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Preface

The Webble World Summit 2013 held in Erfurt, Germany, in June 2013 was
set up as the first world-wide meeting for potentially all scientists and engineers
working on Webble technology and its applications. From the very beginning, the
event was declared open to all participants from other disciplines interested in the
technology and potential applications in their particular domains. In response,
the conference’s preparation has been accompanied by intense communication,
for instance, with interested businessmen from several enterprises in Thuringia
and with some historians working in several universities. Whereas businessmen
ask themselves for potentials of Webble technology to establish business cases,
the historians are interested in using Webble-based infrastructures to open new
horizons of research based on huge databases, large corpora of historical maps,
and a growing number of geo-referenced assets.

The first day of the Webble World Summit was dedicated to the partici-
pants’ visit to the Thuringian Creative Innovation Summit in Weimar, where
science meets industries, industries meets business, and business meets science.
Some panels aimed at informing a wider audience about the essentials of Web-
ble technology. This opening day was followed by two full days of conventional
conference program.

Richard Dawkins’ seminal book The Selfish Gene, 1976, has spread the insight
that our human life is bringing with it as a side-effect nonbiological evolution in
areas such as architecture and fashion, for instance. The units of nonbiological
evolution are called memes. Accordingly, Yuzuru Tanaka’s attempts to promote
cultural evolution by computer technologies, to systematically investigate and
explore the digital encapsulation and evolution of human knowledge, led to the
introduction of meme media ideas and implementations. The most recent forms
of meme media are called Webbles–the focus of this conference.

This volume comprises the contributions to the Webble World Summit 2013.
There were four distinguished speeches–three keynotes and one dinner speech–
and ten regular papers grouped in sections. The keynotes and the dinner speech
together are intended to provide a rather comprehensive approach to the field
going into depth, on the one hand, and providing a bird’s eye perspective, on
the other hand.

The conference program was opened by a series of papers intended to chal-
lenge contemporary Webble technology and applications. Mina Akaishi, Yoshi-
hiro Okada, and Masahiko Itoh presented their own research work and their
own applications implemented by means of IntelligentPad and IntelligentBox
technologies, respectively. Those achievements may be seen as challenges to con-
temporary Webble technology based on Silverlight or HTML 5.

The next session was opened by a keynote delivered by Micke Kuwahara.
Emphasis was put on the details of Webble technology. This session was meant
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to inform a wider audience about the essentials of the technology to allow for
informed decisions about potential engagements in research, development, appli-
cations, and business cases. The keynote was complemented by three contribu-
tions presented by Micke Kuwahara and Yuzuru Tanaka, Nicolas Spyratos and
Tsuyoshi Sugibuchi, and Jun Fujima.

The second keynote by Klaus P. Jantke addressed recent applications in
technology-enhanced learning with emphasis on the feature of direct execution
and particularly aiming at approaches to game-based learning. Two papers by
Oksana Arnold and Vincent Reichelt and by Jonas Sjöbergh and Yuzuru Tanaka
completed the session on applications.

The next session addressed a variety of visions about the future development
and exploitations of Webble technology. It was opened by the third keynote
delivered by Nigel M. Waters on geographic information systems (GIS) knowl-
edge and the future federation of GIS knowledge. A few further visions were
contributed by Klaus P. Jantke and by Sebastian Arnold and Jun Fujima.

The dinner speech by Yuzuru Tanaka concluded the conference program and
wrapped up three days of communication and interaction. Besides informing on
the history of theory and technology evolution, the dinner speech aims to famil-
iarize the participants with the rich and exciting field of meme media technology
making them members of a world-wide community.

The editors gratefully acknowledge the remarkable financial support by the
Thuringian Ministry of Economics, Labor and Technology (Thüringer Minis-
terium für Wirtschaft, Arbeit und Technologie, TMWAT) given to the University
of Erfurt for preparing and running the conference.

April 2013 Oksana Arnold
Wolfgang Spickermann

Nicolas Spyratos
Yuzuru Tanaka
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A Meme Media Based Application Framework

for Context-Driven Information Access

Mina Akaishi

Faculty of Computer and Information Sciences, Hosei University
3-7-2 Kajino-cho Koganei-shi Tokyo 184-8584, Japan

mina@hosei.ac.jp

Abstract. This paper introduces several information access methods
constructed by Meme Media systems. A context-based information ac-
cess space provides users with a component-based interactive 3D virtual
environment for the information access based on the context model. A
chronicle analysis tool provides several views of records from different
viewpoints. To construct such systems, Meme Media system provides
powerful environment. This paper shows several application frameworks
and implementation examples.

1 Introduction

Currently, a vast amount of information is being accumulated at an accelerating
pace in many fields. As a result, piles of records are stored. However it is difficult
to understand all of their content within the limit of time. Moreover, it is harder
to create new ideas or to discover new knowledge from the chaos of information.
To solve this problem, this paper shows some information access methods based
on Meme Media systems, such as IntelligentPad/IntelligentBox [5].

One is a context-based information access space, which is a 3D virtual envi-
ronment to support users’ information access activities on the basis of a con-
text model. Another is a chronicle analysis tool which provides several views of
records from different viewpoints.

The implementation has been carried out in IntelligentBox, a constructive
visual software development system for interactive 3D graphic applications. It
can be freely combine with any 3D components in IntelligentBox architecture.
This means that the user can extend the functionality of her system by adding
existing or future implemented components. Moreover, users can reuse arbitrary
parts of system as other application components.

The remainder of this paper is organized as follows. Section 2 explains a
context-based information access space. Section 3 describes a chronicle data
analysis. Finally, Section 4 concludes the paper.

2 A Context-Based Information Access Space (CIAS)

A CIAS is a 3D virtual environment that allows access to information based
on context models [1] and path-language [2]. This mechanism can be a basis of

O. Arnold et al. (Eds.): WWS 2013, CCIS 372, pp. 1–10, 2013.
c© Springer-Verlag Berlin Heidelberg 2013



2 M. Akaishi

flexible structured virtual museum or virtual shopping mall based on knowledge
in the information base. In this section, we explain these concepts and their
component based implementation framework.

2.1 The Notion of Context

A context consists of an identifier c plus acontent. The content of c is a set of
triplets of the form
< names, objectidentifier, reference >
where names is a set of descriptions for the object and reference is a context
identifier or Nil. The context referenced by an object contains information rel-
evant to that object. It is important to note that names and references are
context dependent. An object can belong to different contexts and may have
different names and/or different references in each context. This feature is useful
when we want to view an object from different perspectives

Accessing information in a contextualized information base often involves nav-
igating from one object to another by following references. From an object within
a given context, we can reach any object that belongs to its reference and, re-
cursively, any object that lies on a path. Navigation is based on the notion of
path.

2.2 Overview of CIAS

In order to create a CIAS, we map the components of a context into individual
virtual spaces. A context identifier is mapped into an individual virtual space,
called a context space. Each triplet in the content of the context is mapped into
an individual virtual space, called an object space. Therefore, an object space is
a 3D visualization of a triplet, a context space includes a set of object spaces,
and a CIAS is a set of context spaces.

A CIAS supports context traversal as multiple virtual space traversals: ac-
cessing a context, and accessing an object within the context. When a user is
inside a context space, the user will see a set of Object Space Ports (OSPs),
which is pointers to object spaces. The user may focus on one of the OSPs in
the context. Then the user is navigated to an object space by choosing one of
the OSPs. If a user is interested in the current object, then the user can go to a
relevant context space through a Context Space Port (CSP) in a current object
space. In its context space, there are OSPs of relevant information again. Users
can choose the context space, enter it, and follow the links depending on their
interests.

2.3 The Mechanism for Creating a CIAS

In this section, we focus on the development of generating Information Access
Space from existing Contextualized Information Bases. It is impossible to ma-
terialize all spaces and objects corresponding to all data in a large information
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base. We propose a mechanism for dynamic creation of a CIAS according to
a user’s current position. Users’ information access activities form the virtual
information access spaces.

To construct a CIAS, the necessary functions are divided into the follow-
ing points. The first is a space management function to create multiple virtual
spaces, make connections between spaces, and traverses a space to reach other
spaces. The second is an access to an information base to obtain context data
that satisfy the query condition. The third function is a database record reifi-
cation mechanism to instantiate the data in a context. After necessary data are
obtained, the data should be materialized by appropriate media objects.

We have been implementing these functions as software components, using
the IntelligentBox(IB) system [5] as the basis for constructing CIAS. The IB
is a constructive visual software development system for interactive 3D graphic
applications. The IB represents objects as interactive 3D visual objects, called
Boxes, which can be manually combined with other Boxes. It provides a uniform
framework for the concurrent definition of both geometrical compound structures
among Boxes and their mutually interactive functional linkages. Each Box has
its own state values that are stored in variables, called slots. Each Box also has
a unique function associated with its slot value. We use the IB system as the
basis for constructing CIASs, since it allows the integration and collaboration of
existing and future developing tools. It allows expansion of the application fields
of this system.

Figure 1 shows the functional linkage of components to construct CIAS based
on the context data in the contextualized information base. This mechanism
provides the dynamic creation of necessary context spaces and object spaces by
following the user’s information space traversal. In the following sections, we
describe each mechanism and process to materialize a CIAS.

Space Ports. To construct a CIAS, we need a mechanism that addresses effi-
cient access to information objects within a restricted 3D display space. Space
ports enable us to embed multiple 3D spaces in a single virtual environment and
navigate through these different spaces. An embedded space can be represented
by a 3D media component. The user can see the contents of the embedded space
from outside, and jump into the embedded space to change the current working
place. Such space port functions are provided as OSP/CSP Boxes in IB [6].

The right-hand side of Figure 1 shows a prototype system displaying a CIAS.
In this example, the context space contains four OSPs that are connected with
corresponding object spaces. When a user approaches one OSP, the user will be
navigated to the object space that includes instantiations of an object. The ref-
erence is a CSP that also contains OSPs. When a user approaches that reference
CSP, the user can enter it. In the same way, users can continuously explore the
information spaces via the paths.

Access to Information Base. A Query Definition Box generates query state-
ments by a predefined template query and arguments. A Query Definition Box
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Fig. 1. The components structure for generating the Object and Context Spaces

receives a context ID as an input, and then generates a query statement to obtain
contents of the specified context.

A Database Proxy Box works as an interface between a database system and
the IB system. The DB Proxy Box is connected to the contextualized information
base. Through a DB Proxy Box, users can use a set of database functions. The
DB Proxy Box receives a query and sends the evaluation of the query to a Data
Manager Box.

We control the timing of a query evaluation according to the user’s current
working space. We combine a trigger control component with a DB Proxy Box.
When a DB Proxy Box receives a trigger, it starts a query evaluation. A Trig-
ger Box issues a signal only when a condition is satisfied. In the case of our
implementation, when a user enters the space that includes a CSP, then the
Trigger Box in the connected context space issues a trigger signal. In this way,
the necessary space is created dynamically as the user explores data. The timing
of triggering can be changed by changing a condition definition.

Reification of the Contents of a Context. A Data Manager Box reifies
database records as Boxes. The Data Manager Box stores an identification of
the template Box(es) to materialize the database record. Arbitrary Boxes can
be pre-registered in the Template Box Table, which is a global variable in the IB
system. When the Data Manager Box receives the result of the query evaluation
from the DB Proxy Box, the Data Manager Box makes copies of pre-registered
template Boxes. Each copy of the template Box is then instantiated with the
value of the corresponding element of the collection.
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A Data Manager Box materializes the content of context corresponding to
the given data as 3D components depending on predefined template models.
The upper left part of Figure 1 shows the composite structure of the template
Boxes in order to materialize an OSP and an object space.

The Design of an Object Viewer. It is up to a system designer how object
viewers are designed. In the case of Figure 1, an Image Viewer Box is used as
an object viewer. It has an image file name specified by an object identifier
and visualizes it. In our system, all functions are designed as 3D components,
allowing free combination with other components. This means that the user can
extend the functions by adding existing or future implemented components.

Context Space Generation Mechanism. Figure 2 shows the component
structure for obtaining a collection of context spaces that satisfy a given query.
The Data Manager Box stores a CSP (a CSP Box that is connected with a
context space) as a template Box. It then gives the set of context spaces that
satisfy the query condition. For example, let us consider a query for selecting
all contexts that include a specified object o. We call such a set of contexts
the facets of o. It gives users an overview of different aspects of the object o in
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different context spaces. After query evaluation, the DB Proxy Box receives all
context data that includes the object o, that is, its facets of o. The result data
are sent to the Data Manager Box. The Data Manager Box then makes copies
of the template Box, the detailed structure of which is shown in the upper-
left of Figure 2. Each CSP Box materializes the context space by following the
beforementioned procedures. Users can choose the context space, enter it, and
follow the links depending on their interests.

3 Information Access for Chronicles

Vast amounts of records human experience are stored all over the world. To
understand and use such chronicles effectively, several relations embedded in
records must be found. This paper describes a chronicle analysis tool, which
provides several views of records from different viewpoints.

3.1 A Framework for Chronicle Analysis

A framework fr analyzing chronicle data consists of three layers. The first layer
provides a function for filtering data by specifying conditions. A parameter scope
consists of two kinds of queries: a period and a viewpoint. A period is a query
concerning the date attribute, and a viewpoint is a query concerning the other
attributes.

The second layer visualizes the distribution of filtered data as a combination
of matrix and bar chart graphs. If users can find interesting patterns on the
distribution map in the second layer, the third layer represents transitions of
relations among focal attribute values by using the topic sequence technique [4].
The focal attribute is specified by a parameter focus. A topic sequence is regarded
as a graphical plot of a series of text chunks. Each chunk is visualized by a word
colony [3], which visualizes the dependency relationships among terms in a text
as a graph. A word colony is regarded as a visual abstract of a relation among
terms in a text. A topic sequence is formed by the connections of word colonies.
A topic sequence provides overviews of the topical change of text chunk content
over time.

At the beginning, users see the patterns of distribution for whole data. These
patterns give an overview of a target data set. If users can find interesting pat-
terns on the distribution map by selecting an attribute for the vertical axis, then
they can narrow their interest down by filtering data or they can see more de-
tailed information by visualizing a transition of interesting attribute values. The
distribution map or transitions of attribute values suggest users’ next keywords
for specifying another viewpoint. A reiteration of this process corresponds to
a story/hypothesis/interpretation generation cycle. If users can find interesting
patterns of transitions of attribute values, then these patterns form the founda-
tions of new stories.
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3.2 Chronicle Analysis Tool

Data Filtering. By filtering data, characteristic patterns will occur on a distri-
bution map. However, it is difficult to specify a keyword that represents a user’s
interest. Even if there is no query, a distribution map representing an overview
of whole data will suggest candidate keywords to specify a user’s interest.

Let us assume that a user sees the distribution map of whole data in the Dai-
Nihon Shiryo database1 and finds an interesting keyword, ”gift.” Then, those
records that include the keyword ”gift” and contain information on an event
that occurred between 1550 and 1650 are selected from the database.

Distribution Map. Figure 3 shows a distribution map of events related with
each person. The vertical axis represents the names of people in the order of
frequency, and the bar below a name shows the number of records that include
the specified person’s name.

The distribution map represents personal activities concerning ”gift.” It is
easy to see the co-occurrence of Japanese emperors and men of power, e.g. Em-
peror Ogimachi – Nobunaga Oda, Emperor Goyozei – Ieyasu Tokugawa, etc. This
distribution suggests that relationships based on ”gift” indicate the relation of
authorities and powers.

Transition of Attribute Values. A topic sequence [4] represents the content
of a document as a graphical plot of a document. It supports users’ efforts to
guess the context (plot) of the document and to find desired parts of documents.

The records in the same cell of a distribution map are grouped together into
a document. Then, each document is visualized by a word colony [3], which
is a directed graph representing dependency relationships among terms in a
document. The topic sequence is formed by the connections of such word colonies.

Figure 4 shows four topic sequences representing human relations of two people
(Nobunaga Oda and Ieyasu Tokugawa) on the basis of ”gift” and ”battle.” The
major people in Nobunaga’s human relations concerning ”gift” are authorities
at that time, such as Ashikaga Shogun and Emperor Ogimachi. In the case of
Ieyasu’s human relations concerning ”gift,” the major people are authorities
only earlier in his life, after which Ieyasu’s son took prominence for most of his
remaining years. Ieyasu was the first shogun in the Tokugawa shogunate. He
consolidated his son’s position as his successor.

Topic sequences concerning ”battle” show that Nobunaga is related with many
daimyos (territorial lords in pre-modern Japan), while Ieyasu is related with a
few daimyos. In light of knowledge about the territory these daimyos had con-
trol over, the visualization gives rise to the interpretation that Nobunaga fought
various enemies all over Japan, while Ieyasu fought a big enemy next to his ter-
ritory, which actually corresponds to history as we know it. These patterns help
users create new interpretations of history by exploring chronological records.

1 The most comprehensive collection of pre-modern Japanese historical materials.
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Fig. 3. Distribution map of people’s relations filtered by the scope

Fig. 4. Comparison of human relations of two persons based on ”gift” and ”battle”

Users can find several relationships among people on the basis of various
viewpoints. This is helpful for considering the stories or inspiration for new ideas
on the basis of records of historical events. Not only each topic sequence but also
a combination of topic sequences enables users to compose a more complicated
story.
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Viewpoint
“battle

Viewpoint
“gift”

1573
1615

t

TimeSlice

Fig. 5. A Chronicle Data Analysis by TimeSlice

3.3 3D Extension for Analyzed Chronicle Data

Time-tunnel [8] and TimeSlice [9] are visualization tools for time-series data.
Those systems are constructed on the basis of a Meme Media Environment.
[10] visualized human relations by using TimeSlice as a plat-form for visualizing
temporal changes in the structure of a human network in a 3D space. A TimeSlice
is a 2D plane for visualizing a snapshot of a network with a specified timing.
A temporal change of network is visualized by dragging a TimeSlice along the
timeline. Multiple TimeSlices visualize human relations from different viewpoints
and with different timings. These mechanisms help users to compare multiple
situations easily. Figure 5 shows TimeSlices which represent human networks in
1573 and 1615 with different viewpoints; ”battle” and ”gift”.

4 Conclusions

This paper shows the concept of context-based information access space and its
implementation framework. Through the OSPs in the context spaces, users can
follow the reference links and obtain the information object and paths in which
they are interested. The system dynamically creates the information spaces as
the need arises.

Moreover the paper introduced a framework for visual chronological analysis
to support finding interesting relations embedded in chronicles. On the basis of
the proposed framework, we implemented a tool called ”CAT”, which provides
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a functionality for representing latent patterns in chronicles on the basis of dy-
namics of scope, axis, and focus. It enables users to interpret new histories from
various viewpoints.

The integration and collaboration of existing and future tools over a hyperme-
dia environment would contribute to the efficient usage of the human knowledge
stored in computer systems and would enhance productivity and collaboration.
In the frameworks represented in this paper, some components are represented
by components of the Meme Media system such as IB. In the Meme Media
system, all functions are provided as Meme Media components. Therefore, any
component can be combined with other functional components such as 3D an-
imation tools, CSCW support tools, and the scientific visualization tools. This
might expand the application fields.
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Abstract. This paper treats a 3D graphics software development system called 
IntelligentBox known as a 3D meme media system and its web version (We-
bIB). IntelligentBox provides various 3D software components called boxes 
each of which has a unique functionality and a 3D visible shape. IntelligentBox 
also provides a dynamic data linkage mechanism that allows users to develop 
interactive 3D graphics applications only by combining already existing boxes 
through direct manipulations on a computer screen. Recently, the author ex-
tended IntelligentBox system to make it possible to develop interactive web 3D 
contents. This is called the web version of IntelligentBox (WebIB). This ex-
tended mechanism is also regarded to be available for the integration of Intelli-
gentBox with Webble World, an open web-based meme media environment. 
This paper explains essential mechanisms of IntelligentBox and WebIB, intro-
duces some interactive web 3D contents realized using WebIB, and also dis-
cusses about the possibility of the integration of IntelligentBox with Webble 
World. 

Keywords: 3D graphics, Toolkit system, Component ware, Web contents, 3D 
Meme Media. 

1 Introduction 

Advances in recent computer hardware technology have made possible 3D rendering 
images in real time. Consequently, 3D software has become in great demand although 
its development is more laborious work than 2D software development. For this rea-
son, we proposed a 3D graphics software development system called IntelligentBox 
known as a 3D meme media system [1, 2]. Application fields of IntelligentBox in-
clude 3D-CG animation creation, virtual reality software development, interactive 
simulator development, and so on. However, the developed 3D graphics applications 
could not be available on the web. If they were available on the web, the usefulness of 
IntelligentBox would become higher. Therefore, we extended IntelligentBox system to 
make it possible to develop interactive web 3D contents [3, 4]. This is called WebIB 
as the web version of IntelligentBox. In this paper, we explain essential mechanisms 
of IntelligentBox and WebIB, and introduce some interactive web 3D contents includ-
ing educational contents and information visualization tools. 
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On the other hand, recently, an open web-based meme media environment called 
Webble World was proposed [5] and its components are called webbles. If Intelli-
gentBox system is possible to integrate with Webble World, its usefulness would be-
come higher than ever. Fortunately, the same mechanism as that of WebIB seems 
available for the integration. So, in this paper, we also discuss about the possibility of 
the integration of IntelligentBox system with Webble World. 

The remainder of this paper is organized as follows: Section 2 introduces related 
work. In Section 3, we explain essential mechanisms of IntelligentBox and its  
extended mechanisms for WebIB. Section 4 introduces several interactive web 3D 
contents realized using WebIB. In Section 5, we discuss about the possibility of the 
integration of IntelligentBox system with Webble World. Furthermore, in Section 6, 
we discuss about development costs of web 3D contents, their performances and sig-
nificance of IntelligentBox system and WebIB as development environments for web 
3D contents. Finally, we conclude the paper in Section 7. 

2 Related Work  

Our research purpose is to propose a software architecture that makes it easier to de-
velop 3D graphics applications including interactive web 3D contents. Its related 
systems are 3D graphics toolkit systems and programming libraries like Open Inven-
tor [6], Coin3D [7] and 3D Widget [8]. Open Inventor is an OpenGL based object 
oriented programming library. Coin3D is also library very similar to Open Inventor. 
3D Widget is a Widget-based toolkit system for the 3D GUI development. Some of 
them provide an authoring tool that enables to design 3D graphics contents. Even 
using such authoring tools, it is not easy to develop 3D graphics applications because 
developers have to write text-based programs for that. As for development tools for 
interactive web 3D contents, there are library systems like Java3D [9], Jogl [10],  
Papervision3D [11] and WebGL [12]. Java3D and Jogl is Java-based 3D graphics 
library that works as a plug-in virtual machine running on a web browser for 3D 
graphics contents. Papervision3D is Flash-based 3D graphics library that also enables 
to develop web-based 3D graphics contents. WebGL (Web Graphics Library) is Java-
Script API for rendering interactive 3D graphics and 2D graphics within any compat-
ible web browser without the use of plug-ins. These are library systems so that the 
user has to write text-based programs for developing web-based 3D graphics contents. 

Our research system IntelligentBox and its web version (WebIB) provide various 
3D software components called boxes represented as visible, manually operable, and 
reusable functional objects. Furthermore, they provide a dynamic data linkage me-
chanism called slot connection. These features make it easier for even end-users to 
develop 3D graphics applications including web 3D contents. This is the main differ-
ence of IntelligentBox and WebIB from others. We also have a plan to integrate Intel-
ligentBox system with Webble World using the same mechanism as that of WebIB. 
This is new feature mainly shown in this paper. 
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3 Essential Mechanisms of IntelligentBox and WebIB 

WebIB employs the same essential mechanisms of IntelligentBox. This section ex-
plains those mechanisms in the following two subsections. They are very simple but 
very useful. After that, we describe extended mechanisms for WebIB. 

3.1 Model-Display Object (MD) Structure 

As shown in Figure 1, each box consists of two objects, a model and a display object. 
This structure is called MD (Model-Display object) structure. A model holds state 
values of a box. They are stored in variables called slots. A display object defines how 
the box appears on a computer screen and also defines how the box reacts to user 
operations. An example of RotationBox in Figure 1 has a slot named 'ratio' that holds 
a double precision number used as a rotation angle. Through direct manipulation on 
the box using a mouse device, its slot value is changed. Furthermore, its visual image 
changes simultaneously with the change of the slot value. In this way, a box reacts to 
the user's manipulation according to its functionality. 

 

 

Fig. 1. An MD structure of a box and its internal messages 

3.2 Dynamic Data-Linkage Mechanism Called Slot Connection 

Figure 2 illustrates a data linkage concept among boxes. As shown in the figure, each 
box has multiple slots. Its one slot can be connected to one of the slots of other box. 
This connection is called a slot connection. The slot connection is carried out by three 
standard messages, i.e., a set message, a gimme (give me) message and an update 
message, when there is a parent-child relationship between two boxes. These messag-
es have the following formats: 

(1)  Parent box set <slotname> <value>. 
(2)  Parent box gimme <slotname>. 
(3)  Child box update. 

A <value> in a format (1) represents any value, and a <slotname> in formats (1) and 
(2) represents a user-selected slot of the parent box that receives these two messages. 
A set message writes a child box slot value into its parent box slot. A gimme message 
reads a parent box slot value and sets it into its child box slot. Update messages are 
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issued from a parent box to all of its child boxes to tell them that the parent box slot 
value has changed. By these three messages, the two slots of a child box and its parent 
box are connected and their two functionalities are combined. 

 

Fig. 2. Standard messages between boxes 

3.3 Extended Mechanisms for WebIB 

IntelligentBox system uses OpenGL 3D graphics library which provides an off-screen 
rendering functionality. As shown in Figure 3 and 4, using this functionality, a ren-
dered image of a 3D scene can be generated on a web-server and transferred to a web-
browser through the Internet. On the web-browser, besides a HTML program, a  
JavaScript program runs to manage user operation events, i.e., a mouse move, a 
mouse button click and so on. Such user operation events will be transferred to the 
web-server using XMLHTTPrequest message through a CGI-program of the web-
server. The CGI-program (Perl script) once receives the user operation events and 
applies them to IntelligentBox system running on the web-server. And then, Intelli-
gentBox system will generate next off-screen rendering image of the 3D scene to be 
updated by the received operation event. In this way, the user can interactively  
manipulate 3D contents of IntelligentBox that runs on the web-server through his/her 
web-browser. Since WebIB supports most web-browsers, e.g., Internet Explorer (IE), 
Mozilla Firefox, Opera, Google Chrome and Safari, WebIB is available on any mobile 
device like iOS device and Android OS device. However, when using iOS device  
or Android OS device, the touch interface should be used. Therefore, WebIB also 
supports the touch interface for iOS devices and Android OS devices. 

 

Fig. 3. Extended mechanisms of WebIB 
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3.4 Mechanisms of WebIB for Multiple Users 

As shown in the left figure of Figure 4, WebIB can provide multiple users with a web-
based collaborative virtual environment based on the same mechanism of Figure 3. 
WebIB has a System ID No. (SID No.), and by specifying it, each client user can 
access its corresponding WebIB that has the same SID No. through his/her web-
browser. Using this data-linkage, communications between a teacher and a learner 
become possible in the cases of educational 3D contents. The right figure of Figure 4 
shows another case that each of multiple users individually uses his/her own WebIB. 
As shown in the figure, each of multiple WebIBs can run on the same web server, and 
using different System ID No.(SID No.), each user can access his/her own WebIB 
through his/her web-browser. 

 

    

Fig. 4. Data-linkage among one WebIB and its two clients (Left), and data-linkage among two 
individual WebIBs and two dedicated clients (Right) 

4 Web Contents Realized Using WebIB 

This section presents actual examples of interactive web contents realized using We-
bIB. In this paper, we especially introduce educational contents because they are re-
garded to be practical contents. We also introduce information visualization contents 
related to our one project about cyber physical systems. 

4.1 Educational Contents 

As visual contents for educations, there are two types of contents, i.e., 3D contents 
and 2D contents. WebIB is used as a 3D model viewer for 3D contents and as an im-
age viewer for 2D contents. In the following, we introduce these examples. 

1) 3D Model Viewer 
The left figure of Figure 5 shows an example 3D model for students to learn a brain 
and its some parts represented as web 3D contents using WebIB on IE browser. A 
student can operate interactively for the change of his/her viewpoint, i.e., rotation, 
zoom and pan, and can point out any parts by a mouse device click to display their 
part names of the brain. As described in the previous section, using the same SID No., 
these operations are shared among other users. If one user is a teacher and other users 
are students, the all students can see the teacher's operations and they can understand 
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part names pointed out by the teacher. The right figure of Figure 5 is another example, 
a hurt model. Similarly to the left figure, each student can learn the structure of a hurt 
and its part names individually on the web at any time and at any location. 

 

 
Fig. 5. Web 3D content examples of medical education 

2) Image Viewer 
As educational contents, images are common and often used. In this case, WebIB can 
be used as an image viewer. Although WebIB contents are 3D graphics contents, us-
ing the texture mapping mechanism, any image data can be displayed in a 3D space. 
The left figure of Figure 6 shows an image of a certain typhoon [13] provided by 
NASA and the right figure of Figure 6 shows the same typhoon image looks from the 
very far viewpoint. It is possible to manipulate the image for the pan and the zoom 
like Google Maps operations. If a teacher have high resolution images as educational 
materials, he/she can provides such images with his/her students on the web like 
Google Maps service. Students can interactively make a pan or a zoom towards any 
part of an image that they want to look. Figure 7 shows another examples, CT images 
as educational contents of medicine. 

 

 
Fig. 6. Typhoon images as educational content examples 
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Fig. 7. CT images as educational content examples 

4.2 Information Visualization Contents 

We have one project about cyber-physical systems. One of the important topics in 
researches on cyber-physical systems is the analysis of big data to be collected from 
the physical world. As one of the analysis methods, information visualization is use-
ful. Currently, we have been developing two types of visualization tools using Intelli-
gentBox system for our cyber-physical system project. The first one is for the analysis 
of human movements because human movements are very important cues for the 
analysis of human activities. The left figure of Figure 8 shows a screen image of such 
web content. This is the building of our graduate school consisting of several floors. 
To simplify a 3D model for the building, we employ 2D floor map images and use the 
texture mapping mechanism. It is very easy to visualize the building and display hu-
man movements. In this case, glyphs have a different color, a different size and a 
different shape to specify several attribute values of their corresponding persons and 
move on a floor. So, we can understand persons’ activities from glyphs’ movements. 

 

 

Fig. 8. Information visualization contents as web services 
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The other one is for the analysis of multi-dimensional/multi-attributes data because 
data to be collected from the physical world are various types and have various 
attributes. We have already proposed one information visualization tool called Time-
tunnel for the analysis of time-series numerical data and extended it by adding a visu-
alization functionality similar to Parallel Coordinates. The right figure of Figure 8 
shows a screen image of such web content. See the papers [14, 15] for its detail. 

5 Integration of IntelligentBox with Webble World 

Webble World is an open web-based meme media environment and its components 
are webbles developed using Microsoft Silverlight technology. Originally, Silverlight 
supports XMLHTTPrequest communication mechanism. Therefore, as shown in the 
upper figure of Figure 9, a communication between a webble existing on a web 
browser and IntelligentBox system runs on a web server is possible through the same 
mechanism shown in Figure 3. In addition, the latest version of Silverlight supports 
the standard socket communication mechanism. Therefore, a webble also can com-
municate with IntelligentBox system runs on any server without any CGI-program as 
shown in the lower figure of Figure 9. In this way, IntelligentBox system can be inte-
grated with Webble World technologically although we have not yet implemented 
such webbles. In the near future, we will develop such wobbles and their applications. 
 

 

 

Fig. 9. Integration of IntelligentBox with Webble World 
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6 Discussion 

6.1 Development Costs 

For preparing the example models of Figure 5, 6 and 7, it was not necessary to write 
any text-based program. They were constructed only through direct manipulations on 
a computer screen using a mouse device. Therefore, even teachers who do not have 
any programming knowledge can construct web 3D contents including 3D education-
al contents by using WebIB. 

6.2 Performances 

The most important factor should be considered as for the performance of WebIB  
is update rate (refresh rate or frames per second) of off-screen rendering images  
on a web-browser transferred from a web-server. This value depends on a network 
environment. However, there is no problem because the system employs JPEG com-
pression and can appropriately reduce the network bandwidth required to transfer an 
off-screen rendering image. 

6.3 Significance 

There are many services on the web. However, there are very few services of 3D 
graphics contents on the web. One of its reasons is that currently most web-browsers 
natively do not support the 3D graphics rendering. If we want to receive 3D graphics 
content services on the web, we have to install any plug-in software like Java3D, Jogl 
[11], etc. This is inconvenient especially for end-users who are not accustomed to 
doing so. Even if this is not inconvenient, there is another reason that 3D graphics 
contents need 3D polygonal model data but they are usually not allowed to be distri-
buted through the Internet due to their user-licenses. Even if the distribution of 3D 
polygonal model data is allowed, there is a problem that the transmission time of them 
become very long. On the other hand, our web version of IntelligentBox works as a 
SaaS application does not have the above problems because only off-screen rendering 
images of 3D scenes are transferred from a web-server to a client web-browser as 
explained in Sec. 3. So, interactive 3D contents already developed as applications of 
IntelligentBox can be reused as web 3D contents those work as SaaS applications. Its 
MashUp with other SaaS applications are also possible. As a result, the usefulness of 
IntelligentBox has become higher than ever. The integration of IntelligentBox with 
Webble World mainly proposed as new feature in this paper is also regarded as one of 
such MashUp examples. 

7 Conclusion 

This paper introduced software architecture that makes it easier to develop 3D graphics 
applications including interactive web 3D contents. Our research system IntelligentBox 
provides various software components each of which corresponds to each of required 
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functionalities. Combining these software components by direct manipulations on a 
computer screen enables users to develop 3D graphics applications without writing any 
text-based program. This feature is important for end-users who do not have any pro-
gramming knowledge. Furthermore, we enhanced the usefulness of IntelligentBox by 
extending it to make it work as a development system for web 3D graphics applications 
like web 3D educational contents. This is called WebIB, the web version of Intelligent-
Box. In this paper, we showed some interactive web 3D contents to clarify the  
availability of WebIB and also indicated the possibility of the integration between Intel-
ligentBox system and Webble World, an open web-based meme media environment. 

As future works, we will improve the transfer mechanism of an off-screen render-
ing image to reduce the required bandwidth and to improve the performance. Also, we 
will develop more practical web 3D contents to clarify the usefulness of WebIB. 
Moreover, we will develop webbles that can communicate with IntelligentBox system 
runs on a web server and their applications to show the usefulness of the integration 
of IntelligentBox with Webble World. 
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Abstract. This paper introduces an overview of IntelligentBox based
interactive 3D visualization frameworks for exploring large information
space, and shows example applications using such frameworks. We first
introduce WorldMirror and WorldBottle that embed 3D information
spaces as 3D components into a 3D environment to navigate informa-
tion in the 3D space. Second, we introduce spreadsheet based coordi-
nated multiple 3D information visualization framework. Third, we show
TimeSlices that are 2D planes in the 3D space for exploring changes in
time sequential data with structures.

Keywords: Visualization, CMV, 3D system, Interactive System,
IntelligentBox, TimeSlice.

1 Introduction

Explorative information visualization systems have been considered as an impor-
tant layer of researches in the era of Big Data to find out new knowledge from
huge information space. Information visualization is not static representation of
information such as InfoGraphics. Information visualization requires interactive
seeking processes to navigate new knowledge, such processes are mentioned as
Shneiderman’s mantra [8]; “Overview first, zoom and filter, details-on-demand”.

IntelligentBox [10] is a component-based visual software development system
for interactive 3D graphics applications. Each 3D component in IntelligentBox
environment called box is connected each other through slot connection to con-
struct 3D applications such as 3D visualization systems. The constructed 3D
applications as composite boxes are editable and reusable. Users can copy com-
posite boxes, and change attribute values for comparing data. IntelligentBox
therefore match for base infrastructure for constructing interactive visualization
system in a 3D environment.

Much work related to IntelligentBox based information visualization researches
have been introduced [12,3,15,11] after Ohigashi et al. have introduced first sys-
tem at WISS 1997 (Japanese domestic workshop on interactive systems and
software).
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Fig. 1. The WorldMirror, the WorldBottle, and their functions

This paper introduces our previous work on coordinated multiple visualiza-
tion frameworks for exploring information in the large information space based
on the IntelligentBox architecture. Section 2 presents WorldMirror and World-
Bottle that embed 3D information spaces as 3D components into a 3D space
to navigate information in the 3D space through doors in 3D space. We next
introduce spreadsheet based 3D information visualization framework to compare
and explore various types of information and representations in Section 3. We
then provide TimeSlice that is a visualization component for exploring temporal
changes in structures and values such as changes in hyperlink structures on the
Web in Section 4.

