
users already have pressure on themselves because of the unfamiliarity to 
the concept. 

Recognition rate and learning process
After being introduced to the patterns, all the participants showed interest 
to try the patterns again. Then, they can all distinguish there are three 
patterns, although with slightly small discrimination between the first two 
patterns. However, after being introduced to the patterns after the trial, 
the participants show more interest and motivation, they strongly express 
it is easy to remember.

Furthermore, the participants believed that through learning and 
practicing they could understand and get used to the feeling better. One 
of the participants also mentioned that “…if I would repeat it right now, I 
could differentiate the vibrations even better already…”. Another common 
statement is if the whole concept was put into a certain context, it could 
be easier for them to understand the meanings behind the vibrotactile 
patterns.

Enjoyment of the vibrotactile display
Last but not least, the participants generally enjoyed the prototype, which 
is a good sign for further implementation in our daily life. 
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EXPERT EVALUATION
The aim of the expert evaluation is not limited to the 
design concept itself, but also gathering feedback 
about the application and further development.

Five experts were recruited for the expert evaluation 
from Manus VR, three wearable designers (one lead 
director, one for generating concepts, one for bringing 
concept to prototype), one industrial designer and 
one lead director focusing on wearable hardware 
engineer. The expert evaluation was conducted in 
the office of Manus VR in Eindhoven (Figure 16).  

Figure 16. Setup for expert evaluation

To start with, I briefly introduced the project and 
some initial findings from the usability evaluation. 
Then, the experts were requested to give overall 
comments. In the end, they discussed the application 
and value specifically in VR context and their company

In general, the experts gave positive comments and 
appreciation on the project. They also put forward 
many suggestions, which helped me to reflect on 
my project and envision future work. The feedback 
covered various aspects, which will be described and 
discussed in the following paragraphs. 
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Learning process could be long but not impractical
The experts agreed on the significance of the learning process of using 
haptic symbols. One of them mentioned, “This is like a new language.” She 
stated that the vibrotactile patterns are like the words, and it indicates 
a certain meaning (information item). It is necessary and practical to 
learn and practice understanding this “new language” before actual 
implementation. They also mentioned that the learning process is also 
a process of building trust. As shown in the usability evaluation, it could 
potentially improve the user experience.

The aesthetics of the prototype influence the perception and 
user experience
The wearable designers comment on the physical prototype itself. As 
this prototype looks like a “military-technological vest”, it potentially 
influences the mindset of people who is wearing it. There is a possibility 
that the participants feel nervous and the state of their muscles are tight, 
which could affect their vibrotactile sensation. Therefore, it is essential 
to design the color, material and style of the haptic wearable, when 
considering put them in use in daily life.

The way to attach the motors to the fabric could influence 
the perception
Moreover, one of the wearable designers also commented on the way, 
that the vibration motors are attached to the fabric. She said it “has the 
potential to create a variety of vibrotactile sensations”. 

The placement of the vibration motors

The industrial designer raised the question about if I looked deeper into 
the placement of the vibration motors on the body parts. But they do 
agree on the complexity of the traditional neuroscience knowledge for 
designers. Therefore, they suggested the placement could be designed 
by interviewing different group of peoples with the same occupations 
and summarize their muscle abilities.  For example, the construction 
workers could suffer from similar muscle damage, “which means there 
are certain areas, certain nerves of their body are not really working, so 
they can’t really feel certain vibration”. 

Application in VR: providing nonintrusive instruction
In the current stage of VR technology, the experience heavily relying on 
the visual and auditory interfaces. As mentioned in the Previous Work 
section, many companies started to develop haptic suits to provide the 
simulation of reality. Despite all the effort to make the experience more 
immersive, one aspect is neglected - the instructions in VR. 

The VR systems often use graphical interfaces or arrow icons to indicate 
or communicate with the users, to direct to them where they should 
look to or where they should turn. However, as the expert mentioned, 
the graphical “flat interfaces showing in a very nicely designed virtual 
environment does not make sense and break the immersive experience 
in some cases”. Therefore, a more intuitive and non-intrusive fashion 
could facilitate better a VR experience. As “there are always certain 
things that you cannot see” in VR, the haptic symbols could convey 
instructional information to create the awareness of the around the 
virtual world.

