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Abstract. In this paper we review the emerging field of responsive environments as an ambient intelligence system with a 

focus on user experience. We see responsive environments as a combination between the scientific developments that resulted 

in Ambient Intelligence systems and the aesthetic motivation behind interactive art installations. This next development in 

Information and Communication Technologies transcends the computer screen and the localised interface towards ambient 

accessibility and experience. Inspired by different authors in the field of Ambient Intelligence, we redefine Responsive envi-

ronments as physical spaces, such as city squares, public halls, etc, that are enhanced with the use of technology and media. 

The concept of responsive environments is defined in relation to ambient intelligence highlighting system-centred approach 

based on which it has been developed, and user-centred approach that we believe is the direction to follow. The infrastructure 

and technology required, notably the necessary sensors and actuators are reviewed in later sections. The user interaction is 

analysed with a series of examples. The different approaches to the interfaces are contributing to a better understanding of the 

challenges of selecting the right interaction principle. Furthermore, context awareness and user experience have an important 

contribution to the success of a responsive environment. An environment where the aesthetic of interaction, user engagement, 

access, embodiment and intimacy are also to be taken into account in the design and specifications phases. 
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1.  Introduction 

We believe a next step in Information and Com-

munication Technologies (ICT) is emerging, tran-

scending the localised interfaces (such as speakers, 

displays, and other devices) towards ambient accessi-

bility, with the aim of enriching the user interface and 

yielding a positive responsive experience. In this line 

of thoughts, Ubiquitous Computing (UbiComp) and 

Ambient Intelligence (AmI) have emerged as some of 

the next directions for ICT. While Ubiquitous Com-

puting [61] is about providing universal and perma-

nent access to information, AmI is about using this 

access to increase the quality of the experience that a 

service or content are providing. In general, an AmI 

system enhances the physical space through technol-

ogy, media and services. According to Aarts [1], AmI 

is defined as a combination of context awareness, 

ubiquitous computing and natural interaction. 

− Context awareness is the ability of a system to 

be aware of the users’ context, their desires, 

whereabouts, activities, needs, emotions and 

situations [38]. Context, as defined by Meyer 

and Rakotonirainy [38], means the circum-

stances or situations in which a computing task 

takes place. The context awareness of AmI is 

achieved thanks to a network of sensors. The 

sensor data is combined to extract meaningful 

information on users and their environment 

(e.g. a context aware living room [28]); 

− Ubiquitous computing provides access to con-

tent and services throughout the environment, 

while making this access invisible to the user 

[61]. In the context of AmI, UbiComp refers to 

the level of accessibility achieved by means of 

computing power that is always available eve-

rywhere. This means that a user can access a 

certain application, services or documents, etc, 
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at any time and any moment (e.g. a wireless 

network provides ubiquitous access to informa-

tion, via internet); 

− Natural interaction relates to the user interface 

paradigm; it is based on natural modalities such 

as speech, gestures and tactile movements [60]. 

It features a specific spatial aesthetics (given 

that it exists in real space) about how to inte-

grate ICT to the real world, creating experi-

ences that involve people’s perception of the 

physical space [e.g. interactive surfaces with 

which users take actions with their own move-

ments [10]). 

We believe AmI is also about adaptation to the user, 

in the sense of the environment being reactive, inter-

active, perceptive, receptive or proactive. AmI is also 

about the personalisation level reached by the system, 

which can be about user identification, preferences, 

profile or model, and which forms the basis for the 

selection of which content or service(s) to deliver. 

User(s) needs, requirements and desires have to be 

addressed as well [50]. 

Based on this understanding of AmI principles, the 

purpose of this review paper is to identify and under-

stand what characterises current features of ambient 

intelligence systems, to discuss the concept of Re-

sponsive Environments as ambient intelligence instal-

lations that focus on user experience, and how could 

an ambient intelligence system focusing on the user 

experience be like, notably in terms of applications, 

interaction principles, and user satisfaction. 

2. Current ambient intelligence systems 

Early developments of AmI were marked by pro-

jects related to ambient access to information. An 

interesting example of ICT integration into an ambi-

ent installation is the Living Memory project, de-

signed by Philips Design [35,56], aims to help people 

who share a locality (e.g. an urban neighbourhood) to 

interpret and preserve the richness and complexity of 

their local culture. It consists in the installation of 

touch screens in locations such as a bus stop or a cafe, 

where users can have access and information to is-

sues, news, events or adverts. Using tokens that are 

scanned by the installation to identify the user, infor-

mation can be swiped, bookmarked and stored, for 

later access any of the locations the installation is 

present. Furthermore, this information can be fully 

accessed, and if multiple users are present, it allows 

sharing annotation and retrieving by other users. This 

way, the information that is stored in different con-

texts (bus stop, cafe, etc.), that characterise part of the 

day, and living, of the user, can be shared and ac-

cessed by multiple users. 

Another interesting example, also developed by 

Philips Design, is the project called Glowing Places 

[24]. 

Glowing Places is a concept from an investigation 

into innovative ways for people to interact with light 

in public spaces. The plastic seating, embedded with 

LED (light-emitting diode) strips and sensors, meas-

ure the presence of people over time. Both the num-

ber of people sitting and the length of time they stay 

create a ‘social interactive pattern’ that is translated 

 

Fig. 1. Living memory, by Philips Design, Netherlands, 2004 
[56]. 

 

Fig. 2. Glowing places, by Philips Design, Netherlands, 2005 
[24]. 
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into lighting effects in the furniture. Many people 

sitting for brief periods of time result in lighting ac-

tivity expressing a busy period, whereas one or two 

people sitting for a longer period trigger mellow 

lighting. Glowing Places is built to respond to the 

behaviour and feelings of its users by visually ex-

pressing their activities. With this in mind, Glowing 

Places demonstrates the importance of lighting to 

signify the changing emotional states. 

Early AmI projects have been developed based on 

a system approach that focuses on technology. This 

design approach considers that the system is deciding 

what is happening rather than the user [2]. In the con-

text of shopping environments, public spaces that are 

massively visited every day, an example of such ap-

proach is the TMN Bluestore (see Fig. 3), in Oporto, 

Portugal, designed by Ydreams [59]. 

Visitors are received with a “mind-reading” video 

projection, where comic strip balloons pop sentences 

up over their heads and entice them to enter and ex-

plore the shop. Moreover, several services are pro-

vided via touch screens, where users can browse 

through digital catalogues. The space was enhanced 

with an area to play games and change the environ-

ment’s lighting by sending a text message. Features 

are provided via natural interaction. Products are pro-

vided in a smooth way. The environment monitors the 

user and is adaptive. However, the experience is 

mostly entertaining, and does not really provide an 

added value to the experience of shopping. In this 

sense, systems designed under a system centred ap-

proach can be generally defined as enhancing physi-

cal spaces through technology and media, and provid-

ing ubiquitous access to services and content. 

The Philips Shop Lab [19,46], a laboratory envi-

ronment designed by Philips Research (see Fig. 4), 

and the Prada Soho Shop (see Fig. 5), in New York, 

designed by Rem Koolhaas together with OMA Ar-

chitects and IDEO [41] are examples of AmI systems 

for the retail industry. The Philips Shop Lab is an 

AmI application that provides access to extra infor-

mation about products in a shopping environment. 

The focus is given to the functionality, which in this 

case is to display and identify items that the user 

might be interested in buying, and provide extra in-

formation about them. In fact, we concluded that the 

user acts if it was a technology space while visiting 

the shop, instead of acting as (s)he would regularly in 

a shop. 

