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Abstract. Development of gesture interaction requires a combination of three 
design matters: presentation, gesture and dialog. In this contribution a first ver-
sion of the tool ProGesture is introduced. The objective of its development is to 
cope with the resulting presentation-gesture-dialog design space in a flexible 
way. On the one hand, it aims at the early development phases, i.e. at rapid pro-
totyping of 3D-gestures in combination with first UI sketches, such as mock-
ups. On the other hand, it focuses on dialog and presentation modeling, and on 
testing based on executable models aiming at a smooth transition from informal 
UI sketches to formal models. 
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1 Introduction 

3D-gestures, such as touchless hand gestures and body movements are more and more 
used in human-computer interaction. Although gesture controlled user interfaces have 
been investigated for several years developing systematically intuitive and ergonomic 
3D-gesture interactions is still challenging. Work in this field does not only aim at 
appropriate gestures taking into account the physiology of the human body and the 
users’ goals, but also includes investigation of suitable UI widget types and presenta-
tion as a whole, as well as of the development process. 

Nielsen et al. [1] contrast technology-based with human-based approaches for de-
veloping gestures. In the first one, gestures are implemented before being evaluated. 
Identified gestures are constrained by current technology resulting in solutions that 
may be undesired from the user perspective. Modifications, however, are costly if at 
all practicable. In human-based approaches users are asked to demonstrate gestures 
that should be implemented. This time, however, users may want gestures that are not 
realizable by up-to-date technology. ProGesture, the tool presented in this paper, 
supports rapid Prototyping of 3D-Gesture interactions allowing a combination of the 
two approaches to overcome the limitations. It is part of the authors’ current work that 
addresses the issue of how to elicit and to evaluate gestures following a user-centered 
approach.  
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Model-based UI development involves a user-centered approach in engineering in-
teractive systems. State-of-the-art works often favor the Cameleon framework1. It 
defines the modeling layers Task & Concepts, Abstract User Interface (AUI), Con-
crete UI (CUI), and Final UI (FUI). The AUI is assumed to be independent of any 
modality of interaction while the CUI copes with modality. The idea is to systemati-
cally transform AUI into CUI. This is valuable once there is a common agreement on 
interaction objects and related interactions. In the area of 3D-interactions this com-
mitment does not exist yet. Furthermore, finding gestures is mostly related to concrete 
presentations, e.g. in the form of first UI sketches, and not to abstract UI models. 
Nevertheless, tools reported in [2-4] have demonstrated the advantages of testing and 
prototyping, respectively, by means of executable models. ProGesture likewise 
enables to test elicited gestures based on dialog models, but moreover in the context 
of first UI sketches, as proposed in former work of the authors [5]. 

The structure of the paper is as follows: The next section takes a look at the design 
space spanned by the design dimensions presentation, dialog and gesture. Here, a 
coffee maker is taken as an example of developing gesture-based interactions accord-
ing to a 1-, 2- or 3-axes design subspace. Then, related work is presented, that is fol-
lowed by a short overview of the ProGesture tool. Next, usage scenarios are described 
revisiting the coffee maker examples introduced before. The paper concludes with a 
summarization of main results and an outlook.  

2 Gesture Interaction Design Space 

The development space of gesture-based interactions is impacted by different aspects 
such as visualization techniques (e.g., 2D vs. 3D), sensor technique (e.g., Microsoft 
Kinect vs. LeapMotion) and gesture recognition algorithms (e.g., body movements vs. 
finger gestures). The sketches in Fig. 1 focus on presentation, gesture and dialog, 
whereby the axes represent the scope for development in each case. The more scope 
for design exists on each dimension the more space for finding a solution is available. 
If on the contrary the presentation, the gestures and the dialog are fixed the design 
space collapses to one point, to the “point of no design options” (PnD in Fig. 1a). 

