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1. Project Overview

ModellingSpace (MS) has been a European research and development project
(contract IST-2000-25385) funded by the European Commission under the
Information Society Technologies (IST), Education and Training, Schools of
Tomorrow Program.

The project started in April 2001 and ended in March 2004.

ModellingSpace objective was to develop an open learning environment, which
permits modelling activities by young students. The main objective of the project
was to study issues related to modelling activities in the frame of national curricula
and develop advanced software tools that would enable young students to express
their ideas, to design and test models of various situations, allowing them to
collaborate with other students and teachers through the internet. Special
emphasis was put on the development of tools to support collaboration between
students as well as tools providing assistance to teachers facilitating and studying
collaborative modelling activities.

The ulterior goal was to create a complete learning environment (technology
based learning environment, learning activities, students’ activities sheets,
teachers materials), which while innovative could be integrated in the current
educational conditions of various European countries.

The educational approach aims to examine the development of modelling
process skills, meta-cognitive skills, communication and collaboration skills,
permitting students to cope with complex and various problem solving situations
of everyday and scientific life.

The users involved in the project are Students of primary and secondary
education (11-17 years old), as well as Teachers.

MODELLINGSPACE learning environment was founded on research in the field of
science education, cognitive psychology and technology-based Ilearning
environments related field while it takes into account analysis of students and
teacher needs and educational systems conditions. The project was based on a
previous successful national project which resulted in the development and testing
in schools of a prototype computer-based modelling system for science teaching.
During the design and the development of the learning environment, empirical
research was carried out in primary and high schools in national levels in the form
of studies about the way the teachers appropriate the environment in their
teaching. This focuses on application of distance collaborative learning and
teaching in high schools. The methodological paradigm is based on ethnographic
(systemic) and discourse- analytic methods.

ModellingSpace Project, IST-2000- 25385 -5- School of Tomorrow
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The main achievements of the ModellingSpace project, in terms of products, are
the following:

¢ The MODELLINGSPACE learning environment, which is constituted by:

e the MODELLINGSPACE technology based learning environment: a modelling
environment that support collaborative learning, and offers interaction
analysis tools supporting teachers as well as students. It is produced in
four languages: English, French, Greek, and Portuguese.

e a set of learning activities that can be integrated in different subject
matters (Mathematics, Physics, Biology, Chemistry, Geography)

e a set of corresponding elaborated students’ activity sheets,

e material for teachers

*

Methodologies for teachers’ education related to modelling, inquiry learning and
collaborative learning

+ Alternative approaches of MODELLINGSPACE environment integration

*

Examples of best practice, as a result of the scientific findings of the project,

*

Specific results concerning students reasoning during different kinds of models
elaboration, meta-cognition development, collaborative activities, teachers
practices in coaching and teaching when students collaborate through
computers, appropriate collaborative settings, etc.

¢ An Abstract collaborative applications building framework (ACABF) comprising
synchronous collaboration and coordination protocols that can be used for
development of other applications supporting collaborative problem solving

¢ Finally, an exploitation plan was elaborated defining the exploitation and
business opportunities deriving from the scientific results and technical
outcomes of the project

In parallel, a human network was created from schools and teachers; In project
participated Schools= N= 6+6+2+3=15, Teachers=, N:= 12+12+2+3=30,
Students:= N=~500, in four European countries (Greece, Belgium, France,
Portugal). Policy makers were contacted in Belgium, Greece and France.

The work produced during the project was sufficiently disseminated through:

e publications in scientific journals = eight (8) papers until the end of the
project lifecycle

e papers in conference proceedings = thirty six (36) papers published
e chapters in scientific books = two (2) chapters

e additional communications in congresses = ten (10) communications that
were not published in congress proceedings

e workshops & Tutorials dedicated to MODELLINGSPACE = eight (8) workshops
in national and international level

ModellingSpace Project, 1ST-2000- 25385 -6 - School of Tomorrow =
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The Consortium that carried out this project consisted of the following partners:

The University of the Aegean from Greece, (Laboratory of Learning
Technology and Educational Engineering, Department of Education). This
includes specialists in educational software design (open exploratory systems,
intelligent and collaborative systems), in physics and environmental education,
and in technology based distance education.

The University of the Aegean was responsible for the scientific and
administrative management of the project. It was the main provider of the user
requirements and the leader partner responsible for the design of the technology
based learning environment and for learning activities as well. It was also
responsible for the Greek schools participating in the project.

The University of Patras from Greece, which was the main technology developer
(Department of Electrical Engineering and Computer Science). It includes
specialists in software development, human-computer interaction and learning
technology design and development as well as in mathematics & biology
education, (Department of Education).

The University of Patras participated in the project as the main technology
developer (Department of Electrical Engineering and Computer Science), providing
expertise in the areas of human computer interaction and software development.
It developed the Abstract Collaborative Applications Building Framework (ACABF)
that defined the system architecture. It performed various evaluation studies of
the developed software and designed and developed the supervision and analysis
tools. It was also responsible (in close collaboration with the University of the
Aegean) for the design of the activities, providing expertise in mathematics
education and biology education (Department of Education).

The University of Mons-Hainaut, Technology of Education Unit from
Belgium, has a wide and long experience in educational technology, and it was
involved in projects concerning distance education.

The University of Mons-Hainaut participated in the project as the main
responsible for the methodology of school implementation of the technology based
learning system, having a wide and long experience in educational technology, as
well as for the human network and partially for the research methodology. It was
also responsible for the Belgium schools involved in the project.

The New University of Lisbon, Faculty of Sciences and Technology, from
Portugal, provided expertise in science (physics and chemistry) epistemology and
in successful educational software history on modelling. Additionally, it has a long
experience in teachers’ training on educational technology in the whole secondary
education.

ModellingSpace Project, IST-2000- 25385 -7- School of Tomorrow
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The New University of Lisbon participated in the project as the main responsible
for the teacher education, having a wide and long experience in teachers training
in use of educational technology. Additionally, it provided expertise in modelling
educational tools and in sciences' epistemology. It was also responsible for the
Portuguese schools involved in the project.

ORGANISATION OF WORK IN TASK FORCE GROUPS

—» ~“Management —_—

Design Group —
Software Group .

Research-
Evaluation Group

Schiumbergersema

WAL 3EME,COM

Implementation
in Schools
Teachers’ Education
earning Activitie

- - g ]
—» ~ Exploitation SchiumbergenSema

WIWH B COm

Figure 1. Organisation of work among partners

The University of Angers, from France and especially the Laboratory of
Psychology specialises in cognition (attention, memory, language, learning &
development) focusing on new technologies (Virtual Environments). It contributed
with expertise in modelling learning experiences and in research methodology,
with their well-designed experimental approaches in research and study of high
level cognitive activities.

The University of Angers and especially the “Laboratory of Psychology”,
participated in the project as the responsible for the collection and analysis of data
during the evaluation of MODELLINSPACE. It was the main responsible for
research and study of high level cognitive abilities’ development. It was also
responsible for the French schools involved in the project.

®
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The SchlumbergerSEMA, International Telematics Applications
Department, Education and Training Unit, from Spain. SchlumbergerSEMA is
one of the world's leading Information Technology companies. Its related
departments are committed to the advancement of Information Technologies in
education, as its deployed activity shows during the last years.

In the frame of the project, it was responsible for the technological network,
and the development of the web-based tools. It was also responsible for the
exploitation plan.

The partners in the consortium have been carefully selected to provide a team
with a balanced and unique combination of expertise working towards a common
goal (both scientifically and technically).

ModellingSpace Project, IST-2000- 25385 -9- School of Tomorrow
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2. Project Objectives

The ulterior goal of ModellingSpace is to develop an open learning environment,
which permits and supports modelling activities by young students, and to
implement it with alternative pedagogical strategies in real school settings.

In more detail, ModellingSpace project aims to:

= Develop an open modeling environment that support collaborative problem
solving in real school settings:

MODELLINGSPACE is an open learning environment, which enables students to
create and work on different categories of models (semantic models as
concept’s maps and semi-quantitative and quantitative models). In order to
support them, it offers rich visualisation, real worlds simulations, alternative
and multiple forms of representations and meta-cognitive tools.

It contains several main components permitting multimedia presentation of
situations under study, and the design, testing and validation of models. These
components incorporates tools with appropriate functions for model building
(entities and relations), with various data representations.

Its purpose is to support the students as well as the teachers during
learning/teaching activities. Tools are developed in order to support
collaboration between students (examples of the latter include awareness of
others activity tools, collaboration dialogue based tools, etc.) Additionally, tools
addressed mainly to teachers, allow supervision of students activities, while
others offer an analysis and meta-analysis of students complex individual or
collaborative interactions.

= Conceive appropriate learning activities for:

e a wide range of students (11-17 years old), following different curriculum
subjects in a variety of forms of class organisation in a number of European
countries;

e modelling situations studied in mathematics, physics, chemistry, biology
and environmental education, related to the existing national curricula and
other interdisciplinary situations.

