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= Technology based Learning Environments

x> A Technology based learning environment designed in order to allow
and support inquiry learning, and intended to be used in the
current educational systems, includes:

= a ‘complex-rich’ software (incorporating a number of components’

&

= series of typical learning activities

= series of students’ activities’sheets

= scenarios of use: students’ settings, conditions, context
[ In iInnovative schools, in current traditional schools]

= teachers’ guidelines
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= Research Phases

Usability Evaluation

Cognitive Evaluation

! Pedagogical Evaluation [real class]

Evaluation of Implementation in a School Unit

Evaluation of needed Teachers’ Education Services

Evaluation of Large Scale Integration
In Educational Systems
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= Research Phases

Studies investigated students’
cognitive activities
when they use it

Usability Evalua

— Basic usablity studies to
Cognitive Evaluat investigate: effectiveness,
efficiency and satisfaction that

. - gives to its user in a given
Pedagogical Evaluation context of use and task.

Studies investigating the

Evaluation of Implementation| cognitive activities of the
students using it, but also

evaluating the pedagogical

: - interest of using it, in well

Evaluation of needed Teachers’ | syecified pedagogical contexts,

in real actual school conditions.

Evaluation of Large Scale Studies investigating the modes

. - of integration as well as the
q
In Educational Sy‘ scenarios of insertion when a

number of teachers use it, Iin
the same classes of students
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= Research Phases/ Schedule or Planning

Usability Evaluation

Cognitive Evaluation

' Pedagogical Evaluation

Large Scale Integration
in Educational Systems

N Implementation in a School Unit >
. Teachers’ Education Services
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= Research Objectives

& Questions

Usability Evaluation

Cognitive Evaluation

\ Pedagogical Evaluation

Learning issues

(0 O e ettt O O Ottt O O e Ottt O O O Y D M

Design Issues
Modelling primitives

Representation tools

Collaboration tools

Metacognitive tools

Help Support

I /N

Learning activities

Students’ Worksheets
Students’ Settings

Teachers’ roles

Inquiry Modelling Collaboration

T Concepts’
Metacognition Construction
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= Research Objectives

[ ] [ ]
Q Learning issues
' /
~N
Inqui Modelling Collaboration rgggﬁ?ﬁ% Metacognition

Pupils Age
[ 10-12 ] [14-15] [17-> ]
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= MODELLINGSPACE

= MODELLINGSPACE IDENTITY: ¢ Collaborative modelling environment
¢ for disciplinary or interdisciplinary learning activities,
[in physics, chemistry, mathematics, biology, etc]
¢ Addressed to students [11-17 years old] // focused on 14-16 years old

...........

l
2 |
I
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Design Principle: A Wide Range of Variables as Modelling Primitives’:
In order to encourage students to proceed by their own conceptualisation,
it is important to offer them a wide range of basic modelling primitives
so as to make it possible for them to express their ideas
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Design Principle: ‘Appropriate & rich range of Relations as Modelling Primitives’:
For a technological environment to be thoroughly appropriate for young students
it is important to support gradually learning progress,
as well as knowledge and skills development, starting from the existing ones.
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= ModellingSpace .. Awareness, Metacognitive Tools

Playback & Awareness Quantitative Overview

Saloct 2 history fle...
Wy Documents\y meedeh! CBLIS MODEL AFEA. hstony i

CAF
[00:06:23][Kyriakos] What’s going on? )
Why you are doing nothing?

[00:07:18][Rodoula] | can’t put the i

relationship, | would like some SR

guidance. If you want ask for the

key and do it. ) g
[00:07:26][Kyriakos] ok R — Y o i

[KYRIAKOS TOOK THE KEY]. b2 E00N & o v SEPPE) cﬁ':f:gz—a—za--aczz
[00:07:38](5Teacher] Kyriako please, B PRI | \ ooy e e e o |

on’t push Rodoula! -
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= MS Research Example 1: Usability studies [1/2]

= “Coordination protocol’ during synchronous collaboration

STUDY 1

Pupils: 12 groups, 19 years old
Task: modelling tasks via concept maps Duration: [1 session, 2,5 hours]
Data: logfiles {actions, chat}
Research Design: Comparative
Condition A: 6 groups with a strict coordination protocol
[exchange of action-key]
Condition B: 6 groups in a free syn. Collaborative mode)]

