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Abstract. Gestural interaction is becoming an important mode of interaction 
with residential systems, be it with or without using physical artifacts such as 
remote controls or cell phones. When constructing respective gestural vocabula-
ries social implications need to be considered. The importance of the residential 
environment to users and the heterogeneity of user profiles make the theme  
diversity an important concern in the development of these applications. There-
fore, the main goal of this paper is to describe the recommendations for diversi-
ty that support the inclusive design of residential interactive systems based on 
gestures. 
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1 Introduction 

One of the first challenges of developing residential interactive systems based  
on gestures is the requirements elicitation. The search of a more unobtrusive integra-
tion of the technology into the environment has led to an increase of the use of per-
ceptual technologies [11] for residential applications. Analyzing publications in this 
context (e.g. [7,13,20,25,27]), we noticed that the development of these systems is 
primarily focused on technological requirements, and that there are few studies on 
user interaction with the system [3]. 

Due to the heterogeneity of users that are part of this context, the inclusion of  
concerns about diversity in the development of residential applications becomes an 
important aspect. From this perspective, going beyond the technological require-
ments, we found that usability and accessibility of user interaction with the system are 
only considered in a limited way in literature. Norman and Nielsen [19] already  
mentioned the need for further exploration and study. 

In previous work [3], we reported on Human-Computer Interaction (HCI)-related 
challenges in the context of gestural interaction with residential applications. In this 
paper we report on the recommendations that can mitigate these challenges by  
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considering requirements for a development oriented to diversity, such as issues  
related to culture [12], ergonomics [18], and gender [1,21], among others. 

Considering the questions related to diversity that inform the inclusive design for 
residential interactive systems based on gestures, the construction of these recom-
mendations is based on two important topics for any system in development, i.e. usa-
bility and accessibility. A goal of this paper is to support developers during the  
requirements elicitation phase. 

The paper is organized as follows: in Section 2, we present the description of the 
recommendations for diversity; in Section 3, we present a real usage scenario; in  
Section 4, we discuss our proposal; in Section 5, we present the conclusion. 

2 Recommendations for Diversity 

Different authors found that traditional usability models, methods, or guidelines have 
to be revisited for gestural interaction, especially in the context of residential applica-
tions [3,19]. Similarly, accessibility guidelines need to be reevaluated. We did not 
find guidelines or recommendations for smart homes that specifically consider gestur-
al interaction. However, already existing guidelines for smart homes (e.g. [8,24]) 
might be built upon, and existing general usability or accessibility standards and 
guidelines, e.g. [9,10,26] might be adapted. Furthermore, we follow the argument of 
Chi [2] and acknowledge that accessibility and usability should not be considered as 
two separate or dichotomous concepts. 

The construction of this set of recommendations is not specified to any graphical of 
visual interfaces or technologies that allow gestural recognition. The recommenda-
tions allow specifying the context of use in a systematic way, also simplifying the 
process of describing the context and thus reducing reliance on specialists. 

Analyzing usability and accessibility literature [5,6,14,15,16,17,18,19,23], we real-
ize that diversity regarding gestural interaction is still an underexplored topic. We did 
not find scientific literature about diversity-specific recommendations or guidelines. 
for gestural interaction with residential applications and hence focused on literature in 
the area of Web applications. In Table 1 we describe recommendations inspired  
by user diversity regarding physical, perceptual and cognitive abilities, using the  
following coding: (C)ognitive, ph(Y)sical, and (P)erceptual. 

Table 1. Recommendations for gesture-based residential interactive systems 

Recommendation Description Ability 

Help 
The system should provide means to aid the user to deduct or 
remember how to use the system and its gestures 

C 

Confidence 
The system has to provide confidence to the user in perform-
ing a command 

C 

Memorization 
Property of construction of gestural vocabulary guided by the 
memorization capacity of the gestures of its users 

C 

Satisfaction 
System’s ability to produce comfort, relaxation and enjoyment 
to the user 

C 
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(Table 1. Continued.) 

Recommendation                                Description Ability 

Effort 
Ability of the system to be used with the minimum physical 
and mental effort from the user 

C & Y 

Stress 

The system should avoid psychic disturbances on the function-
ing of the system, derived from repetitions of unnecessary 
commands, complex interaction flow, misinterpretation of 
commands, inappropriate gestures or feedback out of context 

C & Y 

Discomfort 
The gestures should be designed so that even with many repe-
titions, they can be used without causing discomfort to users 

C & Y 

Progressive learn-
ing 

Mechanisms that guide the user of the simplest tasks to the 
most complex, encouraging continuous learning 

C, Y & P 

Culture 
Appropriateness of gestures to cultural habits in which they 
are immersed 