Example 1: Fig. 1b exemplifies a case in which the design space collapses to one 
dimension, here the gesture dimension. This is true if a gesture set is to be developed 
for an unchangeable application, e.g. for an existing coffee maker in a public area. 
The extent of the gesture design scope (distance of G and PnD in Fig.1b) is given by 
the applied sensor technology, the decision on gesture types such as body or only 
hand gestures, commitment to standard gestures2 etc. Since presentation and dialog 
are fixed providing no design space they constrain identification of gestures and ges-
ture set, respectively.  

                                                           
1 http://giove.isti.cnr.it/projects/cameleon/pdf/CAMELEON%20D1.1R

efFramework.pdf  
2 Which does not exist at the moment of writing. 
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Fig. 1. 3D-gesture interaction design space 

Example 2: If only the presentation is given developers deal with a 2-axes design 
space (Fig. 1c). The coffee maker mockup, for example, which is partially shown in 
Fig. 2, sets the presentation for selecting a coffee. Eliciting gestures for the task “se-
lect coffee type” may now result in different gestures affecting the dialog structure. 
The appearance and the alignment may suggest a slide gesture to put the virtual focus 
on the coffee of choice. The respective dialog is shown in Fig. 2b by means of a state 
transition diagram (please ignore the dotted arrows for this example).  

The presentation, however, may also suggest a pointing gesture by which users can 
directly select a type of coffee. Deciding for this gesture results in a modified dialog 
structure (Fig. 2b, the dotted arrows now included). Users will expect no need to 
make a detour to cappuccino if the selection should be changed from coffee to espres-
so and vice versa. 

 

 

Fig. 2. Given presentation mockup and related alternative dialog models 

The presentation, more precisely the perceived affordance highly impacts the ges-
tures users will use. The concept of affordances was introduced by Norman [6] and 
later on clarified as perceived affordances. It describes a desirable property of a UI or 
the objects of it which leads users to perform the correct actions to reach their goals. 
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If gestures, for example, are exhausting the user they have to be changed. Because of 
the demand for perceived affordances the presentation may have to be modified as 
well. All in all, designing gesture interaction requires a combination of three design 
matters: presentation, gesture and dialog. 

Example 3: All of the three mentioned axes span the design space if a gesture con-
trolled application is developed from scratch (Fig. 1a). Fig. 3 shows ideas of alterna-
tive designs for a coffee maker. In contrast to the example above the user is able to 
select coffee type, sugar and milk in a single dialog step. It is open which composition 
of the sugar and milk fields would be favored. Small changes to the layout could im-
pact eliciting gestures from users, and possibly the dialog. The proposal on the left in 
Fig. 3 suggests to firstly select the coffee type, afterwards sugar, followed by milk and 
at last to confirm these choices. Even if no sugar is wanted the user has to pass over 
the sugar field (comparable to the dialog in Fig. 2b without the dotted arrows). This is 
not the case in the presentation on the right hand resulting in a modified dialog model.  

In the case of the two presentations it is necessary to hold the gesture performing 
hand in front of the body while making all of the selections, from the first step up to 
the confirmation. Additional gestures may be allowed, e.g. a hold gesture to pause or 
a set gesture to fix a selection so that the user is able to relax the hand. Such a deci-
sion may also impact the presentation as well as the dialog. 

 

Fig. 3. Two versions of a design with only one dialog step 

Developers, while prototyping 3D-gesture controlled UI, have to “move” within 
the presentation-gesture-dialog design space in a flexible way. They may, for exam-
ple, fix the presentation as well as the dialog based on which they develop gestures in 
a subsequent design step. In the next moment, they may fix the gestures to redesign 
the presentation and dialog because of new insights. The development requires small 
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iteration steps while following a user-centered design approach taking into account 
the mutual dependencies of presentation, gesture and dialog. 

