
ORIGINAL ARTICLE

Toward the design of transitional interfaces: an exploratory study
on a semi-immersive hybrid user interface

Felipe G. Carvalho • Daniela G. Trevisan •

Alberto Raposo

Received: 9 May 2010 / Accepted: 6 December 2011 / Published online: 23 December 2011

� Springer-Verlag London Limited 2011

Abstract A task that 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

involve changes in hardware devices and interface para-

digms at the same time. Some previous works have pro-

posed various setups for hybrid user interfaces, but none of

them focused on the design of transition interactions. Our

work emphasizes the importance of interaction continuity

as a guideline in 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 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 richer forms of interactions. The need to support

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 blend virtual (applications, interaction tech-

niques, graphics, etc.) and physical (input and output)

elements from one or more interfaces harmoniously. 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 certain interface

mechanisms or a kind of interface that connects others,

e.g., a form of transition interface or a transitional inter-

face (Billinghurst et al. 1999; Grasset et al. 2006).

The concept of transitional interfaces was first intro-

duced by the MagicBook project (Billinghurst et al. 1999)

through an application that allowed the user to move

seamlessly along the mixed reality continuum (Milgram

and Kishino 1994). In the MagicBook, the user walks from

the real world to virtual reality passing through augmented

reality 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 with the purpose of generalizing this term

for multiple contexts (Grasset et al. 2006). The possible

contexts encompassed 3D spaces with properties such as

scale (macro, micro, nano), representation (photorealistic,
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cartoon, etc.), and others. For each context, there was a

clear definition of a motion function related to the prop-

erties of a virtual camera, and, for each transition between

these contexts, there was a transition function related to

visual factors in order to provide a continuously smooth

transitional motion rather than teleportation. The hardware

and software setups used by authors during the develop-

ment of these ideas were based on the contexts of virtual

reality and augmented reality, and they relied on 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). However, there was no change

in interface paradigm during transitions, since the contexts

were restricted to 3D environments and interactions during

transitions were conceived in an intuitive way.

In this work, we claim that the range of action of a

transitional interface may be actually larger than the

mixed reality continuum. Masso (2008) proposed the

mixed virtuality continuum as an extension of the con-

tinuum proposed by Milgram and Kishino (1994). In this

continuum, before virtual reality (VR) interfaces there is a

series of intermediary interfaces ranging from 1D to pure

3D, passing through 2D graphical interfaces, 2D desktop,

3D desktop, 3D rendering of 2D interfaces, among others.

This mixed virtuality places such interfaces in the context

of the evolution of the human–computer interaction.

Altogether, they comprise a diversity of hardware and

software settings that can be combined to create hybrid

environments such as HUIs (Fig. 1). Actually, it makes

sense to think of HUIs and transitional interfaces as

complementary.

Considering this view of HUIs, the concept of transi-

tional interface can also be extended. The transitions may

be placed between contexts that include an interface (in the

mixed virtuality or mixed reality continuum) and the input

devices and displays used (Fig. 1). The idea of motion

function in this expanded view 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 procedures to

change or handle devices as well as the use of graphic and

audio effects to prepare for the motion function of the

following 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 Sect. 3.1) of transition interac-

tions between interactive environments. We discuss the use

of such design aspects as a guideline for the evaluation

process and seeking to obtain smoother transitions within a

hybrid interactive system. To achieve such goal, a semi-

immersive system called HybridDesk was developed. It is

composed of three interactive environments, and transi-

tions between these environments were created to help

accomplish 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

interfaces and transitional interfaces. Interaction continuity

as a design aspect is discussed in Sect. 3. The HybridDesk

prototype is introduced in Sect. 4 as a practical example to

analyze the design issues presented. The issues related to

the conception of transitional interfaces within HybridDesk

are presented in Sect. 5. Section 6 reviews an exploratory

evaluation carried out with users in order to obtain content

to analyze the interaction. Finally, Sect. 7 presents con-

clusions and discusses future directions of this work.