= Determine appropriate pedagogical approaches, teaching strategies and tactics
for both inquiry learning through modelling activities as well as for learning
through fruitful collaborative problem solving, based on research in real school
settings.

= Provide appropriate accompanying material for both teachers and students in 4
European languages (English, French, Portuguese, Greek).

= Educate and support teachers in innovative teaching and learning strategies
and, through the creation of a community of learners, contribute to the promotion
of a community of practices.

g

ModellingSpace Project, I1ST-2000- 25385 -10- School of Tomorrow




e
FINAL REPORT ModellingSpace PROJECT r:&'.

= Contribute to research on collaborative learning and teaching using ICT in
schools and at a distance. The research during system development was carried
out in primary and high schools in national levels. The methodological paradigm is
based on ethnographic (systemic) and discourse- analytic methods.

3. Central Achievement: The MODELLINGSPACE Learning
Environment

3.1. The MODELLINGSPACE technology-based learning environment

The specificity of MODELLINGSPACE lies in the fact that it incorporates multiple
modeling modes and a wide range of entities and variables (from the most
concrete to the most abstract ones), it has specific tools to support not only
students but also teachers during learning activities in both stand alone or
networking collaborative mode. Moreover, it supports various representational
forms, and allows the expression through the greatest visualization, combining the
modelling tools with real world simulations (not only abstract ones).
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Figure 2: The model-design area MODELLINGSPACE with some significant tools

The MODELLINGSPACE consists of some main tools and underlying functionalities.
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A.) Concerning the modeling process, the Modelling Environment is the main
tool. It is a direct manipulation space, which is used mostly by students for
building and exploring models made out of primitive modelling entities, inherent in
the environment, or built by the users using the “Entities Editor”. In the frame of
collaboration, a dialogue tool and a coordination panel are also included. This
environment is a user-sensitive environment, providing different functionality to
different actors. It supports a humber of functions:

1. The "Study Themes Creation Tool" contains a humber of situations that are
proposed for modelling, while it allows the creation of new problems by teachers
and students.

2. The “Models Design-Testing” area invites students to design, test and
validate models. It consists of the area where the models can be designed. It
contains the design tools, the representation tools, the control tools (necessary
to run the model). In order to design a model, students have to determine the
model' s entities, their properties and the relations between them.

Entities: A library provides two main kinds of entities: the concrete ones (that
correspond to objects) and the abstract ones (that may correspond directly to
concepts). The designation of each entity requires both the iconic and the textual
determination, which are able to specify the concept, or the property referring to
this entity or only the textual determination, which directly refers to a concept.
For each entity, one or more properties have to be determined as well as the
estimation of their values (if necessary). The effect of these values appears
directly in a visual mode. For instance, in the semi-quantitative reasoning mode,
the fact that the value of the volume (property) of the water in a barrel (entity)
is high or low, can be seen from the water level at the barrel's icon.
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Figure 3a. General Entities’ categories Figure 3b. Three possible expressions of the
same variable
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Relations: The students can choose and determine the desirable relation between
two properties of two entities, among the available relations of the four
categories:

e Qualitative semantic relations: they are used to produce concept maps, which
are particularly useful to present and study the relations between concepts
coming from various subject matters (environmental education, physics,
history, etc).

e Semi-quantitative relations: these relations are in terms of variation of
properties’ values and direction of this variation. In the current version, the
student can use simple relations that correspond to simple algebraic relations,
which are common in mathematics and physics as well. Each relation is
represented by a symbol. For instance, the relations of analogy or inverse
analogy are expressed through the reasoning “If the one entity increases, the
other one might increase, decrease, or remain unchanged” and are
represented by special graphic symbols (T1,14,T<, 17T, or 7).

e Quantitative simple algebraic relations: these relations are defined by
arithmetic operators (+, -, *, /, =). In a direct manner, a dialogue box permits
to relate some of the entities' properties - previously defined in a model- with
arithmetic operations in order to determine a quantitative algebraic relation.
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Figure 4. Modelling Formalisms

Additionally, students dispose two other means to explore relations between
properties of entities or abstract concepts:

e Graph based indication of co-variation: students have the possibility to draw
(through the mouse) a graph showing the co-variation between two
properties, and when running it, they can see the simulation of the
phenomenon. It is very useful (a) for complex models that cannot be

ModellingSpace Project, IST-2000- 25385 -13- School of Tomorrow L;g
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expressed by a known mathematical relation, (b) to enhance the flexibility of
students thinking on representations.

e Table of values based indication of co-variation: Students can insert the
values of two variables that are their disposal (for instance from an
experiment), so as to simulate the phenomenon, and then to try to explore
the appropriate underlying model. This characteristic enables the user to
represent data from external real experiments, and compare them with the
data coming from the model, -a possible necessary step in the phase of
model’s validation.

3. Representation Tools: Before or after model running, the student can
activate the “"Representation Tools”, including: tables of data, graphs, and bar
charts. The system can also count the variation of a variable between two
successive instances (e.g. AV).

Finally, it is to be noted that there are annotation (sticky notes) and background
images facilities, in the models-design area.

”

B).Concerning the supported “Management functions regarding teachers
there are three different functionalities’ categories that permit teachers
correspondingly to (a) add or delete users, (b) to observe in detail the student's
activities historic and (c¢) to allow him/her to create and insert new entities, via the
Entities Editor.

¢ The Entities Editor is the tool provided to create primitive entities. This is
an independent tool that can be accessed from the Modelling Environment.
The entities are the building blocks of the models. Each entity is
representing an object or a concept of the real world. A humber of properties
can be associated to entities through this tool. An entity is associated to a
number of states, each state corresponding to a distinct range of values of
the entity's properties. A visual representation of the entity is associated to
each of these states. This tool is integrated in the Modelling environment
and is made available to specific users (typically teachers who define new
scenarios).

C.) Concerning the effective communication., cooperation or Collaboration,
via local network or via Internet, a number of tools are developed. In order to
allow and support teaching and collaborative learning through the Web-Based
MODELLINGSPACE, we need two categories of tools and services addressed to
students and teachers: (a) tools and functionalities that are needed for the
synchronous collaborative problem solving on modeling (by two or three
students), and (b) tools that are devoted to the needs and the functions of a wide
community of learners around common activities.

Various tools are provided to students so as to allow or to support the
synchronous collaborative activities:

g
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Communication, Collaboration-dialogue based tools: Three different kinds of
dialogue modes are available: a free dialogue through chat, a structured
chat dialogue, and sticky notes for immediate annotation in the shared
models creation area. One or more of these available modes could be
appropriate depending on the collaborative settings, or the phases of
modeling.

Co-ordination function of the shared workspace: A specific protocol permits
to manage the users and the actions taking place in the shared workspace
during synchronous collaborative model's creation. It allows partners to
coordinate their actions, through an Action Key protocol of coordination,
according to which: one takes the control and then others need to ask for it
via dialogue tools, and/or via a request button, in order to get it.

Awareness of others activity support: provides information on others'
activity, for instance, if they are in a process of moving an object, inserting
a new one or writing a message. In the same time the system, informs us
which members of a given group are on line.

Additionally, there are tools and functions that concern the Community level of
interaction.

¢

*

¢

The Common Repository in the ModellingSpace server, contains the
study themes, entities, libraries of entities, and models. The repository is
web-accessible and provides the possibility of downloading and uploading
material by its distant users (teachers and students).

The Community Support Tools in the ModellingSpace server, provide
services like group management, session management, registration and
login of users, etc, facilitating synchronous interaction of the modelling
environments. This is a component that also facilitates interaction between
Modelling Environments, with no direct user interface.

The Communication Relay Server, provides facilities for local network
communication between clients without use of the community server. This
component does not have a direct user interface.

D.) The tools and functions that support Interaction Analysis purposes for

teachers, for students or even for teachers-researchers are the following ones:

*

Supervision: the tool is a viewer that allows teachers to supervise students
screens when they work for instance in a local framework, and support also
a simultaneous view of a number of students finals productions.

Quantitative overview: This tool besides the date of the session and who
started the collaboration, gives information about: - key’s possession per
user(percentage), inserted entities and relationships, actions such as
renaming, insertion, deletion, moving and chatting per user, number of chat
messages. Quantitative overview is produced by the Interaction Supervision
tool associated to MODELLINGSPACE.