Results: The output Models A& B are of similar quality
The quality of the discussion (chat) of group A:=>is better
{more profound expression of arguments}
Group B: Some ‘events’, when someone delete the ‘entries’ of others.
[Margaritis, Avouris et al. 2002]
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= MS Research Example 1: Usability studies [2/2]

= Coordination protocol during synchronous collaboration

CASE STUDY 2

Pupils: 5 groups, 17 years old.
Task: semi-quantitative models. Duration: 3 sessions [X 2 hours]
Research Design: each group has to select one mode [free or coordinated],
in each session, at the end of the session group panel interview.
Data: (a) comparison of the argumentation quality of the same groups
in the three sessions, (b) register the points of view of the pupils

Results:
1. Pointed out the influencing variables: (a) if students have a
previous experience on collaboration, (b) if they have good previous
collab. experiences -F-2-F or CM- with their partners: they prefer
the free mode, & they can produce argumentation of a ‘good’ quality
2. Some students strongly deny to use the coordinated mode
LTEE, 2003
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= MS Research Example 1: Usability studies

= Coordination protocol during synchronous collaboration

Case Study 1: Comparative research design [A, B groups: free vs coordinated
protocol].

Case Study 2: Mixed research design, working with both modes, in a more

iImportant number of sessions, & asking via interviews the
users’ points of view

Discussion on Research Method, when we apply usability studies:

It is needed to take always into account:
& the ‘Time Dimension’ {adaptation effect}
& the ‘Acceptability’ {if the students prefer/choose the option}

Conclusion on the MS functionality:

- Both modes exist [free and coordinated)
- What it is suggested: (a) starting with a coordinated protocol,

(b) then allow members to choose what they prefer.
- Support the authorship awareness (e.g. awareness of inserted entities’ authors
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= MS Research Example 2: Cognitive Eval studies

Educational Domain Cognitive activities Method Main Data Main result
level

school (10 (proportionali | peduction observation of
years old) ty) Variables: dyads

transcriptions
Models

ognitive

Induction of relations

Secondary Physics Experimentation Indiv. guided
schools Variables: Prediction interviews
(13 -16) Time T Comparison (audio recorded) | when exper
N = 93 dependent \/ Nerimen activities

Verbal

schools (inclined plan) | prediction interviews transcriptions qdents expre

(13 -16) Variables: By e Comparison (audio recorded) | relational

N = 90 Time MS/Physics by reasoning
dependent image

Secondary cinematic (car | Create a simple dyads //Pre-
{14 years } driver, moto model post test (oral and oriented entities
6 dyads driver) //Interviews at | written) including

the end



= MS Research Example 2: Cognitive Eval [1/2]

= ldentity

Pupils: 90 students (individually) of three levels [13,15,16 years old]
Task: Object oriented entities [car- Inclined plan], Semiquantitative relations
Research Design: Individual interview in the context of problem solving

Comparative : descriptions and manipulations made by the pupils: (a) when
they use material objects to carry out the experiments and (b) when they
use the MS. The order of the problem context is counterbalanced

Smyrnaiou, Weil Barais, 2002

Operational hypothesis

e Used to formalize the constitutive entities of the systems
In terms of properties and relations between dimensions,
pupils should account for the transformations of the
physical systems in a different way than the pupils who
have only practical experiences of the physical systems.
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= MS Research Example 2: Cognitive Eval [1/2]

= ldentity

Pupils: 90 students (individually) of three levels [13,15,16 years old]
Task: Object oriented entities
Research Design: Individual intq

Comparative : descriptions and
they use material objects to
use the MS. The order of th

T

Experimental Task :
"A car without engine runs on a road which &
can have a more or less acute slope".
A serie of questions are posed to the pupils
aiming at leading them to be interested in
the relations between:

» speed and mass, angle of the road, type of
the road, speed and time of displacement.




= MS Research Example 2: Cognitive Eval studies

Results: [Experimentations with real objects and with MS]

»>“If we compare the advanced explanations of the pupils according to
whether they experimented with the objects and the MS,

it appears that the variational relational approach is much more
frequent with the learning environment than with the objects.”