In the following section of this report, this scenario was considered to 
contextualize the haptic symbols. 

Experience Design using the co-design tools
The lead director expressed that the conceptual thinking of the co-
design session and tools are also relevant to their company. He argued 
that technological companies like Manus VR focusing on making 
hardware and software, but not addressing the user experience. The 
description and visualization tools could help to explain concepts to 
clients and users who do not possess any programmable knowledge.

The lead director for wearable agreed from another point of view. She 
said that the new generations acquire programming knowledge since 
a young age. This brings new opportunities for personalized products, 
since the future users could be able to design their own haptic 
experience. With the essence of the co-design session, it provides one 
possibility for the personalization design.
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DESIGN IMPLEMENTATION
I decontextualize the on-body vibrotactile display and attempt to propose a more general design process and uni-
versal haptic symbols which could be pivoted and then employed in different scenarios.

Although the design of the haptic symbols was based on the information vocabularies used in the human-IoT system, 
the information itself could be potentially used in various contexts with common or similar meanings. Therefore, 
at the end of the project, it is valuable to re-contextualize the designed haptic symbols to specific scenarios, by re-
defining the specific implication of the haptic symbols and clarifying the value.

For Construction Workers – Accenture
In the cooperation project with Accenture, I explored bringing haptic 
technology into the industrial domain, in this case, the connected 
construction site. The main contribution to Accenture was identifying 
the needs to bring new communication modalities to construction 
workers, proposing the concept of haptic wearable, and developing 
the business model for the initial market entry. However, the design 
of the haptic symbols only focused on one aspect, while there is other 
information that needed and can be conveyed through haptics.  

In order to implement the concept, a well-considered set of haptic 
symbols could bring more values. Therefore, the five information 
items were redefined according to the construction site scenario. 
Same as the scenario in M2.1 project, the connected construction 
site also equipped the workers with other wearable devices, such as 
tablets and earphones. Therefore, the haptic symbols could be used 
as a complementary to visual and auditory information, to relieve the 
pressure on the visual and auditory stress, increase environmental 

awareness and improve the work experience. 

Emergency: Informing the workers about emergency situations that 
instant actions need to be made. For example, a nearby accidents, fire 
alarms and falling objects from high..

Reminder: Notifying the workers about accident-prone area, or re-
minding the workers about certain tasks need to be done.  

Show progress: Informing the workers of the progress a small task 
would take, such as turning on a machine. It could also be used when 
two workers need to act on some tasks together, they could be aware 
of the others progress.

Low power: Informing the workers of the power state of the wearable 
itself, or the (handheld) machine they are using.

Reject: Informing the workers to be rejected and stop. This functions 
specifically defined for the scenario when the workers are entering or 
getting too close to the dangerous areas. 
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For VR Instruction - Manus VR
As mentioned in the expert evaluation in Manus VR, a new form 
of showing instructions and communicating information is under 
demand. For current commercial VR experience and games, certain 
instructions are provided to help the users learn about the virtual 
environment and facilitate the use process. Therefore, this type 
of information is essential, yet not contribute to building up the 
immersive experience. The traditional ways to give instructions are 
graphical interfaces and speech-based command. These are often 
not well designed and cannot blend in the VR environment. Thus, 
it could potentially interfere with the visual and auditory input and 
undermine the immersive feelings of VR. Hereby, I propose using 
the haptic symbols to convey instructional information for the VR 
device users. This could provide more options to give instructions 
while the visual and hearing sensory channels are engaged. Cur-
rently, many companies started to develop and implement haptic 
suits in VR experience to provide the simulation of reality. It pro-
vides the possibility to easily apply the haptic symbols in the haptic 
suits. This proposal aims to facilitate better VR experience in a more 
intuitive and non-intrusive way.

It needs to be clarified that these information items are defined as 
instructions for behaviors in the VR environment, instead of the 
reality. 

Emergency: emergency happening in the VR environment, alarm 
the users to be pay attention and take some instant actions.

Reminder: small notification to let the users turn around

Show progress: informing the users about the progress after the 
users conduct certain tasks.