The goal is to explore the different features and 

services provided, rather than getting to know the 

products that are being displayed. This is however 

expected, since this is a laboratory environment, 

where the concern is not directly connected to brand-

ing. 

On the other hand, the Prada Soho store provides 

an example of a different kind of design strategy. The 

different environments that are being developed are 

centred on what could assist the user in the shopping 

experience, and the way the different services are 

there to be provided. The interactive dressing rooms 

improve the experience of trying on clothes for the 

customer and enhance the relationship between the 

sales assistant and the customer. There is a device 

that enables sales assistants to devote all their atten-

 

Fig. 3. TMN Bluestore, in Oporto, Portugal, 2008 [59]. 

 

Fig. 4. Philips Shop Lab, in Eindhoven, the Netherlands, 2006 
[46]. 

 

Fig. 5. Prada Soho Store, in New York, USA, 2001 [41]. 

J. Alves Lino et al. / Responsive environments: User experiences for ambient intelligence 349



tion to customers and frees them from trips to the 

back room or to the computer. The device scans staff 

tags and customer cards, allows inventory checks, 

reserves dressing rooms, acts as a remote control to 

access information on the store’s ubiquitous screens, 

and allows stock to be ordered and delivered. The 

design approach is not centred on the display of the 

technology, but in the experience that the users can 

achieve from the different spaces to be used. In this 

context, the enhancement of media and technology is 

there to assist the experience, and not as a technology 

experience per se. 

Based on the AmI projects that we analysed, we 

can classify them according to criteria as listed in 

Table 1, which will be discussed on more detail in the 

following chapters. 

We selected these criteria because they allow us to 

have a good overview of the various AmI systems 

and how they compare. One of the first outcomes of 

using these criteria is the clear absence of a system 

that fulfils them all in a balanced way. What also 

seems to be the case is that systems are designed to 

address some criteria rather than the others. 

3. Infrastructure 

In this context, we refer to infrastructures as the 

physical structures and the building of the installa-

tions into the environments for which they are being 

designed. As an installation, an AmI system is a 

physical environment enhanced with technology. The 

enhancement implies the use of sub-systems that are 

embedded into physical objects, infrastructures and 

the different components of the environment sur-

rounding the user. For example, if we consider an 

office environment, this refers to combining software 

that provides office tools that are somehow connected 

with the products that surround the user, e.g. lights, 

air conditioning, sound, etc. Obviously, this example 

can be expanded to other fields. One could be the 

home environment, e.g. living room that adapts to the 

different activities that can take place there; another 

interesting example is shopping environments, where 

enhanced shops assist users by providing informa-

tion; public environments such as public squares, 

shopping environments, airports, etc, are also very 

interesting environments for further developments, 

especially if considering multiuser experiences. 

On the other hand, home environments, such as 

living rooms with intelligent media centres, can in-

volve more complex systems, given that they are 

more private and can acquire a higher level of per-

sonalisation, such as home utilities that provide users 

what they want and need considering the context, e.g. 

the way the levels of lighting adapt to the activities 

users are performing in the living room of the Smart 

Home [53], developed by the Smart Homes Founda-

Table 1 

Characteristics of an AmI System 

Criteria System-Centred Approach 
(focus on ICT integration) 

Infrastructure It is based on the delivery of universal 
access and availability (e.g. Barclay’s Inter-
active Walkway [4], Interactive Surfaces 
[10]). 

Interaction  It takes place at the main focus of the user’s 
attention. The environment main purpose is 
on delivering functionality rather than an 
overall experience. Interaction is, in this 
case, invasive, in the sense that it interrupts 
the user, and it requires direct attention (e.g. 
BPI Interactive Loan Store [8], Isola dei 
Famosi stage [29]). 

Context 
awareness 

It happens, in this case, thanks to a descrip-
tive process by collecting, processing and 
exchanging quantitative variables. Contexts 
are described and classified using sensor 
information and system instances, which 
results, essentially, in a description (e.g. Car 
wind shield in Wired [14], Vodafone Cube 
[41]). 

Adaptation At this level, systems are receptive, since 
adaptation is based on user explicit and 
implicit inputs and the context where these 
inputs are acquired (e.g. Smart Home [53], 
Jayshree installation [12]). 

User  
Experience 

The system is designed mainly around the 
available interaction processes.  
The system is set with the aim of achieving 
optimal balance between usability and 
functionality (e.g. Interactive Ads [27], 
Glowing Places [24]). 

 

 

Fig. 6. Smart Home, Eindhoven, the Netherlands, 2008 [53]. 
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tion, in the Netherlands, and currently established in 

the city of Eindhoven. 

3.1. The role of sensors and actuators 

The enhancement of the environment, by means of 

sensors and actuators, provides the designed envi-

ronment with the ability to, on the one hand, observe 

and recognise user’s behaviour and context, and on 

the other hand, act upon or react to the user. It is 

about providing interactivity with users, and this re-

shapes the way we live and experience spaces [55]: 

the same way we use five senses to perceive and un-

derstand the contexts in which we live, spaces need to 

have the means to acquire information in order to 

locate users, understand what they are doing and pro-

vide a response. Metaphorically, sensors could be 

considered as the system’s senses, whereas actuators 

are system’s means of expression. 

Acquiring information is achieved thanks to the in-

tegration of sensor technologies (e.g. motion recogni-

tion, expression recognition, speech and sound rec-

ognition, as in the Prada Soho store [41]) that allow 

the system to acquire data about the user (e.g. what is 

the user doing, where is the user, etc., as explored in 

the Ada Experience project [18]) and context (e.g. 

time of the day, weather conditions, etc., as used on 

the House of the Future project [28]). By having this 

information, the system can either be reactive to a 

certain event, stimulation of behaviour, or be pro-

active in the sense that the system takes the initiative 

of taking an action, that is adjusted to the user and 

context data acquired and therefore is adapted to the 

user’s behaviour. In order to create an interaction that 

provides media and content (e.g. information) that are 

meaningful from the user point of view, these sensing 

technologies need to be reliable and robust, in the 

sense that the data collected and processed must be 

accurate in regard of the situation and context that is 

being analysed. The systems developed are robust if 

their performance is able to cope with variations (dif-

ferent user actions, for example) without loss or al-

teration of functionality. An example of loss or altera-

tion of functionality would be a situation where sev-

eral users are present at the same location, and the 

system misinterprets which one is actually using it, 

therefore reacting upon the wrong user action or be-

haviour. A system that reacts on a certain user move-

ment takes in account that different users might have 

different sizes and ranges of the same movement (e.g. 

as it happens in the Glowing Places projects, previ-

ously mentioned). This usually requires complex 

technologies, such as movement and sound recogni-

tion, providing ubiquitous access to the services and 

content. Providing ubiquitous access can be a speech 

recognition system that translates instructions to a 

telephone, within a car environment – such systems 

can be found in, for example, some editions of Peu-

geot 307 and Fiat Bravo. In this context, by providing 

ubiquitous access to services we mean, for example, 

placing a phone call or accessing the inbox via blue-

tooth hands free set connected to one of such cars. 

Within the same context, by providing ubiquitous 

access to content we mean, for example, giving ac-

cess to the user’s phone directory or inbox content 

accessible in one of these car’s memory. 

Among the different families of sensors that can be 

applied, the most common used input methods are 

pressure sensors (e.g. Glowing Places), touch screens 

(e.g. Living Memory), RFID tags (e.g. Prada Shop), 

motion recognition (e.g. TMN Bluestore) or micro-

phones (e.g. phone control in cars). 

