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Abstract 

The paper presents a wearable system, distributed in 

the garments and on the bicycle, that enables the user 

to manage “memories” in order to change the human-

environment affective interaction. The goal is to exploit 

wearable technologies in order to create a new form of 

interaction with urban spaces. 

Author Keywords 

Wearable Computing, E-textiles, Quantified Self, Urban 

Spaces. 

ACM Classification Keywords 

H.5.m. Information interfaces and presentation (e.g., 

HCI): Miscellaneous.   

Introduction 

Since the invention of the personal computer, 

researchers and scientists have tried to discover means 

to represent data in the most clear, direct and 

understandable way for the human being. At first, 

Command Lines left the place to the Graphical User 

Interfaces exploiting the iconographic form of 

representation, a metaphor, in which functions and 

operations performed by the computing devices were 

reproduced and simplified through a graphical 

presentation. More recently, in order to achieve a more 

natural and direct interaction between human and 
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machine, the community of designers is focusing on 

Tangible User Interfaces and Organic Interfaces. In this 

work we try to make a step forward towards the 

simplification of the interaction with data, exploiting 

technologies such as wearable computers and mobile 

web. 

Taking inspiration 

Valigårda and Sokoler in [13] have defined the Material 

Strategy to simplify and convey the data to the end 

user, relying on the intrinsic properties of the materials 

being used that can support new models of logical 

design. Their work uses concepts such as formgiving, 

that refers to the possibility of shaping a material 

according to the practice of the craft, in order to give it 

a shape able to suggest its function: in this way the 

features of a service could be evoked by the properties 

of the elements that compose it. New materials, called 

e-textiles, are conductive fabrics that “enhance” those 

used for clothing. These particular textiles incorporate 

computational capabilities and can communicate with a 

machine for more complex operations of data 

manipulation, management and visualization. The use 

of these innovative fabrics gives the user the possibility 

to have an increased perception of reality, thanks to 

the exchange of information with the external 

environment, without altering her look and fitting in a 

normal textile.  

At the same time, Personal Informatics and the 

Quantified Self movement is studying how 

miniaturization of sensors and devices could be used to 

acquire and collect data on different aspects of people 

everyday lives for self-monitoring and self-knowledge, 

addressing the change or the improvement of people 

behaviors and habits [7]. 

Last but not least, recent studies at the MIT Senseable 

City Lab1 highlight the possibility to rethink the city as 

an interface, allowing people to see the urban spaces 

as actors they can interact with. Projects like Smart 

Biking and Copenhagen Wheel show how sensorized 

bikes could be used to monitor pollution, traffic and so 

on.  

Taking inspiration from these trends and focusing on 

cycling as a starting point, our project faces the 

challenge and the opportunity to design tangible and 

concrete devices enabling data manipulation and 

simplifying the understanding of data in the context of 

the city of the future. Our goal is the improvement of 

the normal relationship between users and 

environments suggesting a new model of interaction 

between humans and urban spaces by introducing the 

use of smart wearable accessories. 

Attitudes of the cyclists and urban spaces 

We started our design process with a qualitative 

research in order to discover user needs and desires 

related to the user daily activities when she is traveling 

with her bicycle in the city spaces. 16 semi-structured 

contextual interviews were conducted. The age of the 

interviewees varied between 20 and 55 years: they all 

had a high openness to new communication 

technologies (e.g. they all used a smartphone), and 

used regularly the bicycle for traveling across the city. 

Each interview lasted approximately 1 hour focusing on 

the kind of usage interviewees make of the bicycle 

during their daily moves and on the attitudes they have 

in relation to the use of the bicycle. Interviewees were 

also invited to reflect upon the meanings they usually 

                                                 
1 http://senseable.mit.edu/ 
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connect to the bike, and what kind of relationship with 

the city this kind of mean of transportation favors to 

emerge.  

The results highlight that the bicycle allows users to 

have a privileged point of observation on the city, 

favoring the emergence of the attachment to urban 

spaces and the development of attention to details. 

