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Abstract 

The research aims at proposing and validating a 

framework supporting the design of user experience in 

interactive spaces (Ambient UX). It suggests that 

dynamic changes in interactive spaces should be 

designed focusing on their effects on three levels of the 

user experience: physical wellbeing, meanings, and 

social relations. Validation occurred through a field 

study performed in a work environment, where a 

dynamic lighting system was designed and installed. 

Preliminary results validate the relevance of the three 

levels, thus laying the ground for further research and 

discussion.  
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Introduction 

Ambient Intelligence (AmI) is a vision where technology 

becomes invisible, embedded in our natural 
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surroundings, adaptive to users and context-sensitive, 

with high-quality information access and personalized 

content available to everybody, anywhere, and any 

time [1]. In this study, we investigate the concept of 

Ambient User Experience (UX) by proposing an update 

to current UX practices for broadening them to the level 

of spatial interventions, taking into consideration 

current research contributions in the field. A measuring 

tool for Ambient UX in real use cases appears to be a 

needed approach that yet has to be established [5]. 

Even though UX has emerged as a “new paradigm” for 

design and evaluation within HCI field [10], it appears 

that we are still lacking a shared conceptual framework 

when it comes to more holistic UX approaches that go 

beyond mere usability [4, 5, 10]. Authors have, 

however, been proposing similar approaches towards 

UX implying both pragmatic and hedonic dimensions of 

experience [6, 7, 11]. Within our research, we refer to 

UX as the ensemble of dynamic, context-dependent, 

and subjective phenomena [4] that emerge from the 

interaction with a designed system.  

Karapanos et al. [8] presented a study on how and 

when a product becomes meaningful, with directions 

for HCI practice consisting in: designing for meaningful 

mediation (i.e. qualities of stimulation and learnability), 

designing for daily rituals (i.e. usefulness and long-term 

usability), and designing for the self (i.e. personal and 

social experiences). We refer to the manner of 

reasoning about user experience over time proposed by 

Karapanos et al. [8] as an inspiration for our own 

study, yet we expand it on a spatial level referring not 

only to a product but to the interaction with the 

ambient itself. We further underline the importance of 

experiences that are created together with others. This 

kind of approach is defined as co-experience [2] and it 

brings upon various ways of evaluating and prototyping 

social interactions [9]. 

A Framework for Ambient UX 

Based on literature review on previous research in the 

UX field, we propose a framework for Ambient UX as an 

extension of the UX approaches in design of dynamic 

spaces enhanced by digital elements. We observe that 

the interactive digitized elements of an environment 

can be abstracted on three levels, which in turn affect 

three different levels of users’ experience (Figure 1): 

1. The dynamic physical layout, which influences 

comfort and wellbeing; 

2. The digital information, which supports the creation 

and communication of meanings; 

3. The social dynamics and interactions, which influence 

the social relations. 

Our hypothesis is that this framework can help the 

design and evaluation of user experience in interactive 

spaces. In order to test this hypothesis, we applied the 

framework to a real case study, i.e. the design and 

evaluation of an interactive environment enriched by a 

dynamic lighting system.  

Methodology 

Research Setting  

In order to test the framework’s validity, we conducted 

a user study in a work space. We augmented the 

physical environment by deploying a dynamic lighting 

system, with the aim to explore how it would affect the 

Figure 1: Framework scheme on 

design elements influenced by 

the designer and experience 

levels in regard to users’ 

perception. 

Figure 2: Top view drawing of the 

office layout with distribution of 

new light sources and users’ 

positioning in the space according 

to their working desks. Zone A 

and B (pink areas) are the zones 

of connected light sources, where 

zone B is separated as it is the 

socializing corner and differs by 

particular notifications. 
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user experience on three levels: comfort and wellbeing 

(influenced by the dynamic physical layer), meanings 

(digital information layer), and social relations (social 

dynamics layer). A set of dynamic changes was 

designed as part of the lighting system intervention. 

Such changes were either pre-scheduled or consequent 

to specific triggers (e.g. information coming from API). 

The study was performed over a period of one month, 

and aimed at generating preliminary results on the 

application of our conceptual framework to the design 

and evaluation of Ambient UX.  

Testing Environment  

The test was performed in the work space of a research 

group at MIT. The environment consists of an open 

space with 13 desks and three smaller rooms (Figure 

2). The work space has no windows nor natural light 

sources. Four ambient light sources were originally 

present in the open space, and were kept in the 

experiment to provide enough lumen. The test occurred 

in the main open-space area, where 13 Philips Hue light 

bulbs were installed, plus three Philips Hue LightStrips. 

The connected light sources were programmed and 

controlled by a mobile application, which was not 

accessible by the users. 