An interesting example is the Barclay’s Interactive 

Walkway [4] at Lisbon’s International Airport, de-

signed by Ydreams for JCDecaux Airports (see 

Fig. 7). Users easily find their way out of the baggage 

claim area of the airport, by following the walkway 

that welcomes travellers in different languages. By 

means of motion recognition, the walkway is trig-

gered by motion detection and proximity of the 

walkway, enlighting the way through which users 

should circulate. 

In this sense, the richness (diversity) and unique-

ness (particularity) of the experience are related with 

the fact that the original experience in a certain space 

is being enhanced, and results into a new individual 

experience, that is no longer the same as before. This 

depends on the satisfaction (where result corresponds 

to expectation), the fulfilment (achievement), and 

enjoyment (pleasure) reached.  

The enhancement of physical spaces with AmI sys-

tems defines new trends in architecture that merge 

 

Fig. 7. Barclay’s Interactive Walkway, in Lisbon’s International 
Airport, Portugal, 2008 [4]. 
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digital content and real spaces. A good example is the 

urban installation Cube (see Fig. 8) at Vodafone head-

quarters in Lisbon [41]. 

Users (both Vodafone employees and visitors) 

passed by the installation and called a number dis-

played on the screen. Once connected, users would 

then join a live game, with up to six other real-time 

players, exchanging SMS with the between their own 

phones and the number displayed in the installation. 

As Vodafone staff has reported it, entering and leav-

ing the headquarters became a fun experience. The 

installation displayed how users should operate their 

mobile phone. On the other hand, it was not clear if 

and how the systems displayed which onscreen char-

acter belonged to a specific phone and neither if users 

could choose which game to play. 

As for the role that infrastructure plays in the con-

text of installations, it is worth mentioning that this is 

a feature that doesn’t live on its own, but depends on 

others to, together, constitute the kind of installations 

we are aiming at. As we have seen in the previous 

examples, the different kinds of technologies or infra-

structures that are explored are pretty much depend 

on the decisions made in regard of the interaction 

models that are explored in each case. In the follow-

ing section, we will review examples of interaction 

models that can be explored in this context.  

4. User interaction 

In general, the history of interface and interaction 

design tends to be one of simplifications of the com-

plexity of interfaces [60]. Such process expanded to 

AmI interfaces deeply influences current design prac-

tices, because one of the challenges that interaction 

designers face is to help users to manage the com-

plexity of such systems and their interfaces. The cur-

rent trend is to use embedded technology, invisible to 

the user, which supports the interaction within envi-

ronments. 

As an example, recognition technologies (e.g. mo-

tion recognition, speech recognition, etc.) are inte-

grated into the system to allow people to interact with 

computer-based systems the way they would with 

other people, acquiring multimodal forms between 

application and user, such as gesture, voice move-

ment and context recognition [9]. Such kind of inter-

action is spontaneous and straightforward, from the 

user point of view, and is known as natural interac-

tion. 

4.1. Natural interaction 

Natural interaction is defined in terms of experi-

ence: people naturally communicate through gestures, 

expressions, movements, and discover the world by 

looking around and manipulating physical things, 

providing users the perception that what they are in-

teracting with is real and usual [38,60]. 

An AmI environment provides interactive and 

communication application through natural inputs, 

such as gestures, sounds, body motion, etc. Other 

promising directions are facial expressions [43], foot-

steps inputs [44], and hyper-reality interface [7]. This 

expands the general concept of multimodal interfaces, 

where the interaction is based on different modalities 

such as vision and hearing. The interaction is not 

anymore dependent on a specific, unique user inter-

face, but on the recognition of the user’s actions and 

behaviour. This kind of interaction, known as natural 

interaction, is defined in terms of experience: people 

naturally communicate through gestures, expressions, 

movements, and discover the world by looking 

around and manipulating physical things [60]. 

AmI systems acquire data about the user and con-

text, and present digital content as it was part of the 

physical environment, assuming the interaction de-

sign is intuitive and needs no explanations. The envi-

ronment itself can be embodied with interactive 

properties [47], complemented often with active 

forms [21], objects that interact by changing their 

shape and adapting it to the context. 

An interesting example is the way large displays 

become interactive surfaces (see Fig. 9), by means of 

movements and proximity between the user and the 

display surfaces [10]. The images projected represent 

water, for example, and the effect that the user inter-

action triggers gives the user the impression of really 

moving their hand inside water.  

Natural interaction on physical spaces defines new 

trends that merge digital content and real spaces. This 

allows the user to manipulate and interact with an 

application having the feeling of manipulating reality 

 

Fig. 8. Vodafone Cube, in Lisbon, Portugal, 2002 [41]. 
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itself [55]. According to Valli [60], if users in public 

spaces may spontaneously interact with the designed 

artefacts, there is no feeling of being the user of a 

computer application, but manipulating a reality itself. 

Within the scope of AmI systems, and given the 

tendency for technology to be embedded within the 

infrastructure, this interaction model is directly re-

lated with the concept of natural interaction systems 

[1]. An interesting example of an application that 

naturally induced the feeling of dealing with reality is 

the experiment developed within the MIT Media Lab 

with Jayshree, an Indian temple dancer [12]. 

In the installation, the image of the dancer Jay-

shree was displayed, looking back and forth scanning 

for an audience. As soon as a passer-by entered the 

space, Jayshree prepares herself and performs her 

dance of welcome. If the visitor leaves before the 

dance is complete, the display changes to a close-up 

of her staring at the departing audience (see Fig. 10). 

This piece engaged passers-by and, according to au-

dience reports, made those who left the installation 

feel a little guilty. This feeling is triggered as if the 

visitor was interacting with the dancer herself, and 

not just an application. 

In order to provide this experience to the user, 

natural interaction uses embedded technology into the 

environment, making it invisible to the user. An ex-

ample of this invisibility is the interactive furniture 

and displays designed for the stage of the Italian TV 

show Isola dei Famosi [29], where such interactive 

surfaces are applied to the creation of a TV stage (see 

Fig. 11). 

By integrating the technology into the environment, 

it becomes completely invisible to the user, where 

interacting is not intrusive for the user and becomes a 

natural way of acting. In this case, the enhancement 

is fully integrated into the environment, and improves 

the dynamics and experience of the set, not being an 

isolated experience on its own. 

An example designed by Ydreams [8] for the BPI 

bank uses the context of a bank (see Fig. 12). Public 

displays are used for advertisement presenting digital 

brochures, in which users navigate through different 

parts of the brochure being shown with an arm 

 

Fig. 9. Interactive surfaces designed by iO Agency [10]. 

 

Fig. 10. The dancer staring at the user that abandons the installa-
tion before ritual is finished [12]. 

 

Fig. 11. Isola dei Famosi stage, Italy, 2007 [29]. 

 

Fig. 12. BPI Interactive Loan Store, in Lisbon, Portugal, 2006 [8]. 
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movement that represents the movement of turning 

the pages, as if real pages were being turned. This 

installation had the goal to create a dynamic and im-

mersive environment where access to information is 

transparent and effortless to the user. All integrated 

applications involve the customer in intuitive, hands-

on experiences. That includes an interactive window 

built into the storefront that detects passers-by and 

invites them to explore BPI related services, and a 

floor projection, which reacts to movement. There is 

also an intelligent ticket system that lets customers 

enter their mobile phone number in order to receive a 

text alert when their turn is up. 

It is however important to manage information and 

to avoid overloading the user. An extreme example of 

information explosion is presented in the wired 

magazine website [14], a car windscreen would be 

enhanced with all the extra functions and information 

that could be support to the activity of driving (see 

Fig. 13). 

