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Abstract. We are already living in a world where we are surrounded by intelli-
gent devices which support us to plan, organize, and perform our daily life. 
Their number is constantly increasing. At the same time, the complexity of the 
environment and the number of intelligent devices must not distract the user 
from his original tasks. Therefore a primary goal is to reduce the user’s mental 
workload. With the emergence of newly available technology, the challenge to 
maintain control increases, while the additional value decreases. After taking a 
closer look at enriched environments, there will come up the question of how to 
build a more intuitive way for people to interact with such an environment. As a 
result the design of proper interaction models appears to be crucial for AmI sys-
tems. To facilitate the design of proper interaction models we are introducing a 
multidimensional classification model for the interaction in reactive media 
rooms. It describes the various dimensions of interaction and outlines the design 
space for the creation of interaction models. By doing so, the proposed work 
can also be used as a meta-model for interaction design. 

1   Classification of Interaction Paradigms for Ambient Intelligence 

In the field of Human-Environment-Interaction one can differentiate between various 
interaction paradigms that can be classified in multiple dimensions themselves (see 
figure 3). 

1.1   Who Takes the “Initiative”? The System or the User? 

One of the most important dimensions is named Initiative. Following our model, an 
interaction can be explicit, implicit, or mixed. But in general, Human-Environment-
Interaction is divided in two classes: explicit and implicit interaction [10]. Within the 
scope of an explicit interaction the user takes the initiative to manage and manipulate 
the environment. The user can decide when to perform which activity. An example of 
explicit interaction is to turn on the lights of your room using the manual switches. 
Another example is to control your slide presentation using natural gesture or touch-
ing the desired display. 

In contrast to the explicit interaction approach, by an implicit interaction actions 
can also be performed automatically. In such a case the environment takes the  
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initiative to perform an activity. The user does not determine when what happens. In-
stead, users are observed to understand their current behaviour and situations. In other 
words, the decision is influenced by the user’s behaviour. Therefore, they are interact-
ing with the environment in an implicit manner because they deliver implicit inputs 
which are required to make decisions. An implicit interaction can happen reactively or 
pro-actively. By a reactive interaction the environment responds immediately to a cur-
rent situation change or to an event. By a pro-active interaction the environment ana-
lyzes the future needs of the user. To meet those needs required actions will be  
performed in advance. 

 

 

Fig. 1. The PECo system [4] allows for explicit interaction with the environment using a mo-
bile controller assistant 

When analyzing the implicit interaction approach one major challenge comes up. It 
is the lack of control. Several works reported already that people do not accept a full-
adaptive and over-automated environment [2]. Instead, users should always be in con-
trol [3]. Another challenge of implicit interaction – when deploying it for complex 
AmI-E – is the lack of a system face [2]. This makes it difficult for users to build an 
appropriate mental model about the system [1] and to understand the automated 
(re)actions of their intelligent environment. Another challenge is the missing ability of 
users to override the default behaviour of the system. Beside these challenges, rich in-
put from environment is necessary for truly intelligent (i.e. meaningful and appropri-
ate) behaviour. This requires truly highly-developed context-awareness techniques 



A Multidimensional Classification Model for the Interaction in Reactive Media Rooms 433 

(models, sensing technologies, reasoning . . .) which is one of the current challenges 
of Ambient Intelligence. But Human-Environment-Interaction can also consist of a 
combination of both implicit and explicit interaction to overcome abovementioned 
challenges. Such a hybrid interaction provides both explicit and implicit access to 
Ambient Intelligence Environments (AmI-E) at the same time. By doing so, the user 
can for example use an explicit assistant to interact with adaptive environments (see 
fig. 1). While the adaptive environment provides reactive interaction with air condi-
tioning and lighting devices the user uses explicit remote control assistants to manage 
his presentation. Due the concurrent nature of this hybrid approach, interaction con-
flicts can exist. Here, an important issue is the conflict resolution and interaction syn-
chronization of concurrent environment control at a semantically level. It should be 
avoided that an implicit interaction system can perform activities which would effect 
the environment in a opposite manner as intended by the user when he had recently 
interacted with his environment using an explicit assistance system. The major scien-
tific challenge is to handle arising conflicts, opposed actions, or inappropriate automa-
tisms of the adaptive environment. 

The overall approach of a hybrid interaction is shown in the figure 2. It combines 
the benefits of implicit and explicit interaction. At the one hand, this will allow the 
user to “stay in the loop” because there is always the possibility to access the envi-
ronment via the explicit assistant system. At the other hand, the user is supported by 
the implicit system. The benefits of automation remain. The problem of an over-
automation would not exist any more, because the user will be able to decide which 
activities are permitted for an implicit interaction. Inappropriate pro-activities can be 
reversed using the explicit assistant thus the usability of the system will increase. 

 

Fig. 2. Overall approach of the PECo system [4] is to provide a hybrid interaction through 
combination of explicit 3D-based assistant and adaptive environment 

1.2   Goal, Functions and the Corresponding “Strategy Development” 

What is the level of detail of the user’s commando expressions? Does he want very 
specific functions to be performed on specific devices? Or is he talking at a higher 
level about his goals which should be achieved by available devices whereby the de-
vices themselves decide how to achieve his goals? 

