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Dear Reviewer, 

Please find here below our comments. 

Reviewer #1: The authors have improved their paper based on earlier reviewer feedback, but I 

think it still needs more work before it is ready for publication. These improvements fall into 

three areas (1) Background theory, (2) Technology Description, (3) Experimental Evaluation. 

 

(1) Background theory - the authors refer to several interface taxonomies but at times it it 

difficult to understand what the main theoretical model is that the authors are basing their 

work on. If possible it would be good to make this simpler and easier to understand, and to 

especially relate it to the HybridDesk system that they have developed. For example, in their 

paper they talk about interaction between different spatial zones and environments (figure 2). 

However the HybridDesk is only operating in the personal zone, so it may be good to remove 

this discussion from the paper. 

We decided to keep the spatial zones explanation once it is a relevant 

aspect for the design and evaluation of HUI. In fact the HybridDesk 

environments are placed into two spatial zones: central and personal. 

In order to turn it more clear we added several links in the text: 

Subsection 4.2, Section 5 and Section 6. 

We also reduced the discussion about interaction continuity in the 

Introduction and made it clearer in Section 3.1, relating it to the 

HybridDesk.  

 

(2) Technology Description - the HybridDesk is the main contribution of the paper. It is a very 

novel interface and also demonstrates how to build a transitional interface. The mini cave 

system seems to have a nice design and the good interaction methods. The authors have 

improved the technical description adn explain their work more strongly, but there are still 

some improvements that could be made. It would be good to include a longer description of 

the 3D annotation task and to describe in more detail how 3D annotations are created and 

added to the 3D scene. What are the requirements of the 3D navigation task? The authors 

should also include some screen shots of what the 3D annotations look like. It would be good 

to include one to two paragraphs describing the 3D annotation requirements and how the 

annotations were created and added to the scenes. 

We improved the description of the annotation task in the beginning of 

Section 4, and added some screen shots illustrating this task (Fig.4). 

We believe that what the reviewer wants to know about the requirements 

of the 3D navigation task is already mentioned in the description of 

VR-Nav environment on Section 4: “A wand (a Wiimote tracked by an 

optical tracker) is used as input device. The raycasting technique was 

implemented for selection and \grabbing in the air" technique (Bowman 

et al, 2005) for navigation task (Fig. 5).”  

 

(3) Evaluation - the authors have added a second task and evaluation to their paper, but this is 

not as strong as it could have been, so now instead of having one weak evaluation they have 

two. This is the part of the paper that still requires a lot of work. 

Response to Reviewer Comments



 

 

In the first task the authors don't present any statistical analysis of the results and so it is 

difficult to draw any significant conclusions from the results. For example in figure 16 they 

show performance time data and says that the novices took "not much longer than the 

specialists". What does this mean? Some of the users were close while others took nearly 

twice as long, but without doing a statistical analysis comparing average performance time 

between novice and expert user groups then no definitive statements can be made. 

 

This evaluation was removed. 

One of the main limitations of the evaluation is that the authors don't compare user feedback 

or performance between conditions. For example, the Likert scale results give the user 

feedback on the interface, but it's difficult to interpret the scores without having anything to 

compare them against. For example, what does a score of 3.25 on question 2 (how easy to 

perform interaction) really mean? It would be better to have had two different interface 

conditions to compare between (for example transitional and not-transitional interface) which 

would make it easier to validate the authors approach. 

In this work we are not interested to comparing two designs of 

interfaces (a transitional interface with a non-transitional 

interface) because we are assuming a case where a specific task could 

not be executed (at least not with the same functionalities and 

requirements) in a single set up. Then the user test performed here is 

capturing the impression of the user (assuming here that the user has 

experience in 3D interfaces) while using this hybrid interface. Our 

evaluation focus is mainly placed on the interactions of transitions 

between 3 interactive environments where two of them are located on 

the central zone and one on the personal zone, so it does not make 

sense compare it with a non-transitional interface. For future works 

it would be good, for instance, compare this approach with another 

transitional interface following the improvements pointed out by the 

results of this preliminary evaluation. 

As suggested by the reviewer we decided to remove the first user test 

based on the subjective impression of the user. 

 

Another challenge is that the novices are using the interface for such a short time - 10 minutes 

of training followed by 3-5 minutes performing the annotation task. So the feedback really 

only relates to people using the interface for a very scripted 3D annotation task over a short 

period of time. It would be good to include some discussion about how these results can be 

generalized to long term use. 

The following paragraph was inserted in Subsection 6.2 to explain 

that: 

“Despite the fact of the user interaction took a short period of time 

during the test session was possible to notice few ergonomics problems 

such as fatigue arm and discomfort while using the stereo glasses. We 



believe that such problems could be more evident over a long period of 

interaction with the HybridDesk. On the other hand problems related to 

memorization of commands could decrease with the use”. 

It is good that the authors include a second task, but this task is only described briefly and 

there is little information about observations of how the users performed the task etc. They 

just present a list of usability issues raised by the users, including some issues that conflict with 

the feedback from the users in the first task. In many ways task 2 is a better way to evaluation 

the system than task 1 since there are no comparative conditions. So perhaps the authors 

should significantly expand the task 2 evaluation and description and reduce, or even remove 

the task one content. The list of issues raised in task two are more useful than the results of 

task one. If they do keep both task descriptions in the paper then it would be good for them to 

discuss in more detail any differences/conflicts between the results. 

We removed the first evaluation and improved the second one (see 

Section 6 and Table 1) by providing more details about subjects and 

tasks as well as we reorganized the usability issues reported by the 

users according to the continuity properties of tasks and interactions 

of transitions.  

In summary, I think the authors have made the paper stronger but still not strong enough. 

They should simplify/shorten the theory section, empasize more the technology section, and 

significantly improve the evaluation section (perhaps just focusing on task two). 

