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Abstract: In this paper we present the different experimentations we have made on using 3D metaphors to access 
a digitalized library. Within a library, at least two different tools are required to find, access, read and work on 
books (a research engine to find the books of interest and a reading environment to work with the chosen ones). 
We describe and discuss the propositions of 3D metaphors for both aspects taken separately. And to assemble 
both tasks and smooth the browsing from one tool to the other we also describe some 3D interaction metaphors 
which provide a continuous navigation. 
 
 

1. Introduction  
Digital library (DL) technologies have benefited 
during the last decade from the impressive increase 
of digital data capture, storage and transmission 
capabilities along with the consequent fall of their 
cost [8]. The widespread use of the World-Wide 
Web (WWW) also enables digital libraries to meet 
a very large, international, population. 
Started in Jan. 1998, the "Conservatoire 
Numérique des Arts et Métiers" (CNum) is an 
internal, self-funded project of three CNAM 
services : the library (which holds a very important 
collection for French history of science and 
technology), the research center for history of 
technology (CDHT) and the computer science 
research laboratory (CEDRIC). The editorial team 
also includes history of science specialists from 
other european institutions. This digital library is 
accessible online since feb. 2000 with a WWW-
based interface (http://cnum.cnam.fr). A full 
description of the CNum software architecture can 
be found on the server. 
According to emails sent to the webmasters, this 
straightforward WWW service seems to meet users 
needs. It requires only a low computational power 
for the users workstations and the digitalized 
books pages saved in GIF file format to be 
downloaded are compatible in size (100kb) with an 
average dial-up internet connectivity. We feel 
however that this situation is changing since a 
couple of years. 
Today, the standard equipment makes it possible to 
compute and render pictures much faster and also 

retrieve a larger amount of information on the 
internet in less time. Indeed, high bandwidth 
infrastructures for the internet are mushrooming 
between and within all major universities (where 
are located most of the CNum users). To connect to 
the internet from home, fast connections (cable, 
DSL) are also getting cheap and therefore very 
popular. Moreover, low-cost 3D graphic hardware 
and specialized instructions (3DNow!, SSE, SSE2) 
of the last computer processor units bring a 
incredible efficiency for rendering 3D images with 
an interactive rate. Combined with high resolution 
screens, these new technologies are commonly 
included in today's personal computer. This new 
deal has become the dominant configuration for our 
users since a year. Hence, new visualization and 
interaction methods for on-line digital libraries can 
therefore be investigated to overtake the common 
2D problems. 
We believe that 3D interaction can provide the 
three main functions of an on-line DL user's 
interface : (a) catalogue browsing and searching, (b) 
navigation within the selected documents, and (c) 
annotations and bookmarks archiving. Let us first 
describe how these three steps are handled within 
the Cnum and more generally in most of the 
standard digital libraries using common web 
technologies (HTML files and scripts). Fig. 1 is a 
screen-shot of a probable user session, working on 
Pascal's arithmetic machine. Browsing through 
textual lists is the only method offered to the user 
for evaluating the DL corpus (fig. 1a). A book 
content (chapters and plates) is sequentially 



described in another window. The user opened 
multiple digitalized books pages (fig. 1b). He/she 
also compared the selected documents with 
findings from other related web services (such as 
the ABU french texts repository, also hosted by 
our laboratory since 1993 - fig. 1c). No authoring 
tool is provided and CNum users rely on their local 
bookmarking, archiving and word processing 
facilities (fig. 1d). 
Focus+context systems like [11], also known as 
2.5D interfaces, overtake the common problems of 
2D interfaces for visualizing large data sets by 
allowing to either move the point of view in order 
to pan and zoom in/out on the data or to use a lens 
to magnify the data. However, only 3D interfaces 
allow to rotate the point of view while navigating 
into the information space which is much more 
natural than panning with translations (can you 
imagine going from your home to your office 
without turning your body ?). 3D interfaces also 
offer some organization and retrieval facilities by 
managing the perspective views, the transparency 
and the shadows of the data. Hence, since 1998 we 
settled down to the job of experimenting 3D 
interfaces for each of the previously described 
functions. Although we focused on the benefits 
brought by 3D interactions for the two former ones 
(the selection in the collection and the reading of 
books), we still have the goal to propose a 

complete interface for dealing with every aspects of 
a digitalized library (research of words in the 
facsimiles, annotation, collaboration, … ). 
In this paper we present, describe and discuss the 
two 3D interfaces we built to fulfill the most 
important functions (searching, selecting and 
reading) and also the interaction metaphors we 
thought about to assemble both within a whole. In 
the first section, we give the main design choices 
we have made for building those interfaces. In the 
second one, we describe how they are constructed 
and which are their benefits. The different 
integration metaphors are presented in the third 
section before concluding. 
 

