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Abstract 

In this paper we explore human-environment 

interrelationships by utilizing both hybrid materially-

oriented approaches and metaphorical representations. 

Inspired by the ‘canary in a coalmine’ metaphor we 

developed a tangible interface to sense the environment 

and provide a physical experience. The design utilizes 

life-like characteristics, like shape memory alloys and 

feathers to illustrate the metaphor. The aim of this 

approach is to propose a tangible interface as a mediator 

to provoke empathy for environmental issues. For that, 

the paper addresses an interdisciplinary field of design, 

society and technology through an embodied system. 

CSS Concepts 

• Human-centered computing~Haptic devices 
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Introduction 

Invisible and irreplaceable, air is an essential element 

which creates a seamless matrix on earth's atmosphere 

interlinking everything. This invisible matrix of gases, 

particles, and liquids is in a continuous state of change 

[1]. Due to its constantly changing nature, air provides a 

complex system of differing air qualities which also 

depends on human activities [2]. This research seeks to 

convey the complexity of anthropogenic impact more 

comprehensible through a physical experience. 

Therefore, we introduce a tangible interface for 

perceiving human-environment interrelationships by 

utilizing both hybrid materially-oriented approaches and 

metaphorical representations. First, we consider the 

background and theoretical concept based on the 

historical genesis of the canary in a coalmine and the 

issue of air quality. Second, we discuss related work on 

shape memory alloy. Third, we describe the 

implementation details of the prototype. To sum up, this 

paper presents a design-orientated exploration that 

reflect on hybrid materials and environmental 

dimensions.  

Background and Theoretical Concept  

In the era of the early coal and steel industries, miners 

were confronted with the danger of hazardous gas 

mixtures in shafts, caused by underground fires or 

explosions [3], [4]. The miners could not sense the 

odorless gases and would pass out without warning. For 

their protection, canaries were utilized as a bioindicator, 

to detect gases like carbon monoxide [3]–[7]. For that, 

the canaries were trained to sing underground [7]. 

 

Figure 1: IVORY illustrates the limit values of particulate matter 

(PM2.5) utilizing both hybrid materially-oriented approaches and 

metaphorical representation. 

 



 

 

Figure 2: The shape memory alloy spring is placed in the center 

of the construction to generate the kinesis of the prototype.  

 

If the air reached high concentrations 

of carbon monoxide, the canaries 

would drop from their perches. The 

collapse of these sensitive organisms 

provided the miners with the 

necessary time to initiate security 

procedures [3]. Nowadays, these birds 

no longer act as indicators for carbon 

monoxide in underground 

environments, but the ‘canary in a 

coalmine’ metaphor still exist to 

describe warning of some danger. As 

alternative to bioindicators, there are 

various sensor technologies to monitor 

the environment ubiquitously [8], [9]. 

These technologies not only gathers 

data about environmental conditions, 

but also about human activities [10]. Hence, they are 

capable of recognizing both the change of air quality and 

the impact of human activities. Thus this complex 

system provides differing air qualities for human 

respiration [1]. This is especially true for the air pollution 

provoked by particulate matter. Particulate matter (PM) 

is a complex mixture of solid and liquid concentrations, 

measured in mass per volume of air (µm/m3). These 

particles are categorized according to their aerodynamic 

diameter as follows [11], [12]:  

 PM10 are particles with a diameter <10 µm;  

 PM2.5 are particles with a diameter <2.5 µm;  

 UFP are ultrafine particles with a diameter 

<0.1µm.  

Moreover, particulate matter consists of gaseous air 

pollutants—like nitrogen oxides, carbon monoxide, sulfur 

dioxide, and ozone—and has an impact on the 

environment and affect human health on a global scale 

[12], [11]. For instance, particulate matter (PM2.5) and 

UFP are not only capable of entering the respiratory 

tract, but also the bloodstream, and can cause 

respiratory and cardiovascular health problems [11], 

[12]. Due to significant environmental changes caused 

by anthropogenic impact, this research utilizes the 

‘canary in a coalmine’ metaphor as aesthetic mediator to 

evoke empathy for environmental issues. 

Related Work 

With the vision of ubiquitous computing, referring to 

Mark Weiser, the third era of computing is characterized 

by a world of connected and imbedded interfaces 

through a network of low-power computers [8]. These 

interfaces require novel communication approaches 

between human and computer to fit technology into 

everyday live [8], [13]. In particular, tangible user 

interfaces (TUI) provide a communication system that 

embody digital information and enrich the physical space 

for human interaction through both thoughtful designs 

and haptic materials [14]. As an example, various TUIs 

utilized shape changing materials to represent digital 

information as dynamic stimuli [14]. Additionally, the 

potential of shape changing approaches has been 

explored in various studies on tangible interfaces and 

electronic garments [15]–[19]. ‘Surflex’ is a soft 

interface to enable physical computing interaction. For 

that, shape memory alloy springs deforms the surface to 

provide a programmable system for embedded 

computing [15]. ‘Shutters’ is a curtain composed of 

actuated louvers. These louvers utilize shape memory 

alloy for environmental control [18]. ‘Caress of Gaze’ is 

an interactive garment, that utilized eye gaze tracking 

technology to control a 3D printed body architecture via 

shape memory alloy [20]. These different approaches 



 

rethink interacting with the environment through shape 

changing dynamics [17]. For example, shape memory 

alloy (SMA) is made of thermomechanical material that 

can be addressed through an electrical stimulus [19]. 