Even though these functions and content could 

provide extra information or assistance in driving, 

their presence and availability on the main focus of 

attention of the user would actually interfere in the 

safety of driving. While the system makes available a 

considerable amount of extra information and func-

tions, it contributes negatively to the experience of 

driving by impeding the road visibility. 

In the next example, developed by General Motors 

[23], the windscreen combines laser, a camera and 

infrared sensors to enhance the visibility of objects on 

the road (see Fig. 14). The windscreen display fo-

cuses on selected objects on the road in front of the 

driver; this is to avoid unnecessary information for 

the user. For instance, the infrared sensors would de-

tect and highlight a user pushing a baby stroller in 

front of you. And on a foggy night, the lasers would 

outline the edge of a road. This case exemplifies how 

can ambient information support the action of driving, 

but being ambient, the main attention of the user is 

still dedicated to the driving itself, and the enhance-

ment via this ambient information provides a higher 

awareness of the road conditions, therefore providing 

a higher level of safety. 

The different interaction models that are explored 

are so, as we have seen, depending on the context of 

use. In the next section, we will define context, the 

importance of context awareness in the design of en-

vironments and installations, and examples of use to 

illustrate some of the followed directions. 

5. Context awareness 

Context, as defined by Dey et al. [15], consists of 

information that can be used to define the situation of 

entities (e.g. a person, place or object) that are con-

sidered relevant to the interaction between a user and 

an application. The process of context awareness 

consists of describing and classifying the contexts 

 

Fig. 13. Car windshield interface showed in wired magazine [14]. 

 

Fig. 14. Car windshield interface designed by General Motors 
[23]. 

J. Alves Lino et al. / Responsive environments: User experiences for ambient intelligence354



within a certain environment, using sensor informa-

tion and system instance description (e.g. user loca-

tion and activity). 

This can be achieved by means of collecting, proc-

essing and exchanging quantitative variables, such as 

user gestures and positions, temperature, level of 

lighting, etc. This information is processed by the 

system to ensure a correct classification of the con-

text and a corresponding adaptation of the environ-

ment. Within the field of adaptive home, a simple 

example is an automatic air-conditioning and light 

setter, based on the temperature and light conditions 

of outside, as we can see when visiting the Smart 

House (see Fig. 15). 

Dourish proposes an approach to context-

awareness [16], in which the context where actions 

take place is considered the key factor that makes an 

experience meaningful for users. Contexts play a 

critical role in defining actions and in providing users 

with the means to interpret and understand action. 

This is because users have previous experiences that 

contribute for the way they perceive new ones. These 

previous experiences were made in particular con-

texts. Therefore, if contexts where new experiences 

are designed are somehow related with previous ones, 

then it becomes easier for users to find a meaning in 

the new experience. 

Within a context, AmI systems should be flexible 

enough to understand the variations of actions or be-

haviours that different users can perform. Such ad-

aptability requires combination of different contex-

tual information, combining environment information 

with user information. Having access to contextual 

information, the system is able to trigger affect on the 

users, based on the present environment conditions, 

but considering the user’s particulars as well [51]. 

Coming back to the Smart Home example, if a user 

turns the lights on, the system will provide a different 

level of lighting depending on what the user is doing 

(e.g. if watching TV, the light will be dimmed). 

Since AmI systems are designed in order to pro-

vide an experience that is meaningful, temporal con-

text is also involved, as actions and changes gain 

their meaning and intelligibility from the way in 

which they figure as part of a larger pattern of activi-

ties (e.g. the activity pattern of a house family) [28]. 

In this case, context awareness is based on interpreta-

tion of the different variables that constitute the ex-

perience, understanding, for example, that family 

patterns are ultimately constituted by individual pat-

terns from each of the family’s members, and there-

fore, the contextual information within the same 

space is not exactly the same for each member. An 

example is the situation where one family member is 

reading and another family member is watching TV. 

Which one to prioritize when defining the living 

room light conditions? The system should be con-

structed to enable a reasoning and understanding of 

current contexts and current experience the user is 

having, because, as seen on this clear example, one 

way to make the system adapted to this reality would 

be to reflect the rules or patterns that already exist in 

the household (e.g. a parent would have priority of 

choice over a child). An example of a context-aware 

system implemented within several simultaneous 

users is the urban installation World Cup Adidas Eye 

Ball (see Fig. 16), installed in Barcelona, Berlin, Co-

logne, London, Manchester and Paris, in 2006 [63]. 

Within this installation, users are detected by the 

system in the surrounding area of the installation. The 

 

Fig. 15. Air-conditioning and light control panel in the Smart 
Home [53]. 

 

Fig. 16. World Cup Adidas Eye Ball, in Barcelona, Berlin, Co-
logne, London, Manchester and Paris, 2006 [63]. 
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installation provides users with football news, 

weather information and Adidas related topics. Fur-

thermore users can connect with their mobile phones 

and interact with the system through games and com-

petitions. The installation has two functions: spread-

ing information and engaging users in interaction. 

The installation is linked to a current major event 

sponsored by the client, and users become aware of 

this. Moreover, the installation travels around the 

world, connecting to more and more users. 

However, the negative side is that the interaction 

requires a mobile phone, and as far as the user ex-

perience is concerned, there’s not really a personal-

ised interaction between the users and the system, as 

the system is designed to deal with a mass audience, 

which, at the end, provides pleasure in using an urban 

installation, but it does not provide a really meaning-

ful experience. 

As we have seen, context awareness refers, essen-

tially, to a system’s ability to acquire information. In 

the next section, we will explore how context aware-

ness influences the adaptation level of a designed 

system, taking in account that if, in one hand, context 

awareness is acquiring relevant information about the 

surrounding entities, adaptation refers to, on the other 

hand, to the changes and output provides by the envi-

ronment based on the previously acquired informa-

tion. 

6. Adaptation 

The adaptation to the users can have many levels, 

from using a simple presence sensor, in order to iden-

tify a user is present, e.g. Barclays’ interactive walk-

way, to expression recognition in order to determine 

the user’s mood and have an emotional adaptation 

(e.g. Ada Experience). In the case of the Barclays’ 

interactive walkway, the system is somehow adaptive, 

in the sense that it identifies whether travellers are 

arriving or not. However, the system is not personal-

ised, given that the messages are given in different 

languages. Adaptivity, in this sense, is merely related 

with the positioning of the travellers, and not really to 

their identity.  

In most cases the adaptation is related to the fea-

tures and context of the environment and can also be 

about the services (that can be adaptive in regard of 

the specific features of the user) delivered within the 

environment. 

We have set up a scale that defines five levels of 

adaptation [49]: 

1. At the simplest level, adaptation can be just a 

reaction to user inputs (e.g. keyboard). Reac-

tive systems are impersonal and require an in-

put from the user for any change.  

2. In this case, adaptation can also be interactive. 

In which case there is a dialogue between the 

user and the environment and, in some cases, 

the identity of the user is relied upon as part of 

the inputs, bringing personalisation to this level 

of adaptation (e.g. computers).  

3. More adaptive systems are perceptive. They 

also rely on user implicit input (e.g. user activi-

ties or actions), rather than just explicit input 

(e.g. operating a control panel, Smart Home). 

Perceptive systems try to address user prefer-

ences and deliver services accordingly. 

4. Adaptation can go further and the system can 

become receptive, taking into account the con-

text of use. The adaptation relies on user pro-

files (e.g. Amazon.com) to deliver tailored ser-

vices and content. 