2 WorldMirror and WorldBottle

We have introduces two types of visual components; a flat, window-like com-
ponent WorldMirror (Fig. 1 (i)) and a volumetric, arbitrary shape WorldBottle
(Fig. 1 (ii)) [1]. They enable users to construct a hyperlinked space in the 3D
virtual environment, and to navigate through such a 3D hyperlinked space. By
using WorldMirror/Bottle, any arbitrary 3D space can be embedded into any
arbitrary 3D component which renders the space on their surface, so that users
can look into the contents of other spaces from their current working space, and
enter them. They also allow users to manipulate contents in embedded spaces
from their current space, and to move an object from an embedded space to
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Fig. 2. Successive navigation through WorldBottle using the Similar Products Search

the current working space, vice versa. To construct the navigatable structure
through a large information space, WorldMirror and WorldBottle provide the
functions described in Fig. 1 (iii).

Example in Fig. 2 shows an application for exploring similar products in a 3D
environment using the Amazon Web service (AWS).First, the user can examine
products from keywords using the KeywordSearch. The records retrieved from a
KeywordSearch are visualized in the current space (Fig. 2 (a)) using a mechanism
described in [3]. If the user is interested in the related products information about
a visualized prouct, the user can select a product dynamically and search the
related products about the selected product from the SimilaritySearch (Fig. 2
(b)). The records retrieved from the SimilaritySearch are visualized in another
space. When the user approaches the selected product, WorldBottles appear,
and the user can observe the related products about any selected one from the
current space (Fig. 2 (c)). If the user wants to compare related products about
several products, the user can select more than one product and visualize in
multiple spaces (Fig. 2 (b)(c)). The user can enter the related product space, in
which there are many products that the user prefers (Fig. 2 (d)). The user can
explore these related products recursively (Fig. 2 (d)-(b)).
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Fig. 3. Overview of architecture for spreadsheet-based coordinated parallel
visualization

3 Coordinated Multiple 3D Visualizations on Spreadsheet

We have proposed a spreadsheet-based visualization framework for end-users to
generate and modify multiple 3D visualizations of data-sets from various Web
resources [2]. Our framework enables users to use various values for different
parameters and/or different 3D components in parallel to enable exploratory
searches for solutions by making intercomparisons of multiple results.

Our approach enables users to embed 3D visualization environments into
spreadsheet cells (Fig. 3). We utilize an Excel spreadsheet environment to de-
fine multiple coordinated visualizations. A 3D visualization environment is an
IntelligentBox environment itself. We can construct 3D visualizations in this en-
vironment. Our approach also allows users to only export the necessary functions
of 3D visualization mechanisms into the embedded environments to input and
output parameter values to and from spreadsheet cells. By using this facility,
users can share the slot values of boxes in different visualization environments
in different cells through spreadsheet cells. To define coordination, we provide
interactive 2D/3D components and coordination rules that enable users to use
operations for coordination such as brushing and linking, retrieving related or
detailed information one after another, synchronizing viewpoints between 3D vi-
sualizations, and sharing table values between 3D components for visualizations
and cells on Excel.
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Fig. 4. Multiple visualizations of 3D structure of protein and/or DNA

Fig. 4 shows an example of visualizing 3D structures of protein/DNA using
multiple data-sets, visual representations and angles. We can get the 3D struc-
ture data-sets for protein and DNA through Web service. In this example, we
first input a PDB ID to visualizer components [3] in 3D environments through a
cell. We can copy visualizations just through copying the cells to compare vari-
ous data-sets with different representations. Visualizations of each row can have
the different data-sets. We can change the 3D representation of protein structure
just by inputting a template ID into the range D1:E1. We can also synchronize
angle of view rendering among different cells through sharing parameters.

Selected organ ID Selected prefecture ID

(i). Visualizing cancer mortality of 
each prefecture  at 1999 about the 
selected organ using block map 
with heatmap

(ii). Visualizing cancer mortality of each organ at 1999 
about the selected prefecture using a 3D HeatMap

D3 H3F3

Fig. 5. An example of visualizing cancer mortality of each prefecture and of each organ
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Fig. 6. 3D visualization framework for for temporal changes in structures and values

Fig. 5 shows an example of visualizing the cancer mortality in Japan by pre-
fecture and organ. Cell D3 shows an organ map. Users can select one organ to
see the mortality from cancer for the organ they selected. In this example, cell
F3 shows the cancer mortality for all prefectures in 1999 for the selected organ
using a block map and a HeatMap. These results indicate that Osaka prefecture
has the highest rate of mortality from lung cancer. Users can also select one
prefecture in cell F3. Cell H3 visualizes the cancer mortality for all organs in
1999 for selected prefectures using the 3D HeatMap. Here, the mortality from
liver cancer is higher than that from lung cancer in Osaka prefecture in 1999.

4 TimeSlice

We have introduced visualization framework for temporal changes in 2D/3D
structures and values (Fig. 6). In this framework, we can construct 3D visualiza-
tion applications through combining interactive Timeline component, 2D or 3D
canvas components called TimeSlice [7] and TimeCube respectively. 2D canvas
component can use components for representing 2D structures such as network,
tree, and map. 3D canvas component can use component for representing 3D
structures such as map, density, and vector field. Structures on canvas compo-
nents change along position on the TimeLine. We can also add components for
representing changes in values along the timeline such as histogram, and Time-
Flux [4]. Moreover, we can copy canvas components to compare different timings
and multiple topics.

Fig. 7 shows a system for analyzing temporal changes in the activities and
interests of bloggers through a 3D visualization of phrase dependency structures
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Fig. 7. Comparing Marketing Effect of two Telcos

in sentences [6]. The upper TimeSlice shows a topic for ‘Telco A’, while the
lower one shows a topic for ‘Tepco B’1. We can recognize events related to
‘change/switch to Telco A’ are more popular than ‘change/switch to Telco B’ in
most months by observing changes in the structure and frequencies for events.
To start exploring possible reasons for such actions and plans, we first find times
when events “change/switch to Telco A” are popular, and then observe events
around them on the TimeSlice in detail. We can see that there are some peaks
in the events ‘switch to Telco A’ by observing the size of the spheres on the
TimeFluxes. We place TimeSlices at the left on the position of timing when
the first peak is observed (October 2006), and TimeSlices at the right for the
second peak (June 2008).We find that ‘Telco A’ announced or released something
because the size of the ‘announce’ and ‘release’ nodes increased. We next expand

1 Companies’ names have been anonymized.
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Fig. 8. Example of visualizing temporal changes in values on 3D/2D geographical space

these nodes to find details on announcements and products that were released,
and we then find that they announced a ‘new price plan’ in the first peak,
and released ‘product A’ in the second peak. However, although ‘Telco B’ also
announced new products very frequently, there are few peaks related to events
‘switch’ for ‘Telco B’. These results mean that ‘Telco A’s’ marketing activities
had more impact in Japan than those by ‘Telco B’.

Fig. 8 shows examples of visualizing temporal changes in values on 3D/2D
geographical space. Fig. 8 (a) visualizes temporal changes in rainfall strength
over Taiwan around typhoon season in which data is collected through DIAS
project2. We can recognize rain concentrates along shoreline of Taiwan. Fig. 8
(b) visualizes temporal changes in amount of tweets in Tokyo after Earthquake on
March 11, 2011. We can recognize that many people tweets whole through night
around main stations in Tokyo because transportation systems stopped. We can
also find out each station such as Shibuya, Shinjuku, Ueno, and Ikebukuro shows
different trends in frequencies of tweets.

We have proposed an interactive visualization system to extract networks of
historical figures from historical data and to show time-varying changes in their
relationships [5] (Fig. 9). We use red for clusters related to “adversarial relation-
ship” or “battle”, blue for clusters related to friendship, green for others, and
gray for keywords that are not categorized in any clusters. Fig. 9 shows tempo-
ral changes in characteristics of selected relationships between historical figures3.
Fig. 9 (b) shows red edges between TOKUGAWA Ieyasu and TAKEDA Kat-
suyori. These represent their relationships in continual battles. Fig. 9 (c) shows
changes in the relationship between ODA Nobunaga and UESUGI Kenshin for
each year. Fig. 9 (d) visualizes complex relationships between Nobunaga and
ASHIKAGA Yoshiaki.

2 http://www.editoria.u-tokyo.ac.jp/dias/index.html
3 They are powerful territorial lords in pre-modern Japan.

http://www.editoria.u-tokyo.ac.jp/dias/index.html
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(a) Network around 
ODA Nobunaga at 1576

(d) ODA Nobunaga - ASHIKAGA Yoshiaki

(c) ODA Nobunaga - UESUGI Kenshin

(b) TOKUGAWA Ieyasu - TAKEDA Katsuyori

Fig. 9. Changes in relationships between historical figures around ODA Nobunaga

5 Conclusion

We have introduced our interactive information visualization framework on 3D
focusing on comparison and exploration using coordinated multiple views tech-
niques based on the IntelligentBox architecture. The frameworks introduced in
this paper are generic frameworks. They can derive for many explorative appli-
cations. WorldMirror and WorldBottle shown in Section 2 are applied to various
types researches on exploring information spaces [13,14]. TimeSlices are also ap-
plied to various kinds of information with temporal changes such as relationships
between peoples in social media [4] or historical data [5], extracted activities
in social media by using NLP techniques [6], and hyperlink structures on the
Web [7].

The challenges left are applying these frameworks to big data; how to visu-
alize overview of absolutely huge amount of data, and seamlessly move on to
zoom and filter mentioned in Shneiderman’s mantra, or how to combine other
analysis processes using such as machine learning to show important part of
dataset mentioned in Keim’s visual analytics mantra [9];“Analyze first - show
the important - zoom, filter and analyses further - details on demand.”.
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Abstract. Webble World is a web-based environment where everything are 
Webble objects. Stand-alone objects that may be organized and manipulated 
freely into simple gadgets and/or complex applications, either by attaching to or 
detaching from, completely inside the browser with mainly standard mouse 
operations. All that is required by the user is a pursue of a dream and a bucket 
of creativity with a pinch of a mindset that views the environment as merely 
parts of the whole, and these parts are themselves just a bunch of smaller parts 
loosely connected. With that in the travel bag the journey to become a Webble 
application developer is afoot. Digging deep into the vast repository of Webble 
Objects, grab the ones that seem to fit your inner picture and start building 
anything from games, data analyzer systems, map visualizations, web tools, 
web sites, data managers and much, much more. This paper will demonstrate 
the structure of Webble World environment, how to access and enjoy the rich 
library of Webbles and applications produced during the last years and how to 
learn to self become a Webble World contributor. 

Keywords: Meme Media Objects, Customize, Configure, Web, Share,  
Distribute, Resource, Interact, Participate, Federation, e-learning. 

1 Introduction 

This paper will put its main focus on thoroughly explaining what Webble World and a 
Webble really is, mainly on a theoretical and technical level but to put things in focus 
and perspective we will start by giving a background story to its birth and there also 
include some of the more philosophical and non-technical angles. 

1.1 The Philosophy and Goal 

Webbles are based on the philosophy of memes, a word which is coined by Richard 
Dawkins [9], that every thought and all knowledge which humans shares and which 
flows between us, may collide with other thoughts and knowledge and then reproduce 
or mutate, all in favor of survival and adaptation. The meme is a paraphrase which is 
supposed to make us see that human knowledge and cultural expressions are like 
genes in the way they evolve.  

The idea of the meme has stimulated the research on how to improve the digital 
form of human knowledge to better fit the meme description so that knowledge may 



32 M. Kuwahara 

 

be easier spread, evolved and enhanced in a globally shared environment. One of 
these attempts of aligning humans natural ways of exchanging memes to work seam-
less within a partly non-human environment has been conducted by Yuzuru Tanaka 
and his group at Meme Media Laboratory in Hokkaido University, Japan. Through 
their work we were given the theoretical as well as numerous versions of the practical 
creation of the meme media concept known by the name IntelligentPad [1] [2] [5] [6]. 
These were developed both by the meme media laboratory on their own but also in 
cooperation with several partner companies of various size and status, like for exam-
ple Hitachi, Fujitsu and the latest implementation PlexWare from 2003 by K-Plex in 
USA and Japan. No matter version or implementer the purpose of meme media was 
always to work as smart collaborative containers of all forms of digital knowledge.  

From that philosophy and research has now risen an evolved and extended web 
based framework that allows every user to bring their ideas and knowledge to the 
table in order to create a true federation of humanity's collected knowledge, that is in 
constant progress and evolution. We have chosen to call this framework Webble 
World [3] [7] [8]. 

The compound documents accumulated in such a world-wide repository may work 
as genes to evolve their variety. They can be easily copied, which corresponds to the 
self-replication of genes. Their reediting by people corresponds to the recombination 
of genes. Some people may replace a component of a compound document with 
another to find out an unexpected functional effect. This may correspond to a muta-
tion of a gene. Finally, Webbles are subject to people’s evaluation; Some of them are 
frequently copied and reused, while others are gradually forgotten. This corresponds 
to the natural selection of genes.  

A Webble as a Meme Media object, may contain more or less anything digitally 
available. It can be developed by a programmer to look and behave in any way  
imaginable within ordinary software development restrictions. When it has been dep-
loyed to the web it can be downloaded by any Internet user together with other Web-
bles directly in the browser and combined together to form new compound Webbles, 
also known as Webble Widgets, which the user can configure so that they may solve 
some tasks, or present some content the user wants to share. Further on, such com-
pound Webbles can be additionally  combined as a set of tools and/or interactive 
content presentation devices in order to form Webble applications. When satisfied the 
user can republish the creation to the web and then be found by other users who may 
use the Webbles either as they were intended or further improve and reedit with new 
features and new content. Through its reuse by other users the original Webble 
evolves step by step every time it gets republished, though previous versions original-
ly developed by someone else are still accessible and are not removed or altered. This 
does not protect the Webbles of the past from the laws of evolution though, since 
Webbles with high usability rating and popularity will be found more easily and in 
greater numbers than those that are no longer in favor of the users and which will sink 
down into the layers of human productivity and finally be no more than an historical 
fact. It makes the Internet a true living and organic community where everyone parti-
cipates and quite complex software application development can be done online di-
rectly in the browser together with the entire world.  
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As our understanding of culture and knowledge sharing gains, along with the tran-
sition to true interactivity with Web 2.0 and the steady evolution towards the semantic 
Web 3.0, the need for new, more open and more powerful tools emerges, tools that fill 
our need to build and communicate, to be inspired and further inspire others, to de-
velop and change, edit and contribute. Such a tool needs to allow all types of users, 
from any background and with any sets of skills. It needs to be open and free so it 
may evolve alongside the rich source of knowledge it is carrying. It should be easy to 
access from anywhere in the world and it should be fully adaptable.  

We believe Webble World could be such a tool. 

1.2 The Birth of Webble World 

Current version of Webble World has submerged over a period of 5 years, and has 
now reached an acceptable level of maturity to be engaged as a major component in 
several larger software projects around the world. This does not mean that we are at 
some final stage of development, for there are still many road blocks to force through 
before Webble World will be truly at the hands of every willing human being. Some 
of the later iterations of re-factoring the system though has allowed a much larger 
possibility to take full advantage of its core technology and to stretch its meme media 
capabilities even further into its outer realms. The online available running version is 
fully functional and in most aspects, from a users point of view, already displays most 
of the features a meme media, knowledge federation framework is imagined to dis-
play but there are specific issues, like mobile device availability and the more fuzzy, 
open source vs. proprietary issues of the tool and development base, that clouds the 
sky rather heavily, and which cannot be addressed within the current frame of tech-
nical solutions and therefore has forced the Webble World team to prepare the transi-
tion to a new technical core platform which will level up the system immensely. This 
will be further explained more in detail at a later chapter of this paper.  

The existence of Webble World came to be as a result of wanting to prove the In-
telligentPad concept as a recommended approach in knowledge sharing and system 
development, while participating in an EU funded project for the integrated IT sup-
port of clinical trials on cancer (ACGT - Advancing Clinico-Genomic Trials [10]), by 
developing a web based and highly graphical clinical trial management application for 
preparing, conducting and analyzing cancer research trials using the principles of 
editable and compoundable modules like IntelligentPads. Though earlier implementa-
tions of the IntelligentPad concept fully existed, as mentioned earlier, even the most 
recent one, in this case PlexWare, was already several years old, and though that 
maybe was not a major problem in itself, it also lacked many of the new requirements 
and suggestions formulated by the EU project, like free open source, complex graph-
ics, full web compatibility, efficient community accessibility, web browser integration 
and independence of OS and browser applications, just to mention a few. But it was 
the fact that PlexWare was a commercial product that finally sealed its fate and made 
it impossible to use within this new project.  

The year was 2007, and it was clear that a new and evolved version of these theo-
ries in system engineering had to be developed, where the major differences were 
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enhanced object communication that allowed slightly more advanced forms of object 
manipulations between objects, full web integration to run the Webble framework in 
any browser, free online, easy access to achieve an expansion of the community of 
object developers and users, open source support in order to work along other open 
source solutions within the EU project, full compatibility with the existing web in 
order to be able to communicate with any other Web technology, no limitations in 
appearances and graphics so that complex visual objects could be designed and used, 
re-usability of other web resources so that Webble development may benefit from 
work already done in order to save time and money, and finally large scale indepen-
dence from domain and content source restrictions so that Webbles and its content can 
be found and combined from any available online server. We jumped on the task to 
achieve that. 

2 History of Webble World 

Before we get to the mission at hand to explain how to use and take part in the current 
version of Webble World we feel it is beneficial to first let you in on how we got to 
this point and what problems we had to deal with.  

2.1 The Way to Get There 

It was not obvious to start with in what direction this development should go. Many 
technologies available out there contained promising issues that would make it possi-
ble for us to implement the platform we were imagine. But did any of them contain all 
of them? Back then, Flash was still a pretty strong contestant for creating rich web 
based systems. While HTML and JavaScript was, as always, the master of web ap-
proaches, their gigantic problems of browser implementation support made it fairly 
easy to see that using that approach while implementing Webble World, which at that 
moment of time went by another work name, would be an head ache too hard to bear. 
Also we had to consider the need for stronger powers and freedom regarding graphics 
in this new version. Vector graphic seemed like a good idea, but the support for SVG 
and similar was weak at best and definitely not the same between browsers and it also 
often required plug-ins, so if we needed plug-ins anyway maybe Flash was a better 
option. Java and applet concepts was considered but that never left the brainstorming 
meeting for various reasons, one being as simple as the fact that Java as a program-
ming language was  not well looked upon by the team, nor its tools and its way of 
inserting itself by brute force into a website (partly due to the way HTML 4 dealt with 
plug-in objects). Many APIs by both Google, Yahoo and other player's  was consi-
dered and even mockup tested to see whether they could bring what we were looking 
for and let us avoid Flash. So why was Flash not the obvious choice? Simply because 
it was not a programming tool, it was a design tool for web designers with the light 
support of simple scripting. It was used for simple interactions, in simple relational 
situations in order to enhance the graphical appearance and user experience. It was 
not a tool any 'real' programmer would like to implement a platform of above  
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described caliber in, and then also automatically force the rest of the world to use as 
their tool of choice as well. Flash just did not do it and none of the other plug-ins was 
either mature or promising enough to make us invest any serious time in them.  

Then came Silverlight. It was a browser plug-in developed by Microsoft which 
used JavaScript and that promised full OS and browser support. It included its own 
implementation of vector graphics support, namely XAML, which was already known 
and popular through WPF (Windows Presentation Foundation). MS was giving this 
new technology its full attention and being a large, rather secure corporation made us 
believe that this could be it. We started creating the first draft of our Platform and 
came to realize that this had been what we were looking for. The tool base for Silver-
light development was strong and became stronger, as well as its angle to target pro-
grammers at least as strong as web designers, which it really did and its rumors of 
being the Flash killer felt believable.  

The first version of our new web based IntelligentPad platform looked amazing in 
comparison of previous desktop version, though of course lacking in number of Pads, 
but that was just a matter of time and effort to us. With Silverlight 2.0 came C# and 
VB. JavaScript was pushed back and though the underlying use of it still existed, C# 
or VB were the languages to use with the Silverlight Plug-in. And naturally followed 
the king of all IDE, Microsoft Visual Studio. This was of course extremely beneficial 
and welcomed to us in the lab, but we would later realize that it came with a high 
price, the lack of access to this tool base by ordinary home users. With Silverlight 2 
Webble World 0.9 was developed and with SL3 and SL4 everything went from clarity 
to clarity and the strengths of the plug-in just kept getting stronger. Silverlight 5 was 
incorporated nicely and Webble World 1.5 was now online since early 2012. During 
the later part of 2012 Webble World went through another re-factoring of somewhat 
major impact within several fields of the platform and this is where we are today with 
Webble World 2.0  

2.2 What Is Different 

Though there are many sharing communities, blogs and interactive web sites available 
today on Internet with sometimes quite satisfying possibilities for at least ordinary 
communicating participation, most web sites are rather static, being completely non-
reusable or editable by visitors and also one-directional, treating the visitor mainly as 
a silent consumer. The interactivity that do exist are either too complicated for ordi-
nary Internet users to use or very non generic, only allowing one or two things, like 
adding comments, in a much closed environment. 

A click-able button or a forum does not make the web user a true participant or col-
laborator. We need the power to take what exists from several scattered sources and 
recombine, add, remove and reedit and then finally republish some of them back to 
the web so that other users can process them even further. So the task is to make the 
web fully re-editable for every Internet visitor so that its contents, including both 
static and functional ones, can constantly evolve. There is only one main goal; to 
share the collected minds of us all. 
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The base of the requirements is that these meme media object have to be available 
online and located from an arbitrary browser running on an arbitrary OS, and there, in 
the browser they should be fully functional, editable and re- distributional. The object 
should also be fairly easy to develop, preferably in a well-known programming lan-
guage and have extended and rich graphical possibilities which should be easily im-
plemented by either programmers or designers. Finally these objects should not be 
bound by commercial products or demands, but instead mainly rest on open source, or 
at least freeware, foundation. 

Today we are, if not entirely, still very close to that vision. Therefore the limita-
tions of the Webble, the Webble widget and the Webble application lies more or less 
completely within the limitations of the imagination of the human resources, except 
within the fields we will explain in the next section. The environment is free and open 
and the pieces comes in all shapes and forms and can even be reconfigured into even 
more still. This 'meme Lego' which even takes the original concept of IntelligentPad 
even further, these Webbles, may be the next stepping stone toward the true idea of a 
shared mind. 

2.3 Obstacles and Problems 

This might sound like a system designers dream, not to mention the dream of numer-
ous creative Internet users who today lacks appropriate tools for their creativity. But 
in practice there have been many obstacles and problems, even in the end, regular 
showstoppers (missing essential features or embedded restrictions). It has gone so far 
that Webble World 3.0 which has just begun being developed will not use Silverlight 
anymore.  

Every implementation of IntelligentPad has carried with them various issues that 
hindered or damaged parts of the promised experience or possibilities. Though we 
will not explain much further what those issues were before Webble World (like for 
example difficulties ranging from shape restrictions, problems of pad distributions 
across users, copyrights issues, development restrictions to preserve generic usage 
and the one still lingering, sandbox and cross-domain restrictions), we would like to 
involve you more thoroughly in the problems with this latest version.  

Silverlight, like every other common web technology, is heavily sand-boxed, may-
be even more so than most. The reason for this is of course security and to keep mali-
cious websites from being able to do nasty things to the user's computer, but the result 
is also that a lot of cool and important ways to connect servers and tools with each 
other gets severely limited. There are solutions and hacks to get around it, but they do 
not always suffice and they are never pretty.  

Silverlight does not work well with HTML either. Every attempt to blend them in a 
website is riddled with problems and ugly hacks that in the end is not even close to 
what the developer intended to do. Pure Silverlight sights, or small independent isl-
ands of Silverlight inside a HTML page works kind of okay, but anything beyond that 
is a nightmare, which of course is extremely problematic for Webble World which 
tries to connect all sort of web sites and web solutions in a seamless way.  
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Next issue on the list is the fact that plug-ins in general are not supported by mo-
bile devices. A trend that first began with Apples iPhone and iPad and has now been 
adopted by both Google's and Android Microsoft's Windows Phone. This means that 
Webble World is completely shut out from these devices. Back in 2007 when devel-
opment began and Silverlight was new, there basically were no smart phones, so it 
was hard to foresee this problem, but now it is obvious that it is there and it is not 
going away. It actually means that plug-ins in general will probably fade away as a 
valid use of web solution since the mobile market is basically dominating the sales 
nowadays. 

Last but definitely not least is the strong feeling and persistent rumors that Micro-
soft will turn their back to their own creation for greener pastures, namely HTML5, 
and in the future only use Silverlight as framework for creating user interfaces for 
their Windows OS technologies. (Both Windows 8 and Windows-phone use Silver-
light for their interfaces, but that is completely disconnected from the web browser 
plug-in solution).  

So what conclusion does this daunting list of problems emerge to? Only the most 
obvious one, That the next generation of Webble World will not use Silverlight as its 
technology base. But the current do, and it does so extremely well, both on Mac OS 
and on Windows inside most common browsers.  

Webble World, as of today, early 2013, rests on Silverlight, but the concepts, ideas 
and solutions of this system and the theories behind regarding meme media does not. 
One can fully enjoy Webble World already today and create multiple forms of rich 
Internet applications, and when the day comes and the Silverlight plug in is no longer 
required, those same Webbles will in most cases load as good as ever, and in some 
rare cases still work fine if Silverlight is available on the machine running this new 
version.  

Webble World may come in many shapes and forms until the end of time, and this 
platform will evolve and mutate alongside the Webbles it is hosting, but still they will 
be Webbles and as Webbles they will prevail. 

3 Webble World 

Finally we have arrived to what matters, the actual platform environment Webble 
World and its inhabitants, the Webbles. It is time to understand their greatness and 
how to utilize and harvest their fruits both as a hard core programmer and primitive 
Webble developer but even more important as an ordinary non-programming web 
user that just have a need or an idea waiting to be realized. 

3.1 A Webble in Theory 

The concept of the Webble is simple enough where keywords like availability,   
customizable, editable, redistribution, combinable and configurable are supposed to 
describe its existence. A Webble can, depending on its developers intentions carry  
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any kind of digital data, and support any kind of operation and behavior programma-
ble today. It can be stored anywhere on the Internet and then reloaded from most 
browsers anywhere. Webbles can, no matter of its intended purpose be customized in 
many ways by users and combined with other Webbles in order to create compound 
Webbles or Webble applications, where the primitive building blocks together form a 
complex tool. A single Webble or a set of many different ones can be used to build 
simple websites holding some plain text, images or other media, or they can be con-
structed into interactive tools and complex applications like virtual labs, media con-
tent editors, games and much more. 

Webble is the short name of the acronym Web-Pebble, which in turn means 'Pad 
Enhanced Building Block Lifelike Entity' (on the World Wide Web). It aims to tell 
you that a Webble is a digital object which can be loaded into a web browser (and in a 
future version maybe also the desktop), an object that contains Enhanced Intelligent-
Pad qualities that make them like stand alone building blocks, that are often powerful 
and useful on their own, but when combined with other Webbles become even more 
useful. They are building blocks because they can fit together with any other Webble 
no matter what purpose or design that Webble have. And not only do they fit together, 
they also have the power to communicate with other Webbles and exchange data in 
order to make the data evolve inside the Webbles in order to solve a specific task. 
Some Webbles may even have very complex functions as AI, physics, 3D or real life 
simulations. 

The Webble is, as explained before, constructed based on the IntelligentPad system 
with some enhancements, which in reality means, that a Webble is structured a certain 
way, has a wrapping or coating that encapsulate the internal unique code and imple-
mentation of a specific object, so that it will think of itself as a Webble and be able to 
do Webble things.  

In details, the current Webble adopts a simplification of the MVC (Model-View-
Controller) concept which means that a Webble is divided in two parts, a Model and a 
combined View/Controller part, from here on referred to as the View (also known as 
the display object).  

The Model is considered to handle all internal matters that do not require any ex-
ternal interface, also known as the business logic while the View deals mainly with all 
interaction with the user and holds all visual parts of a Webble. Any Model can be 
combined with any View, all depending on the task the Webble is being designed to 
fulfill. One good reason for this separation is the possibility for new Webbles with 
different views to easily inherit Model behaviors from an old Webble.  

Furthermore, within the core of Webble and IntelligentPad design one will find the 
concept of slots, each which is defined inside the Model and the View. A Slot is an 
externally available property parameter or method controller whose values may be 
viewed, exchanged, communicated and modified between present Webbles and also 
by users. The name slot tells us that we can see it as a hole or a plug where one may 
connect a contact in order to create a stream channel or path between two slots in two 
separate Webbles. This channel can be configured as a unilateral or a bilateral one. 
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sophisticated means of communications beyond the default possibilities. That is of 
course one of the major strengths of the Webble and meme media object theories, that 
though recognizable in structure and design as well as human interaction interfaces, 
they are never limited to these only. A meme media object can look, feel and behave 
any possible way, if it can be done with code at all, it can be done by a Webble, only 
limited by the imagination of the developer, but it will at least always be what we 
expect it to be; a meme media object; a Webble. 

The second approach requires no programming and is therefore aimed to the gen-
eral public. This is happening inside the Webble World environment, in the browser 
online and is the manipulation and configuration of available primitive Webble's 
and/or previously constructed Webble objects and applications. This is simply done 
by loading wanted, appropriate Webbles into the platform and begin manipulate slot-
property values in combination with forming Webble relationships and enabling slot 
communications, all by using simple mouse operations and straight forward keyboard 
operations. The result is stored as XML but to the user, who do not care how the crea-
tion is saved, this is all under the hood. By creating parent/child relationships between 
Webbles, adding slot value communications between them, and using Webbles with 
certain features, one can form a vast range of thinkable behavior in a Webble gadget 
or application. If a specific feature is missing for a certain task, it is easy enough to 
create a primitive Webble in code and publish it as your own generic Webble and use 
it in your compilation, but in most future cases the probable vast available number of 
primitive Webbles will allow most users to create gadgets and application without 
writing a single line of code. 

In both described cases of development the goal is always to make the creations 
available for everyone and anyone to use and enjoy. 

3.3 Webble Development in Practice 

We will not describe in any further details what it means to code a primitive Webble 
since it is just simply classic programming using the Webble API provided for down-
load via the Webble World website and to follow the guidelines thoroughly explained 
in the included developers manual on how to create models, views, connect them and 
finally publish to the online repository. 

What we will take a much closer look at though is how we in practice may create 
something useful and appealing directly in the browser without writing code by just 
using the building blocks available. 

In reality the first thing a Webble user must do is to visit a Webble World Platform 
Web site, where many options are available depending on the users need and inten-
tions. All published and properly registered Webbles can be detected by the Platform 
via a Webble management Web service, which keeps track of the XML definition 
files available and when requested by a user, by using provided platform Webble 
tools, like a search engine for Webbles, that allows the user to search, filter and sort 
Webbles in order to find the Webbles that fits the users need, may be downloaded.  

As mentioned above, all data regarding description, and use and ownership of a 
Webble is stored inside the Webbles XML definition file. When a user submit a load  
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There the user can select which slot in the child and which slot in the parent should 
exchange values and also in which direction or directions this communication should 
apply. When a slot connection is submitted the values will immediately synchronize 
with each other, and any effect that may have on the compound Webble will activate. 

In addition to these configurations, specific Webbles my offer several more tools 
and input forms or interaction objects to even further configure the compound Webble 
which the user is creating. For example the Event-Action Manager Webble which can 
listen to events triggered by the platform, itself or, most useful, other Webbles and 
based on the result of these events activate certain actions, has its own interface form 
for setting up such event-actions. 

 

Fig. 9. The specialized interface for the Event Action Manager Webble takes the form of a 
matrix 

So in only a few minutes and with just a few Webbles, a simple gadget as an ana-
log clock or a calculator may be created, but with more work and complexity even a 
whole RIA-style Webble application may be built that serves as a powerful tool or a 
game for the users that interact with it. When this compound Webble, or Webble ap-
plication, has been finished, the Webble designer can save the creation, once again 
simply as an XML Webble definition file, either locally or preferably at any online 
Webble server. As soon as it is saved, it is now available for use by any Internet visi-
tor who may use the Webble World platform's Search tool to find Webbles online, by 
name, description, developer or popularity.  

Once loaded, the Webble will be working as the designer and the developer in-
tended, and the user can do what the Webble promise to achieve. The users are always 
free to participate in further development of the Webble in use. It can be as simple as 
text editing, or as advanced as adding or removing features to a Webble cluster by 
customizing the present Webbles, by adding new ones, or by removing some of the 
already existing ones. This new evolved Webble is now easily resaved back online for 
further access and remakes. The original version remains unchanged and is available 
as well.  
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4 Future Possibilities 

What follows is the next iteration of Webble World in order to mainly solve those 
issues mentioned in section 2 with device compatibility. The new version will be 
developed in HTML5, CSS3 and JavaScript, the later supported by some carefully 
selected libraries like the newly Google developed MVC structured AngularJS and 
the very helpful and popular JQuery. The HTML5 package has a very wide support 
on both mobile devices as well as laptops and desktop computers and it seems that 
from most angles this solution will solve all our current needs.  

The plan is to have a new running version of Webble World by the end of this year, 
2013. The goal also include to make the transition from the Silverlight version to the 
HTML5 version as smooth as possible, both by being able to read the same XML 
configuration files as the current Webble World version but also by including a new 
Webble that can wrap Silverlight content when Silverlight is available. 

4.1 New Features and Old Concerns 

During this new task of reinventing Webble World a revisit to the ever lingering prob-
lem of simplicity vs. complexity will be made. The concept is easily explained, it 
should be very simple to work with Webble World in order to build very complex 
things. But to realize that is a completely different matter. IntelligentPad and Webble 
World users have discovered for years that it is hard to make complex systems when 
the tool only allows simple connections. Usually this has been solved by creating 
extremely complex Pads or Webbles that under the hood does what is wanted, but the 
question is if that is the right way to always go. How much damaging would it be to 
the structure and design if Webbles could communicate freely with any Webble 
beyond children and parents, and what if every Webble could create as many slot 
connections it wanted. Would it not be possible to maintain clarity and viewability by 
a higher level of platform design instead, that helped the user to see the paths and 
flows of connections both within and between Webbles. If these questions will be 
answered we cannot know, but the questions will be asked. 

Another field of research that should be addressed is the creation of a Webble on-
tology. Today Webbles are named and described freely without any second thought 
and that is obvious to anyone not a good way to go in a world where Webbles are 
shared and distributed all over, cross systems and platforms. How this will be solved 
is not cleared, but surveys and input is being collected to find a solution that secure 
the longevity of the Webbles. What also follows within the same realm is versioning 
of Webbles. Since Webbles are reloaded and resaved during its entire lifetime there 
must be a system in place that makes sure users have access to the latest version of a 
Webble, but with the choice to continue using the last unmodified one. 

Exactly what new features comes with the new version is not all clear yet, but the 
new version is on its way and you will know it by the name Webble World 3.0. 
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5 Summary 

By now you should have a very good understanding of what Webble World and its 
inhabitants the Webbles are. How to find them and how to use them and more impor-
tantly how to build them and create them. You are fully aware of the greatness and 
potential of meme media objects, like Webbles, but also informed of the problems the 
concept face. You understand the technical reasons why the current version of Web-
ble World is not the final step and the reasoning behind the decisions to take the next 
step in a certain direction. You should be eager to dig deeper in the practical use of 
Webbles and become a Webble World contributor yourself but also look forward in 
eager anticipation to the next version arriving to your browser within a year. 
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Abstract. Webble World is the latest generation of IntelligentPad implementa-
tions that is fully available online for any individual or organization interested 
in using it. It is a meme media objects environment that allows users to develop 
rich software applications for the web, even without any skills of programming, 
but instead with simple basic mouse operations which is used to configure and 
arrange these meme media objects, known as Webbles, in ways that may create 
various types of complex behaviors and thus form full-fledged applications. It is 
intended to be inviting and used by the general public as a whole, skilled pro-
grammers and their grandmas alike, as well as academics and corporations. It is 
a framework for learning and improving, a knowledge federation where human-
ity can collect their shared skills in software application development.  
But with this power comes the responsibility to build and develop, not just for 
you and a few chosen, but for the entire world at all times. In order to support a 
useful and open federation of meme media objects the developer must try to get 
into the head of every possible future user of his component, and the users need 
to see that Webble systems is a network of objects with little or no central con-
trol but instead a cooperation of  independent parts. To fully appreciate Web-
ble World the user need to adapt a certain mindset, and it is that mindset this 
paper will try to explore. 