ModellingSpace Project, IST-2000- 25385 -15- School of Tomorrow
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Figure 5. Students’ activity analysis tool in MODELLINGSPACE (snapshot from Play-back tool)

¢  Play-back: This tool allows the user to see the whole interaction process like
a video tape along with some more possibilities: Information about the
owner of each object at the shared workspace, Deleted objects’ history
(chronological order of deletions, who inserted the object and who deleted
it), Zoom in, Zoom out, Speed adjustment, Copy to Clipboard and Print.
Play-back is produced by the Interaction Supervision tool associated to
MODELLINGSPACE.
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Figure 6. Students’ activity analysis environment for Teachers’ in MODELLINGSPACE (snhapshot
from ‘quantitative overview’ window)
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Collaborative Activity Function (CAF) is a special designed tool for the
observation of the agents that collaborate through ModellingSpace. Teachers
can use CAF tool in order to: (a) Estimate the total group activity, (b) The
contribution of each agent, (c) The quality of the interaction according to
the communication channel used. Teachers can produce time diagrams of
CAF for each agent and/or communication channel separately. Using CAF
tool UI a teacher can select any combination of agents to compare. Finally
teachers can zoom in specific time points. CAF is produced by an
independent tool, that is connected to ModellingSpace.

¢ Collaboration Analysis Tool (CoLAT). This is a tool for analysis of video and

audio recordings and synchronisation of behavioural data files with activity
logfiles. This is an independent tool that can be used for viewing,
annotation and analysis of MODELLINGSPACE history logdfiles, typically by
researchers and teachers-researchers, while it can be also used as a
generic qualitative research environment in the context of ethnographic
studies.

3.2. Learning Scenarios and Activities

A special emphasis was given to conceive and test in schools, learning activities
that could be integrated in various subject matters. Globally, there were conceived
about 25 learning activities in typical subject matters of the actual education:
learning activities for mathematics (10), for physics (9), for chemistry (3), biology

(2), geography (2).
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Different kind of learning activities were conceived and applied in schools:

A. Concerning their inner innovation, two general kinds of learning activities were

conceived:

Activities to implement into every day work without any particular
innovation (concepts maps creation in a class with one PC, individual work
on parts of equation & data representations). These scenarios can be

ModellingSpace Project, IST-2000- 25385
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applied to actual school contexts and conditions, without any
arrangements. Usually, these activities can be applied and accomplished
during a short period of time (one or two class-hours -45 min-). Most of
them were conceived by teachers’ themselves, (working alone without any
support by specialists in didactics). Nine activities of this kind were
conceived and tested in schools.

e Activities that change the pedagogical value of the teaching & learning
process (giving rich elements of students’ diagnosis to teachers,
metacognitive support to students, exploiting group and intragroup work of
students, etc.). These activities usually need a larger period of time, and
eventually a number of hours additional to the existing curricula. Most of
them were conceived by groups of specialists in didactics and teachers.
Fifteen activities of this kind were conceived and tested in schools.

Both of them are interesting activities on the level of learning effects, and
motivation that could induce to students as well as to teachers. Thus we can also
distinguish:
e short range activities: 1-3 sessions (school-hours) easily applied to every
context.

e long range scenarios: 3-10 sessions, applied mostly when schools have
special sessions for creative approaches (e.g. when schools have an hour
or two hours per week, for exploratory activities or creative activities)

It is estimated that globally, all of the proposed learning activities need around
90-100 teaching hours.

B. Concerning the means involved:

Scenarios that relate to Real Experiments with exploratory and constructivist
activities with MS. Very often scenarios and specific activities conceived with
technology based learning environments focus only on the technological tools
themselves. A number of scenarios conceived and tested were conceived into a
view of a smooth transition among the various educational means and materials.
Different variances were experimented such as:

(i) experiments with real material (as introductory of a number of arising
questions) => exploring and answering questions working with MS,

(i) activity with MS => real experiment => extensions of the initial activity
with MS.

Additionally, it is to be noted, that most of the learning activities with MS
conceived were accompanied with specific and elaborated activities’ sheets for
students, that called them to work in parallel both to MS and into the paper-
activities’ sheets.

g
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C. Concerning Collaboration settings through MS:

Most of collaborative scenarios through technological environments implicate
collaboration among students that are located to different schools, towns or even
countries. These scenarios are interesting and motivate students. However, given
the context and the conditions of different schools, their application requires from
teachers to put a great effort on logistics and coordination. During MS project, a
great number of collaborative activities among students were conceived for
collocated students. Students collaborate among themselves through MS, located
into the same class, but in different and distant posts.

It was shown that these new kinds of scenarios for collocated students
collaborating through technological tools are:

(a) very rich for the teacher in order to gain detailed information on students
conceptions, misconceptions, and difficulties.

(b) appropriate to really motivate students to work on cognitively hard activities.
Different settings were tested:

(a) one student collaborating with another one via MS,

(b) two students collaborating with another group of two students via MS,

(c) one student collaborating with another one, via MS with the closed
supervision and eventually guidance of the teacher.

3.3. Students’ worksheets

Given that students are not familiarized with systematic procedures of
experimentation and exploration, and much more modelling, it is important to
support their reasoning, through prepared and flexible activity sheets, in print or
electronic form.

A learning activity may be accompanied by a range of at least 1 activity sheet to
max 18 activity sheets (depending on the time that is needed to work with it).

For each learning activity researchers or teachers prepared and improved
students’ activity sheets.

The questions and hints included have different status and purpose:

- Some of them facilitate a progressive familiarization with ModellingSpace
features

- Some offer metacognitive guidance (conceptual awareness) [e.g. write
down what you expect to see in a simulation, draw the graph -type that
you expect to be created during model running, what you have learnt ?
what do you think you must change in your model?

- Some other offer Reflective scaffolding {examine if the values produced by
the model are similar to the experiment }
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The activity sheets structure and guide the work and assure various transitions:

From Paper & pencil work <=> to the work through ModellingSpace

From Experimentations with real objects, in physics or chemistry laboratory
=> to the activities in MS

From Individual level work => to group -collaborative level work (around
the computer or through it=> to the social level of the class or to a wider
virtual community

Additionally they assure and guide the transitions among different modelling
modes:

Qualitative => semiquantitative => qualitative
Semiquantitative => quantitative

Qualitative=>quantitative

Chairs and more chairs...

DHEDEED

The utility of these activity sheets is multiple, for students as well as for teachers:

» Regarding students, they offer:

a subtle guidance,
cognitive support
metacognitive support

management support of activity work process when they need a long
period of time

» Regarding teachers, they offer:

time management of the activity
a tool and a resource for diagnosis of students reasoning and difficulties
adaptation of teachers strategies according to the material that is noted

assessment of learning effects
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3.4. Teachers’ materials

1. Booklet on pedagogical methodology: This report builds on work done on
the ModellingSpace project but also on the educational and psychological

literature. A pedagogical methodology is a set of procedures that a teacher
can develop in order to help all students learn. A methodology is seen as
something one cannot receive from others. On the contrary, it is the complex
result of instruction, personal experience and reflection.

The report establishes a framework for the procedures, based on six tenets
(Commitment to teaching, to students and to their learning; knowledge of science
and mathematics; knowledge of students; knowledge of the art of teaching;
science as a way of thinking; and reflection and professional growth) and makes
thirteen proposals for a Modelling Methodology: (1) make clear goals and
plan how concepts and ideas evolve during the activities, anticipating learning
difficulties; (2) elicit and verbalize students’ conceptions; (3) promote interaction,
collaboration, and group cohesion; (4) give prompt feedback; (5) induce self and
group formative assessment; (6) proceed from concrete to abstract; (7) verbalize
mathematical procedures; (8) promote schematic drawing and writing as “tools-
to-think-with”;

(9) scaffold the transition from direct computations to algebraic reasoning, from
number sense to symbol sense; (10) explore multiple representations; (11) make
abstract objects as concrete as possible but spot the differences between the “real
thing” and the representation; (12) balance exploratory learning with guided
learning; (13) anticipate, check, and revise the coherence of the model and data.

2. Introductory booklet on Modelling & MODELLINGSPACE: It was designed, so
as to be used in teachers’ introductory workshops about Modelling and
ModellingSpace software. The booklet has a practical and direct approach, with
transcripts from relevant sources on the literature and from students written
materials. Each topic includes things to do or to discuss in small groups. The
booklet also includes the rationale of five activities with ModellingSpace, as well as
specific comments on how to use them.

3. MODELLINGSPACE documentation: The documentation for the MODELLINGSPACE
Software includes a paper based manual, a windows help file, an on-line hypertext
based version and five short guides called ‘Visual introduction to MODELLINGSPACE’
both in paper and on-line.

The intended audience of the documentation (mainly teachers) defined the design
and the design needs defined the tools to be used.

The paper version was produced with Adobe InDesign and then it was manually
converted to HTML using Macromedia Dreamweaver to assemble the hypertext
pages (web pages).
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The hypertext content had two uses, it is by itself a resource that can be used and
it is the source of content of the Windows Help file. Together with a table of
contents and an index file, the hypertext content was loaded into Microsoft HTML
Help Workshop and the windows help file was produced.