Fig. 1 Relationship between

mixed continuums, hybrid

environment, and transitional

interfaces
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2 Related work

Interface systems that attempt to combine hardware and

software components of different natures are sometimes

called hybrid user interfaces, mixed reality systems, or, until

recently, hybrid display systems. They are characterized by

the use of multiple elements, such as multiple devices or

multiple user interfaces. The term HUI was first proposed by

Feiner and Shamash (1991) with reference to a heteroge-

neous environment, rich in interaction techniques, and with

different kinds of devices used in a complementary way.

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 sur-

faces of the real world and then project virtual information

on them.

Rekimoto and Saitoh (1999) explored the heterogeneity

of HUIs using several computers and displays (projections

and notebooks) in the same work environment. The EM-

MIE project (Butz et al. 1999) developed a system

designed for collaboration that was similar to the work by

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 environ-

ments 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 they are involved in the same 3D task, using

different interactions techniques. This same explanation

could be used for an HUI for the 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 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 com-

posed of an LCD (liquid crystal display) placed vertically, a

touchable display placed horizontally, and a see-through

HMD for AR. This environment is used for manipulating

archeological objects. This work is interesting because it

included the development of visual transitions between the

visualization modes on each display, i.e., the graphics

became 3D from the 2D projection on the screen.

Baumgartner et al. (2007) developed an HUI to explore

the organization of a desktop, disposing documents spa-

tially. 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 order to execute certain tasks.

However, there is the need for a criterion, or at least a

reference to a given methodology or concept, behind this

‘‘technological mixture’’. Moreover, there seems to be no

explicit concern about possible transitions among the

integrated technologies.

Although the concept of transitional interfaces was

coined a decade ago in the MagicBook project (Billing-

hurst et al. 1999), until now few works have been published

on this topic. SeamlessDesign (Kiyokawa et al. 2000) was

a demonstration contemporary to MagicBook. It was a

collaborative virtual workspace for rapid prototyping,

which supported both virtual and augmented reality envi-

ronments using optical see-through head-mounted displays.

Augmented reality was used for face-to-face collaboration,

and virtual reality to provide multiple perspectives. How-

ever, these pioneer works did not investigate the effects of

those seamless transitions along the mixed reality contin-

uum. Grasset et al. (2006) proposed an initial attempt to

formalize this concept and 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 com-

posed by a series of navigation tasks that forced the sub-

jects to move across two interactive environments: virtual

reality and augmented reality. However, most of the results

from this work reported failures in the navigation tech-

niques used in each environment, as well as disorientation

problems at the exit and entry points of the environments

before and after the transitions. The authors said that such

problems would be fixed using stereo vision and some sort

of visual feedback.

The design and evaluation of transitional interfaces is

still an open problem. There are plenty of issues to be

addressed, such as the transition between interactive

environments with different hardware and software tech-

nologies. While Grasset’s work reported results in a sce-

nario with a homogeneous hardware setup (HMD and 3D

input device) across the two environments, our work deals

with explicit hardware and software transition, taking some

properties into account to guide the design and evaluation

of this case.

3 Transition design based on interaction continuity

In this section we briefly define continuous interaction

based on the perceptive, cognitive, and functional conti-

nuity properties, followed by the proposed design approach

to reach smooth transitions in HUIs.

3.1 What is interaction continuity?

An interactive environment is assumed to be the complete

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

contains representations of the visual, haptic, and auditory

elements a user interface offers its users, as well as their

relationships. In more complex environments, the user’s

task can be distributed over various interactive environ-

ments, and discontinuity during transitions can become a

problem. The idea of continuity is related to the process of

avoiding breaks in the 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 defined 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 tra-

ditional pen and paper makes it difficult to produce digital

copies of handwritten documents without a translation step.

All authors have agreed that systems that ask 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 percep-

tual and cognitive levels. Perceptual continuity is present if

the user perceives the different representations of a given

entity directly and smoothly. Cognitive continuity is pres-

ent if the cognitive processes involved in the interpretation

of the different representations perceived 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, cog-

nitive, 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

perceptual 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 cor-

rectly and that the perceived information is accurate 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 degree of adapt-

ability of the user in relation to changing and learning new

modes of interaction. Consequently, the functional prop-

erty is related to the interaction technique used.