We have also attached to the submission a video showing details about 

the HybridDesk environment. 
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Abstract A task which can be decomposed into subtasks with different technological

demands may be a challenge, since it requires multiple interactive environments, as

well as transitions between them. Some of these transitions may require changes of

hardware devices and paradigms of interfaces at the same time. Some previous works

have proposed various setups for hybrid user interfaces, but none of them was mainly

focused on the design of transition interactions. Following this direction our work brings

together the importance of interaction continuity as a guideline to help the design and

evaluation of transitional interfaces within a Hybrid User Interface (HUI). Finally, an

exploratory study demonstrates how this design aspect is perceived by the users during

transitions in an HUI composed by three interactive environments.

Keywords transitional interfaces · hybrid user interfaces · continuity properties

1 Introduction

The evolution of human-computer interaction has led to the development of different

interfaces and interaction mechanisms which are progressively being combined to create
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richer forms of interactions. The support to tasks that require the use of different

interfaces has become increasingly evident with the emergence of fields of study such

as Hybrid User Interfaces (HUI) (Feiner and Shamash, 1991). In this field, efforts are

being joined in order to harmoniously blend both virtual (applications, interaction

techniques, graphics, etc.) and physical (the input and output) elements from one or

more interfaces. The design of HUIs may thus result in new interfaces with hybrid

resources aiming to integrate previously separate functions.

The way in which hardware and software elements are integrated into an HUI may

demand interface mechanisms or a kind of interface that connects others, e.g. a form

of transition interface or transitional interface (Billinghurst et al, 1999; Grasset et al,

2006).

The concept of transitional interfaces was first introduced by the MagicBook project

(Billinghurst et al, 1999) through an application that moved the user seamlessly along

the mixed reality continuum (Milgram and Colquhoun, 1999). In the MagicBook,

the user walks from the real world to virtual reality passing through augmented real-

ity using a hand-held device. The transition between these environments consisted of

automated virtual camera movements and image effects, such as fade in and out.

A few years later, the concept of transitional interface was formalized aiming at a

generalization of this term to multiple contexts (Grasset et al, 2006). The meaning

of context somehow encompassed the idea of 3D spaces with properties such as scale

(macro, micro, nano), representation (photorealistic, cartoon, etc.) and others. For each

context, there is a clear definition of a motion function related to the properties of a

virtual camera, and, for each transition between these contexts, there is a transition

function related to visual factors in order to continuously provide smooth transitional

motion rather than teleportation. The hardware and software setups used by authors

during the development of these ideas were based on the contexts of Virtual Reality

and Augmented Reality, and a constant set of input devices and displays during the

studies, such as a hand-held device (Milgram and Colquhoun, 1999) or a Head Mounted

Display combined with a 3D tracking input device (Grasset et al, 2008). We noted

that there was no change of interface paradigm during transitions since the contexts

were restricted to 3D environments and interactions of transitions were conceived in

an intuitive way.

In this work, we claim that the range of action of a transitional interface may actu-

ally be larger than the mixed reality continuum. Masso (2008) proposed the mixed

virtuality continuum as an extension of the continuum proposed by Milgram and

Colquhoun (1999). In this continuum, before Virtual Reality (VR) interfaces, there

is a series of intermediary interfaces ranging from 1D to pure 3D interfaces, passing

through 2D graphical interfaces, 2D desktop, 3D desktop, 3D rendering of 2D in-

terfaces, among others. This mixed virtuality somehow places those interfaces in the

context of the evolution of the human-computer interaction. Altogether, they consist of

a diversity of hardware and software settings that can certainly be combined to create

hybrid environments, e.g HUIs (Fig. 1). Actually, it makes sense to think of HUIs and

transitional interfaces as complementary subjects.

Considering this vision of HUIs, the concept of transitional interface can also be

extended. The transitions would be placed between contexts that include an interface

(of the mixed virtuality or mixed reality continuum) and the input devices and displays

used (Fig. 1). The idea of motion function in this expanded vision would be seen as a

function describing which input devices, interaction techniques, and displays are used

at a given time. On the other hand, a transition function includes aspects such as
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Fig. 1 Relationship between Mixed Continuums, Hybrid Environment and Transitional In-
terfaces.

procedures to change or handle devices as well as the use of graphic and audio effects

to prepare for the motion function of the next context. It is important to note that this

paper will use the term “interactive environment” with the same meaning as “context”

defined hereby.

The main goal of this work consists in exploring the continuity properties (see Sec-

tion 3.1) of transition interactions between interactive environments. We discuss the

use of such design aspects as a guideline to help the process of evaluation and to reach

smoother transitions within a hybrid interactive system. In order to achieve such goal,

a semi-immersive system (called HybridDesk) composed of three interactive environ-

ments was developed, and transitions between these environments were created to help

the accomplishment of a 3D annotation task in an oil and gas scenario application.

The remainder of the paper is structured as follows. Section 2 reviews relevant work

in the areas of Hybrid User Interface and Transitional Interfaces. Interaction continuity

as a design aspect is discussed in Section 3. The HybridDesk prototype is introduced

in Section 4 as a practical example to the analysis of the design issues presented.

The issues related to the conception of transitional interfaces within HybridDesk are

presented in Section 5. Section 6 reviews an exploratory evaluation carried out with

users in order to provide content for the interaction analysis. Finally, Section 7 presents

conclusions and discusses future directions of this work.

2 Related Work

Interface systems that attempt to combine hardware and software components of dif-

ferent natures are sometimes called Hybrid User Interfaces, Mixed Reality Systems,

or, until recently, Hybrid Display Systems. They are characterized by the use of mul-

tiple elements, which can be multiple devices or multiple user interfaces. The term

HUI was first proposed by Feiner and Shamash (1991), referring to a heterogeneous

environment, rich in interaction techniques, and with different kinds of devices used in

a complementary way.
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A pioneer work in this area was the Office of the Future (Rascar et al, 1998),

which combined several computer vision and computer graphics techniques to analyze

surfaces of the real world and then add virtual information that was projected on them.