Low power: informing the low power states of certain objects in VR

Reject: informing the users that their command or action are not 
possible in the designed VR environment.
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DISCUSSION
This project took first attempts to propose an exploratory design process 
of a set of recommended haptic symbol. Yet it is clear that the project is far 
from exhaustive in the factors that could be considered. In this section, the 
limitations of this project are listed. This could define the relevant aspects 
of this research and provide a basis for future explorations.

First, though the research focused on the vibrotactile patterns, it needs 
to be felt through a carrier. In this project, I chose to use a garment 
wearable. Therefore, the prototype itself could influene the evaluation. 
When designing the wearable, the material and color of the fabric were 
not considered. These factors could potentially affect the mindset and 
the general user experience of the participants. Another limitation is the 
electronic wiring of the vibration motors. I used normal wires which are 
not flexible enough and could cause the transition of the vibration to the 
near skin. For future work, the design of the wearable itself could be deeply 
studied, which could drive the real implementation.

Secondly, the list of information items for this project was defined based 
on the information types research in the context of human-IoT system 
interaction. Though this context was narrowed as proof-of-concept domain, 
there are undoubtedly more information types that could be considered if 
the list generated from another specific context. Nevertheless, the design 
process in this project could provide a starting point for future design and 
evaluation of haptic symbols. Therefore, it would be interesting to explore 
the design of the haptic symbols specifically for one scenario. 

The third limitation is the evaluation did not include enough participants 
that covered a wide range of ethnographies. For the qualitative analysis, 
I believe seven participants could reveal enough insights. However, 

regarding the recognition rate and mapping rate, the bias is obvious. 
Therefore, in future work, more participants should be involved, including 
different ages, job occupations and cultural backgrounds.

Moreover, the participants are often influenced and inspired by the context 
while interpreting the vibrotactile patterns, it would be more meaningful to 
categorize the target groups and evaluate the concept in certain scenarios, 
as mentioned in the expert evaluation. Accordingly, at the end of the 
project, I envisioned the potential implementation in different scenarios, 
which was based on the assumption that the results concluded would be 
also valid for the real construction context. But this could be used as a 
starting point for further research in various realistic scenarios.

Furthermore, the limitation of the structured in-lab evaluation context 
cannot be overlooked. The contextual factors could influence the evaluation, 
such as the dynamic outdoor environmental and varying judgments of 
vibration intensity due to the clothes thickness.

In addition, I chose to focus on a three-by-three vibration matrix and 
placed it on the lower back. There are many other variations that could be 
investigated. For example, by changing the matrix size, it could potentially 
reveal the most effective and affordable size of the matrix to design the 
haptic symbols. Another future direction could be researched on placing 
the matrix to different body parts. Since humans tend to have certain 
associations with certain body parts, it could influence how the users 
perceive and interpreted the vibrotactile patterns. Further research could 
potentially combine multiple vibration matrix to create a more effective 
and intuitive haptic symbol system.
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CONCLUSION
In this project, I took a detour from the traditional scientific studies of haptics and propose 
an exploratory design process to create the haptic symbols. Haptic symbol was defined, in 
this project, as a set of designed spatial-temporal vibrotactile patterns that could be linked to 
specific abstract information. 

The design and evaluation process could provide knowledge of designing vibrotactile patterns 
carrying certain meanings. The project shows the potential of using haptic symbols as 
a new interaction modality. Based on the design research process, I also proposed a set of 
recommended haptic symbols that could be readily employed in different contexts and gave 
example to explain how to implement it in three scenarios. 

This research can be used as a starting point for further research 
in bringing vibrotactile patterns to human-computer interaction 
domain. In the future, the research could be a pilot for creating 
a common basis to better encode and decode the information 
to vibrotactile patterns.
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APPENDIX
Appendix 1. Introduction Video 
https://youtu.be/Lz0tkarIuXI

Appendix 2. Consent Form for Co-design Session

Appendix 3. Hardware Datasheets
Vibration Motors VM0610A3.0

Adafruit Driver

Appendix 4. Code
Github: https://github.com/HayleyDDD/FMP_PrototypeCode.git

Appendix 5. Usability Study Question Sheet & Questionnaires

Appendix 6. Consent Form for Usability Evaluation

Appendix 7. Visualization tool for Usability Evaluation 

Appendix 8. Recognition rate and mapping rate

Appendix 9. Data of the questionnaire 

Appendix 10. Integrated Notes
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