Keywords: Meme Media Objects, Customize, Configure, Web, Share,  
Distribute, Resource, Interact, Participate, Federation. 

1 Introduction 

The mission statement goes as follow; A platform available online via any common 
browser running on more or less any common operative system. This platform allows 
the user to do multiple form of interactions, ranging from search and use applications 
and/or widgets that perform anything software applications usually and less usually 
do, as well as to develop and build the very same with only the most basic of comput-
er operations. In this environment everything is an independent object that the user 
can configure, assemble and manipulate at free will. Every application is built up by 
these objects, arranged in a simple, yet effective hierarchic structure and ordered to 
communicate in certain ways in certain directions. When done correctly, no classic 
programming is needed and full-fledged software applications may be constructed in 
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a fraction of usually needed time and mainly with mouse operations only. These ap-
plications are then just a mouse click away from being saved and published online 
and be available to the worldwide Internet users.   

Any application found, no matter its intended use, are still just a composition of 
smaller and more primitive objects and thus can be taken apart and re-arranged at 
each users will. Software is no longer bound to be only what its original developer 
decided, but is instead just a source of inspiration for future users to create and im-
prove. It is an environment of software evolution that invites even the most basic 
Internet user to participate, by just tweaking and  re-configure a constantly growing 
federation of objects and compound objects available.  

The more advanced and classical programmers can use their skills to either create 
the smallest and most primitive of these building block objects, both in classic code, 
from easy accessible templates or by, inside the environment, adding more complex 
coded behaviors to existing objects via available scripting interfaces.  

With the use of wrapping objects, more or less anything outside this environment 
can be drawn in and encapsulated and work like any other object of the framework 
even though its content and base behavior originates from other web and desktop 
sources, not created within the platform. It is a framework designed to help human 
beings save time, share knowledge and participate globally despite background and 
platform. 

Such a mission statement might sound daunting enough, but after years of research 
and development it has come to be the less complex of two parts in order to introduce 
an environment as explained above. The more difficult part has shown to be to tweak 
the mindset of those who think they already know how it is done and those who  
think they do not have what it takes to do it. We believe that is where the challenge 
really lies. 

2 Background 

We will not give you the full history of meme media and knowledge federation within 
this paper. That can be better found in our earlier work listed in the references [1] [2] 
[6] [7] ,but briefly just give you a glimpse of its origin and major milestones.  

The concept and idea of the meme media object was born about 20 years ago, and 
its inspiration as the name suggests comes from Richard Dawkins [4] lectures on the 
meme, the gene counterpart of the human mind and cultural knowledge. The sugges-
tion that our thoughts evolve and mutate like genes in a human interactive environ-
ment. From that was theoretically designed the 'meme media object', a digital,      
relatively small and simple carrier of a specific part of knowledge and or behavior 
that like both memes and genes may interact and connect with any other meme media 
object and form more complex 'life forms'.   

A decade later and several test implementations into this train of thoughts (where 
many more sources of inspiration have been involved [11] [12])  was developed the 
'IntelligentPad' [5], a meme media object framework application for windows PC. 
Several IntelligentPad-like systems was developed in the early part of this century 
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both by venture companies as well as well established enterprises like Fujitsu and 
Hitachi. All based on our design. These products worked very well for their time, but 
had problem reaching a broad audience. This was because of multiple reasons, but to  
mention just a few, these systems were not free, or they were only used internally and 
only the final products were then released, basically locked down for change, which 
of course removed some major selling points of being easy accessed and available as 
well as reconfigurable. The implementations were still good but the benefits of Intel-
ligentPad were mainly aimed for a selected few to reap its benefits. Those who had 
access to it saw the great potential, but most did not have that access.  

But it was not that simple either. There was another factor that crippled the global 
whirlwind of IntelligentPad and that was as mentioned before, the mindset of its us-
ers. In those days it was mainly aimed for skilled programmers in order to simplify 
their work, but they had been developing code for years so the somewhat different 
approach of thinking that came with IntelligentPad did not seem to penetrate the aver-
age developer so well. Instead of creating a large library of small reusable objects, a 
gigantic library of larger one-purpose objects were formed, where many IP (Intelli-
gentPads) became bulky and super specialized and more or less impossible for use 
outside its original settings. Of course there were simple blocks like buttons and text-
boxes made, but often more complex needs was implemented, not as more building 
blocks, but instead as additional code in already very specialized objects. Program-
mers tend to develop a form of tunnel view when writing code, and though it was a bit 
more natural to create smarter classes at some point it never became a rule to break 
down IP into smaller and smarter components for greater re-usability, this is of course 
also due to the fact that making one complex IP takes less time to make than ten well 
designed parts that would form the complexity needed. Time that would of course be 
regained the next moment similar needs were raised, but that was not often enough 
considered.  

In 2007 a request was made to implement a smart reconfigurable tool for cancer re-
search trial management [8] using the concept of IntelligentPad but the current avail-
able implementation was not able to fulfill every requirement, instead a new version 
of IntelligentPad framework would be developed. During a number of years this new 
platform was developed in parallel with world-wide projects that would benefit from  
this type of framework which also worked as a great stress tester of the underlying 
system. In 2010 that framework went online for limited use outside its academic con-
finements and in 2012 its stability and feature base was considered strong enough for 
the general public. This framework is called Webble World.  

3 Webble World 

For those of you that are familiar with meme media objects and IntelligentPad. A 
Webble is all that, and a bit more [3] [10]. Webble World is the browser based 
framework where Webbles live. When visiting a Webble World web site the user get 
access to a federation of Webble objects published online together with an even larger 
set of  widgets and applications constructed and built with these Webbles. 
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maybe faster in a one purpose scenario, but it will be more or less completely lost   
in a new setting and environment and reusability in future scenarios will be severely 
crippled. 

3.3 Available Webbles 

Webbles comes in many shapes and forms. The traditional objects as buttons, text-
boxes, labels and images etc exists, but also more complex ones like windows, charts, 
lists and customizable XAML (vector graphic script language) Webbles, just to men-
tion a few. Also a lot of specialized Webbles for generating random numbers, trans-
forming XML, keeping time and generate maps is included in the repository with a 
much smaller but very powerful set of  Webble Control Webbles like the often used 
Event-Action Manager [10] that allows the Webble application designer to catch 
events and react accordingly. 

 

Fig. 3. A small set of available Webble Widgets built by another set of primitive Webbles. How 
these Webbles are connected and work together is best discovered by visiting Webble World, 
where these Webbles can be found and examined and experimented with. 

Some of the most advanced applications [8] [9] developed in Webble World was 
made for specific environments and users dealing with highly secured data, and are 
therefore not available to the general public, but there are still a few applications and 
games to test, and also our, still under development, data analyzing dash board. 

4 Current State 

The current version of Webble World, as of the time of this writing, was built on  
top of Microsoft Silverlight technology, a browser plug-in with rich state of the art 
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capabilities for XAML vector graphic design and a powerful C# SDK. More powerful 
than Flash regarding its coding possibilities, which was mainly made for web    
designers and artists with rather weak scripting tools.  

Back then, in 2007, plug-ins in general was considered the primary choice for 
creating web software that required that extra, and though many different approaches 
was considered, choosing Silverlight at that time, five years ago, was a decision made 
without any later regret.  

4.1 Strengths 

Today’s version is the third iteration of the framework since it has been 'forced' to 
closely follow the level of progress done by Microsoft in regard of Silverlight. For 
each iteration the system has become stronger and more pleasing, in regard of stabili-
ty, feature richness, interface appeal and user friendliness. It takes only a few hours to 
create a classic ball and paddle game like Arkanoid, and only a few minutes to create 
a common style interactive website.  

 

Fig. 4. The 'Dashboard' gets a whole research paper of its own, so here we only show apps that 
entertain without any attempt to educate, except future Webble application developers that is 

At the beginning of Webble Worlds Life cycle, each new application idea also re-
quired one or more primitive Webbles to be built and coded as well, but today the 
repository is getting rich enough to allow most current Webble application developers 
to build numerous types of applications without the need to look for building blocks 
outside the repository. This is partly due to the latest increase of primitive Webbles 
but also the strengthened capabilities of Webble  World that allows the user to con-
figure and control Webbles beyond their original intended use. Two Webbles of the 
same primitive class can sometimes look so different in appearance and behavior due 
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to slot configuration, custom slot creation, and increased vector graphic tree control, 
that it would not be possible to realize their common origin without a much more 
detailed examination of their internal meta data.  

4.2 Weaknesses 

But it is not all smell of roses in the Webble garden, there are problems. One that has 
already been mentioned is the mindset of most visitors, a mindset that is not neces-
sarily wrong but does not apply well with Webble World interface it seems. Those 
that already has a set of tools and skills to create web applications, does not find the 
motivation to do it in an unknown environment as often as one would wish, and those 
who lack both skills and the tools, does not seem to see how any tool or framework 
could ever give them the power to develop software applications, and in both cases 
the visit becomes too short and unsatisfying. Equally so for the Webble World devel-
opment team who is not given enough feedback in order to find ways to lower the 
initial threshold. The search for that missing piece, here described as an inviting 
mindset, that would turn Facebook users into Webble developers are still yet to be 
found.  

The other problem is not less serious, and maybe even somewhat related, but it is a 
problem with a much clearer image of how to solve. This problem is called Silver-
light. Silverlight promised a browser independent and OS independent solution, and 
for some time it seemed to be just that, even though Linux never really reached the 
finishing line. But as the years passed, reality became different then the promise, and 
Apple computer users did not receive the same Silverlight experience as Windows 
users did. But this is only the technical issues, the emotional ones are bigger still, so 
ones again a mindset issue. The world is full of people that shuns anything Microsoft 
creates, and Silverlight was no exception, unfortunately those were often the very 
same people that might love Webble World, the open source developers. And finally 
came, if not the nail in the coffin or a killing blow, at least a strong indication that it is 
time to move on. Tablets and phones, even those made by others than Apple, does 
not, and as far as is known today, will not ever support plug-ins. Even so much so that 
Microsoft more or less quietly seems to indicate the termination of future develop-
ment of Silverlight as a browser plug-in, but instead seems to focus it only towards its 
use to develop device interfaces. 

But this is of no real surprise, Internet moves in mysterious ways, and one who 
dwells in the land of the unknown, in uncharted waters, must always be prepared to 
change course.  Webble World can only become stronger. 

5 Next Generation 

A code base that more or less runs on every device, OS or browser thinkable, without 
any requirement of plug ins, on technology with decades of quality assurance and a 
huge world-wide base of already existing skilled developers. A coding that has  
not stagnated but is still under constant improvement, that carries all that Silverlight 
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offered and delivered in form of vector graphics powers, alongside with an open 
source, free access mindset. That is all it takes, and look and behold, thus enter 
HTML5 the stage and our problem is solved. 

Webble World HTML5 version has just entered its initial developing stage and is 
planned to see the first light of day within the boundaries of this year. It will perform 
at least as good as the current Silverlight version, and it will also allow and support 
different approaches for integrating legacy Webbles originally created in Silverlight 
in order to make the transition as smooth as possible, mainly be supporting the same 
xml formats, or by adding a Silverlight wrapper Webble (the later would still contain 
Silverlight shortcomings though).  

This new version will run Webbles inside windows tablets, iPads and android 
phones as well as desktop computers with Linux, Apple OS and Windows. Every-
thing that runs HTML5 that is. To create primitive Webbles will require a basic skills 
of HTML5, CSS3 and mainly JavaScript, but for the larger part of web users the 
Webble will be what it always was, a meme media object ready to configure, organize 
and use directly in your favorite browser. 

6 Summary and Discussion 

This paper is trying to investigate the mismatch between the mindset of a possible 
Webble World user and the development interface approach offered by Webble 
World. When it comes to skilled programmers a few problems seems to surface; 
They're familiar with working in code of their chosen language and feels out of water 
when asked to develop in a code-free WYSIWYG environment, they also believe that 
development goes faster the traditional way, not considering reuse or meme object 
separation, which would be true if you do not consider the time you save the follow-
ing times you need similar components. The non-programming user on the other hand 
still seem to perceive Webble World to be too complex, at least at the first look. Con-
cepts as slot, slot connections and parent-child relationships sounds daunting to regu-
lar Internet users who therefore avoid investing any further time into understanding it. 
It could also be, though this is mere speculations, that the internal image of an object 
differs from what these users see on the screen presented as a Webble, which then in 
turn stifle creativity. The same creativity we originally wished to inspire.  

The need for feedback is constant and can never be too much so the entire world is 
welcome to join the Webble World community1.  

We claim that the world entire would benefit immensely if software development was 
conducted in environments like Webble World. The benefits would be, after the initial 
creation of major useful meme media objects, much time saving whenever a new appli-
cation needs to be built, mainly since most parts have already been developed. It would 
also be good for the world that previous non-programmers suddenly was given an oppor-
tunity to participate in the development of software. Our understanding, especially within 
                                                           
1  http://www.meme.hokudai.ac.jp/WebbleWorld/ 
WebbleWorldIndex.html. (login info if requested; username: 'webble', password: 
'webble') 
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the field of user interaction, would explode just by study how users organize their own 
personal software. Also in times like this when file sharing is under constant debate, the 
idea of sharing, not only content and context, but also usefulness, behavior and entire 
customizable software solutions would definitely increase the power of the people and 
challenge the established ideas of open source vs. proprietary software.  

We believe the Webble World platform will never be a finished system, more like-
ly it will slowly turn into meme media object on its own, and will come in various 
shapes and forms, built up within, by Webbles itself. The shared base would only be 
the power to understand how to read a Webble file and turn it into something tangible. 
We believe one of the first systems like this exists today, all that it takes is a little bit 
of a new mindset, or for us to better understand the current one. 
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Abstract. Webble technology is a media technology allowing media
generation by direct manipulation. Webble users can build systems and
interfaces by interactively combining visual components, called webbles,
and dynamically connecting functions of components to create new, com-
posite components. A casual user can simply place one webble on another
and plug it in, and the combination will be able to run immediately as-
suming the connected functions are compatible. However, the current
webble technology provides virtually no means for (a) searching a poten-
tially huge pool of webbles to find those needed for a specific application
and (b) knowing whether the functions of two webbles are compatible
(and therefore whether the webbles can be connected). In this paper, we
propose an approach to a solution for this problem.

1 Introduction

Webble technology is a media technology allowing media generation by direct
manipulation [1]. Webble users can build systems and interfaces by interactively
combining visual components, called webbles, and dynamically connecting func-
tions of components to create new, composite components. Each function of a
webble is physically represented as a webble slot. Casual users can simply place
one webble over another (by drag-and-drop), plug it in, and the combination
will be able to run immediately, assuming that the connected functions are com-
patible.

Therefore, when a webble is dropped on another, one of two things can happen:
if the relevant slot types of the two webbles are compatible then the webbles are
effectively connected and the new, composite webble is available for further use;
otherwise there is no connection established and therefore no creation of a new,
composite webble. In other words, placing one webble on another and plugging
it in is not necessarily creating a connection, unless there is slot compatibility.

The long term vision of webble technology is to start with an open pool of
atomic webbles created by an initial group of technology oriented users, and
grow it to a world wide webble pool that can be accessed freely by casual or
professional users. The webble pool users will either use existing components for
their applications, or create new components from old and contribute to growing
the pool by making their webbles available to the webble community.

O. Arnold et al. (Eds.): WWS 2013, CCIS 372, pp. 66–78, 2013.
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However, in the current version of webble technology, there is little or no help
provided to the casual user in order to (a) search a potentially huge pool of
webbles to find those needed for a specific application and (b) know whether the
functions of two webbles are compatible (and therefore whether the webbles can
be connected). As a consequence the user must try to connect webbles by trial
and error - a formidable task, as the number of slot combinations is huge even
in a pool of a few tens of webbles.

In this paper, we propose to solve this problem by introducing annotations
at two levels: at the webble level and at the slot level. Our claim is that if these
annotations are based on standard, controlled vocabularies then one can define
search mechanisms (based on those vocabularies) allowing to access webbles of
interest, and to have information about compatibility of their slots. Additionally,
the world of webbles can then communicate with other worlds using the same
vocabularies, and in particular it can communicate with the world wide web.

Today, there are several standard vocabularies, such as Dublin Core[2], IEEE’s
LOM [15], CIDOC-CRM[3], ACM’s CCS [16] and others. These vocabularies are
rather widely used today in several areas, including digital libraries, archives [4],
or distant learning systems, to mention just a few areas. Annotation framework
using such standard vocabularies or more sophisticated ontology representing
domain knowledge [5][6][7] is continuously very hot research topic and already in
use in various application domains. One of most successful examples is semantic
annotation of biomedical data. Nowadays various biomedical data are annotated
by using several standard vocabularies [8][9] and those annotations are widely
used for biomedical data analysis [10] and information retrieval[11].

Our proposal is also motivated by another simple observation regarding web-
ble technology. To begin with, from a programming point of view, webbles can
be regarded as a visual, dynamically typed programming language. Compared
to static typing, dynamic typing has the advantage of enabling the connection
of arbitrary pairs of slots during runtime. However, such over-flexibility entails
the risk of misconnections, as well as difficulties in choosing an appropriate com-
bination of slots from a huge number of possible combinations.

One possible solution is to enhance dynamic programming with optional type
annotation[12][13][14]. It is the kind of annotation that programmers optionally
embed into source code for indicating types of variables or function signatures.
Optional type annotation has no effect on the run-time semantics of the program-
ming language. However, it can be used for improving productivity and runtime
performance of dynamic programming languages by static type checking before
execution, JIT (just-in-time) compiler optimization and content suggestion in
IDEs (integrated development environments). Today, optional typing is a very
popular approach for introducing more stability and strictness to dynamic pro-
gramming languages while preserving their flexibility.

The idea of optional type annotation is not limited to the programming
world. In the world wide web, we also find various microformats for annotat-
ing pieces of HTML documents by using predefined, controlled vocabularies. For
instance, the hCard standard defines a set of class names for indicating contact
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information. By using hCard, we can explicitly indicate telephone numbers like
<span class="tel">0678901234</span>. Microformats also enable us to pre-
serve expressiveness of HTML itself and to optionally introduce semantics of
data in HTML documents.

From these observations, we believe that there can be various useful applica-
tions of optional type annotation for webbles as well. However, we have to keep
in mind that webbles is not a RAD (Rapid Application Development) tool. It is
a media architecture. Therefore, we should not limit possible annotation types
for webbles only to those used for data types in programming.

For instance, if you make a dialog webble for entering book reference data,
it is a good idea to annotate both the webble and its slots, using the Dublin
Core vocabulary. In this way, if later on you develop a new application, say for
EPUB books, you can easily find that dialog from a webble repository and al-
most automatically connect it to your new application. This is possible because
Dublin Core is not only a programming technology but also a common vocab-
ulary used for annotating files of various media formats, including EPUB. We
can also imagine similar examples not only for Dublin Core, but also DBpedia,
YAGO, AAT, MeSH and any other controlled vocabularies used in the Web. By
annotating webbles with such widely used vocabularies, webbles can gradually
become citizens of the Linked Open Data (LOD) world.

In this paper, we introduce a generic and formal framework for annotating
webbles. The kind of vocabulary that we envisage can be a pre-defined vocabu-
lary specific for the webble framework, or the LOD world. The framework that
we propose here works with any kind of controlled vocabulary. Moreover, our
framework doesn’t touch the webble architecture itself - it just overlays an ad-
ditional, semantic layer on top of the naked webble architecture.

2 Webble Annotations

The current webble technology offers some means to attach annotations both at
webble level and at slot level. At webble level we find several kinds of annota-
tions in the current webble implementation: name, class name, developper, group
identifiers, description keywords and “metadata”. However, the terms in these
annotations do not come from any standard vocabulary and the mechanism for
creating metadata is rarely used (i.e. most webbles have empty metadata).

At slot level, we find two kinds of annotation: (a) a slot name and (b) a
slot type. However, none of these information items is exploited from the user’s
point of view. Moreover, there is no mechanism available to express attributes
(or properties) of a slot other than its name and type.

Another problem is that the names in these annotations do not come from
any standard vocabulary either. For instance, if someone wants to search webbles
by name, he has to read a document about webble file format to identify the
name of the annotation which represents webble names. This lack of relationship
with widely-used controlled vocabularies prevents visibility, searchability, and
reusability of webbles in the context of the world-wide-web.
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To solve this problem, we propose to enrich the existing annotations of a
webble at both levels (i.e. at webble level and at slot level), and moreover use
annotations for designing search mechanisms and for reasoning about webbles.
The annotation framework that we propose in this paper aims at the following
goals:

Easy to define. To encourage webble developers and users to start annotating
webbles, we should keep the annotation model as simple as possible. From
user’s point of view, a webble annotation in our framework is just a set of
attribute-value pairs. Our framework also provides a controlled vocabulary
for webble annotation: it’s a small set of terms borrowed from RDF together
with a few webble-specific terms. Reasoning about annotations is based on
a set of entailment rules defined by the framework. However, as far as users
are concerned, reasoning is transparent: it is basically a kind of detail users
do not need to care about.

Annotation of both media containers and media contents. Webble is
not only a GUI toolkit, but also a media architecture. A webble can be a
container of media contents. When we annotate webbles, we need to distin-
guish between media containers and media contents. For example, suppose
an image webble has an annotation “dc:creator is Hokkaido university”. In
this case, Hokkaido university is a creator of what? The webble itself, or the
image displayed by the webble? Actually, we need to handle both cases. Out
framework allows users to annotate both webbles and contents represented
by webbles.

Cooperation with webble architecture. Our framework can cooperate with
the basic mechanisms of webbles, in particular, slot connection and webble
composition. It can map slot values to annotations, and it can reify annota-
tions as webbles. These features allow us to interactively annotate webbles
and media contents by using slot connections and webble compositions.

Easy to map to RDF. After annotating webbles, the next step is to make
webbles visible in the LOD world. A straightforward way to do this is to
represent webble annotations by using the standard metadata format in LOD
world, namely RDF. Our framework provides a simple mechanism to map
webble annotations to RDF graphs. From webble annotations, our framework
produces RDF graphs representing annotations of webbles, annotations of
contents, and the relationship between a webble and its contents.

Enhance the behavior of webbles. If the webbles are annotated, then the
webble runtime environment can use annotations for various use. In partic-
ular, RDF mapping of webble annotations enables us to use the powerful
reasoning system of RDF in order to control the behavior of webbles. In this
paper, we demonstrate rule-based restrictions of webble composition and slot
connection by using webble annotations.

2.1 Annotating Webbles and Their Slots

Figure 1 shows the work flow in an example that we shall use as a running
example throughout this paper. In this example, a user wants to create an image
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Fig. 1. A example work flow

webble whose content (i.e. the image contained in the webble) is annotated by
the content of a metadata webble. To achieve this goal, the user has to do
the following: (1) search for webbles in repositories for creating the composite
webble satisfying his goal; (2) set slot values, define webble compositions and
slot connections to create the intended webble; and (3) possibly store the created
webble into a repository for future reuse. Figure 2 shows the structure of the
composite webble.

wi wm  

DublinCore 
Webble wm 

Image 
Webble wi 

#url 

#url 

#title #creator … 

Fig. 2. Structure of the example webbles

In the composite webble, we can see an image webble wi which can contain
and display an image, and a metadata webble wm which can contain metadata
defined in Dublin Core (hence its name “DublinCoreWebble”). The user wants
to compose these two webbles so that the metadata contained in wm is added to
the image displayed by wi.

This work flow can be done perfectly without any annotations at all. However,
from the practical point of view there are several problems.

1. How can the user efficiently search for webbles in a webble repository?
2. How can the user make this composition without tedious try-end-error

repetition?
3. How can the user expose results of the webble composition in a searchable

form for future reuse?

To solve these problems, we need (1) well-organized webble annotations on which
to base search mechanisms (2) a query language for searching webble repositiories
(3) a mechanism preventing users from performing forbidden operations, and (4)
a mapping rule from annotations of composite webbles to a searchable form.
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In this paper, we first discuss webble annotations (point (1) above); then a
mapping rule from webble annotations to RDF (point (4) above); and finally we
demonstrate a plug-in type system to restrict user’s operations in order to avoid
errors (point (3) above). We do not address the issue of defining a query language
(point (2) above). To begin with, let’s define formally what an annotation is.

Definition 1 (Webble annotation and slot annotation). Let i be the iden-
tifier of a webble or of a slot. The annotation of i, denoted An(i), is defined to
be a set of attribute-value pairs, namely: An(i) = {(A1, v1), ..., (An, vn)}.
There are several important points to mention regarding the definition of a
webble annotation. Firstly, we assume that both webbles and slots are associated
with identifiers, and moreover that we can tell whether an identifier is a webble
identifier or a slot identifier (e.g. from its syntax). In the rest of this paper,
we use the following conventions: (1) if w denotes a webble then w denotes the
identifier of w, and (2) if s is a slot of webble w then w:#s denotes the identifier
of slot s of w.

Although we do not discuss how webble annotations are defined, we assume
two types of annotations: system annotations, defined by webble developers and
user annotations defined by users. Attributes and values of system annotations
are pre-defined by developers or dynamically assigned by webble runtime en-
vironments, while user annotations are defined by users who wish to append
application-specific inforation to webbles.

Finally, we assume that all attribute names A1. . .An come from some con-
trolled vocabulary. In particular, in order to be able to map webble annotations
to RDF, we will introduce a restriction such that every attribute name must be
the URL of an RDF property. Therefore in the rest of the paper we use only
URLs of RDF properties as attribute names.

Figure 3 shows an example annotation of an image webble wi. Basically all
annotations in this example are system annotations.

An(wi) = {(dc:title, "Image Webble"), (rdf:type, ImageWebble),

(dc:creator: "Hokkaido Univ."), (wb:hasSlot, wi:#url)}
An(wi:#url) = {(dc:title, "URL"), (rdf:type, TextSlot),

(wb:hasValue, http://a/b/c.jpeg)}

Fig. 3. Webble annotation example

In this example, some basic information (name, title, . . . ) are described by
using terms from Dublin Core, whose name space is denoted as dc. The example
annotation also describes ownership and value of url slot by using wb:hasSlot

and wb:hasValue that come from a controlled vocabulary that we have specif-
ically designed for webble annotations. We call this vocabulary webble vocabu-
lary and in the rest of the paper its name space is denoted as wb. Note that
wb:hasValue is a typical dynamic annotation. Indeed, the value of this annota-
tion is dynamically assigned by a webble runtime environment to indicate the
slot value of an annotation.
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An important point to notice here is that webble annotations describe only
webbles and their slots. Indeed, the example annotation of Figure 3 does not
say anything about the image http://a/b/c.jpeg displayed by the image web-
ble wi. In other words, webble annotations in this figure annotate only media
containers and do not annotate media contents.

2.2 Annotating Slot Values

To annotate media contents, our approach uses an entailment rule to infer anno-
tations of media contents from annotations of media containers and their state.
In other words, our framework assumes that metadata of a media content is
represented as state of a media container. Regarding the webble architecture,
the state of a webble is externalized as a set of slot values.

An(wm) = {(dc:title, "Metadata"), (rdf:type, DublinCoreWebble),

(wb:hasSlot, wm:#url), (wb:hasSlot, wm:#title), ...}
An(wm:#url) = {(dc:title, "URL"), (rdf:type, TextSlot),

(wb:hasValue, "") }
An(wm:#title) = {(dc:title, "Title"), (rdf:type, TextSlot)}

(wb:represents, dc:title), (wb:annotatesValueOf, wm:#url),

(wb:hasValue, "La Joconde") }
. . . . . . . . .

Fig. 4. Slot value annotation example

Figure 4 shows an example annotation of DublinCoreWebble wm and its slots
(only annotations of url slot and title slot are shown).

The properties wb:represents and wb:annotatesValueOf in the annotation
of title slot are terms from the webble vocabulary used for annotating values
of slots. Intuitively, the annotation of title slot says that “the value of title
slot represents dc:title of something specified by url slot”.

This statement is represented by three terms of webble vocabulary and one
entailment rule. Figure 5 illustrates the mechanism of slot value annotation.
In this figure, wb:represents associates slot t with an attribute name p.

s 

vs 

t 

vt 

wb:annotates 
ValueOF 

wb: 
hasValue 

wb:represents p 

wb: 
hasValue 

p 

Fig. 5. wb:represents and wb:annotatesValueOf
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wb:annotatesValueOf associates slot t with slot s. The slots s and t have val-
ues vs and vt. For these annotations, webble vocabulary defines the following
entailment rule R1.

(wb : hasValue, vt) ∈ An(t) ∧ (wb : represents, p) ∈ An(t)∧
(wb : annotatesValueOf, s) ∈ An(t) ∧ (wb : hasValue, vs) ∈ An(s)

(p, vt) ∈ An(vs)

R1: Slot value annotation

By R1, the annotations in Figure 5 entails annotation (p, vt) ∈ An(vs), which is
illustrated as the dashed line arrow in the figure. The role of this entailment rule
R1 is to lift slot annotations to slot value annotations. By using this mechanism,
we can annotate media contents indicated by slot values.

Now we are ready to annotate contents specified by url slot. However, at
present, url slot of DublinCoreWebble wm has no value. To get the url of the
image displayed by the image webble wi, we can use webble composition and the
slot connection mechanism. By combining wm with wi as a child, and connecting
both url slots, the url slot of wm gets a url from url slot of wi. As a result, the
annotation of wm’s url slot gets the following attribute-value pair.

– An(wm:#url) = {..., (wb:hasValue, http://a/b/c.jpeg)}

Then, we apply entailment rule R1 to associate slot values with annotations of
slot values. In this example, rule R1 matches with s =wi:#url, t =wm:#url, vs =
http://a/b/c.jpeg, vt ="La Joconde", p =dc:title. As a result, this exam-
ple annotation entails (dc:title, "La Joconde") ∈ An(http://a/b/c.jpeg).
It is exactly an annotation of the image http://a/b/c.jpeg.

As we demonstrated here, our framework uses wb:hasValue, wb:represents,
wb:annotatesValueOf, and entailment rule R1 to associate slot values to anno-
tations. These three terms and one rule form the core of the webble vocabulary.
The full definition of the webble annotation core vocabulary can be found in the
appendix.

2.3 Mapping Annotations to RDF Graphs

Conceptually a webble annotation is just a set of attribute-value pairs. However,
by restricting attribute names to be only RDF properties, we can easily map
webble annotations to RDF graphs. The basic idea is that we can represent an
attribute-value pair (a, v) in annotation An(i) as an RDF statement “i a v” if
a is an RDF property.

Table 1 shows the mapping from webbles and webble annotations to RDF
graphs used in our framework. In our approach, each webble and each of its
slots is mapped to an RDF resource. Static structure (ownership of slots, etc.),
dynamic state (slot values) and annotations are mapped to RDF statements.

The graph in figure 6 shows an RDF representation of the example that we use
in this section. In this graph, statements mapped from webble annotations are
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Table 1. Mapping from webbles and webble annotations to RDF graphs

Webbles and annotations RDF

webble w w

slot s of webble w w wb:hasSlot w:#s

value v of slot s of webble w w:#s wb:hasValue v

pair (a, v) in annotation An(i) i a v

webbles and annotations an RDF graph

wi wm 

#url #url #title 

wb:hasSlot wb:hasSlot wb:hasSlot 

wb:annotates 
ValueOF 

http://a/b/c.jpeg 

wb: 
hasValue 

wb: 
hasValue 

La Joconde 

wb: 
hasValue 

dc:title 

dc:title 
wb:represents 

Image 
Webble 

Metadata 

dc:title dc:title 

Fig. 6. RDF representation of webble annotation

represented as solid line arrows, and statements inferred by the entailment rule
are represented as dashed line arrows. An RDF representation of webble anno-
tations consists of graphs representing annotations of webbles and slots (webble
graph), and graphs representing annotations of contents (content graph). As we
can see from this example, our framework can produce “clean” content graphs,
that is, content metadata is represented by using only standard controlled vo-
cabularies without webble specific vocabularies. This is an advantage for inter-
operability of webble annotations with existing metadata standards. By storing
RDF representations of webbles into webble repositories, we can search webbles
by using SPARQL which is a query language for retrieveing information from
RDF documents.

2.4 Enhancing Webble Behavior Based on User Annotations

The webble architecture provides a webble composition mechanism and a slot
connection mechanism. The design of these mechanisms are intended to combine
arbitrary pairs of webbles and slots. As we mentioned in the introduction, such
over-flexibility entails the risk of misconnections. Regarding webble composition,
the current webble architecture does not provide any information for restricting
the combination of webbles to be combined. For slot connection, one possible
solution is type-checking of slots. However, basically, webbles are designed and
should be designed for preserving interoperability of webbles by choosing their
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slot types from a small set of common slot types (string, integer, real, etc.).
Additionally, automatic data conversion is implemented between many combi-
nations of common slot types. As a result, selectiveness of slot types is usually
too low for helping users to avoid misconnections of slots (static type checking
in statically typed programming languages helps us in finding some errors but
it is still far from eliminating all errors).

As a consequence, if we want to introduce a mechanism which helps users in
reducing miscombination and misconnection of webbles, it has to be application
specific. For each application, we need to “plug-in” an additional type system
of webbles and slots specific for the application. For this purpose, we can use
user annotation of webbles. RDF mapping of webble annotations enable us to
define custom type systems by using RDF schema (RDFS) or more advanced
RDF vocabularies like OWL. Then we can annotate types of webbles and slots
used in applications.

By using the example illustrated in figure 2, suppose a user intends to combine
the image webble wi only with child webbles which describe metadata. In this
case, the user can introduce a custom type system of webbles, then declare
webbles by using this type system and check whether a webble can combine
with another.

Firstly, the custom type system has to be declared as a set of RDF triples.

– DublinCoreWebble rdfs:subclassOf wb:Webble

– DublinCoreWebble rdfs:subclassOf MetadataWebble

– CIDOCWebble rdfs:subclassOf MetadataWebble

– . . .

Then, the type of webbles acceptable as children by the image webble wi has to
be declared as part of wi’s annotation. In this example, the acceptable type is
declared by using wb:acceptsAsChild which is a term of webble vocabulary:

– An(wi) = {..., (wb:acceptsAsChild, MetadataWebble) }

Finally, we can check whether a webble can be combined with wi or not by
evaluating the following rule.

x wb:acceptsAsChild t ∧ y rdfs:subclassOf t

y can be combined with x as a child

In the same manner, we can also restrict possible combinations of slots to connect
by using annotations and rules. For instance, both image webble and Dublin
Core webble have url slot whose type is TextSlot. TextSlots can accept texts
in general as values. However, url slot of image webble has a URL of an image
as its value, and url slot of Dublin Core webble has a URL of a resource to
annotate in general as its value. We can declare such detailed information of slot
value domains as annotations.

– An(wi:#url) = {..., (wb:valueDomain, vra:Image)}
– An(wm:#url) = {..., (wb:valueDomain, rdfs:Resource)}
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In the above example, vra:Image (which is a class defined by Visual Resource
Association [17]) is used to fix the domain of wi:#url slot to image URLs. The
domain of wm:#url slot is also fixed to URLs of resources in general by using
rdfs:Resource. By using this additional information about slot value domains,
we can check whether values of one slot can be set to another slot by using the
following rule:

x wb:valueDomain s ∧ y wb:valueDomain t ∧ s rdfs:subclassOf t

values of slot x can be set to slot y

In this paper, we do not discuss details about webble vocabulary and rules for
controlling behavior of webbles. The main point we would like to emphasise
here is that by introducing application specific type systems and rules, we can
carefully restrict the operations that users can perform. We believe that such
restrictions on user’s operations for avoiding misconnections of webbles is useful
and somehow indispensable when we provide webbles for casual users.

3 Conclusion

In this paper we have argued that if the webble technology is to be used in its full
strength it should be enhanced in two ways: (a) providing means for searching
a potentially huge pool of webbles and (b) controlling webble’s behavior by
introducing application specific type systems and rules. We have proposed webble
annotations as an unobtrusive way to remedy these two deficiencies of the current
webble technology. Additionally, by studying an important use case (annotation
of digital media contents) we have demonstrated the benefits of using standard,
controlled vocabularies in the definition of webble annotations.