All these definitions point out the need for smooth tran-

sitions between different operation modes in order to avoid

frustration during the accomplishment of complex tasks.

3.2 Design approach

When there are multiple sources of information and two or

more interactive environments, 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 HMD in

which information about an exhibit is displayed. The user

is thus able to perceive real objects with added synthetic

information. The object of this task is the painting being

shown, therefore the focus of the task is either in the virtual

world or in the real world.

The user could be performing a task in order to

manipulate or modify an object in one or more interactive

environments. Considering all the possibilities of interac-

tion 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, the user’s

attention is focused on a single object in the environ-

ment and there is no other object competing for it.

• Interaction focus shared in one interactive environment.

In this case the interaction focus is shared between two

or more objects of the same environment.

• Interaction focus shared between interactive environ-

ments. 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

what will be the insertion context of the interactive envi-

ronments. Here we are interested in defining the surround-

ing space according to the user’s focus while performing a

task. An interactive environment can be viewed using any

device (screen, HMD, etc.) or any physical object (pro-

jected on a table, wall, etc.). Many disciplines can provide

appropriate figures for physical properties. For instance,

perceptual psychology may inform us to what extent a

person considers an object distant or close. Sociology

interprets this as four spatial zones depending on the dis-

tance from the subject.

Here we are following the four spatial zones proposed

by Hall (1969) for describing interactive environments,

depending on the level of periphery (see Fig. 2):

• Central zone: corresponds to an insertion distance of

0–45 cm from the user.

• Personal zone: corresponds to an insertion distance of

46 cm–1.2 m from the user.

• Social zone: corresponds to an insertion distance of

1.3–3.6 m from the user.

• Public zone: corresponds to an insertion distance

greater than 3.6 m from the user.
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If the interactive environment is inserted in the central

zone of the user’s task, she/he does not need to change her/

his attention focus to perform the task. If the user’s

attention focus changes frequently, then it is probable that

the interactive environment has been inserted outside the

central zone, in a peripheral context.

In our design approach for the proposed HybridDesk

System, we considered transitions between two spatial

zones of display insertion: personal and central. As will be

described in the next section, the navigation environment is

placed on the personal insertion zone, while the manipu-

lation and WIMP environments are placed on the central

zone.

In the HUI/transition approach, we suggest, as a

guideline, that the design should first consider 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

for interfaces with different paradigms, such as virtual

reality, augmented reality, WIMP, etc., and whether it is

useful to involve significant cognitive effort in the transi-

tions between the different interfaces.

Once the interfaces have been defined, the following

step focuses on the definition of input devices, displays,

and interaction techniques for each interface. This defini-

tion involves the analysis of perceptual and functional

properties of transitions. The more different the devices

and displays of each interface are, the greater the discon-

tinuity between them will be. This decision should take

into account a tradeoff between the advantage of having

different interactive environments and the effects of dis-

continuities caused by transitions between them. On the

one 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 disconti-

nuities. On the other hand, the imposition of a technology

to avoid a discontinuity during a transition may result in the

poorer performance of a task in an interactive environment.

The notion of interplay among the three continuity

properties is important to handle transition discontinuities.

As we will show in this work, the enhancement of a con-

tinuity property against a discontinuity of another one may

contribute to smooth the transition between interactive

environments.

4 Conception of the HybridDesk system

The design of HybridDesk (Fig. 3) was based on the

requirements determined for a 3D annotation task in an oil

and gas application (Carvalho et al. 2009). These require-

ments helped to identify the technological setup used to

compose the interactive environments within HybridDesk.

This setup should be able to address the tasks performed in

a semi-immersive workplace with stereoscopy, head

tracking, and a wand, as well as to support a WIMP

interface.1

Fig. 2 Insertion zones

according to level of periphery

1 A video of the system and user interactions is available as

supplementary material and at the web address: http://www.

youtube.com/watch?v=Gd4jRlIKJSM.
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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 infor-

mation, we have chosen to take advantage of past expe-

riences 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 the shape of a 3D

cube (Fig. 4).