3 Related Work 

Small iteration steps demand rapid prototyping starting as early as possible within the 
development process. One approach of early testing is based on executable models. In 
respective works [2], [3], [4], [5] user actions are simulated by activating buttons, 
while animation of the model diagrams visualizes system reactions in place of UI 
representations. It allows developers to evaluate a design while concentrating on the 
AUI independently of concrete gestures. Evaluating real gesture performance and 
sequencing is of vital importance once gestures are identified. ProGesture enables 
both, indicating gesture actions by means of buttons and, similarly to [7], by execut-
ing real gestures to control the executable model. In [7] gestures (in contrast to Pro-
Gesture only poses, no movements) and dialog models are specified separately. The 
gesture recognition is subsequently linked to the executable dialog model in an expli-
cit modeling step. In ProGesture first steps towards an integrated tool are imple-
mented aiming at specifying gestures during a test run and using it in its next step as 
user action. All in all, the tool presented in [7] and ProGesture support designers to 
cope with the gesture-dialog design space. 

Another approach of early testing is revolutionary (also called throw-away) proto-
typing, e.g. mockups. Respective tools are more and more extended to include touch 
gestures, e.g. pidoco3 and proto.io4. The focus is on presentation and interactions, i.e. 
on the presentation-gesture design space. The dialog is specified implicitly by means 
of connected, interactive areas by which the user can move within and between pres-
entation units. ProGesture, in contrast, enables to test real-time gestures based on 
executable dialog models in the context of presentations to realize the presentation-
gesture-dialog design space.  

Explicit, formal dialog models are open to verification of specific properties. The 
same holds true for formal descriptions of 3D-gestures. Different gesture formalisms 
exist for the specification of poses and body movements, e.g. [8] and [9] that facilitate 
integration of gesture specification into the model-based approach. Furthermore, they 
enable animation of the gestures [10] supporting evaluation from the perspective of 
ergonomics. Current animation tools, however, do not incorporate the dialog or the 
presentation. Also the work presented in [7] necessitates video recording of users 
performing a gesture to analyze the movements afterwards. ProGesture implements 
the by-demonstration concept. Hereby, gestures are recorded and are immediately 
available for evaluation purposes – by real gestures in action or by animations. 
Furthermore, in ProGesture recorded gestures can be assigned to a dialog and presen-
tation, respectively. The tool presented in [11] follows a similar approach but consid-
ers touch gestures. There are, to the authors' knowledge, only two tools able to specify 

                                                           
3 http://www.pro-tact.de/ 
4 http://proto.io/ 
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3D-gestures by demonstration. With the Kinetic Space Tool5 a gesture is performed 
only one time and can be used afterwards by different persons. The tool can be linked 
to another application by a given communication protocol. With this mechanism, for 
example, it would possible to utilize the gestures in combination with executable 
models. An integration that enables to switch directly between, e.g. gesture specifica-
tion and dialog modeling, is not possible. In addition, gesture recognition failed too 
often in our tests. Omek GAT6 supports the by-demonstration concept as well. Speci-
fying gestures demands several repetitions, around 30 performances are recommend-
ed. This is cumbersome particularly when it comes to rapid prototyping in small  
iterations.  

4 Overview of the ProGesture Tool 

The aim of the work presented here is to support developers of 3D-gesture-based UI 
by allowing them to “move” within the given design space in a most flexible way. 
This first version of ProGesture is intended as a proof-of-concept tool. In order to 
identify relevant requirements, practitioners interested in gesture interaction were 
involved from the beginning. It became apparent that it is not possible to raise a com-
plete and thorough set of requirements at the moment due to the novelty of the topic 
and related uncertainties concerning good practice and design methods. Therefore, the 
tool’s current version serves also as an experimental demonstrator to collect more 
precise and detailed requirements on how to develop ProGesture further as well as to 
investigate methodic aspects of the user-centered design process. 

The tool is basically structured into three modules that are presented below: (1) 
gesture editor, (2) dialog editor and (3) model simulator. The gesture editor and the 
dialog editor are related to the gesture and to the dialog dimension, respectively. The 
presentation dimension, by contrast, is covered by creating UI sketches or elaborated 
UI outside of ProGesture and linking them within it to dialog models and thus to ges-
ture specifications.  

