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Preface 

A huge amount of excellent Computer Aided Teaching and learning (CAT) material and 
environments already exists in Europe, but there is far less reported experience as well as 
competence at using these materials and environments effectively within and outside regular 
classroom activities. This is especially true with respect to facing the challenge of making 
girls and boys interested to study science and motivated to get acceptable learning results. 
Aim of the CAT-project is to develop a teacher training course with a European perspective 
and helping science teachers all over the Europe to integrate the use of ICT to their teaching 
and learning activities. 

Recent research results from science education show that there are good chances for improving 
the classroom practice if materials and environments are used suitably and if adapted to the 
specific needs of schools of different countries (as well as offered with easy-to-follow teacher 
instructions). A transfer of those research results into actual teaching practice in European schools 
is supported by the CAT-project. Since teaching practice differs amongst different European 
countries, this educational intervention was developed as a concept of culture-oriented support 
activities. International scientists and teachers, experienced within this field, worked together and 
adapted their nationally oriented ideas and research results to other needs. 

The intention of the CAT-project was to design and test teaching modules for a teacher-
training course, which enables teachers to consider the quality of computer aided learning 
environments in science teaching, to adapt best-practice examples of those environments to 
their own teaching, and to evaluate their own teaching afterwards. For this purpose, already 
existing CAT-environments of the different project-countries were utilised. The course itself 
is established as ICT-based content, and published as this handbook. The handbook is linked 
with “best-practice”- examples. Consequently the CAT-project established a new and flexible 
teacher-training course that is useful in all participating but also in other countries. 
Nevertheless, according to our research results we would have been constructing the course 
much closer to the practice of teachers by offering more face-to-face meetings along the 
course modules in order to allow more vivid discussions and cultural exchange among the 
teachers and researchers. Alone the limited recourses and given structures in Europe to 
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finance such a support hinder such practices. We hope that the blended learning structure we 
offer helps to guaranty a high appreciated success. 

The effective use of Computer Aided Teaching and learning material in science teaching 
(CAT) is a project funded by the European Commission’s Lifelong Learning Programme. 
This programme enables people in all stages of their lives to take part in stimulating learning 
experiences, as well as helping to develop the education and training sector across Europe. 
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About the Handbook 

This handbook is meant for science teachers, the participants and trainers of the CAT 
(Computer Aided Teaching and Learning in Science) – course. The purpose of the CAT 
handbook is to orientate the reader into the themes of the course and serve as a supportive 
material when taking part in the course. In practice, the book includes not only material and 
theoretical background to be used in the course but also guidelines for users, course attendants 
and teacher educators using the CAT environment in its all. 

To find out more about the project and to register for a course go to: http://cat.upatras.gr. 
Once registered for a course, the participants will be working on a specially designed Moodle 
Learning Management System (LMS) guiding through a whole blended learning process. 

How to use 

The handbook reflects and supports the CAT course and its contents and can be used 
alongside the Moodle LMS and the CD-ROM. 

The handbook consists of three parts. Part 1 includes a look at international differences as a 
source for teacher training in using ICT and an overall view of the course is given. In Part 2 of 
the handbook the reader will find the CAT–course material (also) found in the Moodle platform. 
Main parts of the course material to be used are found on the attached CD-ROM. Part 3 offers 
the theoretical background about the use of ICT in science education used in this course. It 
represents the basis for individual professional development linked closely to the users’ daily 
teaching practice. In the appendices best practice examples used for the course and a glossary 
of terms and abbreviations are presented. 

Icons in PART 2 

The icons are used to indicate the different types of learning in the course material and when 
the participant needs to go to the CD-ROM or online to the Moodle-platform to complete an 
activity or task. 
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Excercises / Assignments / Activities 

 
Reading / Links / Recommended literature / Further Reading 

  
Trainers’ Tip (Advice to Trainers) 

  
Face-to-Face Meeting 

 
Go to CD-ROM 

 
See Online 

 
Distance learning 
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PART 1 About the CAT Course 

 

In this part 

 international differences in ICT use in teaching as a source for teacher training 
 a look at effective use of ICT in-service education for science teachers 
 get to know what action research is and how it fosters professional development  
 an overview and structure of the CAT-course  
 some practical issues for the participants and trainers of the course 

 

Learning about cultural differences between conditions and practices in European countries 
and creating synergies, taking into account recent research results on how to realize in-service 
trainings for teachers, and using action research methods to foster professional development 
are the most important goals of organising an effective intra-European teacher training course. 
The organisers of such an event have to take care as well of the limitations as well as of the 
advantages that the countries have over each other.  

Based on research based knowledge about the use of ICT in science education, the 
experiences of science teachers’ in-service training, organised by the partners of CAT-project 
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(e.g., Lavonen et al. 2006), and a European CAT-survey (Welzel-Breuer, Graf, Sanchez, 
Fontanieu, Stadler, Raykova, Lavonen & Ioannidis, 2009), we know that the conditions in 
European schools are very diverse and that we have to take into account that many science 
teachers feel themselves insecure and not really prepared to use ICT in education. ICT cannot 
be simply added to teaching and learning activities, because the goals and the way of teaching 
and learning science will change when ICT is used in education. Instead of making routines 
with ICT, the students within science classes should be lead to active learning and 
collaboration. Consequently, it cannot be assumed that the use of ICT transforms science 
education in all cases for the better. Osborne and Hennessy (2003) emphasise the role of the 
teacher, in being responsible for creating the conditions for ICT use and for selecting and 
evaluating appropriate ICT tools, and, moreover, in designing teaching and learning activities. 
Osborne and Hennessy (2003) advise teachers’ to take up tasks in effective ICT use: 

• To ensure that ICT use is appropriate and ‘adds value’ to learning or “new” goals 
are activated for teaching and learning science, 

• To build ICT use on teachers’ own existing skills and practices and on students’ 
prior skills and conceptions, 

• To plan activities or tasks for offering students responsibility, choice and 
opportunities for active participation, 

• To prompt students to think about concepts and relationships, 

• To create time for discussion, reasoning, analysis and reflection, 

• To focus on goals and tasks including goals dealing with ICT skills, 

• To develop students’ skills for finding and critically analyzing information. 

How do we get teachers to start using new media and ICT in the way described above? There 
are challenges, constraints, limits, and often not ideal conditions. 

 
1.1 Background 1: International Differences in Using ICT as a Source of 
Development 

Manuela Welzel-Breuer, Sönke Graf & Antonio Rueda 

In order to clarify the needs and constrains, but also actual practices regarding the use of ICT 
in science education, an international survey within six participating countries (Austria, 
Bulgaria, Finland, France, German, Greece) was designed and carried out (see Welzel-Breuer 
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et al. 2009). The aim of the survey was to gain insights into the spectrum of possible 
conditions, needs and actual practices in using ICT in science classrooms, and to get the 
specific information needed to construct this teacher training course close to the conditions in 
schools in different European countries and their local contexts. More than 50 teachers from 
each of the six partner countries, altogether 854 teachers, answered the survey and brought in 
their expertise. In addition official statistics and recent research results give us insight into an 
interesting spectrum we have to work with. 

Asking teachers about their perceived competence in using ICT in science classes, we found 
that there are teachers experienced in the use of ICT, and in interesting methodological 
approaches, but there were rather large differences between the sexes as there were large 
differences between the countries at least in the female population. Women in our samples 
estimate their self competence in ICT lower than men.  

Looking through the official statistics of the EC and through the statistics gathered by the 
survey we saw that there are differences in the ICT infrastructure of countries as well as in the 
skills users have in different countries. As many ICT examples used today rely on an active 
Internet connection or at least on temporary internet access. For teachers it is quite useful to 
know, how many of their students have internet access at home. As this has a direct influence 
on the strategies, approaches and methods, that can be used by the teacher beyond the scope 
of a regular lesson. The following table shows the percentage of households with internet 
access: 

 
 PERCENTAGE OF PRIVATE HOUSEHOLDS WITH INTERNET ACCESS 

Countries Percentage of the private households with internet access (2009) 
EU (27 countries) 65 % 

Bulgaria 30 % 
Germany 79 % 
Greece 38 % 
France 63 % 
Austria 70 % 
Finland 78 %  

 
While in some countries a private Internet connection is almost a certainty – there are other 
countries in which a private Internet connection is more likely to be inexistent. By visiting 
schools within the training we aim at form the basis for a low-level network in which teachers 
are likely to interact and communicate about their own school’s conditions – and at the same 
time get motivated to share positive experiences and ideas with each other. Fostering this low-
level network and at the same time providing the tools and organisational efforts to keep the 
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network alive – will help teachers to benefit from the differences rather than becoming 
dissatisfied. 

Asked for their interests, the teachers of all countries wished to get acquainted with some 
‘best practice examples’, i.e. with ICT tools recommended by other users, and to have a 
chance to test provided tools and material with the possibility to share experiences with their 
peers. In addition to pedagogical issues, technical issues related to ICT use, for example 
difficulties in learnability, were mentioned as the most negative aspects in using ICT. 
Altogether, the need to be aware of various aspects of using ICT in a science classroom and to 
have support for choosing an appropriate tool for the classroom were brought up. In addition, 
teachers also wished that the course would address realistic circumstances, e.g., school visits 
within the course. (see more Lavonen et. al., 2010) 

The importance of feeling confident and competence 

Self-assessment on technological skills and attitudes towards using ICT is essential when 
considering professional development. Confidence and competence of a teacher as a user of 
ICT in the classroom seem to be intertwined with each other. The feeling of being a 
competent user of ICT in science education was in relation with attitudes towards ICT use in 
general, i.e. the more confident the users regard themselves the more positive conceptions 
they have about benefits and added value of the use. According to the responses to the open 
questions of the survey, the possibilities to increase student interest and motivation in science 
learning, support students’ autonomy or active learning were seen as the most positive 
features of using ICT in the classroom. Furthermore, it is rather natural that the teachers who 
have a competent view of themselves as users use ICT more themselves and let their students 
use ICT in the classroom more often. 

This can also be seen within the survey results: According to the survey, the perceived 
competence and the amount of ICT use within the last year are linked to each other (see 
Figure 1). This is something to be considered when supporting teachers to develop themselves 
as ICT users. It is equally important to encourage teachers to dare using ICT as it is to 
promote their skills in ICT use. Therefore, teacher training activities will not only focus on 
imparting knowledge to the teachers but offering them some practical work that allows them 
to do something in practice.  
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THE FEELING OF COMPETENCE IN USING ICT AND FREQUNCY OF USE 

 

The attitude towards using ICT is influential to professional development. It seems that the 
more proficient teachers feel with ICT, the more they are convinced about the relevance to 
their own science teaching. Furthermore, critical attitude towards using new technology and 
changing the existing way of teaching, e.g., the methods to be used in the lessons, might 
prevent teachers from learning and adapting modern technology in teaching. It might be a 
good idea to start using ICT in a classroom (as well as in our course) with a selection of 
simple yet useful ICT tools in order to have some positive experience. 

Teacher’s Motivation for Using ICT 

Teachers give several reasons of why they choose or do not choose to use ICT in their 
teaching. In general, teachers do not value ICT as an end in itself yet as tools providing an 
effective means to their ends within their classrooms. This is logical and in line with empirical 
results of learning process studies. ICT itself can and will not replace hands-on activities, 
scientifically driven experiments, vivid discussions about explanations and many other 
actions. However, science education can use the benefits and possibilities of ICT to improve 
the learning culture within the classroom. Our survey showed that there are several reasons 
for teachers to feel positive or encouraged while teaching with ICT: (1) interested and 
motivated students (students love using computers, to chat and to work or publish their work 
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via social media websites like Facebook and Twitter), (2) improved means of illustration 
animated or not (to powerfully visualize otherwise often invisible or not accessible scientific 
processes), (3) autonomy and activation of students (including the use of different channels 
and sources), (4) revitalizing medium of lessons (through more interaction), and (5) greater 
variety of teaching and learning methods. Having these values in mind it is obvious that 
learning in science classrooms with ICT can become more dimensional, closer to scientific 
types of teamwork, and also more multidisciplinary. The classroom will get the potential to 
open up to the global world of communication and to become an active agent in the world 
wide web.  

Challenges 

When asking about the challenges in using ICT, teachers mentioned some issues that 
challenge them in their classrooms. Teachers often find using ICT time consuming due to 
several reasons. For example, technical problems might cause unexpected challenges in 
teaching. Even if teachers were capable of repairing technical problems, there is no time for 
doing that in the midst of teaching. Moreover, maintenance takes time and many teachers feel 
that they cannot allocate enough time for ICT activities. In addition, preparing a lesson in 
which ICT is used for learning science often takes time and effort as well.  

According to the survey, a school’s computer administrator faces enormous difficulties with 
limited resources given for the task. Indeed, generally the time consumption is not to be 
underestimated – even with a homogenous computer infrastructure and the use of images and 
an image server – the time of keeping an operating system (OS) updated can be tremendous. 
School’s computer administrators who according to our survey usually are teachers 
themselves – face enormous difficulties: Several colleagues ask for a multitude of software to 
be running on the school’s computers. All this software needs to be installed and updated – 
sometimes also integrated into a user access control structure running in the school’s network 
– a fulltime job. So for every lesson, involving new software at least at the beginning the 
administrator of the school’s computer pool and the teacher need to cooperate closely to 
prepare the computers for the job at hand. This time however has to be coordinated, planned 
and somehow allocated. Especially in matters like those, European countries benefit from 
looking across national borders and into the practice of their European neighbours. 

Another question regards the question of how to work with old equipment? A lot of today’s 
state of the art software is not being used in the classrooms, because it is either too expensive 
or the hardware available within schools is not powerful enough for the software to run.  

Looking at the methodological side teachers face often problems with choosing and/or using 
the “right” software or material, as well as with using software the “right” way, giving 
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appropriate instruction, and how to handle administrative obstacles such as reserving 
laboratories and having access to computer classrooms.  

Facing the Challenges 

Firstly, it is vital to respect, understand, take into consideration and learn from the problems 
that teachers face in practice. The school’s conditions and also the personal conditions do 
differ and have to be taken into account. It is possible to work on the issues in collaboration 
with school teachers from different countries and schools. We aim at letting each participant 
be inspired by the solutions and ideas of colleagues coming from other countries. Some first 
ideas and solutions came from research and questioning teachers in Europe. 

Looking on the technical side, time changes the conditions: It is likely that it will be easier 
and possibly cheaper year by year to handle the equipment issues. To find the right one, is 
essential. In the near future the situation is likely to improve considerably for schools. 
Software vendors all over Europe have come to start distributing software as a service (SaaS). 
Meaning that the software is not installed on the local computers but it is made available via 
modern web browsers and an active broadband internet connection. Despite a needed Internet 
connection – this has a lot of advantages for schools. The hardware demands of modern 
software might drop considerably – SaaS will make it possible, that hardware demanding 
calculations are not being computed by the computers within the school but by modern 
computing centres outside the schools. The school itself will only need so called “Thin 
Clients” – computers with small scale processors. The vendors will take care of the 
maintenance of the software too – so that the latest software is always available.  

Solving administrational and technical problems works at best in a team of teachers (perhaps 
of different science disciplines) and administrators. There are teachers having good 
experiences while working within groups and networks and helping each other. The 
administrator’s problems also will become smaller over time – as with SaaS the amount of 
administration on a single computer will decrease to a significant amount. 

Teachers face new challenges when guiding student activities with ICT. There are many 
temptations to misuse computer access by the students, e.g., visiting forbidden websites and 
copying something readymade from the internet without processing the material. These 
questions should be taken into consideration when planning and implementing science lessons 
with ICT use. In the course interesting methods coming from Greek and French partners will 
be presented and tested within the course. 

From the point of view of teacher training, it is important to consider that training should take 
place under realistic conditions and be long enough with support for professional 
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development. Therefore, our training will include practical work within partnering schools 
and the period of the course should last long enough. Furthermore, there will be material 
available that is specific to certain topics. 

 

1.2 Background 2: In-Service Training of Science Teachers 

Jari Lavonen, Heidi Krzywacki, Helga Stadler 

The aim of the CAT-project is to help science teachers to adopt use of ICT as a part of their 
teaching science. Here, we consider ‘use of ICT’ as an educational innovation, and therefore, 
the early steps when science teachers start to use ICT in their teaching is analysed in the 
framework of adoption of innovation (Rogers, 2006). Rogers (2006) defines ‘adoption’ as an 
individual’s mental process through which he or she passes from first hearing about an 
innovation to final adoption or rejection. Fullan (2007) categorises the properties of 
educational innovations affecting their acceptance or adoption into three classes: 

1) The properties of the innovation. In this case, the properties of the ‘use of ICT in science 
education’ itself (e.g., different ways of ICT could be used in science education, and the 
usability of ICT). For example, if an innovation is too complicated for beginners, it is not 
adopted. Consequently, properties of the innovation could be approached from the point of 
view of its usability. Usability of the innovation indicates to what extent people can employ it 
in order to achieve a particular goal, i.e., the goals the designers of the innovation have been 
set as a goal for the use of the innovation (Nielsen, 1993). Nielsen suggests that practical 
usability of the innovation could be defined by quality components, like learnability or how 
easy it is for users to use a new innovation. 

2) Local characteristics of the innovation. These include the science teacher’s pedagogical 
orientation and beliefs about the use of educational technology, and the administrative 
leadership and support available to teachers, both of which have an effect on the adoption of 
ICT. In addition, a teacher’s previous ICT knowledge and skills have a strong effect (Willis, 
1997). Zhao and Cziko (2001) suggested that the adoption of ICT in science education requires 
that teachers be convinced that (i) ICT can effectively help students to achieve or maintain high-
level goals (“effectiveness”); (ii) ICT will not disturb other high-level goals that teachers 
consider more important than the one being maintained (“disturbances”); and (iii) teachers have 
the ability and resources to use ICT (‘control’). Therefore, training and other guidance should 
be contextual, connected to real teaching and learning situations. Training should also support 
co-operation between teachers and other teachers and those who are developing teaching 
programmes and providing guidance. The training of teachers has to be in conjunction with the 
development of ICT for pedagogical use, not in the training of ICT skills only. 
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3) External factors influencing the innovation. A national ICT strategy and curriculum and, 
moreover, European level policy, will have an effect on the adoption of the innovation, and 
different kinds of networking may foster the integration of ICT into education, such as co-
operation between (i) schools, (ii) teaching and research or (iii) between schools and their 
environment or working life as well as possibilities, constraints and public hype (Epper & 
Bates, 2001, p. 2). Different approaches have been suggested for changing unfavourable 
teachers' behavior or beliefs, e.g., by educational policy, by curriculum design, and by in-
service training or professional development (PD) programmes that would promote adoption 
of a new innovation in science education (Fullan, 2007). However, we do not believe that a 
certain belief can straightforwardly lead to a certain action in the classroom. Furthermore, 
teacher’s beliefs and actions are quite possibly even contradictory. 

Research indicates that one way to assure and improve learning is to provide high level in-
service training or professional development programme where teachers’ beliefs and other 
factors influencing the adoption are taken into account (Loucks-Horsley et al., 1998; Park et 
al., 2005; Sparks & Loucks-Horsley, 1989). This project follows research-based knowledge 
acquired about teachers’ adoption of educational innovations. Based on previous research the 
basic characteristics of the in-service or professional development programme are: (a) 
experience with teaching and learning that includes planning a teaching module in the field of 
the innovation; (b) a programme which includes at least two teachers from one school and at 
least from 8 different schools; (c) a series of short courses and distance supported working at 
school level, (c) co-planning and using a teaching module with informal and pre-post 
assessment programs, and (d) a follow-up short course some months later for sharing the 
results of the efforts (Blunck & Yager, 1996). 

There are some promising examples of such PD programmes. For example, Iowa Chautauqua 
Program (ICP) has been a force in science education reform efforts for many years as K-12 
teachers have planned and used 20 day modules which illustrate the Science/Technology/ 
Society (STS) in US. ,Another example is a Finnish long-term PD project where following 
features of the PD programme were found to support adoption of the innovation (Lavonen, et 
al., 2006): (a) empowerment aspects including co-planning, shared purpose and internalisation 
of goals, shared expertise and dissemination, appropriate resources, and authentic evaluation; 
(b) communication aspects including versatile communication between teachers, reflection in 
small groups, optimal pace and diversity, and creative atmosphere; (c) aspects of context 
including ICT use and integration of it to inquiry, and cumulative development of teachers’ ICT 
competencies starting where they are. 
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Fostering Professional Development of Teachers by Action Research 

Action research is one powerful tool for implementing the previously presented ideas in  
in-service training of teachers, e.g., supporting teachers as adapters of innovations. It is also 
one of the main features of the CAT-course. According to Stenhouse (1975), 
professionalization of teachers is the further development of the capability ‘to generate 
knowledge which is appropriate to the situation. [A professional teacher possesses the] 
capacity for autonomous self-development through systematic self-study, through the study of 
other teachers and through the testing of ideas by classroom research procedures’ (p. 144). 
Schön (1983) views “reflective practitioners” transcending their professional action, which is 
largely based on experience and has become routine, by reflection in and on action. By 
carefully collecting and analyzing data teachers are confronted with their own pre-concepts 
and implicit knowledge systems as well as with insights into classroom processes.  

Action research can be understood as an iterative process that integrates theory with practice, 
through reflection and action planning (Altrichter, Feldman, Posch, Somekh, 2008, p. 8).  

 
Altrichter and Krainer (1998), describe four dimensions of teachers' professionalism: 

• Attitude towards and competence in experimental, constructive and goal-directed 
work (action). 

• Attitude towards and competence in reflective, (self-)critical and one’s own action 
systematically questioning work (reflection).  

• Attitude towards and competence in autonomous, self-initiated and self-
determined work (autonomy).  

• Attitude towards and competence in communicative and cooperative work with 
increasing public relevance (networking). 

The four dimensional model can be used to design in-service courses and explain how the 
teacher’s learning is generated. The integration of reflection and collaboration in this model 
provides a tool for investigating teachers’ professional development. Action and reflection of 
the practitioner in the classroom as well as autonomy and networking of individual teachers 
and of whole schools are encouraged, supported and also analyzed within the CAT-project.  

Van Driel, Beijaard & Verloop (2001) have found the following strategies potentially 
powerful for professional development and reform in science education: learning in networks, 
peer coaching, collaborative action research, and the use of case studies. These strategies that 
were developed for the Austrian projects IMST (Innovations in mathematics and science 
teaching) and PFL (Pädagogik und Fachdidaktik für LehrerInnen, see also Kühnelt, Stadler, 
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2008; Krainer, Kühnelt, Stadler, 2005), we tried to transfer to the project CAT in order to 
support transformation of teachers' classroom practices. Reflection on action is also a 
prerequisite for communicating professional knowledge to peers and novices (Stadler, 2002, 
Kühnelt & Stadler, 2008). This feature is also used within the CAT-project. 

The framing of the project and the action research approach guarantees that the work of 
teachers within the given project is strongly connected to their daily work in class. According 
to our experience action research has to be guided and teachers should not be left alone with 
their questions. A network which creates a climate of trust and in which teachers have a 
reasonable time needs to be provided. Action research can be the basis for creating 
communities of practitioners (Wenger 1998) and researchers. It guarantees that research in 
science education concentrates on questions that are relevant to teachers, and generates results 
that have immediate impact on teachers' daily work in class (Kühnelt & Stadler, 2008; 1997). 

There exists a long discussion about whether action is research in a scientific sense or not 
(Altrichter, Feldman, Posch, Somekh, 2008). According to Altrichter et al. it is “important to 
understand the research process as an art to be continuously perfected rather than a set of 
procedures that can be applied unproblematically. There is never one clear, right answer to 
matters relating to human behaviour, and research into social situations always involves 
uncovering the unexpected.“ 

 

1.3 The Structure of the Course 

Based on the survey conducted in six European countries (Welzel-Breuer et al. 2010) and on 
recent research results the course is constructed in a way to support European science teachers in 
their educational practice of using ICT in science classes. It is well known that the conditions with 
respect to the opportunities and conditions of using ICT vary between schools and countries. In 
addition the teachers have different practices, cultures and experiences. On the other hand, a huge 
amount of material is available, schools are equipped with computers and our students are living 
in a world of ICT practice. The CAT course therefore offers three different modules (and 
submodules) taking into account those kinds of differences and possibilities. It is organized this 
way, to meet as direct as possible the needs of the participants. Teachers can choose from these 
modules and study along their individual interests.  
 
Coming from the part of theory Module 1 offers the study of criteria and their application for 
checking computer aided teaching and learning material according to their effectiveness. 
These criteria can and will support the decision making process of science teachers while 
planning science classes and searching for appropriate material. 
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Module 2 indicates how to efficiently implement ICT in a science classroom. Questions will be 
answered that a science teacher faces when s/he wants to use ICT in his/her teaching program. 
Module 2 is divided into three sub-modules taking into account a wealth of teaching opportunities 
using ICT in science education, the planning and materializing of ICT-based activities; the 
debriefing of ICT-based activity after it occurred. This module will be very practical. 
 
Module 3 introduces the teachers in possibilities of investigation and active development of 
their own and individual teaching practices while using ICT. The method used is action 
research. It offers an individual approach and support to professional development. 
 
The University of Education Heidelberg (Germany), University of Education Schwäbisch 
Gmünd (Germany), University of Helsinki (Finland), National Institute for Educational 
Research (France), University of Plovdiv (Bulgaria) and University of Patras (Greece) have 
developed the CAT material offered with this course within scientifically driven and 
supported projects. Thus, in all parts, the ICT-based teacher training course incorporates 
original material already available in the different partner countries, and on the internet.  
 
Theoretical criteria and guidelines of the courses were established on the basis of educational 
practices when CAT environments are used. All parts and material of the CAT course were 
discussed intensely within the international group of researchers and with teachers from all 
participating countries. Thus, this course should take into account the needs and conditions 
characteristic for the actual situation in the different European countries. 

Below you will find the descriptions of the CAT courses’ three modules including aims, 
learning outcomes and learning methods. Each module’s schedule will also be presented. 

 
1.3.1 Module 1: Criteria for Choosing Usable Computer Aided Teaching and Learning 
Material  

Duration: 3 months 

Methods: blended learning 

Aim: The teacher will get familiar with criteria dimensions and criteria for choosing and 
using Computer Aided Teaching and Learning (CAT) material. He/she will learn to use CAT 
in a versatile way in his/her teaching according to ready-made descriptions based on specific 
and oriented on practice criteria.  
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The module comprises of four submodules which approach usability from different 
perspectives: (1) content related and technical usability, (2) usability especially in the case of 
multimedia, (3) pedagogical usability, and (4) motivational issues related to usability. The 
structure of the module is not to cover all possible aspects but to provide a starting-point for 
approaching usability issues. The overall aim of the course module is to provide activities for 
further professional development in two ways. First, the underlying idea is that a teacher 
should become aware of different perspectives of usability. For example, a teacher should 
acquaint him- or herself with technical and content related issues, which can be seen to form 
criteria for assessing ICT tools available for science teaching and learning in the classroom. 
Since the usability and appropriateness of a particular ICT tool is related with the learning 
objectives in the classroom, the idea of usability is not to evaluate ICT tools as such. A 
teacher should become aware of the aspects according to which different tools and 
applications can be discussed. However, assessing and choosing the tools to be used in the 
classroom are always case-specific. 