2. Overall Design Choices 
Studies like [1] have shown that 3D interfaces can 
be more efficient and more powerful than classical 
2D interfaces managing overlapping windows. This 
efficiency can be reached when the right objects 
and navigation/interaction metaphors are thought 
depending on the particular context they should 
take place in. The most often used approach is to 
take the objects and metaphors from the real 
physical space. When creating an interface in which 
it is important to have both the real world’s 
behaviors and look like in a game or a simulator, 
this virtual reality approach makes sense. But, in 

Fig 1 : Screenshot of a working session with CNUM 



other domains, especially those that require to 
show a large amount of data, a 3D interface should 
pass over those limitations so that objects can be 
organized in all the available space and not 
necessarily on the ground or on structures because 
of the gravity. 
 
2.1 Representation 
For 3D digitalized libraries, we think that there is 
no reason to reproduce faithfully a real library 
building as it is done in [6, 10]. The only positive 
point in this “real” to “virtual” mapping is to ease 
the recovery of books for users who are familiar 
with the real library. However, for new users that 
are mostly the ones we deal with on the internet, 
this approach doesn’t help. We believe that it is 
more appropriate to provide an abstract navigation 
and offer services like reordering the collection in 
space depending on search criteria [2]. For 
accessing an antiquarian collection, like the one 
digitalized in the Cnum, this kind of interface does 
clearly not apply since only the library staff can 
access the books kept in a special reserve. 
We feel that such an “hostile” environment for the 
reader should greatly benefit from virtual reality 
techniques. It is widely acknowledged that 
libraries patrons can discover interesting 
bibliographical information by casual glances to 
the book collections. In agreement with A. 
Manguel [9] who thinks that a book is 
distinguishable from others by its cover or shape as 
much as its authors or title, we decided to use the 
pictures of the book’s back to offer a visual 
information. This “visual heuristic” is only one 
example of the "many complex information tasks 
[that] can be simplified by offloading complex 
cognitive tasks onto the human perceptual 
systems" [7]. 
 
2.2. Navigation 
We also consider that it is useless to reproduce the 
various real steps required to select a book since 
navigating in a 3D content can be difficult for 
inexperienced or occasional users. In a real or 
“virtually real” library, unneeded moves are often 
necessary to find the shelves containing the books 
of interest, to pick it and to go back to a reading 
desk to work on it. In a virtual world there is no 
need to “walk” to a bookshelf then “turn” to face 
the books for reading their titles before choosing 
one. On the contrary, we can speed up this process 
by minimizing the moves. It avoids both getting 
lost and/or wasting too much time with hazardous 
movements because of the lack of experience with 
3D navigation.  
A fixed point of view could have been a good 
solution. However, it would have been too limiting 
and frustrating for experienced users. We want to 
allow them to move the camera in order to 
organize their 3D workspace by laying out books 

where they want to. In [5] the viewpoint is fixed so 
that users only have to focus on interaction tasks 
and not navigation ones. Even if it is complex to 
deal with both tasks, it has been evaluated in [14] 
that novice 3D users are capable of doing it after a 
short training and that a 3D interaction becomes 
then as efficient as a 2D interaction. The 
compromise we made was to allow these users to 
navigate with the standard metaphors but without 
forcing less-experienced ones to use them. 
 

3. The Two Basic Tools 
In a digitalized library, different tools are required 
to find, access, read and work on books facsimiles. 
Typically, a search engine helps for finding books 
and a reading tool for working with the chosen 
ones. In a virtually, reconstituted, library, the 
bookshelves and the reading desk are tightly and 
naturally connected in the same space. This results 
however, as stated before, in an increased time 
spent in navigating. On the other hand, abstract 
tools such as the one we have implemented 
separately in [2,3] and that we present in the two 
next subsections are more difficult to integrate 
within a common framework. 
 