We are currently researching several aspects of composite webbles. The main
concern is query formulation and evaluation for searching webbles in the web-
ble repository. In this paper, we have demonstrated how webble annotations
can be directly mapped to RDF graphs and how our mapping method produces
“clean” RDF graphs of content metadata. Therefore we can search media con-
tents in the webble repository by using the same manner for querying content
metadata. However, the question is how to search media containers in the same
repository. Webbles may have many slots and sometimes they are composite.
Annotations over such complex webbles are represented as complex RDF graphs
which is difficult to query. To allow typical users to search complex webbles
from the repository, we need to introduce a mechanism for “summarizing” web-
ble annotations into simpler forms to search. We have developed a theoretical
framework of metadata summarization in the context of composite document
repositories [18]. This framework works with metadata comprising a set of terms
from a controlled vocabulary. In future work, we will extend this framework to
handle metadata represented as RDF graphs.
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Webble Core Annotation Vocabulary and Semantics

wb:Webble rdf:type rdfs:Class

wb:Slot rdf:type rdfs:Class

wb:hasSlot rdf:type rdfs:Property

wb:hasSlot rdfs:domain wb:Webble

wb:hasSlot rdfs:range wb:Slot

wb:hasValue rdf:type rdfs:Property

wb:hasValue rdfs:domain wb:Slot

wb:represents rdf:type rdfs:Property

wb:represents rdfs:domain wb:Slot

wb:represents rdfs:range rdfs:Property

wb:annotates rdf:type rdfs:Property

wb:annotates rdfs:domain wb:Slot

wb:annotates rdfs:range rdfs:Resource

wb:annotatesValueOf rdf:type rdfs:Property

wb:annotatesValueOf rdfs:domain wb:Slot

wb:annotatesValueOf rdfs:range wb:Slot

R1: Slot value annotation

(wb : hasValue, vt) ∈ An(t)∧
(wb : represents, p) ∈ An(t)∧

(wb : annotatesValueOf, s) ∈ An(t)∧
(wb : hasValue, vs) ∈ An(s)

(p, vt) ∈ An(vs)

R2: Webble or slot annotation

(wb : hasValue, vt) ∈ An(t)∧
(wb : represents, p) ∈ An(t)∧
(wb : annotates, s) ∈ An(t)∧

(p, vt) ∈ An(s)
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Abstract. Meme media technology is developed for provoking and sup-
porting the evolution of knowledge on computers and the Internet. With
the development of World Wide Web, the Web comes to have elemen-
tal functionalities for realizing meme media-based knowledge evolution.
Webble World, the latest meme media platform, was implemented for
seamless integration of meme media technology into the modern Web
technologies. However, because it works on a browser plugin, it is slightly
getting detached from other Web-related technologies. To achieve more
seamless integration, we explore the possibility of developing a meme
media platform with pure Web technologies. First, we look back on the
original meme media architecture to understand what is necessary to
implement the platform. Then, we pick up a JavaScript framework for
building structured Web applications, called AngularJS. Consequently,
we develop a prototypical implementation of a meme media platform and
some example meme media objects on the platform. Because the plat-
form is implemented only with HTML and pure JavaScript, it works on
modern Web browsers that support the latest HTML5 and JavaScript
specifications.

Keywords: meme media, HTML5, MVC framework, web application
platform, web-based middleware.

1 Introduction

World Wide Web (WWW) is a powerful platform for recent computer appli-
cations. In December 2012, the specification of the next generation of HTML,
known as HTML5, became a candidate recommendation of World Wide Web
Consortium (W3C). Thereby, separated Web-based state-of-the-art technologies
for building rich Web application, especially in the development of the inter-
active user interface, has proceeded to be unified. Only with those standard
technologies, developers can implement modern Web applications.

In past days, such a rich Web application was developed with browser plugins
like Adobe Flash or Microsoft Silverlight. However, in most case, those plugins
do not work on recent mobile devices such as mobile phones or tablets. Owning
to HTML5 and its related technologies such as Cascading Style Sheet (CSS),
Scalable Vector Graphics (SVG), HTML Canvas, or WebGL, the cross-platform
support in Web application development become possible.
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Meme media technology [1] has been developed for provoking and supporting
the evolution of knowledge on computers and the Internet. It provides those
media objects which work as ‘memes’ coined by Dawkins [2]. It allows users to
re-edit and redistribute different knowledge resources wrapped by media objects.
Users can combine media objects through direct manipulation of them such as
‘drag’ or ‘paste’ to compose new composite media objects without any program-
ming. One user uploads a new media object on the computer network. Then,
another user can download and reuse it. Furthermore, another user can combine
the object with other objects to compose a new composite object and publish
it on the network. Through this cyclic process of users’ interactions with meme
media objects, wide variety of media objects are accumulated on the network,
and the evolution of media objects is emulated.

With the development of World Wide Web, the Web has elemental function-
alities for realizing the knowledge evolution based on meme media. Thinking of
an HTML document as such a media object, it is possible for people to create a
document (as a new media object), to publish it on a Web server. Another can
browse it with a Web browser. In addition, regarding reediting and republishing
media objects, people can use copy-and-paste operation to reuse some contents
of existing Web documents. In this sense, the Web realizes a part of functionali-
ties that meme media try to provide, but for the interactive Web application or
tools, it is still difficult for the general public. People cannot extract parts of a
Web application with direct manipulation of them and reuse them in other Web
applications. To do this, people still need to do some programming with some
expert knowledge.

The latest meme media platform, called Webble World1 [3–5], was imple-
mented with the aim of seamless integration of meme media technology into
the modern Web technologies. However, because it works on a browser plugin,
Microsoft Silverlight, the Webble World is slightly getting detached from other
modern Web-related technologies. Silverlight provides a powerful framework and
an execution environment for client-side rich Internet applications, but, unfortu-
nately, it is not supported on many mobile devises which are recently one of the
main targets in various application domains. Furthermore, because those plugins
are not the first class citizen on the Web, casual Web users and Web developers
tend to divert their attention away form the Webble World. To make the meme
media technology available to casual users on multiple devises, it is necessary to
implement a meme media platform based only with standard Web technologies,
that is, with HTML and JavaScript. Now it has become possible.

In this paper, we explore the possibility of developing a meme media platform
with pure Web technologies for more seamless integration with the Web and for
availabilities on more different types of devices. We focuses on the implementa-
tion of the client-side media object functionalities such as basic media object ar-
chitecture and combine operation of media objects. In recent JavaScript develop-
ment, there exist some problems like the compatibility among different browsers
and over flexibility. To avoid those problems we pick up a base framework for

1 http://www.meme.hokudai.ac.jp/WebbleWorldPortal/

http://www.meme.hokudai.ac.jp/WebbleWorldPortal/
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building structured Web applications, AngularJS2. Using AngularJS as the base
framework, we made a prototypical implementation of a meme media platform. In
addition, we developed some example media objects on the platform and tested
operation of them on multiple Web browsers. Because we used only HTML and
pure JavaScript to implement the platform, the developed platformworks onmod-
ern Web browsers that support the latest HTML5 and JavaScript specifications.

2 Meme Media Platform and Its Architecture

In this section, we look back on the development of the meme media technologies
for those who are not familiar with it. Then, we describe the original meme
media architecture to understand what is essential to implement a meme media
platform.

2.1 History of Meme Media Platform Development

The first version of the meme media platform, IntelligentPad, was originally de-
veloped on Smalltalk-80 in 1987 [6]. In IntelligentPad, each media object has a
2-dimensional view called ‘pad’. Users can paste a pad onto another pad to set
up a child-parent relationship to combine pads. In 1995, some major IT compa-
nies in Japan such as Fujitsu and Hitachi Software released a commercial version
of IntelligentPad developed with C++. For the 3-dimensional environment, In-
telligentBox [7] was developed in 1995. In IntelligentBox, each media object is
represented as an object which has a 3-dimensional shape called ‘box’.

All those platforms were ‘standalone’ local applications. However, another
company (K-Plex) released Web-top version of IntelligentPad called PlexWare3.
This platform is based on Microsoft ActiveX technology, therefor the platform
environment can be embedded not only in Web sites for Internet Exproler but
also in other Microsoft products such as Word, or Excel.

Kimihito Ito developed a distributed system version of IntelligentPad called
CHIP (Collaborating Host-Independent Pads) [8] both with Micirosft .Net frame-
work and with Java. In the CHIP, each media object is an independent local
application that communicates with other objects via http messages over the
Internet. In particular, it has a powerful Web browser object that can wrap an
existing Web application as a reusable component.

The most recent version of meme media platform is extended as a complete
Web-top system called Webble World [3–5]. Because the Webble system is im-
plemented by using Microsoft Silverlight, it is available in major Web browsers
only by installing the Silverlight plugin. The Webble World allows us to pub-
lish and combine media objects directly on the Web. The Webble is a short
form of the Web Pebbles, where ‘Pebble’ is the abbreviation for ‘Pad Enhanced
Building Block Lifelike Entity’. In the Webble World, each media object has

2 http://angularjs.org/
3 http://www.kplex.com/products/plexware.html

http://angularjs.org/
http://www.kplex.com/products/plexware.html
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a 2D vector graphic as its view, called ‘webble’. It is possible to create Web-
based compound documents including dynamic graphic components represented
as composite webbles. The Webble World brings in flexible representations of
media objects.

2.2 Meme Media Architecture

Meme media objects wraps each knowledge resource in computers, such as text,
image, tool, or services, as a two dimensional visual object. In IntelligentPad
system, such a media object is called a ‘pad’. Each pad has a card-like view on
the screen and a standard set of operations like ‘move’, ‘resize’, ‘copy’, ‘paste’,
and ‘peel’. Users can easily copy a pad, paste a pad onto another, and peel a
pad from a composite pad through mouse operations. A pad can be pasted onto
another pad to define both a physical containment relationship and a functional
linkage between them.

Figure 1 shows the user interface of a composite pad and its functional linkage
structure. When pad P3 is pasted onto another pad P1, the pad P3 becomes a
child of P1, and P1 becomes the parent of P3. No pad may have more than one
parent pad. Pads can be pasted together to define various types of multimedia
documents and application tools. Each pad provides a list of interfaces that
maintain its state data, called ‘slots’. From users’ point of view, a slot works as
a connection jack of a pad. Users can functionally connect each child pad to one
of the slots of its parent pad. Only a single connection can be defined between
a parent and its child.

P2 P3

P1

P1

P2 P3

slot

Slot Connection

P3Pasting & 
Connecting

(a) User Interface (b) Connection Structure

Fig. 1. A composite pad and its slot connection structure in IntelligentPad

In IntelligentPad, each pad consists of three basic components: model, view,
and controller. Model-View-Controller pattern is originally from the Smalltalk-
80’s GUI component architecture [9]. In the IntelligentPad, the structure of
MVC is slightly different from the original structure (Fig. 2). There is no direct
connection between the model and the controller. Here, a model is responsible
for managing data and domain logics for operating the data. A view is working
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as output interface to the users. It shows users the representation of the data
from the associated model. A controller is responsible for managing input from
users. It detects users’ input events (e.g. key typing or mouse button clicks)
and sends a message to its view for changing the display or for modifying the
date in the corresponding model. In modern GUI toolkits, controllers are often
integrated into view parts (which is called visual objects). There, developers can
assign event handlers to events published by visual objects for defining behaviors
for responding users’ inputs.

P2

P1

P1

P2M V C

Model View Controller
message
sending

message
sending

update

M V C

gimme <slot_name>

set <slot_name><value>
update

Fig. 2. Internal component architecture and message exchange between a parent and
the child

2.3 Communication between Parent and Child

For communication between pads, IntelligentPad uses three standard messages:
‘set’, ‘gimme’, and ‘update’ (Fig. 2). In their default definitions, a ‘set’ message
sends its parameter <value> to its recipient slot specified by the parameter
<slot name>, whereas a ‘gimme’ message requests a value from its recipient
slot named by <slot name>. An ‘update’ message notifies its state change to its
child pads. Typically, the pad, which works as an input component to its parent,
sends a ‘set’ message to its parent. When the message brings the state change of
its parent, the parent pad sends ‘update’ messages to all of its children. Each child
pad that has received an ‘update’ message sends a ‘gimme’ message to update
its internal state using the slot value returned by the message. The functional
linkage between pads is achieved by the message passing using above mentioned
three standard messages and the update propagation of internal states according
to the value transferred by the messages. These messages can be enabled or
disabled by each pad.

3 MVC Frameworks in JavaScript

3.1 Problems in JavaScript Development

Mainly, to build a meme media platform, we have to implement functionalities
described in section 2 by coding with JavaScript from scratch. Of course, it
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is possible. However, there are some common problematic points in JavaScript
development.

For example, there is the compatibility problem among differentWeb browsers.
The standardization process of HTML5 is not completed yet. In addition, Web
browser vendors compete each other for getting more shares by implementing
attractive new functionalities. As a result, depending on browsers, some func-
tionalities are implemented in some browser, but others are not. HTML5 spec-
ification is changing this situation, but some differences among browsers still
remain.

Moreover, the language specification of JavaScript itself has some difficulties
for large-scale software development. JavaScript is a flexible, powerful program-
ming language and easy to learn. People can quickly write a few JavaScript
codes to set up simple interactivity on their Web sites. Nevertheless, because it
is a weakly typed and interpreted language, its development process is difficult
to be supported by Integrated Development Environments (IDEs). Nowadays,
some powerful IDEs are produced for JavaScript development. However, it is
still not so matured as on other strongly typed, compiled languages like Java or
C++. Furthermore, there is different syntax to do the same things because of
its flexibility.

3.2 An MVC Framework: AngularJS

To solve those problems, some software companies and JavaScript developers
produce JavaScript libraries or frameworks. jQuery4 is one of the most popu-
lar and powerful JavaScript libraries. It provides a uniform way and syntax to
manipulate DOM structure and CSS properties. It is often used for building
interactive user interface on Web sites. A lot of developers provide plugins of
jQuery; therefor extensively its functionalities are expanded. However, it does
not provide a uniform way to structure software like MVC, leaving it entirely to
developers.

Nowadays, there exist many JavaScript MVC (or MV*) frameworks [10] such
as Backbone5, Ember.js6, and Knockout7. We selected AngularJS as the basic
framework of the meme media platform out of those many frameworks. Angu-
larJS is developed by Google and has a large developer community. It supports
composite views, data-binding between model and view, and custom vocabulary
definition by detectives.

Figure 3 shows an overview of AngularJS’s architecture and its composition
structure of composite views. It looks totally different from the original MVC
structure8, but it has clear separation of roles of components. Here, models can be
any JavaScript objects. Views are DOM fragments rendered in a browser window.

4 http://jquery.com/
5 http://backbonejs.org/
6 http://emberjs.com/
7 http://knockoutjs.com/
8 Some people call it MVW (Model-View-Whatever) framework.

http://jquery.com/
http://backbonejs.org/
http://emberjs.com/
http://knockoutjs.com/
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Scope View 
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Fig. 3. The composition structure in AngularJS

AngularJS has a template system for reusing the same types of views. With
directives, developers can declaratively specify data-bindings between views and
scopes and set up controller association to views. Controllers are totally different
from the original definition of the MVC. They work as glue to set up a linkage
between models and scopes. Scopes manage the state of views, expose data form
models to the corresponding view, and operate models according to the message
form the view. Similar to the IntelligentPad, views and scopes have parent-child
relationships corresponding to the containment structure of the views. When
a child scope is created, it inherits properties from the parent scope. Through
this mechanism, a child scope and its parent can access each other for some
communication. Developers can define custom directives as element names, CSS
classes, or element attributes to reuse user-defined functionalities or behaviors
in a declarative way.

4 Implementation

We developed a prototypical meme media platform based on the AngularJS. We
needed to implement the following functionalities:

1. views working as a wrapper of different contents,
2. the view composition mechanism by defining parent-child relationships,
3. the functional linkage through slot connection, and
4. the uniform user interface and operations of views.

We implemented each functionality by following the AngularJS’s fashion. It
makes it possible to integrate a lot of existing third-party components or di-
rectives developed with AngularJS seamlessly. The wrapper functionality was
implemented by defining a special directive to specify the media object wrap-
per (1). Attaching this directive to an HTML element, the element works as
a wrapper of its contents. For (2), we reused the Angular’s parent-child rela-
tionships of scopes. The functional linkage between a parent and a child was
implemented in the controllers and scopes (3). We defined a basic controller for
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defining common settings of a meme media object. The controller creates some
properties and methods in the corresponding scope such as slot definitions, the
data holder for visual properties, methods for managing standard three mes-
sages for communication, and behaviors for slot value changes. By defining a
JavaScript object that is derived from the basic controller, developers can define
a new media object that has extended functionalities and slots. For (4) we used
jQueryUI9 to implement move and paste by mouse operations. This was coded
in a detective definition of the wrapper (1). The directive also contains other
functions opening common dialogs for changing properties of a media object or
setting up slot connection.

5 Application Example

Using the implemented platform, we created four media objects: text label ob-
ject, text input object, image object, and image search object (Fig. 4). Each
object is very simple and has only minimum functionalities.

Fig. 4. Example meme media platform where three object are placed

The text label object and the text input object have only one slot #value

(we represent a slot named ‘slotname’ as #slotname) which holds a text string
displayed on each object. The image object has slot #url to hold an URL of a
picture displayed on the object surface. The image search object is a wrapper
component of the Bing Search API10. It has three slots: #query, #title, and

9 http://jqueryui.com/
10 https://datamarket.azure.com/dataset/

5BA839F1-12CE-4CCE-BF57-A49D98D29A44

http://jqueryui.com/
https://datamarket.azure.com/dataset/5BA839F1-12CE-4CCE-BF57-A49D98D29A44
https://datamarket.azure.com/dataset/5BA839F1-12CE-4CCE-BF57-A49D98D29A44
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#imageUrl. When a user inputs some keywords to slot #query, the image search
object retrieves the corresponding pictures using the Bing Search API and sets
the title and the url of the first candidate of retrieved results to slot #title and
slot #imageUrl respectively.

Each object is defined straightforwardly just by adding a few code for extended
functionalities. For example, to define the image object, we needed the following
JavaScript code to define new slot #url:

function ImageController($scope, $injector)

{

$injector.invoke(WebbleController, this, {$scope: $scope});

$scope.publicSlotList.push(’url’);

$scope.slots.url = ’http://www.idmt.fraunhofer.de/.../idmt-logo.gif’;

};

ImageController.prototype = Object.create(WebbleController.prototype);

The ImageController derives the basic setup from the WebbleController, sets
#url as a public slot (which means an accessible slot form other objects), and
defines the default value of the slot. The view of the image object can be defined
declaratively:

<div class="webble" ng-controller="ImageController">

<img ng-src="{{slots.url}}">

</div>

Here, the directive ‘webble’ is used as the CSS class of the <div> element, and
the attribute directive ng-controller associates the controller of this media
object with the <div>. Inside of the <div>, there is an <img> element used to
display a picture. It has a directive ng-src to bind the image source to the value
of slot #url.

Figure 5 shows an example composition of above three objects. With the drag-
and-drop operation of objects, users can paste an object into another object.
Here, the text input object, the label object, and the image object are pasted
on the image object as its children. Moreover, these objects are connected to
slot #url, #title, and #imageUrl of the image search object, respectively. The
slot connections are customizable through the basic connection-setting dialog
on demand. When a user enters a keyword into the text box, the image search
object retrieves the corresponding picture and updates the value of slot #title
and #imageUrl, finally the label object and the image object display the corre-
sponding title and the picture.

We tested the developed platform with multiple Web browsers on multiple
devices on demand. We used the latest stable version of Google Chrome, Fire-
fox, Safari, and Opera both on Windows and Mac OS. As mobile devices, we
used Google Chrome and Firefox both on Android and iOS. On all the Web
browsers on Windows and Mac OS, the platform worked as intended. However,
on the mobile devices, although the functionality of each object worked cor-
rectly, the drag-and-drop operation of object did not work. The reason is that, for
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Bing Image Search

ImageLabel

#value #url

#title #imageUrl

Input Text

#value

#query

Fig. 5. A composite example and its slot connection structure

implementing the drag-and-drop operation, we used jQuery UI that does not
support the mobile ‘touch’ events. We need to another library or another UI
design to support in editing on mobile devices.

6 Conclusion and Future Work

In this paper, we described a prototypical implementation of a meme media
platform with a modern JavaScript framework. AngularJS was used as the basic
framework of the implementation. The framework supports in the development
effectively. As a result, we could define new meme media objects with a few
codes and in declarative manner. In the most of resent Web browser without
mobile Web browsers, the platform works as intended. Users can combine the
visual object to create new composite objects through direct manipulation.

This paper focused on the client-side editing functionality of the meme me-
dia. Therefore the platform is still missing lots of functionalities for exchanging
composite objects among different browser windows over the Web. Such func-
tionalities include save and load of composite objects, server-side repository of
primitive and composite objects.

As the next step, we would like to consider how composite objects could be
saved and loaded by specifying necessary information for replicating composite
objects. In addition, we also improve user interface for better support of mobile
devices.

Although the implementation uses AngularJS, other JavaScript MVC frame-
works are also enough powerful and flexible for implementing a meme media
platform. We would also like to investigate other JavaScript MVC frameworks
and evaluate their pros and cons for meme media platform implementation.
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Abstract. Technologies are pervading the daily life and are changing
the way in which humans learn from school through higher education and
vocational training to life-long learning. Peculiarities of the technology
determine the potential advantages of technology enhanced learning and
characterize the difficulties, pitfalls, and risks of particular approaches.
Direct execution is a new paradigm emerging from the combination of
the direct manipulation idea with contemporary meme media technology.
Direct execution denotes the feature of media objects to be able to run
automatically when manipulated by humans and when sticked together.
Direct execution turns out to be an effective approach to exploratory
learning even in abstract domains such as, for instance, recursion theory.

Keywords: e-learning, exploratory learning, meme media technology,
direct manipulation, direct execution, instructional design, didactics.

1 From Memes by Meme Media to Direct Execution

Richard Dawkins has coined the term meme in his seminal book [8] to denote
units of non-biological evolution. Susan Blackmore [7] is providing some folklike
introduction into Dawkins’ theory and its potential relevance to many domains.
Yuzuru Tanaka [30] has taken the initiative to carry over Dawkins’ approach
to software technology where memes may be seen embedded in certain digital
representations. Tanaka has coined the term meme media. Meme media objects
considered to be digital containers, so to speak, of ideas when being in use may be
subject to replication, to mutation, to cross-over and, finally, to fitness criteria.

This contribution deals with memes in technology enhanced learning and with
the exploitation of meme media technology for technology enhanced learning.
Emphasis is put on the way in which memes or, more precisely, meme media are
manipulated within learning processes.

The paradigm of direct manipulation due to Ben Shneiderman [27] is known
to be advantageous when dealing with involved problems digitally (also [28,11]).
Direct manipulation means to treat objects on a computer screen just as these
objects were what they are intended to represent. Some objects are operational.
With an appropriate media technology at your fingertips, you may even make
those objects run. For this refinement (or specialization) of direct manipulation,
Jun Fujima and Klaus P. Jantke [9] have coined the term direct execution.

O. Arnold et al. (Eds.): WWS 2013, CCIS 372, pp. 90–109, 2013.
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2 Towards Educational Memes

The present contribution deals with meme media technology, in general, for the
purpose of computer supported education or, as some briefly put it, e-learning.
Webble technology is of a particular interest, where the question for the under-
lying technological basis–be it Silverlight, HTML 5, or whatsoever–is left open.
The crucial requirement is to have Webbles which allow for direct execution as
introduced and exemplified in [9].

The driving motivation of the present work is an attempt to exploit the po-
tential of memetics à la Dawkins with a certain focus on educational memes.
Some way in which educational ideas or memes, so to speak, may be represented
and encapsulated digitally is discussed in [12]. The key idea is that, anyway,
didactic design needs some representation, preferably in a certain digital format.
The technology of choice is storyboarding introduced by Jantke & Knauf in [15].
Storyboarding is the process of systematical, tool-supported anticipation of the
human learners’ relevant experiences. The technology allows for an incremental
design process in which top-down and bottom-up development may be dove-
tailed according to the designers needs and, possibly, in dependence on other
parties’ contributions. The resulting storyboards may be represented in XML
format. There is no need for any storyboard implementation–known to be an
error-prone process like any other implementation of high level specifications–if
there is a way of computational interpretation of storyboards as demonstrated
in [6].

Conceptually, storyboards are hierarchically structured graphs adopted and
adapted from dynamic planning (see [3] for one of the sources of inspiration).

Fig. 1. Cutout of some storyboard for the game Shadows of Destiny (Konami, 2001)

The sample storyboard on display in figure 1 shows some very small part of a
high level storyboard. The nodes are composite and may be refined by sub-graph
replacements to specify their respective meanings in more detail as exemplified.
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When playing the game, you frequently fall victim to a murderer, virtually.
What follows is your chance to revise the story by virtually traveling backwards
in time. In the virtual past, players have opportunities to change conditions such
that the constraints of being murdered in the virtual present are no longer valid.
The part of the storyboard highlighted by the underlying box indicates the key
idea of the game which occurs frequently when playing.

Fig. 2. Cutout of some storyboard for exploratory learning by playing a digital game

The sample storyboard on display in figure 2 is adapted from [16]. As in
the example before, the nodes are composite and may be refined by sub-graph
replacements. Designers may also decide to consider some node as atomic, i.e.,
not being subject to further refinement. In the example above, one might decide
that ‘game play’ does not need any further specification.

There are branching points and loops. The first branching point indicates
alternative offers, whereas the second one explicates some parallelism of actions.

Interested readers are invited to consult [15] for the basics of the present
storyboarding approach and [6], [12], [16], [18], and [21], for instance, for varying
application studies. The graph-theoretic background of the formalisms has been
developed in much detail in [4] and [13] using the concept of pin graphs according
to [10]. Hierarchically structured graphs define families of potential expansions
which may be seen as formal languages of graphs. Involved results about the
complexity of those languages [19] are not seen as negative. In contrast, they
characterize the enormous expressiveness of the approach.

This paper does not aim at a comprehensive introduction into storyboarding.
Instead, chunks of storyboards are used to wrap, so to speak, certain memes of
game play, of didactics, of interaction design, and the like as proposed in [12].

For illustration, one may see the highlighted chunk of the storyboard of figure 1
as the representation of some meme of game design and game playing.

So, are digitally represented storyboards and constituents of storyboardsmeme
media? Maybe they are. But in contrast to IntelligentPad, to IntelligentBox (see
[30] for both), and to the contemporaryWebble technology [22], they aremuch less
operational. Those storyboards allow for direct manipulation [27], but are still far
from direct execution [9].
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This changes considerably, if storyboards are interpreted operationally [6].
Figure 3 illustrates some storyboard in use for training teams of executive staff
in civil protection and disaster management (see [6] for background and details).
The Excel file next to the storyboard contains text components assigned to
particular nodes of the storyboard.

Fig. 3. Cutout of some application storyboard and related text in a relational database

One may imagine the work of the digital system based on this storyboard
roughly as follows. The system is running on top of the storyboard beginning on
some initial node. When the system enters some node, it is reading the semantics
of the node and performing an action accordingly. If the node has a pointer into
the relational database on display next to the storyboard, the system is reading
the content unit to present it to the human user. If the node is a branching point,
the system presents options of choice such as different buttons, e.g., to the user.
According to the storyboard structure and to the user interaction, the system
traverses the storyboard from one node to the other.

In some sense, the underlying storyboard is directly executed by the system–
be it a digital game, an e-learning system, or whatever–running on top.

As demonstrated by Knauf et al. [21], substructures of such a storyboard
may contain or represent didactic knowledge. Having the storyboard separated,
to some extent, from the digital system interpreting it, allows for modifica-
tions. Running on some modification means the direct execution of educational
memes.
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3 Direct Execution for Making the Abstract Concrete

There are paramount potentials of the deployment of modern technologies for
new ways of learning. Nowadays, information and communication technologies
are often seen as a basis for replicating concrete learning targets in virtual worlds
to allow for risk-free frequently repeated inspections and explorations. In a sense,
the concrete real is represented by means of the concrete virtual. Manipulations
of the virtual are expected to contribute to a better understanding of the real,
perhaps, even to mastering the real.

By means of digital media technologies, humans are able to learn and/or train
concrete knowledge and skills, respectively, if the digital environment allows for
really doing it. You may really learn manage scarce resources by doing so in a
virtual world, you may also train your language reading and writing skills by
doing so digitally, and with some more advanced technologies you may also train
your pronunciation by really talking to the digital system. But you will never
learn to swim, to ride a bike, or to sail a boat by manipulating a digital system.
There is the key question for the relation between the real and the virtual [17].

But what about the abstract? Every direct manipulation, in general, and every
direct execution, in particular, is concrete.

It is an indication of the power and the reach of Webble technology for tech-
nology enhanced learning that even extremely abstract learning contents may
be mastered by means of some appropriate memetic implementation [5].

Fig. 4. Basic functions and operations of the theory of effective computability (left)
and some primitive recursive definition immediately before and after completion (right)

One of the difficulties of studying highly abstract topics is that pondering
involved problems usually requires lengthy and intriguing thought operations.
There is not much you can touch play with. The theory of effective computability
is such a domain [20], [26].

As illustrated by means of figure 4, Webbles allow for playful exploration of
computability. In the screenshot on the right, there is some construction not yet
completed. As soon as the missing Webble is inserted, it does some calculation.
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4 Direct Execution for Exploratory Games

In contrast to the other sections of this paper, the present section goes into
some more detail of, so to speak, foreign content. In practice it is known that
it is difficult to discuss details of didactics without some understanding of the
learning contents and goals. For the particular idea of learning certain algorithms
and variations of them in a playful manner, having some clue of the underlying
algorithmic ideas is inevitable for pondering didactic concepts.

4.1 The Problem Domain of Pattern Inference

Dana Angluin [2] introduced her seminal pattern concept concisely, formalized
an unprecedentedly clear concept of learning patterns, and developed learning
algorithms including deeper insights into the algorithmic complexity of learning
patterns. Because patterns in many application domains such as research into
media impact, in general, and into the impact of game playing, in particular,
are more expressive and of higher complexity than Dana Angluin’s concepts, her
results may serve, so to speak, as lower estimates of the problems one is facing
in those application domains. Saying it laxly, what is complex in Dana Angluin’s
setting is at least of the same complexity in those applications, and what does
not work in Dana Angluin’s setting will never work in those applications.

Assume any finite, not empty alphabet M and any set of variables X , where
it is practically relevant that both are disjoint, i.e. M ∩X = ∅. For readability,
we choose X = {x1, x2, x3, . . .}. For any set A, A+ denotes the set of all finite,
but not empty strings f symbols from A. P = (M ∪X)+ is the set of patterns
under consideration. Every pattern p ∈ P allows for generating string of M+

by substituting for each variable in p some string from M+. Seen in its right
perspective, every pattern p is a grammar of some formal language named L(p).

For investigations into learning patterns from examples, some notions and
notations are usefull.

If s and t are two strings or patterns, the notation s � t indicates the s is
an initial segment of t, not necessarily a proper one. The notation s ⊆ t means
that s occurs as a substring of t. More formally, s � t means ∃s′ ∈ M∗ : s s′ = t.
Similarly, s ⊆ t means ∃s′, s′′ ∈ M∗ : s′s s′′ = t.

For two given patterns p and q, it is helpful to be able to describe their
comparable expressiveness. p 	 q means that q is similarly expressive or more
expressive than p which means in formal terms L(p) ⊆ L(q). Accordingly, p ≺ q
means L(p) ⊂ L(q).

The latter terminology is useful, for instance, to specify what it means that
some pattern p is a best fit to some sample set S ⊆ M+ formalized as follows:
S ⊆ L(p) ∧ ¬∃q : S ⊆ L(q) ⊂ L(p). Dana Angluin [2] calls a pattern which fits
some sample best being descriptive of the sample. Note that patterns may be
seen as generalizations of sets of strings. Thus, for every sample S ⊆ M+, any
pattern p with S ⊆ L(p) is a generalization. If p is descriptive of S, it turns out
to be some least general generalization.
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4.2 Pattern Inference: The Problem and Its Solutions

Patterns are usually understood as descriptions of something of general interest,
some structure, some behavior, or the like. Those patterns do not show directly.
What is perceived are the instances of some pattern. The key application problem
is to reconstruct some unknown pattern from the instances observed. In formal
terms, some pattern p shall be learned from the sequence of all strings in L(p).
Even more formally, assume s1, s2, s3, s4, . . . to be any ordering of the elements
of some formal language L(p). There is the question for an algorithm powerful
enough to solve this learning problem for any target pattern–one that learns all.
Learning is some process which expands over time. Any learning algorithm A,
in processing some sample Sn = {s1, . . . , sn} of observed instances, generates a
certain hypothetical pattern A(Sn) shortly named pn. With information growing
over time, the learning algorithm generates some sequence p1, p2, p3, p4 . . . of
pattern hypotheses. It is said that A does solve the current learning problem
successfully, exactly if at some point k in time, the hypothesis pk is correct, i.e.
L(p) = L(pk), and this hypothesis is kept even if further instances are observed.

Dana Angluin’s Classical Algorithm. Dana Angluin [2] has provided the
first solution of the pattern inference problem under consideration. Her approach
is intuitive and easy to understand. Even to prove its correctness is quite easy.

It is helpful to introduce the notion of consistence. Given any sample set
S ⊆ M+, a pattern p is said to be consistent with S, if and only if p is able to
generate all strings of S, i.e. S ⊆ L(p). Recall that any consistent pattern which
fits best is said to be descriptive.

Dana Angluin’s idea summarized in common speech is roughly as follows.
Given some current pattern hypothesis pn and some current instance sn+1, check
whether or not the hypothesis generated before is consistent with the new data.
If so, keep the hypothesis. Otherwise, compute any pattern descriptive of all
instances seen so far. Based in this astonishingly clear idea, one is able to learn
any pattern from its instances.

In more formal terms, the sequence of hypotheses generated by A on some
sequence of instances s1, s2, . . . is defined as follows, where Sn means {s1, . . . , sn}.

p1 = s1

pn+1 =

{
pn if sn+1 ∈ L(pn) [DA i]
descr(Sn+1) if sn+1 
∈ L(pn) [DA ii]

The term descr denotes some procedure computing a descriptive pattern of the
argument sample. The paper [2] contains a proof of the algorithm’s correctness.
Dana Angluin has also provided an algorithmic principle for implementing descr.

D = { p | S ⊆ L(p) }
The set of all patterns consistent with some sample is finite up to renaming of
variables. With the requirement that variables are canonically numbered from
left to right, D becomes finite.

D = { p | S ⊆ L(p) ∧ p canonical ∧ p of maximal length }
Every pattern in D which is minimal w.r.t. 	 is descriptive of S. In this way,
the procedure descr is computable. The algorithmic learning problem is solved.
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Unfortunately, both the problem of computing descr and the problem of decid-
ing consistency are NP-hard [2]. The crux is that the decision problem “s ∈ L(p)
?” for any string s and any pattern p is even NP-complete. There is an ingenious
proof of NP-completeness by reduction of the SAT problem in [2].

The Algorithm of Lange and Wiehagen. Rolf Wiehagen when pondering
the question for best examples when learning from positive data has pointed out
that for learning patterns it is sufficient to process only the shortest examples.
This insight lead to some algorithm published in [23] which will be subsequently
briefly called the Lange/Wiehagen algorithm.

The Lange/Wiehagen algorithm solves the problem of learning patterns in
polynomial time. This surprising result is possible by giving up consistency–
not every intermediate hypothesis is able to generate the data on which it has
been generated. Although some of the intermediate hypotheses output by the
Lange/Wiehagen algorithm appear useless and do not reflect much of the process
of learning so far, the process as a whole always converges to a correct solution.

A′ is used to denote the Lange/Wiehagen algorithm. Its subsequent outputs
on some input sequence s1, s2, . . . are named p1, p2, . . . as before.

p1 = s1

pn+1 =

⎧⎨
⎩

pn if |pn | < |sn+1 | [L/W i]
sn+1 if |pn | > |sn+1 | [L/W ii]
lgg(pn, sn+1) if |pn | = |sn+1 | [L/W iii]

The procedure lgg computes some least general generalization of the current
hypothesis pn and the presented new instance sn+1.

This computation is quite easy, because both inputs are of the same length.
For specifying lgg, it is helpful to assume two local variables, i.e. internal short
term memories. These are some counter c to hold the value of the currently used
largest variable index and some storage of temporary variable assignments VA.
The initial settings are c = 0 and VA = ∅.

If l denotes the length of pn and sn+1, one may write both strings symbol by
symbol as pn = pn(1) . . . pn(l) and sn+1 = sn+1(1) . . . sn+1(l), respectively.
There will be constructed some output string q symbol by symbol, accordingly.