Annotations are very important in oil and gas applica-

tions (Raposo et al. 2009). For instance, a virtual oil plat-

form is composed by a huge number of different objects

with many professionals working on it, and the need to

leave various information (audio data, text data, presenta-

tions, movies, etc.) attached to some objects is important to

convey intentions or observations.

Regarding 3D interaction aspects related to the 3D

annotation task, we have identified 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 3D UI

techniques are appropriated interface paradigms.

2. 3D manipulation: to manipulate objects through

translations and rotations, and to enable the insertion

of annotations 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 creation and management of symbolic

information, we have chosen to use WIMP interfaces.

4.2 Interactive environments

To support the subtask requirements and the appropriate

interface paradigms described above, we designed three

interactive environments for 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 of 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 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

Fig. 3 HybridDesk scheme

with the three interactive

environments
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for it was created in the virtual environment. This

representation is visually similar to the real device and

receives the translations and rotations from the tracker

device. The ray-casting method was implemented for

the selection and ‘‘grabbing in the air’’ techniques

(Bowman et al. 2005) during the navigation task.

According to the level of periphery of the display

insertion introduced in Sect. 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 photo-

realism become important (Polys et al. 2005). The

inspiration for the technological setup came from the

idea of a Reachin display which allows the manipu-

lation of virtual objects within the reachable space of

the arm. 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 of these reasons, we have chosen an

LCD for 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 environment.

Moreover, a regular LCD has all the display features

required to facilitate visual inspections. According to

the level of periphery of the display insertion described

in Sect. 3.2, this environment is placed on the central

zone of user interaction.

3. WIMP: basically, we wish to use all the resources

available in a WIMP interface to create files, and ‘‘3D

shortcuts’’ (3D Icons) to these files are attached to the

associated 3D objects by the user in the VR-Manip

environment. The visual feedback of the shortcuts has

the shape of a 3D cube. We chose Microsoft Windows

XP as WIMP interface and, regarding its associated

hardware, we maintained the conventional setup,

composed by monitor, keyboard, and mouse. Accord-

ing to the level of periphery of the display insertion

Fig. 4 Attaching the 3D

annotation to a virtual

environment. Left selecting the

annotation. Right attaching an

annotation icon

Fig. 5 VR-Nav interactive environment

2 The isomorphic interaction technique suggests ‘‘a strict, geomet-

rical, one-to-one correspondence between hand motions in the

physical and virtual worlds...’’ (Bowman et al. 2005).
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described in Sect. 3.2, this environment is placed on

the central zone of user interaction.

Figure 7 shows a scheme of the events that trigger

transitions in HybridDesk. The VR-Nav [ VR-Manip

transition is triggered by pointing to an object in the virtual

environment (using the ray-casting technique) and pressing

the button ‘‘A’’ of the wand. After that, the user has to

move the LCD to the front of the MiniCave. Pressing the

button ‘‘Home’’ of the wand returns from VR-Manip to

VR-Nav. The user then has to move the LCD out of the

MiniCave.

The VR-Nav [ WIMP transition is triggered by point-

ing to a 3D icon attached to a virtual object and pressing

the button ‘‘A’’ of the wand. To return to 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

pressing the button ‘‘A’’ of the wand, and to return from

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 using

HybridDesk was managed by a single PC with a 3D

accelerated video card with two video outputs. HybridDesk

needs a minimum of five video outputs: four to projectors

and one to the LCD. To handle this configuration we used

two video splitters. These splitters are of the Triple-

Head2Go (Fig. 8a) type and divide one video output into

three. 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 1,024 9 768 pixels

can be transformed by this driver into a 3,078 9 768 out-

put and then be divided into three 1,024 9 768 outputs.

Thus, an extended desktop of six video outputs was cre-

ated, three of 800 9 600 (2,400 9 600) and the three of

1,024 9 768 (3,072 9 768) (Fig. 8c). Together, these

Fig. 6 VR-Manip interactive

environment

Fig. 7 Trigger events
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outputs formed a large desktop display over the projectors

and the LCD (Fig. 8b).