The model simulator allows testing and analyzing the dialog model at its own, in 
conjunction with gestures as well as in conjunction with gestures and presentation 
(involving all three axes then). A further module (4), which is currently under devel-
opment, enables to link gestures directly to presentations and to perform evaluations, 
supporting iterative development within the presentation-gesture design space, i.e. 
without taking into account a dialog model.  

From the functional and software architectural points of view the four modules are 
loosely coupled but work together closely. Replacement of each of the modules by a 
similar software package is possible, guaranteeing to be able to integrate future devel-
opments, also from third parties. 

                                                           
5 Kinetic Space, Training and Recognizing 3D Gestures,   

https://code.google.com/p/kineticspace 
6 Gesture Authoring Tool,   

http://www.omekinteractive.com/products/beckon-usability-
framework 
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4.1 Gesture Editor 

The gesture editor provides functionalities for recording and editing gestures and 
organizing them in gesture sets. A gesture is specified “by-demonstration”, i.e. a user 
demonstrates the body movement in front of a sensor. Hence, gestures are not de-
scribed explicitly using a specific human-readable notation, but as frame sequences 
comparable to video clips. The system currently employs the Microsoft Kinect sensor 
and works with the skeleton data delivered by the Kinect SDK. Consequently, each 
frame contains the separate positions of all the skeleton joints that are of relevance for 
the respective gesture. This frame sequence is accompanied by specific parameters for 
its interpretation, e.g. the tolerable deviation from the “ideal” movement.  

Integral part of the gesture editor is a gesture recognizer implemented by our team. 
It is based upon the Dynamic Time Warping (DTW) algorithm [12] that is able to 
eliminate temporal variations when comparing two gesture sequences. The gesture 
recognizer is realized as an independent library and can therefore be employed to use 
recorded gestures in other applications. Actually, it is used by all ProGesture modules. 

 

Fig. 4. Screenshot of the gesture editor’s main window 

The gestures editor provides first features for editing and testing of recorded ges-
tures supporting iterative development within the gesture design space. When the user 
repeats a movement the editor reports the recognized gestures (Fig. 4b). Furthermore, 
recorded gestures can be played in a so-called gesture player (Fig. 4a) in order to 
analyze the skeleton movements and cut the frame sequence as needed. Additionally, 
the skeleton joints that are of relevance for the respective gesture can be selected here, 
at that time or earlier before starting the recording (Fig. 4c). They are highlighted in 
the gesture player. For example, for a typical wipe gesture of one hand the positions 

a

b 
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and movements of head, legs and feet and even of the other arm are not of relevance 
and should be excluded from the gesture recognition process. 

4.2 Dialog Editor 

The dialog editor supports the specification of dialog models by means of state charts. 
Recorded gestures are assigned to state transitions, together with additional informa-
tion relevant for the dialog sequence, i.e. constraints and feedback such as highlight-
ing of a chosen option. The gestures to be assigned to transitions can be selected from 
a gesture set. In the case a gesture is not recorded yet and to be specified later on it 
can be added to the dialog model by a representative name. In doing so, the dialogue 
model is already executable. Therefore, gestures may be specified previous to, during 
or after the dialog modeling allowing the developer to arbitrarily shift the design  
focus within the gesture-dialog space.  

4.3 Model Simulator 

The model simulator is based on an executable model that is derived from the dialog 
model. It allows the simulation of the dialog to analyze dialog paths, gesture se-
quences and system reactions in different scenarios and in different situations. Di-
alogs can be tested in conjunction with or without the assigned presentation. Addi-
tionally, model execution can be triggered either by mouse clicks or by real gestures.  

Thus, the simulator provides various options for the test and evaluation of 3D-
gesture applications, based on combinations of its different features, such as: 

• Gesture actions can be simulated with mouse clicks on the graphical representation 
of the gesture within the diagram (Fig. 5a). All outgoing transitions of an active 
state are listed in a separate window panel (Fig. 5b). Within this panel gesture ac-
tions can be triggered by mouse clicks on buttons labeled with gestures names (e.g. 
“increase”, “next” etc. in Fig. 5). 