Rekimoto and Saitoh (1999) explored the HUI heterogeneity using several com-

puters and displays (projections and notebooks) in the same work environment. The

EMMIE project (Butz et al, 1999) developed a system designed for collaboration that

was similar to the work of Rekimoto, but included the use of Augmented Reality (AR)

with a see-through HMD (Head Mounted Display).

Nakashima et al (2005) presented a prototype of a collaborative work environment

with 2D and 3D environments for graphic modeling tasks. The environment uses a

display called IllusionHole for 3D interactions, while 2D interactions are supported by

a projection. The lack of transitions between those environments could be explained

by the fact that both of them work in the same 3D task using different interactions

techniques. This same explanation could be used for an HUI for manipulation of medical

data, also using 2D and 3D interactions, which was developed by Bornik et al (2006):

a single 3D pointer is used as an interaction tool, and two visualization forms are

available, one on a tablet and another on a projection.

Benko et al (2005) created a hybrid environment composed of an LCD (Liquid

Cristal Display) placed vertically, a touchable display placed horizontally, and a see-

through HMD for AR. This environment is used for the manipulation of archaeological

objects. This work is interested because there was a concern in the development of

visual transitions between the visualization modes on each display, i.e., the graphics

became 3D from 2D projection on the screen.

Baumgartner et al (2007) presented an HUI to explore the organization of a desktop,

disposing documents spatially. The organization of documents is done through gestures,

using a glove. The documents in the 3D space are visualized in an autostereoscopic

display and edited with the keyboard and a pen on a tablet below the display.

In general, the above-mentioned works sought to blend different technologies in or-

der to execute certain tasks. However, there is the need for a criterion, or at least a ref-

erence to any methodology or concept, driving this “technological mixture”. Moreover,

there seems to be no explicit concern about possible transitions among the integrated

technologies.

Conversely, although the concept of transitional interfaces was coined a decade ago

in the MagicBook project (Billinghurst et al, 1999), until now few works have been

published in this topic. Grasset et al (2006) proposed an initial attempt to formalize

this concept, and also published the first work (Grasset et al, 2008) reporting some

evaluation studies in this field. Usability, performance, presence and awareness were

assessed in that work. The evaluation scenario was composed by a series of navigation

tasks that forced the subjects to transit between two interactive environments: virtual

reality and augmented reality. However, most of the results from this work reported

failures on navigation techniques used in each environment, as well as problems of

disorientation on the entry and exit points from the environments after and before the

transitions. The authors said that such problems would be fixed by using stereo vision

and some sort of visual feedbacks.

The design and evaluation of transitional interfaces is still an open problem. There

are lots of issues to be addressed, for instance, the problem of transition between inter-

active environments with different hardware and software technologies. While Grasset’s

work reported results on a scenario with a homogeneous hardware setup (HMD and a

3D input device) along the two environments, our work deals with explicit hardware
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and software transition, taking into account some properties to guide the design and

evaluation of such case.

3 Transition design based on the continuity of interaction

In this section we briefly introduce the definition of continuous interaction based on the

continuity properties: perceptive, cognitive and functional, followed by the proposed

design approach in order to reach smooth transitions in HUIs.

3.1 What’s interaction continuity?

An interactive environment is assumed to be the complete presentation environment

required for carrying out a particular interactive task. The interactive environment

contains representations of the visual, haptic and auditory elements that a user interface

offers to its users, as well as their relationships. In more complex environments the user‘s

task can be distributed along various interactive environments and discontinuity during

transitions can become a problem. The idea of continuity is related to the process of

avoiding breaks during interaction, which could result in disorientation and failure.

The importance of continuity in the development of real-time collaboration systems

was mentioned by Ishii et al (1994). They define a seam as a spatial, temporal or

functional constraint that forces the user to shift among a variety of spaces or modes

of operation. For example the seam between word processing using a computer and

traditional pen and paper makes it difficult to produce digital copies of handwritten

documents without a translation step. All authors have agreed that systems asking

users to abandon their acquired skills and to learn a new protocol are likely to encounter

strong resistance.

Dubois et al (2002) consider continuity at the perceptual and cognitive levels. Per-

ceptual continuity is present if the user perceives the different representations of a given

entity directly and smoothly. Cognitive continuity is present if the cognitive processes

that are involved in the interpretation of the different perceived representations are

similar.

Here we consider continuity as the capability of the system to promote a smooth

interaction with the user during task accomplishment considering perceptual, cognitive

and functional aspects (Trevisan, 2004; Trevisan et al, 2004). Perceptual continuity is

defined as the ability of the system to provide information to the user in one percep-

tual environment (e.g. when the user is wearing a see-through head-mounted display

(HMD)). Cognitive continuity is defined as the ability of the system to ensure that the

user will interpret the perceived information correctly and that the perceived informa-

tion is correct with regard to the internal state of the system (e.g. by using similar

representations of the real and virtual objects). Functional continuity is defined as the

adaptability of the user to change or learn new modes of interaction. Consequently the

functional property is related to the interaction technique used.

All these definitions pointed out the need for smooth transitions between different

operation modes to avoid frustration during the accomplishment of complex tasks.
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3.2 Design approach

When there are multiple sources of information and two or more interactive environ-

ments we must make choices about what to attend to and when. At times, we need

to focus our attention exclusively on a single item without interference from other

items. At other times, we may need to time-share or divide our attention between

two (or more) items of interest, which can be part of the same or different interactive

environments.

For example, assuming real and virtual worlds as two different environments, in

the Museum project (Rekimoto and Nagao, 1995) the user wears a see-through head-

mounted display in which information about an exhibit is displayed. The user is thus

able to perceive real objects (the exhibit) and added synthetic information. The object

of the task here is the painting in the exhibit. Therefore, the task focus belongs either

to the virtual world or to the real world.

The user could be either performing a task in order to manipulate or modify an

object in one or more interactive environments. By considering all the possibilities of

interaction focus while the user is performing a specific task, we have identified three

possible combinations:

– Interaction focus in one interactive environment without shared attention. In this

type of interaction attention is focused on a single object in the environment. There

is no other object competing for the user’s attention.