Participants. The study involved 8 users, who share the 

work space on a daily basis, and who were invited to 

join the study on a voluntary basis. 

Research Process. Our study was divided into the 

following steps: 

• Analyzing the users’ experience of the current space 

through the three levels of the framework and 

designing the dynamic lighting system accordingly;  

• Assessing the users’ experience of the new dynamic 

space through the framework. 

We performed two online surveys before and after the 

installation of the new system, together with an 

observation activity, in order to identify changes on the 

three levels of the experience proposed in our 

framework (physical comfort, communication of 

meanings, social relations).  

Understanding the Current User Experience and 

Designing the New Lighting System  

Following the results of the first questionnaire, we 

designed a new dynamic lighting system with the intent 

to improve the users’ experience of the space. 

Physical wellbeing. Starting from the users’ desire to 

have natural light in the office, we designed three light 

settings, which follow the rhythm of daily activities: 

1. “Start the day”- The lights turn on at 8:40 AM 

gradually fading for 30 min towards the 100% 

intensity, creating a “Concentrate” scene with cool light 

(Figure 3);  

2. “After lunch”- At 1:30 PM, lights gradually fade for 30 

min from the “Concentration” towards the “Bright” 

scene, creating a warmer light that still supports 

concentration for work (Figure 3);    

3. “Get ready to go home”- At 5:45 PM, lights gradually 

fade for 15 min towards “Savanna sunset” Hue scene. 

In this scene, a mix of strong warm shades ranging 

from red to yellow decreases the focus and supports 

socialization. At 7 PM the Hue lights turn off (Figure 3). 

Meanings. In order to influence the user experience on 

the meanings level, we explored the idea of conveying 

the following messages by light changes. Such 

messages follow users’ routines and needs emerged by 

the survey: 

Figure 3: Images of the office 

interior with users and diverse 

light settings during the day. First 

image from the top is “Start the 

day” scene, following is the “After 

lunch”, and the last one on the 

bottom is “Get ready to go home” 

scene. 
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1.  Daily “Reminder to make a break” at 4 PM – the light 

changes for 1 min to green/blue and then comes back 

to the previous working setting; 

2.  Events notifications, referred to the following 

situations: 

• “Food-cam” real-time notification, which refers to the 

presence of free food in a corner outside the office. 

This notification, usually sent via the group’s Slack, 

was translated into a blinking light (Figure 4) next to 

the coffee machine (Zone B in Figure 2);   

• “Group meeting” reminder, 5 minutes before a 

scheduled all-team meeting, all lights blink and 

change in color (distracting from work). 

Social dynamics. This level was meant to be affected by 

the “get ready to go home” function (physical 

wellbeing), which intended to foster socialization at the 

end of the day. In addition to it, another function was 

designed, consisting of a weekly notification of “Social 

Mondays”. Following the group routine of social 

activities every Monday evening, on Mondays at 5:40 

PM the light fades gradually for 5 min towards the 

“Tropical twilight” scene, which has a color palette from 

pink to orange. The scene lasts for 30 minutes, to 

notify the team they should get ready to leave the 

office.  

Assessing users’ experience of the new dynamic space 

After three weeks since the introduction of the new 

system, a second online survey was delivered to the 

users. The survey was structured around the 

framework levels, and aimed at analyzing the perceived 

changes in users’ perception and experience, compared 

to the previous setting. Both open-ended and multiple-

choice questions were asked. Thematic analysis was 

used to analyze responses to open-ended questions. 

The multiple-choice questions were based on a 5-point 

Likert scale. When applicable, we used the Mann-

Whitney U Test calculation method to compare the 

results derived from the first and second survey on the 

same questions, to highlight significant differences. 

In addition to the questionnaire, a member of the 

research team, working in the same space, performed 

observation during the experiment, by taking notes of 

the users’ reactions to the lighting system, focusing 

both on the interactions between users and on the 

dimensions of focused Descriptive Observation [12] 

(i.e. event, activity, time, actor).  

Results & Discussion 

In order to validate the relevance of the three design 

levels of the Ambient UX framework, we investigated if 

the changes on the three levels were perceived by the 

users, if they were considered relevant, and if they 

affected their experience of the space. Results are 

presented below. 

Comfort and wellbeing. On the physical level, dynamic 

changes were mostly perceived as positive. The 

workspace was interpreted as more comfortable and 

inviting as a consequence of the direction, positioning, 

and behavior of the new lights. The pleasantness of the 

workspace was assessed before and after the field test. 

Results show a significant difference in the perceived 

pleasantness, which improves with the new system 

(Figure 5).     