Second, since usability is something relative and dependent on the aims set for learning and 
the needs of a teacher, a teacher should be proficient in assessing and choosing ICT tools in 
general. The basic knowledge is not enough, and therefore ability to apply such knowledge in 
practice is needed as well. In the course module, the aim is not only to focus on basic 
information about usability but also to provide activities through which teachers can apply 
and integrate their knowledge in practice. The ‘best practice examples’ are to be discussed 
from various perspectives of usability. In that way, teachers get familiar with some new 
technological innovations, in accordance with their wishes stated in the survey, and even more 
importantly, they learn also how to apply their knowledge in various situations. The 
implementation of the course module includes both e-learning phases and face-to-face 
meetings. In this way, the interactive and cooperative learning process includes discussions 
and possibly the sharing of experiences. Consequently, teachers attending the course can 
benefit from intercultural perspectives. (see Lavonen et al., 2010) 

 

For information about the schedule go to http://cat.upatras.gr 

Learning outcomes: 

• Level 1: The teacher is able to use CAT in a versatile way in his/her 
teaching according to ready-made descriptions based on specific and oriented 
on practice criteria (recognition) 

• Level 2: The teacher is able to apply different criteria on CAT for the use of 
CAT in versatile ways in his/her teaching based on the criteria (transfer) 
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1.3.2 Module 2: Ways and Methods of Implementation of Computer Aided Teaching 
and Learning Material 

Duration: 3 months 

Methods: blended learning 

Aim: The key of well-using ICT in classrooms (module 2) is an understanding of teachers 
about the reasons of using ICT, of the teaching/learning objectives they aim to achieve, of the 
possibilities or degrees of freedom these technologies afford to students. The aim of this 
module is to give support to teachers for implementing the use of ICT in their teaching. It is 
grounded on learning hypotheses, coherent with those displayed in module 1, and which 
should be applied in the integration of an ICT-based disposal in instruction as in its choice by 
the teacher. It is necessary to distinguish two levels for ICT implementation in classrooms: 
During a session, in an immediate interaction with the software; at the scale of a whole 
teaching sequence. At the session scale, some questions must but envisioned: The distinction 
between computer-based measurements and simulations, the modeling power of simulations: 
it must correspond to a “modeling awareness” of the teachers, the way to manage classroom 
interactions in the case of ICT settings; in particular, the necessity for the teacher to take into 
account the (socio)-cultural inequalities among students regarding the use of ICT; and giving 
to teachers the possibility to accept the change in their role induced by ICT, from the unique 
source of knowledge towards a helper for students. Questions to be posed and answered at a 
long-term scale are: How to take into account the necessity for students to get accustomed to 
the software, the coherence of the uses of ICT through a given teaching sequence, and the 
evaluation aims and procedures. Another objective of this module is to take advantage of the 
various situations in Europe, depending on the level of equipment, of teacher training, but also 
of different cultural traditions. Giving an insight into the diversity of using ICT in Europe can 
help teachers to broaden their perspectives, but also to become more conscious of their own 
tradition, in order to surpass it or to assume it. The work consists of an analysis of existing 
literature on the topic, and in experiments in classrooms. Some experiments in teacher 
training sessions will be done (see Welzel-Breuer et al. 2010). 

This module indicates how to efficiently implement ICT (activities) in a science classroom. 
Planning to implement it in science classes, for the greatest benefit of students' learning, needs 
to take into account four issues: 

• the knowledge content of the ICT based activity, 

• the interactions with and among students during and after the ICT based activity, 

• the kinds of representations that are used,  

• students’ engagement during instruction and motivation. 
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Within three submodules, the participants will work on these topics and learn how to use 
these issues to have an informed, coherent, efficient practice when using ICT. In addition, it 
will also be learned how different types of software and computer based learning 
environments can be used in science teaching.  

 

For information about the schedule go to http://cat.upatras.gr 

 

1.3.3 Module 3: Self Evaluation of Own Teaching through Action Research 

Duration: 5 months 

Methods: blended learning 

Aim: The aim of module 3 is to introduce teachers to action research methods when using 
ICT in classrooms. Material for teachers who want to evaluate the effective use of ICT in their 
class will be developed, together with a good practice example for self-evaluation. Teachers 
usually evaluate the learning outcomes of their students by oral or written tests. In doing that, 
they fail to learn about the problems students face when learning science, their 
misconceptions, and the ways they collaborate with each other. The aim of this module is to 
help teachers to evaluate their own teaching by action research methods. How action research 
can be used in a teacher-training course is a secondary aim. (see Welzel-Breuer et al. 2010) 
The learning objectives of module 3 are to improve your professional skills concerning the 

Learning outcomes: 

• How to link the use of an ICT tool to the context? 

• How to manage the interactions and the introduction of knowledge during 
ICT-based activity? 

• How to link an ICT-based activity to what is before in the lesson and to what 
is after? 

• How to make the debriefing of an ICT-based activity? 

• How to integrate ICT-based activities in the coherence of a teaching 
sequence? 
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use if ICT in science classes, to learn to know what action research is and how it helps to gain 
personal benefit for your own teaching, and get to know several methods of self evaluation.  

There are different Modules which you can choose from and each of the modules depends on 
your personal preferences – as well as on your pre-existing knowledge on action research. 

 
For information about the schedule go to http://cat.upatras.gr 

 

1.4 Practical Issues  

The CAT-course has to be seen as a “menu” consisting of three modules from which certain 
modules can be chosen “à la carte”. It is organized this way, to meet as direct as possible the 
needs of the participants. In this perspective it is crucial that the participants bring in their 
own culture, personality, experiences and professional knowledge as much as possible in 
order to discuss and develop their own ideas and to support their own professionalization. 

The CAT-course can be studied individually using the material and links given in this 
handbook, but it will also be offered regularly and guided by the teams of the authors 
themselves. In this case each of the modules is organized in form of blended learning with 
online activities prior to and after a one-week face-to-face meeting. The face-to-face-meeting 
will be offered in one of the project partner’s countries. Here, the teachers have the possibility 
to meet teachers from other European countries, they can install own teacher networks and 
partnerships, they can find professional friends, and they will experience new approaches, 
technologies and material. In addition, parts of the course  modules will be offered in schools 
themselves. 

The duration of the study of each module is three to five months. Within each of the modules, 
we use practical examples from the partnered countries. In the case of an officially guided 
CAT course each participant will receive a certificate of attendance. 

Learning outcomes: 

• Improvement of professionalism concerning the use of CAT in science classes 

• Learn to know what action research is and how it helps to gain personal 
benefit for the own teaching 

• Get to know several methods of self evaluation (e.g. how to analyze and 
interpret data you gain in a science class) 

• Learn how to benefit by reflecting teaching methods with critical friends 



  

27 
 

The course offers will be announced at the project’s website (http://cat.upatras.gr). Here, the 
teachers interested in attending a course can find organizational hints, contact addresses and 
support for their application. 

 

1.5 Best Practice Examples 

One of the main aims of the CAT project is to show methods of implementation of computer 
aided learning environments in science lessons. It is, therefore, necessary to present and 
demonstrate appropriate examples of software that are usable and of sufficient quality. Each 
partner evaluated some examples of either already tested and highly recommended or new 
learning environments. The examples themselves and their description with regard to the 
criteria developed are presented briefly in Appendix B of the handbook and in complete form 
in the attached CD-ROM. 

The different software tools shown, should inspire – for own lessons.  

The examples can also be found online at http://cat.upatras.gr/en/materials 
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PART 2 The CAT Course Material 

 

 

In this part 

 the course material: theory, exercises, and tips for trainers 
 this part is to be used together with the attached CD-ROM 

 

2.1 MODULE 1 – Criteria for Choosing Usable Computer Aided Teaching 
and Learning Material (CAT) for Science Teaching and Learning  

Jari Lavonen, Jan Jansson & Heidi Krzywacki 
Roger Erb, Bernd Bühler & Thomas Jurke 

 

Learning outcomes for this module: The  teacher is able to choose ICT tools for a learning 
activity while taking the viewpoint of usability into consideration in various ways. 

Course structure: distance learning – face-to-face-meeting – distance learning 
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Firstly, a teacher should be aware of and understand that there are versatile issues related to 
usability of ICT and media. The division into these particular sub-categories is only one 
possible way to do it. However, we have wanted to highlight some essential aspects of 
usability to be especially considered. Secondly, as the module provides a starting-point for 
teachers for using ICT in their classrooms and professional development regarding the topic, 
the module provides basis for choosing usable ICT tools and media for particular teaching 
situation and assess the usability in a particular situation. The underlying idea is that ICT tools 
and media can be used in various ways and usability is not only in relation to the features ICT 
tool or media itself has but also to the aims of teaching and learning. 

The module consists of two distance learning phases and a face-to-face meeting. In 
the first distance learning period, the participants will use a learning platform 
utilising the Moodle LMS and will get familiar with the content to be worked on. 

They will interact virtually via discussions and distance learning sessions. During the face-to-
face meeting the participants will mainly join interactive lectures, small group work formats, 
workshops, and visit a school. There will be an intensive intercultural exchange about 
practices of teaching and learning using CAT material in science classes. After the face-to-
face meeting, the participants are to apply their new knowledge and competence gained in 
their own teaching, and to use CAT teaching-material with distance guidance. The 
participants are to discuss their practice and experiences. 

 

Distance Learning period  

Lesson 1:  

There is a vast variety of ICT- tools (Information and Communication Technology) and other 
media, all of which find application in the teaching of the natural sciences. The choice of the 
best suited tool for a given lesson hinges upon numerous considerations related to the students, 
the lesson contents and the aims of the lesson. It is helpful to consider the tool’s suitability 
based on the findings from science education and multimedia research to ultimately select the 
most appropriate tool. Some of the aforementioned findings are presented in this module and 
are applied to several selected examples. The first lesson will initially equip you with the basic 
knowledge of the topic and it will prompt you to formulate your own assessment.  

A widely used type of ICT tool which finds application in the natural sciences is the so called 
“applet”. The word itself is a neologism spawned from the fusion of the words “application” 
and “snippet” and it denotes small user programs which were created using the programming 
language Java. Applets are popular as they can be opened and run on the internet directly, 



  

31 
 

using any web browser. The program execution takes place on the user’s computer. The 
applet employed as example in this manual represents a model of the so called Ideal Gas Law.  
 
 

See the following the following link: 
http://www.colorado.edu/physics/phet/projects2/idealgas/idealgas.jnlp  

 
The applet starts automatically following a completed initialization in the browser. 
It allows the user to vary several parameters and to observe the effects on the 

modeled behavior of gas molecules. The applet is displayed in the figure below.   

 

 

 
 

 
Exercise 1: 

Familiarize yourself with the applet and answer the following questions: 

1) What scientific facts and theories does the applet try to convey and teach? 

2) Do you deem the applet suitable to accomplish this task? 

3) Name one significant advantage and disadvantage inherent to the use of this applet!  

Potentially, you may have found it difficult to arrive at a conclusive evaluation of the 
suitability of this applet. A reason for this difficulty may very well have been that a 
comprehensive assessment of suitability needs to consider information pertaining to the lesson 
or at least the target group.  
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Another reason for assessments to differ significantly may be the importance assigned to 
specific evaluation criteria. The course model at hand aims to help you in this evaluation 
process. To achieve this aim, the next lesson will familiarize you with the underlying criteria 
and the essential media didactic background. Firstly, submodule 1 addresses content related 
suitability which educates about whether the ICT-tool adequately presents scientifically 
accurate facts. Technical usability contemplates whether the tool functions as expected or 
whether problems and complications during usage and execution should be expected. 
Secondly, submodule 2 emphasizes multimedia usability which will determine whether 
findings in multimedia research allow for the prospect of creating educational value and 
success with the employment of this tool.  

Exercise 2:  

Select an applet or other ICT-tool which is freely available for users online. For instance, this 
may be a small simulation program which you already know and may have used in your 
lessons. Should you not yet have made use of such a program, or if the ones you have used are 
not suitable for this purpose, please select an appropriate one now.  

Excellent sources for such tools are www.compadre.org or 
http://phet.colorado.edu/index.php. Take the time to test and familiarize yourself 

with the tool, and imagine a lesson situation in which it could best be employed. Utilizing a 
text document, please record the name and online link of the tool. Finally, compose a text of 
10 lines length in which you assume the role of the person who has created the tool and 
describe its advantages! Convert the word document to a pdf file and upload it (when working 
with Moodle: in the section “Exercise 2” to our CAT4U-platform). 

 
Exercise 3: 

After that please read at least two of your course member’s tool “advertisements”. Are the 
mentioned advantages apparent?  

Lesson 2:  

Prior to learning about ICT-tool assessment criteria which were established by research, you 
are asked in this lesson to evaluate such tools without the bias arising from the knowledge of 
these criteria. The purpose of this being, that after the completion of module 1 and module 2 
you can reconsider whether you would alter your initial judgments, or whether you, at least 
partially, persist on your opinion despite the new knowledge. To facilitate this evaluation, you 
are again asked to complete four exercises, one of which will address content, the second 
technical usability, and the third and forth multimedia usability.  
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Exercise 1: 

Search again for a new tool which you would like to evaluate, or use the one you 
have already scrutinized in lesson 1. Record in a text document the name of the tool 
and its online address! Now, please comment on the tool’s factual correctness! 

Therein please record if according to your judgment the tool is flawed or what factual content 
of the natural sciences is implemented correctly. You may also elaborate on which aspects 
you are uncertain of. Convert the word document to a pdf file and upload it to our CAT4U 
Moodle platform. 

The initial assessment of technical usability may focus on its appearance. In the instance of a 
homepage, the first simple criteria may be for example readability and the presence of clear 
and graspable structure.  

 

Exercise 2: 

Please evaluate the CAT-Project homepage. First, visit the main page at 
http://cat.upatras.gr and explore the contained links. Then, please enter your 
evaluation using the questions exercise 2a-e at our CAT4U-Moodle platform.  

 

Exercise 3: 

Formulate what you believe are the requirements to an educational environment to 
be considered “multimedial“. Add exactly one requirement to the list seen under 
exercise 3.  

You may first test various educational environments, for example 
http://cat.upatras.gr/de/Gmuend_ICT_Example_3, 
http://cat.upatras.gr/de/Heidelberg_ICT_Example or 
http://cat.upatras.gr/de/Patras_ICT_Example_1. 

 
Exercise 4: 

Please revisit your answers to the first three exercises! Take advantage of the 
opportunity to contact the other course participants by visiting the forum.  
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Lesson 3: 

In lesson 3 you are asked to read the text “What is multimedia?” from R. E. Mayer, which 
will be found on the CD-ROM. At the end of the text you will find 3 questions – please try to 
answer them after reading only for yourself.  

Give some comments as exercise 2. 

 
Lesson 4: 

Gaming and Learning 

Young people do often use computer or video games in their spare time, even though these 
games are exhausting to play and difficult to learn. Why are they still so absorbing – so that 
teenagers even pay money for that? And: are some of the ideas which game designers have 
probably useful to create learning environments? 

This is the motivation of James Paul Gee who has tried to describe the principles of good 
video games and who is convinced that we can learn something from the designers for the 
purpose of learning in general.  

 

Exercise 1: 

 
Please read the text “Good Video Games and Good Learning” on the CD-ROM. 
  

 
 
Exercise 2:  
 

Find out which of those principles is the most important for you when you are looking for a 
good learning environment for science lessons. Give an example (that means to discuss one of 
the examples of the course or give a link to another one) and name show how the principle 
chosen by you is realized. 
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2.1.1 Submodule 1: Content Related and Technical Usability of ICT Tools 

 

 
Structure of this submodule: 
 

 

Learning outcomes: 
In this sub-module you will learn which technical and content related issues should be 
taken into consideration when using ICT in science education. At the end of this sub-
module you should be familiar with and be able to take into account science content 
related and technical issues when using an ICT tool for a leaning activity. 
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Orientation activities 

Discuss your thoughts with other course participants (using the discussion 
forum of this module).  

 

Orientation activity 1 

ICT stands for Information and Communication Technology. This abbreviation is commonly 
used in educational contexts to emphasize the communicational aspects of information 
technology (IT). ICT has to be comprehended as a multitude of different hardware, software 
and their combinations to grasp the different aspects of ICT use in education. These aspects 
have been classified, for example, in the following way.  

ICT use can be (A) use of ICT as a tool. As a tool ICT is, for example, word processing 
programs, spreadsheets and presentation software.  

If we think of (B) using ICT in learning, we may arrive in the following classification.  

• In (B1) computer-assisted learning, the student interacts with ICT, e.g. educational 
software installed on a computer.  

• In (B2) computer-assisted inquiry, ICT is used as an agent in interaction with the 
information source which can be Internet or, for example, temperature data can be 
collected from a chemistry experiment with suitable probes directly into a software 
program.  

• In (B3) distance learning approaches, ICT is, for example, e-mail, newsgroups, 
on-line discussion forums and learning management systems, such as the 
environment that this course is located in. 

Think of different uses of  

(A) ICT as a tool that you have experience of (preferably in classroom or perhaps when 
preparing lessons). Can you think of ways of using ICT in  

(B1) computer-assisted learning,  

(B2) computer-assisted inquiry and  

(B3) in a distance learning approach?  

Try to make up one example in each category. Think of examples that you might encounter in 
your work. 
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Orientation Activity 2 

You can often hear people saying that, for example, the new espresso machine that they have 
purchased was “surprisingly easy to use” or that the new version of their word processing 
program is “frustrating”. These are very inexact comments about technical usability but 
usually we do not have anything more accurate available. Technical usability is not a physical 
quantity that can be measured with an appropriate instrument. It is also not a quantity with 
just one dimension. To bring up different viewpoints to usability, think about three situations 
when using ICT (preferably in classroom) has been easy and three situations where using ICT 
has been difficult. Try to think of what made using ICT easy/difficult in these situations. 
Write your ideas down. 

 

Assessment criteria for Orientation Activities 

In face-to-face learning, assessing the orientation activities may be replaced with discussion 
of the orientation activities during the lecture. In distance learning, the orientation activity 
may be assessed if course participants are asked to return a written report. The orientation 
activity may also only act as activation of previous knowledge and orientation to the lecture. 

If the orientation activities need to be assessed by the course leader (which may be the case in 
distance learning), there are three important assessment criteria: 

• The course participant is able to use the theory described in the assignment 
description. 

• The course participant chooses different kinds of ICT and different kinds of 
examples of usability. 

• The course participant is able to find some plausible concepts to categorize the 
different aspects of usability that s/he recognizes in his/her experiences of ICT use. 

Lecture: Content related and technical usability 
Listen to the lecture on the CD-ROM or online (Lecture notes.pdf, Lecture.pdf, 

Cont and tech part1.mp4, Cont and tech part2.mp4, Cont and tech part3.mp4, Cont and tech 
part4.mp4, Cont and tech part5.mp4, Cont and tech part6.mp4, Cont and tech part7.mp4). 
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After listening and to complete this submodule, do the following assignment:  

In contact teaching the participants are instructed on assessing their peers’ 
assignments before the next lecture. This is to induce more reflection on one’s own 
work and enhance diffusion of innovations. The participants of the course turn in 

their assignments to the course leader and the assignments are then distributed to participants 
so that everyone gets another assignment to read. In this case, one should always inform of 
the criteria for assessing an assignment when giving the assignment and the participants will 
use that to give their marks to their peers. The given marks are told to the course leader and 
the participants may or may not get to know the marks given by their peers. The participants 
should give justification for the mark that they give and this analysis of a peer’s work can be 
used to adjust the mark a person has got of his/her own assignment from the course leader.  

Assignments 

To complete this submodule, please, do this assignment.  
 

Find any ICT that you might use in your teaching. For example, simulations at 
http://phet.colorado.edu are good examples. You may also download the latest freeware 
version of ChemSketch at http://www.acdlabs.com/download/ or try the molecular model of 
DNA at http://www.umass.edu/molvis/tutorials/dna/dnapairs.htm. Design an exercise that 
includes use of this ICT. Design something that you could actually use in your own classroom 
or school computer lab.  

Try completing this task yourself and then evaluate the technical usability of the chosen ICT 
with the evaluation questionnaire that you designed during the lecture. Adjust the questions if 
needed. 

Find a colleague and ask him/her to try out your exercise and fill your technical usability 
questionnaire. Interview him/her of the answers and reasoning behind the answers after s/he 
has filled in the questionnaire. If it is possible, you may instead test your exercise in a 
classroom with real students and ask them to evaluate the usability of this ICT with your 
questionnaire. 
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Write a report that includes: 

 

1. Original designed exercise 

• Short description of activity during the lesson, what ICT you are using etc. 

• The learning goals of this exercise. Is there possibly a model that the students 
should learn? 

• Is there a possibility of an alternative conception forming that should be noted in 
teaching? Is the presented model correct? 

• Any handouts or other type of instruction you would give to the student. 

2. Evaluation of the technical usability aspects in this use of ICT 

• Your original thoughts of the technical usability of this ICT? 

• Did interviewing your colleague or trying it out in a classroom bring up anything 
new? 

• How would you adjust your exercise based on the information you got from your 
colleague or students?  

• How would you improve the particular ICT itself if it was possible? 

 
Assessment criteria for the assignment 

When assessing course participants’ assignments, attention should be paid to the following 
aspects. A short description of good consideration of the aspect in question is given. High 
marks require good consideration of all aspects and a creative approach to some of them. 

• The participant’s ability to describe models represented in the ICT application that 
s/he has used. The model is described thoroughly and both predictive and 
descriptive sides of it are noticed. 

• Possible alternative conceptions that the participant has identified from the ICT. 
 S/he has either a) noted some mistakes that the model presented in the ICT has 
and presents his/her idea of the correct model or b) proposes some plausible 
alternative conceptions and plausible possible origins for them in the ICT.  
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• Structure of the exercise designed for the students. The exercise is concise and 
takes into account students’ computer skills. Attention is paid to learning of the 
model and not learning alternative conceptions. 

• The course participant’s ability to identify different aspects of usability in the ICT 
used. S/he either a) uses one categorization for the aspects of usability and does so 
in an organized manner throughout the analysis or b) uses multiple categorizations 
in a manner where different categorizations complement each other. 

• The course participant’s ability to take into account the different usability issues.  
S/he proposes plausible changes to the designed exercise and gives sensible 
justification for them.  

 

 Links 

Atom’s internal structure at chem4kids.com: 
http://www.chem4kids.com/files/atom_structure.html 

An interactive model of predators and preys: 
http://www.xjtek.com/anylogic/demo_models/10/ 

A simulation of friction: 
http://phet.colorado.edu/simulations/sims.php?sim=Forces_in_1_Dimension 

Friction in Wikipedia: http://en.wikipedia.org/wiki/Friction#Static_friction 

Simulations from University of Colorado at Boulder, http://phet.colorado.edu  

US Department of Health and human services, Usability.gov – Your guide for developing 
usable & useful web sites, www.usability.gov  

International organization for standardization, www.iso.org  

System usability scale (SUS): http://www.usabilitynet.org/trump/documents/Suschapt.doc, 
from P. W. Jordan, B. Thomas, B. A. Weerdmeester, & A. L. McClelland. Usability 
Evaluation in Industry. London: Taylor and Francis.  

Software usability measurement inventory (SUMI): http://sumi.ucc.ie/  

Questionnaire for user interaction satisfaction (QUIS): http://lap.umd.edu/quis/  

ChemSketch freeware version download site: http://www.acdlabs.com/download/  
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2.1.2 Submodule 2: Usability of Multimedia 

 

Structure of this submodule 

 

 
Content related and technical usability and usability of multimedia 

This submodule consist of a face-to-face learning period with three lessons and a distance 
learning phase with three lessons. 

 
In our face-to-face course we will present in three lessons an introduction to 
multimedia theory and its applications: 
 

Lesson 1: Introduction to multimedia theory 

In this lesson we will introduce the participants to the fascinating world of 
multimedia theory. The lesson is designed as a classical lecture combined with 
many different examples for the theoretical issues. can be  

Learning outcomes: 

In this sub-module you will learn what features ICT tools as multimedia must have to use 
their full capacitance as a learning instrument for students and teachers. 
At the end of this sub-module you should be familiar with and be able to take into account 
issues related to usability of multimedia when using an ICT tool for a leaning activity. 
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The powerpoint presentation of the lesson can be found on the CD-ROM 
(lesson1.ppt, lesson1-description.pdf). 

 

Lesson 2: The Principles Part I: Reducing extraneous processing 

In this lesson we have two parts: In the first one the lecturer gives an overview to 
the principles for reducing extraneous processing, supported by the powerpoint 

presentation found on the CD-ROM (lesson2.ppt and lesson2-description.doc). 

In the second part the participants have to make a short presentation and then each group has 
to present it to the others. Each presentation will be discussed. 

 
Exercise 

Now the students/teachers are invited to make a presentation of their own, paying attention to 
the five principles presented during the lesson. They should work together in small groups, 
ideal would be groups of two persons. 

The participants should have half an hour of time, the presentation should contain five to 
seven slides. The themes are free, we have mentioned in the ppt-presentation some examples, 
but there are hundreds of possibilities.  

After the work there would be the presentation of one or two examples with following 
discussion. 

The presentation of one example will last five to seven minutes. 

 

Lesson 3: The Principles Part II: Managing essential processing and fostering generative 
processing 

In this lesson we have two parts: In the first one the lecturer gives an overview to the 
principles for managing essential processing and for Fostering generative processing.  

In the second part the students have to examine the best practice examples with respect to the 
principles of the multimedia theory of Mayer. 
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Part One: The lecture 

The lecture is supported by the powerpoint presentation which can be found on the 
CD-ROM (lesson3.pdf and lesson3-description.doc). 

 

Part Two: The exercise 

Now the participants are invited to make an examination of the best practice 
examples. Do they really follow the principles of Mayer or do they not? 

The participants should select one of the best practice examples (one example for 
each group) presented at the CD-ROM. After the work there would be the 
presentation of one or two examples with following discussion. 

 

Distance learning period 

Lesson 1: 

Deepening the theory: The Multimodal Memory Theory of Engelkamp 

In our face-to-face lectures we were busy with the cognitive theory from Mayer. But there is 
more than his theory in the field of cognitive psychology, as another important example we 
present in the following text the Theory of Engelkamp, a German psychologist. 

 
Exercise 1:  

Read the following text from the book “Multimedia didactics” by S. G. Schär and try to 
understand what she is saying. If you have difficulties to understand, ask your lecturer via Email. 

The text is on the CD-ROM (TextDistanceLearningIIEngelkamp.doc). 

 
Exercise 2:  

Questions and tasks: 

What features have the Engelkamp Theory in common with the Mayer Theory? 

Try to sum up the differences between the Theory of Engelkamp and the Theory of Mayer! 

In which way can the theory of Engelkamp help to ameliorate Multimedia instruction? 
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Lesson 2:  

Application in all-day lessons 

In this lesson we will encourage you to apply your knowledge about the multimedia usability 
regularly in your daily work.  

 

Exercise 1: 

Choose for your next unit an ICT example to be applied in one of your lessons. Make sure 
that you are using the multimedia criteria to select the right ICT tool. 

At first, list all available and appropriate to this theme ICT examples, then evaluate for each, 
if it is valid in this case or not applying the principles from Mayer. Finally take that one, 
which has the most principles fulfilled. 

Then implement it in your lesson.  

Please, write a report about your selection and about your experiences in your lesson. Let the 
other course participants know, whether your expectations about the ICT were met. Put your 
report on the Moodle platform. 

 

Exercise 2:  

Read carefully the reports of all other participants of the course. Give feedback. 
 
Lesson 3:  

Evaluation 

Here will be a test to see if the course has yield fruits. (This test, of course, will not be 
published here.) 
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2.1.3 Submodule 3: Pedagogical Usability 

Structure of this submodule 

 

Learning outcomes: 

In this sub-module you will learn which pedagogical issues should be taken into 
consideration when using ICT in science education and supporting meaningful learning.the 
end of this sub-module you should be familiar with and be able to take into account 
learning related issues when using an ICT tool for a leaning activity. 
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Orientation activities 
Before engaging in this submodule do the following orientation activities.  

 

Orientation activity 1 

Look for videos of science lessons in www.teachertube.com, 
www.freevideolectures.com, www.youtube.com or a similar website. Watch 

through at least a 10-minute-long teaching sequence or e.g. an explained demonstration (not 
just “a magical chemistry trick”). If possible, watch a lesson with real students and a teacher, 
so that there is teacher-student interaction.  

To find videos, use search words such “science lesson”, “teaching” and possibly your subject 
(“biology” or “chemistry”) or a specific content (“inertia”, “atom structure”). You can also 
use www.google.com to find videos. In that case, choose the “videos” interleaf. 

Questions to be answered: 

a. What does the teacher do to gain students’ attention? 
b. How is the science content adapted to the students? Is it adapted to their level? 

Is it adapted to make students more interested? Is it adapted to make it more 
relevant to students? 

c. How does the teacher assist students in learning? 
d. Are the students actively taking part in the teaching/learning?  
e. How would you teach the same thing? How would you make students more 

active in learning? 

Orientation activity 2 

The use of ICT can make teaching easier and it can also make learning easier. Think of reasons 
why you have used ICT so far. Why have you decided to use certain ICT tools in teaching? How 
do you think that the ICT you have used has made a difference in students’ learning? 