As this is a multilingual project, the English documentation was used as templates
for translation (Portuguese, Greek, French). Additionally, a small document called
translation guidelines was produced to help and guide partners in the translation
task.

®
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4. Implementation in Schools - Research Results and
Achievements

4.1. Education Levels & Type of Schools

Education levels:

MS activities were conceived and tested for students in different ages:
= primary education(11-12 years old)
= low level of secondary education (13-15 years old)
= high level of secondary education (15-17 years old)

Additionally, experimentations were applied on university students mainly for
experimenting on the design features of MS environment into the initial phases of
development. Despite that these experimentations were implemented for design-
development purposes, it was shown that activities with MS environment can be
worthwhile also for older students of University level.

Type of schools:

The objective of ModellingSpace project was to implement MS concept mostly to
common or ‘traditional’ schools, instead of “innovative” ones. Some of the
differences between innovative schools and common schools are that in the latter:
(a) often there is not flexible time-slot appropriate for working with technology
based learning environments, (b) students may not have a significant experience
on using them. (c) teachers may not be experts on modern pedagogical and
didactical approaches and strategies, neither to technological environments and
they are not familiarized into practicing them. The third difference is the most
important and significant one.

MS project has focused on traditional schools, in order:

(a) To really identify the difficulties that MS features and MS pedagogical
objectives may make appear especially to teachers.

(b) Fulfill the objective of a large scale implementation of technology based
innovative learning environments in schools.

4.2. Teachers’ Education (Approaches Applied)

Two approaches were applied, during the project:

= Al. General workshop, or initial training, using a standard accompanying
material, with a continuous minimum pedagogical helpdesk

= A2. Essential Support of the teachers, which during MS application try to
innovate and change their own pedagogical and didactical strategies. In
this case it was necessary to apply:
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(@) consultancy concerning the adaptation and the use of specific learning
activities and students activities’ sheets,

(b) creation of a short group list of people exchanging ideas (a network of
specialists on didactics & other teachers that have applied similar
scenarios in different levels of education) in order to have profound
discussions on specific and appropriate pedagogical and didactical
strategies and tactics.

(c) Creation of a wider group list of teachers and specialists for further
ideas.

The second approach seemed to be more effective on profound innovative
teaching and learning strategies.

4.3. MODELLINGSPACE Typical Use

The typical use consists of use in the context of a typical school class, by a
number of small group of students (group of two members), with the presence of
the teacher.

>Means:

+ MODELLINGSPACE technological environment, in parallel with printed or
electronic activity sheets (obligatory)

experimentations with real objects (optional)

video of experimentations (optional)
The students work with the ModellingSpace technology based learning
environment, while in parallel work on the corresponding activity sheets (in
printed and/or electronic form). Some proposed learning activities include
experimentations with real objects (in the beginning or in-between various phases

of the whole modelling activity). Similarly, activities may start with video
presentations of experiments with real objects.

> Individual or collaborative settings:

(a) side by side collaboration among two or maximum three students working
around one PC,

(b) Collaboratively in class with groups of students collocated in the same
classroom, but working via synchronous collaboration on different PCs.
The collaboration through ModellingSpace could be: (bl.) supervised or
(b2) not supervised by a teacher in real time.

(c) Synchronous collaboration among students in different locations (different
classes, schools, or towns)

lil 1
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(d) Continuation of sessions of synchronous & asynchronous collaboration
(students work synchronously in class, and then they continue in
asynchronous mode, at their home)

The teacher can supervise and intervene during collaborative activities (on the
fly), or study the interaction analysis output and intervene at the end of the
session (afterwards). It is to be noted that the two first options have been
extensively tested.

> Sessions- Time needed:

The number of sessions needed depends on the nature of the learning activity
itself, as well as on the level of students and their previous experience on
MODELLINGSPACE likely use.

+« In general, when the objective is modelling processes the number of
sessions required is important (more than 4-5 sessions)

4+ Similarly, when concepts’ introduction, construction or conceptual change is
aimed, usually more than 3 sessions are needed.

+ When MODELLINGSPACE is used for specific partial purposes, such as explore
models, and work with graphs, eventually a shorter period is needed (1-2
sessions).

Duration of each session: the typical sessions in the class have the duration of
a teaching hour: ~45-50 minutes. However, the teaching sessions of two
consecutive class hours 45+45 =~90 minutes are considered more
appropriate.

4.4. Case studies results

4.4.1. Case studies overview

The environment is based on a “Grounded Design process” of development
working on a systematic implementation of design-development procedures that
are rooted in established theory and research in human learning. Thus, the design
principles, processes and methods applied in the case of MODELLINGSPACE had to be
continuously informed, tested, validated or modified through successive
experimentations:

(@) cognitive evaluation of the environment with students in a laboratory, or in a
class of the school conducted by a researcher, without the presence of the
‘natural’ teacher and

(b) in real school contexts, taking into account the various cultural contexts in
different European countries, and different scenarios of use.
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The research has validated, helped, refined or even concretised some of the
main design principles of MODELLINGSPACE learning environment, and subsequently
the corresponding main features of the environment. The presentation of all these
studies with the corresponding research questions and results is out of the scope
and possibilities of the present report. Thus, only a brief overview of the main
research results that has to do with the implementation possibilities of
MODELLINGSPACE will be presented.

Table 1. Case Studies Overview

Case Studies on Modelling

Age Subject Entities Relations Duration
(sessions)
C1 12 math Object like/ semiquantitative 3
lvariable
C2 14 math Object like/ Semiquantitative 2
lvariable & quantitative
C3 15 physics Object like/ Semiquantitative 12
3variables supporting Quantitative
C4 12 chemistry [Open Qualitative 6
semiquantitative
C5 14 biology Micro-level semiquantitative 2

Case Studies of Collaborative Modelling

IAge Subj Entities Relations Duration
(sessions)

CC1 14 math Object-like Quantitative & tables 3
& abstract Qualitative

CC2 15 math Object like &  JQuantitative & tables 2
abstract Qualitative

CC3 17 math Object like &  JQuantitative & tables 4
abstract Qualitative

4.4.2. Results: Teachers & Students acceptance and motivation to
use MS

A.) Teachers’ acceptance and motivation to use MS

All teachers were positive or very positive to use MS in their classroom:. Most
important reasons that they mention are the following:

i
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I) MS offers a wide and rich range of possibilities:

According to teachers MS, offers a wide and rich range of possibilities to use it, in
a number of subject matters, and for different profiles of students. This fact gives
them a flexibility of different ways to use MS.

In fact, there is a number of ways to work with MS, focusing on:

(a) the entities and the variables, (in typical classroom activities students do not
have the possibility to really think on these terms). [“"What is mainly new and
significant in this software relates to modelling and the cognitive gains it brings.
That is, the identification of factors and relationships while passing from entities
to properties and from the latter to relations. If this can be done, it is enough to
justify the usefulness of the software and thus the benefits of its introduction in
schools.” Mathematician]

(b) the graphs for children that they have not acquired a relation among laws of
science and types of graphs, or algebraic equations and graphs.

(c) the use of tables and the use of open tables that relate to real numbers and
simulations

(d) The concept maps, in order to see the interrelation among a network of
concepts

(e) the complete process of modelling

The possibility that they have to validate the knowledge constructed by their
students (during collaborative or individual activities). The fact that MS offers
means of expression different from the typical ones, allows students to really
express themselves. [ “With the aid of this programme, I was surprised to see that
some concepts, I considered as learnt, were not”, Physics Teachers, GR]

II) MS offer tools to analyse students’ interactions and students collaborative
interactions:

Teachers expressed their particular interest for the tools that help them analyse
the interactions among students.

They appreciated the playback tool, especially in the case of concept maps (given
that they are interested in the way that students have constructed it and improved
it). They did not really appreciate it into its actual form for other kinds of models.

The actual tools for analysing students’ interactions (quantitative tables, graphs
with time slots/interactions or messages), seemed to teachers that don't really
support them to have a view on collaborative or individual students processes.
Thus, complementary mock-ups (both hard copy and electronic ones) were
proposed to them. These tools have considerably assisted them in order to apply
post session strategies and interventions.

It is to be noticed that MS is one of the first systems (eventually the only one)
that disposes tools supporting teachers to analyse students’ interactions.

Finally, it is to be mentioned that, all teachers, noticed:
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e the ‘concentration of the whole class of students, during all the sessions
with MS. [“In the MS environment I did not have to worry about the pupils’
attention and concentration on the task.”, Teacher of Mathematics, GR,

spring 2003]

e the intense motivation of their students to work in a collaborative way (in a
shared space using in parallel the chat tool).

B) Students acceptance and motivation

All the experimentations have indicated the intensive motivation of students to
work with this environment, into each particular context and settings. A high
percentage of students remained very focused and concentrated during the whole
activity. This result is valid not only for the short sessions experimentations, but
also for the long session experimentations.