Users stated they could better sense the natural flow of 

time while in the office. Furthermore, they noticed the 

“focus” morning hours with cool and high-intensity 

light, and they reported its effectiveness. Before the 

installation of the new system, 75% of users declared 

that the current light in the office was not supporting 

Figure 4: Image of the lamp next 

to the coffee machine, marked as 

zone B in the top view drawing of 

the office layout. 

Figure 5: Results on comparison 

of perceived pleasantness of 

space before and after the 

installation of the new system. 
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their usual workflow and routines. After the installation, 

only 37.5% of the users confirmed their previous 

experience.  

Meanings Communication. 87.5% of participants 

perceived all the notifications sent through light signals 

in the office. According to 62.5% of respondents, light 

is suitable for real-time notifications in the workplace. 

87.5% of respondents believe light is appropriate for 

subtle, non-invasive forms of communications. Light 

reminders were also perceived as subtle and pleasant. 

Compared to traditional notifications by platforms such 

as Slack (frequently used among the working team), 

light resulted to be more interesting, intuitive, useful 

and subtle (Figure 6). However, half of the users stated 

that communication by light lacked in clarity. Slack was 

observed to be suitable for: small group meetings, 

individual messages, personal invites and 

communications, specific reminders, and project team 

meetings. Light signals, on the other hand, were stated 

to be suitable for: regularly scheduled meetings, 

recurring events and rituals, break reminders, bringing 

up attention to something that is happening at the 

moment, more emotional forms of communication. 

Despite being more evident, light-based 

communications are not always clear in terms of 

content. 

Two main downsides of light-based forms of 

communications emerged by the experiment. First, 

certain notifications became effective only after 

learning their meanings, but they were not self-

explaining (e.g. free food, group meetings). Second, 

the communication signals were perceived as annoying 

in some cases, i.e. when the blinking light lasted for too 

long. This shows that the meaning level has some 

influence on the comfort and wellbeing one, as well as 

the aspect of time. 

Social Relations. Changes on the social level were 

assessed through the following question: “Do you think 

your work space improves your relations with co-

workers?” Results didn’t show a significant difference 

between the two settings (Figure 7). However, users 

stated that the new light triggers and initiates 

conversation and interaction among co-workers, thus 

encouraging communication and bonding among 

colleagues in the office. 87.5% of users stated that 

dynamic lighting was effective in helping to build a 

“team spirit”, and that the workplace was supporting 

the feeling of being part of a particular group, thanks to 

the use of a shared unique language.  

General outcomes  

The framework scheme shown as effective as we could 

validate that the proposed design elements were 

provoking changes in perception and influencing the 

users’ experience on defined experience levels.  

The diary of observations allowed us to analyze how 

time influenced the experience over a one-month 

period. For instance, in the first week, we observed that 

users were confused by the meaning of the light-based 

notifications, while on the third week they were able to 

recognize them.  

Conclusion & Future Work  

In this study, we proposed and tested a framework for 

designing and evaluating user experience in interactive 

intelligent spaces. As of yet, there is a lack of studies 

on this topic, and we are proposing an expansion of 

current UX practices, which are mainly focused on 

products and interfaces, to design for experience in 

interactive spaces. The study aimed at providing an 

Figure 6: Results on perception of 

notifications enabled through the 

new lighting system in 

comparison to notifications being 

communicated through a 

traditional screen interface, like 

the one of the Slack platform. 
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initial framework for Ambient UX and a preliminary 

validation through a field test. The initial framework’s 

levels were confirmed as valid and effective elements to 

consider when designing for Ambient UX. Some 

interconnections and mutual influences between the 

framework levels emerged, asking for the need to 

consider experience in a holistic way. The impact of the 

meaning level on the comfort and social one, for 

instance, should not be overlooked, when designing 

new information flows in an intelligent environment. 

More testing in diverse environments and contexts will 

be performed to further reinforce and refine the 

framework and analyze the mutual influences of the 

three experience levels and the time factor. 
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Figure 7: Results on comparison 

before and after the installation 

of the new system in regard to 

the perception of the working 

space improving relations among 

co-workers.  

Poster ISS ’18, November 25–28, 2018, Tokyo, Japan

356


	Abstract
	Author Keywords
	Introduction
	Yihyun Lim
	Federico Casalegno
	Milica Pavlovic
	Sara Colombo
	A Framework for Ambient UX
	Methodology
	Research Setting
	In order to test the framework’s validity, we conducted a user study in a work space. We augmented the physical environment by deploying a dynamic lighting system, with the aim to explore how it would affect the
	Testing Environment
	Understanding the Current User Experience and Designing the New Lighting System

	Results & Discussion
	Conclusion & Future Work
	Acknowledgements
	References