 

Assessment criteria for the orientation activities 

In face-to-face learning, assessing the orientation activities may be replaced with discussion 
of the orientation activities during the lecture. In distance learning, the orientation activity 
may be assessed if course participants are asked to return a written report. The orientation 
activity may also only act as activation of previous knowledge and orientation to the lecture. 
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If the activities are assessed, the participants should be asked to return a structured report. 
Some aspects should be paid attention to when assessing them: 

• The course participant’s ability to find different ways to support learning. 

• The course participant’s ability to conceptualize these different ways and group 
them to create umbrella terms. 

• The course participant’s ability to propose other ways of supporting learning that 
were not apparent in the video. 

• The course participant’s ability to see different kinds of ways how ICT supports 
learning. 

 

Lecture: Pedagogical usability 
Listen to the lecture on the CD-ROM or online (Lecture notes.pdf 
Lecture.pdf).  

To finalize this submodule, complete the assignment of this submodule and start working on 
the next submodule’s orientation activity. 

Assignments 
 

Design a teaching sequence using ICT as a tool application. The sequence may be, for 
example, a laboratory experiment that students report with a word processor program or a 
presentation given based on searching information on the Internet. Students might create their 
own puzzles or card games about a certain topic on the computer and print them. The tools  
could include spreadsheets, presentation software, calculations on the computer etc. 

In the use of ICT as a tool, the program itself does very little teaching and, thus, the teacher 
has an important role in guiding teaching and facilitating meaningful learning. The software 
itself is not very good at teaching but, under the teacher’s guidance, students may use it to 
help their learning. 

Think of the different aspects of meaningful learning while designing your teaching sequence. 
Pay attention to how you or your students could use this tool application (or tool applications) 
to help students take advantage of the pedagogical usability of it (them).  
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Write a lesson plan or a teaching plan of your activity. The lesson plan should contain: 

• Approximate schedule and different activities during the lesson. 

• Explicit consideration of how each activity supports pedagogical usability. Think of 
the different aspects of pedagogical usability and the different affordances of ICT. 

After writing your lesson plan, describe it to a colleague and ask for feedback. Improve your 
lesson plan and include a separate chapter on improvements to your lesson plan before 
handing it in. 

 

Assessment criteria for the assignment 

The assignment may be assessed and given a mark from 1 to 5. The written lesson 
plans should be assessed while paying careful attention to some aspects. A short description 
of good consideration of these aspects is given: 

Versatile consideration of meaningful learning  

• The original lesson plan contains activities that support a wide variety of aspects of 
meaningful learning.  

• The course participant presents reasonable justification for the use of these 
activities and the support they give to meaningful learning. 

• The use of ICT is justified by good consideration of the support it gives to making 
the learning meaningful. 

Using feedback 

• The course participant is able to use given feedback in order to improve his/her 
lesson plan or give reasonable justifications for ignoring it.  
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Links 
 

Simulations of Mendel’s experiments on hereditary traits: 
http://sonic.net/~nbs/projects/anthro201/exper/ or 
http://www2.edc.org/weblabs/mendel/mendel.html 

CMap Tools for making concept maps: http://cmap.ihmc.us/  

A quiz about endothermic and exothermic reactions: 
http://www.softschools.com/quizzes/science/chemical_reactions/quiz380.html  

Amusement park physics: http://www.learner.org/interactives/parkphysics/coaster.html  

Vernier mini gas chromatograph for schools, an intro video: 
http://www.vernier.com/videos/play.html?video=83 

Vernier example of using a temperature probe: 
http://www.vernier.com/videos/play.html?video=46  



  

50 
 

2.1.4 Submodule 4: Motivational Usability 

 
 

Structure of this submodule 

 

Learning outcomes: 

In this sub-module you will learn what motivational issues should be taken into 
consideration when using ICT in science education. 
At the end of this sub-module you should be familiar with and be able to take into 
account motivational issues when using an ICT tool for a leaning activity. 
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Orientation activities 
The motivational state of a student may be broken down into three rough groups. 
The first and most negative one is a motivation when a student will not engage in a 
task since there is no motivation. The second one is extrinsic motivation which 
means that students will work but only because of external pressure. This 

motivation may vary from fear of punishment to working to gain something in the long run. A 
student may, for example, do his/her homework because otherwise he will get detention or he 
may do his homework to become a doctor when he’s older. These are both still externally 
motivated cases. Intrinsic motivation means that students gain satisfaction and joy from the 
actual work with an activity. In such a case students will keep working on an activity in their 
free time as well, even without guidance. 

Arrange a possibility to discuss with (interview), for example, a couple of students 
(preferably not from your own science groups) about their work in science lessons. It 

is recommended to ask the students’ parents for a written agreement on interviewing the 
students. If possible (and the students and their parents agree), record the conversation so that 
you can listen to it afterwards. Most laptops have a built-in microphone and easy-to-use 
recording software. Look under All programs and Accessories in Windows. The use of an 
external microphone increases audio quality significantly. 

An interview is a way of getting reliable and detailed information of the motivational state of 
a person if the interview is conducted properly. Follow the proposed structure of the interview 
if possible and alter it if you feel like it. Ask the main question and add follow-up questions if 
needed until you are satisfied.  

Allow the students to talk freely and comment on each other if it happens. Do not create an 
atmosphere of interrogation with lots of fast questions and do not judge answers. The whole 
interview will probably be over in 30 minutes even if students are willing to talk a lot. Grade 
7 to 9 students will probably get anxious and tired around 30 to 45 minutes and continuing the 
interview further will not give good results.  

Afterwards analyze the discussion and think of what motivates these students to study 
science. 

Structure of the interview of the orientation activity: 

Introduction  

Start by telling the students that you will interview them because you are attending a course 
and that this is your homework from the course. Thank them for participating. Emphasize that 
this will not affect their grades and that this is not a test. Also tell them that you will discuss 
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the interview with other course participants but that you will not discuss names and you will 
not share the tape or any confidential information with other teachers in the school or the 
students’ parents. Remind them that you are going to ask for their opinions and what they 
think about science (as a subject in school) and that there are no correct answers. Tell the 
students that they are free to think aloud, discuss and comment on each other if they disagree, 
because you want to hear what they think. 

Question 1: How do you like science in school? 

• Would you like to have more science? Would you like to have less of it? 

• What consequences do you think having more or less science would have for you? 
How about for others? 

Question 2: Do you think that science is hard to learn?  

• Would you like to have help in learning science? Why?  

• What do you think makes science easy/hard to learn? What would make it easier to 
learn? 

• What would make science more fun to learn? 

• Why? Can you give me an example of that?  

Question 3: What grade did you get from your previous course in science? 

• Do you think that it’s the right grade for you? 

• Would you have liked to have a better grade? 

• Are some grades more important to you than others? 

• Why? Why not?  

Question 4: Have you thought about what you’ll be when you grow up? 

• Do you think that you will need science in that career? 

• Do you think that science will be any use in your everyday life? 

• Why? What does that mean? Can you give me an example? 
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Assessment criteria for the orientation activity  

In face-to-face learning, assessing the orientation activities may be replaced with 
discussion of the orientation activities during the lecture. In distance learning, the 
orientation activity may be assessed if course participants are asked to return a 

written report. The orientation activity may also only act as activation of previous knowledge 
and orientation to the lecture. 

If the orientation activities are assessed, there are some important criteria to consider. 

• The course participant discusses different aspects that motivate students and 
compares the interviewed students’ motivations for studying science. 

• The course participant should be able to recognize the motivational state of the 
student. It is unlikely that the motivational state is amotivation or intrinsic 
motivation. Especially in these cases good justification should be given. 

• The report shows that the course participant has allowed the students to express 
their opinions and that s/he has not suggested or anticipated and proposed the 
answers. 

 

Lecture: Motivational usability 
Listen to the lecture on the CD-ROM or online (Lecture notes.pdf, Lecture.pdf, 
Orientation activities and assessment criteria.pdf, Moti part1.mp4, Moti 

part2.mp4, Moti part3.mp4). 

This lecture begins with a discussion of why it is important to assess the motivational aspects 
of ICT. After that we will further deepen the meanings of the words interest and motivation 
that often are used almost as synonyms although some researchers make a clear distinction 
between them. Then we shall first concentrate on interest followed by motivation. We 
approach motivation from the point of view of the self-determination theory. From the 
theoretical perspective, we return to discussing motivational properties of learning activities 
and assessing motivation.  

To finish this submodule, complete the assignment for this submodule. 
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Assignments 

During the lecture, you adapted a questionnaire for assessing motivation 
after the use of ICT in science education. Ask a colleague to proofread the questionnaire and 
fill it out to test how long it takes to read it through. Read it again yourself with consideration 
of whether the sentences refer to the right aspects of supporting motivation.  

Hand out a printed version of the questionnaire after a lesson where the students have used a 
suitable ICT application. You may get better answers if filling out the questionnaire is not the 
very last activity of the lesson before students rush for a break. 

Number the collected questionnaires in random order starting from one. Move the data into 
the analysis spreadsheet which is available in Moodle. Fill in the results in the blue area. The 
student numbers run in a red column on the left and the item numbers (1 to 30) run in a row 
above the blue area. “Not at all true” is coded as 1 and “very true” is 7 in all items. Since your 
sample size is probably less than 30, not many statistical methods will work, but the 
spreadsheet will count averages and frequencies of your data in the areas around the blue area.  

Analyze the results: 

• Did the use of ICT create a feeling of autonomy?  
(Perceived autonomy, items 1, 6, 11…) 

• Did the use of ICT create a feeling of social relatedness?  
(Relatedness, items 2, 7, 12…) 

• Did the use of ICT create a feeling of competence?  
(Perceived competence, items 3, 8, 13…) 

• Did the students feel that this activity was useful to them?  
(Value/usefulness, possible extrinsic motivation, items 4, 9, 14…) 

• Did the students feel that the activity was interesting and brought them joy? 
(Interest/enjoyment, possible intrinsic motivation, 5, 10, 15…) 

Since the scale of the answers is “not at all true – somewhat true – very true”, any answer that is 
above 4 (above “somewhat true”), may be interpreted as implying positive results (does create a 
feeling of autonomy etc.) and below 4 as negative results (does not arouse interest etc.). 

Lastly, draw conclusions of the results. How would you improve your teaching and the use of 
ICT in this case? 



  

55 
 

 

Write a report that includes: 

• Description of the ICT used in the classroom. 
• Description of the activity with the ICT and also any motivational usability aspects 

that you recognize. 
• The results that you have gained from the questionnaire. 
• The conclusions you have drawn from the results (including answers to the questions 

posed above) and possible reasons for them. 
• How would you improve this activity to make it more supportive of motivation? 

 

Assessment criteria for the assignment 

The assignment may be assessed and given a mark from 1 to 5. When assessing the 
report, some aspects should be paid careful attention to. A short description of 
good consideration of these aspects is given. 

Analyzing the activity in the classroom from the point of view of motivational usability 

• The course participant recognizes several motivational aspects (such as support for 
satisfying basic psychological needs and different aspects of interest) in the 
activity that s/he has taken part in the classroom. 

Drawing conclusions from the results 

• The course participant draws reasonable conclusions from the results, especially 
answers to the questions regarding support for different aspects of motivation 
posed in the assignment. 

Proposing reasons for the results 

• The course participant proposes some plausible reasons for the results, in both 
cases where students have had positive, motivation supporting experiences, and 
when students have had negative, motivation diminishing experiences. 

Improving the activity 

• The course participant proposes plausible ways to change the activity in order to 
increase its motivational usability. 
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Links 
 

YouTube www.youtube.com 

Videos of pouring water on burning magnesium on YouTube: 
http://www.youtube.com/watch?v=1kVh4NQ7geg,  
http://www.youtube.com/watch?v=95O-bQo04Ok  

Arguslab, a free molecular modelling software used by professionals as well, 
www.arguslab.com  

Molsoft 2D to 3D converter on-line: https://www.molsoft.com/2dto3d.html 

Geogebra, a free program to help teaching and learning mathematics and mathematical 
approaches in sciences, www.geogebra.org  

Intrinsic motivation inventory and related information on the internet: 
http://www.psych.rochester.edu/SDT/measures/IMI_description.php  
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2.2 MODULE 2 – Ways and Methods of Implementation of Computer 
Aided Teaching and Learning Material (CAT) in Science Classes 

Despina Garyfallidou, Andreas Grigoropoulos, George S. Ioannidis,. Athanasios Tsiokanos 
Karine Bécu-Robinault, Réjane Monod-Ansaldi, Jean-François Le Maréchal 
 

 
 

This module indicates how to efficiently implement ICT in a science classroom. Questions 
science teachers face when they want to use ICT in their teaching program will be answered. 
You will find these questions here; they have been formulated from an on-line questionnaire 
answered by about 600 teachers in March 2009. 

The module is divided into three submodules: 

1. The first submodule, titled “ICT in education, present and future”, provides a wealth of 
teaching opportunities by using ICT in science education, especially when taking into account 
the foreseeable future developments in software and hardware. 

2. The second submodule is titled “organizing and managing the teaching with ICT”. It 
presents training contents concerning the questions the teacher has to answer before and 
during the ICT-activity: planning before and materializing an ICT-based activity; organizing 
the class; deciding whether the teacher or the students would use computers (or both); 
organizing students' work (alone, in pairs, or in small groups); linking ICT-based activity with 
previous knowledge; managing the way knowledge is built by the students.  

4. The third and last submodule concerns the debriefing of an ICT- activity after it occurred. 
It deals with methods of sharing the results and observations by students with the whole class; 
drawing a valid conclusion from a scientific point of view. In this third submodule, an 
example of a long teaching sequence using ICT in chemistry is furnished. 

Your participation in the course is designed as follows: 

• In each submodule you will find one or several activities; you are expected to 
complete part of them before the in-presence training session; another part is designed 
for the on-line sequence after the meeting, and will be available only then. 

Learning outcomes for this module: 

• You will exchange ideas with other teachers in Europe concerning their 
practice, difficulties, and tips developed when using ICT with their students. 

• This course proposes you to take a step back from your own practice. 
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• These activities are linked, when necessary, to resources, which can be of different 
nature: theoretical elements, examples, articles… 

• During the on-line activity before the meeting, you are expected to prepare, if 
possible, a short presentation of one of your realizations in the use of ICT, which 
could be discussed during the in-presence meeting. 
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2.2.1 Submodule 1: ICT-Tools in Education and Science Education: Present and 
Future 

This submodule deals with  

 the different types of software available  

  how general purpose software can be used in the class (e.g. word processors, 
encyclopaedias, media players movie makers etc.) 

 problems that a teacher who decides to introduce CAT lessons will face, and how to 
overcome them  

 the optimum number of students in front of a screen 

 the use of ICT in education – Present and Future 

 

Traditional educational practices versus education using ICT: an overview 

The term Computer Aided Teaching and Learning (CAT), has the following advantages 
compared to traditional ways of teaching and learning (Ioannidis G. S., Garyfallidou D. M., 
2001):  

 
1. It can be used for “individual teaching”. Every student learns following his own pace. 

The computer explains the theory and all knowledge involved: a) by presenting 
information, text, and pictures, b) by simulating experiments, e.g. chemical reactions and 
modules, historic battles, the way things function, maps etc. Good computer-based 
learning environment is also capable to check if this theory (and general knowledge) has 
been learned by the student by asking questions and giving exercises. If, for example, the 
student has learned his lesson he/she can be allowed to try the next chapter. In case the 
student has not adequately understood his/her lesson, the computer based learning 
environment repeats the lesson and re-evaluates the student's capability. 

 
2. The use of computers allows us to differentiate between the time a subject is taught 

and the time during which it is studied and learned. The subject can be taught at a 
certain time and the student can study it a few hours later (e.g. at home, or in the day 
long school), a feature very useful for mature students and lifelong education.  
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3.  With the use of ICT the communication between “the computer teacher” and student 
can be immediate and full duplex: When the “computer teacher” focuses on a mistake 
he gives a signal and the student can then have another try. The correction takes place 
simultaneously. This is contrary to what is happening in the traditional methods, 
where the teacher takes the papers home to correct them and he/she returns them to the 
student the following day or even later. By the time the students receive the corrected 
papers they are probably only interested to know their result (score). In the unlikely 
event that the student keeps not finding the correct answer the “computer teacher” 
intervenes and presents the answer together with the background knowledge involved; 
the student can also be made to be unable to continue unless he can prove that he has 
learned his/her lesson.  

 
4. With computer based learning environment, the student learns by self-action instead of 

passively listening a teacher teach. The student can also try as many times as he wants 
to discover more about the subject of his study. The software sets no time limits. In the 
traditional school there is a certain number of hourly lessons per subject. This number 
is precisely the same for all the students, irrespective of their personal abilities and/or 
interests. Software that can be used by students at home can at least to some extent 
help to bridge this gap. 

 
5. With the use of telecommunications (telematics), computers give us the opportunity to 

distance the place the student is actually located from the place the teacher is. Instead 
of going to school, the teacher can stay in his own home, to the nearby town, or even 
be in a different country. He is in contact with the student through a Wide Area 
Network (WAN) and they can send information to each other freely. This involves on-
line or off line communication including audio and video images.  
The nature of some small Greek villages, for example, (as in remote islands etc) is 
such that it necessitates the same teacher to teach pupils of more than one class (at the 
same time). This can be avoided by using the techniques just described. Teacher’s 
time is more effectively used that way. The gain to the students is also expected to be 
enormous. Such virtual classrooms have already been realised.  

 
6. The use of telecommunications gives us the opportunity to form completely 

specialised teams or classes. These teams could not possibly exist without computer 
communications, due to financial or other reasons.  

 
7. It allows equal opportunities to all children, since everyone can reach the best teacher 

(see e.g. http://academicearth.org/), the well-organised library, the physics laboratory, 
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or the chemistry laboratory through images and simulations. It is well known that it is 
better for the student to be able to perform the experiments using his/her own hands, 
but videos and simulations are better than no laboratory at all.  
In many cases the experiments can be designed using everyday material and apparati. 
Therefore the children might be able to find them in their houses.  

 
8.  We can simulate experiments that are difficult or even impossible to perform in the 

classroom. Friction is a typical example of a physical quantity responsible for common 
failures of experiments in school-labs. Computers can easily “switch off” friction of 
any type or form. The computer can also simulate the rotation of the planets or follow 
the free fall of the bombs of a bomber aeroplane. We can change parameters such as 
the acceleration of gravity and see the effects this change has in our experiment, or 
emulate energy transformations in a virtual house. 

 

Use of ICT in the classroom 

It is almost universally agreed today that every school leaver should be proficient in 
computers, having acquired the basic skills as well as knowledge about computers, which 
comprise what is generally called “computer literacy” as already mentioned in the first 
paragraph. There are various views on how this can be implemented [2]:  

a) A school subject on basic computer literacy.  

b) Hands-on experience on using information technology (IT), while avoiding the task of 
teaching the way this technology is achieved.  

c) The incorporation of the use of computers in the teaching of different subjects, e.g. by 
using educational software for science, mathematics and other lessons (hoping that task “b” 
will occur naturally through the mere exposure of the student to IT).  

 
It is rather obvious to a distant observer that, in choosing amongst the above three views, a lot 
of wishful thinking is called for, while the practical implementation of one of the methods has 
to seriously consider the various elements of everyday school practice (e.g. teacher 
proficiency in IT, school-space considerations, time-scheduling considerations, economic 
considerations e.t.a.). On the other hand, the three views (above) are not mutually 
incompatible; it could even be that, the aim should be to combine all three views in every 
school curriculum.  
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Let us consider the use of IT in education. Generally, it serves three distinct purposes:  

1. To get pupils to learn about IT: (a) How IT works. (b) How to use IT. (c) Socio-
economic implications of proliferation of IT usage.  

2. To support teaching and learning across the curriculum.  

3. To aid the administration and management of the school.  

It follows that while the second aim matches precisely with implementation method (C) for 
teaching, the first aim remains not so properly tackled by anything other than an independent 
fully fledged computer literacy course (e.g. implementation method (A) above). Purposes 1.a 
and 1.c, in particular, call for such a method for, it is hard to see how even a specialised “use 
IT” course (e.g. implementation method (B) above) could even endeavour to aspire to such 
analytical depths of knowledge as the ones specified. By drawing the distinction between 
utilitarian and epistemic instrumentality, would sharpen the distinction between learning and 
training. It would help to separate the acquisition of skills, i.e. patterns of action, from the 
active construction of viable conceptual networks, i.e. understanding.  

No matter which implementation method is selected, (in practice often selected by default, 
unfortunately) there is a precondition for some or all of the schoolteachers: They should have 
acquired computer literacy, as it is self-evident. Not only should they just have acquired basic 
IT skills, they should also have achieved “computer literacy” in a true sense of the term. Such 
knowledge is essential for them to be able to handle the curriculum demands either for 
teaching IT or for using IT in the school-lab or the classroom. 

The computer aided teaching is a relatively new educational event, as far as its 
implementation is concerned. In addition, the pace with which the computers are improved is 
very quick. Therefore, whatever is found in a research 10 years ago could be considered 
obsolete and mostly useless. Because: 

• it deals with totally different computers with considerably lower capability  

• the programs were less attractive at that time, mostly because of the limitations of 
the hardware  

• children were much less accustomed to the use of computers – and less 
demanding, as a result. 

Nevertheless, any school subject can be taught (or at least assisted in its teaching) by using 
computers. A lot of pioneering research is currently being performed, therefore, in the field of 
educational software design.  
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Different software that can be used in education  

There are many programs that can be used in education. We can classify the software used in 
education in three categories (Ioannidis G. S., Garyfallidou D. M. 2001):  

Programs lacking educational target, per se (category A)  

These were conceived and constructed to primarily serve uses quite different to education 
(they are general-purpose application software). Although they can have educational use, they 
mostly lack educational content. Typical examples of such software are the components of 
MS-Office and Open Office (-but not exclusively these). Sub-categories of such programs 
include:  

 
a) Word processors.  

Children are more relaxed as they are not under the constant fear of making a spelling 
mistake. As there is no to need to ever re-write the whole essay, they can use the facility 
allowing them to insert whole sentences precisely where they see fit and then they reprint the 
whole essay.  

In previous research children were observed to be co-operating and to be working in small 
groups. Each child offered a new idea of its own or something to add to the essay. The 
students learned, this way, to co-operate to discuss and to decide as a group. The educational 
use of such procedure in a school setting (which, as it is now, probably includes too much of 
the competitive element, otherwise) is multiple and self-evident.  

 

b) Spreadsheets and programs used to perform statistics.  

These packages offer the possibility of a mathematical manipulation or a statistical analysis of 
the data by the user. Some also offer the possibility of presenting diagrams and plots based on 
the data given, so as to allow a more immediate and deeper comprehension of the information 
contained. Data collected can be stored and re-used and this can be achieved by either using 
the spreadsheets or, alternatively, by combining the use of spreadsheets with databases.  

 

c) Data Base Management Systems (DBMS).  

These are programs used in order to store, recall, alter, arrange, and present (as well as print) a 
large amount of data. By using such programs, it is possible (for example) to organise a 
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library in such a way that it is easy to find a book (or information related to a book), given any 
parameter or any knowledge related to that book. The searching and finding of information 
arranged in a list in a particular way is what these packages excel in. This sub-category, 
(together with the previous one) differs from the rest in that they can easily be altered by the 
teacher (or even the pupils themselves) so as to include and organise important information 
relating to a particular subject. This way databases can be created containing data on specific 
subjects of educational interest; these can be utilised in the classroom.  

 

 d) Internet browsers.   

Internet browsers are used to receive information from the Internet. The educational value of 
the software in this general category (A) must not be underestimated. An additional advantage 
of this software is that it is now easy for this software by visiting specific educational 
websites to be transformed into real educational software (category C, below). This 
transformation-upgrade can be done using modern programming techniques as for example 
object-oriented programming techniques. It should be noted here that the complex closed 
presentation software packages (category B, below) lack such a facility. 

 

e) Encyclopaedias, dictionaries, geographical atlases, thesauri.  

This type of software (often freely available on the net – e.g. Wikipedia, Google earth, etc.) 
incorporates information of specific educational value. Although it has content with 
information (often of high value indeed) such software lacks educational planning (content 
delivery and presentation is quite distinct from learning, as no child has truly learned by just 
studying an encyclopaedia from the beginning to the end). A student using these programs 
(which, if it is the net, can be reached by just using the browser) can be assured of unimpeded 
information-flow according to his wishes and interests. This information can take the form of 
video, image, music, sound, or even text and it keeps children’s interest high. As already said, 
the classification of these programs under the heading “lacking educational target” can be 
justified by noticing that nobody has ever learned a subject just by studying an encyclopaedia. 
The reason behind this is that there is a lack of didactic strategy, precisely because the order 
the information is given to the user is totally unspecified by the program and solely dependent 
on the wishes of the student/user. This software can be extremely useful (a) for use in the 
classroom provided that the teacher sets the educational/didactic target and suggests a method 
of approach to this target. It can also find very good use (b) as a reference tool for homework 
assigned by the teacher to the students. It can even be used (c) by the teacher himself as an 
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information source in order to plan a presentation, which will be realised using a presentation 
software package (analysed under category B, later).  

 

f) Media Players:  

Media players are used to play videos and music on a computer, such media content coming 
mostly (but not exclusively) from the Internet.  

Playing streaming media (individually or in-class) represents the most modern and fastest 
growing use of programs in this category. The reasons of using video-clips (Garyfallidou D. 
M., Grigoropoulos A. K., and Ioannidis G. S. 2006) of some educational value are multiple. 
The ease by which the use of such videos can be blended into any type of teaching style being 
one reason, these video-clips having replaced the educational films and video-cassettes of a 
bygone age. The relative ease by which teachers can create and distribute/exchange such 
content is another reason. Whole classes or groups of students can be assigned to and create 
video-content under the supervision of the teacher (Antonopoulos S. G. et al  2006), while ad-
hoc school competitions can be arranged.  

The search to find relevant streaming media on the net or in specialised video-libraries 
represents a challenge of a different kind, which leads us to our next topic. 

 

g) Search Engines: 

These are programs executed on large clusters of often very large computers and are invoked 
by the use of the browser available in any personal computer. Search engines (e.g. Google and 
the like) are used to search material available on the internet. Some of the “engines” can be 
much specialised as to what they search for, while others offer special versions exclusively 
searching for specific type of content (e.g. video, music, academic etc). Almost all engines 
can be parameterised and customised to suit the needs of the user, including students and 
teachers searching for educational content on the net. Familiarisation with the intricacies of 
such search engines is increasing in importance (educationally), as the Internet content is 
increasing in size (albeit not necessarily in quality).  

As all internet content is “catalogued” (via the URL) in accordance of who is providing it (- 
sites normally corresponding to institutions like universities or organisations), and not in 
accordance to what precisely is contained within, this is not very helpful for the user. It is as if 
a large book-library has catalogued its’ books according to the publishing house and not 
according to content – that is how today’s internet is like. Furthermore, as any user of a truly 
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large book-library knows, there are multiple ways of cataloguing the same books, and the 
search engines offer a myriad of ways of searching to assist those in need of new knowledge 
of just specialised information. It is precisely this need of the end-user, which the search 
engines cater for. They offer to re-catalogue in real-time (i.e. while the user waits for these 
few seconds) the entire information contained on the internet according to the user’s wishes. 
They do that using both immense computer resources and/or intelligent algorithms. While the 
exact analysis of the methods used is beyond the scope of the present publication, it should be 
stressed that students’ (and teachers’) familiarisation with the use of search engines (and even 
some proficiency in that) is of paramount (and ever-increasing) educational importance. 

 
Notes relating to the use of such programmes:  

The programs that belong to the categories above, can be used along the following lines 

• I have a lab, with MS office type software and a digital camera (most children 
have one incorporated in their mobile phone). What I can do? 

• Teachers can use the “office software” in order to create an “album” with the plans 
of the area around the school. Children can take photos all year round and add staff 
every time they have new material. Similarly they can make an album with the 
animals of the area, or on how the nature changes during the seasons.  

• They can create an album in geography with photos of different places, some 
history about the place or even travel info. 

• They can collect data about the weather (temperature, rainfall etc.) during the year 
and draw some diagrams 

• They can observe the sky in different seasons (taking photos and writing text).  

• The teacher can assign the same task to each student, or perhaps each student may 
have a different task and then each student presents his/her work to the others.  