(1) for i = 1 to i = l do

(1.1) if pn(i) = sn+1(i) ∈ M then q(i) := pn(i);
if i = l then goto (2)

(1.2) if pn(i) 
= sn+1(i) then

(1.2.1) if ∃j : [pn(i), sn+1(i), j] ∈ VA then q(i) := xj

(1.2.2) else c := c+ 1; q(i) := xc VA := VA ∪ { [pn(i), sn+1(i), c] };
if i = l then goto (2)

(2) return q = q(1) . . . q(l)

In contrast to the NP-hardness of the computations in [DA i] and [DA ii], the
test [L/W i] and [L/W ii] are of linear complexity, and the computation of [L/W
iii] is of quadratic complexity. Consistence is lost in [L/W i] and [L/W ii].
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Some Refinement by Jantke and Grieser. The Lange/Wiehagen algorithm
has been discussed from the viewpoint of knowledge efficiency in [14]. Within
the process of learning, there are two out of three cases in which the algorithm is
loosing information. First, when some string longer than the current hypothesis
does occur–case [L/W i] in the description of the algorithm above–it is ignored.
Second, when some string shorter than the current hypothesis does occur–case
[L/W ii] indicated above–the hypothesis kept so far is given up and the shorter
string is adopted to form the new hypothesis. Certain refinements seem possible.

In the first case [L/W i], checking whether or not the longer string carries
useful information is costly, because it means checking membership. Does the
current pattern allow for generating this string or not? This decision problem is
known to be NP-hard and, thus, the task of refinement is not taken into account.

In the second case [L/W ii], all information collected so far in the latest
hypothesis is thrown away when the newly appearing shorter string takes the
place of the hypothesis. Isn’t there any way to preserve at least some of the
information in the pattern? A refinement proposed by Jantke and Grieser [14]
is considered for the purpose of the present investigation.

Assume that the Lange/Wiehagen algorithm as described above is currently
keeping some hypothetical pattern p of length | p |= k. Furthermore, assume
that some new string s of length | s |= l with l < k is presented to the learning
algorithm. Instead of throwing p away and adopting s as it is, the refinement is
to calculate the new hypothesis as some least general generalization of p and s.

p1 = s1

pn+1 =

{
pn if |pn | < |sn+1 | [J/G i]
lgg(pn, sn+1) if |pn | ≥ |sn+1 | [J/G ii]

At a first glance, this description seems to be more rough–instead of being more
fine–than the algorithm A′ above, because it has only two many cases, whereas
the other one has three. However, case [L/W ii] is really refined.

Conceptually, one may think of this refinement as follows. First, the pattern
x1 . . . xl is taken as a possible generalization, because it definitely generalizes
both pn and sn+1. Next, traversing the pattern x1 . . . xl symbol by symbol from
the left to the right it is specialized.

The algorithm is not of high computational complexity, but a bit cumbersome
due to a larger number of distinct cases and their dovetailing.

To warm up, some intuitive example is presented in which the references on
the right refer to the algorithm to be presented below. The following figure is
illustrating the annotation process for the pattern p = ax1x2x3bx4ccax1x2x3x4c
of length k = 14 and the string abacac with l = 6. The goal is to generalize the
pattern p by some other pattern of length l = 6. The algorithm runs in turns.
In every turn, certain identical substrings are found and indexed.

As a result of the procedure illustrated by means of figure 5, the pattern is
partitioned into l = 6 substrings. The partitioning represented by the last line of
the figure above is interpreted as the intermediate pattern x1x2x3x4x1x5 which
generalizes p.
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pattern p a x1 x2 x3 b x4 c c a x1 x2 x3 x4 c
1.1 1.1 1.1 1.1 1.2 1.2 1.2 1.2 by rule 3b
1.1 1.1 1.1 1.1 2.1 1.2 1.2 1.2 1.2 by rule 3a
1.1 1.1 1.1 1.1 2.1 3.1 3.1 1.2 1.2 1.2 1.2 3.2 3.2 by rule 3b
1.1 1.1 1.1 1.1 2.1 3.1 3.1 4.1 1.2 1.2 1.2 1.2 3.2 3.2 by rule 1

Fig. 5. Illustration of Jantke/Grieser annotations for the Lange/Wiehagen algorithm

Subsequently, the pattern is put into relation to the string s, because until
this points only the string’s length has been taken into account.

In every row of figure 5 there are introduced some annotations. The process
terminates as soon as every symbol received an annotation. The particular anno-
tation u.v means that some variable xu is introduced and the symbols annotated
by u.v form some string for the vth occurring substitution of xu.

The example shown in figure 5 above results in the pattern x1x2x3x4x1x3.
Annotations introduced on some line above are dimmed out to stress the recently
introduced annotations.

Every turn of the annotation algorithm is defining some partition of the orig-
inal pattern. Each partition is a refinement of the preceding one by increasing
the number of sections or be annotating at least one previously not annotated
section. At the end of the run, the total number of sections equals l, the length
of the given input string, and all sections are annotated.

In figure 5 above, the first row is showing 4 sections after the first turn, two
of them with annotations. The second row shows 5 sections, 3 with annotations.
The third row shows 6 sections, 5 with annotations. Finally in row 4, there are
6 sections, all with annotations.

The following figure 6 for p = ax1bx2bax2ax1bx2ax1a and s = aaaaaaa with
l = 7 is used to illustrate some different phenomenon.

pattern p a x1 b x2 b a x2 a x1 b x2 a x1 a
1.1 1.1 1.1 1.1 1.2 1.2 1.2 1.2 by rule 3b
1.1 1.1 1.1 1.1 2.1 1.2 1.2 1.2 1.2 by rule 3a
1.1 1.1 1.1 1.1 2.1 3.1 1.2 1.2 1.2 1.2 3.2 by rule 3(b)i
1.1 1.1 1.1 1.1 2.1 3.1 4.1 1.2 1.2 1.2 1.2 3.2 by rule 2a
1.1 1.1 1.1 1.1 2.1 3.1 4.1 1.2 1.2 1.2 1.2 3.2 5.1 5.1 by rule 1

Fig. 6. Illustration of Jantke/Grieser annotations for the Lange/Wiehagen algorithm
showing some particular phenomenon in stage 3 of the turn-based annotation process

In the third round of the annotation process, the one-symbol substring p(6)
of the pattern p is selected for annotation because it occurs repeatedly at later
positions of p. Although it holds p(6) = p(12) and p(6) = p(14), only sub-
string p(12) gets an annotation, but not p(14). The reason is that an annota-
tion of p(14) by 3.3 would separate the pattern into 8 sections exceeding the
limit l = 7.
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It follows a description of the annotation algorithm which works stage by
stage beginning on stage 1. The input parameters are any p ∈ P with | p |= k
and any s ∈ M+ with |s |= l and l < k.

There are at most l turns. The current stage number is denoted by n. At the
beginning of turn n, there is a certain number ann of already annotated sections
of the pattern p and a certain number unn of not yet annotated sections with
ann + unn ≤ l.

1. If ann = l − 1 and unn = 1, then p has the structure p = pa1p
upa2 where

pa1 , p
a
2 ∈ (M ∪ X)∗, pu ∈ (M ∪ X)+, and exactly the symbols of pu do not

yet carry any annotation.
Annotate exactly all symbols of pu by n.1; ann+1 := l; unn+1 := 0; exit the
procedure.

2. If ann = l− 2 and unn = 2, then p has the structure p = pa1p
u
1p

a
2p

u
2p

a
3 where

pa1 , p
a
2 , p

a
3 ∈ (M ∪ X)∗, pu1 , p

u
2 ∈ (M ∪ X)+, and exactly the symbols of pu1

and pu2 do not yet carry any annotation.

(a) If pu1 = pu2 , then annotate exactly all symbols of pu1 by n.1 and all symbols
of pu2 by n.2; ann+1 := l; unn+1 := 0; exit the procedure.

(b) If pu1 
= pu2 , then annotate exactly all symbols of pu1 by n.1; ann+1 := l−1;
unn+1 := 1.

3. Otherwise, ann + unn < l and unn > 1. In this case, the pattern p has an
initial segment pa1p

upa2 ≺ p where pa1 , p
a
2 ∈ (M ∪ X)∗, pu ∈ (M ∪ X)+, and

exactly the symbols of pu do not yet carry any annotation.
Look for some longest initial segment r 	 pu which occurs repeatedly in pu

or in any other following not yet annotated sections (occurrences should be
non-overlapping).

(a) If there is no such r which occurs at least twice, take the first letter z of
pu, i.e., z ∈ M ∪X and z 	 pu, and annotate it by n.1;
ann+1 := ann + 1; if z = pu, then unn+1 := unn − 1 else unn+1 := unn.

(b) If r is found, look for a maximal number f of non-overlapping occurrences
in not yet annotated parts such that the following conditions are met,
where f denotes the resulting number of newly annotated sections and
g denotes the resulting number of not yet annotated sections left over.

i. The value g does not exceed the value l − ann − f .
ii. The value l − ann − f does not exceed the remaining number of

symbols without any annotation.

If the conditions are valid, annotate these f sections by n.1 to n.f , resp.,
and set ann+1 := ann + f and unn+1 := g, accordingly.

As a result, the whole pattern p is separated into sections being annotated by
terms of the form u.v, where u is not exceeding l. The ultimately resulting
number of sections is exactly l.

The resulting annotation is interpreted as some pattern, where each section
annotated by some u.v is understood to represent the variable xu. For instance,
in fig. 5 this pattern is x1x2x3x4x1x3. In figure 6, the pattern is x1x2x3x4x1x3x5.
This pattern does always generalize p, but does not necessarily generalize s.
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To see this more explicitly, let us have a closer look at the example of figure 5
where the string of length l = 6 is abacac and the pattern constructed so far is
x1x2x3x4x1x3. The string differs in its 3rd and its 6th position, but the pattern
does not. Hence, abacac /∈ L(x1x2x3x4x1x3).

The variable x3 appearing in two different positions has to be split into x3 and
x5 to match s. The resulting pattern is x1x2x3x4x1x5. To fit as close as possible,
this pattern is specialized to x1cx3bx1x5 and finally normalized to x1cx2bx1x3.
Missing algorithmic details are described below.

To sum up, the Lange/Wiehagen algorithm with Jantke/Grieser refinement
shortly named A′′ returns on the input pattern p = ax1x2x3cx4bbax1x2x3x4b
and the input string acabac the new hypothesis x1cx2bx1x3.

The procedure performed after annotation of the input pattern is as follows.
Note that there are exactly l substrings, where l is the length of the input string s.
Consequently, every substring corresponds to a uniquely defined position in s.

1. Take the pattern p and replace every string annotated by some number i
simply by the one variable xi.

2. For every xi representing a substring of length 1, i.e. some letter z, check
whether at all the corresponding position in s, the same letter z does occur.
If so, substitute xi by z.

3. For every xi, look at all occurrences and check whether or not all corre-
spondig letters in s are identical. If not, split the variable until all occurrences
of the same variable relate to identical letters in s.

4. Rename variables from left to right to get a canonical pattern.

Step 2 is specialization and step 3 is generalization. The order of both may be
changed, i.e. there is some inherent nondeterminism. This completes A′′.

Seen from a bird’s eye view, the refined algorithm A′′ in case [J/Gii] does the
following: (i) generalizing p by some pattern of the length of s, (ii) generalizing
to match string s as well, (iii) specializing to fit string s as close as possible, and
(iv) normalizing.

At this point of discussion, the reader knows a bit about patterns à la Angluin,
about the pattern learning problem, about its computational complexity, and
about the algorithms and algorithmic variants, respectively, named A, A′, and
A′′.

There is no doubt about the relevance of formulas, flowcharts and other formal
descriptions for specifying algorithms in depth and detail. In particular, when
variants of algorithms are distinguished by subtle details, nothing competes for-
malisms. Nevertheless, the mastery of algorithms means more than knowing
about details. It covers some feeling for the algorithms’ behavior, some experi-
ence, and some familiarity as well. To gain this requires much doing.

By means of the following subsection 4.3, we return to the issue of technology
enhanced learning. The exclusive purpose of the lengthy and rather detailed
investigation above into some particular learning domain is to firmly lay some
cornerstone for the discussion of learning with emphasis on direct execution and
on ideas for playful exploration.
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4.3 Exploratory Learning by Playing with Meme Media

When the target of learning is not just one algorithm, but several alternatives,
like in fields such as searching and sorting (think only of the fine difference
between Heapsort and Bottom-Up Heapsort), there are varying opportunities for
didactic concepts based on the competitiveness of the algorithms.

For teaching pattern inference, in general, and aiming at an understanding
of the Lange/Wiehagen algorithm A′ and variations such as A′′, in particular,
there are many ways of making the studies exciting.

Here is one task teachers may assign to their students: Find some sequence of
strings as short and simple as possible such that after processing this sequence
the Lange/Wiehagen algorithm returns a string without variables, whereas the
Jantke/Grieser refinement leads to some hypothesis which consists of variables,
exclusively.

Fig. 7. Webbles implemented by Jun Fujima (Fraunhofer IDMT, Erfurt) in HTML 5
for the playful exploration of the Lange/Wiehagen algorithm and some of its variations

This example problem is not that easy to solve. Some students need several
approaches before they arrive at a solution. The screenshots of figure 7 show the
results of processing the three strings abbaaabbbba, aaaaaabbaaa, and babbbbb.
The two alternative results are babbbbb and x1x2x1x1x1x3x1.
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There is a large variety of similar competitive exercises. Just for illustration,
ask for input data on which A′ returns some constant string hypothesis from
M+, whereas A′′ returns some pattern with exactly one variable. This exercise
may be easily modified by asking for two, three, or more variables and, perhaps,
by putting constraints on the number of repeated occurrences of one variable.
Note that all the examples mentioned so far refer just to the comparison of
two results generated by A′ and by A′′, respectively. One extension may take
A into account asking for input data on which A and A′′ generate identical
results or, alternatively, return different hypotheses. Extra constraints as above
may be put on the number of variables and on the frequency of those variable
occurrences. Other extensions result from considering sequences of hypotheses,
possibly until reaching the final learning goal. For instance, one may ask for
some target pattern p and investigate sequences of strings from L(p) such that
certain phenomena may be recognized such as, e.g., A′′ converging much faster
than A. Such a difference in behavior may be expressed quantitatively.

One of the highlights of didactics would surely be to encourage students to
design attractive competitive exercises to their fellow students. Those exercises
should not just be tasks assigned to other students, but should be investigated
and discussed for gaining insights into the key ideas behind and for their didactic
potentials.

Direct execution is essential to those exercises. Learners should be encouraged
to try out larger numbers of data sets.

Skeptical readers might counter that any collection of programs implementing
the algorithms under consideration would do as well. Although this is basically
true, it is missing the point. Meme media implementations allow for a much
larger variation of experiments including the decomposition of algorithms under
consideration. This aspect has not been demonstrated by means of the pattern
inference algorithms, but may be clearly seen in figure 4, right screenshot, where
some algorithm showing some hole, so to speak, may be completed by fixing the
hole in the one or the other way.

To play with the Lange/Wiehagen algorithm and some of its variations has
been chosen just as a simple case study of exploratory learning about algorithms
using Webbles implementations which allow for direct execution. Even within the
limits of this elementary case study, there are overwhelmingly many options of
formulating playful exercises.

Just for illustration, one may think of short multi-player games as follows.
Some game master is secretly choosing a pattern p and is presenting a few
longer inputs (two, at least) from L(p) to the Lange/Wiehagen algorithm which,
in turn, immediately responds with a certain hypothesis. Now, it is the players’
turn simultaneously. Everyone has the right to guess further string from L(p).
For correct guesses of strings that really belong to L(p), they score some points.
Turn by turn, the players proceed toward identifying the hidden target pattern.
Feeding the right string into the algoritm, be it A′, A′′, or any other variant,
such that the target pattern is found is rewarded especially and the game ends.
Note that, naturally, the game master may be computerized.
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5 Direct Execution in Educational Patterns

Since the early days of didactics, engaged human teachers are striving hard
to distill essential ideas frequently reusable for efficient and effective teaching–
educational memes as discussed in [12].

In scientific discourse, following the early work of Christopher Alexander [1],
repeatedly occurring structures are called patterns. To be more precise, one
should the concrete phenomena that occur instances and reserve the word pat-
tern to the general some instances have in common. According to the scientific
background of scientists involved and corresponding to the traditions and to the
methodologies of pedagogy, educational patterns are usually very vague and un-
certain [25]. The meme media idea may help to encapsulate and, thus, to clarify
several patterns of didactics.

Within the present contribution, emphasis is put on those patterns which
relate to the paradigm of direct execution. Let us begin with a pattern named
challenging the target in [12]. This educational pattern is applicable to some
settings of exploratory learning where the learning target is something being
operational such as, e.g., an algorithm. Those settings appear overwhelmingly
in studies of computer science, for instance.

If the target of learning is some algorithm, challenging the target means to
systematically probe the target by means of developing challenging input data.
Just for illustration, think of the following application cases.

– There is some sorting algorithm such as bottom-up heap sort. Usually, stu-
dents are learning about the more conventional heapsort algorithm before
they are facing bottom-up heapsort.

• Prepare input data such that bottom-up heapsort is not better than
classical heapsort.

• Prepare input data such that the advantage of bottom-up heapsort over
heapsort is enormous.

– The decision tree algorithm ID3 deserves to be called one of the oldies, but
goodies of knowledge discovery and data mining.

• Challenge the algorithm by some sample as small as possible which forces
ID3 to generate a comparably complex decision tree.

– For NP-hard problems, there are usually some appealing heuristic solutions.
Especially when the problem is intuitively understandable like, for instance,
the traveling salesman problem, heuristics frequently seem to be ingenious.
Choose any implementation of one of the heuristics like, for instance, the
nearest neighbor heuristics or the insertion heuristics.

• Construct some graph on which the heuristics does not work well.
• In contrast, construct a certain example graph to which the heuristics
applies perfectly.

For a playful learning experience when dealing with those problems, direct exe-
cution is essential. Learners should be released from executing operations and,
instead, be able to put much emphasis on pondering problem details.
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Readers who are familiar with the one or the other sample case mentioned
above may admit that being able to challenge the target in the way described
can be seen as a clear indicator of mastery.

Challenging the target is just one of the many educational patterns supported
by means of direct execution. Figure 8 illustrates another example of changing
decision trees by hand which immediately return results of varying quality.

Fig. 8. Challenging decision trees with regular patterns on a fixed set of input data

Webble technology–to be more precise: meme media technology, in general–
allows for many more sophisticated educational patterns. One of the key features
is that composite meme media objects may be decomposed in different ways.
For instance, users may peel just one object off a larger construct to replace
it by another one. Intermediately, the composite object is loosing its ability to
execute the function it has been built for. After plug in of another component,
the larger composite object becomes immediately operational, again.

This enables teachers to set up a large variety of playful exploratory settings.
Think of composite objects in which replacing one component by another does
drastically change the behavior . . . or not. Replace, for instance, one correct
procedure for solving a certain sub-problem by another procedure implement-
ing some heuristics which in many cases returns them same result, but not
always. This calls for a competition in finding the simplest cases showing the
difference.
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6 Summary and Conclusions

In accordance with the foreseeable establisment of HTML5 as a W3C standard,
one may expect a new generation of meme media to enter the stage quite soon.

Webbles based on HTML5 may sit on pages of e-books where they allow for
an enormous variety of functionalities. In harsh contrast, the vast majority of
contemporary e-books are astonishingly boring. They allow for turning pages in
a more or less fancy way and may contain slightly varying media such as videos.
All this is still far behind the potentials of contemporary technologies sketches
of which may be found on the Webble World Portal [22].

Fig. 9. Digital books by Micke Kuwahara based on Webble technology as found on [22]

The screenshot on the left side of figure 9 in the background illustrates some
case where an e-book accesses the Web whereas the screenshot in the foreground
exemplifies the possibility to duplicate and extract some contents from an e-book.

There are currently only a very few publications such as [24], e.g., discussing
“the textbook of the future”. The authors of [24] advocate, for instance, the per-
sonalized externalization of knowledge, the textbook as an experiment box, and
the textbook as an interface for communication and exchange (ibid., abstract).
All this sounds like the re-invention of memetics from [8] to [30].

Issues of direct manipulation and direct execution as well as game-based learn-
ing are beyond the limits of those considerations.

The present contribution has been focused narrowly on direct execution with
some emphasis on playful interaction and learning without explicitly stressing



Direct Execution Learning Technology 107

the book metaphor. For the human interaction with meme media, it does not
matter whether or not the form of making contents and functionalities available
resembles conventional books or not.

The author admits, nevertheless, that from a commercial perspective it might
be useful to stick with the traditional book metaphor to get publishers engaged.

For purposes of learning, however, the traditional book format is irrelevant.
What matters are interest attracting and thought provoking functionalities as
well as features which allow for exploration beyond the limits of human beings
left to their own devices.

As already said above, some special emphasis has been put on the paradigm of
direct execution and on game-based learning. Naturally, there is direct execution
which is not playful at all. And there is some game-based learning which does
not need any direct execution. But the intersection of both areas–to use such a
mathematical metaphor–is of particular interest.

It applies to a large variety of learning problems that effects of changing
parameters are not easy to foresee and that finding out actual effects may be
time-consuming and tedious. The field of computability theory as investigated by
Arnold and Reichelt [5] is just an extreme theoretical, but illustrative example.

In those applications, direct execution turns out to be particularly benefical.
Learners may literally play with parameters and observe the effects of settings.
Some learners may be challenged by the task of finding parameters that cause
particular target effects. For the purpose of mastery, they are enforced to exhibit
the deeper reasons underlying the mechanisms under consideration, i.e. to learn.

Further features of Webble technology allow for making approaches to playful
exploratory learning based on direct execution even more affective and effective.

Consider, for instance, the dashboard approach by Sjöbergh and Tanaka [29]
by means of which a variety of external data may be sucked into a Webble system
for visualization and direct execution. Approaches like that allow for a situated
e-learning which integrates realistic and up to date information into learning
environments. This seems particularly valuable for bringing the technology into
corporate learning applications. It is definitely motivating for human beings in
learning environments relating to their workplace, if the data are not made up
out of thin air. Furthermore, realistic data are not only motivating, but allow
for more easily understanding relationships.

For other applications such as natural language learning and training, real
texts and phrases are known to be more effective than artificial constructs and,
thus, the dynamic access of Webbles to data from world-wide resources provides
an added value to language learning and language skill development.

To sum up, the present contribution’s message is that Webble technologies
provide characteristics valuable for technology enhanced teaching and learning.
Beyond the limits of just saying so, it is the author’s intention to provide a few
examples and illustrations. Because studying involved contents usually requires
a certain in-depth engagement, one of the sections above is a bit more elaborate.

Acknowledgements. First of all, it is necessary to direct the readers’ atten-
tion to Yuzuru Tanaka who has been inspired by Richard Dawkins’ work [8] and
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took the initiative to create the idea of meme media [30] and encouraged a larger
number of young scientists to contribute to the design and the implementation of
meme media technology. Some of this work is reflected within other contributions
to this conference. Yuzuru Tanaka truly deserves to be named the father in spirit of
meme media. The present author is grateful to him for numerous inspirations and
for much support allowing for several years of exciting and fruitful cooperation.

The author has been drawing much benefit from cooperation with several of
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Abstract. Computability theory is highly abstract and very demand-
ing particularly to those students who have defective prior knowledge in
mathematics or feel attracted only by directly applied topics of studies.
However, understanding the foundations of computability is essential to
computer science. Partial recursive functions form some key approach.
Webble implementations of the basic functions of primitive recursion to-
gether with webbles for the basic operations of substitution and primitive
recursion finally completed by the minimum operator provide a memetic
framework for highly interactive, playful studies of computability theory.
Didactically driven refinements of the approach are discussed in detail.

Keywords: meme media, webble technology, computability theory,
recursive function theory, playful learning.

1 Memetics and Meme Media Technology

Dawkins [4] has coined the term meme to name units of non-biological evolution.
Think, just for illustration, of fashion and architecture (see [3] for a large number
of illustrative cases). There is something inherited over decades or even centuries.
Apparently, changes such as mutation and cross-over take place. And all you
know in fashion and architecture is subject to natural selection à la Darwin [5].
Ideas come and go; only those memes that are fit enough stay for a longer time.

Tanaka [18] has undertaken the endeavor of carrying over Dawkins’ seminal
ideas to the digital world where memes may be encapsulated in meme media.
The computational power of contemporary computers allows for boosting the
speed of memetic evolution of meme media by implementing the functionalities
of reproduction, mutation, and cross-over taking place when using meme media.

Seen from the perspective of memetics, computer and computer networks
as well as human beings working with and manipulating meme media form a
biotope in which the digitalized memes–meme media objects–live and evolve.
Humans unfamiliar with those ideas need some time to adopt the perspective of
memetics.

The present paper is much less philosophical in character. It takes memetics
and meme media technologies according to [18] and [10] as a basis for innovative
applications in teaching certain involved topics of theoretical computer science.

O. Arnold et al. (Eds.): WWS 2013, CCIS 372, pp. 110–118, 2013.
c© Springer-Verlag Berlin Heidelberg 2013



Meme Media Technology in Higher Education 111

2 Teaching the Theory of Effective Computability

For studying computer science, it is of some relevance to know what can be done
by means of digital processing technology and where the limits are. When facing
particular application problems, it frequently helps to relate them to already
known problems and to insights about their principle solvability and complexity.
In particular, when facing some essentially unsolvable problem, it might be nice
to learn about the problem’s hardness as early as possible.

Computability theory (known under many different names including terms
such as recursion theory, recursive function theory, and the like) is providing the
basic concepts, methodologies, and insights [9,12,14,15].

Due to its generality, the theory of effective computability relies on involved
mathematical theories and methods. Consequently, many students who misun-
derstood informatics as a discipline of hacking code according to ones own taste
are having particular difficulties with a firm foundation.

There is a widespread practice of teaching computability theory like a course
in mathematics. The results are frequently disappointing.

Computation, by its very nature, usually proceeds in small steps, one by one.
Particular models such as so-calledTuringmachines reflect this explicitly. Some
other approaches such as the hierarchical definition of partial recursive functions
are more algebraic in spirit. There are initial constituents and certain operators.
In an algebraic sense, such a system uniquely defines the smallest class of objects
containing all the initial constituents and being closed under the operations.

Such a, so to speak, algebraic approach to computability assumes as initial
objects a couple of functions and operators as follows. For simplicity, one usually
considers functions defined over the set of natural numbers.

– The initial functions are
• the unary successor function s,
• the n-ary constant functions cnk with cnk (x1, . . . , xn) = k,
• the n-ary projection functions pnk with pnk (x1, . . . , xn) = xk.

– The primitive operations are
• substitution,
• primitive recursion.

– The operation completing the approach is called
• the minimum operator.

Note that there are enormously many simplifications possible. Due to the avail-
ability of the successor function s, there is no need for any other constant func-
tions than the zero constants cn0 , just for instance.

When you stick with explanations of how to define any computable function
on the basis of these initial functions using the possibly repeated application of
the three operators, it remains a course in mathematics.

Therefore, there have been developed and implemented meme media variants
of all the constituents above [1]; see the following section. Having those meme
media objects at your fingertips, you may playfully experiment by plugging one
into the other. The feature of stepwise computation shows again.
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Teaching the theory of effective computability means more than introducing
some particular computability concept like partial recursive functions as above.
Fundamental educational goals are

– an understanding of the generality of the varying classical approaches to
effective computability,

– an understanding of several key results such as Rice’s theorem and their
fundamental, so to speak, philosophical interpretation,

– an understanding and an operational interpretation of syntactic results such
as Kleene’s normal form theorem,

– the mastery of some application cases by means of an interpretation and an
application of fundamental results.

The question for the deployment of new media and innovative approaches to
teaching and learning to rather abstract contents is throwing some new light at
the key results of recursive function theory. Some results are more amenable to
exploratory studies than others.

Let us have a closer look at Kleene’s normal form theorem [13] (see also
[15], §1.10, Theorem X) and Rice’s theorem [16] (see [15], §2.1, not numbered).
Here are the results in comparison valid for any so-called Gödel numbering ϕ
IN is the set of natural numbers, Pr is the class of primitive recursive functions,
R is the class of total recursive functions, P is the class of partial recursive
functions and μ denotes the minimum operator:

Kleene’s Theorem
∃α, β ∈ Pr ∀f ∈ P ∃n ∈ IN ∀x ∈ IN f(x) = α(μy[β(x, y) = 0])

Rice’s Theorem
∀F ⊆ P ∀d ∈ R ( (∀n ∈ IN d(n) = 0 ↔ ϕn ∈ F ) ←→ F = ∅ ∨ F = P )

It is difficult to imagine that human learners get a better understanding ofRice’s
theorem by any way of playing around with certain recursive function definitions.

In contrast, one may set up numerous exercise which essentially deal with
Kleene’s normal form theorem. Take any definition of some partial recursive
function which contains two nested calls of the minimum operator. Ask the
students to find another definition which is equivalent to the given one, but
contains only a single occurrence of the minimum operator. The appropriateness
of the task is guaranteed by the Kleene normal form theorem.

By the way, pondering the equivalence of the definition given to the students
to the students’ solution is an interesting scientific problem in its own right.

Let us summarize this section briefly. The theory of effective computability is
quite involved. Some results have an enormous reach, but are difficult to master.
A mastery of the theory of effective computability does definitely require some
intensive studies and may be hardly achieved just through some playful activities.
But pondering the essentials of such an involved theory may be substantially
supported by providing technologies and tools for some exploratory endeavor–
exploring and understanding the abstract by direct manipulation of the concrete.
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3 Webbles of Recursive Function Theory

As described in section 2, the recursive function theory is accompanied by writing
terms to describe certain functions. Instead of writing formulas, functions can
appear as media objects as described in [1,7,8]. This section provides an overview
of this previous work about Webbles of Recursive Function Theory.

First, the implementation of the six basic functions (see section 2) as media
objects using the webble environment was performed. The three initial functions
1. constant; 2. projection; 3. successor, the two primitive operators 4. substitu-
tion; 5.primitive recursion with free slots for media objects (corresponds to the
input functions) and 6. the minimum operator (see figure 1).

Fig. 1. The six basic primitve recursion webbles (PRF-webbles)

Each media object can be directly manipulated (see section 4), so its easily
possible to change the values and properties of each operator. For example a
substitution operator, which substitutes one unary function into another one,
can be directly manipulated into a substitution operator, which substitutes one
binary function into a unary one, within seconds by simply editing one property
of the media object.

A major advantage of these media objects to terms and term equations is
the possibility to directly manipulate the formula by simply plugging some func-
tion objects into the operator object. The result is a new media object which
describes a new function. To understand the new formula you can enter some
values into the media object. In addition defect formulas are avoided because its
only possible to construct correct formulas with the media objects. Another ad-
vantage is the possibility of hiding parts of the formula by grouping some media
objects.



114 O. Arnold and V. Reichelt

4 Direct Execution and Playful Learning

Webbles representing any computable function or any operator may be directly
manipulated on the screen–in accordance with Shneiderman’s paradigm [17] of
direct manipulation–and plugged one into the other for exploratory learning.
Because every meme media object representing some computable function is not
only representing, but implementing the function, more features are available.
The meme media implementation provided (see section before) meets the require-
ments of so-called direct execution, a term coined by Fujima and Jantke in [6].

Direct execution has some varying aspects. First of all, it means that a meme
media object fed with data is able to run immediately. Second, it refers to the
completion of meme media objects. Think of some incomplete definition of a
computable function which has input data sitting in their respective positions,
but some part of the definition being not yet completed. As soon as the missing
meme media objects are plugged in, the completed object is ready to run and
executes the computation immediately.

Direct execution is an interesting refinement of direct manipulation which,
after its introduction by [6], surely needs some more in-depth investigation and
some m ore comprehensive experimentation.

In the present application case, direct execution allows for some type of playful
exploratory learning as follows. Learners are given some composite media object
not yet fully defined (see left object in figure 2). Input data (in this case 3 and 5)
are sitting in place. The task is to complete the definition such that the resulting
composite media object implements a certain target behavior (in this case adding
any 2 input numbers). When a particular syntactically correct media object is
inserted, the completed objects executes the computation as shown above. Now,
it is ready for experimental validation.

Fig. 2. Direct manipulation at work–some toy example before and after plugging in
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5 Didactic Needs Reflected in Webble Technology

In section 2 we described the challenges which arise by teaching the recursive
function theory to students. Out of these challenges, some didactic needs result to
the learning program. This chapter gives an overview about these needs based
on the planned program features. Figure 3 shows a fictional screenshot from
the finished program. The red rectangles illustrate the five main segments each
marked with a red number for the following description.

Fig. 3. Fictional screenshot from the finished learning program

1. If you want to create more complex primitive recursive functions you need
a way to add the six ground functions: projection, successor, constant, sub-
stitution, primitive recursion and minimum operator (see section 3). The
first segment GroundFuntions shows a menu which provides a simple way to
achieve this task. The user can add the ground functions as PRF-Webbles
to the Workspace (see figure 3 number 2) by simply clicking on the corre-
sponding item.

2. The second segment Workspace is the main operating window. The users
can change the attributes and values of the six ground functions and create
new functions by dragging them together. When assembling new functions
it is checked if they fit together. For example, when a projection has three
input values, it needs a substitution or primitive recursion functions which
has a placeholder for a input function with three input values. After the users
have created a new function, they can “group“ it to hide the inner functions
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and label it (Figure 3 shows a purple grouped “mult“ function). If the users
want to create more complex functions they might want a possibility to add
some self created functions. This is implemented through a save function
which adds new (complex) functions to the users Composits (see figure 3
number 4).

3. Segment three shows a plot from the created function. This plot can help un-
derstanding the computation of the function, because you can see more than
one input value. Nevertheless representing functions with more than three
inputs is not well possible. For functions with more inputs there should be
a option to select three -to be displayed- inputs. Another feature in this
segment is the trace. In this window its possible to see each computation
step. For instance it would display for the multiplication of 4 and 2 the fol-
lowing: 0: (MULT 4 2);1: (MULT 4 1);2: (MULT 4 0);2: MULT returned
0;1: MULT returned 4;0: MULT returned 8. When “ungrouping“ the MULT
function the traces shows also the sub-steps, up to the ground function
level.

4. Segment four Composits displays the already mentioned self created func-
tions for each user. It is possible to add these functions to the Workspace
(see figure 3 number 2) by clicking on them and to export them into a
xml-file. Exporting functions could be useful in many scenarios. For exam-
ple students could exchange their functions to see other solutions, to work
together on a more complex function or to send them to the teacher for
correction.

5. Users may want to present different formulas from the lecture or books as
PRF-Webbles. The last segment contains a formula editor which provides
this functionality. In this editor the users can input PRF-formulas to create
PRF-Webbles in the Workspace or they can click on PRF-Webbles in the
workspace and display the associated formulas. Although the formula has
to be in a special syntax similar to the latex formula syntax the user has
as much freedom as possible. For instance he can choose his own function
and variable names. This facilitates the work with different sources. When
you want to display the formula you can choose if you want to display it
in latex format or if you want to display it with superscript and subscript
which makes it easier to read.

6 Summary and Insights into Future Work

In summary it can be stated the following. The theory of effective computability
is for many students difficult to understand. Providing technologies and tools
for exploratory endeavor – exploring and understanding the abstract by direct
manipulation of the concrete – might promote the learning process (see section 2
and 4). Previous studies dealt with displaying functions as media objects instead
of writing formulas [1,7,8] (see section 3). This paper deals with a more thor-
ough discussion of the didactic needs for a learning program with these media
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objects and shows possibilities of implementation of which some have already
been implemented (see section 5).

In the future this research field will open more interesting questions. As func-
tions can be learned by their function curve [11,2] it might be possible to create
PRF-Webbles out of the function plot (see section 5, segment three) or to create
the corresponding formula in the formula editor. However, the implementation
of this functionality is not easily possible and requires an in-depth discussion.
Other interesting question are: How will such a learning program be accepted
by users? How will it enhance the knowledge of the users? What other func-
tions want the users? For these purposes, it is possible to carry out a study
with students who will use this program in the now commenced semester at the
University of Applied Sciences Erfurt.

References

1. Arnold, O., Fujima, J., Jantke, K.P., Tanaka, Y.: Exploring and understanding
the abstract by direct manipulation of the concrete. In: Helfert, M., Martins, M.J.,
Cordeiro, J. (eds.) 4th International Conference on Computer Supported Education
(CSEDU 2012), April 16-18, vol. 2, pp. 100–107. SciTePress, Porto (2012)

2. Arnold, O., Schulz, A.: Technologies, implementations and applications for the
Kleistian development of thoughts in speech. In: The 1st IEEE Global Conference
on Consumer Electronics, GCCE 2012, October 2-5, IEEE, Makuhari Messe (2012)

3. Blackmore, S.: The Meme Machine. Oxford University Press (1999)
4. Dawkins, R.: The Selfish Gene. Oxford University Press (1976)
5. Flechsig, K.-H.: Kleines Handbuch didaktischer Modelle. Neuland, Eichenzell

(1996)
6. Fujima, J., Jantke, K.P.: The potential of the direct execution paradigm: To-

ward the exploitation of media technologies for exploratory learning of abstract
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Visual Data Exploration Using Webbles
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Abstract. We describe a system for visual exploration of data built us-
ing pluggable software components called Webbles. The system specifies
a small common interface, a set of slots the plugins are expected to have,
and any Webble following this interface can be plugged in at runtime.
The system contains several types of visualization components, some
built from scratch, some built by writing Webble wrappers for existing
software, and some built by writing small interface wrappers for existing
Webbles. The visualization components allow for interactive exploration
of data, and selections or grouping of data in one visualization compo-
nent are propagated to other components automatically. Interaction is
done through direct manipulation of the visualization results.