Diego said: “The car filters the outside putting us in a 

protected space, not permitting a deep observation of 

the environments, while the bike allows you to stop 

when you want. The bike gives you the flexibility to 

stop and give you a different time, your time”; and 

Claudia, “When I use my bike I have the feeling of 

being in the middle of the streets, of the city, among 

the people. I see things that I would not see in the car 

or on foot, I have a sort of an overall view. I feel 

protected from the bike and I can see much better the 

face of the people and how they move”. Biking is 

perceived as a substitute of driving and not of walking: 

the bike allows people to reach places unattainable on 

foot and, at the same time, allows citizens to live the 

city in a slower way, favoring the emergence of an 

attachment to urban spaces and the development of 

attention to details. In addition, bikes seem to promote 

even a serendipitous attitude towards the surrounding 

environments. Alberto said: “The bike is freedom. I met 

many people and discovered many places going by bike 

because I can control my speed, allowing me to focus 

on particulars, to stop, observe and find something that 

maybe I’ve never noticed before”. Places in which 

individuals have experienced important moments in 

their life come strongly to be part of their memory, 

developing an emotional bond between spaces and 

personal experiences: Marco said: “there are places in 

my city where I feel 'at home', where I feel in a very 

familiar environment. The reason for this feeling is 

dictated by the fact that I spent a lot of time in those 

places and I lived there pleasant experiences, 

developing a unique and special bond with those 

places. There, I feel at home because I know the 

people's faces that are there, I know the details and 

everything seems to be connected to a past 

experience”; and Martina said: “only when I use my 

bike, I have the time to stop and think to some past 

experiences that took in some places in the city. When 

I’m using the car, everything pass without any 

connection to my memories”. In addition, interviewees 

seem to be in search of some elements that could 

personalize their bike (always considered as a very 

personal object) even if the fear of a theft often limits 

this attitude. Giulia said: “My bike is only mine: I even 

give it a name. I would like to garnish it with some 

personal gadgets, but I’m sure that they won’t last too 

much”. In this sense we considered the creation of a 

wearable interactive system that, leveraging the 

attitude towards the city enabled by the bicycle, the 

user desires related to the need of personalization and 

the emotional bond between spaces and memories, 

could favor the development of an even stronger 

relationship between the city and their citizens, making 

users take care of them.  

Envisioning a new experience 

The insights described in the previous paragraph 

suggested us we could promote the connection 

between people and urban spaces, considering the city 

as an extension of human memory and personalized 

physical objects as the enablers of the interaction with 

this extended memory. Since, as noticed by Odom et 

al. [10], symbolism – the mean of an object - can 

strengthen a bond when it arises from personal history, 
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remembering to people how urban spaces are 

connected to their past could favor the emergence of a 

care for urban spaces. At the same time, exploiting 

smart accessories that could be inserted in users daily 

lives could favor the acceptability of our system, since 

they area appealing and they can be personalized. 

Starting from the considerations above, we envisioned 

a new experience and conceptualized a new interactive 

system allowing cyclists to register their personal 

memories using wearable accessories.  

Related Works 

From an academic point of view, Human Computer 

Interaction (HCI) studies have tried in the recent years 

to support the process of registration and recover of 

personal experiences, proposing interfaces and devices 

able to make users aware of their memories. The 

wearable technologies seem to be strongly connected 

to these experiments as "MyLifeBits" [5], SenseCam [6] 

and Eyetap [8] show: these pioneering projects aimed 

to the complete recording of the experiences of a 

human being. MyLifeBits, conceived in 1998, was a tool 

to record daily life events, with the aim to preserve the 

whole life of its creator, Gordon Bell. SenseCam, 

strongly connected with MyLifeBits, was a wearable 

device that automatically took pictures when its sensors 

indicated that the user wanted to take a picture. 

Finally, Eyetap consisted of a wearable device allowing 

the user  to store all the things she sees, making it 

possible to record a complete photographic memory of 

everything happens to her [8]. This projects gave birth 

to the lifelogging movement “a form of pervasive 

computing consisting of a unified digital record of the 

totality of an individual’s experiences, captured 

multimodally through digital sensors and stored 

permanently as a personal multimedia archive” [3], 

Recently, a review of past and current academic 

researches [14] explores the connection between HCI 

and personal memories, such as fieldworks for 

exploring the practices connected to the preservation of 

memories (e.g. [12]), researches focused on designing 

novel devices for remembering (e.g. [11]) or tools that 

support reminiscing with memory aids (e.g. [2]). From 

a commercial point of view, applications that focus on 

the management and conservation of memory are 

ascribable to the Quantified Self services that recently 

are spreading on the market: 'Memories: the diary'2 is 

a smartphone application designed for the preservation 

of thoughts, images, sounds, and information, while 

'Collect: Photo in a day'3 is a project based on the idea 

of fixing and managing the change through the creation 

of a stream of daily pictures realized by a single user. 

In conclusion, we can observe that neither academic 

studies nor commercial applications seem to address 

and leverage the connection between memories and 

urban spaces.  