=>Their answers reveal that spontaneously the pupils focus themselves only on one

property-variable (mainly speed).
Sometimes making a mistake in the interpretation of the direction of the variation
in speed (4 out of 26 pupils, of 14 years old): they do not express the covariation

between the increase of the slope and that of speed.

Discussion on Research Method:

Hard experimental design:
& Direct access to their students reasoning
% Influence of students activity => conditions not near to those of class.
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= MS Research Example2: Cognitive Eval studies2/2

= |ldentity [object oriented entities with multiple-vectorial variables]

Pupils: 5 dyads of 14 years old students of three different levels

Task: [car on the road] [position, velocity, acceleration]

Research Design: - Observation of students acting and discussing &
- pre-post test

Results:
It was shown that ‘object-oriented’ entities and their animations seem to play
significant roles in learning:

- they help emerge the students’ alternative
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= MS Research Example 3: Pedagogical Evaluation

Main Case Studies on Modelling, in real classroom

Age Subject Entities Relations authors

C1 mat ject like semiquantitative

E! !! ma!H Wjec Ike Iquantitativ
lvariable itati
C3 !! pHysms !Ejec! ||!e’ %emlquan Itative

_J/|JC ¢ UU|C \/ UG

like Semiquantitative, -

IO Ogy ICrO' eve emiguar C \/E . C C

Cn
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= MS Research Example: Pedagogical Evaluation 1/2

= ldentity [ Chemistry]

Pupils: A class of 6 dyads of 11 years old students

Task: Chemistry, Solutions
Learning activity, involving qualitative concept map, experimentations
with real objects, semiquantitative models, and final concept maps

Research Design: - Observation of students acting and discussing into the
group, among groups, with the class-teacher. Panel interviews at the end

Data: (a) students models, (b) the videotaped records, (c) the interviews, (d)
the completed work sheets

Main Research Questions:

(@) The possibility of young children to be easily familiar with ModellingSpace semantics
of concept maps and simple aspects of semiquantitative relations (implicating only two
variables each time),

(b) the appropriateness of MS and of specific learning activities

to support the emergence of usual students’ misconceptions and then the evolution
on scientific concepts construction

(c) Identify students difficulties, and eventual new misconceptions
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= MS Research Example: Pedagogical Evaluation 1/2

= |dentity [ Chemistry]
Pupils: A class of 6 dyads of 11 years old students

Task: Chemistry, Solutions
Learning activity, involving qualitative concept map, experimentations
with real objects, semiquantitative models, and final concept maps

Research Design: - Observation of students acting and discussing into the
group, among groups, with the class-teacher. Panel interviews at the end

Data: (a) students models, (b) the videotaped records, (c) the interviews, (d)

e |

the com

Main Research Questio] .«
(@) The possibility of you
of concept maps and sim
variables each time),
(b) the appropriateness o
support the emerge

n scientific concepts
e a

| EEEEEna)

(c) Identify students difficL
S 1 A |
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= MS Research Example: Pedagogical Evaluation 2/2

= ldentity [ Physics]

Pupils: A class of 6 dyads of 15 years old students, Duration: 12 sessions, 1,5 h

Task: Physics, Kinematics [cars in a national road], Learning activity, involving
semiquantitative and then quantitative models

Research Design: - Observation of students acting and discussing into the group,
among groups, with the class-teacher. Panel interviews at the end. Pre-post

Data collection:
Log files, final computer based products (models & texts/final report),
paper based-activity sheets of students,
video & audio recordings of groups discussions,
video recordings of discussions in class (with the teacher),
students’ pre-post tests, students questionnaires.

Main Research Questions: LTEE/Orfanos, et al. 2004
(a) Misconceptions

(b) Difficulties during semiquantitive modelling & quantitative modelling

(d) Modelling strategies

(e) Use of the representations (inquiry)

(f) Conceptual ‘change’
LEARNING TECHNOLOGY AND EDUCATIONAL ENGINEERING LABORATORY www.rhodes.aegean.gr/LTEE



= MS Research Example: Pedagogical Evaluation 2/2

= |ldentity [ Physics]

Pupils: A class of 6 dyads of 15 years old students, Duration: 12 sessions, 1,5 h

Task: Physics, Kinematics [cars in a national road], Learning activity, involving
semiquantitative and then quantitative models

Research Design: - Observation of students acting and discussing into the group,
among groups, with the class-teacher. Panel interviews at the end. Pre-post

Data collection:
Log files, final computer based products (models & texts/final report),
paper based-activity sheets
video & audio recordings of| grg
video recordings of discussions
students’ pre-post tests, stude

Main Research Questions: _ .
(@) Misconceptions
(b) Difficulties during semiquan{ | |l B e
(d) Modelling strategies | |
(e) Use of the representations (INQUITY)

(f) Conceptual ‘change’
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= Conclusions [related to Modelling]

= Research Results:

% In all the cases (short or long sessions of learning activities
with ModellingSpace), students have shown motivated to work
with this environment that appeared attractive to them.