• A step forward, students can exchange these albums with schools in a different 
place in their country or even abroad.  

• They can create some small videos (from their village or country but even from an 
experiment they perform) and with the use of any “easy to use quick to develop” 
web-page-editor can upload the material to the school server (they can even use an 
ordinary word processor for that).  
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Presentation software (category B)  

Such programs (in the form they are bought) are also lacking educational content. This 
category includes software with a wide-variety of presentation capabilities. These packages 
could be used as they are bought, in which case the teacher can plan a presentation for next 
day’s lesson. They could also be bought together with an already-made presentation of 
educational content and value. In this second case, the package is (hopefully) better designed 
and takes the form of an “electronic book”. The educational content is, naturally, totally 
independent from the choice of the presentation package; the way it is presented though is 
not. A specific characteristic of this category of software is that the presentation package that 
is used defines (and ultimately set limits to) the shape and form of the final presentation. It is 
precisely this lack of freedom in what the final software package can and cannot do, that 
ultimately distinguishes “electronic books” from the third category (i.e. true educational 
software) that follows.  

In the age of internet-based content distribution, Content Management Systems (CMS) are 
increasing in importance. CMSs (e.g. Drupal) are used to control the content of dynamic 
internet sites, and therefore they belong in this category – they are, effectively, presentation 
software. The use of CMSs in sites is increasing as is the use of internet sites with educational 
content. There is a multitude of different (and mutually incompatible) CMS systems these 
days, and they represent an extremely fast-developing software field. Perhaps it is enough to 
say that not all CMSs are equal and few can do “everything” one can think of. The choice of 
the system will, therefore limit the way the content can be presented to the user, as well as the 
type of content in the site and the quality of interaction with it.  

Learning Management Systems (LMS) (e.g. Moodle, & Blackboard) are really a specialised 
kind of CMS. They are used in education (for e-learning but not exclusively so) mostly to 
facilitate the interaction between teachers and students. In addition to distributing digital 
material, LMSs help students to interact with each other forming virtual groups. Teacher 
access to the student groups can be allowed whereas students can also control what they 
publish that is visible to other students. Homework can be assigned and submitted through 
such systems which also offer reliable and unimpeded communication.  

Educational software (category C) 

This is fully-fledged educational software and by that we mean programs that are specifically 
designed in order to teach. These are created using high-level languages, which allow total 
freedom of function to the software produced. Educational software used to be classified in 
the past in sub-categories like:  
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• Drill and Practice,  

• Tutorials  

• Educational programs and educational games (such as chess, Tetris etc), 

• Simulators (as, for example, flight simulators, historical battle simulators etc.). 

 
The above classification can now be considered as totally out of date, as their boundaries tend 
to be blurred. Modern programming techniques allow the software designer to combine many 
or even all these subcategories into one unified educational program. A different method of 
approach can be used as he chooses to be fit for the task in hand. Different educational 
approaches can be selected depending on the particular topic and the level of detail one tries 
to teach. This is not, incidentally, something new at all. A good teacher does it all the time, in 
classroom! He is altering his approach and method for every lesson and even during the 
lesson, in order to achieve maximum educational impact. Modern compiler design techniques 
allow now (-for the first time) the programmer to truly emulate the teacher’s approach in 
class. In order to create new educational programs from scratch, it is essential that many 
specialists from many different subjects co-operate. For those currently available the 
following points can be observed. 

• Many of the educational programs are quite old and therefore they cannot be 
expected to take full advantage of the capabilities of modern technology  

• Many programs called “educational” are nothing but electronic questionnaires  

• In many of the existing programs, the curriculum is extremely limited.  

• Many programs cannot possibly be expanded and upgraded to cover other topics 
(of a similar context) other than the original one.  

• Many programs sold for educational uses are only electronic books written solely 
in the form of “hypertext”. That means text with “links” and possibly the inclusion 
of a few pictures. The “hypertext” context is in itself a very valuable contribution 
to the development of written language in general. We can create pieces of text 
that are not connected linearly (e.g. one after the other) but dynamically. This way, 
the additional information (i.e. text) only appears if (and when) the user asks it, to 
satisfy his curiosity on his will to investigate and learn. Text does not have an 
obvious “beginning” and an “end” but the reader-user “navigates” within 
hypertext. Lately the content of the hypertext document can also contain sounds, 
music, photos, video films, or any combination between of the above within the 
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hypertext. It is now certain that hypertext and all its extensions will necessarily 
lead humanity to a new form of art, (including the emergence of a new context in 
the art form of writing). Despite all it is, nevertheless, easy to see that hypertext is 
not (for the point of view of education) anything more but an up-to-date form of 
presenting the contents of an encyclopedia. Therefore, hypertext is not educational 
software but a modern way to write an encyclopedia. It is perhaps, the modern 
book but not educational software. Educational software can perform different 
educational tasks according to the users' will. (It can succeed to teach at a different 
pace, examine the user’s knowledge etc.) Unfortunately, many “hypertext books” 
are advertised as educational software. Consequently, the users their relatives and 
their friends form a false opinion for what educational software is and what it can 
do. Besides, they are sold at exorbitant prices, taking into account their low 
construction cost and their poor educational benefits. Hypertext can (and should) 
be used by individual teachers who want to prepare their presentation (it 
substitutes the blackboard, slides, video etc.).  

• Educational programs are few and (unfortunately) most of them do not exist in 
minority languages (e.g. any language other than English). The reason to this 
should be searched in the cost (in both time and money) necessary to complete the 
development task. Modern software houses would rather divert their attention to 
producing game programs (recreational software) that are in some ways easier to 
make and a lot more profitable. Some of them can even claim some (usually small) 
educational benefit to the user and they are, for this reason, called “edutainment” 
or “infotainment”. This is to be distinguished from some others which have an 
increased level of educational value and are called “serious games”. 

Summing up the programs in this category we can say that some categories of very low 
educational value (like drill and practice) tend to gradually disappear as a specific type of 
program (-currently only available in some minority European languages), while these functions 
may or may not be included in some educational programs having a wider scope to really 
educate (but also offering in parallel a self-test function for students). Instead, complex 
programs combining many of the above techniques, and also embedded pictures, videos, and/or 
java-applets started to appear. Therefore, a more up-to-date classification would include: 

• Edutainment products (combining entertainment functions and offering some 
educational value). 

• Serious games. These are mostly of serious educational value, but also offer some 
entertainment to the user, both for commercial reasons (i.e. to sell) and in order to 
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attract the players to play the game (–not an easy task by any means). Some (but 
by no means all) of serious-games can also be classed as simulators.   

• Simulators. (Flight simulators, historical battle simulators seem to have a 
prominent place here). They simulate the user interface of a device (e.g. pilot 
flying a plane) and the effect of his/her actions (e.g. the plane changes direction, 
altitude, speed, etc). The effect of different actions can investigate (and therefore 
teach) the different expected military, economic, or cultural results people’s 
actions may have. 

• Emulators (-Java applets, as they are commonly called). These mostly self-
explanatory emulators have increased in availability lately, due to advances in 
software engineering and the newly found ability to create such useful 
representational tools with relative ease. These, when played, aim to emulate a 
physical phenomenon or the operation of the internals of a device. Educationally, 
they combine the clarity of a cartoon drawing (by concentrating on the essentials) 
with the dynamism of movement inherent in a video-clip. Clearly their 
effectiveness is dependant on the quality of emulation and its detail, but also on 
many other factors (e.g. the complexity of the phenomenon, or the depth in which 
we aim to teach it).  

• Microcontroller-based hardware emulators: A microcontroller is a small computer 
on a single integrated circuit (IC-chip) containing a processor core, memory, 
PROM, and RAM. Such miniature computers can be programmed to execute pre-
loaded programs that drive hardware boards emulating scientific phenomena (e.g. 
electron-flow) (Garyfallidou 2010). Such hardware boards offer some educational 
advantages in comparison to software-based emulators (Java applets) in that 
experimenting with them is more direct (e.g. children connect real batteries and 
real light bulbs) thereby making the transition to hands-on school lab easier to 
make (especially so for younger children). 

• Full Educational Software, incorporating many if not all of the above techniques, 
which has been specifically designed (usually as a result of many years research) 
to achieve its purpose. Various teaching styles and techniques are combined, 
depending on the educational objective prevailing at any time during teaching. 
They can have various “levels of teaching” depending on student age, previous 
knowledge, and eagerness to learn. This category of software can even take the 
form of a fully-blown virtual-reality educational software, not only incorporating 
3-D high-definition interactive-video interface, but also N-dimensional digital 
sound, 3-D force and 3-D torque when “lifting” virtual objects, and even including 
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haptics (i.e. sense of texture from touching various surfaces). Such software could 
range from fully-immersing for the student to a less immersive one, and it could 
include educational games played with other users (even remotely located ones, 
when internet links are included).  

 

ICT-assisted and ICT-operated laboratory (category D) 

While this can hardly be considered as educational software per se, the universal use of sensors 
and specialised software places this into its own specialised category. 

• Microprocessor Based Laboratory (MBL). Sensors of various shapes and forms are 
used in a true laboratory environment in order to facilitate data taking (Tsihouridis 
Ch.et al,2010) . Electrical signals generated by the sensors correspond to specific 
physical quantities (pressure, weight, acceleration, time etc). These signals 
represent the primary data and are feed into a lab-computer which undertakes the 
task to process (in real-time) these and present to the students the results in a form 
which is easier to comprehend. It has been shown that the decrease in student 
work-load during data-collection promotes better understanding, by focusing on 
the phenomenon itself and the underlying reasons for these observations. It has 
also been shown that student involvement in the design and set-up of the sensor-
based experiment further increases student understanding, especially for complex 
and difficult to understand phenomena (Tsihouridis Ch.et al, 2008). 

• Remotely operated laboratory. Another category involves students using remotely 
operated laboratories (Zutin D., Auer M., 2006). In these, a student uses and 
remotely manipulates (in real-time) a real robotic-operated laboratory (located 
elsewhere) which is shared amongst various institutions on a time-shared basis. 
These remotely operated labs can be considered as the most advanced and extreme 
case of MBL (Microprocessor Based Laboratory), addressed previously. Very 
expensive laboratory setups can be used this way – labs whose combined cost is 
hard to bear even by the best-funded institutions. Many associations exist offering 
such services, each laboratory concentrating its expertise in only one such set-up 
which is then offered for use to all, taking in exchange a priority in the usage of 
other such remotely operated labs. Difficult and /or dangerous experiments can be 
executed this way. 

• Virtual Laboratory. As the name implies, in this case the experiment is generated 
virtually by a computer, somewhere on the internet. Multiple students can generate 
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and run multiple sessions of such experiments, emulating a real remotely operated 
laboratory – in that the laboratory is now not real but only virtual, albeit emulated 
with uncanny accuracy. While simulator games usually only involve the use of one 
specific device (e.g. an airplane) to achieve a goal (e.g. to fly from one point to 
another) and perhaps gain a skill, virtual laboratories use multitude of multiple of 
virtual apparatus to perform many experiments with the aim is to gain knowledge 
– a far more complex mental task. Their educational scope is, therefore, of 
increased importance.  

  

The optimum number of students working in front of one PC 

The optimum number of students working in front of a computer is two (Ioannidis G. S. et al 
2005). When in larger groups, problems regarding communication are observed (e.g. too 
much noise is produced as the distance between students is, necessarily, greater), and also co-
operation issues (e.g. who will operate the mouse), as well as space-related issues (everyone 
should have a clear view of the screen, table-space to spread the worksheets etc).  

Someone may argue that in a class with a laptop per child each student can work individually. 
Though having students cooperating in order to accomplish a certain task is more beneficial to 
them, because they have to develop communicative and collaborative skills in order to fulfil 
the task assigned to them. Therefore, they learn to hear their classmates and evaluate the 
arguments presented. Though in this case, have bigger groups of children can be formed which 
cooperate. This is because each student can see his/her own screen, make his/her own search, 
make his/her own notes, provide his/her own solution or ideas and then they should make a 
comparison and a synthesis. So even in a class with a laptop per child it is better to split 
students into small groups.  

Splitting the students into a fixed number of work-groups could be done before entering the 
computer lab. It was proven to be a better practice to allow students themselves to choose 
their mates, although this often results in uneven groups: the “stronger” students may stick 
together leaving the rest to make their best. This can be tolerated, as the main advantage of 
teaching using computer-based learning environments is that using such methods students are 
left to learn by following their own pace. Therefore, uneven grouping should not be 
considered as a problem. On the contrary, special care could be paid so as to prepare and 
provide the “strong” students with additional worksheets to keep them occupied (so as not to 
finish long before the rest of the class), as well as to satisfy their natural curiosity.  
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Another advantage of teaching using computer-based learning environments is that it allows 
students to work together in small groups, in order to accomplish a certain task. This is most 
beneficial to the students, as they have to develop communicative and collaborative skills in 
order to fulfil the task assigned to them. Therefore, they learn to hear their classmates and 
evaluate the arguments presented.  

It is obvious that these abilities would not be achieved instantly, but over time. 

 

Problems that the teacher will face 

One problem that will be encountered is audio noise in class. This is because some computer 
based environments have an audio soundtrack with a video or some type of narration. If a 
class has 15-20 students, there will be 7-10 groups of students, each one in front of a different 
computer, listening to a different part of the video. Besides, the students should speak to each 
other in order to perform the experiment themselves, and in order to decide about the answers 
they will provide to the questions on the worksheets.  

A second problem is time. The ICT approach is time consuming. This is because: 

• Students should search on the material provided to find the correct answer.  

• Students need time in order to see a video with an experiment and then collect the 
material and apparatus needed for this, perform the experiment with their own 
hands, and then try to find the explanation of the experiment.  

• Unfortunately not all programs operate using the same menus, navigation keys etc. 
Therefore students might need time to get accustomed to a certain computer based 
learning environment.  

Teachers should keep in mind that, from the beginning, some easy-to-fill worksheets should 
be provided to the students to work with, and such worksheets require some time for the 
teacher to prepare. As soon as the students become familiar with the new teaching approach 
and learn how to search the computer-based learning environment to find the information they 
need, the tasks set by the teacher may become more complicated.  

On the positive side, the aforementioned worksheets will be created once, and used many 
times. Besides, the teacher can use his/her time more creatively: for example, he can answer 
students’ questions, explain the theory, facilitate the students work or he can even pose 
questions to the students making them go a bit further. 
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ICT in Education – Present and Future 

The primary purpose of the present section is in order to examine and expose the present state 
of the art in ICT hardware and software and their impact in education.  

As a secondary aim, we shall try to predict the future of ICT developments (as these will 
affect education) the way we see it. Futurology is a precarious subject to embark upon. 
Furthermore, when trying to predict developments in ICT, the rate of change is so rapid and 
the direction of change sometimes so unpredictable, that even great thinkers have in the past 
failed to foresee important developments. 

Yet, even a wrong prediction is a much better option than no prediction at all. By not taking 
into account potential change, you are bound to loose, and loose a lot. Education is in an even 
worse predicament. As educational software and specialist tools need time to be developed 
and further time to be tested, education is chronically slow to respond to changes, and could 
even sustain great loss of effort (as it happened many times in the past) if it “bets on the 
wrong horse”. By the time the educational software is ready and tested, it is already useless, 
as the technology has changed and it will not operate in the modern environment, or 
alternatively the need to use the tool does not exist any more. An ICT systems analyst is 
indispensable, especially at the early stages of design of educational tools. 

Anyway, as a previous version of the content in this section has been published previously 
(Ioannidis, Garyfallidou, and Spiliotopoulou-Papantoniou 2005), it was a real pleasure to 
discover, while making the content more up-to-date, the extent to which previously made 
predictions have been upheld or not (– a great success by any standard). 

Keeping all that in mind, to the extent that many of the factors presented affect each other 
(mostly in a positive manner), some of the arguments herein would seem convoluted: They 
often really are! 

Infrastructure: technical developments. 

The deployment of network lines of ever-increasing capacity will continue resulting in 
increased overall capacity to transmit data. This development will make internet much more 
stable than at present, and more reliable for streaming. 

Satellite technologies already play an important role today (mainly for trunk-line data-
transmission over long distances), and it is possible that direct satellite links to and from the 
final consumer will have an increased role to play in the future, as various commercial 
companies will compete for a better service to the final consumer.  
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A very special infrastructure development lately is “The Grid”.. The Grid is the most 
generalised, globalised form of distributed computing one can imagine, and behind it is 
CERN, which is Europe’s supercomputing centre and Europe’s particle physics research 
centre. (Incidentally, CERN was where the web started too – it was literarily invented there!) 
The Grid is attracting a lot of interest lately, as it is potentially revolutionary. The Grid is 
currently governed by the Global Grid Forum, defining the Open Grid Standards 
Architecture. Through these standards one can rest assured that future Grids will not rely on 
cycle scavenging (e.g. seti@home style) from individual processors, but rather on load 
balancing between different independent large resources, such as clusters and local Grids. The 
Grid goes well beyond simple communication between computers and its ultimate aim is to 
turn the global network of computers into one vast computational resource. .Bandwidth 
demand. The demand for bandwidth will keep increasing for several reasons. It is already 
considered certain that telephony will quickly change totally from the circuit-switching model 
of yesterday to the packet-switching model of the future. This represents a switch to streaming 
technology (although it is not specifically named as one). This, together with possible increase 
in demand for video-telephony (another packet-switched real-time streaming application) will 
increase bandwidth demand. A large increase can only come by the adoption of video 
streaming on a very large (commercial) scale, either as video on demand by future “TV 
stations” or by “near-video-on-demand” service. This can be achieved today either using 
xDSL lines or using direct digital satellite technology. The latter is today via simplex 
transmission (i.e. no interactivity), and using simple broadcasting as a model. Developments 
in satellite technology could change that to near-video-on-demand, and later even to real 
video on-demand streaming. In addition, if terrestrial systems prevail (see later on in this 
chapter), TV-news broadcasting will be transformed into a real-time streamed video 
transmitted on the net. Interactivity (of a certain level) can result mainly from developments 
in home TV-sets being transformed into what will effectively be media-computers (probably 
sold under a different name). Whether or not the final data transmission will be from a 
terrestrial system (i.e. the development of xDSL, WiFi, UMTS, Bluetooth, etc) or an extra-
terrestrial one, will depend on many factors but mainly economic ones. It is considered likely 
that both will coexist, as different countries with different geographies, climate, and 
population concentration, have very different needs. 
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Cost 

It is perhaps a fair assumption that the developments in infrastructure will continue to be more 
profound than the rise in demand, at least in medium-term future. This effectively means that, 
because supply will exceed demand, the cost to the final consumer will fall further. This 
means that both in terns of actual final cost per MB of information and/or in terms of monthly 
cost of service, prices will fall, perhaps substantially. Maximum speed to the final user will 
also increase as Fibre to the Home (FTTH) fibre-optics take hold, and so will be stability in 
bit-rate (i.e. speed) and consistency-quality of service. Maintenance (or growth) of revenue 
for TELCOs (i.e. telephone companies) will depend on the growth in demand (i.e. more MB if 
information being transferred). As actual final costs are reduced, it is expected that the 
percentage of educational use of any available bandwidth will increase. 

The final kilometre (of connection to the user) 

It is not so obvious that the (monetary) cost for maintaining copper telephone lines and/or 
cable are lower than the costs for maintaining any type of wireless (or cellular) connection. As 
quality of service and transmission speeds of mobile networks (GSM / GPRS / UMTS) are 
increasing, and becoming comparable to those offered by xDSL networks, mobile 
telecommunication companies have already started competing with ordinary telephone 
companies for what is effectively the same market. The possibility of mobile networks totally 
replacing traditional TELCOS really exists; ordinary telephones could really become extinct. 
After all, it is not certain that we need both methods of connection. As mobile telephone 
companies amortise installation costs, the cost of maintaining existing network is the only 
serious factor differentiating the two kinds of service. It is uncertain if it is cheaper (or even if 
it is worth to) maintain our existing telephone lines for the last kilometre to homes, offices, 
and schools. 

Some (but by no means all) of the telephone companies have realised their predicament. Quite 
a few have already started the process of converting their operations from line switching to 
packet switching. Some (especially in Japan and Korea) have even started replacing the entire 
copper-wire based telephone network to a fibre-optics based one (i.e. FTTH). It is a titanic 
effort to undertake, for some of the historic (and large) European cities and quite an expensive 
one for that. The question is if it is already too late for wire-based telephone companies. 
Mobile telephone networks in Europe have already started incorporating packet switching, for 
some time now. Non-mobile companies will need to innovate just to survive. Faster and more 
reliable xDSL type connections should proliferate, and costs should fall substantially, just to 
maintain customers. In the longer term, it is perhaps inevitable that inner-city areas (or even 
whole cities) will be covered by WiFi type “hot-spots” offering internet connection and 
videophones and voice-phones. Under this scheme, common copper-wire connections will 
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only be reserved for rural areas. Even under that scheme, it is imperative that non-mobile 
connections should have a distinct difference in network connection speed (i.e. one order of 
magnitude) in comparison to the mobiles, for their service to be perceived as distinctly 
different; otherwise, consumers will choose mobile only. Therefore, they really need the Fibre 
to the Home (FTTH) network, in order just to survive on their present form. Will they succeed 
in implementing that at a reasonable cost? There are some indications that they may – but it is 
too early to be certain of that.  

Some of the problems outlined above seem to find their solution through plans for fourth 
generation (4G) networks (see below) which are thought to be “pervasive” by design. 

Education should be prepared to make the move to mobile services as needs arise. In the 
meantime, education could make use of the reduction in costs that this competition will bring. 
Wireless streaming over the last kilometre (from the telephone exchange) is probable. If 
whole cities become WiFi hotspots, the use of portable computers, tablets, and portable 
(dedicated) media player devices in schools will be further facilitated. Educational research on 
the use of such devices in schools, to the extent that it is possible to be done at present, could 
provide helpful guidance for such potential changes in the school environment. 

Terrestrial versus extra-terrestrial web connections  

As a corollary to the above discussion, extra-terrestrial (i.e. satellite) links will most probably 
coexist with earth-bound connections, mainly serving remote areas (e.g. small islands, 
mountains etc) or sparsely populated areas, with (interactive) television, web, and telephone.  

There are already pioneering educational trials serving schools in remote areas of Europe with 
high-speed internet, and monitoring the educational impact of such profound technological 
development.  

Streaming or downloading in the future? 

It is quite possible (even probable) that land-based WAN networks will provide in the future 
so high a bandwidth that transmission time will become insignificant, even if we use the 
download model instead of streaming. On the other hand, streaming offers additional 
advantages over downloading; therefore, even in this case it can be expected to remain at least 
as a valid alternative in the near future. 

Legal issues concerning copyrights of content on an international scale 

One can only hope that this important matter will be solved. There have been some recent 
attempts to solve the issue in the USA and EU, but they have not yet been tested in practice 
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(i.e. in court). Several issues are involved, all clearly outside the scope of the present 
publication. Indeed, some of the issues involved seem to be only understood by specialist 
lawyers. As internet is universal but laws national (by definition), enormous issues are 
involved, while technology makes possible the previously unimaginable (e.g. “exchanging 
songs” on the net). Inertia in understanding the technical issues and altering existing laws is 
such that by the time the law is enacted, technology has changed, thereby rendering the law 
redundant. It is clear that the system is presently ill-equipped to deal with such issues (for 
various reasons). Yet the problem must be faced, and one can only hope for the best 

Development of large data bases of streamable media, or educational portals  

It is imperative that such web portals and / or databases containing suitable materials should 
be developed and maintained properly. The material contained should be described in a 
manner that can be searchable by the potential user without first seeing it. Issues involved are 
legal copyright issues, language/ translation/ subtitling issues, transmission format and 
transmission speed issues, and many others more common to the operation of large streaming 
sites. The evolution and adoption of MPEG metadata standards describing video content 
might help along the way. A Google-like extended web search might (in this case) solve some 
of the problems in selecting amongst video clips available, but even this could hardly be 
considered to be a real-time task; accuracy in the content description cannot be guaranteed nor 
can the streaming speed be in any way pre-recorded and pre-selected for, as it depends on 
many factors. A lot of work is still needed to improve such selection and accessibility issues. 

Interactive whiteboards 

Interactive whiteboards are large display panels used in classrooms, and function as a 
combination of ordinary whiteboards, data-projector screens, electronic copy-boards, and 
computer projector screens on which the computer image can be controlled by touching or 
writing on the surface of the panel instead of using a mouse or keyboard. (Here we are not 
referring to “virtual electronic whiteboards” such as Microsoft NetMeeting, which are used 
for virtual conferencing). 

Their primary function is as computer data-projector screens, but as they are interactive, they 
actually are a lot more than that. Technology allows writing and drawing on the surface, 
printing the image, saving on the computer, or even distributing it over the school LAN. The 
interaction with the computer driving the device means that programs can be controlled from 
the whiteboard using a special pen (instead of having to go to the computer), allowing the 
teacher to operate from a traditional position (i.e. standing up and facing the students). 
Furthermore, the teacher can write notes or draw on the screen over the image projected; the 
result can then be saved to disc. 
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Interactive whiteboards are ideal instruments to be used in blended learning and teaching. In 
that since, they are ideal companions to streaming media, as their great advantage is their 
ability to blend well with ordinary teaching practices. One can surf the web while the whole 
class can watch procedure and see site contents, and all that under the direction of the teacher 
next to the board. Furthermore, the computer driving the whiteboard can be stream video, 
while the teacher can (potentially) switch from streaming to writing on the whiteboard in a 
matter of seconds. Already prepared text and graphs can also be presented, and all that can be 
altered from the board and saved again, all in real-time. 

Disadvantages of whiteboards include the expense to buy (considerably more so than 
conventional data-projectors) and to maintain (surfaces can get damaged). Locating 
interactive whiteboards in the class can also present problems. Their height is often too much 
for some people to reach the top (to write), whereas if mounted lower they are not easily 
visible. Front-projection boards present more problems with students interfering with image 
projected, and present similar alignment problems as conventional data-projectors. Finally, if 
one allows input from all sources and everyone present, keeping control of the input can 
present new problems (like gibberish or unrelated drawings on screen).  

For interactive whiteboards to operate, specialised software needs to be installed in the 
(hopefully powerful) computer who operates the data-projector, projecting either from the 
front of from the back of the whiteboard on its screen. Not all such software has similar 
function or reliability (e.g., handwriting recognition, or saving to computer might not be 
available etc). Any input (i.e. pointing, drawing, or writing) on the whiteboard is sent directly 
to the computer. Some expensive systems use a plasma display instead of a back-projector.  

There are currently three different technologies to detect pen position and movement, 
resulting in different types of “real” interactive board, each with its own advantages: 

A. Touch sensitive surface: Resistive Membrane 

These whiteboards have a soft, flexible rubbery surface. This is made of two pieces of 
resistive material separated by a small gap that creates a touch-sensitive membrane just as in 
some mobile telephones, PDAs, or tablets. Movement is tracked by detecting the pressure of 
the stylus on the surface and the co-ordinates are calculated. Any object (even finger) can be 
used to “write” on this board. These are less costly, but board surfaces can easily get 
damaged. 

B. Hard surface and electro-magnetic movement detection  

They look just like traditional hard-surfaced whiteboards and can be used like one. For 
interactive operation, special battery-driven pens are utilised, emitting electromagnetic signals 
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detected either by sensors in the whiteboard frame, or (just like a large-scale computer-tablet 
accessory) by a grid of closely embedded thin wires, criss-crossing the whole surface. 

C. Hard surface and infrared laser tracking of movement 

These hard-surfaced boards have laser scanners mounted on the top corners to detect pen 
movement. The lasers emit in the infrared, so that light cannot be seen. For interactive 
operation, special felt-tip pens are used, incorporating one IR-reflective ring each, also 
showing the pen colour. Some different (and more inexpensive) types, using ultrasonic sound 
or even radio waves instead of laser light for tracking movement are really whiteboard 
conversion kits (as opposed to a real interactive whiteboards) and are described later on. 