3.1. The Research Tool 
In the "Information visualizer" project [12], it was 
shown that the user was able to browse through 
considerable amount of factual information using 
carefully designed 3D metaphors. In a book 
selection process, a 3D interface avoids browsing 
through long lists of textual information but, also, 
offers additional visual information thanks to the 
books pictures. With a right metaphor to represent 
the collection, a 3D interface also makes it possible 
to bind the browsing in the library with the 
widening or the refinement of search criteria. We 
settled up an “on the fly” generation of a new 
organization of the library at each user’s request. 
To do so, books are classified in different groups 
(fig. 2) : those that are relevant to all the search 
criteria, those that answer such criteria and not such 
others, and so on until those that are relevant to 
none of the criteria. We then organize the groups in 
a geometry and offer to the user the means of 
passing from a group to another for, either to refine, 
or to widen its research. 
This way to build and to submit the results to the 
user enhances the “visual heuristic” for finding 
books. Indeed, it makes it possible to gather books 
not relevant to all criteria beside the relevant group. 
The user would then be able to see an interesting 
book even if it is not completely relevant to all 
criteria just by taking a quick glance around. This 
way to find a book is often employed in a real 
library but is not, unfortunately, possible with 
standard digital libraries. 
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Fig 3 : The Ramelli wheel and the cylinder-shaped 
collection 

By seeing a picture of the wheel of books from 
Ramelli (fig. 3a), we thought about placing the 
books inside a cylinder-shapes library according to 
their relevance to the search criteria (fig. 3b). 
However, with this method, we encountered a 
problem to place groups created from a query with 
more than two search criteria. Indeed, with two 
criteria only, it is easy to position the books. In the 
example given in fig. 3b, the user is in the cylinder 
in front of the relevant books and turns its back to 
the non-relevant ones. When he moves up in the 
cylinder, he discovers books only relevant to the 
first criterion and when he goes down he discovers 
the books relevant to the second. 

To place more groups than in a cylinder, we 
distributed the books in such manner that they take 
place inside a sphere. Let’s consider a query with 
N criteria. The sphere, whose radius is calculated 
according to the size of the biggest group, is cut 
out into N+1 pieces using the azimuth angle 
(spherical coordinates). Hence, instead of 
obtaining time zones we obtain some “number of 
relevant criteria” zones for groups. Then, a second 
cutting is made to distribute uniformly the groups 
answering to i of N criteria of the query by using 

the height angle. The fig. 4 shows how groups are 
distributed on the sphere surface. 

One of our main concerns beside usability is the 
flexibility of our interface. For this particular 
concern, we think that it would be necessary to 
display the collection using different 
representations. This way we could use a 
cylindrical or sphere shaped collection but also 
other metaphors like semantic maps, cone trees, 
“virtually real” representations. The idea is to 
display the collection of a particular library with a 
default metaphor chosen by the librarian who 
knows which one is the more adapted. For the 
moment, only the two former representations are 
generated “on the fly” in the VRML file format by 
a CGI script. A default sort method for books 
would also be chosen when entering the library for 
the first time. The user would however be allowed 
to change those settings to some he is more familiar 
or efficient with. 
 
3.2. The Reading Tool 
Our first try was to represent, using a scripted 
VRML file, the collection and the books enclosed 
in 2D transparent windows [3] (fig. 5)1. We thought 
that novice 3D users could benefit from this well 
known 2D metaphor for organizing their 3D 
environment. However, it appears that these 
containers are too limiting compared to 3D 
metaphors. 
A unique window giving access to a set of pre-
selected books taken from the entire collection 
constitutes the initial scene. This pre-selection tool 
will be the link between both interface and will be 
called later the basket. Each book in this main 
window is represented as a rectangle textured with 
the scanned picture of its back. The size of each 
geometry is computed to be proportional to the 

                                                        
1 This prototypal application in VRML can be seen 

on our web site : http://cnum.cnam.fr/vrml 

Fig 2 : Navigation diagram between groups 

Fig 4 : The sphere-shaped collection 



texture’s size associated. Deformations are 
therefore avoided and the book’s format is 
respected. At first glance one can evaluate the 
number of volumes available and their publication 
dates with the binding style. Each book catches 
events to deal with the user’s interaction. For 
example, a roll-over event creates a tooltip 
underneath the book giving a short bibliographic 
data and a mouse click opens the book in a new 
window. 
In our VRML scene, all graphical elements are 
basically flat: a book is represented by a textured 
rectangle, information is given by text labels and 
pages are also rectangular textures retrieved from 
the Cnum server. They all can be inserted in a 2D 
container. A flat window offers sufficient 
interactions for the manipulation of this kind of 
content. Any user should obviously find by himself 
the possible actions for managing a 2D window in 
a 3D environment: moving, resizing, closing, 
minimizing, maximizing. 