– Interaction focus shared in the same interactive environment. In this case the in-

teraction focus is shared between two or more objects of the same environment.

– Interaction focus shared between interactive environments. Here the interaction

focus is shared between objects belonging to different environments.

Regarding the last item where the interaction focus can be shared between different

environments, we must define how will be the insertion context of the interactive envi-

ronments. Here we are interested to define the space around us according to the user’s

focus while performing a task. An interactive environment can be concretized using

any device (screen, HMD, etc.) or any physical object (projected at a table, wall, etc.).

Many disciplines can provide appropriate figures for physical properties. For instance,

perceptual psychology may informs us to what extent a person considers an object far

or close. Sociology interprets this as four spatial zones depending on the distance from

subject.

Here we are following the four spatial zones (see Fig. 2) stated by Hall (1969) for

describing interactive environment, depending on the level of periphery:

– Central zone. Corresponds to an insertion distance of 0 to 45 cm from the user.

– Personal zone. Corresponds to an insertion distance of 46 cm to 1.2 m from the

user.

– Social zone. Corresponds to an insertion distance of 1.3 to 3.6 m from the user.

– Public zone. Corresponds to an insertion distance greater than 3.6 m from the user.

If the interactive environment is inserted in the central zone of the user’s task, s/he

does not need change her/his attention focus to perform the task. If the user’s attention

focus is changing all the time, then it is probable that the interactive environment has

been inserted outside the central zone, in a peripheral context of use.

Taking into account our design approach for the proposed HybridDesk System it

is assuming transitions between two zones of displays insertion: personal and central.
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Fig. 2 Insertion Zones according to level of periphery.

Conforming is described in the next section 4, the navigation environment is placed

on the personal insertion zone while the manipulation and WIMP environments are

placed on the central insertion zone.

In the HUIs/Transition approach, we suggest, as a guideline, that the design should

first analyze the needs of the main task that the user intends to address in terms of

interface. At this stage, it is worth thinking about the need of interfaces with differ-

ent paradigms, such as Virtual Reality, Augmented Reality, WIMP (Windows, Icons,

Menu, and Pointer), etc., and whether it is useful to have a great cognitive effort in

the transition between the different interfaces.

Once the interfaces are defined, the next step focuses on the definition of input

devices, displays, and interaction techniques for each interface. This definition involves

the analysis of perceptual and functional properties for transitions. The more different

the devices and displays of each interface are, the greater the discontinuity between

them will be. This decision should take into account a tradeoff between the advan-

tage of the different interactive environments and the effects of discontinuities caused

by transitions between them. For example, the imposition of a technology to avoid a

discontinuity during a transition may result in poor performance of a task in an inter-

active environment. On the other hand, the use of different interactive environments

that demand frequent transitions with any kind of discontinuity may be exhausting,

and we may need to consider the use of some features during a transition to smooth

any discontinuities.

The notion of interplay among the three continuity properties is important to

handle transition discontinuities. As we show in the present work, the enhancement of

a continuity property against a discontinuity of another one may contribute to smooth

the transition between interactive environments.
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4 Conception of the HybridDesk System

The design of the HybridDesk (Fig. 3) was based on the requirements found for a

3D annotation task in an oil and gas application (Carvalho et al, 2009). These re-

quirements helped to identify the technological setup used to compose the interactive

environments within HybridDesk. This setup should be able to address the require-

ments of a semi-immersive workplace with stereoscopy, headtracking and a wand as

well as the requirements of a WIMP interface.1

Fig. 3 HybridDesk scheme with the three interactive environments.

4.1 3D Annotation Task

The 3D annotation task was considered important because it could be decomposed

into different subtasks ranging from symbolic input information to spatial input used

for 3D interaction techniques. The 3D annotation task is a way to insert information

into a virtual environment, and often this information is related to a particular object.

To handle the creation and management of symbolic information we have chosen to

take advantage of past experiences of users with WIMP interfaces rather than creating

a completely new environment. Basically, we want to use all the resources available in

a WIMP interface to create files, and 3D shortcuts (3D Icons) to these files are created

inside the virtual environment by the user. The visual feedback of the shortcuts has a

shape of a 3D cube (Fig. 4).

1 A video from the system and user interactions is available as suplementary material and
at the web address: http://www.youtube.com/watch?v=Gd4jRlIKJSM.
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Fig. 4 Attaching the 3D annotation into a virtual environment. Left: Selecting the annotation.
Right: Attaching an annotation icon.

Annotations are very important in oil and gas applications Raposo et al (2009). For

instance, a virtual oil platform is composed by a huge number of different objects with

many professionals working on it, and the need to leave different information (audio

data, text data, presentations,movies, etc.) attached to some objects is important to

convey some intentions or observations.

Regarding 3D interaction aspects related to the 3D annotation task, we have iden-

tified three subtasks:

1) 3D Navigation and 3D Selection : to search and select an object or to explore

the 3D virtual environment. Models of oil platforms are extremely dense geometric

scenarios, with plenty of things to explore. For these subtasks, Virtual Reality and

some associated 3DUI techniques are appropriated interface paradigms.

2) 3D Manipulation : to manipulate objects through translations and rotations,

and to enable the insertion of annotation using 3D Icons. Virtual Reality is also a

suitable interface paradigm for this subtask.

3) Symbolic Input : to create and edit textual annotations. To handle the cre-

ation and management of symbolic information we have chosen to take advantage of

user’s past experiences with WIMP interfaces rather than to create a completely new

environment.