The three-dimensional effect was achieved using a ste-

reoscopic anaglyph on simple projection screens. Since the

stereoscopic image was generated by software and only

one resulting image was displayed for each screen, there

was no need to use special screens or advanced projectors.

The video card used was NVIDIA GeForce 8800 GT, a

conventional accelerator board.

Using a Wiimote (Fig. 10b) as a wand was a reasonable

choice, since it is cheap and offers a variety of events

without the need for wires, as all data communication is

done via Bluetooth. HybridDesk also used an optical

tracking system called Bratrack (http://www.bratrack.com)

to estimate the translations and rotations applied to the

navigation and manipulation tasks, as well as for head

tracking (Fig. 9). Track points were attached to the Wiimote

and to the stereoscopic glasses (Fig. 10).

To generate and manage 3D graphics, a system was

implemented using the OpenSceneGraph library (http://

www.openscenegraph.org), which is based on the idea of

scene graphs. The system rendered and managed six virtual

cameras: four for the MiniCave (Fig. 11a, b), one for the

LCD, and an additional camera for an overview of the

position of the observer within the virtual environment

(Figs. 11c, 12h). In order to create the anaglyph stereo-

scopic 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 created a window on

the desktop so that each window occupied an area corre-

sponding to a video output. In Fig. 12 there is a screenshot

showing the whole desktop.

The MiniCave screens were built using glass boards for

the three vertical screens and an acrylic sheet for the table

top. Projection screens were placed inside the MiniCave

over the glass and acrylic surfaces. A set of mirrors was

used to reduce the distance between each projector and

the corresponding screens (Fig. 13). For this, wooden

frames containing a mirror were constructed (Fig. 13a).

Keystone correction was used on some projectors

depending on their position and orientation adjustments.

See for instance the inclination of the projector in

Fig. 13c.

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
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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 describes our

design choices based on the previous interactive environ-

ments to analyze the continuity properties (see Sect. 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 main-

tained cognitive and functional continuity, since the rep-

resentation of objects is 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 cog-

nitive continuity by associating two similar representations

Fig. 10 a Anaglyphic stereo

glasses and b Wiimote used as

wand

Fig. 11 a, b Set of virtual

cameras used in the MiniCave.

c Additional camera to provide

an overview of the user’s

position inside the virtual world
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(2D Icon in a WIMP file manager and 3D Icon in virtual

environment) of the same concept (data file).

In Fig. 15, we illustrate the devices and displays used in

each interactive environment, 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. 16c, 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 environments use distinct

displays, MiniCave and LCD, which are inserted in different

insertion zones of user interaction (see Sect. 3.2): personal and

central zones, respectively. 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 is beneficial

for each subtask (manipulation and navigation), we decided

Fig. 12 Screenshot of the extended desktop showing the six windows for the screens: a left, b front, c right, f LCD, g bottom, and h overview. In

d and e there are empty spaces generated by the splitter driver to compose a final rectangular image for the screenshot

Fig. 13 a Mirrors in the MiniCave. Projector/mirror pairs for the screens: b front, c under the table, and d sides. e Overview of the HybridDesk

structure during its development
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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 ani-

mation (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. 16a). 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. 16b). 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 move-

ments 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 consid-

ered 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. 16c, d) and the difference in the nature of the envi-

ronments 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

Fig. 14 Continuity properties

for the HybridDesk prototype

Fig. 15 Devices used in each environment and the necessary changes

during the transitions
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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 performs 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 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 repre-

sentations of the same concept).

The following section verifies, through an exploratory

study, whether such design choices were properly per-

ceived by users.

6 Exploratory study

This section aims to report an exploratory study on the

interaction and behavior of some subjects during the tran-

sitions between the three environments designed for

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

The methodology considers the study of the interactions

during the transitions in accordance 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, HybridDesk was devel-

oped following the requirements of a 3D annotation task. In

order to validate this task, an application prototype con-

sisting of a virtual oil and gas platform was implemented.

Thus, the task of annotation might be interpreted, for

example, as part of a collaborative task management of

CAD modeling of an oil and gas platform.

Conducted using the talk-aloud approach, this test

sought to assess the usability of the transitions and tasks.