Quality of operation and cost of interactive whiteboards 

A high screen resolution (e.g. 1000 lines per inch or more) results in beautiful and clear images 
and helps pattern recognition (i.e. handwriting recognition). A high tracking speed (e.g. more than 
200 inches per second) on the other hand, ensures instantaneous execution of commands, and 
writing appearing instantly on the screen. Image resolution, maximum contrast, and luminosity 
are very important factors to consider, as they affect the usability of the device; it is important to 
me able to project images under any weather, even with bright sunlight outside. Size, resolution, 
and tracking speed will be the most significant factors affecting price, together with system 
functionality. Very small size whiteboards, sometime called interactive whiteboard tablets are to 
be avoided as their educational use is both limited and better served by other systems described 
below. If flexibility and interactivity are important during teaching, large interactive whiteboards 
are today irreplaceable, despite their cost. 

Looking into the future, should we expect interactive whiteboards to proliferate (or even to 
survive)? It all depends on the speed with which prices (of large, high quality fully functional 
whiteboards) will come down. The educational market is by no means small, and it can 
arguably increase if the current re-training fashion accelerates. The variety of technologies 
available, and the even greater variety of companies competing for that same market, might 
ensure that this (expected) further drop in price will not materialise until another, totally 
different product achieves the same goal (interactivity) through different means and at a lower 
price. Success today is no guaranty for survival tomorrow, in ICT! 

E-beams and other alternatives offering interactivity of a sort 

In case the class is large, interactivity is limited, simply due to numbers. In this case, total 
freedom in interactivity might as well be abandoned in favour of other (much cheaper) 
interactive systems. Such interactive systems include powerful data-projectors coupled with 
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wireless keyboards and mice, or conversions of ordinary whiteboards, or the use of tablet PCs 
and wireless graphics tablets, and will be examined presently. 

There are several alternatives worth considering, which are detailed below. 

Whiteboard conversion kits: e-beams and the like 

There are some conversion kits trying to convert ordinary whiteboards into electronic copy-
boards. These are generically referred as e-beams (offered from the similarly named 
company, but other products (e.g. mimio) offer similar functionality. In these, the main unit is 
a transceiver device that clips on the ordinary whiteboard and communicates to the computer 
supporting the process. The device locates position and movement of the markers via either 
ultrasonic signals or radio waves. A separate data-projector displays the computer-generated 
image onto the board. Interactivity is achieved, in this case, not through the board itself but 
through a wireless mouse, (i.e. one cannot point directly on a menu, but using a mouse one 
can direct the pointer to the relevant “button” projected on the screen, and click). This 
decrease in functionality, plus some reported failure to reliably pick all pen-movements 
ensures that prices remain lower, as well as some irritation during use (e.g. letters can be 
picked up incomplete). These devices are really kits, as manufacturers can only control part of 
the final system. One suspects that the proficiency in locating and interconnecting these 
devices plays an important role in their functioning efficiently. 

Wireless keyboards and mice 

If all one needs during teaching is interactivity from the “front of the class” (and not data 
capture from the board) then an ordinary data-projector and computer combination when 
equipped with a wireless keyboard and mouse, works remarkably well at only minimal extra 
cost. Currently available devices work on either of two principles, infrared or radio frequency 
(often Bluetooth devices), the second performing more reliably in general. 

A special case of a mouse is a 3-dimensional “gyro” mouse. As the name implies, there is a 
tiny gyroscope inside the mouse, and the devise calculates its position from the base from the 
Coriolis force (its strength and duration) on the gyroscope axis. In practice it works like an 
ordinary mouse (and for the same purpose, i.e. pointing), but to operate it does not require 
either a mouse pad or any surface. You just move the mouse in space and click. This is very 
useful if a teacher needs a mouse while standing in front of the projected image. People 
attempted to make such mice a very long time now, but they seem to have succeeded to make 
them (cheaply) and work reliably, relatively recently. Furthermore, the latest such “gyro” 
mice work wirelessly at fairly large distances. In the future, following the tendency of 
technology to migrate from scientific and military applications to commercial items, totally 
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solid-state 3-dimentional mice will be produced, having no moving parts (i.e. no gyroscope) 
resulting in improving reliability further.  

Wireless graphics pads 

Wireless graphics pads are small portable panels that can be written or drawn on with an 
electronic pen. Architects and artists often use them. Unfortunately, the image drawn does 
not appear on the pad but only on the screen; the user, therefore, has to develop the 
technique of correlating horizontal hand-movements with images he sees on a different plane 
(the vertical projection screen). 

Tablet PCs 

An interesting alternative to achieving interactivity is a tablet PC equipped with WiFi 
wireless LAN devices linking them to the desktop computer driving the data-projector. These 
mass-produced inexpensive devices are small laptop PCs without a keyboard. Interaction is 
via the outward facing screen (like a tablet) using a stylus, and there is handwriting 
recognition software available to turn figures drawn on the touch-sensitive screen into letters. 
Incidentally (and unlike ordinary graphic pads also called “tablets”) the user can see the figure 
he draws on the screen. The tablet can be shatter by the students in the class (to express their 
ideas to all). This is significantly cheaper than an interactive whiteboard, but it does not 
function (didactically) in a similar way. Students (and teachers) would not stand up to express 
themselves and it can hardly be considered as a group input device. However there is a future 
in their didactical use especially if their price falls to become omni-present in education (i.e. 
each student could have one in front of him). Before this happens, though, tablet PCs should 
improve considerably, especially in their function as pattern-recognition devices which is not 
very efficient now. It seems that for that to happen considerably higher computing power is 
needed, as well as pattern-recognition software that is more intelligent. Tablet PCs do not 
offer the specialised software that helps interactive whiteboards work seamlessly. Despite all 
that, these and PDAs-Mobile telephones should be considered the next big incremental step 
introducing ICT in the classroom on a mass scale. 

Mobile computing, laptops, notebooks, netbooks etc. 

Mobile computing (in general) represents a great opportunity for education, especially as 
recent devices offer built-in communication capabilities and prices seem to be falling (at last). 
They can become the standard method of delivery of schoolbooks to students, as well as other 
teaching material. Interactivity in the classroom is achieved by wireless LAN. Several 
didactical problems need to be investigated now, before this scheme is introduced in schools, 
even on a limited scale. We believe that, as soon as pattern recognition (i.e. voice recognition 
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and handwriting recognition) is improved, their large-scale use in education would start 
becoming a reality. Accuracy and speed of pattern recognition will need improvement on a 
vast scale for that, though. 

Tablet PCs 

In the previous section, the role of tablet PCs as units achieving interactivity with a projected 
image was examined. In addition, if such PCs overcome their present problems and if (in the 
future) become widely available to all students (i.e. one personal tablet PC per student as a 
standard issue) they potentially represent a novel and powerful educational tool. Not only do 
they offer access to internet, they represent a natural way for students to write their homework 
and to be able to email it to the teacher soon afterwards, so that the homework is corrected 
and sent back at (or even before) the next lesson. (Normal practice today involves 2 lessons 
before homework is given back to students creating didactical problems.) Handwriting 
recognition makes it ideal for use by primary school students. Indeed, it can be used as a tool 
for 7-10 year olds to learn to write. All that will perhaps become a reality if such devices 
improve their operation. 

Portable media players 

A portable media player or PMP is a device offering a colour screen (LCD or OLED) and are 
capable of storing and playing back more than one type of media format. They have a 
miniaturised hard disk or a flash memory just as musical MP3 players. They are quite versatile as 
they can play different video-formats (e.g. MPEG, DivX, and XviD), or audio ones (e.g. MP3, 
WAV, or Ogg-Vorbis), or even display digital images, (e.g. BMP, JPEG, GIF etc). 

Presently available media players are of limited use in education. Their communications 
capabilities are limited, and the screen “form-factor” (i.e. height versus width) is not standard 
to all. They are also often large and heavy, cost a considerable amount and their batteries do 
last for long before recharging. It is a fair assumption that these devices present just a 
“tendency” in the present development of mobile devices, which includes carrying something 
smaller and cheaper with a media-play capacity. It is perhaps a fair guess that this “tendency” 
will be absorbed into the mobile telephones of the future, especially when commonly 
available network transfer-rates become higher (i.e. late and more mature 3G phones or even 
4G devices). It should not be forgotten that most students have a mobile phone in Europe 
today, so one can imagine the possibilities. Personal digital assistants PDAs, and Palm-top 
computers 

Perhaps the greatest inhibiting factor for educational use of PDAs is their screen “form-
factor” (i.e. height over width), which is not common for all of them. Otherwise, some of 
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these devices already offer reasonable communication capabilities (wireless LAN, and 
wireless internet). A fair guess is that the mobile telephones of the future will all play the role 
of PDAs, as some of them already do, in fact. 

Mobile phone technology 

One could hazard a guess that mobile telephone devices of tomorrow (at least some of them) 
will also be able to function like PMPs, PDAs, and rudimentary video cameras. A wilder 
guess could be that they could also function like tablet PCs or even like small notebooks. The 
scene is already set for such an integration and the process has already started: Third 
generation mobile devices offer video recording (and transmitting) in addition to 
photography. There are already “smart phones” offering music reproduction and some PDA 
function. Other devices (e.g. Ericsson 900 family and its flip-open predecessors like the 380) 
have been offering touch-sensitive screens for six years now, as well as virtual on-screen 
keyboards. Handwriting recognition was attempted (albeit with limited real world impact), 
and all these are functions reminding mini tablet PCs. The “communicator” family by Nokia 
has been offering real QWERTY keyboards (of a size meant to be used with bare fingers) for 
another six years now, in this flip-open business phone line. Streaming has been possible on 
these devices (using HSCSD, a 2nd generation service) since the end of 2002, while “office-
like” capability is also standard. They now come not only with mass-storage capacity but also 
with WiFi and Bluetooth on top of ordinary IrDA and cable communications. These are mini-
notebook functions, while document output is compatible to that of ordinary computers.  

Mobile telephony is a very dynamic market, with more users than computer-users, and these 
people (at least in Europe) upgrade their devices every couple of years on average. Under 
these circumstances, progress has naturally been very rapid and it is very likely to remain so 
for some time. Improvements in software and hardware are driving the scene, as well as major 
changes in mobile networking technology (explained in the first 5-6 sections of the present 
chapter). Despite its disappointing early start, direct-satellite communication is still a valid 
(additional) option for 4G devices when operating from remote areas. 

On the negative side, not all application software is compatible with all devices (and in 
addition the market is currently fragmented along two or three major operating systems) 
making it difficult to standardise applications; also screen size and “form factors” keep 
changing, making it difficult to standardise videos. Time will cure all that, though. In the 
meantime, now is the time for serious educational research using such devices as they exist 
today, in an educational context; if not, the educational community will be unprepared to 
adopt such devices in schools when the time is ripe. 
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Looking into the medium term future of mobile telephones/PDAs/PMPs as they will perhaps 
develop to become, screens may become flexible, allowing the devices to be rolled-up into 
cylindrical shapes, parchment-style. This will solve the device size problem and will mark the 
beginning of these multi-talented devices merging with mobile computers. 

Looking into the more distant future, colour images can (potentially) be projected directly 
onto the retina of the user, either by the device itself or by eyeglass-like wireless accessories, 
incorporating capture and reproduction of both sound and vision. Bluetooth headphones-
microphones available today represent the audio-only predecessors of those devices. Not only 
will this solve the problem of screen (and device) size, it has also the potential of offering a 
3D image in the future (i.e. projecting different image in each eye). 

Those predicted technological advances would materialise anyway, at least in part. The real 
question is whether they will proliferate, to become as common as photography-equipped 
telephones today. A reserved guess is that they will, because they address some real needs of 
the masses: communication and entertainment (i.e. mobile TV) at will. Information 
distribution, personal management, and productivity enhancement will come free in the 
package, subsidised (financially) by the forces that be. 

Education should prepare for this as soon as possible, as the potential is enormous. Virtual 
reality classrooms using real-time streamed images (even on-the-move), represent the 
potential outcome. Professional training on a need-to-know basis can also be achieved, on the 
spot, and precisely when the student demands it. As it is certain that he/she will immediately 
practice the newly acquired knowledge, the education/training will also have a long-lasting 
effect. The potential increase in productivity is nothing but phenomenal. Also, very 
specialised, extremely high-level virtual classes will become possible, as the pupils will not 
only be enlisted from all over the world (thereby increasing potential market), they would also 
be able to utilise their mentally-idle time (i.e. travel, sports, repetitive chores etc) thereby 
extending the numbers further. Synchronous as well as asynchronous delivery of educational 
material can be catered for, as well as real-time coaching, and very short time reply to 
questions. This will be a real “education on-demand” situation. 

Educationally, the key to all this is streaming technology such as it exists today. If education 
is to reap the benefits, now is the time for more (careful and systematic) didactic 
experimentation, as this is naturally a long-drawn process. It also requires a period of time 
from the part of the experimenters and the educators, to reflect, digest, and discuss the 
educational outcomes of the experiments. 
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Portable media players Wireless streaming on a local (i.e. close range) scale inside the 
classroom or inside the school 

Wireless streaming inside the school will be achievable in a short period of time, as wireless 
technology speeds move into real broadband range. If the school (or the classroom) wireless 
communication server has ample bandwidth, a class with many (wireless equipped) tablet PCs 
or notebook PCs distributed around, can achieve wireless steaming as well as interactivity 
inside the class. It is almost certain that appropriate application software will be available as 
soon as this becomes feasibly useful, which will be soon enough. 

Mobile phone technology Streamed vector-based animations 

Streamed vector-based animations (e.g. Flash, Expression, etc.) can be transmitted almost 
instantly, even with old-fashioned narrow-band networking. It is called vector-based because 
only vector coordinates are transmitted resulting in much reduced network load. When a 
vector animation is displayed on the screen, the computer uses instructions to redraw each 
frame. Typical such instructions would be location points, colours, frame rate, time length and 
script commands. Vector animation files are much smaller than pixel-based animation. 
Photorealistic animation is not possible with vector-based graphics and all such animations 
are “cartoon” type graphics. Computer processing power used to be a problem once, affecting 
the animation speed, but all current computers have more than enough CPU power for that not 
to happen. 

Vector-based still graphics has been in wide scale scientific and technical use for the best part 
of the last three decades now. Video animations (as a type of medium) have been available 
relatively recently. Education has yet failed to grasp the potential of such technology; 
alternatively, it has been slow to make use of it, as it requires the collaboration of people with 
real graphic-arts skills. 

Animation represents to cinematography (or video) whatever the sketch represents to still 
photography. It contains smaller amount of data, by avoiding to showing trivial details (e.g. 
detailed texture of depicted objects). The viewer has less amount of data to process and can 
therefore concentrate to absorbing all real information contained in the image. 

Educationally this is very powerful (albeit less realistic), as the attention of the student is 
directed precisely where it should (didactically) be drawn upon, by leaving out all superfluous 
data. Conveniently, this also means occupying less bandwidth to transmit. Many educational 
books have started using both a sketch and a picture, side-by side. The streaming equivalent 
of this would have been to present both, a vector-based animation and a video-clip, side-by 
side on the screen, something that is technically feasible in principle. 
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It is possible to create 3D scenes that have dynamic, time dependant behaviour, by animating 
3D objects. Although an impressive amount of such animation is already available, this type 
of dynamic 3D animation is still very much in its infancy. Its use is quality simulation would 
be very substantial indeed, resulting in important educational gains in the future. 

On the negative side, vector-based animations are generally considered dangerous to carry a 
virus in their file. For this reason, many seasoned internet users choose to prohibit such files 
(especially streamed ones) from being executed and displayed on their computer, by 
deploying appropriate protection software. This represents a serious problem and it simply has 
to be conclusively solved, before such animations can be used in education on a large scale. 

Streamed three-dimensional video images (holographic video images): 3D-TV 

Video holography (and its predecessor holographic cinematography) has been the “dark 
horse” of much serious (and very impressive) experimental scientific research for many 
decades now. Totally overlooked and unnoticed (invisible even) by all people, except the 
highly qualified in experimental science and technology, this research (in addition to its 
potential scientific, technological, and medical applications) represents the ultimate in private 
(or even public) entertainment, namely holographic 3D-stereoscopic TV. The time such 
systems will become commercially available depends on many factors mainly connected with 
concepts like factory investment amortisation, capital return (especially from public TV 
industry), and planned obsolescence; anyway, none of these factors has anything to do with 
education. 

If and when it will become available, such three dimensional holographic video (especially 
the streamed TV variety) will represent a tremendous opportunity for education. To prepare 
(educationally) for such an e-learning eventuality, one again needs to carefully experiment 
with streaming now. Anyway, for reasons hinted above, the time when such technology will 
start to be used, is not expected to come soon. 

Virtual reality (VR) 

Virtual reality represents one of the pinnacles of IT technology today, and it is used in 
entertainment, training, and education. Indeed, “total immersion” VR techniques (i.e. the user 
looses touch with outside reality) have been proven extremely effective for some complex and 
specialised professional training programs that involve training in situations that are 
extremely hazardous (e.g. professional pilot training, type certificates etc). In those training 
programs, VR techniques are so well respected that they are considered truly essential. In 
entertainment, reasonably realistic surround sound techniques, and special interfacing devices 
(e.g. feedback-inducing joysticks, steering wheels and the like) have been used with high 
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commercial success. Some novel VR systems even use special three- dimensional interactive 
haptic devices (to derive a virtual sense of touch) (Christodoulou et al 2005) and highly 
sophisticated sound effects on top of stereo imaging, with remarkable educational success. 
Professional VR installations even control acceleration on the body of the trainee by 
artificially tilting moving and accelerating his operating environment. 

Streaming Virtual Reality has not yet materialised to the best of my knowledge (if one 
disregards the complex clustering arrangements of the super-workstations that drive static VR 
installations, that is). It is not just a matter of available bandwidth, which is scarce even for 
non-VR interfacing requirements. As the whole VR scene is comparatively new, the market 
for most peripherals is small and the prices, consequently high. This is the opposite of a 
settled market, therefore. It is a fair assumption that by the time the type of peripherals would 
have somehow settled, available bandwidth would be plentiful. Education suits VR 
wonderfully and vice versa. They have a bright future together. 

A special case of Virtual Reality classrooms has also been examined above under the 
“mobile phone technology” heading. These are partial-immersion applications, but they 
require no more than that. In fact, this suits the user who moves. Not only is he also allowed 
to function doing the trivia of life while he is in his virtual class, learning. New edutainment 
applications can be developed explaining the architectural style or historical details of the 
buildings (or paintings) he happens to be looking at (for example), if he is so interested. The 
user could also demand information about restaurants, public transport, pharmacies, or other 
services offered nearby and information will be streamed to him/her on his mobile. Human 
faces he sees/captures will be recognised (consulting a remote data bank) and names and 
personal details will be streamed and projected to him at will. The ultimate PDA described 
also shows him the way to places in cities unknown, and is not science fiction but rather a 
research project of today. Education can count of it becoming available sometime not in the 
distant future. 

Blogs, Vlogs, media blogs and all that, using RSS 

A weblog (or blog, or web log) is a web-based publication consisting primarily of 
periodically updated articles. Although most early weblogs were updated manually, tools to 
automate the maintenance of such sites made are now available, and the use of some sort of 
browser-based software is now a typical aspect of “blogging”. Many weblogs enable visitors 
to leave public comments, which can lead to a community of readers centred on the blog, and 
hence the educational value of such constructs. 

There are many educational applications of blogs. Students can use blogs as records of their 
learning while teachers can use them as records of what they taught. For example, a teacher 
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can blog a course, recording day-by-day what was taught, including links to internet resources 
(carefully pre-selected so as to avoid those with dubious or unscientific content), and 
specifying what homework students are required to carry out. This has many practical 
advantages:  

(1) a student can quickly catch-up if they miss a class;  

(2) the teacher can use the blog as a course plan; and  

(3) the blog serves as an accurate dynamic summary of the course for future reference. 

 Students can also blog an educational excursion, recording on an or hour-by-hour basis all 
places visited, and what was learned, including photographs, and audio-video. As several 
students can contribute to the blog, this helps the competitive spirit amongst them in its purest 
sense, (see sections 3.6 to 3.8 of learning theories) while the blog itself becomes an 
educational project. Blogs can also work wonderfully in distant education. It is in the 
collaborative features of blogs where the true pedagogical advantage of them lies. A 
community-learning spirit is created, cultivating the view that learning is an adventure, and 
that far from being static it requires constant updating. 

A vlog, or videoblog, is a kind of weblog that uses video as its primary presentation format. 
Vlog posts are usually accompanied by text, images, and additional metadata to provide a 
context or overview for the video. In this sense, a vlog can be seen as an integrated 
streaming medium accessed freely on the web. The latest headlines, with hyperlinks and 
summaries, are offered in weblogs in the RSS (or the newer Atom XML format and protocol), 
to be read with a “feed reader”. A feed reader or an aggregator is software that can check 
RSS-enabled webpages on behalf of a user, and display any updated articles that it finds; 
alternatively it can track updates on a regularly visited site. The availability of RSS feeds on 
web sites is increasing, even to many smaller sites. A blog feed could be written in HTML or 
JavaScript, but more commonly, it is an XML-based file, in which the blog hosting software 
places the executable part of the blog, so that it can be "syndicated" for further distribution on 
the web. Web syndication is a term referring to making web feeds available from a site, so 
other people can display an updating list of content from it (e.g. the latest forum postings, 
etc.). RSS is not one but a family of XML file formats for web syndication. The acronym 
stands for all of the following: Rich Site Summary, RDF Site Summary, and Really Simple 
Syndication, as each acronym refers to a newer format version! As explained, the usefulness 
of blogs in education is multiple and its use by schools should be encouraged. Having an 
(apparently) assured future, bloging and vloging are fun and a raging fashion. 
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Real time translation and real time subtitling 

These are two technically complex problems. Real time translation involves not only pattern 
recognition but also the artificial-intelligence related subject of fast and accurate translation. 
Real time subtitling only involves pattern (i.e. speech) recognition and it is intended to help 
people with special needs (hard of hearing or deaf). These are not easy to achieve if they are 
to done faultlessly. It is also uncertain if the problems are best solved using the computing 
power of the client (e.g. the user’s) computer or at the server level. The final solution might 
be found in a combination of techniques, but in any case, more computing power (and more 
intelligent algorithms) are essential for any concrete progress in this area. In the meantime, 
everything is done manually or we all switch to English by default.  

Extending the software categories that utilise streaming media educationally 

This aspect of streaming media has been treated in detail in section 4.3: In the future, either 
the whole or only a part of the program may be delivered as a streaming medium. In the first 
model, (a) the whole program may reside in the streaming server, and it may be delivered to 
the user’s computer in educational blocks, each with a different function: the whole function 
of the device changes, this way. Alternatively, (b) the main core of the program may already 
reside in the hard disk of the user’s computer and the software may be programmed to call 
upon a specific internet address where one or more interesting media are offered. In this 
second model of software, the streamed medium could be a video but also an encyclopaedia 
(or a dictionary), or an educational simulation etc. Although the practicalities of educational 
programs have been covered in the aforementioned chapter 4 section, one should not fail to 
notice how both these software models could be used in virtual reality teaching, both the static 
and the mobile-phone variety, as described above in the present chapter 
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2.2.2 Submodule 2: Organizing and Managing the Teaching with ICT 

 

Structure of the submodule 

In this submodule the teacher will be asked to reflect on the ways and methods to organize the 
classroom when using an ICT. Answering these questions might help to feel confident with 
the specific role the ICT should take in the classroom regarding knowledge to be taught.  

This submodule is organized in 4 chapters that need to be tackled in chronological order: 

1. Define the concept to be learned 

2. State the specific learning objectives and the appropriate teaching approach 

3. Choose and adapt the software  

4. Organize the teaching-learning situation (instructions and teaching-learning materials) 

For each point presented, examples are given in order to discuss the consequence of the 
choices made. Consequences are then argued within theoretical or general perspectives 
resulting from science education research. 

Each chapter is divided into two levels: 

• The first level presents the theoretical backgrounds and activities that prepare the 
face-to-face meeting. The answers given by the teachers are collected via forums 
or sent to the person responsible for the module. This process enables the sharing 
of points of view between teachers from different countries, laying the foundation 
of a network that could be continued after the courses and helping trainers to 

Learning outcomes 

• State the questions that have to be addressed before integrating ICT in a 
teaching sequence. 

• Organize the classroom, taking into account the relationship between the 
teaching contents and learning approaches. 

• Choose and use software applications as teaching tools, without being 
distracted by teaching to use the software.   

• Prepare a teaching situation integrating an ICT tool. 



  

92 
 

anchor the face-to-face meeting in actual teachers’ practices of. Practical 
experiences during the training session empower teachers to go and try for 
themselves. Some examples based on simple ICT uses are given in order to start 
from positive experience.  

• The second level takes place after the face-to-face meeting. Each activity can be 
based on a single ICT which has to be integrated in a teaching sequence on the 
basis of the work carried out in the previous chapters. 

 
Define the concept to learn  

Introduction 

In order to organize the classroom using ICT, the concept to be learnt has to be clearly stated, 
in relation to concepts already learned and those that will be learned. 

The pieces of knowledge presented to students have to be defined and chosen taking into 
account several. 

• the vocabulary, and concepts have to be adapted to the students’ level (examples 
will be presented during the face-to-face session) 

• Students’ misconceptions need to be taken into account 

• The knowledge to be taught needs to be related to scientific knowledge (examples 
will be presented during the face-to-face session) 

ICT is not, in and of itself, value. In the same way as software might be used to reach 
different learning objectives, the same learning objectives can be reached by several ICT. 
Because it allows a greater variety of teaching approach, new technology makes it possible to 
use different ways to introduce the teaching content: making explicit the modelling processes, 
improving means of illustration, facilitating communication amongst students… The teaching 
content should be carefully analysed in order that ICT does not appear to students only as a 
powerful motivating extra-activity, but as an fully integrated activity in a whole teaching 
sequence. 

Theoretical aspects: Misconceptions 

Quite often, teaching results might be disappointing for the teacher. Even if the students learn 
their lesson, a certain number of mistakes recur. These mistakes are common among students 
of a wide variety of national backgrounds, educational levels and ages. Science education 
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research associates these mistakes with misconceptions, i.e. preconceived notions, non-
scientific beliefs, naive theories, mixed conceptions or conceptual misunderstandings. These 
misconceptions, formulated by the researcher on the basis of students’ common mistakes, do 
not match what is known to be scientifically correct even if they, in some cases, allow the 
production of a fairly correct answer. They correspond to the structure of thinking behind 
what students say, write or draw. Different misconceptions might co-exist in a student’s mind 
and be activated depending on the context. Being aware of misconceptions does not mean that 
precise answers can be predicted for a given student; it is a statistical tool to understand 
classroom mistakes. 

 

Activities on the CD-ROM 

On the CD-ROM, you find two activities for level 1:  

• Two facets of knowledge with a same software (Chapter1 Level1 Activity1.doc) 
And one activity for level 2  

• Comparing aimed teaching content and presented concepts (Chapter1 Level2 
Activity1.doc) 

You are also given resources concerning misconceptions and some software to download. 

•  “Some software applications to download file”: resource_software_download.doc 

• “Misconceptions in physics”: resource_misconceptions_physics.doc 
 

Conclusion 

Before giving an ICT to students, you should test the ICT and verify the learning content that 
can be introduced, discussed and implemented. 

In a second phase, you have to choose the parameters associated to the concept to learn  
(cf chapter “choose and adapt the software” of this submodule). 
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State the specific learning objectives and the appropriate teaching approach  

Introduction 

Once the teaching content is clearly stated, the learning objectives must be chosen. Several 
objectives might be attained through the same teaching content: 

• Modeling (use, present, understand): information concerning learning science as a 
modeling process is presented in part 3 of this book; 

• Difference between simulation and real experiment; 

• Visualization; 

• Coordination between semiotic registers: information concerning learning to 
represent scientific concepts is provided in part 3 of this book; 

• Measuring. 

The software chosen should be evaluated depending on the learning objectives that the teacher 
states as important. 

The teaching approach includes choosing the role of the teacher and students in the 
construction of knowledge 

• Type of activity: discover, show, implement, demonstrate… 

• Communicative approach: role of interactions between teacher and students 
concerning knowledge. Some information concerning communicative approach to 
teaching and learning is given in part 3 of this book; 

 

Theoretical aspects: ICT and visualization 

According to Lindgren & Schwartz (2009), the potential of images displayed by ICTs consists 
of four effects:  

• The picture superiority effect: the memorization of images is better than the 
memorization of words  

• The noticing effect: development of the expertise to distinguish the elements that a 
novice is unable to identify  

• The structuring effect: capacity to show structures that are difficult to identify in 
text or figures  

• The tuning effect: recalibration of links between perceptions and motor activity 
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Activities on the CD-ROM 

On the CD-ROM, you find one activity for level 1. You are asked to fill a wiki table in order 
to compare your point of view to other teachers’ activities allowed by software: (Chapter2 
Level1 Activity1.doc). 