4.2 Interactive Environments

To support the subtask requirements and the appropriate interface paradigms described

above, we designed three interactive environments for the HybridDesk:

1) VR-Nav: some studies have indicated that navigation tasks tend to benefit from

displays with larger FOV (Field of View) and FOR (Field of Regard) (Raymaekers

et al, 2005; Czerwinski et al, 2002; Tan et al, 2006). Because of the larger visual space of

these displays, their properties also provide better support for searches during selection

tasks (Steed and Parker, 2005; Raja et al, 2004). The hardware setup of VR-Nav is

composed by four projection screens that are used simultaneously to provide a broader

FOV and a larger physical visualization area near the user. The display resulting from
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Fig. 5 VR-Nav interactive environment.

this set of screens was named MiniCave and was inspired by the idea of CAVE adapted

to a desk (Fig. 5). A wand (a Wiimote tracked by an optical tracker) is used as

input device, and a 3D representation for it was created in the virtual environment.

This representation was visually similar to the real device and receives the translations

and rotations from the tracker device. The raycasting technique was implemented for

selection and “grabbing in the air” technique (Bowman et al, 2005) for navigation task.

According to the level of periphery of the displays insertion introduced in Section 3.2

this environment is placed on the personal zone of user interaction.

2) VR-Manip: for manipulation tasks, we have understood that it is important to

perform a detailed visual inspection of a selected object in order to identify particular

points to leave annotations. We therefore chose an isomorphic interaction technique2.

to handle virtual objects at a short distance, like people do with real objects. Local

Manipulation tasks have shown evidence of being more prone to visual stimuli in a

restricted visualization area, which suggests the need for a narrower FOV (Steed and

Parker, 2005; Demiralp et al, 2006; Prabhat et al, 2008). However, as the focus of

attention is more intense in this restricted area, visual cues are more noticeable. Thus,

display features such as brightness, resolution, sharpness, and photorealism become

important (Polys et al, 2005). The inspiration for the technological setup came from

the idea of a Reachin display which allows the manipulation of virtual objects within

the arm’s reachable space. Most Reachin displays use a mirror or a semi-transparent

surface to show an illusion of a virtual content behind it. Such illusion is based on

the reflection of an image from a CRT or a projection screen. For all these reasons,

2 The isomorphic Interaction Technique suggests “a strict, geometrical, one-to-one corre-

spondence between hand motions in the physical and virtual worlds...” (Bowman et al, 2005)
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Fig. 6 VR-Manip interactive environment.

we have choosen an LCD to help during the manipulation task (Fig. 6). Although a

regular LCD is much thicker than a mirror or glass, we believe it provides reasonable

access to the space behind it, which is the area of interaction with the virtual objects

selected on the VR-Nav. Moreover, a regular LCD has all required display features

to facilitate the visual inspections. According to the level of periphery of the displays

insertion introduced in Section 3.2 this environment is placed on the central zone of

user interaction.

3) WIMP: basically, we desire to use all the resources available in a WIMP in-

terface to create files, and “3D shortcuts” (3D Icons) to these files are attached to the

associated 3D objects in the VR-Manip environment by the user. The visual feedback

of the shortcuts has the shape of a 3D cube. As WIMP interface, we choose Microsoft

Windows XP, and, concerning its associated hardware, we maintained the conventional

setup, composed by monitor, keyboard, and mouse. According to the level of periphery

of the displays insertion introduced in Section 3.2 this environment is placed on the

central zone of user interaction.

Fig. 7 shows a scheme of the events that trigger the transitions in the HybridDesk.

The transition VR-Nav>VR-Manip is triggered by pointing to an object in the virtual

environment (using the ray casting technique) and clicking on the button “A” of the

wand. After that, the user has to move the LCD to the front of the MiniCave. To

return from VR-Manip to VR-Nav, it is necessary to click on the button “Home” of

the wand. The user then has to move the LCD out of the MiniCave.
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Fig. 7 Trigger Events.

The transition VR-Nav>WIMP is triggered by pointing to some 3D icon attached

in some virtual object and clicking on the button “A” of the wand. To return to the

VR-Nav it is necessary to use a context menu and select “Back to HybridDesk VR-

Nav”.

The transition from VR-Manip to WIMP is triggered by clicking on the button

“A” of the wand, and from the WIMP to VR-Manip, the user needs to use a context

menu over the selected file and select “Send to HybridDesk VR-Manip”.

4.3 Technology Setup

Instead of using a cluster of PCs and synchronization mechanisms, the semi-immersive

visualization at the HybridDesk was managed by a single PC with a 3D accelerated

video card with two video outputs. The HybridDesk needs a minimum of five video

outputs: 4 to projectors and one to the LCD. To handle this configuration we used

two video splitters. These splitters are of the type TripleHead2Go (Figure 8.a) and

they divide one video output in three others. Basically each splitter has a driver which

increases the resolution of the desktop over a video output, and then the hardware splits

it. For example, a video output that would normally have a resolution of 1024x768

pixels, using this driver it can be transformed into an output with a resolution of

3078x768 pixels and then be divided in three outputs of 1024x768. Thus, an extended

desktop of 6 video output was created, three of 800x600 (2400x600) and the three

of 1024x768 (3072x768) (Figure 8.c). These outputs together formed a large desktop

display over the projectors and the LCD (Figure 8.b).

The three-dimensional effect was achieved using the stereoscopic anaglyph in simple

projection screens. As the generation of stereoscopic image was all done via software,

and only one resulting image was displayed for each screen, there was no need to
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Fig. 8 (a) Two Matrox TripleHead2Go splitters to extend (b) the desktop through all the
screens (c) using only one graphics board with two video outputs.

Fig. 9 Optical Tracker composed by two infrared cameras.

use special screens neither the use of advanced projectors. The video card used was

NVIDIA GeForce 8800 GT, a conventional accelerator board.

Using a Wiimote (Figure 10.b) as a Wand was a reasonable choice, since it is cheap

and offers a variety of events without the need for wires, i.e, all data communication

is done via bluetooth. The system also used a optical tracking system called Bratrack

(www.bratrack.com) to estimate the translations and rotations needed for the naviga-

tion and manipulation tasks and headtracking (Figure 9). Track points were attached

in the wiimote as well in the stereoscopic glasses (Figure 10).