Also, an analysis of the continuity properties in the tran-

sitions/tasks was carried out to evaluate the design deci-

sions, and some guidelines were suggested.

6.1 Subjects and tasks

This test was conducted with six subjects, all of which had

some experience with 3D applications. Instead of receiving

an oral explanation of the application scenario (oil and gas

virtual scenario), the subjects were given the following

written text:

‘‘You are an experienced user in 3D model graphic

visualization but have never used HybridDesk. You were

Fig. 16 a, b Visual signs used during the transitions between the VR-Nav and the VR-Manip environments, c, d change of devices and displays

during transitions
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hired by an oil company to verify the modeling quality of

3D objects developed by another group within the com-

pany. You will use HybridDesk on a daily basis to perform

these verifications and leave annotations with your

assessment attached to the verified objects. Your manager

left instructions regarding your task in the 3D scene: an

annotation file is attached to the top of the staircase at the

right side of the heliport of the oil platform. You must

navigate at the virtual oil platform using HybridDesk, find

the annotation file, and follow the instructions your man-

ager left in this file’’.

The annotation file was a shortcut to a text file located in

the file manager. This text file contained the following

instructions:

‘‘Go to VR-Nav, find a crane that has a fissure on its tip,

and create an annotation near the fissure to indicate this

problem’’.

A training session with each subject was conducted for

10 min.

6.2 User test: results of the users’ observations

with the talk-aloud approach

In order to estimate how the continuity was during the

transition interactions, we classified the evaluation issues

into three categories, following the continuity properties:

cognitive, perceptual, and functional (see Sects. 3 and 5).

The average user session took 11 min.

As per Table 1, a large number of usability issues (36)

were identified from the talk-aloud sessions. After ana-

lyzing the nature of these usability problems, we divided

them into two categories: tasks within each environment

and transition interactions. Then, for each category, we

analyzed the continuity properties: cognitive, perceptual,

and functional (see Sects. 3 and 5).

The cognitive property of the tasks is related to two

problems: users’ disorientation and the unpredicted use of

existing signification systems. Signification is the process

through which certain systems of signs are established by

virtue of social and cultural conventions adopted by the

users (De Souza 2005). In many instances the cause of the

problem lay in the users’ interpretation of the meaning of

the task, as defined by the task manager, represented by the

evaluator of the test (items 12 to 19). Three out of the six

participants went initially to the wrong staircase (items 13

and 14) because they did not understand the task correctly,

which told them to look for the annotation at the

‘‘... staircase to the left of the heliport’’. This kind of issue

raises various questions, particularly concerning the real

cause of this misinterpretation and how to avoid it. One

difficulty is that the users are exposed to different signifi-

cation systems, namely the textual task instruction and the

3D scene, where the staircase had only a visual

representation, providing no orientation hint that defines

what is left and right. The participants also had some dif-

ficulty in interpreting what the actual meaning of ‘‘tip of

the crane’’ in the instructions was. Some confused it with

the tip of the crane tower, while others confused it with the

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

Regarding users’ disorientation, the lack of marks or maps

in the 3D scene was responsible for some cognitive prob-

lems during navigation (items 12 and 15).

The functional property of the tasks is related to execution

problems while performing a specific task within a specific

environment (items 25–31). One of the issues with greater

execution incidence (item 25–4 out of 6 people) was the

difficulty in traveling toward the 3D scene from a distant

point of view. The users knew what to look for but did not

know how to find their way in the 3D scene. This is the reason

for the issues identified, although they occurred in the navi-

gation environment (VR-Nav). These subjects 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 too big. In conventional

WIMP interfaces, the Icons remain the same size as users

browse through the folders of the system, unless they inten-

tionally change the folder configuration options. This dif-

ference in Icon sizes reduces the cognitive continuity between

the WIMP and 3D environments. It is a scale problem, for

which the designer could find a solution. Another difficulty

found by users was selecting very small objects, in particular

the 3D Icon. Any small arm movement deviates the selection

from the intended object to another one.

The perceptual property of the tasks is related to problems

indicating the need to improve the system feedback (items

3–7). The lack of visual feedback when the 3D Icon is

attached to an object also caused problems to some

participants.