1 Introduction

Nowadays very large collections of data are common in many areas. Sometimes
the real world system generating the data is difficult to model, what parameters
influence the model in what way may not be known in detail. Thus, even though
we can collect lots of data that probably contains information we are interested
in, using this data to predict what we want to know may still be difficult.

One example from our research is snow plowing and snow removal in Sapporo,
a city with almost two million citizens that gets six meters of snow per year. The
cost of removing snow are around 15,000,000,000 yen per year (150 million dol-
lars). Using modern IT technology, it may be possible to decrease cost, improve
quality, or remove snow in a more environmentally friendly way.

We have data from many sources: weather stations (temperatures, snow fall,
wind, etc.); taxis and private cars regularly recording speed and position; snow
plowing and snow removal records; logs from call centers for snow related prob-
lems; traffic jam sensors; traffic accident reports; bus traffic logs; social media
like Twitter (are people talking about problems with snow?), and more. A lot
of these data are likely to be related to snow removal, e.g. less complaints when
snow removal works well or lower average speeds of cars and buses when snow
is not removed. The system is of course very complex, though, and it is difficult
to model what factors will have what impact on e.g. traffic conditions.

The data is very high dimensional, very sparse (e.g. a few thousand cars with
sensors driving over 100,000 road segments means low coverage), and often of low
quality. There are sensor failures leaving “holes” in the data, manually entered
data (e.g. call center complaints) with input errors, and unreliable data sources,

O. Arnold et al. (Eds.): WWS 2013, CCIS 372, pp. 119–128, 2013.
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e.g. people on social networks may not be serious or even telling the truth. These
factors make naive application of many automatic analysis methods difficult.

We believe that for problems that are difficult to model, interactive visual-
ization and exploration of data can be useful. Once the problem is understood
well enough to be modeled, standard statistical approaches can be used to find
optimal solutions but before we can model the system such methods are difficult
to use. Interactively exploring data helps in understanding and give insights, and
if it can be done by domain experts (not only data mining experts) they can use
their expert knowledge and intuitions about the domain too.

We present a data exploration system, the Digital Dashboard. It was built
using pluggable software components called Webbles [1], the latest generation of
the Meme Media IntelligentPad system [2]. Meme Media aims to make services
and functionality as easy to reuse as copy-pasting texts or images already is.

2 System Description

The Digital Dashboard is being developed in a project focusing on snow removal
and it was designed to be easy to use by both experts and non-experts. The
main user interface is direct manipulation of the visualization results. Aside from
the Dashboard Webble itself, there are two types of components: data sources
and visualization components. New components of both types can be built and
plugged in at any time, even when already running. The only thing required is
that components adhere to a simple interface.

User interaction is handled by each component separately and thus any type of
interaction is possible. Existing components allow for instance clicking on bars in
a histogram to select data items that correspond to those bars, or selecting areas
on a map to select data items from those areas. Selecting separate groups of data,
e.g. two different areas on a map, can be used to select non-continuous subsets
of data or to create groups of data to compare to each other. When selections
in one component change, all other components are immediately updated.

Fig. 1. An example Webble hierarchy. All components are children of the Dashboard
Webble, and some children wrap other Webbles that are in turn connected as children.

An example diagram of the connections between the Webbles is shown in Fig-
ure 1. The Dashboard Webble is the top parent of all Webbles. The visualization
components can have children of their own, if they for instance wrap the func-
tionality of software not developed for the Dashboard. The data source Webbles
can also have children, e.g. Webbles for accessing Web services. No slots are
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Fig. 2. Interacting with Twitter data. Top: Data contains timestamps (24h clock,
upper left), text (search box, lower left), and GPS tags (map). Bottom Left: Selecting
only afternoon data. Bottom Right: Restrict to city center areas, zoom in, and show
only tweets with the word “matsuri” (“festival”). Mouse-over shows an individual tweet.

directly connected but the Dashboard (parent) Webble listens to slot changes
from its children and reads and sets slot values of the children when appropri-
ate. In Figures 2 and 3, all visible Webbles are visualization components, except
the map which is a Webble developed independently and later wrapped to work
with the Dashboard. The Dashboard Webble and the data source Webbles are all
invisible, but can be made visible if there is a reason to interact with them.

2.1 Usage Example

Figures 2 and 3 show a simple example of using the Digital Dashboard to ex-
plore data from our snow removal project. The user opens the Webble World
web page1 and loads the Digital Dashboard Webble. The user also loads a data
source Webble for some data collected from Twitter. The data contains short

1 http://www.meme.hokudai.ac.jp/WebbleWorld/WebbleWorldIndex.html
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text messages that are timestamped and GPS tagged. To visualize these data,
the user loads a 24 hour clock visualization component, a text query component,
and a map, resulting in the top image in Figure 2. The map shows locations were
tweets were sent and the clock displays dots at times tweets were sent.

Next (bottom left image) only tweets from the afternoon are shown, by select-
ing (clicking and dragging) a part of the clock. This automatically updates the
dots displayed both on the clock and the map. The selection is further restricted
to two smaller areas by clicking and dragging on the map. The user also zooms
in, and selects only tweets containing the word “festival” (in Japanese) using
the text query component (bottom right image). The contents of an individual
tweet are also examined by hovering over the location of the tweet.

Fig. 3. Mash-up of Twitter data and taxi probe car (per road segment) data. Top:
Data is joined on timestamps (24h clock, upper left) and geographic position (map,
center). Twitter data also has a text filter. Taxi data also has speed and speed difference
compared to summer (histograms). Bottom: Grouping data by time, night vs. noon.

In Figure 3 the user continues by adding a new data source with taxi probe car
data. This contains road segments. For each road segment in the city there is the
geographical location, a timestamp, the average speed of and average number of
sensor equipped cars passing each 5 minute interval, and the difference in average
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speed compared to the speed in the summer. The data were further averaged
over two hour intervals in this example.

The user also loads two copies of a histogram visualization component. The
user joins the two data sources on the timestamp data, then shown in the 24
hour clock, and on the geographical information, shown on the map. The average
speed is shown using the top histogram, and the drop in average speed compared
to summer in the bottom histogram (top image in Figure 3). The user then
(bottom image) groups the data into two groups, night time data and noon
data, by clicking and dragging two times on the 24 hour clock component. The
speed histogram shows that taxis have higher average speeds at night (light bars)
than at noon (dark bars).

An example of trying to find something more useful is selecting only road
segments with large speed downs compared to summer conditions, by selecting
this part of the histogram showing speed downs and selecting only night time
traffic using the clock component. Speed downs can be caused by many things
but if the winter traffic is slow even at night (little traffic) the cause is often ice or
snow related. It is then possible to zoom in on problem areas and see what people
on Twitter are mentioning there (“slippery”? or “construction work”?). Adding
other data sources like traffic accident data may also give useful information.

2.2 Data Source Components and Their Interface

The data source components hide the actual data format from the system, mak-
ing the system independent of the underlying data storage. This makes it easy
to mash-up data from different sources, e.g. visualizing probe car data stored
in a relational database and complaints to a call center stored in a plain text
file together with geographically tagged text messages received from a social
networking service in real time. The data source plugins are responsible for
transforming the data to a standard format used by the Digital Dashboard. We
have generic plugins that access relational databases and format the result of
an SQL query into the expected format, and plugins for accessing web services.
This makes it easy to add new data sources if they are of any of the already
supported types. The system currently expects data in XML format and it can
look like this:

<data name="probe car data">

<field name="timestamp" datatype="time-of-day">

<row><id>19a</id><value>10:15</value></row>

<row><id>35d</id><value>11:11</value></row>

...

</field>

<field name="speed" datatype="numerical">

...

</field>

</data>

The XML contains the name of the data source to present to the user, names and
data types of the data fields in the data set, and data values. All data values
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have an ID field and any data with the same ID coming from the same data
source are assumed to be connected.

The data types are used to determine which visualization plugins can visualize
what data. A clock plugin for timestamps will only be matched to data of that
type, and plugins that visualize geographical locations will only be matched to
data containing geographical information, etc. The system itself does not need
to understand the data types, the only requirement is that the data source and
the visualization plugins agree on the name and format of the data type. This
means that it is possible to add plugins that handle new data types that the
Dashboard system has never seen without changing anything in the system.

The interface of the data source components is very simple. They are ex-
pected to have two slots: PluginName and DataValues. The PluginName slot
should contain a string with the name to display to the user when necessary.
The DataValues slot should contain the data in XML.

When doing a mash-up of several data sources, the Dashboard is used to
choose how to join the different data sets. Data fields in separate data sets that
have the same data types can be joined. An example: we might have data with
latitude, longitude, time-of-day and text in our Twitter data source; data with
latitude, longitude, time-of-day, and speed in our Probe car data set; and data
with time-of-day and temperature in our Weather sensor data set. Then the
Twitter and Probe car data sets could be joined on the time-of-day and on the
location, and all three data sets could be joined on the time-of-day. Selecting a
geographic area using some visualization component would then remove subsets
of both the Twitter data and the Probe car data (data points outside the selected
area), but would not affect the Weather sensor data. Selecting only data from
the night time would affect all data sources, and selecting only data containing
the word “snow” would only affect the Twitter data.

2.3 Visualization Components and Their Interface

The Digital Dashboard hides the properties of the data and the existence of
and interaction with any other visualization components from each visualization
component. The parts of the visualization component that interact with the rest
of the Dashboard are thus simple, and more effort can be spent on the actual
visualization. Visualization components are expected to have the following slots:

PluginName, should have a string indicating what the plugin should be called
in the user interface, e.g. when selecting which plugin to use for certain data.

RequiredDataFields, a slot with XML describing what data fields this plugin
wants. A plugin showing dots on a map for locations of sent text messages and
displaying the message text when the mouse pointer is over the message location
could specify that it wants a latitude, a longitude, and a text field. Fields can
be optional, e.g. it could be OK that some items have no text but all items must
have latitude and longitude. A plugin can accept several different sets of data
fields, for instance a plugin showing road segments could accept fields with start
and end points or fields with a start point, a direction, and a segment length.
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DataValues, a slot where the Dashboard inputs the data to be visualized, in
one of the formats specified by the previous slot.

GroupColors, XML indicating which group of data should be visualized in
what color. This slot is used to coordinate the use of color between all plugins
so that e.g. green dots on the map correspond to green bars in the histogram.

LocalSelections, a slot with a dictionary mapping data item IDs to group IDs.
The mapping shows which data items are selected, and in which group it has
been placed. The selections are the selections in this component only. If the user
has selected one group of data with speeds above 60 km/h and another group of
data with speeds below 10 km/h by selecting bars in a histogram, the dictionary
would map each ID belonging to data items with speeds above 60 km/h to group
1, IDs of data items with speeds below 10 km/h to group 2, and all other IDs to
group 0 (the unselected items).

GlobalSelections, also a dictionary mapping data item IDs to group IDs. Here,
the mapping shows the global selection status. A data item may be put into group
1 in one component but be unselected in another (globally unselected), or items
belonging to the same group in one component may be in different groups in
another component and thus be in different groups globally.

The Digital Dashboard coordinates the visualization components and aggre-
gates the information from them. When the local selections in one component
changes, the system updates the global selection status of any data items affected
and then updates all the visualization components affected by any changes.

The system also hides the data sources from the visualization components,
and transforms the data source XMLs to new XMLs with the data needed by
each visualization component, extracting wanted fields and removing unwanted
ones, and renaming the fields to the expected names. The system will try to
automatically connect data fields and visualization components. If there is only
one field of a certain type (e.g. only one time-of-day field) in the data, this field
is automatically assigned to all components that expect such a field. When there
are several fields to choose from, the system can make guesses or it can be left
to the user to select from a list of the fields of the correct type.

2.4 Wrapping Existing Functionality or Software

There are templates for making both visualization and data source plugins for
the Digital Dashboard. A template is a Webble that has the slots needed and
some skeleton code for common operations on slot changes, e.g. iterating over
the global selection dictionary. Building a newWebble that follows the Dashboard
interface is fairly easy but requires some programming knowledge.

Meme Media aims to reuse existing functionality and existing software can be
used in the Dashboard. An unrelated Webble that can visualize data, handle user
interaction, or interact with a data source, can be used by making an adapter
Webble. The adapter Webble just needs to transform the data etc. between the
format of the existing Webble and the format of the Dashboard. Depending on
how different these are, this could be very easy, e.g. an almost empty adapter
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Webble that just forwards data from slots with the proper names to differently
named slots, or it can be a fairly complex task.

We built an adapter Webble that made use of several different existing Web-
bles to handle visualization and interaction with geographical data. The adapter
Webble uses one existing Webble to display data on a map by simply transform-
ing the XML on the DataInput slot to a comma separated list and sending it to
the data slot of the existing Webble. It also takes user area selections on the map
from a different existing Webble, and matches the selection coordinates to coor-
dinates in the DataInput slot to create a mapping for the LocalSelections slot.
Adding an adapter like this is easy and it took about an hour for this adapter.

The Webble technology also allows wrapping of software that was not built us-
ing Webbles. The ArcGIS2 software, not built using Webbles, has been wrapped
to run as a Webble and to work with the Dashboard. Depending on the soft-
ware, wrapping can be fairly easy or it can require a lot of work. Once wrapped,
software can be used in any Webble application.

Wrapping a new data source to work with the Dashboard is generally easy.
There are generic Webbles that access relational databases and web services and
output data in the expected format. For many data sources, adding them is as
easy as adding the URI, then specifying a table name and a login.

2.5 Strengths and Weaknesses of the Digital Dashboard System

Direct manipulation is intuitive and easy to understand for non-experts, so the
Dashboard user interface is easy to use. Clicking and dragging the mouse to select
e.g. an area on a map is a familiar and easy to understand operation. Selections
and groupings in one component are reflected immediately in other components.
All visualization components allow direct interaction with the visualization re-
sults. Selecting the data you are interested in by interacting with the thing that
tells you it is interesting is powerful and convenient.

Setting up a new data exploration using already existing components is easy.
No programming is required, just select plugins and connect them to the system.
Changing what each component visualizes is easily done using drop-down lists.

The system is very generic, and data sources containing data types the system
has never seen before can be dropped in at any time. As long as there are visu-
alization components that know these data types, the system will start handling
everything automatically. The system also does not need to know what type of
visualization or interaction any visualization component does, and the individual
components do not need to know or care about other components. This means
any type of data storage, and any type of interaction, etc. is allowed.

Since the system is built using Webbles, it runs in a Web browser and no
special installation is necessary (though a Silverlight browser plugin is needed).
The Webble technology also means that components developed for the Digital
Dashboard can easily be reused in other systems and some components have

2 ESRI (2012) ArcGIS API for Silverlight (ver. 2.4)
http://help.arcgis.com/en/webapi/silverlight/
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already been reused in systems built by others. The pluggability of the system
makes it easy to extend the functionality, to prototype new functionality, to
add more data sources to mash-up with previous data, etc. When no available
component does what the user wants, wrapping existing software is possible.

The biggest weakness of the system right now is that it is quite wasteful with
regards to memory. A lot of data is duplicated in different ways. Using XML for
the data also uses a lot of memory. We plan to extend the system to also allow
e.g comma separated lists of values instead of XML, though this will not help
with data being duplicated in both the system itself, in an adapter plugin, and
in the final visualization Webble, etc.

3 Other Similar Systems

Here we give a short overview of other systems for visualization and exploration
of data, and point out some differences between them and our system.

RapidMiner [3] is an open-source prototyping system for knowledge discovery
and data mining. It is widely used and supports very many data mining and
machine learning algorithms. It is used to graphically set up work flows for data
mining. It supports multiple views of the same data and you can go back and
change some step of the work flow and get a different visualization results. Like in
our system, the underlying data format is hidden from the data mining operators
or visualization components, and changes made to a work flow are reflected in
all views of those data. The interaction when setting up work flows is a visual
process, but, there is no interaction with the visualized results.

Snap-Together Visualization [4] (Snap) is very similar to our system. Different
visualization components are connected and e.g. selecting data in one compo-
nent is automatically reflected in connected components. As in our system the
interaction can be bidirectional so interactions with the second component are
reflected in the first component too. Components can be connected in different
ways, so selecting an item may select related items in one connected view, and
open details about the selected item in another view. Snap, like our system, has
a small interface that components need to follow and it is possible to wrap ex-
isting software with an interface wrapper (in for instance Visual Basic). Unlike
our system, Snap expects the data to come from a database (supporting ODBC)
and uses Microsoft’s COM for component (process) communication.

The VERD system [5] uses IntelligentBox, another version of Meme Media,
for data visualization. It works with relational databases and has a wrapper
to treat Web resources as relational schema too. Using direct manipulation, it
allows interactive data exploration using various visualization methods. All vi-
sualization views set up are also treated as relations, making it possible to apply
the same operations to visualization views as to raw data. VERD requires the
IntelligentBox environment while our system runs in any Web browser, and in
VERD the interaction only goes downstream in the visualization flow, i.e. inter-
action with one component does not affect components earlier in the flow.
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DEVise [6] is a data exploration system for relational databases. It supports
multiple views that can be connected so that e.g. zooming in one view is re-
flected in another view, and connections can be bidirectional. DEVise supports
many types of operations on the data, but the types of user interaction with the
visualization results are somewhat limited.

Tioga-2 [7] (now called Tioga DataSplash) is a direct manipulation system
for setting up visualizations of database contents. Multiple visualizations can be
connected and changes in the range to visualize in one are then automatically
reflected in others. Tioga has a fairly limited set of visualization primitives and
only works with relational databases as the data source.

4 Conclusions

We described a system for interactive exploration and visualization of data. It is
built using pluggable components and it is easy to plug in new data sources to
mash up data, and easy to plug in new components for new types of visualization.
All components are connected and interactive, and e.g. selections of data in one
component is immediately reflected in all other components with related data.

We believe that systems such as this are useful especially for problems that are
hard to model. Exploration of the data using interactive visualizations to gain
ideas on how to model or analyze the data, or what subsets of data to model in
what ways, is helpful. Directly interacting with the visualization results telling
you that something is interesting is a powerful and convenient way to further
explore the parts that look interesting.
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Abstract. Geographic Information Science is a relatively new discipline. In-
deed the teaching of the technology of Geographic Information Systems did not 
really begin as a university subject until the US based National Center for Geo-
graphic Information Analysis developed a “Core Curriculum” in 1990. This 
Curriculum was revised in the late 1990s in an ongoing effort to provide educa-
tional resources for GIS university lecturers. Within the GIS community, a    
perceived need to update this Curriculum, on an ongoing basis, led to the devel-
opment of a “Body of Knowledge” by representative organizations from aca-
demia (primarily the US University Consortium of Geographic Information 
Science), professional bodies (e.g., the Association of American Geographers) 
and the world-wide, industry leading GIS software manufacturing company, 
Esri. This Body of Knowledge was published in 2006 and it is now freely avail-
able online. However, it has become dated and originally there was no process 
implemented for keeping it current. As a consequence there is now a new 
project to develop the Body of Knowledge 2.0 (BoK 2.0). On April 13th, 2013, 
the first meeting of those involved in the development of BoK 2.0 will be held 
at the Association of American Geographers annual conference in order to plan 
a process for completing this project. The BoK 2.0 will be developed using col-
laborative technologies such as wikis. These will be facilitated by new immer-
sive computer environments similar to the technology used in Second Life. This 
keynote talk will explore how these new technologies, including new develop-
ments arising from social media, will integrate a world-wide knowledge federa-
tion of Geographic Information Science. Links to these approaches and the 
Webble World environment will be explored and suggested. 

Keywords: GIS, Body of Knowledge, Core Curriculum, federation, Webble World. 

1 Introduction 

This paper begins with a short review of the history of Geographic Information Science 
(GIS), both from a research and a pedagogic perspective. This narrative, which will 
have a strongly Anglo-North American focus, recounts the origins of the technology 
from the mid-1950s and the subsequent founding of the National Center for Geographic 
Information and Analysis (NCGIA) in the late 1980s. The role of the NCGIA in      
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stimulating research and the growth of academic geography in North America will be 
described and special emphasis will be invested in the development of the Core Curricu-
lum (both the original and the subsequent revised versions) in promoting the teaching of 
GIS in North American Universities and indeed around the world.  The subsequent role 
of the original GIS Body of Knowledge (BoK 1.0) in furthering the development of the 
discipline after the turn of the century will be described. The limitations of this approach 
in that it lacked depth and represented a static, unchanging and unevolving view of the 
discipline will be discussed. Current attempts to produce a GIS Body of Knowledge that 
is dynamic, uses a wiki-like approach, involves new immersive media and a Webble 
World philosophy to capture the ongoing growth and evolution of GIScience will be 
considered along with speculations on the future of curricula within the discipline. 

2 The Origins of GIS 

The history of Geographic Information Systems and Geographic Information Science 
has been described by [15], [5], [40] and [41]. Geographic information has long been 
highly valued and, in describing the history of the discipline, many GIS texts cite the 
importance of military, geographic information, giving as an example the thematic 
overlay maps of the French cartographer, Berthier, who used this device to show the 
sequence of troop movements at the Battle of Yorktown in 1781 during the American 
War of Independence. Equally important in the history of GIS, during the subsequent 
century, was the work of British physician, John Snow, in plotting a map of cholera 
deaths in London in 1854. The concentration of the victims’ residences around the 
nearby, water pump in Broad Street and the cessation of the outbreak, following the 
removal of the pump handle, allowed the water borne cause of the disease to be de-
termined for the first time. 

The modern era of Geographic Information Science is generally considered to go 
back to the 1950s [4]. Coppock and Rhind [5] split the first 40 years of GIS history 
into four periods: 1) the Pioneer Era (1950s-1975); 2) the Government Supported, 
Experimental Period (mid-1970s to early 1980s); 3) the Commercial Period (early 
1980s to the start of the 1990s); 4) The User Dominance Era (from the 1990s on-
wards). For each of these periods the importance of conceptual developments, soft-
ware and hardware innovations, the influence of academia, commercial enterprises 
and governments were examined. Here we will look primarily at the first three phases 
of this history and then return to the story later in the paper. 

Phase 1 included such conceptual developments as the map overlay or “layer cake” 
approach which allowed the integration and the investigation of the influence of many 
spatial variables. This approach was popularized by Ian McHarg in his book Design 
with Nature [26].  Steinetz et al. [31] include a complete discussion of this methodolo-
gy and demonstrate convincingly that the original conceptual framework was the work 
of Jacqueline Tyrwhitt whose essay in the Town and Country Textbook published by 
the Architectural Press, London, includes a detailed discussion of how map overlays 
can be used as a planning tool. A group of scholars in the Department of Geography at 
the University of Washington in Seattle also made conceptual innovations at this time 
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and one of the most important was the introduction of the geographical data matrix by 
Berry [3]. His representation of geographical data in matrix form with the rows 
representing the spatial units and the columns their attributes rapidly became the de 
facto standard for organizing GIS data. It was during this period that the first fully 
functional GIS, the Canada Geographic Information System (CGIS), was put into pro-
duction. This system, which was originally a collaboration between Roger Tomlinson’s 
company, Spartan Air Services of Ottawa, and the Canadian Government’s, Canada 
Land Inventory, pioneered a series of hardware and software innovations [41]. During 
this time academia’s contributions were largely due to the work undertaken at the Har-
vard Lab for Computer Graphics and Spatial Analysis which had been founded in 1965 
by Howard Fisher and produced computer mapping packages such as SYMAP and 
SYMVU among others that were widely used throughout North American Universi-
ties. William Warntz followed Fisher as the Director of the Lab in 1969 and made 
some truly innovative contributions concerning the critical features of three dimen-
sional surfaces that led to the use of triangulated irregular networks (TIN) models to 
provide compact storage of surface features [39], [37]. 

Phase 2 was characterized by the improvement of many of the fundamental algo-
rithms of coordinate geometry (COGO) on which GIS software development de-
pended. These included point-in-polygon and polygon overlay routines as well as 
shortest path and location-allocation algorithms, among others. By the end of this 
period GIS software was beginning to move away from its mainframe roots and on to 
minicomputers and, eventually, the newly introduced IBM microcomputers. 

Phase 3, the commercial period, saw the increasing dominance of the major soft-
ware companies such as Intergraph, MapInfo, Caliper Corporation and Esri. Despite 
the dominance of the major GIS companies, software packages were also developed 
in University Labs. These packages included Yale University’s Map GIS, Ohio 
State’s Map for the PC and, perhaps most significantly, for it is the lone survivor, the 
Idrisi GIS software from Clark University. It was in this phase that a number of major 
educational initiatives were launched. In the UK, in 1985, the government set up Lord 
Chorley’s Committee of Enquiry into the Handling of Geographic Information by 
computer [29]. This subsequently led to the founding of a number of regional research 
laboratories (RRLs) at universities throughout the UK. Soon after, the US National 
Science Foundation held a competition for a National Center for Geographic Informa-
tion and Analysis (NCGIA). The winning bid came from a consortium of three uni-
versities: the lead was the Department of Geography at the University of California at 
Santa Barbara, the two supporting institutions were the Department of Geography at 
the State University of New York at Buffalo and the Department of Surveying at the 
University of Maine at Orono.  

Funding from the National Science Foundation is primarily for research and  
the newly formed NCGIA at Santa Barbara immediately launched a number of re-
search Initiatives. Nevertheless, researchers at the NCGIA felt that most geography 
departments throughout North America were severely understaffed in terms of GIS 
expertise often only having one or two or perhaps no faculty members who were im-
mediately prepared to teach semester long courses in the subject. To help correct this 
deficiency the NCGIA set out to develop a year long, three semester course in GIS 
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instruction. The Core Curriculum that was developed included 75 lectures, each 
semester having 25 courses developed by approximately 50 different professors. This 
original Core Curriculum was marketed in 1990 for $200 as a set of three manuals 
containing the 75 lectures and was accompanied by a series of laboratory exercises. 
The lectures were essentially notes with questions and references. The NCGIA Core 
Curriculum in GISystems was a great success. Eventually more than 2000 copies 
were purchased in over 70 countries, after being translated into at least eight languag-
es (including Chinese, French, Hungarian, Japanese, Korean, Polish, Portuguese and 
Russian). The original version may still be found at: http://www.geog.ubc.ca/ 
courses/klink/gis.notes/ncgia/toc.html . The enduring popularity of this, much dated, 
series of lectures is attested to by the fact that if you enter the words “spatial interpo-
lation” into a Google search engine the first hit that you are likely to get is to Lecture 
40 from the original Core Curriculum. 

3 The NCGIA Core Curriculum in GIScience: A New 
Beginning 

GIS is a rapidly changing field because of new software, hardware, and algorithmic 
and conceptual developments and as a result within less than ten years it was felt that 
the Core Curriculum had to be updated. It was determined that now it should go on-
line and it should reflect the fact that the “discipline” of Geographic Information Sys-
tems had changed its name. Specialists in the field no longer wanted to teach about 
software systems they wanted, instead, to teach Geographic Information Science. The 
new name had been introduced by Michael Goodchild in an article in one of the lead-
ing journals in the field [17] and now many journals reflected this new thinking by 
changing the word “systems” to “science” in their titles (for example, in 1996, just 
four years after Goodchild published his seminal article the name of the International 
Journal of Geographical Information Systems was changed to the International Jour-
nal of Geographical Information Science).  

The new set of Core Curriculum lectures may be found here: http://www.ncgia. 
ucsb.edu/education/curricula/giscc/ . If one goes to this website a number of features 
will be noticed.  First, the new Core Curriculum is much larger with 194 lecture topics 
listed. Second, many topics have no lecture associated with them, only the title is 
listed. Third, some of the topics for which there is a lecture refer back to the original, 
1990, Core Curriculum. Finally, it will be seen that the new Core Curriculum is also 
now a static document having not been updated since August 13th, 2000. Indeed, a 
note was posted on the website at that point explaining that the project had been 
placed in a state of “suspended animation” since December 1998.  This note [6] states 
that the Core Curriculum would not be continued because other resources such as  
the Digital Library of Earth System Education [13], the Esri Virtual Campus [14]  
and the Center for Spatially Integrated Social Sciences [8] were all becoming availa-
ble as supplementary resources that would support aspects of GIS education. 
NCGIA’s revised Core Curriculum has not been updated since 2000. However, the 
CSISS website presents a cornucopia of resources and links to resources for those 
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seeking help regarding the teaching of GIScience. Curiously, I could not find a link to 
the CSISS website in the UCGIS Body of Knowledge [11] that we will consider next.  

Obviously the field has moved on with several generations of new software revi-
sions to the leading GIS packages, new hardware developments, new algorithms and 
new ways of interacting with computer technology including web-based GIS, mobile 
GIS, web services, data mining technologies and the all-important rise of social media 
platforms such as Facebook and Twitter among others [38].  

4 The UCGIS and the GIS Body of Knowledge 

The Geographic Information Science and Technology Body of Knowledge publica-
tion [11] was an initiative of the US-based University Consortium for Geographic 
Information Science (UCGIS). In some sense the UCGIS was an outgrowth of the 
NCGIA for “in 1990 the NCGIA Board of Directors recommended that a more broad-
ly-based organization be established to promote and support the field” [34]. Although 
the current UCGIS website provides almost no details of the history of the develop-
ment of the organization, it was founded soon after a national conference on the issue 
was held in Boulder, Colorado. At the time of writing it had 75 US universities among 
its member organizations. Although the UCGIS exists primarily to support research 
and education at US universities a number of academic organizations (including the 
Association of American Geographers: AAG) and GIS software manufacturers (e.g. 
Esri, manufacturer of the industry leading ArcGIS software) have affiliate status. 
Non-American universities can belong to the organization as international affiliate 
members and presently two Austrian institutions (University of Salzburg and the 
Technical University of Vienna) and one Mexican umbrella academic organization 
(CentroGeo) have affiliate member status. The UCGIS website lists two academic and 
educational goals as part of its mission statement: first to “Advance research in the 
field of Geographic Information Science” and second to “Build scholarly communi-
ties and networks to foster multi-disciplinary GIS research and education”. 

To fulfill these goals and to broaden the mandate that the NCGIA Directors had 
advocated, the UCGIS supported a Model Curricula Task Force under the Chairman-
ship of Duane Marble from Ohio State University (this may explain why the 
NCGIA’s second Core Curriculum in Geographic Information Science was essentially 
abandoned in 2000). The Task Force included twelve other leading GIS academics 
from US universities and two industry representatives from Esri. The Task Force 
continued in place from 1998 until 2003 when, having laid the groundwork for the 
Body of Knowledge, it was superseded by an Editorial Board, under the Managing 
Editorship of David DiBiase (at that time on the faculty of Penn State University and 
the Chair of the UCGIS Education Committee). This Editorial Board existed from 
2004 to 2006 when it published the first and only edition of the Body of Knowledge 
(BoK). The BoK Advisory Board that also functioned from 2004 to 2006 included 54 
of the leading US GIS academics (plus one industry expert). 
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The BoK (First Edition: BoK 1.0) was originally sold by the AAG (one of its pub-
lishers) but today can be downloaded from this website: http://www.aag.org/galleries/ 
publications-files/GIST_Body_of_Knowledge.pdf. It was copyrighted by both the 
AAG and the UCGIS. The BoK 1.0 was essentially a list of 330 topics that were or-
ganized into 73 units and ten knowledge areas [11]. DiBiase noted that each of these 
topics was specified in terms of their educational outcomes so as to permit the deriva-
tion of instructional outcomes and assessment tools. It was intended to serve as a re-
source for curriculum design. According to DiBiase the final document incorporated 
the suggestions of 31 additional reviewers from the GIScience community (this was 
in addition to the input provided by the editorial board, the task force and the advisory 
board, described above). 

In their introduction to the BoK 1.0, DiBiase et al. [11] recognized the role played 
by the original Core Curriculum which was widely tested within the GIS community 
before it was published [7]. However, the editors of BoK 1.0 also cited criticism of 
the original Core Curriculum referring to the work of Unwin and Dale [35]  and Jen-
kins [18] who objected to the Core Curriculum’s “inconsistencies and overlap, focus 
on content, rigid structure, and lack of a mechanism for updating” [11]. There is some 
irony here for the BoK 1.0 also had a rigid structure and a complete lack of any expli-
cit mechanism for renewal. The BoK 1.0 derives much of its approach, philosophy 
and resource material from the UCGIS special issue on GIS Education published by 
the URISA Journal in 2003 [20] and edited by two of the members of the Model Cur-
ricula Task Force mentioned above, one of whom (Kemp) continued as an editor of 
the BoK 1.0 . The paper by Gaudet et al. [16] published in this special issue lists 39 
competencies “required for success in the geopspatial technology profession”. In the 
original article this is part of a reasonably sophisticated Geospatial Technology Com-
petency Model although the BoK 1.0 attempts to go further than these competencies. 
These competencies were divided into four groups: technical, analytical, business and 
interpersonal.  

The list of 39 competencies within these four groups is far from useful for a num-
ber of reasons. First, it lacks detail, sometimes citing whole disciplines e.g. computing 
programming and conflict management (the latter is the domain of a whole school or 
faculty within my own university). Second, it privileges two application areas, envi-
ronmental and geological, over all others. One of the standard texts in the field [24] 
has chapters on 14 GIS application areas, and this is but a partial list. Third, even the 
analytical competencies have a touch of irony for Systems Thinking is included and 
yet there is nothing about the Philosophy or Practice of Science, which is odd consi-
dering that the entire field had the decade before replaced Systems with Science as the 
S in GIS. Fourth, some of the competencies are banal. Thus Leadership Skills are 
listed as a Core Competency followed by Questioning, whatever that is intended to 
mean. Fifth, with respect to the computer programming competency, the level of ex-
pertise and skill, the objectives and educational needs of GIScientists, as compared to 
computer scientists, are quite different. The GIScientist needs to acquire knowledge 
quickly so that it can be applied. Programming is best taught to a GIScientist by 
showing the student examples of code that configures algorithms such as those re-
quired in COGO. For example, the solution to a point-in-polygon operation requires 
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the use of a number of coordinate geometry algorithms or “tricks”. The formulae and 
corresponding code can simply be shown and explained to the GIScientist and then it 
can be packaged “lego-like” [33] and combined into a GIS program. Essentially a 
somewhat similar approach is taken in Esri’s ArcGIS ModelBuilder function. 

Eventually, of course, the editors of BoK 1.0 expanded Gaudet et al.’s 39 compe-
tencies (DiBiase [9] provides a brief discussion of the inadequacies of the former 
model) into the ten knowledge areas mentioned above (Analytical Methods; Concep-
tual Foundations; Cartography and Visualization; Design Aspects; Data Modeling; 
Data Manipulation; Geocomputation; Geospatial Data; GIS&T and Society; Organi-
zational and Institutional Aspects), and then subdivided these into 73 units and 330 
topics. The topics were up-to-date and comprehensive and were supplemented by 
extensive Reading Lists for each of the ten knowledge areas. Unfortunately, these 
reading lists were not incorporated and linked in to the topics and thus tended to be 
quite general and became immediately dated. Most importantly the BoK 1.0, unlike 
the Core Curricula of the NCGIA, did not explain how to do anything. It was not a 
text. GIS instructors would have to write their own lectures and, more significantly, 
their own lab exercises. In the age of the Internet providing a list of 330 topics that 
various GIS course is a useful contribution for once the terminology is known the GIS 
instructor can use tools such as Wikipedia, supplemented with Google Scholar 
searches, to build their own lecture material. Moreover, software companies such as 
Esri, which has its own publishing company, have been quick to supply tutorial ma-
nuals and courses (both hard copy and online) which provide the lab exercises needed 
to gain familiarity in solving GIScience problems using commercial, GIS software. 
This is true for both gaining a generic familiarity with the software (see, for example, 
the text Mastering ArcGIS by Maribeth Price [28]) and for gaining fluency in specific 
application domains such as Health GIS [21]. 