Students, were very positive to work with MS activities. The main reasons that
they mention can be categorized as follows:

(i)They like to do something different from every day activities during teaching:

“...we came to escape from everyday routines, to learn new things and to
learn to work with computers. [12 years old]

(ii) They feel to learn something different:

" every time I felt that I learned new things” [12 years old]

(iii) They can familiarize with the environment relatively easily (after the 1% or the
2" session):

“"When we went in and sat down, everything looked unfamiliar. In a few days
however, we began to understand. [11 years old]

“We believe that this programme with a little more hard work, will perfect itself
and will reach the level of MICROSOFT programmes.” [12 years old, spring
2003]

“The programme was initially complex but pleasant and entertaining.” [12
years old]

“At the beginning we found it hard, but as time went by we understood it.” [12
years old]

“The programme we worked on is called MODELLINGSPACE. It was easy and
exhilarating” [12 years old]

(iv) The aesthetic of the environment is attractive to students.

lil 1
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4.4.3. Results: Learning effects and pedagogical effects

A) Learning effects:

Given that MS is a modeling environment, one could think that the main important
learning effect, is on the inquiry and modeling process itself. Instead, the most
significant learning effects are on concepts’ construction, understanding, and
relations. This is the most impressive learning result according to teachers.

(A.) For each learning activity, for all the subject matters, the understanding and
the construction of the meaning of ‘scientific concepts’ was the most significant
learning result.

(i) The specific concepts related to the phenomenon under study (eg.
Velocity, acceleration, flow, etc ).

(i) The relations among concepts, and their causality.

(iii) General interrelated notions such as:
= The real meaning and impact of some vectorial concepts
» dependent & independent variable,
= the constant of an analogy and its physical meaning,

= the nature of a ‘variable’ and the nature of a factor that is
‘constant’,

* the nature and the expression of a constant in an algebraic relation,
etc

(B) A more global level of synthesis on the level of networks of concepts.
This is due to:

(a) the different kind of entities that are presented: students have to analyse
the real phenomenon and to identify the scientific variables that affect the
phenomenon. All the other typical school activities as well as technology
based learning environments indicate directly the scientific concepts to use.
This is valid when we work with semiquantitative and quantitative relations.

(b) The use of ‘concept maps’ not only for activities in the frame of the
environment education (as it is typical the case, or history), but for every
subject matter (physics, mathematics, geography, etc).

(c) students can reason with the same environment during different subject
matters. They also can reason with all the available different modelling
formalisms (appropriate for their age). This allows interrelating common
notions, concepts and procedures that students meet in different subject
matters.

ModellingSpace Project, IST-2000- 25385 -29- School of Tomorrow




FINAL REPORT ModellingSpace PROJECT ‘:&-

Pedaqgogical effects

Using MS, teachers work with groups of students. During this process, it was
shown that most of the teachers apply much more ‘teaching actions’ on “verifying
understanding”, ‘explanation”, ‘social negotiation”, than in usual teaching
conditions.

In parallel, students gradually, decrease the tendency to be addressed to the
teachers as the unique source to validate their hypotheses, assumptions, beliefs,
and start to try to discover and prove things via their experimentations through
MS, and via their exchange of points of views and date with the other group of
students.

4.4.4. Pedagogical approaches for collaborative settings

Pre-collaborative settings

e Group formation: 2 or 3 students, each one sitting in front of a computer,
working collaboratively through an environment which supports
collaboration. The teacher can give students the chance to choose their
partners, or he can put mixed ability students in the same group.

e Design the appropriate activities.
e Integrate the whole approach to the learning environment.

During collaboration (on-the-fly)

Teachers supervise students working in groups collaboratively, through tools for
quick estimation of the collaborative action of the groups and selection of time
points for interventions or for more detailed observation. Teacher at any time can
have access to group’s messages and shared workspaces.

Teachers intervene by themselves or when students ask for in order to:

e Manage the task (do planning, checks on progress and request for
planning, do assignment and scheduling).

e Manage the interaction (invite students to participate, encourage
collaboration, assign roles — ask students to do something in order to help
the rest of the group, conduct assessment, do group formation, do
motivational comments).

e Provide information concerning the subject matter to be taught (explain,
clarify, expose scientific knowledge, give hints, provide indications,
approve/disapprove, do summarizing, verify understanding, ask students to
explain, ask students to clarify, ask students to examine the validity of
explanation, ask students to approve/disapprove, ask students if they want
help.

lil 1
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e Manage the course process (solve technical problems, do procedural
comments, do off-task comments).

During this phase teachers should encourage collaboration and trigger
conversation skills most often exhibited during effective collaborative learning and
problem solving, Table 1.

Table 2. Definitions of Collaborative Learning Skills

Active Request Ask for help/advice in solving the problem, or in
Learning understanding a team-mates comment.
Inform Direct or advance the conversation by providing information
or advice.
Motivate Provide positive feedback and reinforcement.
Conversation Task Shift the current focus of the group to a new subtask or tool.

Maintenance Support group cohesion and peer involvement.

Acknowledge Inform peers that you read and/or appreciate their
comments. Answer yes/no questions.

Creative Argue Reason (positively or negatively) about comments or
Conflict suggestions made by team members.
Mediate Recommend an instructor's intervention to answer a
question.

Afterwards collaboration (a posteriori).

Computer supported collaborative learning provides teachers with some new
opportunities, in spite of certain difficulties (such as time consumption). This is so
because learners interact through messages, and this information is available to
the teacher as a resource that can be used to assess the learning that has taken
place. Additionally, a teacher can monitor the actions at the shared workspace
during problem-solving.

Teachers used collaboration’s data analysis from the various tools for:
e Assessing collaboration
e Assessing students’ knowledge and contribution
e Localizing students’ weak points and misconceptions
e Criticizing their interventions after studying the results from each one.

Teachers regulated their strategies according to the information they derived from
the tools, by doing:

e Self assessment and self-regulation,

e Planning of a new group formation

e Planning of off-line interventions during the debriefing session, where they:
e Gave explanations and correct misconceptions

e Assessed collaboration and gave instructions in order students to have
effective collaboration
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e Assessed students’ knowledge and commented on the way students solved
the problem.

In traditional classes with face-to-face collaboration, teachers usually intervene
when they want to correct mistakes at the final product, to solve problems that
were not solved due to lack of time and to ask students questions in order to test
their knowledge. Apart from the above cases, now they have the chance to
intervene in order to assess collaboration and to give instructions, or when there
are misconceptions (after studying history of dialogues between students of each
team). The last case is very significant because misconceptions are more likely to
be “resolved” if the teacher not only discusses the misconception during problem-
solving but also uses probing feedback and post-summarisation strategies to
address them after the problem-solving phase has ended. So teachers after
studying the collaboration analysis outputs didn't solely focus on students’ errors
or on their final product as they were used to.

Concluding: Before this research implementation, our assumption was that
eventually, this approach could be interesting for teachers, (especially after some
practice), even though they did not any special instruction, neither on
collaboration value, nor on teachers’ effective roles under these conditions. The
conclusion that we derived is that the application was possible and that it had
positive effects on teachers’ strategies.

Viewing the details of a problem-solving interaction between students could
elucidate students’ puzzling behavior. Besides, making the learning process of a
group explicit, the teacher can be aware of the students weak and strong points
and thus be able to intervene and monitor the group more effectively using
different strategies according to the situation. Diagnosis is a really hard activity for
teachers, and if they have the opportunity to apply it, at least to a certain degree,
we consider that it is significant both for teaching and learning.

lil 1
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5. Approach

5.1. Methodology for technology based learning environment Design

Learning environments are rooted in five core foundations: psychological,
pedagogical, technological, cultural, and pragmatic.

Psychological foundations emphasize theory and research related to how
individuals think and learn.

Pedagogical foundations form the affordances and activities of the
environment and should be inextricably linked to corresponding psychological
and epistemological foundations.

Cultural foundations reflect the prevailing values of a learning community. For
instance, cultural foundations may reflect particular values such as
‘interdisciplinary learning’, or ‘global society’;

Technological foundations influence how media can support, constrain or
enhance the learning environment. A variety of media can be exploited to
support learning in a variety of ways, but grounded deployment of technology
is linked to the particular epistemological frame in particular ways. Technology
foundations determine that which is technologically possible, but grounded
practice requires determination of how these capabilities should be exploited.

Finally, pragmatic foundations emphasize the reconciling of available
resources and constraints with the actual design of any given learning
environment. Many schools, for instance, perceive the benefits of connecting
teachers, students, administrators to others across the world. Limitations in
connectivity, bandwidth and hardware, however, often limit what can be
accomplished pedagogically and technologically. Pragmatic foundations
represent the reality check of Ilearning environment design and
implementation, frequently causing a reassessment of alignment among one
or more foundations.

Grounded design, therefore, involves the simultaneous alignment of each
foundation in order to optimise coincidence across all foundations. The grounded
design aligns the foundations, assumptions and methods and identifies main
principles underlying design that guide the determination of the software
specifications.