• The gesture player introduced above is also integrated into the simulator (Fig. 5c). 
Developers can use it to recall gestures as well as to analyze and discuss the de-
fined body movements in the context of complete interaction respectively gesture 
sequences. 

• The dialog model can alternatively be traversed by executing the gestures in reali-
ty, e.g. for evaluating physical effort. Feedback is given with a live skeleton view 
(Fig. 5d) while the gesture recognizer works in the background. 

• The presentation can be connected, currently via simple network communication. 
This enables interaction with the presentation, e.g. based on real gestures, to eva-
luate the whole user experience, also taking into account the system feedback. 

• Switching to the gesture editor, existing gestures may be modified or replaced by a 
new version and used instantly inside the model simulation. 

• A history function stores model simulation sequences, i.e. states traversed and 
constraints changed (Fig. 5e). For subsequent analysis they can be played back to-
gether with the involved gestures.  
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Fig. 5. Dialog editor in model simulation mode 

5 Example Scenarios of Using the ProGesture Tool  

The previous section outlines prototyping features of the simulator, and also of the 
editor and the fourth module that was shortly mentioned. This section provides in-
sights into the usage of ProGesture by means of three scenarios revisiting the coffee 
maker examples (cf. Sect. 2). 

5.1 Scenario 1: Developing Gesture Interaction for an Existing Application 

In scenario 1 a gesture set is to be developed for an existing application, e.g. for the 
coffee maker of example 1 where we want to augment an existing maker in a public 
area with a gesture recognition module – causing low technical effort and modifica-
tions of the UI are not possible for some reasons. By consequence, the presentation 
and dialog are fixed resulting in a design space with only one dimension, which is 
here the gesture axis.  

Let us assume that in this scenario a developer’s first step is to analyze the given 
UI with respect to the presentation’s units and transitions between them as well as to 
the system feedback. As a result the corresponding dialog is documented with the 
ProGesture dialog editor, as far as required for gesture test purposes. In addition, the 
model is linked with the presentation units, the latter in the form of a simple mockup 
including photos of the real coffee maker’s presentation. In this scenario it is assumed 

a
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d 
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that the existing UI is composed of a text display listing the available options with 
hardware buttons close-by to make the selection. 

Now, the developer specifies gestures with the ProGesture gesture editor, taking 
into account the existing coffee machine UI. As in this scenario, he has to replace 
hardware buttons by gestures, he decides for semaphoric gestures. A semaphoric ges-
ture is precisely designed to designate one specific symbol within a given alphabet, 
e.g. like in this scenario, “chose option 1”, “… option 2” and “… option 3”. Here, this 
gesture type is used to express and confirm the coffee type selection in one step. 

After assigning these gestures to the dialog model, the setting can be tested interac-
tively based on the ProGesture executable model – using the real gestures. Problems 
may be identified, e.g. in the sequencing of the gestures and prospective solutions can 
be devised. Spontaneously, gestures can be modified or replaced by newly recorded 
ones using the gesture editor, and then used instantly within a follow-up test. 

5.2 Scenario 2: Developing Gesture Interaction for a Given Presentation 

In scenario 2, which refers to example 2 (cf. Sec. 2), only the presentation is given: 
The coffee maker mockup, of which a selected part is shown in Fig. 2, constraints the 
presentation for choosing a coffee type. Here, developers deal with a 2-axes design 
space, requiring a design solution concerning gestures and the corresponding dialog.  