The cognitive continuity analysis of the transitions is

mainly related to the memorization of the commands

(items 8–11). The ‘‘Home’’ button on the wand had dif-

ferent meanings, depending on the context, also causing

confusion to some participants.

The perceptual continuity analysis of the transitions is

mainly related to the different insertion zones of the dis-

plays (items 1 and 2). In order to keep the user interaction

focus on his/her task, two perceptive environments were

adopted. The environment located in the central zone was

used for manipulation and textual tasks, while the one

placed on the personal zone was used for navigational

tasks. Such design choice generated a perceptive discon-

tinuity in order to support the most adequate environment

for each user’s task. Participants had difficulty noticing the

result of their actions. Although the system provided visual

animations as feedback of transitions, the involuntary

environment transitions were not clearly perceived. One
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participant who did not notice the transition to the

manipulation environment and continued interacting with

the system using the wand, as if he/she were still in the

navigation environment. The fact that the navigation

screens of the MiniCave remained apparently active when

in the manipulation environment misled this participant.

The functional continuity analysis of the transitions is

mainly related to the execution problems during the

Table 1 Issues during user observation sessions on test 2 and their classification based on the continuity properties

Observations

Perceptual property—transition

1. Tried to interact with manipulation as if it were in navigation 2

2. Returned to WIMP without noticing what was happening 1

Perceptual property—task

3. Turned the whole 3D scene around to verify the tip of the crane 4

4. Created a new file because the previously created file could not be found 1

5. Did not notice whether the 3D Icon was attached to the object or not 1

6. Selected the annotation Icon twice to verify whether the task was correctly done 1

7. Was not sure whether the annotation was attached or not, and reselected it 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 and did not know how to return to navigation 1

Cognition property—task

12. Lost orientation when navigated through the crane model 1

13. Was not sure which the left and right sides of the heliport were 1

14. Went initially to the wrong staircase 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 the annotation Icon twice because could not remember the task 1

Functional property—transition

20. Pressed the A button unintentionally when disrupted by the LCD (left-handed subject) 1

21. Went to WIMP unintentionally, due to a slip into the A button 1

22. Pressed the A button twice and returned to WIMP 1

23. Went to manipulation unintentionally, due to a slip into the A button 1

24. Pressed the A button for too long and went straight to WIMP 3

Functional property—task

25. Had difficulty approaching 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. Had the system stuck in WIMP because the name of the file was changed 1

Ergonomics

32. Found the glasses uncomfortable 1

33. Had fatigued arms 1

34. Preferred not to move the LCD to the center 2

35. Viewed the notepad message obstructed by the LCD 1

36. Had difficulty seeing the wand at the LCD due to the left-handed position 1
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transitions. Part of the execution problems was caused by

unintentional use of wand commands (items 20–24), and

part of these problems was ergonomic (items 32–36), such

as fatigued arms, discomfort with the glasses, and LCD

manipulation. Two participants chose not to slide the LCD

toward the desk center for object manipulation and kept it

on the left side. On the other hand, a left-handed participant

felt the need to move the LCD to the desk center, with

some difficulty, so that he/she could manipulate the object

in the LCD with the wand in his/her left hand.

Despite the short duration of the user interaction during

the test session, it was possible to notice the abovemen-

tioned ergonomic problems. We believe that such problems

might be more evident over a longer period of interaction

with HybridDesk. This fact can be reinforced by the

informal reports from the HybridDesk developers, who

actually spent a lot of time using the system during its

development. They reported an important point related to

the manipulation of a very detailed object. For this task,

users have to perform many hand movements (mostly

rotations) to be able to see the chosen object from different

angles. This process becomes really tiring because, besides

doing these movements, users have to keep an arm sus-

pended for a long time. The problems related to the

memorization of commands, in turn, might decrease with

the prolonged use of HybridDesk.

At the moment, the HybridDesk is not used as a daily

desktop. It has been used mainly as an immersive envi-

ronment, like a CAVE or similar setups. Therefore, long-

term use issues such as arm fatigue are not prominent.