5. Finally, we believe the ultimate adaptation level 

is when the system turns proactive and is able 

to predict user needs and actions according to a 

model. 

All the features that are part of the design process 

of an AmI installation mutually influence each other. 

Infrastructure is built upon the technological and 

physical needs that the designed environment is aim-

ing at; interaction models are selected and designed 

towards a positive usability quality, that takes in ac-

count user needs, wishes and contexts of use; sur-

rounding contexts, and the ability to acquire date 

about these, allow the system to act or react by adapt-

ing to the different condition that the system is facing. 

But ultimately, the whole interest of taking these fea-

tures in a combined consideration is to achieve and 

provide user experiences that are more than just a 

reflection of positive usability. In the next section we 

will be analysing the concept of user experience, in 

what level can these features be combined to achieve 

positive experiences, and to which extend can user 

experience be a definitive motivation and goal along 

the whole design process of AmI installations. 

7. User experience 

The term user experience has been explored since 

the middle 1990’s, but, so far, there is little agreement 

on a unified notion or view on what exactly defines 

user experience [34]. While early perspectives saw 
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user experience mainly as a result of user interface 

design, many researchers believe that positive user 

experience comes from the value and meaning of the 

product concept itself [48]. User experience focuses 

on “non-utilitarian aspects of human-technology in-

teractions, shifting the focus to user affect and sensa-

tion” [34]. This is one of the reasons why, being a 

subjective and holistic concept, it is not easy to create 

criteria based on which it could be evaluated. 

In the context of interactive systems, Forlizzi and 

Battarbee have explored three types of experience, 

from the meaning point of view [22]: 

1. Experience, referring to the constant stream of 

“self-talk” that happens while we are conscious, 

and that is based on the holistic knowledge one 

has acquired during the course of his/her life. 

E.g. while walking in the park or performing 

light housekeeping. 

2. An experience, referred to as something more 

unified, that could be articulated or named, hav-

ing a beginning and an end, and could eventu-

ally constitute a learning point from the holistic 

point of view. E.g. a particular event or a par-

ticular product that one interacted with at a cer-

tain moment. 

3. Co-experience, which involves creating mean-

ing and emotion together, or shared with others. 

Shared experiences allow a range of interpreta-

tion by others involved, and therefore personal 

experience is mutually influenced by sharing 

and expressing meaning through social interac-

tion. E.g. interacting with others during a par-

ticular event. 

In the context of AmI, according to Aarts and de 

Ruyter [2], AmI systems’ first priority should be to 

contribute to the development of products and ser-

vices that are easy to use and simple to experience, 

and not the mere increase of functionality, because 

otherwise these are developed without proper consid-

eration for the effects it will have on the user [2]. In 

the context of AmI, the user experience is the experi-

ence one has while interacting, using and manipulat-

ing a product, a process, a service, an event, or 

his/her environment, it is a combination of interaction 

and perception. The interaction relates to the relation 

between the user and the environment as an ICT sys-

tem and a physical space. The perception is the com-

bination of visual and audio as well as other media 

and modalities changes produced by the environment. 

Hassenzahl and Tractinsky [26] defined user ex-

perience as the consequence of: 

− The user’s internal state (e.g. pre-dispositions, 

expectations, needs, functionality, mood, etc.), 

− The characteristics of the designed system (e.g. 

complexity, purpose, usability, functionality, 

etc.) and 

− The context within which the interaction occurs 

(e.g. social setting, meaningfulness of the activ-

ity, voluntariness of use, etc.). 

Such a definition focuses on how to create quality 

experiences rather than merely preventing usability 

problems and supporting functionality.  

As previously mentioned, there is still no widely 

approved definition for user experience [48]. How-

ever, after analysing some of the different perspec-

tives so far [2,3,13,20,22,26,34,45,48], we believe 

that user experience design is about designing for 

subjective aspects: pleasure and value, in contrast to 

eliminating usability problems. It is a subjective and 

holistic concept that is hard to measure and evaluate, 

since the same design can have a different effect over 

different users in different times, affected by the 

user’s internal state, context of use, and the system 

used [48]. 

Designing a user experience is about addressing 

the relationship between an application running on an 

ICT system that can be represented as a series of 

computations and experiences that are essentially 

internal mental events [13]. In this perspective one 

has to understand that the experience cannot be the 

media, the services or the environment, it can only be 

part of the interaction, as a process linking the user 

internal state with the various states of the ICT sys-

tem. The challenge is then about the design, selection, 

rendering and manipulation of the environment and 

the services offered so as to trigger a desired user 

experience. 

The user experience delivered out of an AmI envi-

ronment is therefore about affect and motivation. Af-

fect to have certain emotions and, motivation to per-

form a certain action or adopt certain behaviour. 

Within an AmI environment the user experience 

combines interaction and perception experiences. The 

interaction experience relates to the relation between 

the user and the environment as an ICT system and a 

physical space. The perception experience is the 

combination of visual, audio and sensory changes 

produced by the environment. In a static environment, 

the physical experience of building materials and 

their sensory properties, as well as the spatial geome-

try of an environment, define the user perception. In a 

dynamic and changing environment, the user percep-

tion is further influenced by the relation between the 
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dynamic aspects of the environment and her/his be-

haviours and actions. It is about generating the per-

ception of an environment yielding a changing and 

responding space. 

User experience design optimises the use and ap-

plication ICT infrastructure within a physical space, 

the selection of services available and the design of 

the physical space. It is also about reduction of re-

dundant or unnecessary features and the management 

of the relationship between users and their surround-

ings. An aesthetic perception of the experience is the 

outcome of combining this relationship with previous 

experiences the user had. This relationship triggers 

new ways of seeing and perceiving the experience the 

user is being subject to. This perception depends on 

the individual’s interpretation, which may arise from 

emotional responses and/or comparison with previous 

experiences [20]. Technology plays an important role 

as it enhances an existing environment, to deliver 

positive experiences. The purpose and functions of 

the environment are embedded into a context, in 

which they are integrated and used [45]. 

As defended by Aarts [3], there is a paradox in the 

way AmI has been developed so far, in terms of ac-

cessibility and experience. The required technologies 

are embedded in the background providing functions 

for the user, but how are these functions related to the 

experience and meaningfulness on the perspective of 

the user? A system that is developed based on a user-

centred approach, such as the Prada Soho Store or the 

Vodafone Cube [41], implies that, in its design proc-

ess, technology and experience are matched in order 

to achieve results that effectively improve the user 

experience. 

7.1. User engagement 

Engagement, in the scope of AmI, is the level of 

involvement that an environment triggers in the user. 

An environment with displays will have users observ-

ing what is being projected. The information is pro-

vided via the displays, which could metaphorically be 

seen as a monologue. An example of such monologue 

is cinema, in the context of narratives, or screen bill-

boards, in the context of advertisement, given that 

these are media that are looked or watched at, by 

viewers that end up having a passive role to what 

they are being presented. Traditional communication 

media, such as television, radio or print, assume a 

different role. New technologies and interactive ex-

periences open the doors to new genres of experi-

ences in the perspective of AmI, such as interactive 

television, alternate reality gaming or interactive in-

stallations. An interesting example is the interactive 

multichannel game Black-beard Connection, which 

conquered huge audience in the Netherlands, making 

use of mixed media such as mobile communication, 

Internet, printed matter and television [5]. Informa-

tion, entertainment and other contents are provided to 

the audience in the form of dynamic and interactive 

physical space applications, instead of the conven-

tional static form, e.g. passive contemplation activi-

ties such as watching television, cinema or adver-

tisement, as mentioned above. Users not only have 

direct contact with the information, but also gain an 

experience thanks to their engagement while interact-

ing with the environment. 