“ In all the experimental sessions, the most perceptible and
appreciated gains, according to students but also teachers,
were associated with the learning of particular scientific
concepts.

& Gains related to the acquisition of modelling skills were
explicit and mentioned by students themselves only after long
sessions of modelling activities (more than 5 hours).
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= Conclusions [related to Modelling]

= Research Results:

% In all the cases (short or long sessions of learning activities
with ModellingSpace), students have shown motivated to work
with this environment that appeared attractive to them.

“ In all the experimental sessions, the most perceptible and

appreciated gains, according to students but also teachers,
were associated with the_laarninn nf narticiilar cciantific

Concepts/— ¢ The constant of proportionality, and its
possible physical nature

% Gains related to the | ¢ The constantin algebraic equations

explicit and mentioned | ¢ Independent variable
sessions of modelling ac{ « pependent variable

¢ the use of representational systems (graphs
and reasoning from graphs, or tables)
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= MS Research Example: Pedagogical Evaluation 2/2

Identify variables &
constants

Create a
. - ; Draft Model
Initial phenomenon Define Relations
representation
Check appropriateness
Inquiry learning Pose question of values range
via Modellin .
g — Define Model
Predictions
Interpret Data A
Model Exploration - tables of values
- graphs
- simulation

Experimental Design
[control the coherence > Validate the

among variables values Model
& constants

Awareness

Conclusion ]
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Age
cc1 14
cc2 15
CC3 17
Cc4 12
CC5 14
CCo6

Subject

mat

physics

omputer
science &

Entities

ject-like
& abstract

ject like
abstract

ject like
abstract

ject oriente
1 variable

ject.
2 variables

entities

Relations Duration

(2 h sessions)
Quantitative & tables 8
Qualitative

Quantitative & tables

Qualitative

Quantitative & tables

Qualitative

Table of value &
Semiquantitative

semiquantitative

Table of value
Quantitative
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= MS Research Example 4: Pedag. Collaborative

= ldentity

> Pupils: 4 classes [15, 16, 17 years old} N~ 20x3. Co-located {exploit learning
opportunities that are offered by CMC Activities in realistic school context}
4 teachers, Duration: 8 sessions

»Classroom conditions [comparison settings]
v'A group of two students and one teacher collaborating using three pcs (OME
mode of use).
v'A group of two students without the presence of any adult collaborating
using two pcs (OXE mode of use).

»Technology based Learning Environment
v'Tools supporting students e.g. annotated Playback
v'Tools supporting teachers e.g. Quantitative Overview, CAF, Process
Reproduction Tool.

LTEE// Petrou & Fessakis, 2004, 2005

Collaboration, modelling, metacognition & teachers’ strateqgies
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= MS Research Example 4: Pedag. Collaborative

= ldentity

> Pupils: 4 classes [15, 16, 17 years old} N~ 20x3. Co-located {exploit learning
opportunities that are offered by CMC Activities in realistic school context}

4 teachers, Duration: 8 sessions

PCO7 PCOA PCO5 PCO4 PCO3 PCO2

»Classroom conditions [comparison settings]
v'A group of two students and one teacher co
mode of use).
v'A group of two students without the presen
using two pcs (OXE mode of use).

PCO1

OXE:
Two students
collsborating using two
pes.

PCOZ

OME:
Two students and one
teacher collaborating
using three pes.

PC12

OMR:
Two students and one
researcher per pe.

®
®

DESK

»Technology based Learning Environment
v'Tools supporting students e.g. annotated F Poo i PCl0 | Fell

v'Tools supporting teachers e.g. Quantitative uvervrew, CAr, rrucess

Reproduction Tool.
LTEE// Petrou & Fessakis, 2004, 2005

Collaboration, modelling, metacognition & teachers’ strateqgies
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= Conclusions [related to Collaborative Modelling]

= Research Results:

& Analysis of data showed that in all the cases the percentage of out
of task interactions and management of the shared workspace by
the students was less than 10%.