The applied design approach is based on dimensions/factors that we considered
necessary in order to determine the design principles and characteristics of a
computerized learning environment. These include:

the technological environment: the methods, approaches and techniques of
other, previously constructed environments, as well as the evaluation output
from the utilization of these systems by the students;

the learner him/herself: to analyze their general characteristics, difficulties,
the intuitive ideas of children of the target age group concerning the specific
subject area and learning activities;

the subject matter and the specific learning activities: to proceed to an
epistemological analysis of content as well as a cognitive analysis of specific
tasks and learning activities (e.g. which cognitive operations are involved in
each task);
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Figure 7: Relationship between theoretical framework and learning environment
specifications

- the social context: here we distinguish between a closer and a broader social
environment. In the closer social context we include the teacher, the learner,
the other students of the class, and the conditions of the class work and

®
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interactions. These lead us to make explicit assumptions about the learning
process; we derive from them a number of pedagogical principles. In the
wider social environment we include the whole school (status of the school,
such as an ‘innovative’ or ‘traditional one’), the national educational policy on
ICTs, the recent and previous curricula, etc..

The analysis of each dimension, as well as the interrelations between them,
provided a basis to make decisions specifying the characteristics of the
technological environment; the tasks and learning activities; and the pedagogical
approach adopted (See Figure 7).

5.2. Technological Approach

5.2.1. ModellingSpace Software Architecture

This section presents the main aspects of the architecture of the MODELLINGSPACE
(MS) system together with the main technological decisions concerning the
system. Special focus is provided on the communication and coordination
mechanisms. Subsequently, an evaluation study of the system is presented. For a
more detailed description of the design decisions that lead to this architecture, see
Avouris et al. (2003c). The main decisions concerning the architecture are related
to the development of the synchronous and asynchronous collaboration
functionality, as well as the integration of supervision tools in the architecture.
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Figure 8: MODELLINGSPACE model view
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Components of MODELLINGSPACE architecture

The MODELLINGSPACE (MS) software is a client-server distributed application, which
comprises a suite of interconnected tools to support collaborative modelling
activities. MS is an environment that supports individual and collaborative building
of various kinds of models. It includes tools that permit building and editing of
primitive entities, building and exploring models that are made of primitive
entities, synchronous and asynchronous interaction of students, collocated or at a
distance who collaborate in building models and tools that support analysis of
modelling activities. The open character of MS means that students have access to
an open set of primitive entities that can be used for building these models.
ModellingSpace has been built using an Abstract Collaborative Application
Building Framework (ACABF) that is based on a model-level replication of the
collaborating peer workstations. According to Dewan (1999)! synchronous
collaboration systems are based on some degree of replication in peer nodes.
Systems like Microsoft NetMeeting and Shared X replicate the screen or window
layers allowing single user applications to be simultaneously viewed by
collaborating partners. In our case, we support replication of the model, so that
rendering of the new state of the user environment is done using local resources.
This way the exchanged messages are smaller and the response time is much
improved, since user actions are replicated locally. The ACABF architecture defines
an XML syntax for exchanged messages (messages involving coordination, shared
activity space events and direct communication events). The ACABF architecture
has already been used for building a number of synchronous collaboration support
applications, like ModelsCreator3, Representation2 and Synergo.

The main components of the MODELLINGSPACE application are the following: (a) the
Modelling Environment, the Entity Editor, and the Analysis & Supervision tools,
residing in the client nodes and (b) the Common Repository and the Community
support environment, as well as the Communication Relay Server to be found in
the server node.

The main functionality of the Modelling environment is described through figure 8,
which shows a typical model building activity. On the left-hand side column of
figure 8 a library of entities is shown, while on the right hand-side a library of
available relations is shown. Also the chat tool and the collaboration panel through
which the action enabling key is exchanged are shown, the are further discussed
in the following.

! Dewan P., (1999), Architectures for collaborative applications, in Beaudouin-Lafon M.
(ed), Computer Supported Cooperative Work, Wiley, Chichester, pp. 169-193.
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Communication and collaboration support

Synchronous collaboration for modelling is a case of computer supported
collaboration based on the concept of shared artifact/ work surface (Dix et al,
1998)2, in which a graphical representation of the model is included. The related
notion of feed-through the artifact implies that one participant's manipulation of
shared objects can be observed by the other participants.

Various architectural decisions are related to this framework. Considering that the
collaborative activity will be done mainly between partners at a distance, the
direct communication mechanism has been defined based on text communication.
Other media like video and audio are considered not suitable as discussed in
Avouris et al. (2003c), since they impose a number of technical restrictions. One
additional decision is related to the design of the shared activity space, also
discussed in the following. In ModellingSpace a mixture of alternatives is provided.
A strict WYSIWIS (what you see is what I see) is allowed in the main model-
building window. We believe that activity in this area should be faithfully
reproduced in all participants’ workstations. This is because most of
communication and reasoning is based on this shared viewpoint, which becomes
the main grounding mechanism of dialogue and through which eventually common
understanding can occur. Deviation from this, results in confusion of partners
since misunderstandings can be generated due to different views when partners
are allowed to scroll to different viewpoints, while no strong coupling of the shared
view and the direct communication can be achieved. However all additional
operations outside this shared workspace, should be performed independently by
partners involved, a model level coupling approach according to Suthers (2001)3.

Coordination support

One other important decision is related to the design of a coordination mechanism
for the activity in the shared workspace. In the case of MODELLINGSPACE we have
built a floor control mechanism, which involves locking at various levels of the
objects in the activity space. This decision is necessary in order to avoid users
concurrently interacting with the same object, canceling each-others actions, like
modifying the text of a concept or the value of variable. Alternative levels of
locking may be imposed, subject to the users’ or the teacher decision. As
discussed in the following section of the paper, the level of locking affects users
behaviour.

One alternative has been to impose a model-level locking mechanism. This
involves the notion of the Action Enabling Key, a token which is owned by one of
the participants at any given time, in which case the modeling window is locked

2 Dix A., Finlay J., Abowd G, Beale R., (1998), Human-Computer Interaction, 2nd Edition,
Prentice Hall

¥ Suthers, D.D., (2001), Architectures for Computer Supported Collaborative Learning, Proc. IEEE int.
Conf. on Advanced Learning Technologies, ICALT 2001, Madison, Wisconsin
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for the other partners. This key owner can then act in the shared workspace, while
the rest just observe this activity and make comments through the chat tool. This
mechanism is supported by key request, key accept, key reject functions.
Experiments with this floor control mechanism, see also (Fidas et al. 2001) and
(Avouris et al. 2003b), demonstrate that it improves reasoning about action, as
partners need to reason and negotiate during key requests, as discussed in the
final section of this paper.

The second alternative is to impose an object-level locking. This is done
transparently from the user, so no explicit floor control mechanism is imposed, like
in the previous case and activity in the shared activity space is more fluent.
However when a user selects an object in order to perform an operation, this is
locked temporarily until the operation is terminated by this user. If other users in
the mean time attempt an operation on the same object, their operations have no
effect.

Design of the shared drawing board

The main activity space of the MS modelling environment needs to be shared by
multiple actors, permitting collaborative modelling activities of learning actors at a
distance. Sharing this activity space is achieved using a peer-to-peer connection
between two or more client nodes. Through this connection, the necessary control
messages are exchanged, which permit the WYSIWIS shared drawing board effect.
This approach is preferred to a server-based architecture, since the latter would
have been a bottleneck in case many groups were simultaneously engaged in
collaboration. The size of the groups engaged in synchronous collaboration is
expected to be small, so point-to-point connection is feasible. As described in
Avouris et al. (2003c), the exchanged messages are small size, as due to
replication the only information exchanged relates to control of modelling activities
(e.g. add entity E; to the (x,y)), while the entity E; itself is not usually transferred
between the distant nodes, a model-level replication as discussed in the previous
section.