To generate and manage 3D graphics, a system was implemented using the Open-

SceneGraph library (www.openscenegraph.org), which is based on the idea of scene

graphs. The system rendered and managed six virtual cameras: 4 for the MiniCave
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Fig. 10 (a) Anaglyphic Stereo Glasses and (b) Wiimote used as a Wand.

Fig. 11 (a)(b)Set of virtual cameras used in MiniCave. (c) Extra camera to provide an
overview of the user position inside virtual world.

(Figures 11.a and 11.b), one for the LCD , and an extra camera for an overview of the

position of the observer within the virtual environment (Figures 11.c and 12.h). In

order to create the anaglyph stereoscopic images, 10 images per frame were computed

to generate the left and right eyes for each virtual camera (the extra camera did not

use stereoscopy).

For each virtual camera, the system also created a window on the desktop so that

each window occupied an area corresponding to a video output. In Figure 12 there is

a screenshot showing the whole desktop.

The MiniCave screens were designed using pieces of glass for the three vertical

screens and a piece of acrylic for the table top. Projection screens were placed inside

the Minicave over the surfaces of the glasses and the acrylic. A set of mirrors was used

to decrease the distance between each projector and the corresponding screens (Figure

13). For this, wooden frames containing a mirror have been constructed (Figure 13.a).

Keystone correction was used on some projectors due to the projector’s position and

orientation adjustments, for instance, the inclination of the projector on Figure 13.c.
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Fig. 12 Screenshot of the extended desktop showing the 6 windows for the screens: (a) left,
(b) front, (c) right, (f) LCD, (g) inferior, amd (h) overview. In (d) and (e) are empty spaces
generated by the splitter driver to compose a rectangular final image for the screenshot.

5 Conception of transitional interfaces

Once the user’s interaction focus during the execution of the 3D annotation task is

shared between objects belonging to three different environments, this section de-

scribes our design choices based on the previous interactive environments to analyze

the continuity properties (see Section 3) and to implement features to smooth identified

discontinuities in transitions.

In Fig. 14, there is a scheme of devices and displays used in each interactive

environment as well as the continuity issues during the transitions between them. Care

was taken in these transitions to maintain at least one continuity property between the

environments. In the VR-Nav to VR-Manip transitions and vice-versa, we maintained

Fig. 13 (a)Mirrors in MiniCave. Pair Projector/Mirror on screens: (b)frontal, (c)under the
table and (d)sides. (e) Overview of the HybridDesk structure during its development
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Fig. 14 Continuity properties for the HybridDesk prototype.

cognitive and functional continuity, since the representation of objects are the same as

well as the input device. In the transitions both from VR-Nav and VR-Manip to WIMP,

there is a functional discontinuity, since the user changes the input devices, from the

wand to mouse/keyboard. In these transitions, we maintained cognitive continuity by

associating two similar representations (2D Icon in a WIMP file manager and 3D Icon

in virtual environment) of the same concept (data file).

Fig. 15 Devices used in each environment and the necessary changes during the transitions.
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In Fig. 15, we illustrate the devices and displays used in each interactive environ-

ment, as well as the changes of input devices (functional discontinuities) and displays

(perceptual discontinuities) required during transitions.

There is an important event during the transition between VR-Nav and VR-Manip

that is related to a display change (Fig. 16.c and 16.d). Looking into the continuity

properties, such event could be classified as a perceptual discontinuity. We can expected

a potential perceptual discontinuity between VR-Nav and WIMP because these envi-

ronments use distinct displays, MiniCave and LCD, which are inserted in different

insertion zones of user interaction (see Section 3.2): personal and central zones respec-

tively. On the other hand a potential continuity could be expected from VR-Manip

and WIMP transitions once booth interactive environments are using the same display

(LCD) placed on the same central insertion zone.

Since we opted to use different display that brings advantages for each subtask

(manipulation and navigation), we decided to handle such perceptual discontinuity

by exploring the cognitive and functional properties. For the cognitive property, we

have implemented an animation mechanism as a visual sign to guide the user during

the transition, showing what is happening and what to do next. This is an attempt to

visually explain the transition from one display to another. For instance, when the user

selects an object in VR-Nav, an animation starts to move the virtual camera closer

to the selected object. During this approximation, another animation (a virtual LCD

moving from left to right and a label showing the name of the incoming environment -

VR-Manip) appears, with a sign to move the LCD to the front of the MiniCave (Fig.

16.a). The transition from VR-Manip back to VR-Nav shows an animation moving

the camera back to the location where the object was selected before entering VR-

Manip, and, at the same time, another animation shows a virtual LCD moving from

right to left indicating the change of displays again (Fig. 16.b). For the functional

continuity property, we also choose interactive techniques with certain similarities in

both environments, since VR-Nav and VR-Manip are 3D interactive environments and

share the same input device (wand). The technique for locomotion in VR-Nav and

the one used in VR-Manip are almost identical because the commands and spatial

movements to move the camera in VR-Nav are the same ones to move the selected

object behind the LCD in VR-Manip.

The transitions between the 3D environments (VR-Nav and VR-Manip) and the

WIMP interface could be considered abrupt because there is a change in the interaction

paradigm, from 3D to 2D. One of the main reasons for such abrupt change is the

presence of functional discontinuities along the transitions. These discontinuities occur

due to both the change of input devices (mouse/keyboard - wand)(Fig. 16.c and 16.d)

and the difference in the nature of the environments in which the devices are used. The

continuity we established during the transitions from WIMP to other environments

was based on cognition, using interpretation and inferences. For instance, when the

user arrives in the WIMP environment from VR-Manip and chooses a file inside the file

manager, and opens a context menu, and the command to send the file to VR-Manip is

activated (Fig. 7), then VR-Manip reappears, but with a 3D Icon. We believe this visual

difference in VR-Manip before and after using the WIMP interface (without the 3D

Icon before, and with the 3D Icon after using it) helps the user to infer that this 3D Icon

is a shortcut to the selected file in the previous environment. When the user perform

the transition from VR-Nav to WIMP by pointing and clicking on a 3D Icon attached

to an object in the virtual environment, the WIMP interface appears on the LCD with

an open file manager and a selected file. We also believe that such a transition suggests
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Fig. 16 (a) and (b) Visual signs used during the transitions between the VR-Nav and the
VR-Manip environments, (c) and (d) Change of devices and displays during transitions.

an interpretative link between the environments (cognitive property), i.e. something

selected in VR-Nav followed by the appearance of something selected in WIMP can be

interpreted as the same object (two representations of the same concept).