A User Scenario: recollecting a past 

experience 

It’s a sunny day and Martina takes her bike and goes 

for a ride around the city. Martina is very relaxed when 

she travels across her city with her bike. She thinks 

that the environment around her represents a part of 

her life. However, sometimes Martina is quite 

disappointed because she doesn’t remember very well 

all the events and the situations that she lived in her 

city. She is able to remember only a part of the 

experiences she lived, but others are inevitably lost. 

                                                 
2 https://play.google.com/store/apps/details?id=net.nakvic.dromoris 

3 http://collectphotoapp.com/ 
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But now, Martina can use an innovative interactive 

system made of a device positioned on her bike that 

allows her to get in touch with urban spaces. 

 

Figure 1. The scenario. 

When Martina arrives in a place where she lived a 

meaningful experience in the past, the device activates 

a notification light for making her aware that she 

registered, using the system, an important memory 

connected to that place. The color of the light is 

associated to the nature of that specific memory: in 

this way, Martina can understand the value of the 

notification and decide whether to stop and analyze it 

or not. Since this device is connected to her 

smartphone, Martina can look at the pictures and 

thoughts associated to that memory, the mood she was 

in, the friends that were with her. When she 

remembers that Diego was with her in that day, she 

sends him, through her mobile device, a notification 

sharing this experience with him. A the same time, she 

starts to think about that place, how it is changed over 

the years and how it is meaningful for her, and through 

these thoughts, she becomes aware that she has 

changed too. When she returns back home, Martina, 

through a web application become aware that in that 

specific place many other memories were registered 

over the years: visualizing and navigating the 

aggregate maps of all the memories registered, she 

realizes that in that place other users lived meaningful 

experiences. In this way, she understand the 

importance of that particular urban space (Fig. 1).  

Designing a wearable interactive system 

using smart accessories 

We propose a wearable interactive system for recording 

user memories and for signaling the presence of a 

previously stored memory when the user is in proximity 

of places where a significant experience has been 

recorded. The service combines wearable technologies, 

mobile phones and PC. The technological tools that we 

used for rapid prototyping are the Lilypad Arduino (Fig. 

2a and 2b) and the elements connected to it [1]. 

First of all, the user can register her own memories 

using of a wearable personal device and obtain 

information about a memory previously registered, 

using a personalized device located on the bicycle.  

The wearable personal device looks like a bracelet, 

physically connected with a thimble placed in the index 

of the hand of the user, allowing her to record a 

memory simply with a gesture (Fig. 3a).  
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The thimble is an input device composed of a LilyPad 

Button Board – connected to a Lilypad sewn into the 

bracelet. They are linked using E-textile technologies. 

The choice of this placement is motivated by the fact 

that it supports easy and effective actions to record 

memories when riding a bike. This input device is able 

to activate the camera of the mobile phone and, 

through the sensors of the device located on the 

bicycle, the recording of the position and the speed of 

the user, the weather conditions of the external 

environment and so on. 

The personalized device located on the bicycle gives the 

user a feedback lighting some leds when she is in a 

place in which she or someone else has already 

registered a memory in the past. This device is also 

equipped with additional sensors that are activated at 

the time of registration of the memory to enrich the 

data connected to the registration. 

   

Figures 2a and 2b. The realization of the prototype of the 

personalized device located on the bicycle 

This device is a sort of dashboard, currently designed 

with fabrics - but in the future produced using 3D 

printing technologies - that the users can customize or 

personalize (Fig. 3a and 3b). In this way users could 

recognize in these wearable accessories the aesthetic 

quality of the object, considered as a product of their 

own creativity, favoring the adoption of the entire 

interactive system. 

   

Figures 3a and 3b. Using the prototype  

This device consists in a base with a Lilypad, placed in 

communication with various sensors (accelerometer 

sensor, temperature sensor, tri-color led, etc.), that 

allow capturing additional information, such as the 

speed of travel, the temperature, etc., and connecting 

them to the memory recorded. This device is designed 

even to achieve a constant and continuous recording of 

the user behavior during her journeys with the bicycle, 

minimizing the user effort in registering important 

places and moments that she wants to remember.  

Secondly, a smartphone application allows the insertion 

of additional information connected to the recorded 

memory. The user can take a picture of the place in 

which she is, with the mobile camera, already activated 

by the wearable personal device. In addition, she can 

use the mobile phone to manually enter sentences that 

she wants to be associated to that particular place in 

that particular moment, or information about her mood 

and about other people that are with her. The 

application gives users the possibility to signal a 

particular place to their friends, in which something 
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happened in the past. Sending a shared memory to a 

friend, an experience that happened to both of them, is 

a way to create a continuous dialogue between past 

and present, emphasizing the interpenetration between 

urban spaces and individual identity. The mobile 

application provides also brief indications about the 

memories already stored by the users. The 

communication between the wearable personal device, 

the device for the bike and the mobile device is 

achieved through the use of bluetooth modules, in 

particular the Bluetooth module MATE Silver. 

