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Abstract. The Cybernetic Serendipity exhibition in 1968 [1] and the Computer 
in Art book in 1971[2] represent some remarkable initial approaches in 
collaborative art-technology projects. Over the years, projects have evolved 
through thinking influenced by other areas such as psychology, sociology and 
philosophy. Much of art theory and practice is exploratory and its outcomes 
may be challenging. The advent of novel materials and increasingly evolution 
of smaller and more affordable electronic components made it possible for 
anyone to make their own wearable devices. Moreover, people with different 
skills get together and share their knowledge to create new products. This work 
describes our prototyping process for developing wearable computers in 
multidisciplinary teams. In this paper, we present the implementation of our 
collaborative and iterative prototyping process in the development of 
Blinklifier, an art and technology project that amplifies human expressions and 
creates a feedback loop with the wearer.  
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1 Introduction 

The electronic culture has being shaping how artists express their artworks. The 
facilities to create wearable computers have increased the number of new media 
artists that experiment with wearable computers and sensor technology to create 
electronic interfaces between bodies and their environments. At the junction between 
science and art, these works coincide with the refinement of contemporary post 
human and cyborg discourses and establishes personal interaction among the users. 

Since the rinse of movements like open source hardware and do-it-yourself, people 
with totally to no science background are taking a proactive interest in science, 
technology and knowledge-sharing. Wearable computers is one of the fields that this 
people try to achieve but it requires a combination of multi-faceted factors like 
electronic efficiency, electrical safety, programming development, physical comfort 
and aesthetics of the garment. Thus, for successful designing of wearable computers, 
the traditional development process must be modifying in order to include appropriate 
steps for multidisciplinary creation.  
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We propose the use the Effective Prototyping for Software Makers [3], a 
prototyping process that was customized for the development of wearable computers 
in multidisciplinary teams. Blank Model Prototyping is presented as the method used 
in the early stages of the wearable prototyping. This method encourage participants to 
get the first impressions and ideas about the solution, either hardware or software and 
to process their ideas. It unleash them to go forward an illuminating step toward 
understanding what is going to be developed and how it will function. For 
exemplifying this exploration, Blinklifier [4] was prototyped, a wearable device that 
senses and amplifies our reflex of blinking. Blinklifier was developed by a 
multidisciplinary tem, combining arts and technology. 

2 Related Works 

The design of human computer interaction has become a new challenge due to the 
communication asymmetries between wearable computer and desktop users [5]. 
Moreover, multidisciplinary teams would need to balance of design constraints 
between technology, the human body, human-computer interaction, and social  
context [6].  

Smailagic et. al [7] describes an interdisciplinary design methodology for the 
development of wearable computer systems. This process was used with the 
participation of students from electrical and computer engineering, industrial design, 
mechanical engineering, and computer science. This process goes from defined a 
product cycle which ranges from perceived customer need to initial product design 
through detailed design to design of manufacturing, distribution, repair processes and 
eventually to product disposal. 

Papadopoulos D. [8] outlines her experience in creating wearable computers in a 
team that includes a fashion designer and an electronic engineer. She highlights the 
misunderstanding in communication between the team members. Since the engineer 
feeling intimated in not understanding the deign/patterning/cutting process and 
reversely the designer not understands the engineering one. 

Blank Model Prototyping for prototyping wearable computers intends to close the 
gap between the members of a multidisciplinary team, using a physical model in the 
early stages of the prototyping as intended hardware/software design. This 
prototyping method was also used by PUC-Rio for designing of a collaborative 
museum [9]. The process we describe in this paper is continues by this previous work. 

3 Prototyping Blinklifier 

This project begins with the collaboration of three artists: a Japanese painter, a 
Chinese fashion designer and an Australian artist. In an overseas collaboration, the 
Japanese-inspired painting was turned into a fashionable wearable piece and a 
matching wearable head dress. From this matching wearable, a new collaboration 
between art and technology arises in order to create Blinklifier [4], a wearable device 
that displays intimate data and creates a feedback loop between the wearer and the 
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wearable. In this way, Blinklifier enriches our emotional dialogues and manages our 
social relations through blinking. It follows the natural eye muscles contraction and 
extends the motion into a visible light array. It responds to the specific eye movement 
patterns of the wearer and amplifies emotions that the wearer wants to communicate 
by presenting noticeable, exaggerated visual compositions. 

Effective Prototyping for Software Makers (Figure 1) is a repeatable process where 
the prototyping approach depends on the analysis of the current state of requirements 
as well as the current needs of the organization [3]. Thus, it uses a prototyping tool, 
method and process given the appropriate need. An iteration consists of the four 
phases of this process. They will iterate until all the requirements are established.  

This section explains our experience in selecting an appropriate prototyping 
method for developing Blinklifier. The Effective Prototyping Process proposes the 
following prototyping methods: Card sorting, Wireframe, Storyboard, Paper 
prototyping, Digital prototyping, Blank model prototyping, Video prototyping, 
Wizard of Oz and Coded prototyping. Blank Model Prototyping and Coded 
Prototyping were chosen as the prototyping methods in our multidisciplinary team (an 
artist and a technology designer). 
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Fig. 1. The Effective Prototyping Process [3] 

3.1 Blank Model Prototyping 

Blank Model Prototyping [3] is a rapid role-playing technique similar to drawing the 
experience but with physical models instead of drawings. The blank models are low-
fidelity prototypes often made with any kind of materials like foam, clay and wooden 
blocks, on which research participants draw controls. This technique facilitates to 
envision participant's ideas and to understand the functionality of a physical device in 
real world scenarios. Moreover, it exposes a basic idea for the development of 
wearable computers, the combination between hardware and software. Blank Model 
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Prototyping is used to elicit user perceptions and mental models about hardware form 
factors and interaction controls in conjunction with a software user interface. 