Although DiBiase et al. [12], Johnson [19], and Prager and Plewe [27] (all papers 
authored or co-authored by contributors to the BoK 1.0) have written positively about 
subsequent developments resulting from the publication of BoK 1.0, we have a less 
sanguine view which will be discussed below. Prager and Plewe’s evaluation, using 
two courses to evaluate the curriculum, was particularly positive: “...the Body of 
Knowledge enables the comparison of objectives, curriculum and actual outcomes 
across multiple programmes in a way that has not been possible in the past. That the 
domain knowledge is systematically encoded has the potential to enable the develop-
ment of a disciplinary ontology…”. 

The editors of the BoK 1.0 were aware that they would need to develop a path to 
the future, a method for continuously renewing the program that had been advocated. 
Consequently, the final section of the BoK 1.0 is titled: “Where is the UCGIS Model 
Curricula project headed?” There they suggested that “A frequently revised GIS&T 
Body of Knowledge…. will be needed to help educational institutions respond to 
needs of the dynamic GIS&T enterprise” [11]. To date this has not happened. More 
specifically the editors list a set of products and services that the BoK 1.0 should have 
helped to facilitate and these included: 1) self-assessment procedures for GIS&T de-
gree and certificate programs; 2) exemplar pathways that GIS students could follow to 
pursue specific career objectives; 3) a second edition of the BoK 1.0.  None of these 
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recommendations has taken place on a discipline wide basis. Of most concern was the 
lack of action on a new edition of the BoK 1.0. It is this issue that we now address. 

5 The Body of Knowledge 2.0 

The editors of BoK 1.0 suggested that “a new editorial team or Task Force be empa-
nelled within two years to consider methodologies for critique and revision that would 
lead to a second edition no later than 2012.” A six year time line for a revised BoK 
was suggested because this is the average time over which renewals of the Computer 
Science Curriculum has taken place in the US. However, this did not occur. More 
recently the UCGIS organization has begun to investigate the development of a BoK 
2.0 and there has been some activity to which we will now turn, although no new 
BoK has yet emerged. 

Part of this new activity has focused on a new Geospatial Technology Competency 
Model [10]. This new interest has been due, in part, to the US Department of Labor’s 
Employment and Training Administration (DOLETA) recommendations in the field 
of GIScience. Ten geospatial occupations are now defined, the first six of which are 
new: Geospatial Information Scientists and Technologists; Geographic Information 
Systems Technicians; Remote sensing Scientists and Technologists; Remote sensing 
Technicians; Precision Agriculture Technicians; Geodetic Surveyors; Surveyors; Sur-
veying Technicians; Mapping Technicians and Cartographers and Photogrammetrists. 
Presumably there is not only a need to define competencies within each of these posi-
tions but also a need to develop academic pathways towards those competencies, 
pathways that provide an integrated and explicit curriculum. In 2012 the Urban and 
Regional Information Systems Association (URISA) in cooperation with DOLETA 
issued a brief describing a new Geospatial Management Competency Model 
(GMCM) [36]. This model describes the 74 competencies and 18 competency areas 
for managers in the geospatial industry. 

These developments in the US have stimulated an interest in Europe in developing 
similar definitions of how to define a Core Curriculum/Body of Knowledge that cha-
racterizes GIS expertise. Perhaps the leading proponent of the use of the BoK 1.0 to 
inform, systematize and integrate the GIScience educational community in Europe is 
Frans Rip. At the 2011 LeGIO-WORKSHOP, GIS-education in a changing academic 
environment, Rip gave the Keynote Paper: GI-Education: The Impact of EduMapping 
[30] where he advocated using the categorization used in the BoK 1.0. He cited the 
work of Masik [25] who for her master’s thesis surveyed 113 respondents from 99 
universities in 27 countries (25 were European). Her results showed that 40% of the 
respondents were aware of the BoK 1.0, while 22% were actually using it and a fur-
ther 25% intended to use it. Given European familiarity with the US research the As-
sociation of Geographic Information Laboratories Europe (AGILE) launched the 
EduMapping Initiative in 2009 “to characterize [the] nature [of GI Education and to 
make]….. courses and curricula comparable on their content” [30]. Rip’s only con-
cern was that he knew that US researchers were actively working on a BoK 2.0 and 
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realized that the BoK 1.0 might soon be replaced. We now consider current, ongoing 
research on the BoK 2.0. 

6 The Body of Knowledge 2.0: Current, Ongoing Research 
Initiatives 

In 2010 the US National Science Foundation (NSF) funded a foundational proposal 
from Sean Ahearn and his collaborators to begin developing the Body of Knowledge 
2.0 [1]. The proposal began by stressing the importance of GIS&T to the US economy 
and the role of BoK 1.0 in providing the first comprehensive ontology of the field. It 
then continued by explaining that the BoK 2.0 would create a “transformational, dy-
namic environment for pedagogy, knowledge building, discourse, collaboration, and 
research in GIS&T by leveraging persistent immersive synthetic environments (i.e. 
Second Life, OpenSim etc.) ontological analysis, knowledge mining and visualization 
approaches”.  

These researchers proposed to resolve a number of issues when designing the 
BoK 2.0, including: the limitations of BoK 1.0; whether to use a top-down or bot-
tom-up design or a hybrid; how best to visualize and navigate the knowledge do-
main; how to reconcile collaborative contributions from a virtual community with 
authoritative expert knowledge; what technical and institutional mechanisms could 
nurture the development; and whether a perpetual virtual environment be created 
that would cater to different levels of expertise and to educational, research and 
professional needs. Three workshops were envisaged: 1) for knowledge discovery 
and design; 2) for visualization of the knowledge domain; and 3) to create the dy-
namic wikis and virtual collaborative environments. The final goal was to enable 
“functioning virtual communities of students, teachers, practitioners, industry, and 
researchers”. 

Although research on BoK 2.0 is in its infancy more details may be found in a 
presentation that Ahearn and his colleagues made at Oak Ridge National Laboratory 
[2]. In this presentation the approach used in developing what they refer to as GIS&T 
BoK 2 is beginning to come into clearer focus. The various foundational components 
of the system will include a core ontology (BoKOnto). This will be managed,       
accessed and comprehended, in part through visualization technologies (BoKVis). 
Contributions to the store of knowledge will come through wiki like software envi-
ronments (BoKWiki). The knowledge contained within the system will be referred to 
as a knowledge corpus which might include knowledge artifacts such as papers, pres-
entations, curricula, syllabi, texts, methodologies, algorithms. This level of detail will 
thus address one of the primary criticisms of BoK 1.0, namely its lack of detail and 
depth. The final component will be a reference system that allows the knowledge to 
be addressed easily with agents similar to Apple iPhone’s Siri technology or, more 
attractively, with a visualized, 3D immersive environment akin to Second Life. This 
will be developed as a persistent virtual environment, BoKPVE. These proposed 
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technologies link us directly to the work undertaken by Webble World researchers, 
which we now address. 

7 Knowledge Federation, Webble Worlds, Pervasive 
Computing Environments, and Other New Technologies  
for BoK 2.0 

Those involved in the NSF Funded research on GIS&T BoK 2.0 are to be congratu-
lated on their visionary proposal. The use of immersive environments, such as Second 
Life, has great potential to enhance the GIScience learning environment. The BoK 2.0 
is unlikely to be completed any sooner than 2014 and if it is to have at least a six-year 
shelf life then it will have to serve the GIScience community to 2020 and beyond at 
which time we can expect that technology will have made significant new advances. 
It is to these newly emerging technologies that we now turn. 

We begin with a discussion of Yuzuru Tanaka’s meme media technology [33]. It is 
quite remarkable that while Professor Tanaka has demonstrated the usefulness of his 
meme media technology and its subsequent technological developments in integrating 
GIS, the GIS community involved in the BoK 1.0 and 2.0 research appears unaware 
of the usefulness of his recent research in promoting the integration of a Body of GIS-
cience knowledge. A particularly lucid discussion of the main aspects of these devel-
opments is to be found in Tanaka et al. [32]. In this paper he described how their 
meme media computing technologies could be used to make the Web work as a  
pervasive computing environment (PCE). This approach, which is now being advo-
cated for use in the development of GIS&T BoK 2.0, is described by Tanaka and his 
colleagues as an open system of computing resources where developers can interac-
tively select these resources to complete tasks. The PCE is designed to leverage a 
knowledge federation. A federation describes a set of digital resources that are not 
assumed, a priori, to be interoperable. A knowledge federation is defined as a set of 
document based computing resources. In Tanaka et al. [32] case studies are often web 
based but the authors cite previous knowledge federations of scientific simulations, 
digital libraries and research activities. All three, but especially the latter two, will be 
of considerable interest to the developers of BoK 2.0. Although there are two types of 
federation research, first, those that involve service providing and service consuming 
programs usually over the web and, second, federations that are user defined, Tanaka 
et al. [32] facilitate the less commonly studied user defined federations. Indeed the 
meme media’s IntelligentPad use of slots to provide interoperability resonates with  
Ahearn et al.’s [2] advocacy of structuring the BoK’s knowledge referencing system 
with identity and similarity sockets.  

Examples of linking the meme media knowledge federation to legacy applications 
including 2D GIS and 3D geographical simulations are described by Tanaka et al. 
[32]. More recently Tanaka and his colleagues have extended their work on meme 
media into what they now refer to as Webble World technology. Webbles are meme 
media objects that incorporate the generic behavior common to all such objects as 
well as specialized behaviors specific to a given Webble but, more importantly, they 
are now customizable [22], [23]. It is to be hoped that extensions of meme media as 
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described in the existing Webble World literature and new developments that will be 
discussed at the Webble World Summit to be held in Erfurt, Germany, June 3rd to 
5th, 2013, will provide new ways in which those developing the BoK 2.0 knowledge 
environment can exploit this technology. 

8 Conclusion 

Our final thoughts are informed by both the needs of the North American GIScience 
community, and by those in Europe [30] and elsewhere and by developments in the 
Webble World literature. 

To be successful the BoK 2.0 initiative will have to move away from the paper 
based hierarchical list of topics that characterized the BoK 1.0. Instead it will need to 
leverage the advantages of being both an online, easily accessible system using both 
traditional internet based technologies as well as agent-based audio advisors and im-
mersive, visual environments. In order to be accepted the knowledge base will have to 
be developed by teams of researchers that are specialists in subject domains within 
GIScience. These subject specialists will need to develop an ontology for the discip-
line that can be constructed lego-like, using technologies similar to Webble World, 
into syllabi that can be assembled into academic and trade curricula that resolve into 
career pathways. Procedures for determining compliance with this ontology will also 
require formulation. These teams will have to be inclusive and involve academics, 
industry experts (e.g. Esri), and professional accreditation specialists from organiza-
tions such as URISA as well as major industry employers and national, government 
agencies that define job expertise and expectations (cf. DOLETTA). 

Further concerns revolve around whether existing research such as Prager and 
Plewe’s [27] investigation of the effectiveness of the BoK 1.0’s ontology can be 
scaled up for the development of BoK 2.0 since this study only evaluated two courses. 
Even more significant are the organizational issues that are likely to emerge: is the 
BoK 2.0 best managed as a top-down or bottom-up process and how are academic 
contributors likely to have their efforts acknowledged and rewarded? Should the BoK 
2.0 exploit the successful Research Initiative approach pioneered by the NCGIA? And 
how will both the interdisciplinary and multinational nature of the task be managed? 
Solving these issues will be of great benefit to the GIScience, Computer Science and 
other academic communities developing curricula that wish to find broad acceptance. 

Acknowledgement. I would like to thank Chris Oxendine for his help and support in 
preparing this manuscript. 
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Abstract. Memetics and meme media technologies deployed for some
purpose of technology enhanced learning need a certain systematization.
Didactic principles, patterns of didactically driven activities, and the like
may be seen as memes. Those memes are encapsulated as meme media
occurring in digital representations of anticipated learning experiences
named storyboards. Digital storyboarding is the preferred technology of
designing anticipated learning experiences based on didactic knowledge.
Encapsulated didactic memes–knowledge, principles, artifices, use cases–
occur in digital storyboards and, through using, changing and re-using,
may be subject to inheritance, mutation, cross-over and natural selection.

Keywords: memetics, meme media, didactic memes, memetic design,
didactic design, pedagogical patterns, storyboarding.

1 Introduction

The present paper may be seen from different perspectives such as (i) didactics
resp. pedagogy, (ii) patterns and pattern inference, (iii) media storyboarding,
and (iv) memetics and meme media technology. The latter is crucial within
the context of the Webble World Summit 2013 and, hence, will be emphasized
throughout the main part of this paper. The other three aspects will be briefly
considered within the present introduction and may reoccur on demand through-
out the subsequent sections of the paper.

The philosophy, so to speak, underlying meme media technology widespread
by publications such as [47] is derived from Richard Dawkins’ seminal book [11].
Susan Blackmore is providing an introduction intentionally aiming at a much
wider audience and, in some sense, explaining Dawkins’ philosophy folklike [10].
The description in this paper must be necessarily much shorter and, perhaps,
unsatisfactory such that interested readers are urgently directed to [11] and [10].
Richard Dawkins’ fundamental message is that, apparently, there does exist
non-biological evolution. Illustrative examples may be found in architecture and
fashion, for instance.

Interestingly–as far as the author remembers his reading of the two books–
neither Dawkins nor Blackmore address issues of didactics. This papers is aiming
at filling the gap directed towards innovative solutions in educational technology.

O. Arnold et al. (Eds.): WWS 2013, CCIS 372, pp. 143–154, 2013.
c© Springer-Verlag Berlin Heidelberg 2013
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1.1 Pedagogical Patterns and Didactic Memes

Since the early work by Wolfgang Ratke and Johan Amos Comenius in the first
half of the 17th century, humans are pondering principles of effective teaching.
The majority of principles is of some quite rough granularity and vagueness [12]
which, consequently, does not allow for an appropriate digital representation.
This does even apply to recent approaches which, though being called patterns,
are far from the precision of patterns in other domains [42]. Dana Angluin [2] has
provided an unprecedented study of introducing and exploiting formal patterns.

When some so-called pedagogical patterns are sufficiently focused and precise,
they may be encapsulated and, possibly, turned into meme media objects.

1.2 Patterns and Pattern Inference

When the pattern concept entered scientific discourse, it was quite vague [1].
Although there has been much progress in the past [15], even recent approaches
frequently remain quite uncertain as can be seen in [9] and [42], for instance.

As said before, Dana Angluin [2] has provided an unprecedented study of
introducing and exploiting formal patterns. In her approach, clarity and precision
are inevitable, because she is aiming at particular precise algorithmic results:
algorithms able to learn patterns from examples of their instances.

It depends on the goals of scientific investigations whether handwaving is
sufficient or not. When patterns are intended to play a crucial role in processes
(see [16], e.g.) or when patterns are intended to reveal essential properties of
processes, of human experience, and the like (see [22], e.g.), there arises a natural
desire for clarity and precision.

Within the present author’s work, patterns are always seen as formally well
defined properties which may or may not have instances in given concrete data.
Whether or not there is an instance of some pattern in some data shall be
decidable (see [20], section VIII, and [23] for some more elaborate application).

1.3 Educational and Hypermedia Storyboarding

For several years already, the author’s work on storyboarding is following the
standards set in [26]. Storyboards are hierarchically structured graphs, an idea
adopted and adapted from earlier work on dynamic plan generation in complex
dynamic environments [3] (see also [4], [5] and, more recently, [6]).

The composite nodes are named episodes, whereas the atomic nodes are
named scenes. Composite nodes may be subject to substitution by other graphs.
In contrast, atomic nodes have some semantics in the underlying domain. They
may represent documents such as videos, pictures, or text files in formats like pdf,
e.g., but they may also represent some activities of human learners, co-learners,
teachers, tutors, or those actions performed by a digital systems.

The usage of composite nodes in some storyboard graph allows for a certain
remarkably declarative representation of the anticipated experiences on different
levels of granularity. This relates to the idea of layered languages of ludology [36].
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2 Towards Educational Memes

Seen from Dawkins’ perspective, didactics is the science of educational memes.
Let us begin with an almost trivial, but practical case of game-based learning.

Pervasive games are a very peculiar type of games [41] bearing unique potentials
for game-based learning [31,32]. Before becoming involved in a case study, there
is the necessity to be correct and to point to the other coin of the medal. It is
apparently difficult to design pervasive games successfully, as discussed in [31].
Some games such as REXplorer [7] and Epidemic Menace [37], for instance,
have been supported with large amounts of money, but failed badly. The one
had been developed to be a permanent touristic game, but vanished after only
three months in operation, and the other one had been played just two times.
The pervasive game selected for a slightly closer introductory inspection is named
Invisible Buildings being designed as a game for teaching in schools [48].

Fig. 1. Top Level Storyboard for the Game Invisible Buildings

Figure 1 is showing some top level storyboard of Invisible Buildings as
investigated in [31]. The representation above reveals some educational pattern,
so to speak. There are outdoor activities followed by related indoor activities.
In some more detail,

– there are playful outdoor activities aiming at motivation and fun providing
data of a virtual world

– which are carried over from the virtual world to the subsequent session
– where, in some sense, the true learning takes place indoor by processing the

data from the virtual world on a computer discussing and interpreting the
virtual findings.

This way of teaching and learning may be reused in varying conditions, thus,
possibly representing some meme of didactics.



146 K.P. Jantke

For the purpose of further investigations, one may go into some more detail
of playing the educational pervasive game Invisible Buildings. Finding the
right level of abstraction is known to be essential, but involved [36].

Fig. 2. Storyboard of the Episode “Outdoor Task Searching for Building Remains”

The dotted and the dashed lines in the storyboard of figure 2 above indicate
communications with the game server. When dealing with issues of technology
enhanced learning, one may go far beyond the limits of conventional thoughts
about didactic principles, rules, patterns, and the like as in [12] and [42], e.g.
In e-learning, there may also occur patterns of human-machine communication.

The question for memes is the question for essential ideas that may be reused
directly or that may be subject to modification or even to cross-over.

In the area of pervasive educational games, there do exist some standard ideas
of when and how to deploy the communication between learners/players and the
system. Clearly, the bookkeeping of player positions (see fig. 2) is crucial [31].

One may expect a larger amount of memes resulting from the efforts to manage
cognitive load in technology enhanced learning [33,39,40,43,45,46]. Questions for
motivation [38] and many further issues lead to memes as well. The complexity
is not surprising, if didactics is the science of educational memes.

Work on pedagogy explicitly stressing the idea of having reusable templates
of a somehow uniform appearance such as the so-called pedagogical patterns
project [42] seems particularly relevant for pondering memes of didactics.

For the purpose of the present paper, it is particularly important to find those
meme candidates which are sufficiently precise to potentially allow for a digital
encapsulation as meme media using established technologies [47,35].

Patterns occur in extremely different variants ranging from [1] through [8] and
[9] to [42], and all of them might be relevant to the present author’s endeavor.
However, patterns that are particularly vague are quite difficult to be (re-)used.
“Nobody is Perfect” ([42], p. 81) and ”New Pedagogy for New Paradigms” (ibid.,
p. 151) are extreme examples of uselessly waving around. Other concepts such
as “Built-In Failure” (ibid., p. 25) are thought-provoking. Attempts to clarify
what might be behind the phrase lead to some rather different implementations.
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3 Storyboarding with Educational Memes

If didactics may be seen, in the light of [11], as the science of educational memes,
didactics for technology enhanced learning deals with educational meme media.

3.1 Storyboarding Technology Enhanced Learning

Applied to technology enhanced learning, storyboards are the tools representing
the learners’ anticipated experiences at planning time. This explains the basic
relationship of planning and storyboarding (see [17] and, for the background [26]
on storyboarding and [3,4,5] on planning). Recent accounts of both sides that
are closely related can be found in [27,34] and [6], respectively.

Very roughly speaking, storyboards are tools for anticipating forthcoming
experiences. As such, they contain descriptions of what shall happen and of how
those future events are related: nodes and edges between them. Naturally, one
may think of forthcoming experiences on quite different levels of abstraction.
More abstract thoughts and their representations are inevitable to keep long
and complex processes under control. In contrast, detailed thoughts and their
representations are inevitable as well for proper preparations of affective and
effective experiences.

Nodes that are composite are named episodes and those that are atomic are
named scenes (see [26], for a comprehensive treatment). In terms of discrete
mathematics and computer science, storyboards are hierarchically structured
graphs (very much like plans for dynamic applications, see sources from [3] to [6]).
Scenes have a certain semantics in the domain. The semantics may be digital
(documents, videos, links, and the like) and even executable. Episodes are to be
substituted by (sub-)graphs. Note that repeated substitutions including limited
recursion may be possible. The semantics of an episode is determined by the
semantics of its constituents.

Edges between nodes determine relationships such as timely order and condi-
tional dependence. They may also specify data flow (very much like in planning).
Loops and branches are possible. Branching may have different semantics such
as parallelism, choice, and the like.

In general, there is a need for annotations to clarify the semantics of nodes
and edges.

Only those storyboards are taken into account (within the present paper and
in related work such as [17], [20], [26], [27], [31], and [34]) which are digital
objects. As such, they allow for collaborative design supported by information
and communication technologies, for automatic checking of crucial properties,
and for some tool-based implementation.

Practically, designing a storyboard means to take predefined units–episodes,
scenes, and templates of them–from some repository and plug them together. The
processing will frequently require modifications for the purpose of adaptation to
current needs. Annotations for specifying semantics will be necessary as well.

When smaller objects are executable, their combination may result more com-
plex objects implementing useful functionalities (see [13] and [14]).
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3.2 Educational Memes in Digital Storyboards

Let us begin with an introductory example adopted and adapted from [27], fig. 3.

Fig. 3. Storyboarding Extra Game Play and Meta Game Play in Gorge

Gorge is some simple browser game (see [19] for the essentials) freely avail-
able on the Internet (see http://www.kindermedien.idmt.fraunhofer.de/gorge/
for the game and [29] for a qualitative study). Both [19] and [29] are provided on
this page for free download. The game runs in English, Japanese and German.
Gorge bears some potential of playfully learning about Artificial Intelligence.

For playful learning, some taxonomic principles may be invoked [18,21,24].
The two principles explored in [27] are extra game play and meta game play.
Extra game play means the feature of leaving the game play on purpose before
completion, whereas meta game play means the feature of repeatedly playing
with some purpose in mind. There are several games developed with focus on
one of these or both taxonomic concepts having certain effects of game playing
in mind [18].

The two loops backward in figure 3 illustrate the way in which extra game play
and meta game play, resp., is anticipated in contextual game play of Gorge.

The two nested loops on display in figure 3 form (an instance of) some meme.
The related storyboard sub-structure might be seen as some meme media object.
For reuse in another storyboard, it may be copied and modified to meet the
peculiar needs of the new application under consideration.

For the practical deployment of meme media technology in storyboarding
educational processes, it is fundamental to have media objects which may be
literally picked up for (re-)use, thus, becoming subject to direct manipulation [44]
or, even further, to direct execution [13]. When pondering what other authors
call didactic models [12] or educational patterns [42], it is decisive to find ways
of digitally encapsulating ideas which might be considered memes.

Following the introductory example above, let us now undertake an attempt
to use one of the so-called pedagogical patterns of [42]. “Built-In Failure” is
said to be a pedagogical pattern (ibid., pp. 25-26). There is the obvious, though
rather general motivation that “learning comes from experience, and much useful
experience comes from failure. but a learner who lacks confidence will fear failure,
and this fear impedes or even prevents learning.”
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This leads to the pedagogical intention to build in failure into anticipated
learning processes making it a normal constituent which does not cause any
learner’s fear.

But what does failure mean? How does the concept of failure depend on the
domain and, perhaps even more involved, on the way of teaching and learning?

In particular cases, students get a task and are asked to find some solution
meeting certain criteria of quality. Note that the pattern description in [42] is
not sufficiently clear to decide whether or not the following formalization meets
the authors’ intention. In the wordy description of the pattern, there does occur
some sample about students making pottery (ibid., p. 25) in which no criteria

Fig. 4. Storyboarding Formalizing the Pedagogical Pattern “Built-In Failure”

of quality or success are mentioned. Without criteria of success, the reasoning
process changes. The corresponding cutout of a storyboard results from the one
in figure 4 by simply eliminating one node. An illustration may be dropped here.

Fig. 5. Storyboarding some Variant of “Built-In Failure” Without Criteria of Success

Because searching for some problem’s solution without any criteria of success is
problematic, one is easily lead to another meme encapsulated as shown in fig. 5.

The cases discussed so far illustrate the appropriateness of building blocks
allowing for an easy replication, mutation, and cross-over as supported by the
current Webble Technology, for instance [35].
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But meme media allow for much more than just plugging building blocks into
each other. They support the propagation of data via slot connections [47] and
enable direct execution [13]. Both features do not seem so particularly relevant
to the few cases discussed so far within the present paper.

Among the numerous ideas and principles of collaborative learning, there is
the “divide and conquer” meme: set up some task, divide it into two subtasks,
let two (groups of) learners solve these tasks independently, and synthesize a
solution to the original problem by combination of the solutions to the subtasks.

Fig. 6. Encapsulation of the “Divide and Conquer” Collaborative Learning Meme

For a particular learning domain, the different nodes of the storyboard cutout
shown in figure 6 may have different implementations. Within some first variant,

– ‘Formulate a Task’ is a teacher’s duty,
– ‘Divide the Task . . . ’ is an activity of the whole group,
– ‘Working on some Solution . . . ’ is a task of separate individuals or groups,
– ‘Combining the Two Solutions’ is an activity of the whole group again.

Within a second variant of implementing the visualization on display in figure 6,
only the two ‘Working on some Solution . . . ’ nodes represent human activities.
All the others have a certain computational meaning. Just for illustration, there
may be some task generator (maybe, reading tasks from a database), a certain
procedure of dividing tasks into subtasks, and some program merging solutions
of subtasks into solutions of the original tasks.

The second variant sketched does illuminate that the edges of a storyboard
may have different semantics (see [26] for more in-depth discussions including
the semantics of nodes). Edges do not only represent the flow of control. They
specify data flow as well. The flow of data between nodes with some operational
semantics may be fully automated. Assume you plug one node into another one.
In this way, some slots are connected. Data flow from the slot of one meme media
object to the corresponding slot of the other one according to some predefined
direction. Those settings of data flow may be adjusted by hand, if necessary.
In fig. 6, e.g., the rightmost node runs a merging algorithm when data are put in.

When discussing didactic concepts in [25] (see also section 4 on exploratory
learning in [30]), there has been investigated some particular idea usefull for
learning algorithms, their reach, strengths, weaknesses, and details of behavior.
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For this idea, we introduce the term Challenging the Target (of learning).
Figure 7 shows an application within the data mining tutor DaMiT [25,28].

Fig. 7. The “Challenging the Target” Meme Used in the Data Mining Tutor DaMiT

There is a target algorithm for learning decision trees with nodes consisting of
regular patterns. Challenging this algorithm means to construct lists of examples
and counterexamples (front screenshot in figure 7) such that the algorithm is
forced to generate comparably complex trees (screenshot in the back of figure 7).

Fig. 8. Encapsulation of the “Challenging the Target” Exploratory Learning Meme

To implement the pedagogical concepts discussed and storyboarded through-
out this paper, one needs meme media objects representing scenes and episodes
which may be plugged together as illustrated by the storyboard figures above.
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Abstract. Disaster management is a very important field of civil pro-
tection. For effective protection of the population, some governmental
institutions or agencies provide training in crisis management teams.
An important aspect of working in a crisis management team is man-
aging and presenting information on the current situation. It is difficult
to learn the practical implementation of the information representation
only from such short term training opportunities. A preliminary Web-
based practice of the workflow within a realistic situation will help to
solve the problem and increase the quality of the training. This paper
discusses the possibility of building such a Web-based training environ-
ment for teaching and learning the situation map which is powered by
the Webble technology.

Keywords: disaster management, emergency situation map, Web-based
training, e-learning.

1 Introduction

Disaster management is a very important field of civil protection in Germany
not least because of the background of changing climate. For effective protec-
tion of the population, it is important that the coordination of the rescue units
are arranged smoothly and efficiently. In May 2004 the German federal govern-
ment established the Bundesamt für Bevölkerungsschutz und Katastrophenhilfe
(BBK)1. It is located in a division of the Bundesministerium des Inneren (BMI)2

and takes over tasks of civil protection and disaster relief support with the con-
sent of the most competent and highest federal authorities. As a central training
institution of the BBK, the Akademie für Krisenmanagement, Notfallplanung
und Zivilschutz (AKNZ)3 takes an important part for training of pension plan-
ning and disaster management at all levels of decision-making. Through the pro-
vision of a wide variety of seminars and events, in addition to theoretical training

1 Federal Office of Civil Protection and Disaster Assistance.
2 Federal Ministry of the Interior.
3 Academy of Crisis Management, Emergency Planning and Civil Protection.

O. Arnold et al. (Eds.): WWS 2013, CCIS 372, pp. 155–165, 2013.
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and practical exercises in the area of crisis management. It offers training for the
work of crisis management staffs.

An important aspect of working in a crisis management team is managing and
presenting information on the current situation. It turned out in the practical
exercises that the understanding of the practical work flow of the information
recording and processing to the representation in a map was theoretically avail-
able, but the practical implementation was difficult. One of the reasons of the
difficulty is that trainees have different knowledge about the procedure of the
map management. As a consequence of these problems, the learning outcome
that can be gained from the practical exercises is reduced. A preliminary web
based practice simulation of the work flow within a realistically situation would
help to solve the problem and increase the quality of the training.

Of course there exist different map and crisis management systems. For ex-
ample, sceptros [1] developped by the “Beerware-Lizenz” allows users to manage
the list of forces in use and the map very fexible. It is fully usable for map man-
agement. The second example is the eden project [2] from the sahana software
foundation. It is an flexible online platform for humanitarian projects. With
its wide flexible structure it can be adapted very fast to the local conditions.
Fraunhofer IOSB institute is also developing systems for crisis management for
example a smart control room [3] which also could be used to manage situa-
tion maps and forces via real time information collection and presentation, in
response centre. These systems are designed for managing crisis situations and
especially for map management, but not developed for teaching how to do this
management.

This paper describes the possibility of building such Web-based training en-
vironment for learning the situation map powered by the Webble technology [4].
The Webble technology is one of the latest Meme Media [5] platform. It allows
users to combine some visual objects in the Web browser window and exchange
the compound objects with other users. We believe that this feature supports
teachers and learners in the process of the situation map representation train-
ing well. We discuss possible scenario of Webble-based station map training and
necessary functionalities to achieve the provided scenarios.

2 Emergency Situation Management Training in AKNZ

2.1 Practical Exercise in the AKNZ and Benefits

The aim of the practical exercises is to apply the knowledge about administra-
tive and logistical structures in crisis management out of the lessons in realistic
scenarios.

The diversity of the participants is on the one side good for the exchange of
information about differences in other cultures and competencies. This promotes
new ideas and proposals of the civil protection on both sides. But unfortunately
from these circumstances results the issue that there are big differences in the
state of knowledge about the civil protection and related organisation focused
on Germany. However, in order to maximize the learning outcomes from the
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practical exercise, it is desirable that the participants of the exercise have a solid
knowledge of each part of staff work.

A staff within the crisis management team in Germany consists of up to 6 dis-
ciplines and if necessary the associated consultants: Personal management(S1),
situation management (S2), action (S3), materials and food (S4), public rela-
tions (S5), communication structures (S6), Psychosocial support (S7) and sifter.
The allocation of staff units is related to the extent of the crisis but the mini-
mum cast consists of S1, S2, S3 and S4. This proposal described in this paper is
related to the special training unit of S2.

The responsibilities of S2 extends over, reading, interpreting and processing
the incoming messages up to the final presentation of the information on the
situation map “Lagekarte”. So that each staff member can easily acquire infor-
mation about the situation. Unfortunately, the mediation of the work flow in
its current form is only in theory, therefore not sufficiently possible to visualize
it. In other words, the learner must have not only declarative knowledge about
facts but also procedural knowledge to use the learners declarative knowledge [6].
To improve this situation, we would like to propose an interactive training pro-
gram for the situation map, called MiLK (Medientechnologie fr die Interactive
Lage-Karte).

One of the targets is to improve the teachers opportunities of assembling new
tasks for the students by providing interactive software. After the students solved
a task, the teacher gets a message that the task is solved successfully and the
collected statistic data about the action sequences during the solution process
of the student. The generated tasks can be saved and reused or adapted if the
teacher later wants to expand an existing scenario. After an initial phase the
workload of the teacher can be reduced to a minimum. The second target is to
improve the knowledge of the learner. This is to be achieved in that way that
the student applies the knowledge about the duties of S2 and the tools available
to him, which they have gained in the lessons and also on the online learning
platform [7] in an first practical way. Through the repetition of the different
tasks, learners will deepen their knowledge about the meaning of the symbols
and the work flow. Similarly, this allows to generate procedural knowledge about
the connections of the individual tools with the work process. This ensures that
the student later in the practical exercise is familiar with the work process and
not thus fail at the basic questions. As a result the students gain an increased
growth of knowledge through practical exercise. In addition it is an easy way to
practice work flows in realistic scenarios with the better preparation for seminars.
Moreover a better cost benefit ratio for both sides will be reached.

2.2 What Is the Emergency Situation Map?

For a successful management of incidents, a solid information base of the crisis
team is essential. The collected information is converted into a standardized form
on the “Lagekarte”, so as to be available for every individual staff members in the
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Fig. 1. Sample situation map of the practical exercise

crisis management team. In the picture you can see an example for “Lagekarte”
(Fig. 1). The table with the forces overview is related in this special scenario to
the role of S2 but normally it is the task of S1. It shows several damaged areas
and the type and positioning of the individual units in the disaster areas as well
as a part of the current weather situation graphically. In relation to the situation
it is also possible that the weather is outsourced to a special weather map. For
example in an scenario with multiple collisions the weather situation is not so
important whereas a scenario with a big storm front the weather plays a major
role and then the amount of information is too big for one map. The standard in
catastrophic management today is the real map due to the volatile security but
here are also to detect several tendencies for the usage computer-based of virtual
maps or complete rooms with wide screen displays controlled via cameras and
gestures [3]. For efficient work of a crisis management team, a rapid distribution
of those information to the individual departments is essential for the success of
the operation. It is therefore important that the map manager who holds in the
staff for crisis management the position of S2 [8] transfers incoming information
to the situation map as timely and properly as possible. To ensure this, it is
essential that the map manager does the work as perfectly as possible.
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3 Training Scenario for Situation Map Management

To fulfill the responsibilities, the S2 must get familiar with the following tools.
The first one, the 4-way form 4-fach Vordruck which is used as a communication
tool for getting various information. This form consists mainly of the recipient,
the message field, the sender field and some administratively relevant information
fields. Information transferred by the four-colored forms must be interpreted and
represented in the situation map. To do so, the S2 have to have an extensive
knowledge about tactical symbols. The following will illustrate an example of
how a task is generated by the teacher and solved interactively by the learner.
Following through the work flow from the beginning to the end, learners can
obtain additional knowledge about the individual tools and symbols.

As an overall view of the system, it is divided in 2 main parts: one for the
teacher and another for the student. For teachers the system provides modular
elements available to build a fictional training task. Out of this elements, teachers
can adjust the system to fit the desired teaching scenario. After creating the task
the teacher safe the task so the learner can open it, or he/she send it to the learner
directly. This depends on the implementation method.

The learner opens the new webble task, solves it with suitable feedback and
saves or sends it back to the teacher.

To reduce the workload for teachers, the correction of the solution is automat-
ically done by using some programmed logics in the interactive solving process
by learners. So, teachers can just monitor successfully completed tasks.

3.1 Example Scenario Description in General

An example scenario could be represented as follows: A teacher has a map ele-
ment, a selection for tactical symbols for building a situation map, and a “4-fach
Vordruck” form which he/she describes a situation. Also another element can be
used for a brief summary of the current situation. This could be used as part of a
fictional situation briefing to summarize the situation. The individual elements
can be scaled individually and their contents are adapted automatically. If a user
drags one element and drops it over another, the dropped element is embedded
onto another element. In this way, learners can put the elements together to
complete a task. Each workspace has a task bar allowing to view hidden ele-
ments. It will be extended automatically when a new element appears on the
surface. The following part will explain the parts of the interface in detail.

3.2 Teachers Interface

In Fig. 5 you can see a sample presentation of the working surface for the teacher.
At the beginning of creating a new task, the teacher creates a new incoming
message out of a template on a 4-fach Vordruck. As similar to a real situation,
it would serve as the starting point for the work of S2. In this template he/she
can change all fields. In this case he/she fills in the sender, the content of the
message, and the receiver.
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Fig. 2. Teacher’s view of the workspace

In conjunction with the tactical symbol element, named as “Tools”, he/she
creates a graphical presentation layer using drag-and-drop operations. For this
purpose, he simply pulls the required symbols from the pool of available symbols
to the desired location on the map. The symbols which are placed on the map
are automatically added to a new element which includes the available signs for
the learner. He also can expand the list of symbols in “Used symbols” for the
learner with additional symbols out of “Tools” which are not placed on the map
via drag and drop. This is one example to increase the difficulty level for the
learner. Additionally he/she can mark damaged areas like flooding on the map
with hand drawings which are also located in “Tools”.