The thermomechanical material memorizes its original 

shape and provides a life-like transformational potential 

through heat control. Thus it provides a dual process 

between malleable and definite state, as well as silent 

and life-like dynamics [19]. This study combines the 

abovementioned approaches with metaphorical 

representations to enhance the potential of human-

computer interaction. 

System Implementation 

The intention of this design research is to explore 

human-environment interrelationships by utilizing sensor 

technologies, shape memory alloys and metaphorical 

representations (Figure 1). Therefore, the process of 

system implementation contains three sections. First, it 

illustrates the fabrication process to convey the concept 

of visual rhetoric. Second, it specifies the human-

computer interaction according to the bird behavior. 

Third, it describes the details of the hardware-module. 

Fabrication: 

To convey the ‘canary in the coal mine’ metaphor, the 

design seeks organic materials and life-like 

characteristics. For this, the artefact utilizes feathers as 

bird reference. These feathers are attached to a kinetic 

construction to simulate the dynamics of respiration 

(Figure 3, 4). For that, a shape memory alloy spring was 

installed in the center of the kinetic construction, to 

provide a malleable and life-like dynamic of the artefact. 

 

Figure 4: Fabrication of the kinetic construction.  

Interaction: 

Similarly, for the behavior of the canary, the prototype 

‘sings’, ‘breathes’ and ‘sleeps’, depending on the 

environmental conditions. For that, three different 

interaction modes were designed to perceive particulate 

matter through the tangible interface: 

 Convenient mode: If the values of particulate 

matter (PM2.5) are good or moderate, IVORY 

‘sings’ and ‘breathes’.  

 Threshold mode: If values of particulate matter 

(PM2.5) are above the threshold value, IVORY 

stops ‘singing’ and ‘breathing’.  

 Sleeping mode: If IVORY has to ‘sleep’, it can be 

covered with a blanket, then it stops ‘singing’ 

and ‘breathing’. 

Hardware-Module: 

To implement the interaction, a hardware module was 

developed. The module consists of a microcontroller 

 

Figure 3: On-and-off state of the 

prototype.  

 

 



 

Arduino Mini [21], particle sensor SDS011 [22], shape 

memory alloy spring [19], photoresistor, soundboard 

and speakers. The sensor SDS011 measures the optical 

density of air and transmits the PM2.5 data to the 

microcontroller Arduino. The program on the 

microcontroller Arduino maps the data to control both 

shape memory alloy (SMA) and soundboard. Technically, 

the shape memory alloy spring simulates the ‘breathing’ 

of the tangible interface and synchronizes the sound 

(Figure 4). To activate the ‘sleeping-mode’ the 

photoresistor measures the ambient light. If the tangible 

interface is covered under a blanket, the process of 

‘singing’ and ‘breathing’ stops.  

Conclusion 

This paper introduced a tangible interface that reflects on 

human-environment interrelationships by utilizing both 

hybrid materially-oriented approaches and metaphorical 

representations. Our intension was to develop a tangible 

interface as a mediator to provoke empathy for 

environmental issues through the ‘canary in a coalmine’ 

metaphor. The tangible interface senses particulate 

matter (PM2.5) and transforms the data into kinetic 

dynamics supported by sound. For that, the shape 

memory alloy provides a life-like characteristic and 

illustrates the abstract representation of ‘the canary in a 

coalmine’ metaphor. By presenting the tangible interface 

in the CSTI lab, the tangible interface aroused immediate 

interests from the audience. Further work is required to 

evaluate the impact of IVORY as information system in 

smart environments. In addition, it is important to 

realize that shape memory alloys have a limited ability to 

convey information. Due to the on-and-off state, the 

dynamic is restricted and provides a limited range of 

information.   

Future Work 

In the future, our aim is to develop various applications 

of tangible interfaces by using ‘the canary in a coalmine’ 

metaphor. Promising future research directions stem 

from, for instance, developing embodied interaction 

through electronic garment. Additionally, these devises 

have to connect with other systems, to measure the 

environment for personal requirements. Moreover, our 

intension is to provide more detailed information through 

sonification, as the physical dynamic of the shape 

memory alloy is limited. 
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