Moreover, users tend to spend much more time in the

VR-Nav environment, which is less prone to fatigue than

VR-Manip, than in the other environments. We believe that

this preference for VR-Nav happens because navigation

tasks are more used than manipulation ones and the

VR-Nav environment provides a better immersion feeling.

A detailed user evaluation study of the HybridDesk is

presented in (Alencar et al. 2011). This study performed a

qualitative evaluation of the HybridDesk by applying tradi-

tional usability evaluation methods, like heuristic evaluation,

usage observation sessions, questionnaires, and interviews.

The study revealed that the main issues were found within the

different environments, and not in the transitions themselves,

indicating the importance of additional information to facil-

itate the users’ perception of the application designers’

intentions (for example, visual and audio feedback).

7 Conclusion

This work introduced a discussion toward 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.

We also discussed issues related to the interaction

continuity (perceptual, cognitive, and functional proper-

ties) that transitional interfaces should be able to address.

Guidelines were suggested, with some steps of the design

phase using these continuity properties. These guidelines

aim to define interactive environments composed by an

interface (of mixed virtuality or mixed reality continuum),

input devices, interaction techniques, and displays. Ini-

tially, the guidelines propose a task analysis to identify any

possible subtasks with different characteristics, and, after

that, the definition of interface paradigms for each subtask

considering cognitive properties during the transitions

between them. The next step focuses on the definition of

the 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

composed of three interactive environments was devel-

oped: HybridDesk. Then, the transitions between the

environments were explored in a 3D annotation task in an

oil and gas scenario application.

These transitions were analyzed by means of an

exploratory study with six subjects. We applied a talk-

aloud evaluation to capture the subjects’ reactions con-

cerning the design decisions based on the continuity

properties. The results indicate a major incidence of

functional problems (7 occurrences), followed by cognitive

issues (4 occurrences), and finally perceptual ones (3

occurrences).

These occurrences brought the evaluator’s attention to

the fact that the user interaction with HybridDesk actually

involves at least three distinct signification systems: ‘‘the

system’’ (wand commanding), ‘‘the content’’ (3D scene),

and ‘‘the task’’ (textual instructions). Different people

produced each of these signification systems: the system

designer, the 3D modeler, and the task manager. In stan-

dard desktop applications, this interaction inconsistency is

not as visible and critical.

Finally, we conclude that, to date, there is no theory to

guide either a systematic design of transitions between

interfaces in forthcoming hybrid user interfaces, or their

treatment. Although our user test results are still pre-

liminary, this work shows that carrying out a detailed

analysis of the requirements of a task and relating them to

continuity properties constitute a significant initial

approach in the construction of a solid basis for the design

of transitional interfaces for hybrid user interfaces. It is

important to remember that the evaluation performed in

this study focused on transition interactions, and designers
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can adopt such approach as early as in the design phase of

any application involving transitions between contexts in

order to minimize potential discontinuities.

We created some practical guidelines based on our

experiments and the issues related to the interaction con-

tinuity (perceptual, cognitive, and functional properties)

that transitional interfaces should be able to address:

1. Use visual feedback to make users aware of the system

state. Improving this feedback with other modalities

(such as audio) could be a good choice. This is a very

important issue, especially during transitions between

interfaces.

2. Decrease the cognitive load during the use of devices

by mapping similar commands to similar physical

components of the devices.

3. Look for devices that could replace or complement the

interaction using 6DOF devices. Sometimes, users can

get tired of using such devices and not finish the task.

4. Analyze the workspace infrastructure and its relation

with the interaction devices. For example, the desk in

front of the MiniCave provides adequate space for the

mouse, but hinders 3D manipulations.

5. Consider ergonomic aspects while designing the inter-

action, such as handedness (are users right- or left-

handed?), height (are they tall or short?), and users’

position (are they supposed to be seated or standing?).

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

universal mouse-pointer to handle both 3D and 2D inter-

actions. This will reduce the functional discontinuity in the

transitions between VR-Nav/VR-Manip and WIMP.

Besides, we plan to detail a formal modeling of transitional

interfaces to encompass the requirements of hybrid user

interfaces.
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