As we observed in the case of the Interactive Ads 

(see Fig. 17) for Shanghai Stadium Subway Station, 

in China [27], the interactivity offered to the user is 

quite interesting because it integrates the user in the 

advertisement that is being projected. The level of 

detail of the product advertised increases as the prox-

imity of the user to the billboard increases. It allows 

the user to experience branding and product adver-

tisement in an engaging way because the quantity of 

information provided is adapted to the amount of 

time the user is willing to spend looking at it. 

However, it is questionable if the context in which 

the system was installed (a metro station) is the best 

context of application, given that this is a location 

where users are, generally, on the run, and will not 

likely stop to actually experience the installation. If 

the context of use of such installation was one where 

users do have to spend time waiting (e.g. airport 

lounges), such environment would actually take in 

 

Fig. 17. Interactive Ads for Shanghai Stadium Subway Station, in 
Shanghai, China 2007 [27]. 
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consideration the time that users have to wait by ex-

posing them to such an environment and experience. 

To deliver engagement, the environment design 

should go beyond form shape, appearance, media and 

services, towards taking in consideration the emo-

tional impact that such environment would have over 

the user. 

On the other hand, the Ada Experience is an inter-

esting example, it is an interactive space developed 

for the Swiss Expo in 2002 [18]. The Ada installation 

triggers the user’s attention more efficiently and gives 

the user the feeling of being acknowledged, it en-

gages the user into a dialogue with the system. Con-

ceptually, this interactive space can be seen as an 

living entity with visual, audio and tactile input, and 

non-contact light and sound effectors. Visitors to Ada 

are immersed in an environment where their only 

sensory stimulation comes from Ada herself (and 

other visitors). Like an organism, Ada’s output is de-

signed to have a certain level of coherence. It can 

communicate with them collectively by using global 

lighting and background music to express overall 

internal states, or on an individual basis through the 

use of local light and sound effects. 

The experience comes from the more encom-

passing combination of the aesthetics of the environ-

ment, the media, the atmosphere rendered and the 

user actions. These could be used as positive motiva-

tors for the user [36], encouraging users to experience 

the environment they are in, and feel positive towards 

it. 

7.2. Embodiment and intimacy 

By embodied technology, we mean technology that 

is invisible for the user and allow him to rely on the 

supporting technology infrastructure for the fulfil-

ment of his/her tasks [58]. Within this context, we 

call intimacy to the proximity between the different 

environment elements that are embedded in the envi-

ronment, and the users. 

The integrated technology should as simple as pos-

sible while delivering the required functions [9]. This 

means that the technology is chosen for a particular 

application not because it is innovative and ground-

breaking, but because it serves its requirements, no 

matter how simple they may be. 

Within a AmI installation, the interactive features 

such as motion or speech recognition, can be present 

on the environment itself (via sensors and actuators), 

or can be embodied in physical objects. Embodiment 

is to attribute physical objects with characteristics 

that allow them to interact with a physical environ-

ment meaningfully (e.g. a living room can have a 

temperature sensor that sets the air-conditioning sys-

tem, as opposed to having a controller, that embodies 

the control of the environment). The level of em-

bodiment of technology onto an environment has 

implications on the relationship that users build with 

the environment. The intimacy of these systems pro-

vides different levels of effect and engagement, de-

pending on how an object is embodied into the user 

(the object is felt like an extension of the user) or the 

user is embodied into the object (the user submits to 

the interactions of the object). According to Fels [21], 

and as explored by Blaine and Fels [6] and Costello 

et al. [11] there are four types of relationships that 

can be categorised according to the depth of em-

bodiment: 

− The user dialogues with the object, in which 

case the experience is put on cause and effect of 

this communication (e.g. a GPS navigator); 

− The user embodies the object, in which case it 

is the control of the object as an extension that 

provides experience (e.g. playing drums); 

− The object communicates with the user, in 

which case the experience comes about as re-

flection or contemplation of the signals coming 

from the object, as there is no interaction (e.g. 

thermometer); 

− The object embodies the user, where the object 

must be able to control the user and the user 

must be in a state to allow the control (e.g. a 

massage bed). In this case, experience is drawn 

through relinquishing control of the users them-

selves so that the object can conduct them. The 

emotional response arrives through submission 

and belonging. 

 

Fig. 18. Ada Experience, in Neuchâtel, Switzerland 2002 [18]. 
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The matter of embodiment and intimacy is of rele-

vance for the design of AmI. By using interaction 

models such as natural interaction, embedding tech-

nology into the environment, systems are invisible to 

the user’s attention. If a system is designed consider-

ing with a higher level of intimacy with the users, 

these will be able to communicate ideas and emotions 

effectively through the system, as if it was an exten-

sion of themselves [37]. If users in public spaces can 

spontaneously interact with the surrounding envi-

ronment, with different levels of intimacy, there is no 

sensation of being using a system or application, but 

manipulating reality itself, which constitutes, on its 

own, a very promising perspective. 

7.3. User access 

Accessibility, in general, can be universal, area-

wide, local, or single point, depending on the goal 

that a system is aiming to achieve. In the case of AmI 

accessibility, in the context of the system (e.g. a 

building, a city...), is to be universal [1,2,17]. Accord-

ing to Emiliani and Stephandis [17], universal access 

implies the accessibility and usability of information 

technologies by anyone at any time or any place. De-

signing such access into a system requires method-

ologies and technologies that allow systematic and 

cost effective approaches to accommodate all users, 

taking in account that different users have different 

requirement and therefore the interaction should be 

flexible enough to provide different users a positive 

experience [57]. E.g., in the case of the Interactive 

Walkway [4], users are considered to approach it by 

walking, by default. But the installation should also 

work with wheelchair users, and in the case of blind 

users, users should be given sound feedback as a re-

placement of the visual messages being displayed. 

However, as argued by Coen [9], universal access 

is not always the most appropriate accessibility level 

to AmI. Designing an intelligent and interactive envi-

ronment may require highly embedded ICT structures. 

However, this does not imply either that the technol-

ogy or application must be accessible everywhere in 

the environment, nor that users must directly interact 

with any kind of computational device [9]. By using 

an approach where minimal hardware modifications 

and “decorations” (e.g. cameras and microphones) 

are advocated in ordinary spaces this should enable 

only interactions that contribute to the designed and 

expected experience (in case of the Barclay’s Interac-

tive Walkway [4] the application is very specific 

about what information is being provided to the user). 

Depending on the nature and objective of a given 

system design, providing permanent universal access 

in a context where interaction with the user is taking 

place in a particular time and place is, on one hand, 

technology overkill, and on the other hand it is not 

clear whether the universal access is contributing for 

a user experience that makes sense. 

8. Defining responsive environments 

The way AmI systems have been developed during 

the first decade of the 21
st century had a background 

theory that pointed out the matter of experience. 

From a design point of view, some of the experiences 

resulted in interesting explorations of technology. 

Back in 1977, Myron Krueger had explored the 

building and rebuilding spaces accordingly to experi-

ences, taking in account that the technology devel-

opments were at that moment very limited, when 

compared with the current ones. Krueger created the 

concept of responsive environments as physical 

spaces that “perceive human behaviour and respond 

with intelligent auditory and visual feedback”. This 

concept was introduced as the basis for a new aes-

thetic medium based on real-time interaction between 

users and systems that focuses on human experiences 

[32], based on the fact that this was an exploration 

that was mostly perceived as art. Responsive envi-

ronments allow users to manipulate digital media via 

the surrounding environment thanks to verbal and 

non-verbal actions. Users become immersed in an 

environment whose content and appearance react to 

them [33]. 