The following section verifies, through an exploratory study, whether such design

choices were properly perceived by users.

6 Exploratory study

This section aims to report an exploratory study on the interaction and behavior of

some subjects during the transitions between the three environments designed for the

HybridDesk: VR-Nav, VR-Manip, and WIMP.

The methodology considers the study of the interactions during transitions in ac-

cordance with the perceptual, cognitive and functional continuity properties. It also

provides data on the effectiveness of the system according to the subjects.

As we mentioned previously, the HybridDesk was developed following the require-

ments of a 3D annotation task. In order to validate this task, an application prototype

consisting of a virtual oil and gas platform was implemented. Thus, the task of anno-

tation might be interpreted, for example, as part of a collaborative task management

of CAD modeling of an oil and gas platform.

The goal of this test was an usability evaluation of transitions and tasks and it was

conducted using the talk aloud approach. Also, an analysis of the continuity properties

in transitions/tasks was made to evaluate the design decisions.
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6.1 Subjects and Tasks

This test was conducted with six subjects and all of them had some type of previous

experience with 3D applications. A talk aloud approach was used and instead of giv-

ing an oral explanation of the application scenario (oil and gas virtual scenario), the

following text was given:

“You are an experienced user in 3D model graphic visualization, but never used the

HybridDesk before. You were hired by an oil company to verify the modeling quality of

3D objects developed by another group within the company. You will use the HybridDesk

on a daily basis to perform the verifications and leave annotations, with your assess-

ment, attached to the verified object. Your manager has left instructions regarding your

task in the 3D scene, in an annotation file attached to the top of the stair at the right

side of the heliport of the oil platform. You must navigate at the virtual oil platform

using the HybridDesk, find the annotation file and follow the instructions left by your

manager in this file.”

The annotation file was a shortcut to a text file located in the file manager. Inside

this text file there was the following instruction:

“Go to VR-Nav, find a crane which contains a fissure on its tip, and create an

annotation near the fissure to indicate this problem”

A training phase was conducted during 10 minutes for each subject.

6.2 User Test - Results of the User Observation with Talk aloud

In order to estimate how was the continuity during the transition interactions, the

evaluation issues were classified into three categories following the continuity properties:

cognitive, perceptual and functional (see Sections 3 and 5). The average time of user’s

sessions took 11 minutes.

As per Table 1, a large number of usability issues (36) were identified from the

talk aloud session. By analyzing the nature of these usability issues we divided them

into two categories: analysis of tasks into each environment and analysis of transition

interaction. Then for each category we analyzed the continuity properties: cognitive,

perceptual and functional (see Sections 3 and 5).

Cognitive property of tasks are related to problems caused by signification, what

was surprising, especially considering that in many instances the cause was the in-

terpretation by the user of the meaning of the task, as defined by the task manager,

represented by the evaluator in the test (items 12 to 19). Three out of the six partici-

pants (item 14) went initially to the wrong stair, because they did not understand the

task correctly, which told them to look for the annotation at the “...stair to the left

of the Heliport.” This kind of issue raises various questions, particularly what was the

real cause of this misinterpretation, and how to avoid it. One difficulty is the need to

translate instructions in a textual message to a 3D scene, where the stair had only a

visual representation. The lack of orientation marks or maps in the 3D scene did not

help either (items 12, 13 and 15). The participants also had some difficulty in inter-

preting what the actual meaning of “tip of the crane” in the instructions was, some

confusing it with the tip of the crane tower, and others confusing it with the hook

hanging from the crane (items 16, 17 and 18).

Functional property of tasks are related to execution problems while performing

a specific task into a specific environment (items 25 to 31). One of the issues with
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Table 1 Issues during User Observation Sessions on Test 2 and their classification based on
Continuity Properties.

Perceptual Property - Transition Observations

1. Tried to interact with manipulation as if it was in navigation 2
2. Returned to WIMP without noticing what was going on 1
Perceptual Property - Task

3. Turned around the whole 3D scene to verify the tip of the crane 4
4. Created a new file because could not find the
previously created file 1
5. Did not notice if the 3D icon was attached to the object or not 1
6. Selected again the annotation icon to verify the task was
correctly done 1
7. Was in doubt if the annotation was attached or not, and reselected 1
Cognition Property - Transition

8. Went to WIMP intentionally, but wanted navigation 1
9. Tried to return using wand commands 1
10. Tried to return using the back option 1
11. Was lost, not knowing how to return to navigation 1
Cognition Property - Task

12. Lost orientation when navigated through the crane model 1
13. In doubt of which were the left and right sides of the Heliport 1
14. Went initially to the wrong stair 3
15. Was initially disoriented when returned to the original position 1
16. Thought that it would be difficult to identify the crane 1
17. Selected the tip of the tower instead of the tip of the crane 1
18. Selected the hook thinking it was the tip of the crane 1
19. Selected again the annotation icon because had forgotten the task 1
Functional Property - Transition

20. Pressed the A button unintentionally when disrupted by
the LCD (left-handed) 1
21. Went to WIMP unintentionally, due to a slip int A button 1
22. Pressed the A button twice and returned to WIMP 1
23. Went to manipulation unintentionally, due to a slip int A button 1
24. Pressed the A button too long and went straight to WIMP 3
Functional Property - Task

25. Difficulty to approximate to the platform when far away 4
26. Selected the 3D icon correctly but with difficulty 1
27. Terminated the session without verifying the second crane 1
28. Tried to delete the attached annotation file but had no success 1
29. Selected an object instead of the annotation icon 2
30. Selected an object unintentionally 2
31. System was stuck in WIMP because name of the file was changed 1
Ergonomics