The synchronization of objects in the shared activity space is a process that
involves design decisions that permit not just accurate reproduction of the final
state of the model after release of an object lock, but also accurate reproduction
of the activity that took place during lock hold. An example is described in the
following. Let us assume that a user is dragging the variable slider of the object
Timer, shown in figure 9, back and forth for a while, in order to observe the effect
of this variable on the variable Temperature through a graph. When the user stops
dragging the slider, a message will be sent to the peer workstations which will
include three values of the variable Time, these are the Maximum, Minimum and
Final value of the variable, which will be used by the peer MS environments for
reproducing accurately the same graph, as well as to bring the models in the same
final state.

lil 1
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In case that a primitive entity is used by one of the partners and cannot be found
in peers' workstations during modelling, a need arises to transmit this entity,
possibly with large multimedia files, to collaborating peers in order to synchronize
the peer applications. This can create serious disruption in the smooth
collaboration to all collaborating partners, due to long download times. In order to
tackle this problem we send only light control messages to the peers (chat and
change of state), including the structure of new primitive entities, while the heavy
multimedia files that may be associated to these entities, are send through the
Server

timer (12)

Vmin,Vmax, Vfinal

Figure 9. Dragging operation on an object value results on transmission of a
synchronization message to peer workstations which contains Max, Min and Final
values of Variable V

Supervision and Analysis Tools

An additional feature of MS relates to supervision of modelling and collaboration
activities. So a set of supervision tools is included in the environment. These are
mainly used by the teachers and researchers, while limited versions of the tools
may be used in some cases by students as meta-cognitive aids. For instance the
student tools present the model and permit playback of the modelling activity
while problem solving is in progress. The main functionality of the Supervision tool
is the presentation and processing of logfiles, which have been produced during
MS activities. These logfiles contain actions and exchanged messages of all
partners engaged in modelling, in sequential order. An example of a history lodfile
of a developed prototype is shown in figure 10. The logfile is based on the format
of the exchanged control and chat messages and can be stored in XML form. This
file can be viewed, commended and annotated by a researcher using an adequate
analysis framework, as discussed by Avouris et al. (2003a, 2004). A related
functionality of the supervision tool is its capability of posterior reproduction of the
modelling activity, using the logfile, in a step-by-step or continuous way. The
activity can be reproduced using the playback tool. Annotation though this
playback tool can also be done as discussed in more detail in Avouris et al. (2004).
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1) 00:48:55 U1 Request Key

2) 00:49:05 U2 Accept To Give The Key

3) 00:49:12 U1 Chat | asked for the key

4) 00:49:20 U1 Chat ok | got it

5) 00:49:26 U1 Rename Object Ellipse 1 from END USER to END USER #2 (A2412)

6) 00:51:06 U1 Chat Get the key and change all the relations with those connected To the LANS
7) 00:52:05 U2 Chat OK

8) 00:52:08 U2 Request Key

9) 00:52:13 U1 Accept To Give The Key

Figure 10: Extract of a history logfile from collaborative modelling

The annotated or original history logfiles are in XML form, i.e. they do not contain
the multimedia entity files involved in the developed model, but instead they
contain references to them by their unique identifier GUID. So if an entity X is
used by a lodfile L and is not available in the local libraries, the analyst needs to
search and download the related entities in order to be able to playback the model
and reproduce the activity. In case of missing entities the environment will
reproduce them by a default entity with no behaviour or iconic representation
associated. This decision to disentangle, the logfiles from the heavy structures
associated with multimedia entities is made in order to keep the history logfiles
small in size and facilitate their easy exchange and storing. The logfiles can be
stored and exchanged in various formats including XML and the tools are based on
a database of logdfiles, which serve for studies of modelling activities.

Finally, since many ethnographic studies are expected to be performed during the
case studies involving the MS environment, a tool for analysis of video and audio
recordings and synchronisation of such behavioural data files with activity logfiles
has also been built. (Avouris et al. 2004), that can interact with the supervision
environment. The Collaboration Analysis Tool (ColAT) environment was developed
by the University of Patras in order to support analysis and interpretation of field
data in ethnographic studies.

ColAT is a tool especially designed for researchers and analysts who are involved
in ethnographic studies like a field study in a school, involving use of the
ModellingSpate environment. The aim of this tool is to help researchers or
educators with their analysis in order to study data of multiple sources collected
during these studies.

The extensive use of multimedia, allows the researchers to work with text files,
graphics, sound, video but also logfiles that are produced from the relevant
studies and for this reason ColAT constitutes a valuable tool for qualitative
research. In addition, ColAT is a behaviour analysis environment that may be used
for studying and understanding the tasks that have been performed by a user or a
group of users during their interaction with a system, like MODELLINGSPACE. Finally,
ColAT is an environment that can be used for analysis, presentation and

i
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management of the material that has been collected during the ethnographic
study. While ColAT has originated in the form of a prototype outside the project, it
was further developed, adapted in order to handle the format of the MS Modelling
Environment history files and the Snapshot generator tool, while it has been
extended with powerful multilevel annotation capabilities, supporting the OCAF
annotation scheme (Avouris et al. 2003b).

5.3. Evaluation approach

The MODELLINGSPACE development required successive evaluation with a small
or more important number of students, while its application in real school settings
had to cope with:

a) four educational systems and curricula,
b) a wide range of students’ ages,
c) different subject matters

In all the cases, the methodological approach was mainly based on ethnographic
(systemic) and discourses analytic methods focused on significant qualitative data,
during formative successive evaluations.

This ‘heavy’ large-scale qualitative methodological approach was carried out in a
European level, in order to support the development and the implementation of an
innovative technology-based learning environment integrated in the schools of the
involved European countries.

Five main axes of research have been implemented:

I. Cognitive Evaluation of MODELLINGSPACE technology based environment: A
number of studies had the objective to investigate the cognitive activities of
the students using MODELLINGSPACE. The support for these cognitive activities
can be attributed mainly to the technology based learning environment, given
that the students do not work into the context of the class (other groups of
students, teacher or even other educational material).

II. Evaluation of ModellingSpace environment (technology based learning
environment, learning activities, students’ worksheets), in school contexts: A
number of cases studies took place under conditions having an ecological
validity. In these cases, the evaluation of the innovation is conditioned by a
multitude of factors human as well technological ones. Students’ progress over
the modeling activities’ sessions through the technology based learning
environment has to be attributed to the combination of a number of factors:
the ModellingSpace environment, the specific learning activities (and their
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design), the corresponding worksheets, the discussions among groups and the
discussions among students’ groups and teacher, the teachers’ strategies and
not only to the technology based learning environment itself. Case studies in
schools, involve: semiquantitative relations, qualitative concept maps,
quantitative relations, different kind of entities. These case studies have taken
place mainly in the frame of: mathematics courses, science physics courses.
Students participating were mostly (a) at the age of (11-12 years old), and (b)
at the age of 14-15 years old.

Modelling Activities in settings of synchronous Collaboration through
MODELLINGSPACE, involving mainly students collocated into the same class. The
evaluation was based on a comparison among three modes (collaboration
through computer with the supervision of the teachers, collaboration through
computer without the teacher supervision, and face to face collaboration).

Teachers evaluation of Interaction and Collaboration Analysis Tools: The
evaluation of Interaction analysis tools was based on the observation of the
usage of interaction analysis tools by the teachers (during the interaction and
after the interaction), as well as on the teachers points of view regarding
these tools.

Global Pedagogical Evaluation of MODELLINGSPACE integration in Schools: It

considers the evaluation of new practices in a process of innovation which has
been carried out in the actual school networks in the 4 participating countries
(Belgium, France, Greece and Portugal).

To improve the reliability of the data and the scientific interest of the research
conclusions, it was chosen to describe the implementation process using a
conceptual model (see figure 10). The ambition of this model has to do with
the research for a systematisation of our actions so as to better focus on the
goals and to better check the variables that could negatively bias any expected
effects. The modelling process in which the project consortium has got
involved has as starting point an “at the very outset” analysis of the variables
capable to influence an innovative process, articulated on three levels that
compose the dynamic axis of the model: the "intrants", the process and the
outputs. The dynamic axis of the model is completed by a topologic axis which
defines the different subsystems with regard to which the innovative process
inscribes itself. From the most specific to the most general, they are: the
micro-system constituted by the class, the meso-system made up by the
immediate school environment, particularly the local managers, and the
macro-system at which level one can find the administrative managers and the
policy makers of the educational system. To these three subsystems, which are
answerable to the educational system at large, we have added the peri-system
which groups all the variables present in the immediate environment of the
educational system which are capable to have an effect on it.
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5.4. Exploitation approach

The objective of the exploitation work package of the project is to study how the
results and outcomes of the ModellingSpace RTD project will be exploited and
commercialised. A business plan is produced with the intention of providing an
overview of the business idea, the target customers, and the needs to which it will
respond. The business plan consists first of all of the description of the
MODELLINGSPACE service and details of the different elements that will be marketed
(characteristics, technological environment, advantages, complementary services,
etc.). Secondly the market environment is being analysed (its structure, potential
and development). Then the marketing plan and commercialisation strategies are
tackled. Finally, organisational and financial aspects are being analysed to
estimate the viability of the exploitation.

Description of the business and the target markets for the MODELLINGSPACE
service

MODELLINGSPACE will offer schools a new effective way to teach the most important
concepts needed nowadays to survive in the knowledge-based society. Technology
and pedagogical support will allow teachers to convey reasoning and modelling
concepts, while it will permit to learners to express themselves and create in an
appropriate environment. Collaboration and communication, which are extremely
important skills for the students’ future, will be vigorous elements of the learning
environment.