Within the dimension of “Goals and functions” interaction systems are classified 
using the user’s commando expressions. For example a user can express “switch on 
that specific light at the end of the room” (see fig. 6). This corresponds to a function 
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Fig. 3. This figure shows a multidimensional model for the classification of Human- Environ-
ment-Interaction. Additionally, it compares the design space of two different interaction sys-
tems; a 3D-based, mobile environment controller assistant [4] against the Microsoft EasyLiving 
room controller [5]. 

based interaction with a specific device which has been selected by the user. The 
function here is “switch on”. This approach requires an existing mental model and an 
understanding of existing devices and how they are to be used. The user knows that a 
light device exists. And he knows the light device provides a “switch on” function. 
However, this approach is difficult to apply for very complex composed devices. Es-
pecially, when handling an interconnected smart environment as a smart device en-
semble users have problems to build an appropriate mental model and to choose the 
right function they need to achieve their goal [6]. 

In contrast to this approach, one can also just ask the environment to adjust his en-
vironment to become “brighter”. The environment will decide how to achieve this 
goal, i.e. which set of functions to execute. This corresponds to a goal-based explicit 
interaction with the environment [7, 1]. In this example the goal is “brighter”. The en-
vironment can achieve this by opening the blind shutters or by using a dimmer or a 
switch (see fig. 4). The environment will determine the strategy (set of functions) to 
achieve the goal and will also assign those functions to available devices. The user 
will not care more which devices to choose. Therefore, users will not be faced with 
the complexity of the environment. However, users must be also able to interact based 
on functions. This is because of the mental model of the users. Most of them think in 
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Fig. 4. Goal-based interaction with AmI-E (Source: EMBASSI) 

terms of functions and therefore prefer a function-based interaction. Only when the 
technology becomes fully invisible – which is implausible – they begin to express 
goals instead of functions [6].  

On the dimension of “Strategy-Development” Human-Environment-Interaction 
distinguishes between static and dynamic strategy-generation. Macros for example 
always achieve a given goal by using the same set of functions. For example to make 
“brighter” the above example environment (see fig. 4) a macro would always open the 
blind shutter. Another macro could discover all the devices of the type “binary light” 
and turning on all of them. However, this approach will not be able to make use of 
new device types. For example, if the environment becomes enriched by several 
dimmers the aforementioned macro can not consider them. The opposite approach 
would be a dynamic strategy-generation which takes environment’s capabilities and 
user’s preferences into account. Then this strategy can be mapped on the functions of 
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Fig. 5. Explicit gesture-based interaction with services (Source: EasyLiving project) 

a dynamically created ensemble of devices. In this approach, even a combination of 
binary lights, blind shutters and dimmers could be considered to achieve the goal of 
the user. 

1.3   “Device Selection”: How Does the User Perceive his Environment? as 
Several Inter-connected Devices or as a Dynamic Device Ensemble? 

Regarding the dimension of device selection there are two possibilities how the user 
can interact with the environment. For the first one, the user directly selects the device 
with the proper features in order to perform the desired function (see fig. 6). 

For the second one, the devices organize themselves and decide which one will ac-
tually performing the operation (see fig. 4). Especially, for a goal-based interaction 
such a self-organizing and dynamic device selection is useful. Additionally, the user 
changes his mental perception from a group of independent devices to an environment 
filled with interconnected devices. As a result he will not longer express his goals to 
one particular device, but to the environment itself [6]. One example for a function-
based, device-oriented Human-Environment-Interaction would be pointing at a dis-
play and saying “next picture” (see fig. 5). In a more dynamical form of interaction, a 
user would merely specify the abstract type of a device for the desired function. 
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Fig. 6. The PECo-system uses a 3D-based interface to provide access to complex multimedia 
environments 

1.4   Interaction Modalities and the Subject-Matter of Interaction 

For classifying Human-Environment-Interaction this dimension expresses different 
forms of interaction modalities (e.g., for user input and system feedback). A classic 
example would be the traditional 2D GUI (WIMP).  

On another dimension, the Human-Environment-Interaction distinguishes different 
types of interaction subject-matters (interaction with device, media, or service). De-
pending on the object type you want to interact with, the intuitively of a specific 
metaphor or the usability of a modality for user input can be very different. For  
example a speech commando based interaction with a forecast service in a driving 
situation may be very intuitive. In contrast, the same modality would not be usable for 
device selection or document browsing in a presentation scenario. 

2   An Example for the Present Classification Model 

Within this chapter we use the presented model to classify the PECo system  
(see fig.6). The interaction model of the PECo system is described in detail in [4]:  

Initiative: PECo follows a hybrid approach as described in chapter 1.1. It provides an 
explicit environment control and mechanisms for interaction synchronization and  
conflict management. 
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Goals / Functions: PECo provides both function-based interaction and goal based in-
teraction. By doing so, the user will be able to express goals which will be achieved 
by the environment. 

Device selection: Especially, it addresses the problem of manual device selection and 
the complex nature of existing user interfaces for environment controller assistants. 
To overcome this, it deploys 3D metaphors for device selection and access (see fig. 
6). At the one hand, it allows for a direct device access. At the other hand, it provides 
macros which dynamically consider new devices by using plug and play and device 
discovery mechanisms. 

Strategy development: enables the user to express goals by selecting a macro. The 
macro contains the strategy to achieve the desired goal. 

Modality: PECo provides a speech-based as well as a 3D-based access to interact 
with adaptive environments. It provides WIMP metaphors to manage personal media. 

Subject-matter: of interaction PECo allows to access devices and media. 

3   Conclusion 

The model we just presented forms a foundation for a more systematic investigation 
and classification of concept for Human-Environment-Interaction. The main aspect is 
its segmentation into multiple dimensions. Any UI has to meet several requirements, 
which depend on the user’s domain and the supported activities. During development 
of basic interaction concepts, our model offers formal criteria for deciding which in-
teraction paradigm suits most. Of course there are already other existing classification 
models for Human-Environment-Interaction [8–11]. But in contrast to [9] and [8], our 
model gives a deeper and more detailed insight of Human-Environment-Interaction. 
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