Using 3D models instead of 2D components is the 
best solution to obtain a better visual effect. We do 
not necessarily need a virtually real book but only 
a book metaphor (fig. 6) that is more practical and 
comprehensible at first sight. Interactions with this 
object are easier to understand and are much more 
powerful. For example a tool can be provided for 
rolling pages automatically like it is done for Web 
books in [1]. It would be an intuitive way to 
acquire the structure of a book. As with a real 
book, this could also be a quick way for finding 
pages of interest (those with images or 
mathematical formulas for example). Interacting 
with 3D objects could lead to a sophisticated but 
powerful interface. We could experiment all sorts 
of interactions. However we were aiming at doing 
the most usable application at the time we have 
developed the prototypal application. 
In the prototypal application, the interactions we 
have implemented are quite simple. However, the 
great amount of scripts required to implement 

those “evolved” (for VRML) behaviors is really 
surprising. Telling that VRML+Java is an useless 
couple to create interactive scenes is not the point 
here. In fact, we do believe that every imaginable 
interaction can be coded this way. And, thanks to 
the numerous Java classes, it is also possible to do 
other operations that are not directly related to the 
VRML scene. For example we have implemented 
the retrieval of the pages’ URL by sending an 
HTTP request to the CNum server. However 
considering the number of script lines required for 
these simple interactions, one can think that a more 
complete and rich system could be unmanageable. 
Because of the many scripts needed to manage 
complex interactions (over 90% of the code is in 
Java), we concluded that VRML was not the right 
language for creating online 3D applications. 
Moreover, this manner to generate a VRML scene 
graph with the Java language recalls us the way any 
3D API with a retained mode works. Indeed, in our 
prototype, the VRML scene graph has the role of 
the retained structure passed to the rendering engine 
(the VRML browser) when its specification is 
completed. Hence, to build the next generation of 
prototype, we will probably prefer a real on-line 3D 
API (like Java3D) with which we will have much 
more control on the rendering pipeline. 
 

4. Integration Metaphors 
Browsing through collections and reading activities 
are separated in most present WWW-based user's 
interfaces of digitalized libraries. This context 
break induces longer apprenticeship and navigation 
time within the interface. Hence, we also studied 
how 3D interaction metaphors could be used to 
provide a continuous navigation space for these two 
tasks [4]. 
Two options are possible for integrating browsing 
and reading activities. The first one is to mix their 
content and the second is to separate them in space 
and use a 3D metaphor to switch from one to the 
other. Whatever solution we choose, the first 
important point is to propose a common set of 
metaphors so that both tools can be integrated 

Fig 5 : Screenshot of the 3D prototypal application 

Fig 6 : The book metaphor 



smoothly, without disorienting the user when 
working on the collection or books. The collection 
is however the main element of the library since 
the user’s interest and work depends upon it. An 
opposite approach is a document-centered 
interface like the Web Forager [1] in which 
documents are the main elements and tools are 
produced at demand  as secondary pop-up 
resources. 
We provide a constrained browsing within the 
collection in order to guide beginners, but it should 
give enough freedom to expert users.  The user can 
also open a book to take a quick glance at its 
content before selecting it. Some interactions will 
therefore be necessary here. In the reading 
interface users can not move but only interact with 
objects. Hence, interactions in the reading interface 
are almost a subset of those allowed within the 
bookshelves. To link one tool with the other it as 
to be done by a continuous movement. The goal is 
to avoid using widgets like buttons and to keep as 
stated previously the same interaction metaphors. 
We now describe some sketches of such 
navigation metaphors. The pictures below were 
described and rendered using the ray tracing 
program POV2. 
In the three integration metaphors below, the 
basket (shown in the three figures 7, 8 and 9) is the 
only common tool, always visible and in the 
foreground. It serves as a link between both 
interfaces. It is used to group the pre-selected 
books chosen in the collection interface, to access 
them in the reading one and also to save the user’s 
reading session. 
 