You are also given resources documents: 

•  “Vizualisation”: (ICT_and_vizualisation.pdf) 

• Some software applications to download: resource_software_download.doc 

The activities for level 2 are: 

• Activities allowed by software (Chapter2 Level2 Activity1.doc) 

• Difference between simulation and real experiment (Chapter2 Level2 Activity2.doc) 

To carry out these activities, some examples of software are proposed. 

Document “Some software applications to download file”: resource_software_download.doc 

 

Conclusion 

It is interesting to investigate all types of activities enabled by software. Students should not 
be confronted with only one type of activity and thus the teacher has to vary the tasks and 
explain them to the students. 

For instance, letting the students see the difference between a simulation and a real 
experiment is a means explaining what a model is. 

A model is a tool to predict or interpret phenomena. A model does not reproduce reality, but 
only some selected elements that can be interpreted on the basis of a theory. 

The choice of the software does not necessarily imply a specific learning objective.  

Choosing a learning objective leads to choosing the way a software will be presented and 
used. 
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Choose and adapt the software 

Introduction 

The software should be chosen and adapted in order to take into account the concept to learn 
and the specific learning objectives. 

Depending on the material constraints and the opportunities offered by the teaching-learning 
situation, other adaptations might be done (this point is linked with “organize the teaching-
learning situation”). 

 

Examples of adaptations 

Example 3.1 An adaptation in physics 

Picture of the teacher’s action and associated 
transcription: 

Teacher: See (shows on the screen) it’s a 
program, it’s a CD-ROM choose “additive 
trichomic synthesis” 

First student: Ok! The CD-ROM is already 
inside  

P: Now choose “additive trichomic synthesis” 

E1: it’s the other one at the top 

Because in this software several simulations are presented, the teacher chooses to help the 
students to open the right applet. 
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Example 3.2. A non-adaptation in physics 

When the students open the applet, the three 
coloured circles are already superimposed (R for 
Red, B for Blue and G for Green on the black and 
white pictures). 

The teacher says “please separate the circle 
immediately ” to avoid the visualization of the result. 

The opposite screenshots show the state of the circle 
when opening the ICT tool and the circles placed as 
asked by the teacher. 

The teacher chose not to do this by themselves 
before the lesson, because they think that asking the students is enough (indeed, most students 
didn’t mind that the final result was presented when the applet is opened). 

 

Example 3.3. Integration of new data in physics 

Still using the ICT “Visiolab”, the teacher wants to show that colour is not an unchanging and 
innate property of objects. This ICT integrates several coloured pictures, that are quite 
complicated to analyse (flags, test card) because they combine too many colours. In order to 
promote a conceptual change in an attractive activity, the teacher proposed to integrate another 
picture, linked to the interpretation of a task: “a magician changed a red paper into a green paper”.  

On the screenshots below, you can see that a given paper can be seen as green (left), red 
(middle) or yellow (right) depending on the coloured light used. The last picture shows the 
colour in which we usually see this paper in everyday life.  

 

R G B 

G B

R 
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Example 3.4. A non-adaptation in biology 

The software EduAnatomist allows to visualize functional brain MRI images (fMRI). The 
process of fMRI obtention is very complex. The first principle is that the more a region of the 
brain is active, the more it gets blood. O2 molecules are transported by the blood 
haemoglobin. When haemoglobin molecules don’t catch any O2, they are named desoxy- 
haemoglobin and those perturb the magnetic field around them. The measure of magnetic 
resonance of protons for every little volume of the brain (named voxel) allows scientists to 
follow the variation of the brain irrigation. To know what region of the brain is specifically 
activated when a stimulus is applied, scientists construct subtractive protocols: they make 
several measures with and without the stimulus, and they use a statistical test to determine if 
the difference between the two conditions is significant for each voxel. In the functional 
image obtained, the statistical value of the test is coded by the colour of the voxel.  

By opening a brain fMRI image with EduAnatomist, you have to choose the limit between 
which you will display the voxels on a coloured 0 to 100 scale. The higher the value is, the 
more significant are the differences of irrigation of this voxel between the two conditions of 
the test. The highest limit to be chosen is also always “100”, the lower must be determined by 
the study of the precise construction conditions of the image. These values are indicated on 
information joined to the images in the data bank. It is usually around 75 or 80.  

Initially, the default displaying limits are “32-95”. If you want the students to work on the 
brain fMRI image construction, you can let them choose their own display parameters, but 
you previously need to explain their statistical signification. If you just want them to use the 
pictures to study the brain function, you must absolutely indicate them the parameters to use, 
instead they will obtain non-sense images. This can be done on the “instruction sheet”.  



  

99 
 

 

 
 

The regions displayed 
in red are significantly 
activated by tactile 
index stimulation 

 

 

The region displayed 
in blue are not 
significantly activated 
by tactile index 
stimulation  

 
 

The coloured region is 
significantly activated 
by tactile index 
stimulation 

 

 
 

Activities on the CD-ROM 

On the CD-ROM, you find one activity for level 1:  

• Type of adaptation: you are asked to reflect upon the functionalities that should be 
available to students (Chapter3 Level1 Activity1.doc) 

And one activity for level 2: 

• You are asked to propose an adaptation of a software you want to integrate in a 
teaching sequence (Chapter3 Level2 Activity1.doc) 
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Conclusion 

Several adaptations are possible with oral guidance, written instructions or preparation of the 
ICT before students play with the ICT 

• Selection of the data to be processed; 

• Choice of the modifiable parameters. 

 
Organize the teaching-learning situation (instructions and teaching-learning materials) 

Introduction 

The teacher has to choose the types of interactions and medium 

• Between the students/teacher and the ICT 

• Between students and ICT 

• Between the teacher and the students 

The teacher must decide the modalities of the uses of ICT during the lesson 

• Duration 

• Frequency 

• Articulation with others tasks or lesson 

The teacher has to determine the materials to be used by the students 

• Written instructions 

• Knowledge, models, mathematical tools 

• Specification sheets 

• Data, objects and events 

The teacher has to determine the type of students’ productions 

• Written text 

• Mail 

• PowerPoint presentation 

• etc… 
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Examples 

Example 4.1. Interactions teacher/students (Biology) 

In this example, students have to choose the visualization parameters of functional MRI cerebral 
images. At the beginning of the activity, it had been explained that the functional MRI images are 
constructed by comparison between two series of measures realised in two conditions (with or 
without a tactile stimulation of the index finger for example). For each pixel, the colour depends 
of the statistical signification of the differences between the irrigation of the brain in the two 
conditions. This statistical signification is presented on a scale from “0” to “100” and students 
have to decide (to choose) on this scale the values of the “less significant” and the “more 
significant” pixel they want to be displayed (or they want to display).  

In this extract, the teacher reformulates the problem but does not give the answer to the 
students.  

“E2: Sir! Is it OK? 

Teacher: Is it OK? Well, I don’t know? What have you done? You’ve got the anatomic image 
on the back, you have the image of the index (stimulation), you have the image of the tongue 
(stimulation). 

E2: index in green 

Teacher: OK…OK… so, do you think that this enables you to answer? We have formulated 
hypothesis saying that what is on the left is controlled by the right (side of the brain), and the 
second hypothesis was that a precise region of the brain control a very precise sector (of the 
body). With that, can you?  

E2: I, I don’t know if we must decrease because the more it is tight (the significant interval 
chosen for the visualisation), the less we have (coloured area on the brain image) … 

Teacher: I agree, there is a decision to make indeed, how far you tighten or you don’t 
tighten… and… the upper cursor? » 

 

Example 4.2. Interactions teacher/class (physics) 

This clip is set after a debate organized by the teacher on account of the fact that students 
propose different answers. These answers correspond to two different points of view 
concerning the way to obtain white light. The first one corresponds to the misconception 
“Light becomes coloured with filters” in addition to the belief that it is possible to create a 
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white filter, made of the superposition of the filters red, blue and green. The second one is 
consistent with the physical point of view: that to create white light, you need to superpose 
red, blue and green light in a sufficient and equivalent quantity. 

Teacher: “So we have two different points of view, Stacy’s and John’s… we can’t answer… 
so to agree we have to carry on experiments (…) first technique I will superimpose three 
filters, a blue one, a red one and a green one (…) you can seen what we obtain on the wall 
(…) we obtain 

A Student: black 

Teacher: now let’s go on Stacy’s technique (…) I’m going to cross these three colored lights 
(…) I’m going to mix all the colored lights, the red one, the green one and the blue one 

Another student: it makes white  

Teacher: it makes white… how many sources of light I need (…) 

Another student: three  

Teacher: I need (…) to put three filters on three different sources of light 
 

Example 4.3. Collaboration between two groups of students (Biology) – see this 
activity on the CD-ROM to distinguish the colour of legends. 

The principle of the functional cerebral MRI construction is explained in the example 4.1. 
Students (in small groups) are first asked to use EduAnatomist to produce images and slides 
to determinate the cerebral regions activated by the tongue and the index finger stimulations, 
or the index and the little finger stimulations. Then groups of students are asked, to produce a 
new slide in a collaborative way. Two quality criteria can be used to analyse their work: the 
pertinent image selection and the pertinent legend addition. In this example, we show the 
result of the collaboration of two pairs of students. 

Choosing correct displaying parameters, the 7b group (first slide) has produced a pertinent 
image, on which you can see the index and tongue stimulation areas. Students have added 
legend information, indicating the stimulated regions of the body (without saying that they are 
stimulated), the chosen displaying parameters and the selected cut name. 

The 8b group did not manage to produce a pertinent image: the inferior displaying parameters 
are too weak to display index and auricular specific activation areas in the brain. The coloured 
areas seen on the image have no sense. However, students have added more legend 
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information that their partners: they furnish the cerebral activity colour coding, some spatial 
reference, and a more detailed title.  

On the slide resulting of the two groups collaborative work (third slide), you can see the 
pertinent image of the 7b group, completed with more information than the slide of the 8b 
group. The obtained slide is also more pertinent and significant than the initial slides even if a 
mistake has been added in the legend (the green areas are specific to the tongue and not to the 
little finger stimulation).  

 
Slide produced 
by a group of 
two 17year-old 
students (7b) 
 
 

Index droit
(Right index finger)

Langue 
(tongue)

Coupe coronale (Coronal  cut)
Index droit  (Right index finger) : Inf : 56 Sup: 100
Langue (tongue) : Inf : 69 Sup : 100  

Slide produced 
by an other 
group of two 
17 year-old 
students (8b) 
 

Activité cérébrale concernant l'index droit
(Cerebral activity concerning the right index finger) :

Faible (weak) Forte (high)

Activité cérébrale concernant l'auriculaire droit
(Cerebral activity concerning the right little finger) :

Forte (high)Faible (weak)

Activité cérébrale pour l'index et  l'auriculaire droit vue d'une coupe coronal
(Cerebral activity for right index and little finger  seen on a coronal cut plane)

Haut 
(top)

Bas
 (bottom)

Droite
(right)

Gauche 
(left)

Index droit (Right index finger) : Inf : 30 Sup: 100
(Auriculaire droit Right little finger) : Inf : 30 Sup : 100
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Slide produced 
after the 
collaboration 
of these groups 
(7b and 8b)  
 
 

Activité cérébrale concernant l'index droit 
(Cerebral activity concerning the right index finger) :

Faible (weak) Forte (high)

Forte (high)Faible (weak)

Activité cérébrale concernant l'auriculaire droit 
(Cerebral activity concerning the right little finger) :

Index droit (right index finger : Inf : 56 Sup: 100
Langue (tongue) : Inf : 69 Sup : 100

Haut
(top)

Bas
(bottom)

Droite
(right)

Gauche
(left)

Activité cérébrale pour la langue et l'index droit vue d'une coupe coronal
(Cerebral activity forthe tongue and the right index   seen on a coronal cut plane)

 
 

Activities on the CD-ROM 

On the CD-ROM, you find two activities for level 1:  

• materials to be used (Chapter4 Level1 Activity1.doc) 

• analysis of a teaching learning situation (Chapter4 Level1 Activity2.doc). To 
perform this activity, you need to refer to the document Activity_optics.doc  

And one activity for level 2: 

• design of a teaching learning situation (Chapter4 Level2 Activity1.doc) 
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2.2.3 Submodule 3: Debriefing ICT Activities 

A class activity using computers is generally profitable for both students and teachers. It is an 
interesting moment where students are active. But as in many situations where the students 
are largely autonomous, the question is “what do students must remember from such an 
activity?”. The teacher must not believe that the knowledge imbedded in such an activity is 
known by student just because students have been active. The teacher must debrief the 
activity. What is a debriefing? How to debrief an ICT activity? This section reviews what a 
debriefing is in a general case, then in the case of the use of ICT. 

Definition and characteristics of a debriefing 

Debriefing is a special segment of a teaching sequence when teachers come to the fore after 
having let their students work autonomously during a class activity. A debriefing has several 
important characteristics concerning the knowledge that is used and the organisation of the 
class. This is developed in the following. 

The knowledge used in the debriefing must be the same as the knowledge used during the 
autonomous student activity. Working on chapter number n content is usually not a debriefing 
of an activity of chapter n-1. No conceptual advances are done during a debriefing. Instead, 
the new knowledge that has been developed during the class activity, that is currently 
debriefed, is structured, put into words, and organized so that the students can learn it and be 
able to transfer it into other situations. 

The concepts used by the teacher must be at the same level as they were during the student 
activity. For example, if the notion of chemical reaction is only used at the macroscopic level 
during the activity, it cannot only be used at the microscopic level during the debriefing if it 
had not been used at this level before. If the teacher happened to do so, most of the students 
would not know what the teacher is talking about. More dramatically, students would even try 
to organize the macroscopic concepts with the microscopic characteristics that the teacher is 
currently talking about. 

Structure of the debriefing 

Typically, the debriefing is structured in three ways: a review of the activity that is being 
debriefed; a synthesis of the knowledge; or a structured presentation of the knowledge by the 
teacher. A combination of these three structures can also be possible. Each of these structures 
is developed below. 
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Review of the activity 

During a debriefing that reviews the activity, teachers deal with the question that they 
assigned to the students. The teacher answers several or all the questions and may develop the 
answers. It is a comfortable situation for the teacher. This comfort is due to two reasons: (1) it 
is easy to do so, as the teacher has the memory of the activity and just has to follow the 
questions that were previously assigned to the students. (2) The teacher makes sure that the 
students will have correct answers to the questions asked. Teachers do not let questions go 
unanswered. They probably think that it is contractually part of their job. 

The risk with such a debriefing is that students may get bored as they already did the assigned 
work. The class may also become noisy, and teachers progressively feel that what they are 
doing is useless. To keep the students active and concerned, the teacher may organise such a 
debriefing as a class discussion. Such a situation may end up so that the students keep no 
record of it, as the discussion is not structured and cannot be resumed to few sentences. 

Synthesizing information 

The teacher may organise the debriefing around the synthesis of information. Information can 
be synthesized in a document that the teacher brings to the debriefing. This document can be 
completely or partly written by the teacher. In the latter case, it is completed by the students 
during the debriefing. Organizing such a synthetic document may take time for the teacher, 
which may limit the occurrence of such kind of debriefing. Also the teacher may not be aware 
of the fact that it is possible to organize a debriefing in such a way. In addition, they may not 
know how to do it. 

Synthesized information can be related to different kinds of knowledge. The teacher may link 
two or more activities, experiments, and simulations. Links can exist between facts and 
theory, or between methods, etc. Many possibilities can be imagined. 

The risks with such a debriefing are that the students who were unable to answer all the 
questions assigned during the activity might not acquire the corresponding knowledge 
allowing them to answer similar questions later. Preparing an efficient synthetic document 
requires a good practice of the teaching of the corresponding content. A good analysis of the 
taught knowledge and of student difficulties is necessary. Young teachers usually do not have 
enough practice to do so. 

One of the main advantages of such a debriefing is that students get a written record of the 
debriefing. Moreover, the record is generally well organised as the teacher has prepared it 
carefully. It is not just few sentences written by the students. The record may link different 
kinds of knowledge, which help students to transfer it to other situations. 
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Structured presentation of knowledge 

The third way of debriefing a class activity is a presentation, by the teacher, of the knowledge 
imbedded in the activity. Teachers may structure the knowledge in an organised manner in 
two different ways: either like in a traditional lecture, but using examples taken from the 
activity, or in structuring the activity to present it as in a lecture. Choosing one or the other 
way depends on the content of the activity. If the activity focussed on one or several points of 
the knowledge, for example, in chemistry, by exploring few chemical analytical tests, the first 
type of lecture will be used. Oppositely, if the class activity has its own structure and covers a 
large part of the content, this structure may be used to conceptually organize the lecture. It 
may happen in a (2 hour long) laboratory work where students discovered chemical kinetic by 
spectroscopy following the uprising of I2 colour during a slow oxidation, then by doing it at a 
higher temperature. The whole content of a kinetic chapter is imbedded is such a laboratory 
work and can be used as the basis of a lecture. 

The risk in such a structured lecture is that students who were unable to answer all the 
questions assigned might not acquire the information allowing them to answer similar 
questions later. Oppositely, the advantages of a structured debriefing are that the debriefing 
can deal with more knowledge than was imbedded in the class activity. Also, students get a 
written record of the debriefing, as they know how to take notes from a lecture. On top of that, 
linking different kinds of knowledge can easily be done by the teacher during a lecture, which 
may help students to transfer it to other situations later on. Finally, structured knowledge is 
easier to learn for students. 

Debriefing ICT 

The notion of debriefing has been presented in general teaching, let us see how to manage it 
when ICT is used. The three different kinds of debriefing methods that have been presented 
above are being reviewed in the case of debriefing ICT. 

Reviewing the activity  

During the debriefing, the teacher may or may not use a computer. If the teacher uses a 
computer and a video projector, the teacher may “replay” the ICT to put the situation to the 
fore enabling students to remember details of their work. If the teacher does not use a 
computer, before coming back to the assigned question(s), the teacher has to describe the 
situation that the students had on their screens. 
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Synthetic debriefing 

Debriefing ICT activities must take into account the fact that assessment generally does not 
use computers. Synthesizing information must therefore prepare students for traditional 
assessment methods. The debriefing can be organised around the reading of the document that 
synthesize the significant knowledge to be taught. Letting students read the synthesis at home 
is possible but deprives the students of a class discussion on the knowledge imbedded in the 
document. 

Structured presentation of the knowledge 

The concepts that had been implicitly imbedded in the ICT must be made explicit during the 
presentation of the knowledge. One possibility is having these concepts integrated into the 
titles and the sub-titles of the presentation. 

Conclusion 

This section has shown the importance of debriefing class activities. It has evidence of the 
different ways to debrief, by reviewing the activity, by proposing a synthesis of the 
knowledge imbedded in the activity, or by lecturing it. Each method has risks and advantages 
that must be known by teachers for they choose the most appropriate way to do it. This way 
may be conditioned by the kind of knowledge or by the way this knowledge has been used 
during the activity. The time pressure may also be a determining factor. 

 

Example of the introduction of the microscopic viewpoint of a chemical reaction 

The notion of a chemical reaction can be taught at several levels of understanding: 

• the purely conceptual level of what a chemical reaction is, from reagents to 
products; 

• the symbolic level that consists in teaching how to balance a chemical equation; 

• the mass balance level that deals with the calculation of the amount of substance 
that can be product;  

• and finally, the level that concerns this course: the microscopic level that explains 
how chemical reactions proceed. This microscopic level can itself be considered 
with different objectives: the mechanistic point of view that explains how chemical 
bonds rearrange to go from reagents to products. Typically, organic chemistry is 
taught that way, with nucleophilic substitution for example. Another objective is to 
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introduce the microscopic approach to help the student to make sense of the 
macroscopic and the symbolic approaches. This is what is explained below.  

Research has shown that conceptual and symbolic points of view of the notion of chemical 
reaction are often taught apart. Here, we propose to use ICT to link both of them from a 
dynamic microscopic approach. We have used it once the conceptual and the symbolic aspect 
of chemical reaction had been taught, and to introduce the quantitative aspect. 

Aim of the teaching sequence 

The sequence aims at introducing the concept of chemical reaction from a microscopic 
viewpoint using a simulator. Several units allow the teacher to progressively introduce the key 
concepts that are necessary to fulfill this aim. These units introduce the following concepts: 

• Reactive collisions 

• Stoichiometry 

• Extent of reaction 1/ microscopic viewpoint 

• Extent of reaction 2/ macroscopic viewpoint 

 
Unit 1 – Reactive collisions 

Introduction – Aim of the unit 

students to understand the concept of reactive collision. Such a concept is important to 
provide a mental representation of the process of chemical reactions.  

The framework is a microscopic dynamic representation of a gas made up of two kinds of 
particles named A (blue) and B (pink).  

 

• These particles may react to give C (orange) and D (green).  
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Several parameters can be adjusted by the user: 

• The number of particles may be adjusted for each simulation.  

• The velocity of particles on the screen may also be adjusted with a “temperature” 
cursor. 

 

• The percentage of reactive collisions may be set from 0 to 100% for the two 
directions: 

− A + B → C + D 

− C + D → A + B 

− The teacher sets the percentage-parameter him/herself as its meaning is not 
accessible to students at this level.  

 

Results of the simulation 

The results of the simulation are represented both:  

− as a table, the content of which changes each time a reactive collision occurs;  

 

− and as graphs that plot the numbers of any of the A, B, C or D particles vs. time. 
The graph can display the evolution of any of the reagents and products, according 
to the pedagogical needs.  
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Case where only the number of C particles is displayed 

 

Case where the numbers of A, B and D particles are simultaneously displayed 

 
 
Text of the student task 

The text provided to the student has 4 questions. Answering these questions involves the 
simulator except in specific cases, for example in a prediction-question.  

Student question 1 

• Set the following parameters: 

− Numbers of particles:  

A = 10,  

B = 30, 

C = D = 0.  
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− Temperature cursor completely to the right (maximum velocity of particles) 

− Check in the parameters menu that reactive collisions are 100% in the right 
direction and 0% in the left one. 

• Click on Return to come back to the initial state and watch the behavior of a blue 
particle.  

• List whatever happens to the blue particle. 

Student question 2 

• Within this list, indicate the cases that change the colour of particles.  

• In which case do collisions not change the colours of particles? 

Student question 3 

• What are the colours of the particles resulting from a collision between A and B? 

Student question 4 

• Suggest a definition for reactive collision. 

 

Understanding the ins and outs of the student task 

Before using the text of the task with students, it is a good idea to analyze the knowledge 
imbedded into it. Such an analysis may consist in answering questions such as  

• What did your students know about particles before starting this unit? 

• What did you expect them to learn during the unit? 

• In what way may this new knowledge be useful to understand chemical reaction? 

According to the curriculum we were following for the present teaching, students had already 
been introduced to microscopic representation of gas. Therefore, they already knew about the 
straight trajectory of particles, the bouncing against other particles, and against the walls of 
the box. The new idea is therefore the possible occasional colour change. 

We believe that this knowledge is important to understand the notion of chemical reaction as 
it provides a visual two-dimensional representation of these ideas. For example, the notions of 
reagent and product of reaction are embedded in the simulation. When students find out that 
A and B change colours in a collision, they are faced with to the notion of reagent. This is 
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new for them as the only usual representation of the notions of reagent and product is their 
specific location within the chemical equation. 

Having several representations for the same concept, for example reagent and product, 
provides more opportunities to use them, therefore more opportunity to make sense of them. 
Moreover, these two representations (chemical equation and particles) belong to different 
semiotic registers which offer richer discussion about the notion. In addition, the simulator 
offers a process for the change reagent → product, whereas the chemical equation does not. 

Teacher – student interactions 

The text of the task was designed so that students can work independently during this unit. 
Nevertheless, they may need help with: 

− The technical use of the simulator: there are always students that do not feel 
comfortable with computers. They may be shown how to use the windows before 
they car work independently 

− The changing color of particles: students may expect to find a relation between 
colours; For example they would like to know whether the blue particle becomes 
the orange or the green one. Does this student question have a chemical meaning? 
Obviously not, this question is scientifically useless. But for the student it is an 
important question that deserved an appropriate answer (see the dialogic behavior 
of the teacher). This question can be answered by asking the student to change the 
temperature cursor and watch carefully. 

Unit 2 – Stoichiometry 

The aim of this second unit is to help students to understand the difficult concept of 
stoichiometry. One of the recognized difficulties is its relation with the notion of the mole. 
The viewpoint here is to introduce stoichiometry in counting particles, momentarily avoiding 
the difficulty. 

The idea of stoichiometry 

Monitoring the number of each kind of particles is supposed to make clear than during this 
chemical reaction: when n particles A disappear,  

− n particles B disappear, 

− and as many C and D simultaneously appear, 

and this is the basic idea of stoichiometry. 
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Overview 

The text provided to the students is assigned with 3 predictive questions to be answered 
without using the simulator. Then, the students are required to check their predictions with the 
simulator.  

 

The student questions are 

Set the following parameters: ni(A) = 10 particles, ni (B) = 30 particles, the i indices stand for 
the initial state of the simulated system. 

1. Foresee (without looking at the screen) the numbers of particles A, B, C and D after the 
first reactive collision (intermediate state 1). 

2. Same question after the 5th reactive collision (intermediate state 2) 

3. Same question in the final state. 

4. Check your answers from the simulation. 

Knowledge analysis 

• What knowledge do you expect the students to use in answering these questions? 

• What did you expect them to learn during this unit? 

• In what way may this new knowledge be useful to understand the notion of 
chemical reaction? 

Students are to use the mental model developed from the simulation in unit 1. To answer (in 
one form or another) that (A, B, C, D) = (9, 29, 1, 1) after the first reactive collision, students 
– who do not know stoichiometry yet – must understand what happens during a reactive 
collision. 

The students that could not find the solution to the first question have another chance to use 
the same knowledge (relative to stoichiometry) in answering the following question, the 
answer of which is (A, B, C, D) = (5, 25, 5, 5) after the fifth reactive collision. 

The level of difficulty increases when students are required a general relation to give (A, B, C, 
D) after the ith reactive collision. Teachers that used this simulator for several years would say 
that the students who are able to find the answer are clearly able to pursue scientific studies.. 
They should answer that (A, B, C, D) = (10-i, 30-i, i, i) after the ith reactive collision. 
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Checking the answer with the simulator may bolster student idea that their mental model is 
efficient. Checking the answer with the simulator also shows students the usual scientific 
method of prediction / check. If students cannot answer the first question (number of particles 
after one reactive collision), the teacher must analyse, with the simulator at slow speed, what 
happens during a reactive collision, which is a come back to the first unit.  

Debriefing 

Debriefing this situation makes it possible to introduce the extent of the reaction variable. 
Although this variable is usually introduced in its overall thermodynamical aspect at 
university level, the basic idea of what it is in terms of particle counting is not difficult and 
quite useful. The extent of reaction (usually represented as ξ, but x is used here instead) is the 
amount of substance formed for a product that has “1” as stoichiometric number. 

Introducing the extent of reaction 

The variable x can be introduced at the microscopic level. In our case, x is a number of 
collisions from the beginning of the simulation; therefore it is the number of particles formed. 
It is also the number of C or D if their initial value is 0. The extent of reaction can profitably 
be used in the following table: 

  A       +       B       →       C       +       D 

State of the system extent of reaction
x 

number of A
n(A) 

number of B
n(B) 

number of C 
n(C) 

number of D
n(D) 

Initial state      

Intermediate state 1      

Intermediate state 2      

Any intermediate state      

Final state       
 

Unit 3 – Extent of reaction 1/ microscopic viewpoint 

Aim of the unit 

The aim of this third unit is to introduce students to the concept of the extent of reaction. The 
previous unit has counted particles at different stage of the reaction. It is now time to make 
explicit that the number of particles formed is the extent of reaction. 
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Overview 

The previous unit has been debriefed in partly filling out part of the table below with their 
results. In this unit, the students have to make explicit the relation between their data in the 
table and the variable extent of reaction. In this part the students are therefore required to go a 
step forward in the use of this table 

 

Student questions 

The variable extent of reaction, labelled as x, corresponds to the number of particles C (or D) 
that has formed. 