& It was shown that the environment is transparent, allowing the
expression of different modes of collaborative patterns or even
teachers’ guidance patterns.

& Students were highly motivated to use ModellingSpace in
collaborative settings, since they were engaged for long time
periods in productive modelling.

& It seems that the collaborative modelling activities are really
Important for the teachers themselves: they have the possibility
to get insight to their students reasoning. * Diagnosis is a really
hard activity for teachers, and if they have the opportunity to
apply it, it is significant both for teaching and learning *
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Concerning Modelling:
We have not done a research design oriented to them: ....We had other priorities
But it was a parallel continuous focus, in an important number of case studies.

Concerning collaborative modelling [ Petrou & Fessakis, 2004, 2005]

The major difficulty of activity-sheets
Keep the balance between:
iInquiry learning < guidance-scaffolding
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= MS Research Example 5: Learning Activities, WS

Modelling Process

E =Qualitative analysis of phenomenon

= Define the problem space=> a first level of modeling
= Select, define the variables

= Initial model creation
= Predictions
= Model execution, control

Concerning Modelling: = Study of representations (data, & simulation)
We have not done a rese = Model Improvement

But it was a parallel cor = Temporal final model

Concerning collaborativ = Exploit model to answer guestions
= Explore its limits of validity
= Publication ( Social level) [+ metacognitive guidance]

The

= Extend a model
= Generalise model (more abstract, quantitative)
= Combine models

in

LEARNING TECHNOLOGY AND E



= MS Research Example 5: Learning Activities, WS

. E Worksheets’ questions, hints, suggestions
= = Introductory Questions related to the phenomenon
“a = under study [problem statement]
% = Questions of initial analysis (factors
. involved)=>Initial problem model & representation
= Hints or questions related to the model inquiry
Concerning Modelling:
We have not done a rese = Hints or Questions on data representations
But it was a parallel con study/observation
= Suggestions of awareness during model creation /
Concerning collaborative exploration (predictions)
= Hints on global control/validation of the model
The
_ =Suggestions of collaboration between groups
n = Suggestions of publication ( activity report)
= Suggestions of software tools/ functions use
LEARNING TECHNOLOGY AND E




= MS Research Example N: Other studies

Additional studies

= The influence of the heterogeinity of available resources/ during
synchronous collaboration [Komis, et al. 2002]

= How to combine the technology based learning environment with
other traditional educational material (real objects, video).
[Smyrnaiou, et al. 2005]

= Integration in school system: evaluation issues
[Strebelle, Depover, 2003]

= Integration in primary school and approaches for in-service
training [Tzortzakakis, et al. 2003]

=
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= Conclusions - Lessons Learnt 1/3

Research Methods: A large variety

= A number of informal & exploratory studies,

= A few pilot studies in order to fix the methodology & tools for
each research category

= Strict Cognitive evaluation methods {with individual interviews of
students or teachers}

= Experimental, comparative [ among variations of LE features,
settings, groups of students, settings]

= Case studies of a small or large number of sessions, trying to
capture students’ reasoning

= Wide range questionnaires

= ... disposing a Rich and Huge amount of different data kinds
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= Conclusions - Lessons Learnt 2/3

= Research Methods: A large variety

= Research Questions: A multitude of questions could be posed

A large amount of research on:

= Semiotic systems

= Knowledge construction, but also possible misconceptions that could be
created in each subject matter

= Transitions between modelling/reasoning cateqgories

= The importance of learning activities & students activity-sheets for both
f2f and CM collaboration

= The importance to study the student’s learning and reasoning, taking into
account also (or even influencing) the teachers’ roles and interventions
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Research Methods

a large variety

= Conclusions - Lessons Learnt 3/3

Research Questions

a multitude could be posed

How to select ?

Crucial
Design Features

= =

Crucial Features of
Context of Use

Pragmatic approach (conditions)

¢ Financial support, ¢ Available time
+ Priorities, and interests of involved researchers /partners
¢ International trends and interests (each period)

..Make involve large groups of motivated researchers
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