After finishing the compilation, he/she stores the task. So it is published for
the learner.

3.3 Learners Interface

In this example the student simply open the generated task like you can see in
the picture and the workspace will be opened (Fig. 3). Now he gets displayed
the “4-fach Vordruck”, “Lagekarte”, and a collection of symbols he can use to
solve the task in his working area. An additional message may comes up for
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Fig. 3. The learner’s workspace with some feedback examples

fields which are not filled or not necessary for the task. The learner starts to
represent the information on the “Lagekarte” which are contained in the “4-
fach Vordruck”. For this, he only has to place the needed symbol with drag and
drop from the symbol box to the places on the map, which are described in the
message. The flooded area can be marked with the drawing toll. If the student
made some mistakes in this point, he get provided some feedback depending on
the chosen symbol, the number of attempts, the location on the map, and the
relative position to other symbols. Finally the goal of the learner is to solve the
problem correctly. This can be done by trial and error or conscientious. When
this is achieved, he gets a feedback and it will be saved automatically and marked
as resolved, then sent back to the teacher. So, if it is desired it can provide a
overview over the solution method of the learner.

4 Technical Requirements

The sample scenario presented in the previous section consists of the 3 most
important elements for the work of S2: “4-fach Vordruck”, “Lagekarte”, and
tactical symbols. In this section these are described in detail. It is divided in
an explanation of the presented possibilities and the required data collection
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as well as transmission and further additions which are not included in the
example. General all relevant information to the learning progress are collected
in a statistic which is provided to the teacher after finishing the task.

4.1 4-fach Vordruck

All elements in the above-mentioned “4-fach Vordruck” are customizable by the
teacher to allow the students to get the greatest variety of scenarios. If the
learner as in this example, has to concentrate only on the main task as a map
leader, it is allowed to the teacher to only fill in the sender, content of message
and the receiver. All further empty fields will be marked as not necessary from
the teacher or from the system after a request to the teacher. If the teacher has
forgotten to insert something, the system notifies to him and he cannot proceed
until he decides to fill in now or later. If the teacher thinks it is necessary that
the learner has to identify mistakes in the form, he can fill these items and mark
as not visible. In this case, the learner must explicitly identify the exact content.
In the case of failed attempts partial solution will be displayed to him. This flows
also back into the overall statistics of the user actions. Another method may be
to leave the field blank so that the learner needs to be aware that something is
missing. This could e.g. be used for the first exercise units.

Fig. 4. 4-fach Vordruck
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Additions of “Vordruck”. It is conceivable to extend the logic of the form
so that the content of the text is checked in real-time and searched on the basis
of specific keywords. That enables us to automatically create a list of symbols
which are used and place it automatically on the map. In order to further extend
this, it would be possible to implement a temporary position of the symbols on
the location map. They can be taken from from inferences from the context of
the message. Another possibility is that the teachers can link via drag and drop
new words for a symbol with the elements placed on the map if he uses those
words that are not yet known to the system. Thus, in the next use of the word,
the appropriate symbols are positioned in the quick selection.

4.2 Lagekarte

The teacher can choose a map out of the pretended scenario maps. If it is de-
sired to adapt the environment to a new location, the teacher can incorporate
additional maps. For example, if they are presented in digital form he can drag
and drop the image file out of the explorer in to the map element. All position-
ing data are saved in relation to scaling and the size of the image so that it is
zoomed in and out. The individual symbols, drawn on the map, are automati-
cally associated with the position on the map and stored with a unique ID. The
icons can be moved by the teacher at any time and the data is updated. On
the part of the learner, the symbols may vary depending on the difficulty and
according to initial position. The task will be achieved by moving the symbols
to the right position, which is interpreted from the incoming message. In this
case(Fig. 3), the wrong or right position is indicated by a constantly updated
green or red border around the icon. The time for solving, relative position of
symbols, movement of symbols and scaling of the map are recorded to analyze
the behaviors of the student in detail.

Fig. 5. Example situation map
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Extensions of Lagekarte. Existing map services like Google Maps can be used
to dynamically adapt the content. It could also be extended to take the places
out of the map and the analyzed text in the message to generate a preliminary
positioning of the elements to the map. To realize this, a complex implementation
of a map service may be needed.

4.3 Symbol Elements

The symbols to be placed on the map include a unique ID and the icon which is
displayed on the element. In addition, they contain location data that is trans-
ferred when users place it on the map. This should have a relation to the scale
factor of the map, because the position may be different depending on the scale
on the map. The positioned tactical symbols can have additional information,
such as name of the unit, strength and equipment, and aisle information which
some electronic map management systems provide. From this data, all unit-lists
will be generated depending on the circumstance by the scope of S2. The gen-
eration of the list could also be done manually. This content will be displayed
in a new table element next to the map, and the learner enters the values of
the units which are appearing in the text. This is only possible if the icon was
already placed on the map. Thereby the sequence of actions is trained. Here the
learner gets also a feedback, for example, to prevent him from filling in swapped
numbers. At the same time the descriptions on the map will be also updated.
This possibility with unit list is related to which environment the learner should
be trained. These are only some possibilities for the information recording pro-
cessing and representation of such application.

(a) (b) (c) (d) (e) (f) (g) (h)

Fig. 6. Example of symbol from recommendations for tactical signs in civil protection:
(a) platoon of firefighter, (b) logistic, (c) event direction, (d) collection site, (e) technical
operations management, (f) rescue team THW4, (g) technical division platoon with
bridge building THW, (h) supply squad of Malteser

5 Conclusion and Outlook

We all should be aware that civil protection in Germany and last but not least
around the world is becoming more and more important. To ensure the best
possible protection of the public we need a variety of volunteers and material
but also the corresponding know how. The AKNZ represents in this context, an
important institution for the mediation of this know-how.

4 Technisches Hilfswerk: http://www.thw.de/EN/Homepage/homepage_node.html

http://www.thw.de/EN/Homepage/homepage_node.html
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To further enhance the quality of education of the helpers in civil protection,
this paper proposes a training system for constructing an interactive emergency
situation map to provide a small contribution to the huge challenge of disaster
management and civil protection.

On one hand, this training system provides an easy to customize environment
for teachers to present an easy to use tool to teach the work of the map leader.

On the other hand, it is an easy way for the learner to interactively become
familiar with the procedures of the work processes of S2 and to deepen and
further develop the existing knowledge. Thus the student is better prepared for
the challenges in practical exercises. This should lead to a more efficient flow
in practical exercises. The resulting gain in time can be used to develop the
scenarios, which in turn lead to a more optimized preparation for the reality. All
described ideas are implementable on Webble World platform.

Each of these elements can exchange data with other elements. It is possible
to evaluate the the learners solution without human control. Thus the work
for teachers is reduced, which is an advantage for managing a large number of
students. In the end, this type of training system is not only a useful interactive
interface, but represents a communication tool between teachers and students,
allowing to check and exchange the flow of information on the state of the learner
automatically.

Acknowledgments. We would like to acknowledge the AKNZ. We partici-
pated in the 4th International BBK Summer Academy in 2012. This was a big
inspiration for this work.
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Abstract. This paper gives a historical survey of our meme media research 
since 1987. Its origin was the idea of the synthetic media architecture. Then in 
1993 came the reorientation of the architecture toward the meme media 
architecture, focusing on the international sharing, reediting, and redistribution 
of various knowledge resources.  This was followed by our efforts to merge the 
meme media architecture with Web technologies, and made us come across a 
new aspect of meme media technologies, i.e., knowledge federation which 
focuses on how to enable people to extract arbitrary functions from open Web 
applications and/or Web services and to make them interoperate with each other 
for improvisational composition of a complex application from available open 
Web resources. Finally, this paper gives future perspectives on meme media in 
the context of cloud computing and exploratory big data analytics. 

Keywords. Meme Media, Knowledge Federation, Synthetic Media, Meme 
Pool, Web Resources. 

1 Introduction 

The history of meme media research started with an idea of the synthetic media 
architecture IntelligentPad in 1987 and its implementation in Smalltalk 80 in 1989 [1]. 
Then the IntelligentPad Consortium was organized by major IT companies including 
Fujitsu, Hitachi Software Engineering, Fuji Xerox, NTT, and NEC in 1993. In this 
year we had TED (Technology Entertainment and Design) Conference in Kobe, 
where we reoriented our media architecture to meme media and meme pool 
architectures [2][3], and showed its live-demonstration. The dissemination of Web 
browsers after 1995 made us consider how to use the Web as a world-wide meme 
pool, i.e., a repository of meme media objects. Around the same time, consortium 
member companies released commercial versions of IntelligentPad developed in C++. 
Then we came across the problem of how to wrap a Web resource like Web 
applications or Web services into a meme media object. Once being wrapped, such 
resources can be easily combined together to interoperate with each other. This idea 
opened a new vista of knowledge federation, especially improvisational knowledge 
federation, i.e., dynamic federation of knowledge resources over the Web [4]. This 
idea, however, required two different system environments, i.e., the Web environment 
and a meme media system environment. An ideal solution to avoid the use of more 
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than one environment was to unify these two environments, which resulted in the 
proposal of the WebbleWorld system in 2010 [5]. This paper will review the history 
of meme media and give new perspectives of meme media and knowledge federation 
technologies. Chapter 2 describes the origin of the idea about synthetic media 
architecture. Chapter 3 will describe the reaction of industries, immediately after our 
proposal of synthetic media, for applying this idea to the rapid development of client 
systems. Chapter 4 will describe the counterbalancing reflection from the academic 
side against such reactions by industries, and the resultant proposal of meme media 
architectures. Chapter 5 will describe the new aspect of meme media called 
improvisational knowledge federation to extract some functions from more than one 
Web applications and/or Web services and to federate them to work together with 
other meme media components for composing complex applications. Improvisational 
knowledge federation based on meme media technologies has enabled us to 
extensively utilize open Web resources including data sets, application tools and 
services by making them interoperate with each other together with other meme 
media tools. Chapter 6 will describe the Web-based meme media system 
WebbleWorld which has successfully merged meme media architecture with Web 
technologies. Chapter 7 and 8 will explain two new applications of WebbleWorld 
both of which deal with big data and requires exploratory visual analytics of them. 
One is the integrated IT support of the clinico-genomic trials on cancer, and deals 
with clinical trial data, patient genomic data, and patient DICOM image files. The 
other is the social cyber-physical system for the optimization of snow plowing and 
removing in Sapporo, and deals with both retrospective and real time probe car data 
and probe person data, meteorological sensor data, traffic accident records, 
complaints from citizens, and snow plowing and removing operation records. Chapter 
9 will give our future perspectives on meme media technologies in the context of 
cloud computing and big data analytics.  

2 Synthetic Media Architecture as the Origin  

The history of meme media research started with the idea of synthetic media 
architecture in 1987 and its implementation in Smalltalk 80 as IntelligentPad in 1989 
[1]. The basic idea came from the observation that both multimedia documents and 
visual tools like a hand calculator share the same type of composition structures on a 
screen. Each of them has a base pad with a set of embedded pads on it. Each 
embedded pad may again be a composite pad with a base pad and its embedded pads. 
The first observation may conclude that there are also some difference between the 
two, i.e., component pads of a tool may have some functions, while those of a 
multimedia document have no functions. However, each component of a multimedia 
document on a screen also has a function, like a text-editing function of an embedded 
text pad, or an image-editing function of an embedded image. Therefore, we can 
conclude that, from an architectural point of view, there are no difference between 
multimedia documents and tools. Both consist of functional pads pasted together to 
define nested structures which are purely hierarchical. The hierarchical structure 
among component pads defines a parent-child relationship between a pad and another 
pad embedded in it. These pads may interoperate with each other. For example, a 
number button pad embedded in a calculator base pad sends its assigned one digit 
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number to the base pad, while a display pad of a calculator changes its display value 
when a new value is calculated by the base pad. An image pad embedded in a text pad 
may change its position in the text whenever the text is updated. The change of its 
value or its position may be both interpreted as the state change of the child pad. Each 
parent-child connection may be associated with such kind of interoperability between 
pads. Based on these ideas, we tried to develop a virtual sheet of paper called a pad 
with some dedicated functionality.  

Based on the standard design pattern for GUI objects, we made a decision to define 
each pad as an MVC triple, where objects M, V, C respectively represent its model, 
view and controller. The model defines its internal mechanism with its state, while the 
pair of its view and controller defines the display object of this pad, namely how it is 
visually represented and how it behaves against user events on it. Furthermore, we 
simplified the standard MVC architecture by removing a direct message sending link 
from C to M. Figure 1 shows a simplified MVC used to implement each pad.  

 

MVC 

Controller Model View message 
sending 

update propagation 
message 
sending  

Fig. 1. A simplified MVC used to implement each pad 

The next decision we made was the MVC-based representation of each composite 
pad. Figure 2 shows the standard MVC representation of a window with embedded 
sub windows. In this representation there is a clear difference between the base 
window and its sub window. The former has its model, while the latter has no model.  
 

 

M

VC

Subview C Subview B 

Controller C

Controller A

Controller B

Model A

View C View B

View A 

VC VC

Subview C 

Subview B

View A 

(a)a hierarchy of views 
 and subviews 

(b) View and subviews are connected through view parts  

Fig. 2. The standard MVC representation of a window with embedded sub windows 
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Our goal is to establish a uniform representation of pads without distinguishing sub 
pads from base pads. A sub pad should be able to be used as a base pad of another 
composition, and vice versa. Therefore, we chose the architecture shown in Figure 3 
for composite pads.  

There were still some alternative choices on how to establish each parent-child 
connection. Figure 3 uses the view connection. The controller connection may not work 
since there is no way to propagate the state change of the parent model to its controller, 
and hence to the child pad. The model connection seems to work. We did not choose 
this because of a different reason related to the implementation of shared copies.  

 

     

MVC

Controller ModelView message
sending

MVCP1

P2

 

Fig. 3. MVC representation of a parent-child relationship between two pads 

A shared copy of a pad share the same internal state with its original but may have 
an independent position and size from its original copy. This implies that two shared 
copies of the same pad share the same model but have independent display objects as 
shown in Figure 4. Each of these shared copies should be able to accept child pads. 
This implies that parent-child connection cannot be model connection but should be  
 

CC VV

M

P’P

P’P

M
 

Fig. 4. Shared copies of a single pad 

P1 

P2 
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view connection. A shared copy of a composite pad can be defined as shown in 
Figure 5. Each pad or composite pad embedded in a shared copy of a base pad can be 
interpreted to work as a modification of the view of this copy.  

M

independent copies

shared copies

Composite
pad P’

P P’

Composite
pad P

the model of the base pad

 

Fig. 5. Shared copies of a composite pad 

In order to make each pad pluggable, i.e., be coded independently from the pad to 
which it is connected, each reference to a specific function of the pad to be connected 
should be specified in an indirect way. Such a reference in the coding should 
internally use a parameter, which is bound to the specific function of the pad to be 
connected when the connection is defined at composition time. The specific function 
of the pad to be connected is identified by a pair of the pad identifier and its function 
name. Our synthetic media architecture represents each function of a pad as its input 
and/or output port, which we call its slot. Each slot is identified by its name. In order 
to access a slot, our architecture provides two standard messages, i.e., “set” and 
“gimme” messages. The “set” message may take two parameters, i.e., a slot name and 
a value to be sent to the slot. The “gimme” message takes one parameter to specify a 
slot. These two messages when used in coding of a pad need not specify their slot 
parameters. When a pad is pasted on another pad, the system asks the user to which 
slot of the parent pad it is connected. The user can just specify one of the slots of the 
parent. This slot of the parent pad is called the connection slot. The slot-name 
parameters of a “set” message and a “gimme” message are automatically added as the 
name of the connection slot when these messages are issued to the parent pad. The 
parent-child connection also uses the “update” message which notifies the update of 
the parent pad to all of its child pads. This message takes no parameter. The default 
usage of the set message is to send a value from a pad to its parent pad, while the 
default usage of the other two messages is to get the new value of the connection slot 
whenever its parent pad is updated. Figure 6 shows a pad connection with standard 
messages between two pads.  
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MVC

Controller ModelView message
sending

MVC

↓gimme [<slot_name>]
↓set [<slot_name>] <value>

↑update

P1

P2

 

Fig. 6. Standard messages used for the interoperation between a child pad and a parent pad 

Our synthetic media architecture also provides other types of interoperability 
among pads. Drag-and-drop of a pad on another pad may invoke the target pad to 
process the object pad in some way like making its copy or analyzing its construction 
structure to visualize.  

3 Synthetic Media System as a Toolkit for Developing Client 
Systems 

Around 1993, major IT companies like Fujitsu, Hitachi Software Engineering, Fuji 
Xerox, NTT, and NEC became interested in using the synthetic media system 
IntelligentPad for developing client systems, and established a consortium. For this 
purpose, Fujitsu and Hitachi Software Engineering jointly developed a C++ version of 
IntelligentPad system in collaboration with our group in 1995. Several years later, 
US-based venture company K-Plex released another commercial version Plex Ware. 
The accumulation of reusable components as pads in each company gradually formed 
a sufficiently large library, and allowed its application developers to use 
IntelligentPad as a toolkit for constructing each application of some typical type 
within a significantly reduced time, say one thirtieth of the conventional way of 
development. They also reused a common construction structure of composite pads 
developed for similar applications. Such a common construction structure for a 
specific type of applications, together with a set of reusable pads for the same type of 
applications, forms its application framework. Figure 7 shows a typical application 
framework for form interface systems of databases [6]. It consists of a database pad 
which communicates with a database system, several buttons, a query input pad, and a 
record pad which holds one of the records retrieved from the database. A record pad 
has several child pads, each displays a text, a number, or an image depending on 
which slot of the record pad it is connected to. This application framework is nothing 
but what was provided by each major database management system as a form 
construction kit in mid 90s.  
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DB Proxy Pad (Box)

query result current recordsearch update next prev

buttonbutton button text pad

texttext texttext imageimage

buttonbuttonname age photo

RecordPad(Box)

DB

buttonbutton

 

Fig. 7. A typical application framework for form interface systems of databases 

Around the same time, we in the academy made another challenge to extend 
synthetic media architecture from two dimensional representation media to three 
dimensional representation media [7]. This extension was named IntelligentBox. 
While, in IntelligentPad, each child pad is clipped by its parent pad, each child box in 
IntelligentBox is bound by the coordinate system spanned by its parent box. We were 
especially interested in its application to interactive 3D information visualization 
[8][9] and interactive virtual studio for easily making computer animation movies 
using interactively controllable virtual movie cameras [10].  

4 Meme Media Architecture as Reorientation  
of the Architecture 

The present author’s motivation of developing IntelligentPad was different from the 
goals of these companies. It was to accelerate the repetition of the “plan-do-see” cycle 
for supporting creative thinking. Once we come up with a new idea, we will make a 
plan, then try to execute this plan, and observe and analyze the result to conceive a 
new idea. What makes the repetition of this cycle take more time than our thought 
process is the difficulty of executing a plan. The execution of a plan with a computer 
system requires the development of a new application to check the result or to analyze 
something. His original motivation of developing the synthetic media architecture was 
to speed up this phase of developing a new application on demand by enabling people 
themselves to easily combine reusable pads to compose complex applications as 
composite pads without writing a single line of code.  

While the same technology had also revolutionized the software development of 
client-side applications especially when it was used with appropriate application 
frameworks, our group in Hokkaido University became interested in the world-wide 
sharing and reusing of knowledge resources represented as composite pads around 
early 90s, and named this aspect of synthetic media “meme media” [2][3] after the 
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concept of memes introduced by Richard Dawkins in his “Selfish Gene” [11]. He 
pointed out the similarity between biological evolution and cultural evolution. Ideas, 
for example, are replicated for reuse by other people, recombined to generate a new 
idea, transferred with some errors replacing some portions of the originals, and finally 
evaluated by some community to survive or disappear. These correspond to the 
replication, recombination, mutation, and natural selection of genes in biological 
evolution. Therefore he coined a new word “memes” to denote a cultural counterpart 
of genes, i.e., imaginary units for carrying information or knowledge, by combining 
“gene” and “mimesis”. While memes are imaginary vehicles of information and 
knowledge, meme media are real vehicles carrying externalized information and 
knowledge. The meme media concept was first proposed with its live demonstration 
in May 1993 at TED (Technology Entertainment and Design) Conference held in 
Kobe. This was the first TED held outside US. Meme media requires not only 
component-based media architecture but also a world-wide repository of composite 
pads to and from which people can publish and retrieve composite pads. We named 
such a repository “meme pool” [12]. 

Since our proposal of meme media was earlier than the release of Mosaic ver. 1.0 
Web browser in November 1993, we developed a meme pool called “piazza” 
independently from the later Web technologies (Figure 8). After the rapid increase of 
Web users, however, this independence from the Web technologies brought in a 
serious problem of how to migrate Web resources as well as users’ legacy local 
resources into a meme media system environment. We also realized that it is much 
easier to develop a meme pool system based on Web technologies [12].  

Our first attempt was to use Mosaic browser to embed any composite pad in an 
HTML Web page (Figure 9). The embedding was done by using a special file type to 
recognize a file of a composite pad for automatically downloading its save format 
representation and converting it to a composite pad. This composite pad is put on the 
HTML Web page at a specified location as a floating object which is not actually 
embedded in this HTML document but moves on this page in synchronization with 
the page scroll as if it is embedded in the page. The HTML document reserves an 
empty space on which this pad can sit.  

 

Fig. 8. Piazza working as a meme pool of pads 
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Fig. 9. Use of Mosaic browser to embed any composite pad in an HTML Web page as a 
floating object over this page 

For the migration of open Web resources including Web applications and Web 
services into a meme media environment, we developed wrapper technologies to wrap 
them into pads. The wrapping of a Web service is to develop a blank-sheet pad which 
works as a proxy objet of the Web service using SOAP or restful Web service 
protocol. It was not a difficult task to develop a wizardry system which asks users 
only to specify some parameters of a target Web service for automatically creating its  
 

 

currency conversion
Web application 

(a) wrapping 

composition by a
drag-and-drop paste
operation 

pad

Web application 
for the stock- 
quote reference 

a new composed
tool 

wrapped currency 
conversion tool 

 

currency conversion
Web application 

(a) wrapping 

composition by a
drag-and-drop paste
operation 

pad

Web application 
for the stock- 
quote reference 

a new composed
tool 

wrapped currency 
conversion tool 

 

Fig. 10. Chip framework for the knowledge federation of more than one Web application 
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proxy pad. The wrapping of Web applications, however, required a special 
technology. Our group developed two wrapping technologies, Chip in 2003 [13][14] 
(Figure 10) and C3W in 2004 [15][16] (Figure 11). Both of them enable us to specify 
some input forms of an arbitrary Web application and some portions of its output 
page to work as respectively input ports and output ports, and to create a pad 
embodying the function with these IO ports extracted from this Web application. 
These technologies are applicable to any Web applications whose output pages are 
not generated by Java script.  

C←B

clipping
clipping

clipping

connecting
Web clips

cloning (multiplexing)

 

Fig. 11. C3W framework for the knowledge federation of more than one Web application 

5 Knowledge Federation 

Around the same time we observed a new demand of federating existing data sets, 
tools and services both in complex enterprise systems and open Web environments. 
Big enterprises were suffering from how to integrate applications, that were 
developed independently for different purposes, to keep the integrity. Data integrity 
was actually the main purpose of having introduced database management systems for 
the integrated management of data across different departments. While DBMS 
guarantees the data integrity at the data storage level, use of PCs at the client side 
made it easy to develop a huge number of applications for different purposes without 
considering the integrity across different data processing applications. Furthermore, 
some applications should refer to the output of other applications, which requires the 
coordination of more than one application interoperating with each other. The open 
Web environment, on the other hand, significantly increased reusable data sets, 
applications, and services that are open for public use. Even a conventionally closed 
application system may consider the use of some related open data sets, applications, 
or services to enhance its evidence-based analysis and/or decision making.  
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The required interoperability in these situations cannot be achieved by the system 
integration approach in which each component is initially designed to be integrated 
with other components in the way initially designed. The above situations require 
interoperability among data sets, applications, and services that are not initially 
designed to be integrated into a single system. Such interoperability requires 
federation of objects instead of their integration. The present author coined the word 
“knowledge federation” in 2004 to denote the achievement of interoperability among 
knowledge resources including data sets, applications, and services, that are not 
initially defined to interoperate with each other, without rewriting the code of any of 
these resources [4][17]. Later, the word “knowledge federation” turned out to denote 
not only such achievement of interoperability among knowledge resources but also 
semantic reorganization of knowledge resources and even the social federation of 
people’s knowledge [18]. We distinguish the first two as functional knowledge 
federation and semantic knowledge federation [19]. The third one is referred to as 
social knowledge federation. 

Our wrapping technologies to extract some portion of a Web application or a Web 
service and to wrap it into a pad enabled us to federate Web applications and/or Web 
services with other pads. Since both Fujitsu version and K-Plex version of 
IntelligentPad could also wrap any Microsoft Office objects into pads, these two 
IntelligentPad systems had achieved to provide a knowledge federation framework for 
resources represented as pads, Microsoft Office objects, Web applications, and Web 
services. Since the extraction and wrapping of various knowledge resources can easily 
be performed on demand without any coding, we called such functional knowledge 
federation as improvisational knowledge federation.  

6 WebbleWorld to Merge Meme Media Architecture with Web 
Technologies 

With our new framework for improvisational knowledge federation of resources 
based on meme media technology, we began to look for its complex applications. 
Around that time, we were invited to participate in a new EU’s FP6 Integrated Project 
ACGT (Advancing Clinico-Genomic Trials on Cancer) as one of the 26 teams. The 
participation in EU projects, however, has some regulation. We cannot bring in any 
commercial product for system development. Therefore, we made a decision to 
develop a fully open meme media system. We also wanted to unify the meme media 
architecture with de fact standard Web technologies. As mentioned above, our 
knowledge federation of Web resources was performed in the meme media 
environment which is different from the Web environment. In order to publish a 
composite application obtained as a federation of knowledge resources into the Web, 
we need to convert the composite pad to a Web application defined in HTML. We 
called this translation “the flattening”. If we can develop a meme media system only 
using de fact standard Web technologies, such a system can be considered as an 
extension of the Web to the memetic Web. WebbleWorld was thus developed [5]. The 
current WebbleWorld exploited the Microsoft Silverlight framework to save the 
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development cost, which however introduced two major problems, i.e., dependence 
on the Miceosoft’s future strategy on Silverlight and poor cross platform 
compatibility. In 2013, we have started to develop a new HTML5 based 
WebbleWorld system which will become available soon.  

Figure 12 shows the architectural features of WebbleWorld. It is a Web-top meme 
media system. Composite pads or webbles run in a Web page. Therefore, the 
extracting and the wrapping of a Web application function can be done inside the 
Web without even temporarily going outside the Web. Therefore, we call this 
extension the memetic Web.  

Web 
service B

Web 
service A 

The Web
reediting & 
redistribution

reuse in local 
environments

copy

proxy pads

clipping

The Memetic Web
Only requires Silverlight-empowered browser!

publish

RIA (Silverlight) tech.

 

Fig. 12. The architectural features of WebbleWorld 

7 Application to the Integrated Support of Clinical Trial  
on Cancer 

In the ACGT project from February 2006 to July 2010, we developed TOB (Trial 
Outline Builder) jointly with Norbert Graf, the Director of the Clinic for Pediatric 
Oncology and Hematology at Saarland University [20]. TOB is an integrated visual 
environment for (1) designing the CRF (Case Report Form) of each therapeutic event, 
(2) designing a trial master plan as a flow diagram by copy-and-pasting each event to 
draw a flow diagram, (3) using a single path in the flow diagram to guide both the 
treatment of a specific patient and the data input to the CRF of each event, and (4) 
supporting visual analytics of accumulated patient data after the completion of the trial. 
Figure 13 shows these second, third, and fourth stages of TOB system. The trial master 
plan starts with the stratification which corresponds to the registration of each patient 
to the trial and the dispatch of the patient to an appropriate treatment path depending 
on his or her case. Each treatment path is a sequence of different types of therapeutic 
events like radio therapy events, chemotherapy events and surgery events. Each path 
may have diagnostic events at some points of the flow. Some treatment path may have 
a randomization followed by more than one treatment branch. Each patient dispatched 
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to such a path is randomly dispatched to one of the branches called treatment arms 
after the randomization. A trial master plan also has some number of adverse events 
outside its whole flow. These correspond to the treatment events conducted by 
clinicians at some emergency by neglecting the planned flow. One of the main 
purposes of the visual analytics with TOB, for example, is to find out specific patient 
cases for which some treatment arm after the randomization may show better survival 
rate than other arms. In order for analysts to find out such cases, the visual analytics 
stage of TOB provides a parallel coordinate system with various visualizations of trial 
data including the life table. Each coordinate in the parallel coordinate system 
represents an entity of the CRF of some treatment event in the master trial plan. Each 
polygonal line in such a parallel coordinate system represents an individual patient. 
Each coordinate allows us to select only those patients whose value of the 
corresponding entity falls between two arbitrarily specified boundaries. Users can 
specify more than one pair of such boundaries in each coordinate. Suppose that an 
exploratory filtering of patients in the parallel coordinate system results in a life table 
visualization in which one treatment arm after the randomization shows better survival 
rate than others. Then we may conclude that this treatment arm should be chosen for 
those patients currently selected by the parallel coordinate system. This leads to the so-
called personalized medicine. Our knowledge federation framework based on the 
meme media architecture enabled us to rapidly develop TOB which accesses the trial 
data stored in the ObTiMA database developed by Fraunhofer IBMT. We easily 
wrapped ObTiMA database into a pad. Since the WebbleWold is a Web top meme 
media system, TOB was easily embedded in the Web portal of ObTiMA.  
 

   
 

 

Fig. 13. TOB showing its second, third, and fourth stages 

The improvisational knowledge federation capability of the meme media architecture 
also enabled us to easily extend TOB by bringing in the reference to patient genomic 
data and DICOM image files. Figure 14 shows the heatmap visualization of gene 
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expressions of some set of genes for a specified set of patients. This visualization also 
interoperates with the patient selection by the parallel coordinate system. Such an ad hoc 
introduction of new components with their interoperation with existing components can 
be implemented just by defining a new parent-child relationship with an appropriate slot 
connection.  

 

Fig. 14. TOB with the heatmap visualization of gene expressions and a patient’s DICOM image 

8 Application to Social Cyber-Physical Systems for Optimizing 
Social System Services 

Around 2010, the present author was asked by MEXT (Ministry of Education, 
Culture, Sport, Science and Technology) of Japan to make a new R&D Plan for the 
next generation IT infrastructure technologies for optimizing social system services. 
This turned out to be a one year feasibility study project in 2011, and then in 2012 a 
five year government initiative project on social cyber-physical system technologies 
for optimizing social system services. This is a joint project with NII (National 
Institute of Informatics), Osaka University, and Kyushu University. Our team picked 
up the snow plowing and removing in Sapporo as a complex social system service. 
Sapporo has 1.9 million people and annual snow fall of 6 meters, and spends more 
than 15 billion yen every year just for snow plowing and removing. 

Our preparatory study showed that macro analyses of probe car data for the whole 
city area would not give any meaningful knowledge about the influence of snow fall, 
snow plowing and removing on traffics [21]. Clustering analyses of road segments 
with respect to their traffic changes in a day told us that even those segments along  
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the same route may fall in different clusters on a day with heavy snow fall. In summer 
time, they almost fall into the same cluster. This means that the influence of snow on 
each road segment may follow different models even on the same route. Therefore, 
we may think that influence of snow on traffic in the whole city cannot be modeled by 
a single monolithic model covering the whole city. It should be considered as a 
complex system of different models each of which may be a simple monolithic 
model. In order to obtain meaningful knowledge from such a complex system, we 
first need to find out a set of subsystems modeled by the same monolithic model or 
same type of models. This situation is quite similar to the analysis of clinical trial 
data, in which it is very important to find out a specific case of patients, for which one 
of the treatment arms after the randomization shows a significantly better 
performance than the others, to find out personalized medical treatments.  

Here we also exploit an exploratory visual analytics approach. Figure 15 shows the 
geospatial digital dashboard system we developed for the exploratory visual analytics 
of the probe car and probe person data in comparison with time, area, snow fall, snow 
plowing and removing, traffic accidents, and weather conditions. Figure 15 has a 24 
hour clock on which you can specify any time interval to retrieve those probe car data 
during this time interval. It also has a calendar with the weather data of each day. On 
this calendar, you can specify only those days with heavy snow. It also shows a map 
where probe car data and traffic accident records can be visualized, and you can 
specify an arbitrary area of your concern. Each chart on the right hand side show, for 
example, the distribution of average speed, car population distribution, and accident 
distribution, all in terms of the number of road segments. On each distribution chart, 
you can specify a certain range of values to choose only those road segments falling 
into this range. The geospatial digital dashboard system enables us to dynamically 
change the quantification conditions on each of the various parameters as well as the 
spatiotemporal conditions to find out a set of road segments that are similarly 
influenced by snow fall, and/or snow plowing and removing. The obtained set will be 
used for further analyses based on frequent pattern mining and/or further clustering. 

 

 

Fig. 15. Geospatial Digital Dashboard System with a 24 clock, a map visualization, and   
charts 
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9 Concluding Remarks with Future Perspectives 

Our new HTNL5 based WebbleWorld which will become available soon will work as 
a potential platform for people to edit and publish Web documents with embedded 
complex interactive tools and services, to reuse and copy some of such embedded 
tools published in other people’s Web documents, to federate them or their copies for 
composing new complex knowledge resources, and to publish them as Web 
applications. Knowledge resources thus represented as Web documents are cross 
platform compatible. The Web and its search engine will work as the meme pool of 
such knowledge resources and the search service for people to find out appropriate 
knowledge resources or webble components embedded in some Web pages. They can 
be semantically organized and managed using the Semantic Web technologies. From 
technological point of view, we can utilize all the available Web technologies to 
develop various utilities for editing, publishing, reorganizing, managing, and 
searching for knowledge resources. From users’ point of view, we can enrich Web 
documents by embedding complex interactive visual applications in them. A Web 
page or an e-book page defined with this technology may have an embedded picture 
like Figure 14 or 15, which is not actually a picture but an interactive application 
environment for you to play with. You may make a copy of a chart in Figure 15 
embedded in some Web page, and use it in the TOB environment like Figure 14 
embedded in some e-book page with its connection to some of the entity of the CRF 
of some treatment event in TOB.  

As explained in preceding chapters, a webble may work as a client-side graphical 
user interface of a Web service. A parent-child relationship between two of such 
webbles may be implemented in either of the following two alternative ways. The 
connection defined at the client side may be used for the actual data communication 
between the two Web services. The same connection may be also considered as a 
referential link used only for invoking the direct data communication between the two 
Web services without going through two webbles. The latter mode of parent-child 
connections enables us to use the HTML5 version of WebbleWorld as a GUI builder 
system for cloud computing systems. WebbleWorld will enable users to easily 
federate various services provided by a cloud computing system to compose a 
complex visual application environment as a Web portal without writing a single line 
of code.  

Through our involvement in three major research projects, EU’s FP6 ACGT 
project and the following FP7 project p-medicine, and the Japanese government 
initiative project on the social cyber-physical system technologies for optimizing 
social system services, we recognized that real-world big data cannot be simply 
analyzed just by today’s advanced data mining and clustering algorithms based on 
some single monolithic modeling of the target world. These projects told us that real 
world data are much more complex and require more than one different type of 
monolithic modeling that form a network of mutual interaction. In the analysis of 
such a system, it is important to first find out each hidden subsystem that can be 
modeled by a single mathematical model. This implies the importance of taking the 
exploratory visual analytics approach instead of directly applying a single analysis 
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algorithm to the whole system. Visual analytics requires a large library of both 
visualization tools and analysis tools that can interoperate with each other. Because of 
the evolutional nature of research-oriented data analyses, such a library should not be 
a closed one but should be open for future extension. Therefore, the import of open 
tools and services published over the Web into the visual analytics environment is 
fundamental to keep the system up to date. The wrapping technologies, especially the 
generic wrapper technologies, play the important role for importing open resources. 

The last but not the least topic of knowledge federation is its security. Knowledge 
federation enables us to easily compose a phishing site by federating an original Web 
application with an interception service. In order to prevent such evil attempts, we 
need to develop a secure federation technology, the R&D of which is the most 
important challenge for meme media and knowledge federation to make significant 
contributions to the next generation ICT. 
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