In this perspective, and as an evolution to the con-

cept of AmI that has been developed on scientific 

contexts, and the way Krueger explored the theme in 

an artistic perspective, we have approached and rede-

fined responsive environments as physical spaces that 

are enhanced with ambient intelligence, e.g. media 

and technology to provide a user experience that is 

interactive, rich, unique and changing. Users of the 

environment experience a more engaging and inter-

esting space when compared with the original space 

before the enhancement. A clear example is a shop 

with interactive features, such as the Prada Shop or 

the TMN Bluestore, which allows a different level of 

experience from a regular shop that just exhibits the 

selling products. The goal of the enhancement is to 

place the technology that the system uses in the back-

stage, being “hidden” or “invisible” for the user that 

interacts within this space. In the case of the TMN 

Bluestore, a light system that highlights the items to 

which the user is looking at allows the user to experi-
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ence the highlight, but not the complexity of the pro-

cess that makes the system aware of where the user is 

looking at. 

A responsive environment combines several adap-

tive components, such as light, temperature or sound 

components. As such, the environment can transform 

in many ways to adapt to its users. The transforma-

tions can happen in two ways: at one level, a struc-

tural transformation, in the form of the physical struc-

ture of the space itself by using, for example, mov-

able panels and partition walls. On a second level, a 

content transformation, where the changes can relate 

to the content presented in the space. This content 

may include the media, the information and the inter-

activity available, e.g. wall-integrated displays or 

projections, Bluetooth messages sent by the system to 

your mobile phone, etc. 

Within responsive environments, the user experi-

ence is a combination of interaction, perception and 

aesthetic experience. The interaction experience re-

lates to the relation between the user and the envi-

ronment as an ICT system. The perception experience 

is the combination of visual, audio and other media 

changes produced by a given installation. The aes-

thetic experience relates to the emotional feedback 

that the system unchains on the user. This means that 

the user experience is influenced by: 

− On a first level, how the user interacts with the 

system; 

− On a second level, what comprehension and 

understanding the user has over the experience 

that he’s being the subject of; and 

− On a third level, which emotional state the en-

vironment triggers on the user. 

As responsive environments acquire data about the 

user and context, they can provide an action that is 

adapted to the user’s behaviour and situation. This 

results in a personalisation of the environment to the 

user, as it gives him/her an experience of the envi-

ronment where there are details and characteristics 

that are addressed by the environment and that are 

not necessary relevant to the service provided, but to 

his/her experience. 

A responsive environment delivers a desired (ex-

pected) and designed (defined) user experience, via 

interaction between the user and the physical space. It 

is also via using space as a platform for a certain af-

fect (the experience of a feeling of an emotion) and 

behaviour (the actions and reactions of the in relation 

with the environment). It is a space that invites to 

certain emotions, actions and state of mind, by de-

signing the experience and taking into consideration 

what and how media will induce these within the 

space. It is important to remember the perception of 

an environment as a first person experience and is 

strongly dependent on a variety of personal variables, 

such as history, personality, mood, etc. Every time, 

every one of us will have a different experience of the 

same space. We externalise and share our experiences 

by turning them into words and sentences. Unfortu-

nately not all experiences are declarative and some 

cannot be put into words. We allow for the expression 

of one’s experience through other means. Actions, 

behaviours and movements are used for expression. 

They become part of the user behaviour that we want 

to translate into a ritual within the environment. 

We have analysed this new approach, and com-

pared with the System-Centred Approach previously 

defined in Table 1. In Table 2 we provide clarification 

Table 2 

Characteristics of a Responsive Environment System 

Criteria User-Centred Approach 
(focus on user experience) 

Infrastructure The building of the infrastructure is mostly 
concerned with the delivery of experience 
and perception (e.g. Ada Experience [18], 
TMN Bluestore [59]). 

Interaction  The interaction interfaces are at the periph-
ery of the user’s attention, resulting in 
interaction models that are non-invasive 
and non-obtrusive, thus not interrupting the 
user. The design of the environment is 
focused on enhancing the user experience 
(e.g. Car windshield by General Motors 
[23], World Cup Adidas Ball [63]). 

Context  
awareness 

Environments are designed to enable an 
understanding of current contexts. As a 
result, systems achieve interpretation, ra-
ther than just descriptions (e.g. Prada Shop 
[46], Ada Experience [18]). 

Adaptation The adaptation is taken upon a proactive 
level, based on history, user profiles and 
predictions of user needs, requirements, 
desires, explicit and implicit inputs and the 
surrounding context (e.g. TMN Bluestore 
[59], Prada Shop [46]). 

User  
Experience 

At this level, the attention is on the aes-
thetic effect of the experience: the impact 
that the appearance and perception of a 
designed artefact have on the user’s emo-
tional and mental world. The technology is 
present to enhance an existing real envi-
ronment, with the goal of achieving posi-
tive experiences, given that the function is 
integrated in a context, instead of being 
isolated (e.g. Songdo’s Ubiquitous City 
[45], Prada Shop [46], TMN Bluestore 
[59]). 
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on the different features, in regards of the needs and 

expectations for a responsive environment system: 

Table 2 shows there are now numerous projects 

that address several criteria simultaneously. The field 

of research has matured and has adopted what we call 

a User-Centred Approach. This approach is centred 

on the experience that users can obtain from different 

spaces, rather than simply on the display of explora-

tion of the technology used. In this context, the en-

hancement of media and technology is there to assist 

the experience, and not as a mean to deliver an ex-

perience of media and technology per se. It is also a 

user-centred approach that places the initiative on the 

side of the user [3], meaning that decisions and be-

haviour of the user trigger the interaction and events 

that occur in the environment. This requires the in-

volvement of different disciplines, or field of exper-

tise, as opposed to the approaches observed in most 

AmI systems, that mainly involve experts from the 

field of engineering and computer science. 

Engineering, design and social sciences are neces-

sary to respond to both functional and conceptual 

requirements (will the system conceived fit to what 

the user will be asking of it?) in order to achieve a 

successful responsive environment [31]. By engineer-

ing, we mean, for example, electronics and computer 

science. By design, we mean, for example interaction 

and experience design. And finally, by social sciences, 

we mean social interaction and psychology, for ex-

ample. 

A responsive environment is also a space that in-

vites certain emotions, actions and state of mind. 

Firstly, because it should somehow create an atmos-

phere within the environment that, on its own, con-

tributes to the creation of a sort of user moods. Com-

ing back to the TMN Bluestore, the interactive play-

ground provides an entertainment experience that can 

change the mindset of visitor from “buying” mood to 

“enjoyment” mood.  

Secondly, because using the environment as a plat-

form for interaction with content, information or ser-

vices allows users to interact with this information in 

a natural way, having the feeling that there is a mu-

tual understanding between them and the application. 

The Prada Shop is an interesting example of this, as 

the systems integrated in the shop assist the user in 

the specific shopping activity.  

In a way some public places in cities, such as mu-

seums, where the whole environment is designed to 

create a certain atmosphere around the subject of the 

objects being exposed, are already doing. However 

there is limited knowledge about what actions or 

emotions will be triggered in this context.  

Furthermore current spaces are not often interac-

tive or adaptive, even if the media presence is some-

times very strong. Times Square in New York can 

provide a very dynamic experience from the quantity 

of information point of view, but none of the image 

displays is currently interacting with any of the users 

in this public space.  