C, Y & P 

Feedback Various informational output resources to the user C, Y & P 

Gender 
Ability of the system to adjust its functioning considering 
particularities that differentiate users of different genders 

C, Y & P 

Customization 
Property of the system to allow the users to configure their 
gestural commands the way they prefer to 

C, Y & P 

Metaphorical 
property 

Metaphoric property of gestures to express their functionality C, Y & P 

Learnability 
The system should help the users through mechanisms that can 
help them understand and apply the gestures 

C & P 

Completeness 
The gestural interaction must have commands that are com-
plementary to additional features of the application, for exam-
ple, open/close and on/off 

C & P 

Predictability 
Property of navigation in the system that induces the sequence 
of gestures used for a given task, i.e., the sequence of gestures 
used should be predictable to the user 

C & P 

Coordination 
The sequence or number of members used in the gestures must 
comply with the coordinative ability of its users 

Y 

Balance 
The gestures should be designed so that even during its execu-
tion, users do not lose balance 

Y 

Explosion 
Ability of users to execute commands with variations in speed 
and intensity 

Y 

Tension Gestures should not keep the muscles tight during execution Y 

Ergonomics 
Related to characteristics of the human anatomy, anthropome-
try, physiology and biomechanics, in building gesture 

Y & P 

Accuracy 
Property of the system to recognize the gestures to a certain 
degree of tolerance 

Y & P 

Efficiency 
System property that determines how efficiently the human 
and automation resources are used by the application 

P 

Operability 
Property that expresses how much operational is the gestural 
vocabulary of the application, in terms of its construction and 
ease of setup/configuration 

P 
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Fig. 1 graphically illustrates these items of recommendations, highlighting the  
contemplated skills and embracing in an inclusive way the diversity that the group of 
users needs in the physical, perceptual and cognitive framework. 

 

 

Fig. 1. Recommendations classified by physical, perceptual and cognitive skills 

Some items of recommendations might influence others. Consider for example 
memorization. If each interaction object has a unique gesture, the gestural vocabulary 
of the application is extensive and people will probably not learn the commands easi-
ly. But what would be the “ideal” amount of commands for an application with  
respect to diversity? As we do not yet have that answer, some steps can be performed 
as in the reuse of gestures itself. To give a concrete example: a gesture of farewell or 
goodbye to turn off a TV might also be used to turn off a stereo system or a fan. We 
can also use other metaphorical properties for each given service, or, still, use com-
pleteness to help memorization. That is, to additional features, their gestures are also 
performed in complementary way, for example, open and close the arms. 

Feedback can facilitate progressive learning displaying messages of how the ges-
tural command is performed, which are the options that the user can perform, or help 
messages that may also be gradually hidden from the application. The variety of ways 
to externalize the information includes acoustic, haptic, or visual feedback. Feedback 
should be given directly by the application since a user is not necessarily near a  
controlled device where the effect of the action could be directly perceived. 

Other recommendation  that are beyond the usual field of usability and accessibili-
ty have been added to this set, for example, culture, which refers to a study of the 
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cultural context in which the application is deployed. Since we know that there are 
particular gestures in different cultures or with different meanings in each of them. 
Although today there is still no explicit evidence of what the ethnic differences of 
gesticulation are, considering cultural aspects avoids gradually decrease the cultural 
identity of certain user groups within the context of an application [12]. 

Another important item of recommendations is gender. There are still many open 
research questions. In addition, an important factor is the large number of men in 
Information and Communications Technology (ICT)-related professions that may be 
implicitly bring a bias towards the development of products that not adequately con-
sider gender-related aspects [1,21]. Coordination, balance, tension, explosion and 
discomfort are recommendations that should influence directly and mainly the con-
struction of the gestural vocabulary of the application. All presented recommenda-
tions are intended to provide a reflection for the application development. 

3 Usage Scenarios 

The recommendations is large and complex enough to possibly pose a barrier to de-
velopers that would like to employ this set. Specific studies on each category of the 
recommendations are necessary to facilitate understanding of respective impacts on 
application design, evaluation and use. 

Knowledge of these recommendations helps developers to adequately consider di-
versity in their designs. To illustrate the recommendations, we presented the recom-
mendations (Table 1) to a group of undergraduate and graduate computer science 
students who were involved in a research and development project in the area of ges-
ture-based residential systems. The group identified four items to be explicitly  
addressed in their project. 

The group’s research and development project was at an initial stage. The most 
prominent idea in the group was developing a system that targets diversity. Another 
feature already defined was that the application would be perceptual, i.e. would not 
use any physical device to aid the recognition of gestures for the application. Thus, a 
goal was to enable the user to control doors, lights, air conditioning and other features 
seen as basic in a residential application from any location within the house. The  
development team had prior knowledge of usability and accessibility. 