In the first iterations of Blinklifier, Blank Model Prototyping was the method 
chosen for the multidisciplinary team understand the idea and start developing the 
project due to the early stage of the project, rapid speed of the iterations for obtaining 
a faster feedback, the prototyping was used for clarifying the project main idea and 
combine art and technology aspects and the low fidelity of the prototypes. Figure 2 
shows the iteration activities developed in Blank Model Prototyping Sessions. 
 

 
 

Fig. 2. Activities in the Blank Model Prototyping Sessions 

The prototyping session started with an explanation of schedule and the materials 
to be used for the physical model. The materials used in these sessions were not only 
the common materials for this kind prototyping method but also conductive ink, 
conductive materials and other electronic components that approximate more the 
participants to the real model. In this way, the participants mainly discussed and 
understand the goal of the prototype and not just focus in the technical or design 
issues but also this prototyping method let them explain and discuss they own 
technical and artistic ideas. Then, they designed the prototype. Finally, the session 
was concluded with a discussion and presentation of the prototype, using the designed 
objects as a support.  
 

 

Fig. 3. First Iteration. Prototyping conductive makeup technology 
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In the first iterations, the idea was to prototype conductive makeup and metalized 
eyelashes for amplifying human blinking. The main goal was to avoid the use of any 
electronic device on the wearer’s face, so we prototype conductive makeup as black 
eyeliner and conductive false eyelashes to connect the blinking to the wearable 
device.  

In our first iteration, the conductive makeup was prototype using conductive ink 
[10] (Figure 3). It was noticed that the ink is a safe material to have around the body, 
but it is not specifically approved for use on the skin. Even more, if the humidity of 
the eyes and skin could that cause issues for the wearer when the ink was dissipated.  

Conductive stickers that look like makeup were created in our second iteration. A 
thin conductive fabric tape was used and a makeup shape was prototyped for giving it 
the appearance of normal makeup.  The third iteration involves the prototyping of the 
eyelashes. We started creating false eyelashes with aluminum foils. Even the artistic 
results were achieved, the technical results in this iteration wasn’t the desired. Also 
the silver color of the first eyelashes prototypes didn’t match with the main goal of the 
project of the natural appearance of the conductive eyelashes. The eyelashes were 
chemically metalized with an activate and electrolysis process in order to maintain the 
natural black color of the eyelashes in the fourth iteration. In this iteration, the 
“prototype idea” activity took more time than the 40 minutes due to the time for 
metalizing the eyelashes with the chemical process. However, the results were 
achieved. All the prototypes testing included artistic aspects like the design of the 
eyeliner and technical aspects like the resistance of the materials on the skin. 

3.2 Coded Prototyping 

A coded prototype [3] is usually developed in a programming language or scripting 
code and should be considered as a later iteration of other forms of low and medium-
fidelity prototyping. A coded prototype has the advantage of allowing the software 
team to productively reuse code for an actual finished product. 

Blinklifier uses a multiplexing matrix of 72 LEDs to create the blinking patterns in 
the headpiece and is prototyped using an Arduino microcontroller [11]. This patterns 
were specific light arrays emitted when the wearer close the left, right and both eyes. 
The fifth iteration of our process was the coding of the patterns that will be shown in 
the LED matrix. The prototyping tool for coding was Arduino. This prototype 
combines hardware that displays the light arrays in the multiplexing LED matrix and 
software that let the technology designer to change the patterns iteratively. The artist 
and the technology designer evaluated the results until getting the desired patterns. 
Figure 4 shows the final prototype of Blinklifier. 

4 Conclusion and Future Works 

Our research explores the relationships between arts and technology and the 
implementation of a prototyping process for the creation of a wearable device for 
feedback loops. Blinklifier was the prototyped wearable device that amplifies human 
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blinking, and proposes a combination of body worn objects and hidden technology to 
create solutions that not only appeal to our senses, but which fuse seamlessly with our 
everyday lives. 

Even though, the multidisciplinary team faced up different barriers such as new 
terminology, different understandings of technological problems and different 
creativity processes in each area, the blank model prototyping facilitates the common 
perception of the main goal of the project and oriented them into a balanced 
understanding of how they must communicate, and the coded prototyping consolidate 
the ideas and made it easy to conclude the project in the last iteration.  

While the participant begins to process his ideas, he begins to synthesize them and 
to construct a creation. During this step, the participant does not actively try a find a 
solution, but continues to mull over the idea. As ideas begin to mature, the participant 
understands how to piece his thoughts together in a manner that makes sense. The 
moment of illumination can happen unexpectedly. Blank Model Prototyping aims to 
reorganize participant’s ideas and make this moment happen. Furthermore, this 
method encourages the participants to create a prototype collaboratively and this is a 
physical prototype which is more appropriate for discussing different features of 
wearable computers. Conductive materials and electronic components were added to 
the common materials of this kind of prototyping for approximating the participants 
to the model and get a consensus in the artistic and technical ideas. 
 

 

Fig. 4. Blinklifier, a wearable computer that amplifies human blinking [4] 

©Dicky Ma
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