On the other hand, very interesting challenges are 

being faced, with the possibility of large-scale inte-

gration of such concept, such as the Knowledge Plaza 

of the Osaka Station North District project [42], and, 

at a much larger scale, the Songdo’s Ubiquitous City 

[45] in Incheon, South Korea. This massive respon-

sive environment (see Fig. 19) is currently being built 

from scratch, where the different environments that 

are being developed are centred on the user needs and 

the way the different necessary services are there to 

be provided. 

9. Responsive environments at the Department of 

Industrial Design of the Eindhoven University 

of Technology 

We aim to develop a responsive environment that 

is receptive to its users. This is an approach where the 

environment adapts to the user, explicit and implicit 

user actions are combined with an understanding of 

the current context. We have defined that our context 

of use will be the home and the work environments, 

where we will be focusing on the different activities 

and experiences that users are subject to while in ei-

ther environments. We want to develop user experi-

 

Fig. 19. Songdo’s Ubiquitous City, in Incheon, South Korea, 2018 
[45]. 
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ence where people feel supported and assisted by 

technology in their pursuit of comfort, enjoyment and 

positive affect. 

We have set up a project about designing an adap-

tive office that provides its user(s) with an enhanced 

working experience. The enhancement is based on 

adaptation to the user needs and requirements, con-

sidering the specific features of the office environ-

ment (individual office, working/professional atmos-

phere, etc). This includes providing workers with 

adaptive options and possibilities that ultimately 

augment the level of efficiency via comfort, commu-

nication and access to services and information dur-

ing the use of this space. Our first attempt at setting 

up an adaptive office, in the scope of responsive envi-

ronments, is the installation we are currently develop-

ing in xxx. Four different components have been de-

signed: an environment controller (called EmDis), an 

adaptive desk (named Equinox desk) a desk lamp 

(Flux), and a tea maker (Zutea). 

The type of user experience we want is based on 

naturalness, comfort, ease of use and positive out-

come, the user should experience the continuation of 

prevailing habits and rituals as long as they are posi-

tive. In the following sections we provide an over-

view of these projects. Our intention is to integrate 

them in a smart office for user tests and experiments. 

9.1. EmDis environment controller 

EmDis is the embodiment of the responsive environ-

ment; displaying the current status of the environ-

ment in an abstract and metaphorical way and at the 

same time, allowing the user to change and control 

the environment with simple and natural gestures.  

Developed with a focus on aesthetics, shape and 

interaction, EmDis is a magical and beautiful gate-

way to and from the environment. Giving the object a 

magical touch will ensure that the user keeps using it 

with the same pleasure as derived by the first time 

use. EmDis is the design of an object that provides 

control of the environment parameters in a natural 

and familiar way. The first interaction is the opening 

and closing of the object. The design allows the user 

to manipulate the shape of the object. This corre-

sponds to the openness of the environment’s atmos-

phere. The second interaction is the heating up and 

cooling down of the core. This is mapped to the room 

temperature and to the lighting’s colour temperature. 

The last interaction is the speed of the rotation of the 

core. It represents the activity level of the room and 

influences the background music. 

9.2. Equinox desk 

Equinox is a lighting adaptive office desk and aims 

to address the Seasonal Affective Disorder – known 

also as SAD syndrome – within the context of the 

office environment. 

Equinox is an adaptive and responsive desk that 

focuses on two of the main causes of SAD: low day-

light intensity and cold colour temperature. Equinox 

relies on light therapy to prevent SAD, by compen-

sating the cold colour of daylight in autumn and win-

ter with a warm self-illumination. Similarly, Equinox 

adjusts the intensity of its self-illumination. It is de-

signed with two lighting elements: the desktop, which 

provides a diffuse light, and a movable screen, that 

creates the illusion of a window through which the 

sun shines). 

9.3. Flux desk lamp 

Flux is an ambient break management system in 

the form of a desk lamp designed for responsive of-

fice environment. This project aims to increase the 

 

Fig. 20. EmDis Environment Controller, Netherlands, 2009. 

 

Fig. 21. Equinox Desk, Netherlands, 2009. 
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office worker’s experience by changing the way in-

formation is brought to his/her attention. Flux is de-

signed with a focus on non-obtrusive communication 

and non-invasive interaction. 

Positioned on the desktop, Flux invites the user to 

have a break when needed. Based on the principle of 

the Workpace software [62], now used by many in-

formation workers, Flux measures work intensity 

based on the number of keystrokes and mouse events 

within a timeframe. It compares this data to the user’s 

stored personal break pattern and notifies the user of 

the necessity to have a break – generally six minutes 

each hour of continuous computer use. In addition, 

Flux tells the user whether (s)he is likely to meet a 

colleague during the proposed break. Flux is also 

promoting social connections with work colleagues. 

In contrast to the Workpace software, which uses 

disruptive pop-up windows and annoying sounds to 

“motivate” the user to take a break, Flux uses light 

and movement. In combination with the social di-

mension, the calm technology of Flux enhances the 

office worker’s experience. 

9.4. Zutea tea maker 

Zutea is a ritual enhanced tea maker, and focuses 

on those having difficulties taking their minds of 

work during their work break. 

The Zutea tea maker provides an intuitively made 

cup of tea. Tea is added manually to any flower, by 

pulling down the flexible stem; the user initiates the 

boiling process. Each stem has a length associated 

with a brewing time to offer the freedom to pick the 

desired tea strength. While the flower remains down, 

hot water pours in to mix with the tealeaves. The 

flower uprights itself, while brewing. Once the top is 

reached, the tea is ready. Pouring the brew in a cup 

(top-lid removed) is the last action before the tea can 

be enjoyed. Transparent materials make the process 

of tea making visible and enriches the interaction 

with the tea maker. Many cultures embraced the heal-

thy and relaxing beverage in which high-quality ma-

terials and attention for details in the aesthetics of 

products play an important role in their tea rituals. 

Zutea’s organic shape and traditional materials, yet 

fully automated operation, enrich the ritual of tea 

making and fit neatly any modern office environment. 

10. Conclusion 

We have defined responsive environments as phys-

ical spaces that are enhanced with ambient intelli-

gence, e.g. media and technology to provide a user 

experience that is interactive, rich, unique and chang-

ing. Users of the environment experience a more en-

gaging and interesting space when compared with the 

original space before the enhancement. 

 

Fig. 22. Flux Desk Lamp, Netherlands, 2009. 

 

Fig.23. Zutea Tea Maker, Netherlands, 2009. 
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But why should responsive environments be a di-

rection to follow? Using environments as platforms 

for new models of communication, access to informa-

tion and services seems to be a step further towards a 

different level of engagement and improvement of the 

user experience. The experience would be supported 

by natural and intuitive interfaces that can metaphori-

cally be connected to our notion of what is real. 

This is such a new field of expertise, where differ-

ent disciplines are to be combined to achieve success-

ful results; some of the projects reviewed still don’t 

reflect such a combination of expertise, as they were 

built under a system-centred approach. Many are ex-

ploring the potential of the technology, leaving user 

experience, needs and expectations to a second plan. 

The consequence is that even though environments 

are technically successful and functional, the experi-

ences that they provide are not successful or enrich-

ing ones, if the effect of the novelty is put aside. 

This leaves open space for opportunities for mul-

tidisciplinary teams that are user-focused to design 

systems that are successful both from the user and 

technology point of view, if criteria from both tech-

nology specifications and user requirements are taken 

into account. In our project for the adaptive office we 

have tried to set up such a multidisciplinary team, and 

we aim to achieve truly responsive environments. 
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