32. Found the glasses uncomfortable 1
33. Arm was tired 1
34. Preferred not to move the LCD to the center 2
35. Notepad message was visually obstructed by the LCD 1
36. Difficult to see the wand at the LCD due to the
left-handed position 1

greater execution incidence (item 25 - 4 out of 6 people) was the difficulty of traveling

toward the 3D scene from a distant point of view. The user knew what to look for

but did not know how to find his/her way in the 3D scene. This is why many of the

issues identified, although they occurred in the navigation environment (VR-Nav). It

was mentioned that when an object was far from the observer, the icon attached to

it was too small to be perceived, and when the object was near the icon, it become
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too big. In conventional WIMP interfaces, the icons are always the same size when

browsing through the folders of the system, unless the user intentionally changes the

configuration options of the folder. This difference on icon sizes reduces even the cog-

nitive continuity between WIMP and 3D environments. This is a scale problem, for

which the designer could find a solution. Another difficulty was to make the selection

of very small objects, in particular the 3D icon. Any small arm movement deviates the

selection to another object.

Perceptual property of tasks are related to problems indicating the need to improve

system feedback (items 3 to 7). The lack of visual feedback when the 3D icon is attached

to an object has also caused problems to some participants.

The cognitive continuity analysis of transitions are mainly related to the memoriza-

tion of commands (items 8 to 11). The “Home” button at the wand had also different

meanings, depending on the context, which also caused confusion to some participants.

The perceptual continuity analysis of transitions are mainly related to the different

insertion zones of the displays (items 1 and 2). In order to keep the user interaction

focus on his/her task two perceptive environments were assumed. The environment

located in the central zone was used to perform manipulation and textual tasks while

the one placed on the personal zone was assumed to perform navigational tasks. Such

design choice generated a perceptive discontinuity in order to support the most ad-

equate environment for each user’s task. Participants had difficulties to notice the

result of their actions, which caused involuntary environment transitions that were not

clearly perceived, although the system did provide visual animations as a feedback

of transitions. One participant that did not notice the transition to the manipulation

environment so he/she continued to interact with the system using the wand, as if

he/she was still in the navigation environment. The fact that the navigation screens

of the mini-CAVE remained apparently active when in the manipulation environment

has misled this participant.

The functional continuity analysis of transitions are mainly related to the execution

problems during transitions. Part of such problems were caused by unintentionally

execution of wand commands (items 20 to 24) and part of the execution problems were

ergonomic (items 32 to 36), like fatigued arms, discomfort with the glasses and LCD

manipulation. In the latter case, two participants chose not to slide the LCD towards

the desk center for object manipulation, using the LCD at its left side position. On the

other hand, a left-handed participant was forced to move the LCD to the desk center,

so that he/she could manipulate the object in the LCD using the wand at his/her left

hand, but had some difficulties in moving the LCD.

Despite the fact of the user interaction took a short period of time during the

test session was possible to notice few ergonomics problems related to fatigue arm and

discomfort while using the stereo glasses. We believe that such problems could be more

evident over a long period of interaction with the HybridDesk. On the other hand

problems related to memorization of commands can decrease with the use.

7 Conclusion

This work introduced a discussion towards the design of transitional interfaces and

pointed out the importance of these interfaces for both hybrid user interfaces and a

broader range of interfaces with distinct paradigms and technological setups.
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We also discussed issues related to the interaction continuity (perceptual, cognitive

and functional properties) that transitional interfaces should be able to address. A

guideline was suggested with some steps during design phase using these continuity

properties. This guideline aims to define interactive environments composed by an

interface (of the mixed virtuality or mixed reality continuum), input devices, interaction

techniques, and displays. Initially, the guideline proposed a task analysis to identify

any possible sub-tasks with different characteristics, and, after that, the definition

of interface paradigms for each sub-task considering cognitive properties during the

transitions between them. The next step focused on the definition of input devices,

displays, and interaction techniques for each interface. This definition involves the

analysis of perceptual and functional properties for transitions. The more different the

devices and displays of each interface are, the larger the discontinuity between them

will be.

Following the guidelines, a semi-immersive system, called HybridDesk and com-

posed of three interactive environments, was developed, and transitions between the

environments were explored in a 3D annotation task in an oil and gas scenario appli-

cation.

The transitions between the environments of HybridDesk in the 3D annotation task

were analyzed by means of an exploratory study with six subjects. We applied a talk

aloud evaluation to capture the subjects’ reaction on the design decisions based on the

continuity properties. The results pointed a major incidence of functional problems (7

occurrences), followed by cognitive (4 occurrences) and finally the perceptual ones (3

occurrences).

These occurrences brought up the evaluator’s attention to the fact that the user

interaction with the HybridDesk actually involved at least three distinct signification

systems: “the system” (wand commanding), “the content” (3D scene) and “the task”

(textual instructions). A different person produced each of these significations systems:

the system designer, the 3D modeler and the task manager. In the standard desktop

applications, this interaction inconsistency is not so visible and critical.

Finally, we conclude that so far there is no theory to guide neither a systematic

design of transitions between interfaces in forthcoming hybrid user interfaces, nor their

treatment. Although our user test results are still preliminary, this work shows that

carrying out a detailed analysis of the requirements of a task and relating then to

continuity properties constitute a significant initial approach in the construction of a

solid base for the design of transitional interfaces for hybrid user interfaces. It is impor-

tant to remind that the evaluation performed in this study was focused on transition

interactions and such approach can be adopted by designers of any application involv-

ing transitions between contexts in order to minimize potential discontinuities still in

design time.

As future work, we plan to use a tracked mouse as a universal mouse-pointer to

handle both 3D and 2D interaction, reducing thus the functional discontinuity in the

transitions between VR-Nav/VR-Manip and WIMP. Also we plan to detail a formal

modeling of transitional interfaces to encompass the requirements of hybrid user inter-

faces.
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