All these learning and teaching possibilities will be available in one unique
environment. This is the distinguishing point that MODELLINGSPACE service will offer
to schools, teachers and students. The completeness and versatility of the service
is a new concept in the European market, which in future years will efficiently
support traditional learning methods, enhancing the quality of education, and thus
a winning point for schools choosing MODELLINGSPACE.

Competitive advantages

MODELLINGSPACE will succeed in a competitive situation due to the following
advantages:

Learners can develop a wide range of fundamental concepts, laws and reasoning
approaches for different subject matters (mathematics, physics, biology,
chemistry, environmental education, computer science) thanks to the variety of
situations that the environment permits to explore.

e Teachers are able to supervise students’ individual or group progress using the
application locally or from a distance and all activities are recorded for analysis
purposes. Pedagogical material is provided for initial stages as well as services
to support the creation and the maintenance of learning activities.

g
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e MODELLINGSPACE is a collaborative environment, integrating various
communication tools, allowing teachers and students to model together and
create learning material useful to the community, support asynchronous as
well as synchronous collaboration.

e MODELLINGSPACE is simple and powerful. It is a versatile environment that can
be adapted to various kinds of modelling and concept rendering situations. On
the other hand it is user-friendly to learners and easy to operate for teachers.

e MODELLINGSPACE'S main advantage is to offer the possibility to create different
models, from static (concept maps) to dynamic models and to build and
explore different relations between primitive entities (qualitative, quantitative
and semi-quantitative).

e MODELLINGSPACE will become a leading provider in Europe of modelling and
collaborative tools and methods for schools, offering the most innovative
digital learning environment to classrooms and strong support capabilities, not
only in terms of maintenance support, but also in organisational / pedagogical
consulting and integration support.

Description of the organisational structure

The organisation will be built based on successful cooperation between the
partners involved in the RTD phase. Researchers with consulting skills and IT
development suppliers with commercial structure will join their efforts to offer the
MODELLINGSPACE service. Additional partners may enter to fill the gaps (e.qg.
commercialisation in new countries) and external collaborations will be sought to
start the business with a light structure. However, in general, the ModellingSpace
consortium can - and is committed to - cover the main activities of the project
exploitation:

e Technical support (helpdesk, maintenance)
e Consulting support (organisational and pedagogical issues)
e Commercialisation support (sales, promotion, distribution, legal issues)

e Research support (technological and pedagogical investigation, further
development of the product and associated services)

6. Lessons learnt

Many valuable lessons were learnt during the ModellingSpace project lifecycle.

First of all, from a work management point of view, the initial choice to well
differentiate in autonomous parts the development of the MODELLINGSPACE
environment was validated, among the involved partners. Even if the development
of the whole environment was a very important and hard activity, we have
reached to avoid critical delays that might totally block the experimentations in
schools.
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The importance of having partners that have a real and intense scientific
interest in each specific aspect was also validated. It allowed doing significant
research as well as a sufficient number of publications.

On the contrary the time needed to share concepts was not well estimated from
the beginning. In order to overcome this difficulty, it is needed to predict long
term ‘stays’ in each others laboratories, for some members of the partners. The
short duration project meetings, or even task force meetings are not sufficient for
these purposes.

Concerning the content of the work, the difficulties of creation a international
human network among teachers was not well estimated, when the related
subjects and involved topics were very innovative for them. In order to interact,
and participate in an international human network, they need to be more
confident. In theses cases, small scale local or national networks are needed
before trying to initiate an international one.

Finally, we must note the major difficulties in research planning, corresponding
needed resources and time, when we have to do with a multipurpose learning
environment (with a significant number of internal features), that is intended to be
addressed to a wide range of pupils, and a variety of subject matters.

7. Conclusions and future plans

It is considered that ModellingSpace project contributed to the objectives of School
of Tomorrow program, in the following dimensions:

X> Contribution to Skills” development for future citizens:

¢ Modelling process skills (understand, develop and verify models)

¢ Necessary meta-cognitive skills (conceptual awareness, difficulties’
awareness, learning awareness, collaboration, discrepancies awareness)

¢ Communication and collaboration skills (models constitute a means and a
support of the expression of ideas and communication, while activities of
synchronous collaboration initiate students to collaborative skills

X> Contribution to the development of Knowledge required for future citizens:

¢ a wide range of fundamental concepts, laws and reasoning modes of
different subject matters

¢ 'new’ knowledge required interconnecting knowledge and methods from
different subject matter in order to cope with complex problems of every
day and professional life (models & modelling).

g
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x> Improvement of the quality of teaching :

¢ Support teachers, providing them with specific tools that analyse students
interactions (individual& collaborative)

+ Pointing out appropriate teachers strategies for synchronous collaborative
modelling & problem solving

¢ Propose learning activities and strategies in order to cope with specific
students’ misconceptions & difficulties

¢ Invite teachers to collaborate between them (in the frame of the internal
school community, or a wider (inter)national

The project work was innovative in the following five dimensions:

> Innovation related to ModellingSpace Environment design & features

¢ Modelling tools for young students

+ Tools for metacognitive reflection for students (working individually or
collaboratively)

+ Collaboration tools for students: optional and usable (dialogue tools &
actions modes)

¢ Meta-analysis tools for teachers on student’s interactions

¢+ Meta-analysis for teachers’ own guidance patterns during collaborative
synchronous interactions

+ Open and flexible environment for teachers (adaptable)

X Innovation related to implementation in Schools :

¢ Modelling & emphasis on concepts construction(formation;;)
¢+ Modelling activities by young students

+ Flexible modes of integration (innovative & traditional ones)

¢+ An environment that could be used by a number of teachers in different
subject matters and in different class level, has more chance to be
integrated in schools

X> Innovative Proposals for Collaborative Settings:

¢ Synchronous Collaborative modelling in every-day practice
+ Collaboration among collocated students
¢ Teachers strategies during collaboration

¢ The use of interaction analysis tools from teachers

ModellingSpace Project, IST-2000- 25385 -47 - School of Tomorrow =




FINAL REPORT ModellingSpace PROJECT ‘:&-

X> Innovative Technological Issues:

¢ Abstract collaborative application building framework (based on a highly
replicated peer collaboration model)

+ Definition of a new protocol for exchange of messages, also to be used for
playing back the activity off-line.

+ Design of an innovative collaboration analysis tool (ColLAT)

The future plans related to the continuation of the work related to MODELLINGSPACE
learning environment, are briefly the following:

1. Design-development of integrated learning environments

¢ Assure Links with real experiments & digital-gadgets collecting data
¢ Assure Links with mobile technology [towards integrated environments]

+ Develop more tools & functions for a wide community of users (students
teachers)

¢ Continue the design development work related to some specific aspects
(e.g. interaction analysis tools)

II. Schools & Activities

+ Design and testing of new Learning activities and students’ worksheets.
The production of this kind of elaborated material can constitute a full
project.

¢ Establish a human network accentuating the collaboration among schools,
the exchanges among teachers-teachers & students-students]

III. Exploitation

¢ Development of a Business Plan for MODELLINGSPACE commercialisation
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Annex

ANNEX 1. DELIVERABLES LIST

Del. Deliverable Name WP Lead Deli | Secur
No no | participan | vTy ity
t pe*
User requirements: Design Principles, WP2 Aegean S IST
D01 . e
Requirements, Software Specifications
Pedagogical approach, research WP2 Angers R IST
D02 assumptions and research protocols'
design
DO3 Human and technological networks and WP3 UMH R IST
teachers’ training specifications
D04 Teachers’ training materials WP3 FCT/UNL R IST
D05 Scenarios and activities WP3 Aegean R Pub
D06 Software requirements WP4 UNIPATRAS S Int*
D07 MODELLINGSPACE software (prototype WP4 UNIPATRAS P Int
version)
D08 MODELLINGSPACE software (final WP4 | UNIPATRAS P Rest.
version)
D09 Users’ manuals WP4 FCT/UNL R Pub
D10 School Implementation and Data WP5 Angers R IST
Analysis
D11 Pedagogical evaluation WP5 UMH R IsT
D12 Technical (software) evaluation WP5 SEMA R IST
Development of pedagogical WP5 FCT/UNL R Pub
D13
methodology
D14 MODELLINGSPACE Web site WP6 SEMA P Pub
D15 Dissemination and Use plan WP6 SEMA R Int
D16 Exploitation plan WP6 SEMA R Int
D17 Technological implementation plan WP6 SEMA R Int
D18 Project presentation (brochure + video) | WP6 SEMA R Pub
D19 Final Report WP6 SEMA R Pub
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ANNEX 2. MODELLINGSPACE BROCHURES

Two brochures were produced in order to diffuse ModellingSpace project’s ideas
and results: the one at the beginning of the project lifecycle (a brief brochure in
five languages) and the other at the end (an extended brochure, 30 pages).

The reader could ask for the printed forms of these brochures, or could download
them from ModellingSpace website [ www.modellingspace.net].
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