1. Fill in the column of the extent of reaction, but not the line “Any intermediate sate”. 

2. With data of the table, check that the number of particles A in any intermediate state 
(characterised by the extent of reaction x) can be given by  n(A) = ni(A) – x 

3. Give the numbers of particles B, C and D in any intermediate state in function of x 

4. Find an initial state that fits with the final state: nf(A) = 8; nf(B) =0; nf(C) = nf(D) = 13. 
Check with the simulation. 

5. Propose an initial state that leads to no particles A nor B in the final state. Check with the 
simulation (such a state is said to be in stoichiometric proportion). 

Students are expected to use the definition of the extent of reaction given in the beginning of 
this unit:  

1. The variable extent of reaction, labelled as x, corresponds to the number of particles C (or 
D) that has formed. 

2. With data of the table, check that the number of particles A in any intermediate state 
(characterised by the extent of reaction x) can be given by   

n(A) = ni(A) – x 

Students are expected to use the general relation giving n(A) after the x th collisions. 

3. Give the numbers of particles B, C and D in any intermediate state in function of x. 

Students are expected to use the general formula giving n(A). This use must include the 
values of the numbers of particles at the initial state. 
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They should answer that (A, B, C, D) = (10-i, 30-i, i, i) after the ith reactive collision. 

Checking the answer with the simulator may bolster student idea that their mental model is 
efficient. 

 

Unit 4 – Extent of reaction 2/ macroscopic viewpoint 

Unit 4 does not use ICT. It uses the notion of extent of reaction and the table of the extent of 
reaction to “normal” chemistry problems. For example, what is the mass balance if 0.23 mol 
of Cl2 reacts with 0.075 mol of CH4 in the reaction represented by 

CH4 + Cl2 → CH3Cl + HCl 

The difficulty, to transfer knowledge from unit 3 to unit 4, is to realise that the extent of 
reaction, that was a number of particles in unit 3 is now expressed in mole in unit 4. In the 
table of the extent of reaction, the variables are therefore not the same whereas the use of the 
table is similar. This difficulty should not be underestimated. The table of reaction becomes 

 In mole CH4 Cl2 CH3Cl HCl 

Initial state x = 0 0,075 0,23 0 0 

Intermediate state X 0,075 – x 0,23 – x 0 + x 0 + x 

Final state xf 0,075 – xf = 0 

xf = 0,075 

0,23 – 0,075 = 0,175 0,075 0,075 

 
 
Not only the unit has changed from number of particles to mole, but also the numbers were 
integers, whereas they are real numbers now. 

Conclusion 

In this example, the ICT has proved its efficiency in introducing a key step in the 
understanding of the quantitative and qualitative aspects of the notion of chemical reaction. 
The notion of extent of reaction has also naturally emerged from this work and, through the 
table of the extent of reaction, it becomes an efficient tool for mass balance determinations. 
The dynamic mental model that is provided to students is also efficient and can be used in 
many other situations. This model efficiently links macroscopic and symbolic points of view. 
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2.3 MODULE 3 – Self Evaluation of own Teaching with Computer Aided 
Teaching and Learning Material (CAT) through Action Research  

Helga Stadler, Clemens Nagel, Sönke Graf,  Zhelyazka Dimitrova Raykova 

How to self-evaluate my own ICT-teaching with action research 

 

The course will last 5 months and is organized as Blended Learning Course, with an 
incorporated one-week face-to-face meeting.  

It is strongly recommended that all participants of module 3 have at least some experiences 
and a minimum knowledge in criteria for choosing usable computer aided teaching and 
learning materials (M1) and ways and methods of implementation of computer aided teaching 
and learning materials(M2). If you want to attend course module 3 without the experiences 
mentioned, you must read selected parts of M1 and M2. In that case, please contact the 
trainers before the course M3 starts. 

Within the course you can choose between several submodules – each of which is designed to 
• improve your professional skills concerning the use of ICT in science class 

• teach – what Action Research is and how it helps to gain personal benefit for your 
own teaching 

• Get to know several methods of self evaluation (e.g. how to analyse and interpret 
data you gain in your class) 

• Learn how to benefit by reflecting teaching methods with critical friends 

Learning objectives:  

• Improve your professional skills concerning the use of ICT in science class 

• Learn what action research is and how it personally benefits you in your own 
teaching. 

• Get to know several methods of self-evaluation (e.g. how to analyze and 
interpret data you collect in your class) 

• Learn how to benefit from reflecting on your teaching methods with critical 
friends 
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You can choose between different levels: 
 
Submodule 1  
 
If you have no experience with self-evaluation/action research and you don't plan on 
attending the Face-to-Face Meeting.  

• Get an idea of how self-evaluation and Action Research can help to gain personal 
benefit for own teaching 

• Formulate a question that might be of interest for your own teaching and discuss it 
with your colleagues 

• Get to know several methods of Action Research and how to analyze and interpret 
data concerning teaching and learning in class 

• See examples of analyzing and interpreting data 

Submodule 2 
 
If you have no experience with self evaluation/action research and you plan on attending 
the Face-to-Face Meeting. 

• Learn how to apply general questions on ICT-teaching to one of your science lessons 

• Learn how to adapt 2 small and easy AR-methods to your ICT-science lesson  
(See examples and adapt given methods) 

• Learn how to gain data in your own class and how to interpret these data 

• Learn how effective cooperative reflections are 

• Learn how to write a small reflective paper and discuss the paper with your mentor 
and with critical friends 

Submodule 3  

If you have experiences with self evaluation/action research and you don't plan on 
attending the Face-to-Face Meeting. 

• Gain knowledge of ways and methods of action research 

• Get an overview of recent Action Research projects in science education 

• Get to know more about qualitative and quantitative research methods 
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Submodule 4  
 
If you have experiences with self-evaluation/Action Research and you do plan on attending 
the Face-to-Face Meeting.  

• Learn how to formulate specific questions for your ICT-based science lesson concept 

• Learn to develop and design your own evaluation tools (see examples) 

• Learn how to process and interpret your own data 

• Learn how to work in a research team 

• Learn how to triangulate your data 

• Learn how to write a reflective paper 

Learning methods: distance learning (sub-modules 1 & 3) and blended learning (sub-
modules 2 & 4) 

 
To get a certificate for Module 3, you have to pass sub-module 2 or 4. 
 

We strongly recommend that all participants buy the following book, as it is 
required for the units ahead: Teachers Investigate Their Work: An Introduction to 
the Methods of Action Research, 2nd revised edition by Herbert Altrichter, Allen 

Feldman, Peter Posch, Bridget Somekh, ISBN-10: 0415377943, ISBN-13: 978-0415377942. 
Publisher: Routledge, 2008. 
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2.3.1 Submodule 1: Why and How to Self Evaluate a Science Lesson 

 

Structure of the submodule 

• Theory and methodology of Action Research 

• Learning from other teachers’ examples 
 

Recommended literature: Altrichter, H., Feldman, A., Posch, P., Somekh, B. 
(2008). Teachers Investigate their Work. London: Routledge.  

 

Unit 1 –  What is action research? Read introductory literature 

At first we want to find out, what Action Research is, and where it comes from. We 
would like you to read a bit of introductory literature. And then look at a 
presentation on the research guidelines used in Action Research 

Take the recommended book and read the introduction (chapter 1) 

Have a close look at the action research guidelines (presentation; Stadler, 2008)  

 

 

 

Learning outcomes  

• Get an idea of how self-evaluation and action researchAction Research can 
help to benefit one’s own teaching 

• Formulate a question that might be of interest regarding your own teaching 
and discuss it with your colleagues 

• Get to know several methods of action researchAction Research and how to 
analyze and interpret data concerning teaching and learning in class 

• See examples of analyzing and interpreting data 
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Unit 2 – Reflective Papers 

Now that we have gained a rough idea, what Action Research is about. We want 
you also to see the results that come from Action Research. In the following example Walter 
Doubek a teacher of mathematics and physics in Austria has written his very own reflective 
paper. Please read Walter’s reflective paper. 

Example: Reflective paper 

Read Walter Doubek’s reflective paper: study1 complete.pdf on the CD. 

Optional:  

What function did the reflective paper have for Walter?  

What topics did he address in this paper? 

 Please write your ideas into the according WIKI inside the Moodle Platform of this course. 
Together with the answers of other users, you will be able, to create a more complete account 
of what function a reflective paper has and what topics it addresses. 
 

Unit 3 – How to work with data 1 – Interviews 

One important tool within Action Research are the interviews, that you (or another 
person) do with the students inside your class. In the following section we have two 
interviews, that were done with two different students who had attended the same class. We 
encourage you to read both interviews closely and then answer the following questionnaire. 

Read two interview-transcripts: study1 interview1.pdf, study1 
interview2.pdf  on the CD. 

Answer the following questions and post your answers in the discussion forum inside 
the Moodle platform: 

• Same class, same lesson – what do students think about it? 

• What are the main differences between the students´ points of view? 

• How can we possibly explain these differences? 

• What conclusions can a teacher draw? 

• What´s Walter’s interpretation and which conclusions does he draw? 
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Unit 4 – How to work with data 2 – Questionnaires 

Teachers often use questionnaires instead of interviews. Imagine you would have 
to pose the same questions in a standardized questionnaire that Walter asked in his interview.  
Can you gather the same information in a questionnaire, that you received from an interview? 

Have a look at Study2 summary.pdf (by Edeltraud Schwaiger). She used 
open-ended questions. For easier interpretation, she categorized the 
answers and encoded the raw data and gave a quantitative overview. 

Open the file Study2 raw data set.pdf  on the CD-Rom here you can find all the answers 
Edeltraud received in her questionnaire. In order to be able to work with the data, we would 
like you to form several categories out of the answers and attribute the answers to those 
categories. Please note that one answer can become part of more than one of your categories. 
In the end you will have a table with your categories on the left and the number of times this 
category was mentioned inside the answers of the raw data on the right. 

 

Unit 5 – Find questions to improve your own science lessons 

Inside Action Research the idea of “critical friends” is an important one. Because 
you are effectively a prisoner inside your own skin, it is vital for you and your own 
professionalisation to look through the glasses of other people. Those “critical friends” are not 
there to “slag you off” but to show you different angles of your situation, your work or your 
plans. It is quite important for you to realise, that nothing inside you can replace the outside 
view – this is why collaboration with “critical friends” is so important. Do not worry: Seeing 
the world through a different angle is a quite refreshing and inspiring experience. 

In this exercise we ask you to work in groups of 3 in the according 
discussion forum of the Moodle platform. Every course participant is 
asked to do the following tasks: 

1. Briefly describe a part of one of your own ICT-based (science) lessons. Do this in a way 
that your colleagues abroad can understand what you intended to do, what actually 
happened and what your ideas were about this lesson. 

2. In order to help everybody come to a deeper understanding of what is the aim and the 
methodology behind your lesson, your colleagues are  hereby encouraged to ask you 
questions about your lesson inside the Forum. 
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3. Think about what you would need to know (and from whom) to improve your own lesson 
and formulate concrete questions to your European colleagues. Post the questions in the 
forum and discuss them with your colleagues. 

When thinking about questions, please always keep gender issues in your 
mind: Boys and girls may have different interests, different ways of 
interaction, communication and behaviour. 

About Unit 1: The trainer could add some questions (e.g. whether or not anybody already has 
experience with self-evaluation or action research). 

About Unit 5: This part of the module is the most important one, because it refers to the 
classroom situation that each teacher experiences on a daily basis. The second step is of major 
importance. The presenting teacher learns more about his or her own situation through 
questions by the other teachers. It is important that the teachers who ask questions follow 
some rules. They have to be “active listeners”, that means that they should not give advice or 
report from their own experiences but actively think on the part of the colleague who reported 
on his lesson. In the end the trainer might ask what the presenting teacher has learned, 
whether or not the other teachers can report about experiences that might be of interest for the 
presenting teacher, etc. If possible, this unit should be part of a face to face meeting. We 
haven’t yet had any experience with how this works in terms of a discussion forum, please 
inform us what your experiences are. 
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2.3.2 Submodule 2: First Steps to Investigate your Science Lesson  

 

Structure of the module: 

• First experiences with action research 

• Formulating your own lesson concepts and defining questions for them 

• Using at least one action research evaluation method 

 
Recommended literature: Altrichter, H., Feldman, A., Posch, P., Somekh, B. 
(2008). Teachers Investigate their Work. London: Routledge. 

 

Unit 1 – What is action research? Read introductory literature 

At first we want to find out, what Action Research is, and where it comes from. We 
would like you to read a bit of introductory literature. And then look at a presentation on the 
research guidelines used in Action Research 

 
Take the recommended book and read the introduction (chapter 1). 

Have a close look at the action research guidelines (presentation; Stadler, 2008)  

 

Learning outcomes: 

• Learn how to apply general questions about ICT-teaching to one of your 
science lessons 

• Learn how to adapt 2 small and easy AR-methods to your ICT-science  lesson 
(See examples and adapt given methods) 

• Learn how to collect data in your own class and how to interpret this data 

• Learn how effective cooperative reflections are 

• Learn how to write a short reflective paper and discuss the paper with your 
mentor and with critical friends 
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Unit 2 – Reflective Papers 

Now that we have gained a rough idea, what Action Research is about. We want 
you also to see the results that come from Action Research. In the following example Walter 
Doubek a teacher of mathematics and physics in Austria has written his very own reflective 
paper. Please read Walter’s reflective paper. 

Example: An action research-study 

Read Walter Doubek’s reflective paper: study1 complete.pdf on the CD. 

Optional:  

What function did the reflective paper have for Walter?  

What topics did he address in this paper? 

Please write your ideas into the according WIKI inside the Moodle Platform of this 
course. Together with the answers of other users, you will be able, to create a more 
complete account of what function a reflective paper has and what topics it 
addresses. 

 
Unit 3 – How to work with data 1 – Interviews 

One important tool within Action Research are the interviews, that you (or another 
person) do with the students inside your class. In the following section we have two 
interviews, that were done with two different students who had attended the same class. We 
encourage you to read both interviews closely and then answer the following questionnaire. 

Read two interview-transcripts: study1 interview1, study1 interview2 on 
the CD. 

 
Answer the following questions and post your answers in the discussion forum: 

• Same class, same lesson – what do students think about it? 

• What are the main differences between the students´ points of view? 

• How can we possibly explain these differences? 

• What conclusions can a teacher draw? 

• What´s Walter’s interpretation and which conclusions does he draw? 
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Unit 4 – How to work with data 2 – Questionnaires 

Teachers often use questionnaires instead of interviews. Imagine you would have to 
pose the same questions in a standardized questionnaire that Walter asked in his interview.  
Can you gather the same information in a questionnaire, that you received from an interview? 

Have a look at Study2 summarysummary.pdf (by Edeltraud Schwaiger). She used 
open-ended questions. For easier interpretation, she categorized the answers and 
encoded the raw data and gave a quantitative overview. 

Open the file Study2 raw data set.pdf  on the CD-Rom here you can find all the 
answers Edeltraud received in her questionnaire. In order to be able to work with 

the data, we would like you to form several categories out of the answers and attribute the 
answers to those categories. Please note that one answer can become part of more than one of 
your categories. In the end you will have a table with your categories on the left and the 
number of times this category was mentioned inside the answers of the raw data on the right. 

 

Unit 5 – Other action research methods: 

One can use several scientific tools in Action Research, some of them are useful 
in certain contexts, but are not as good in others. When it comes to finding out, whether the 
students liked certain aspects of a lesson a simple multiple choice questionnaire might suffice. 
If you want to find out how students felt inside a lesson an interview might be a better choice. 
Find out more about methods inside the recommended literature. 

 

Think about the following questions: 

• Which methods did Walter use?  

• What are the pros and cons of each method?  

Post your opinion in the discussion forum.  

• What other kinds of action research methods could Walter have used?  

• What pros and cons could they have?  

Post your opinion in the discussion forum. 
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Unit 6 – Introduction – find questions to improve your own science lessons 

Face-to-Face Meeting – how exciting! Finally you will be meeting all the colleagues 
you have been working with online. What will they look like in real life? How will one get 
along with them? What will the  general atmosphere be like? At first let’s start with a little 
introductory session: 

Introduce yourself in the plenary session and give a short overview of your 
experiences with ICT in science lessons. Concerning the amount of time, that your 
introduction should take – please ask your course leaders. We would like to strongly 

encourage you to bring media from your school and your classroom, like photographs or 
video material. 

After the introduction everyone should get together in subgroups of 3. Everyone 
should do the following: 

• Briefly describe (10 min) a part of one of your ICT-based (science) lessons. Do 
this in a way that your colleagues can understand what you intended to do, what 
actually happened and what your ideas were about this lesson. Again your 
explanations can be supported by media. 

• Your colleagues should then ask questions about the lesson in order to come to a 
deeper understanding of what happened.  

• Think about what you would need to know (and from whom) to improve your 
lesson and formulate concrete questions. Discuss the questions with your 
colleagues and pick the most important question for a small action research 
project. 

 

Present the results of your group work in the plenary session. 

 

When thinking about questions, please always keep gender issues in your 
mind: Boys and girls may have different interests, different ways of 
interaction, communication and behaviour. 
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Unit 7 – Plan your own ICT-lesson 

Now we want to go right into the practical work and starting on your first Action 
Research project. 

First have a close look at the best practice pool of the CAT4U course. Maybe you 
have some new ideas for ICT-based science lessons. 

Then plan your own ICT-lesson which you will implement in one of your own science classes 
(for trying out self-evaluation using action research methods) after the meeting. If you feel 
like it you are encouraged to plan your lesson together with a colleague from a different 
country.  

Within the detailed lesson plan, take into the following issues into account: lesson goals, the 
students’ previous knowledge, materials, media, ICT-tools, teaching methods, testing 
methods, etc. 

 

Unit 8 – Plan your Action Research activities 

Now that you have got your lesson ready. It is time to think about what your Action 
Research project will be focusing on. It is important that you make up your mind, what you 
consider an important question for your very own personal development. This question should 
have to do everything with yourself!  

Read about criteria of good Action Research (chapter 5, p. 148 of the recommended 
book). 

Formulate one question concerning your lessons, as practiced in Unit 6. 

Choose two research methods that fit your question (you can use the examples mentioned in 
sub-module 1 or sub-module 2/distance learning-phase 1) and prepare all material necessary 
for application (questionnaires, interview questions,...). When doing that, have a look at the 
corresponding sections in chapter 5 (e.g. observation M21-M24; audio recording M27; 
interviews M29-30; quick methods M25) and outline important hints to keep in mind when 
using this method.  

Prepare a presentation about your planned lesson and your action research study. About the 
length of the presentation you should ask your course leader. 
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Unit 9 – Discussion of the Action Research proposals 

It is time to draw inspiration from the refreshing different angles, that “critical 
friends” can provide to your own view. 

Please, get together into subgroups of 5 persons. 

Present your lesson concept, the question formulated and the action research 
methods for self-evaluation of the lesson. 

The group should discuss the pros and cons of the methods and materials for investigation 
and find ways to improve the proposals together. 

 

Unit 10 – Collect your data 

Back home! Now it is time to start your own AR project… 

Prepare the lesson (date, class, etc.) and the collection of the data (time, 
information for students, headmaster and parents if necessary, material). Again this 
can be done in collaboration over the Internet, if you prepared the same lesson. 

Teach the planned ICT-lesson and collect the data necessary for your study. 

 

Unit 11 – Process and interpret your data 

Now you should have your data ready. It is obvious, that you should learn some 
more on how you can process your data. 

In order to deepen your knowledge about analysis of data, read chapter 6, or at least 
parts of this chapter (MAKING SENSE OF DATA; M32 – M36; pattern analysis). 
Then code your own data, analyze and interpret it. 
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Unit 12 – Presentation and Discussion of your outcome 

So what did you find out? We are really excited to hear from you and to hear from 
your results and the interpretation of your data. Please share with us… 

Prepare a digital presentation of your outcome. Post it on the web-
platform. 

Get together in subgroups of 3 for discussion in the forum. Read the others’ 
presentations. Discuss your experiences with action research methods. Also think 
about connecting via Skype. Outline, e.g. pros and cons of methods used and ways 

of interpretation. Tell your colleagues what you think about their way of interpreting and 
analyzing data and each one’s personal benefit for teaching. Remember your main job is to 
present a different angle for your partners.  Maybe together you will find a completely new 
way of interpreting the results. 

 

Unit 13 – Write a reflective paper (or interactive poster) 

You know this, because you are telling your students all the time: What you write, 
is being thought through again and is all the more present in your mind later on. So now it is 
your turn, to write a paper on what you have learned about your teaching, about your class 
and about yourself. You might call this tedious – we call it professionalization. 

Write a reflective paper. (This could also be an interactive poster or something else, 
but it must follow a certain structure and must be written in complete sentences.) 

Read the presentation about reflective papers. A possible structure could be taken 
from study1 by Walter Doubek (on the CD), the paper should not have more than 5-
10 pages. 

 
Unit 14 – Peer review of the reflective paper 

 

Post your reflective paper on the web-platform. 

Read and comment on two of the other participants’ papers. Offer them proposals 
for improvement.  

(Your trainer will do the same) 
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About Unit 1: The trainer could add some questions (e.g. whether or not anybody 
already has experience with self-evaluation or action research) 

About Unit 6: This part of the module is the most important one, because it refers to the 
classroom situation that each teacher experiences on a daily basis. Mainly the second step is 
of importance. The presenting teacher learns more about his or her own situation through 
questions from the other teachers. It is important that the teachers who ask questions follow 
some rules. They have to be “active listeners”, that means that they should not give advice or 
report from their own experiences. In the end the trainer might ask what the presenting 
teacher has learned, whether or not the other teachers can report about experiences that might 
be of interest for the presenting teacher, etc.  

Planning action research studies: Teachers tend to plan extensive workloads, taking too many 
questions, too much data, etc. So it's important that the trainer supports teachers in defining 
their questions and in reducing the amount of data collection as much as possible.   

Reflective papers: Guidelines for the reflective paper are helpful for the teachers. Some 
teachers might have difficulties structuring their work and writing it in a way that gives the 
reader all of the information that he or she should have in order to understand what happened. 
Another problem might be that teachers write down their own ideas and don't take into 
account the data they get. Furthermore, teachers tend not to refer to the questions they had 
when they started their action research study.  

Action research needs “action”: An important part of action research is that teachers draw 
conclusions for their future teaching. An action or intervention in their own teaching must 
follow the investigation. In that way, the circle of action research can be implemented not 
only as a program for individual teachers but for schools as well.  

At the local level: Have more meetings! If possible, split up the large face-to-face meeting in 
the middle of the course module. Units 6 & 12 (better: 6, 9 & 12) should be held as face-to-
face meetings.  Generally, the more face-to-face meetings you have, the more teachers get the 
chance to learn how to cooperate with colleagues (and benefit from this cooperation) and how 
to transfer this cooperation to their own schools. 
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2.3.3 Submodule 3: Theoretical Aspects and Research Background of Action 
Research Based Professional Development  

 

In this sub-module teachers will learn theory and methodology of action research in (science) 
education 

Recommended literature: Altrichter, H., Feldman, A., Posch, P., Somekh, B. 
(2008). Teachers Investigate their Work. London: Routledge. 

 

Unit 1 – Update your knowledge about action research 

You know Action Research or you know a lot about self-evaluation – but do you 
really remember the essentials? Let’s start by refreshing your memory… 

Have a close look at the action research guidelines presentation (Stadler, 2008) on the 
CD to evaluate your knowledge and experience with how action research works. 

Read about these topics in the recommended book (introduction chapter 1).  

 

Unit 2 – How does Action Research work? 

Let’s prepare a quick cheat sheet for you. Shall we…? 

Read chapter 10 in the recommended book. Also look for additional literature about 
action research on the web or in other available books (e.g. the Handbook on science 
education).  

Think about and discuss the following questions: 

• How does action research work?  

• What is the goal of action research?  

Learning outcomes: 

• Gain knowledge of ways and methods of action research  

• Get an overview of recent action research projects in science education 

• Get to know more about qualitative and quantitative research methods 
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• What are the main differences between action research and general research in 
science education? 

Write a summary of the main goals of action research and how it works. 

 

Unit 3 – Find questions and methods 

You should now start to think on how you yourself can use Action Research to 
evaluate your ICT lessons. As thinking alone can be less efficient than doing it together we 
ask you to collaborate with other European teachers in this course. 

Think about the following questions, answer them and post your answers in 
the discussion forum.  

• What questions can be posed regarding the use of ICT in science education?  

• Which methods can be used in order to answer these questions?  

• What are the advantages and disadvantages of each method (from both a practical 
and a theoretical point of view)? 

When thinking about questions, please always keep gender issues in your 
mind: Boys and girls may have different interests, different ways of 
interaction, communication and behavior. 

 

Unit 4 – More about methods – a theoretical aspect 

Let us go a little deeper into the theory… 

Read two presentations about research methods in the social sciences to 
evaluate your knowledge and experience with that topic (presentation1, 
presentation2 on the CD).  

What do you have to consider when analyzing data?  

Have a close look at chapter 6 in the recommended book.  

Prepare a document on your thoughts and upload it. 
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Unit 5 – Examples 

Now you will see two examples of AR at work… 

Read Study2 summary.pdf (by Edeltraud Schwaiger) and Study3 
summary.pdf (by Hildegard Urban-Woldron) and discuss the following 
questions: 

• What did you learn about these teachers’ work?  

• What were the main goals?  

• Which methods did they use? Were these methods adequate for the questions they 
had? Do you agree with the methods they used for analyzing the data?  

• Were the results they achieved correct?  

• What alternatives could you imagine? 

Post your answers in the discussion forum. 

 

Unit 6 – The goal of action research 

Now find out about your own goals for AR – how can AR work for you? 

The goal of action research, within a school, is to improve education. How could this work? 
Read chapters 7, 8 and 9 in the recommended book.  

Post your answers in the discussion forum. 

Sub-module 3 concentrates on research in science education and on action research. 
That means that the teachers who work on this module should have the opportunity to 
read papers in these fields and discuss them. The literature is not given here because the 

literature that might be of importance for the teachers might be different from country to country. 
In the different journals on science education, as well as on the web, you will find several articles 
on topics that might be relevant for the teachers in your country, so the teachers themselves get an 
overview of the main websites and journals in that field.  

About Unit 3: This part of the module is the most important one, because it refers to the 
classroom situation that each teacher experiences on a daily basis. Mainly the second step is 
of importance. The presenting teacher learns more about his or her own situation through 
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questions from the other teachers. It is important that the teachers who ask questions follow 
some rules. They have to be “active listeners”, that means that they should not give advice or 
report from their own experiences. In the end the trainer might ask what the presenting 
teacher has learned, whether or not the other teachers can report about experiences that might 
be of interest for the presenting teacher, etc. 
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2.3.4 Submodule 4: How to Investigate Specific Aspects in your Science Lessons 

 

Structure of the submodule: 

• Action research in practice 

• Formulating your own lesson concepts and questions about them 

• Using and reflecting action research evaluation methods 

 

Recommended literature: Altrichter, H., Feldman, A., Posch, P., Somekh, B. 
(2008). Teachers Investigate their Work. London: Routledge. 

 

Unit 1 – Update your knowledge about action research 

You know Action Research or you know a lot about self-evaluation – but do you 
really remember the essentials? Let’s start by refreshing your memory… 

Have a close look at the action research guidelines presentation (Stadler, 2008) to 
evaluate your knowledge and experience with how action research works. 

Read about these topics (chapters 1 and 10) in the recommended book. 

 

Learning outcomes: 

• Learn how to formulate specific questions for your ICT-based science lesson 
concept 

• Learn to develop and design your own evaluation tools (see examples) 

• Learn how to process and interpret your own data 

• Learn how to work in a research team  

• Learn how to triangulate your data  

• Learn how to write a reflective paper
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Unit 2 – How does action research work? 

Let’s prepare a quick cheat sheet for you. Shall we…? 

Also look for additional literature about action research on the web or in 
other available books (e.g. the Handbook on science education). Think 
about and discuss the following questions: 

• How does action research work?  

• What is the goal of action research?  