Let us assume, the developer again starts with analyzing the given UI, though this 
time represented by sketches without included concrete dialog behavior. Then, with 
the ProGesture gesture editor a set of gestures is compiled, whereby the developer can 
choose gestures from existing sets or record new ones. The mockup, as pointed out 
for example 2, may suggest a wipe gesture to make a selection. In this scenario, as a 
start, the designer decides for this option. The corresponding dialog model (cf. Fig. 
2b) can be specified with the dialog editor either previous to the gesture specification, 
in parallel or afterwards. Then, the presentation is connected to the dialog model and 
an interactive test of the “look and feel” of the chosen 3D-gesture interaction is con-
ducted instantly.  

Possibly, as already mentioned in Sec. 2, it would be worth comparing an alterna-
tive: The mockup may also suggest a pointing gesture by which users select a type of 
coffee directly. This implies other gestures and a modification of the dialog structure 
– both of which is effectively done with the gesture and dialog editor. Switching be-
tween both design versions to compare them is easy and fast.  

5.3 Scenario 3: Developing from Scratch 

The last scenario exemplifies the development from scratch of a 3D-gesture con-
trolled application (cf. example 3 in Sec. 2). As no design presets or limitations are 
given, the design space spans all of the three axes. This time our developer starts to 
investigate gestures and corresponding presentation clues, e.g. widgets, based on the 
user tasks involved when using the respective coffee maker. 

The developer, with a specific gesture concept in mind, generates one or several 
presentation mockups using an arbitrary tool. Fig. 3 shows two versions of possible 
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designs. Here, the central idea is, in contrast to the example in scenario 2, to let the 
user select coffee type, sugar and milk in a single dialog step. Since the two drafts 
differ in the sequence of selecting of sugar and milk, two slightly different dialog 
models have to be specified. This scenario does not imply a specific order of dealing 
with the three design dimensions – on the contrary, the designer can switch his focus 
arbitrarily. 

At last, having connected the dialog model to the mockups, both versions are ready 
to be tested. As argued for example 3, the tests may unfold, that additional gestures 
may be needed to improve the usability. The resulting modifications for the dialog 
model and the gesture set as well as the subsequent evaluation of the new design can 
be realized quickly within ProGesture. 

6 Summary and Outlook 

The gesture recognizer used in ProGesture can also be utilized by a target application. 
In such a case only those user-elicited gestures are added to a gesture set that are at 
the same time technically realizable – resulting in a combined technology-human-
based approach (cf. [1]). ProGesture additionally supports evaluation of gestures in 
the contexts of first UI drafts up to a final UI. Wizard of Oz experiments are often 
applied for rapid prototyping of gesture-based interactions (e.g. in [13], [14]). ProGes-
ture can be used within such experiments but additionally supports a model-based 
development approach. It enables to test real as well as simulated 3D-gesture interac-
tions based on executable dialog models.  

ProGesture exists as a proof-of-concept tool that allows to gain first experiences 
and to get first feedback from industrial partners of the project (within which the tool 
was developed), as well as from an involved ergonomics expert. One of the main 
results so far is the importance of including mockups in eliciting and testing gestures, 
particularly if the development should result in an innovative design solution. All in 
all, it should be possible to shift the focus of development in a flexible way within the 
presentation-gesture-dialog design space. Developers may start with a prototype of a 
UI and then develop gestures (design space is given by the gesture dimension). While 
testing they may encounter problems with single gestures. In ProGesture a person just 
has to demonstrate alternative gestures and shortly afterwards use them to interact 
with the UI draft. In the case these gestures do not match the presentation (perceived 
affordances) and/or dialog behavior, the developer can alter the UI design and assign 
the gestures to it (acting in the presentation-dialog design space).  

The concept of executable models was implemented to support the transformation 
from early models and prototypes to final code of target applications. Currently, the 
dialog editor and the model simulator are fully integrated into a coherent tool. This 
tool, the gesture editor and the additional, fourth module, that covers the presentation-
gesture design space, are coupled by shared components. Subsequent work will aim at 
the integration of all of them. In ongoing work we investigate the development 
process and further applications of ProGesture. One objective is to refine the require-
ment specification of tool support for early prototyping of 3D-gesture interaction and 
to realize additional requirements in a follow-up version of ProGesture.  
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