4.1. The cockpit metaphor 
The scene’s background is made of the collection 
(fig. 7). The basket and the opened books are in the 

                                                        
2 Some animations were also computed and are 

accessible on our web site : 
http://cnum.cnam.fr/3D 

foreground. They are always visible and are not 
affected by the user’s navigation. As a pilot flies 
over a landscape while seeing some data in his 
helmet, in this interface the user navigates through 
the collection and sees the books. The main 
problems are the surcharged screen and the 
difficulty to see and access the collection behind 
opened books. 
Another main issue is to keep a maximum 
resolution for both tools. Hence, two separated 
areas in a same interface seems a good choice. And 
to avoid switching violently from one to the other, 
we thought about two other integration metaphors. 
 
4.2. Horizontally structured workspace 
The space is separated in two horizontal zones 
(fig. 8). The user can switch from one to the other 
by rotating around the Y axis. In the first zone, the 
collection is rendered and the user can move the 
point of view. In the second one, the books are 
always displayed on the ground. Hence, when the 
user moves in the collection zone, the ground and 
books also move behind to simulate their 
immobility. 

With this metaphor, the user can also create several 
reading environments depending on their 
orientation within the reading area and the view 
angle of the camera. 
 
4.3. Vertically structured workspace 
There is a main problem with the previous 
metaphor : after moving in the collection zone, 
some previously opened books in the reading zone 
can be hidden. Moreover, half of the space – under 
the ground – is not used. To avoid these limitations, 
we can split the 3D space in two vertical zones 
instead of two horizontal ones. Moving the point of 
view in the collection zone will not affect the view 
in the reading zone. To switch from one zone to the 
other, a rotation around the Z axis can be used. In 
the reading zone, the user can still create several 
reading environments by rotating around the Y axis. 

Fig 7 : The cockpit metaphor 

Fig 8 : Horizontally structured workspace 



The fig. 9 shows the two zones separated by the 
ground. Of course, the user is immersed in the 
scene. These far views are only given to 
understand how the two interfaces work. 

5. Conclusion – Future Work 
The integration metaphors described previously are 
not implemented in a real time system yet but are 
only sketched with scripted POV files. Since 
creating an online library with VRML is tiresome 
and hard because of the scripts needed, we have to 
consider other solutions. We could simply build a 
stand-alone local application using a 3D API or a 
higher level tool like RenderWare from Criterion 
which supports both Direct3D and OpenGL. But 
since the purpose of this application is to be an 
online service it has to be done with Java3D in an 
applet. Another solution we have presented in [3] 
would be to add extension nodes to the VRML 
syntax in order to take care of complex interactions 
and use a modified VRML browser to interpret this 
modified VRML language. Maybe the most 
interesting solution would be to use a web-oriented 
3D high level API like Virtools Dev. This solution 
would ease the programming since the 2D, 3D, 
communication and interactions aspects that are the 
most important in our context can be managed. It 
would also allow to benefit from the two most 
widely supported 3D APIs, Direct3D and OpenGL, 
which are installed on almost every computer and 
are accelerated. 

Fig 10 : 2D applications in the 3D library. The collection is represented by a cone tree 

Fig 9 : Vertically structured workspace 



We shall also work on the annotation interface in 
order to provide users with the full service in 3D. 
With CNum this third interface could be replaced 
by using a standard word processing tool. Within a 
3D environment it must be a specialized interface 
in order to avoid switching context between 3D 
and 2D interaction metaphors. A solution would be 
to enclose 2D applications (a word-processing 
software, a HTML browser, … ) within the 3D 
scene like it is shown in fig. 10. However, today’s 
situation is the contrary (rendering 3D scenes in 
2D windows). We believe that low-cost 3D 
graphic cards will lead to full 3D interfaces like 
the Task Gallery described in [13]. We also 
worked on such a 3D interface for XWindow [15]. 
Within this window manager, 3D models (our 
library for instance) and 2D applications could 
share the same environment. There is no doubt that 
a 3D workbench will necessarily coexist with the 
huge number of 2D applications. A similar 
problem occurred for the handling of keyboard-
based applications (such as UNIX shells) when 2D 
interfaces appeared. 
The list of tools (rolling pages, bookmarks, queries 
in the book content, … ) we want to offer to work 
with books is not completely finished yet. We still 
need to specify some of the possible interactions 
but this work is progressing quickly and should be 
finished soon. 
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