In this scenario, the recommendations already supported the requirements elicita-
tion for the system. Exposing the recommendations to the development team, it was 
perceived that all members identified new requirements. The additional recommenda-
tions were related to customization, memorization, discomfort and metaphorical prop-
erty: customization, since the physical skills of the users may interfere in the gestures 
performance; memorization, due to the need to relate functionalities with gestures; 
discomfort because of the gesture repetitions; metaphorical property because  
of similarities among chosen gestures and static or animated graphical interface  
elements. 

Regarding customization, the user can assign gestures to the services that the ap-
plication provides. When designing the graphic interface, the number of commands 
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for navigation in the system was reduced to five, i.e. horizontal movements (right/left 
and left/right), vertical movement (up/down), selection (forward motion), and back 
(rearward movement). While the up/down movement appeared, the down/up move-
ment was eliminated from the gestural vocabulary due to the use of a carrousel wid-
get. The gesture for interacting with a carrousel widget has a metaphoric quality. To 
decrease the discomfort of the execution of the gestures, they were limited to the 
trunk region of the body, allowing users to use the application while sitting. 

The team implicitly used other concepts, such as: completeness in the horizontal 
movement; confidence, clearly stating to the user that the requested service has been 
properly executed or not; decreased effort; flexibility in the choice of gestures and 
precision, seeking to improve the representation of gestural commands to be better 
recognized by the application. 

4 Discussion 

There are several attributes of a house that make it a home, which is much more than 
a physical entity [22]. According to Dovey [4] a house is an object and home is an 
emotional and significant relationship between people and their houses, that is, the 
house is where the experience of home occurs. This definition shows the importance 
and complexity of the context, and resonates well with approaches in HCI consider 
issues beyond the technological nature of residential systems. 

A contribution of this paper are the recommendations that resulted from an analysis 
of the interaction with gesture-based residential applications. These recommendations 
promote the consideration of diversity during the development of residential applica-
tions as well as reflections about gesture-based interaction in these applications. The 
identified recommendations go beyond accessibility and usability and include aspects 
such as accuracy, stress, culture, genre, flexibility, balance, coordination, ergonomics, 
tension, discomfort, completeness, explosion and metaphorical properties. In the 
present stage of this research, developers might be supported in the step of eliciting 
the requirements of application. 

Current visions of gestural interaction design do not consider diversity sufficiently. 
Diverse perspectives on these applications should be investigated so that the impact of 
technological immersion on user’s lives and family relationships can be evaluated. 
Correia et al. [3] identified the visual, haptic and acoustic resources in residential 
applications to support gestural interaction. These features can help the user to utilize 
the functionalities the application provides. 

Another important point to this discussion is the requirement of customization, 
which is a means to promote diversity and facilitate the access of users with or with-
out disabilities. By offering customization, users can define or adapt gestures that 
match their personal preferences or capabilities. 

Gestural interaction, even if informed by the recommendations presented in this 
paper, might be inadequate for certain users; for example, quadriplegics are limited to 
performing movements above the neck. Even considering memorization, predictabili-
ty of gestures or through the mechanisms of continuous learning, the controlling of 
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many remote devices in a house with many rooms might exert a large cognitive load 
on the user. Thus, we emphasize the need to other mechanisms to mitigate this kind of 
problems, such as multimodal interactions, or visual interfaces. 

Although the presented recommendations are not exhaustive, they contribute to 
making explicit and reflecting about some important values of designing residential 
systems. Besides being used during requirements elicitation, e.g. in form of a ques-
tionnaire, the list of recommendations also serves to broaden the discussion and  
research about gestures used in these applications. 

5 Conclusion 

This paper presented recommendations for residential systems with gestural interac-
tion, grounded in the points of view of usability and accessibility. Besides adapting 
concerns of these two areas of study other recommendations were added to best suit 
the diversity of users. The main contribution of this research includes identifying key 
recommendations that aim to support the inclusive design of residential applications 
of gestural interaction. 

We also presented a scenario of real use, along with the classification of the rec-
ommendations according to physical, perceptual and cognitive abilities. The tabula-
tion of these recommendations allows the study of methodological grounding of  
development, contextualizes the conceptual visions of accessibility and usability 
found in the literature for domotic and gestural contexts, and instigates reflections 
about building applications’ gestural commands. 

As future work, we will apply the proposed recommendations during requirements 
elicitation process of design projects, e.g. through questionnaires. These experiences 
will contribute to refining and validating our recommendations. Since many recom-
mendations have interdependencies, another step will be to articulate requirements 
derived from the recommendations with design values in order to support prioritizing 
requirements. 
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