Finally, a user can access the memory management 

function through a web application allowing her to 

navigate a dedicated personal diary and to access in 

greater details the memories registered and connected 

to specific places. She can manage the memories and 

visualize them in aggregate forms and under different 

views (a sort of an interactive map of the memories 

registered by all the users). The user can also write 

more stories to improve the memories recorded, 

sharing them with friends or posting them in their 

social networks.  

What we propose is an easier way for interacting and 

for registering memories, which is done through the 

use of wearable instruments, requiring a minimal effort 

for the users. In this manner users come into contact 

with the surrounding environments simply using their 

bodies and the “body” of the bike, enriched with a 

number of sensors capable of triggering the recording 

of an image, a sound, or more in general, an event that 

they are experiencing. Furthermore, the interaction 

with the memories recorded is closely tied to the 

metaphor of the symbiont [9], which is realized using 

the fusion that occurs between the human body and 

the body of the bicycle. Users receive the signals 

directly from the vehicle and can enjoy them without 

having to stop this symbiosis. An interaction of this 

type is possible through the use of wearable sensors 

located both on the person and on the bike.   

Evaluation  

An early evaluation on the whole service concept was 

conducted during DNA.italia, a fair focused on 

sustainable behavior and mobility held in Torino on 

April 18 and 19, 2013. We interviewed 6 persons that 

use the bicycle on a daily basis. We used drawings to 

explain the service, showing the present scenario 

representing their actual mobility habits and a future 

scenario in which was described how these habits would 

change in the future using our wearable interactive 

system. The results show that users connect their 

memories mainly to the pictures they take of a place. 

Through this trigger they can remember other details 

connected to the image: “The strength of this 

application lies in its ability to bring me back to mind a 

number of situations and elements that have 

characterized that moment that I decided to 

photograph” said Marco; Marta highlighted that 

“looking at a picture I’m not always able to remember 

the people I was with, what I was doing… Some details 

are irremediable lost”. Therefore, our interactive 

system seems to be a mean to enhance the ability of 

users to remember important particulars of an 

experience and the diary feature is seen as a tool to 

give continuity to experiences that otherwise would be 

fragmented in singular separated moments. The 

acceptability of the system was rated high by the 

interviewees that showed a strong interest to the 

concept of our interactive system. In addition, the 

personalization aspect of the system, triggered by the 
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use of wearable accessories, was one of the most 

appreciated by the users.  

From the data gathered during the evaluation phase we 

had the opportunity to conceptualize other system 

features, and to redefine the existing ones. We 

conceptualize new ways of visualizations of the 

recorded memories for giving users different 

perspectives on the places in which they live (providing 

for example different “memory maps” that highlight 

different aspects of the past user experiences, such as 

the mood connected to them), favoring in this manner 

the emergence of a more articulated vision of the city 

spaces, transforming every urban place in a source of 

meanings. 

Conclusion and Future Work 

Our project is a work in progress and we aim at 

including all these insights in the final prototype before 

conducting a field study with a high fidelity prototype. 

We want to discover whether our system could change 

people habits during their daily travels, favoring the 

emergence of a lower and more reflective way to live 

the city. Our intention is to involve users interviewing 

them before the usage of the application, trying to 

discover their actual habits connected to their everyday 

mobility. During the trial, using cultural probes and log 

analysis of the application we want to find responses to 

these questions: Do the users stop more during their 

daily travels using our system? Which kind of data do 

users associate more frequently to the urban spaces? 

Are they interested in receiving memories recorded by 

other people? After the trial period of the application we 

have the intention to re-interview the same users for 

discovering whether our system has the ability to 

change their habits associated to their daily travels in a 

slower and more reflective way. 

Finally, we would like to enhance the scenario adding 

the usage of a 3D printer for crafting Lilypad boxes to 

garnish everyday objects and extend the adoption of 

our interactive system to a wider population. In Fig. 4, 

an example of this idea is shown.  

 

Figure 4. A Lilypad Box from www.thingiverse.com placed on 

a bag 

Using a system that allows users to record their 

memories not only when they are riding a bike, but also 

when they are walking through the city, could favor its 

adoption in everyday practices, strengthening even 

more the bond between urban spaces and citizens. 
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