• What are the main differences between action research and general research in 
science education? 

Write a summary of the main goals of action research and how it works. 

 

Unit 3 – Find questions and methods 

You should now start to think on how you yourself can use Action Research to 
evaluate your ICT lessons. As thinking alone can be less efficient than doing it together we 
ask you to collaborate with other European teachers in this course. 

Think about the following questions, answer them and post your answers in 
the discussion forum. 

• What questions can be posed regarding the use of ICT in science education?  

• Which methods can be used in order to answer these questions?  

• What are the advantages and disadvantages of each method (from both a practical 
and a theoretical point of view). 

When thinking about questions, please always keep gender issues in your 
mind: Boys and girls may have different interests, different ways of 
interaction, communication and behavior. 
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Unit 4 – More about methods – a theoretical aspect 

Let us go a little deeper into the theory… 

Read two presentations about research methods in social science to 
evaluate your knowledge and experience with that topic (presentation1, 
presentation2 on the CD)  

What do you have to consider when analyzing data? Have a close look at chapter 6 of the 
recommended book.  

 

Unit 5 – Examples 

Now you will see two examples of AR at work… 

Read Study2 summary.pdf (by Edeltraud Schwaiger) and Study3 
summary.pdf (by Hildegard Urban-Woldron) and discuss the following 
questions: 

• What did you learn about these teachers’ work?  

• What were their main goals?  

• Which methods did they use? Were these methods adequate for the questions they 
had? Do you agree with the methods they used for analyzing the data?  

• Were the results they achieved correct?  

• What alternatives could you imagine? 

Post your answers in the discussion forum. 

 

Unit 6 – The aim of action research 

Now find out about your own goals for AR – how can AR work for you? 

The goal of action research, within a school, is to improve education. How could this work? 
Read chapters 7, 8 and 9.  

Post your answers in the discussion forum. 
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Unit 7 – Introduction – find questions to improve your own science lessons 

Face-to-Face Meeting – how exciting! Finally you will be meeting all the colleagues 
you have been working with online. What will they look like in real life? How will one get 
along with them? What will the  general atmosphere be like? At first let’s start with a little 
introductory session: 

Introduce yourself in the plenary session and give a short overview of your 
experiences with ICT in science lessons. Concerning the amount of time, that your 
introduction should take – please ask your course leaders. We would like to strongly 

encourage you to bring media from your school and your classroom, like photographs or 
video material. 

After the introduction everyone should get  together in subgroups of 3. Everyone 
should do the following: 

• Briefly describe (10 min) a part of one of your ICT-based (science) lessons. Do 
this in a way that your colleagues can understand what you intended to do, what 
actually happened and what your ideas were about this lesson. Again your 
explanations can be supported by media. 

• Your colleagues should then ask questions about the lesson in order to come to a 
deeper understanding of what happened.  

• Think about what you would need to know (and from whom) to improve your 
lesson and formulate concrete questions. Discuss the questions with your 
colleagues and pick the most important question(s) for an action research project. 

 

Present the results of your group work in the plenary session. 

When thinking about questions, please always keep gender issues in your 
mind: Boys and girls may have different interests, different ways of 
interaction, communication and behavior. 
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Unit 8 – Plan your own ICT-lesson 

Now we want to go right into the practical work and starting on your first Action 
Research project. 

First have a close look at the best practice pool of the CAT4U course. Maybe you 
have some new ideas for ICT-based science lessons. 

Plan your own ICT-lesson which you will implement in your science class after the meeting. If 
you feel like it you are encouraged to plan your lesson together with a colleague from a 
different country. 

Choose a class and time. Write a detailed lesson plan, take into account the following issues: 
goals, materials, media, ICT-tools, teaching methods, testing methods, etc. 

 

Unit 9  – Plan your action research activities 

Now that you have got your lesson ready. It is time to think about what your Action 
Research project will be focusing on. It is important that you make up your mind, what you 
consider an important question for your very own personal development. This question should 
have to do everything with yourself ! 

Read about data collection (chapter 5, mainly the chapters about observation M21-
M24; audio recording M27; interviews M29-30 and quick methods M25)).  

Formulate detailed question(s) concerning your lessons, as practiced in Unit 7. 

Prepare at least three action research methods that fit the chosen question. Make sure that 
they cover each of the 3 different points of view of the lesson (teacher, students, critical 
friends – external perspective), so that you can use the triangulation method for interpretation 
(chapter 5, p. 144). 

Make sure to consider the ethical code and criteria for quality (see chapter 5, p. 
148).  

When doing your preparation work, have a look at the corresponding sections in 
chapter 5 and outline important hints to consider when using this method.  

Prepare a presentation on your planned lesson and action research study.  
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Unit 10 – Discussion of the action research proposals 

It is time to draw inspiration from the refreshing different angles, that “critical 
friends” can provide to your own view. 

Please, get together in 2 subgroups of 5 persons each. 

Present your lesson concept, the questions formulated and the action research 
methods for self-evaluation of the lesson. 

The group should discuss the pros and cons of the methods and materials for investigation and 
find ways to improve the proposals together. 

 

Unit 11 – Collect your data 

Back home! Now it is time to start your own AR project… 

Prepare the data collection: inform your students and, if necessary, your headmaster 
and your students’ parents. Again the planning can be done in collaboration with 
your European friends over the Internet, if you prepared the same lesson that is… 

Implement the ICT-lesson you planned and collect your data.  

 

Unit 12 – Process and interpret your data 

Now you should have your data ready. It is obvious, that you should refresh your 
knowledge on how you can process your data. 

In order to enhance your knowledge about analysis of data, read chapter 6 or at least parts of 
this chapter. Then code your own data, analyze and interpret it. 

 

Unit 13 – Presentation and Discussion of your results 

So what did you find out? We are really excited to hear from you and to hear from 
your results and the interpretation of your data. Please share with us… 

Prepare a digital presentation of your results. Post it on the web-platform. 
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Get together in subgroups of 3 for discussion in the forum. Read the others’ presentations and 
discuss them. Outline e.g. pros and cons of methods used, ways of interpretation, what was 
surprising, interpretation pitfalls. Also consider connecting via Skype. 

Tell your colleagues what you think about their way of interpreting and analyzing data and 
how it will personally benefit their teaching. Remember your main job is to present a different 
angle for your partners. Maybe together you will find a completely new way of interpreting 
the results. 

 

Unit 14 – Write a reflective paper (or interactive poster) 

You know this, because you are telling your students all the time: What you write, 
is being thought through again and is all the more present in your mind later on. So now it is 
your turn, to write a paper on what you have learned about your teaching, about your class 
and about yourself. You might call this tedious – we call it professionalization. 

Write a reflective paper. (This could also be an interactive poster or something else, 
but it must follow a certain structure and must be written in complete sentences.) 

Read the presentation about reflective papers. A possible structure could be taken 
from study1 by Walter Doubek on the CD. Your paper should not have more than 
20 pages. 

Keep in mind:  

Action research means that action should follow.  

• What sort of action results from your study?  

• What action (on different levels: classroom, school, parents, …) are possible? 

Describe what you intend to do next, according to the results of your study? 
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Unit 15 – Peer review of the reflective paper 

 

Post your reflective paper on the web-platform. 

 
Read and comment on two of the other participants’ papers. Offer them proposals for 
improvement.  

(Your trainer will do the same) 

 

General information: Submodule 4 mostly follows the guidelines of sub-module 2. 
The difference is that teachers who work with sub-module 4 should already have 
had some experience with research in science education or with action research in 

that context. Therefore, the action research study should be more elaborate, with more 
detailed questions, using more methods to answer those questions, discussing the use of these 
methods, etc. Therefore, the teachers need more theoretical background for their work. As is 
the case with many other studies in the field of action research, the reflective paper could then 
provide a basis for a study on an academic level.  

An important goal of this module might be that teachers who learned how to practice action 
research more extensively, might initiate programs for teacher training in their home 
countries, where action research could be used as an integral part of the in-service and pre-
service training of teachers. 

About Unit 1: The trainer could add some questions (e.g. whether or not anybody has already 
had experience with self-evaluation or action research) 

About Unit 7: This part of the module is the most important one, because it refers to the 
classroom situation that each teacher experiences on a daily basis. Mainly the second step is 
of importance. The presenting teacher learns more about his or her own situation through 
questions from the other teachers. It is important that the teachers who ask questions follow 
some rules. They have to be “active listeners”, that means that they do not have to give advice 
or report from their own experiences. In the end the trainer might ask what the presenting 
teacher has learned, whether or not the other teachers can report about experiences that might 
be of interest for the presenting teacher, etc. 

About planning action research studies: Teachers tend to plan extensive workloads, taking too 
many questions, too much data, etc. So it's important that the trainer supports teachers in 
defining their questions and reducing the data collection amount as much as possible.   
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About reflective papers: Guidelines for the reflective paper are helpful for the teachers. Some 
teachers might have difficulties structuring their work and writing it in a way that gives the 
reader all of the information that he or she should have, in order to fully understand what 
happened. Another problem might be that teachers write down their own ideas and don't take 
into account the data they get. Furthermore, teachers tend not to refer to the questions they 
had when they started their action research study.  

Action research needs “action”: An important part of action research is that teachers draw 
conclusions for their future teaching. An action or intervention in their own teaching must 
follow the investigation. In that way, the circle of action research can be implemented not 
only as a program for individual teachers, but for schools as well. 

At the local level: Have more meetings! If possible, split up the large face-to-face meeting in 
the middle of the course module. Unit 7 & 13 (better: 7, 10 & 13) should be held as face-to-
face meetings.  Generally, the more face-to-face meetings you have, the more teachers get the 
chance to learn how to cooperate with colleagues (and to benefit from this cooperation) and 
how to transfer this cooperation to their own schools. 
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PART 3 Teaching and Learning with ICT 

 

In this part 

 a look at ICT use from the point of view of teaching and learning, motivation and 
interest 

 orientation to possible ways of using ICT in teaching and learning 
 
Aim of the Part 3 of this handbook is to analyse, firstly, use of ICT in science education from 
the point of view of learning and motivation. Secondly, the use of ICT in science education 
will be categorised from the point of view of learning. The categories are: tool applications, 
ICT use in learning and social media.  

However, we will start with a short explanation what we mean with Information and 
Communication Technology (ICT). The artefact, which is used in acquiring, processing, 
stirring and analysing information and which is used as a mediating tool in communication, is 
a computer. Computers have made information processing fully automatic. Therefore, the 
term “computer” should rather be understood as “modern, fully automated technology of 
information procession (gathering, storing, processing and sending data)” than what we 
usually deal with – hardware of a personal computer. Single software is called in some cases 
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an ICT tool because a tool describes better for example use of software and a sensor than 
single software. 

Organisation for Economic Co-operation and Development OECD (2006; 2010) and 
European Commission has pointed out the increasing gap between the current use of 
Information and Communication Technology (ICT) for teaching and learning in schools and 
the daily experiences that pupils have with technologies outside of school. No technological 
device will solve the enormous challenges facing the education systems seeking to meet 
today’s demands. The process of integrating ICT into educational systems and activities can 
be (and typically is) arbitrary. There have been large in-service training programs and large 
sums have been spent on ICT and still use of ICT in schools has been identified as 
disappointing in European countries. Adequate guidance and in-service training or 
professional development of teachers is still a major problem in most countries. However, the 
use of ICT in education in most countries concentrates on routine type tasks, like sporadic and 
mechanical information retrieval from the Internet. On the other hand, teachers and students 
have high expectations for using computers in their classrooms. This is because ICT can make 
teaching and learning more versatile and goal-oriented, motivate and activate students, and 
promote co-operation, study in authentic contexts, and creativity in learning (Knezek & 
Christensen, 2002; Lavonen, Juuti, Aksela & Meisalo, 2006). Moreover, the infrastructure for 
using ICT is working well in many areas of society. 

Especially, in science education several paradoxes could be recognised in the research 
literature considering the use of Information and Communication Technology (ICT) in 
science education (e.g. OECD, 2004; 2006; 2010; Lavonen, Lattu, Juuti, & Meisalo, 2006; 
Younie, 2006; Hayes, 2007; Hennessy et al., 2007): 

• national level ICT-strategies, and national curriculum guidelines for ICT use have 
been prepared during the last two decades in several countries, but the influence on 
the visions and practice of the teachers regarding the use of ICT in science 
education seems to be remote; 

• there is research evidence of the influence that using ICT has on students’ learning 
process and motivation, but science teachers do not rely much on research-based 
evidence to identify good practices; 

• students have rich experience in using technology outside the school context but 
not using technology for learning science in school; 

• science teachers are rather skilful in using technology, even if they are unable to 
make good use of their competence through applying ICT tools in their teaching; 
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• ICT is available at school, but science teachers’ beliefs about teaching and 
learning, e.g., beliefs about good practice in school, do not support educational use 
of technology; 

• plenty of teaching and learning material especially with a focus on using ICT in 
science education already exists (Osborne & Hennessy, 2003). However, science 
teachers are not experienced in using these materials effectively within regular 
classroom activities and outside. 

In general, there is a broad agreement about the reasons why ICT should be integrated into 
science education and the advantages of its use in teaching and learning science. Despite 
active promotion of ICT use in education as part of educational policy and reform in science 
education, it is well known that change is either very slow or tends to fail. Implementation is a 
complex procedure, and it needs more than just a direct government policy to put it into 
practice (Younie, 2006; Lavonen, Juuti, Aksela & Meisalo, 2006). Consequently, it is a 
challenge to support science teachers in adopting the use of ICT as a part of their teaching in 
the classroom. 

 

3.1 Views on Teaching and Learning 

Jari Lavonen, Karine Bécu-Robinault, Jean-François Le Maréchal, Helga Stadler, Heidi 
Krzywacki 

According to the book “How People learn: Brain, Mind, Experience, and School” (Bransford, 
Brown & Cocking, 2000) meaningful learning engages students in tackling the topic to be 
learnt in such a way that they create meaningful and understandable knowledge structures on 
the basis of a goal for learning. Here, we discuss the role of using ICT in science teaching 
following the idea of meaningful learning. Learning represents each individual learner’s own 
personal knowledge construction process which presupposes each learner’s active, goal-
oriented and feedback-seeking role. Meaningful learning is grounded on activity and 
intention, reflection and self-evaluation, collaboration and interaction, construction, 
contextualization, and cumulative learning. These serve as development and selection criteria 
when choosing teaching and learning activities emphasising ICT use. 

Activity and intention. Learners take responsibility over their own learning. Thus, they set 
their learning goals together with a teacher and proceed according to the plan to reach the 
goals they set. This process may be facilitated, on one hand, by guiding students to plan on 
their own or in small co-operative groups. On the other hand, students usually do not master 
the logical structure of the subject nor recognise their own biased preconceptions. Therefore, 
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goal setting needs to be supported and guided by the teachers. Activities that support co-
operative planning and evaluating learning are important for learning. 

Reflection and self-evaluation. Learners examine their own learning and develop 
metacognitive skills to guide and regulate their learning. Metacognitive skills are necessary 
for planning and evaluating one’s own work. These skills make learning also a self-regulatory 
process in which the student becomes less dependent on the teacher. For example, self-
evaluation or evaluation taking place in small groups through multiple-choice tests, exercises 
and answer keys support development of reflective and, moreover, metacognitive skills. 
Learning should also be enhanced by self-evaluating activities. Bransford and Donovan 
(2005) emphasise the role of self-evaluation in science learning. They suggest that a teacher 
should provide support for students’ self-evaluation, for example, by giving them 
opportunities to test their ideas. This can be done by carrying out investigations and seeing 
whether their preliminary ideas worked out. Different kind of feedback is important for 
learning. 

Collaboration and interaction. Learners take part in group activities and support each other 
by discussing and sharing knowledge. Learning new concepts presupposes a dialogue 
between both the teacher and the students and amongst the students, for example, by 
explaining, debating, questioning. In addition to face-to-face interaction, ICT offers several 
possibilities to share ideas via newsgroups, e-mail, WIKI’s, a Learning Management System 
(LMS), and social media like Facebook. 

Construction. Learners combine their earlier knowledge with the new topics to be learnt and, 
thereby, tailored information helps students to construct comprehendable structures. 
Therefore, the teacher should encourage students to bring up their previous views and beliefs. 
For example, prior to reading or writing, students need to be guided to bring forth their prior 
views on the subject to be dealt with. Respectively, students should be encouraged to present 
their prediction or even supposition before an investigation or other practical activity. 

Contextualization. Learning takes place in real-life situations or through simulations. This, in 
turn, presupposes that the learning setting allows for authentic and real-life learning 
experiences. For example, when using a search engine like Google students should be 
encouraged to look for information from different sources. This enables the students to 
process the concepts in various contexts and, thereby, deepen the meanings these concepts 
acquire. It is also worth to keep in mind that the quality of all web-based sources needs to be 
checked carefully to ensure that the facts are correct (source criticism). From the point of 
view of interestingness, the context in which science ideas are learned has important influence 
on learning rather than the ideas themselves, For example, when writing it is crucial that 
students write to prospective readers other than the teacher. 
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Cumulative learning. Learning is cumulative and, therefore, students should be supported in 
noticing how a new concept is related to previous, already familiar network of concepts. 
Learning science and developing ICT skills can be regarded as similar processes. In both 
areas, there are low level and high level skills. For example, before a student learns to use a 
LMS, they should learn to use a word processor and a search engine. Consequently, students 
should be supported in learning new skills and in internalising the new concepts and in 
building conceptual networks in the given field. 

Previous characteristics of learning activity may be realized through the use of ICT. For 
example, students have access to meaningful information of the topic when the internet is 
employed in the planning phase of the science activity. Students actively structure the flow of 
information into meaningful entities when looking up information in varied sources in order 
to be able to complete tasks. Similarly, this also forces students to evaluate the reliability of 
both the information and the sources they use. During the investigations, similar procedures 
can be followed in planning and repeating investigations. In these activities, students should 
be encouraged to work together and actively evaluate their performance. Several studies have 
indicated that information processing, inquiry-based learning, and exploring resources via 
networks, are beneficial for science education (Linn, 2003). 

 

3.1.1 A Systemic Approach to Teaching-Learning Situations 

Integrating ICT in a teaching sequence necessitates the consideration of the knowledge to be 
taught, learning hypothesis and actual context of teaching as integrated in an institutional 
context. Questions stated nowadays with ICT are relatively close to those arising in the 
nineties concerning the role of practical work. As the effectiveness of practical work has been 
questioned, good ways to teach science with ICT activities are still being investigated. The 
role of ICT in the learning science process continues to be studied, in articulation with other 
elements of the teaching-learning situations.  

Different theoretical perspectives not developed here, arising from psychology of education 
enabled science education research to improve teaching-learning situation. Behaviorist 
hypotheses on learning, in vogue in the early seventies, evolve towards viewpoints taking 
account the previous knowledge of students and later on, the role of social interactions in the 
classroom. Since the nineties, it seems that, a general agreement in the science education 
research community has emerged concerning socio-constructivist point of view on learning. 
Within this perspective, two main categories of elements should be taken into account when 
considering a teaching-learning situation: 
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• the material objects with which students interacts. This category not only includes 
devices enabling to experiments, but also the written instructions, the available 
material resources such as textbooks, and the computer and software to be used;  

• any other partners (mainly students and teachers) interacting with the student. 

This last category has to be analyzed from a didactical point of view. Indeed, a teaching-
learning situation involves a series of actors or partners, mainly but not only students and 
teacher, interacting in the use of knowledge. Teacher, students and knowledge interact in a 
system where a number of rules must be obeyed. The non-compliance to these rules causes 
system malfunction. These rules, mainly implicit, are called „didactical contract“. This 
contract organizes the role of each partner (teachers and students) concerning the knowledge. 
The contract might evolves depending of the teaching learning situations. Most of the time, 
the teacher is supposed to be the knowledge guardian, taking care of its presentation and use, 
while the students are assumed to learn and use the knowledge contents in a suitable manner. 
Taking into account these two categories of elements (material objects and partners) allows 
the ICT to be considered as an integrated element of the teaching-learning situation. 
Implementing new elements, such as new types of activities including ICT or not, in a 
teaching-learning situation disrupt the system, and the role of actors has to be carefully 
redistributed in order that learning objectives continue to be clear to everyone. Keeping this 
systemic point of view of a teaching learning situation in mind enables to think ICT not only 
as a tool motivating students, but also modifying relationships between teacher, students and 
knowledge. 

 

3.1.2 Teaching and Learning Viewed in Different Time Scales 

The teaching learning situation can be analyzed in three time scales. These scales can make 
clear the way the knowledge is used in the class. 

The longest time scale considered is called the macro scale. A good representation of this 
scale is the chapters or the parts of a textbook. During a macro episode, the unit of knowledge 
is large, for example; acid base reactions, the chemistry of alcohols etc., or as larger as 
“chemistry and health”, chemistry and sport”, etc. A macro episode lasts a few hours and 
spreads out over one or even several weeks. Teachers work at the macro scale when they 
decide how long they would spend on such and such chapters. This division of time leads to 
the decision of when would work be spent in the chemistry laboratory or in the computer 
room etc. Even thought teachers may not have previously heard about time scales, they are 
familiar with the macro scale where institutional constraints are often determinant.  
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A smaller time scale is the meso scale. During a meso episode, the thematic unity is of 
smaller size. For example, the macro-episode “acid base reaction” can be divided into meso 
episodes such as “proton transfer (during a lecture)”, “proton transfer (during an exercise)”, 
“dissociation of acids (during an experiment)” etc. As far as knowledge is considered, a meso 
episod lasts 10 to 20 min. At this scale, the knowledge is organized so that the meaning can be 
built by students. The meso scale is of prime importance in teaching as meso episodes make 
possible the construction of the meaning of concepts. Because students often have trouble 
focusing their attention for a long period of time, the length of these episodes should not be 
excessive. It is the responsibility of the teacher to share his/her time into these episodes and a 
failure in teaching may arise from a bad partition of meso episodes. 

The smallest time scale to be considered on a cognitive viewpoint is the micro scale. A micro-
episode is an interaction between teacher and students, or between students. An interaction 
last from few seconds to one minute. At this level, utterances bear information more than 
meaning. The micro scale can also be adjusted by the teacher. During micro episodes, 
information is exchanged between people in interaction. If the teacher is familiar with long 
monologs, the interaction is no more efficient and learning is less likely to occur. Another 
interest of the micro scale is to consider a situation where a small group of students (group 1) 
is interacting while the teacher works with another group of students (group 2). When the 
teacher arrives by the group 1 and listens, s/he hears micro episodes, and not a meso one. S/he 
may therefore not be able to appreciate the meaning of the current students’ interaction from 
the limited information that s/he has just grasped. S/he is likely to interfere with only a partial 
understanding of what is being discussed in group 1. His/her interventions may be outside the 
real meaning that was currently at stake. Such behavior may damage the group 1 interaction 
occurring before s/he arrived. 

Integration of ICT can be understood with these three time scales. ICT is rarely used at the macro 
scale. Such a use would mean that consecutives hours of teaching would be organized around 
ICT. Only specific schools with a long tradition of ICT teaching can afford such an organization, 
unless a long project using computers, and lasting for months, would be integrated in teaching. 
Most of the time, ICT is used at the meso scale. Introduction of a laboratory work that would 
present the aim of the task to be performed by student is clearly at the meso scale since it last few 
minutes and that the meaning of an idea is considered. The same argument can be proposed to 
defend the idea that an ICT is used at the meso sale if it is used to conclude a teaching sequence, 
to simulate an experiment, to show an animation about the correspondence between macroscopic 
an microscopic representation... The use of ICT can also be considered at the micro scale, either 
during student-student interaction, or students-teacher interactions. At this scale, students and 
teacher may interact on how to use information on the screen, how to make a graph, how to use 
the ICT to make a prediction or to check a hypothesis.  
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3.1.3 Different Communication Pathways in Teaching and Learning 

Within the general framework of socio-contsructivist learning process previously stated, it is 
necessary to encompass some hints concerning the social interactions and the organization of 
the classroom discourse in the learning views. Learning can be seen as the result of a 
negotiation of new meanings. The classroom context can be characterized by the status of its 
actors: the teacher presents a clear-cut point of view, called school science discourse, whereas 
the students have their own points of view, albeit not always well thought out and differing 
from one student to another—and even more often from the teacher’s view. Generally, the 
teacher’s point of view is assumed to be accepted by all students by the end of the lesson. In 
order to enable the students to discuss the validity of pieces of cultural knowledge originating 
from different cultural backgrounds, the teacher has to negotiate the introduction of this range 
of points of view during the class. The manner in which the teacher organizes the 
confrontation of differing points of view is an important element in the analysis of speech in 
the classroom. To this end, Mortimer and Scott (2003) addressed the communicative approach 
by considering communication in its various dimensions. 

SYNTHESIS OF THE 4 TYPES OF COMMUNICATIVE APPROACHES DESCRIBED  
BY MORTIMER & SCOTT (2003) 

Interactive and 
dialogical 

Interactive and 
authoritative 

Non interactive and 
dialogical 

Non interactive and 
authoritative 

 
 

They concluded that communication can be described as “dialogical” if the teacher takes into 
account the knowledge stated by the students from their own points of view; they described it 
as “authoritative” if the teacher takes into account only the point of view of the school 
knowledge. The “dialogical” versus “authoritative” dimension is independent of the number 
of actors in interaction. Mortimer and Scott also proposed a second dimension: “interactive” 
or “non-interactive.” A given approach is described as interactive if more than one actor takes 
part in the discourse, and as non-interactive when discourse is limited to one. These 
investigators claimed that alternation between authoritative and dialogical approaches 
facilitates the learning process. During an ICT activity, teacher can improve the learning 
process by alternating phases in which students express different points of view and phases 
during which the teaching contents to learn are exposed to the students. Each of these phases 
might be organized either through interactive or non interactive discourses. 
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3.1.4 Learning Science 

One of the hypothesis concerning learning science concerns modeling processes to make 
meaning out of scientific concepts. The meaning of these concepts requires to establish links 
between two domains of knowledge: the first domain is related to perception and description 
of the material world and the second comprises scientific theories and ways of thinking – not 
necessarily coherent with scientific point of view. Establishing such links appears from 
research studies to be the main difficulty for students (Bécu-Robinault, 2004; Buty & al., 
2004): indeed, students frequently make use of everyday knowledge that are unfortunately 
non-compliant to science knowledge. They have to learn that knowledge they can construct 
from direct observation on material world (built on naïve theories) does not have the same 
value as knowledge they can construct from scientific models enabling to interpret and predict 
phenomena. Students must be helped in confronting their own ideas with the scientific 
theories and models, and the use of ICT may be helpful to reach this goal.  

In this learning perspective, one of the fundamental purposes of ICT might be to help students 
distinguishing and exploring the relations these two domains of knowledge, i.e. modeling. 
Modeling allows an analytic distinction between the "world" of objects/events and the 
"world" of theories/models (Tiberghien, 1994). According to this framework, establishing 
relationships between these domains of knowledge is a requisite for understanding and 
learning. Learning physics implies learning how to integrate both levels. Analyzing the 
learning process in this framework also enables to support both the personal knowledge of a 
learner and the teaching contents.  

ICT, coupled with traditional activities may favor these modeling activities if the teacher 
takes care to distinguish the two levels before asking for establishing relationships. For 
instance, while describing an experimental situation in electricity, such as a shining bulb and 
the way to connect it to the battery, students will be addressing the level of objects and events. 
While interpreting or predicting what occurs in terms of current or what object plays the role 
of the generator, they will be dealing with the level of models and theories. ICT applets, often 
used by teachers to simulate an experiment in electricity, should thus, make it possible for the 
student to establish a clear distinction between the world of objects and events and the world 
of theories. Thus, pictures of electrical circuit with the representation of the bulb lighting are 
quite confusing for students, because they mix two levels and two types of information 
(functioning and phenomenon levels). A way to avoid such confusion is to use representations 
that make clear that there is a level for the objects and, separately a level for the model. The 
lighting of the bulb should be exclusively used on drawings of experiments. 
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On this screenshot of a simulator (crocodile clips), the pictures of the 
battery, the switch and the lighting bulbs (real devices, corresponding to 
objects and events) are connected with lines (diagram of the experiment, 
which corresponds to the electrokinetics model). In this case, the two levels 
are intertwined, which might be confusing for students.  

 

Scientific concepts might be expressed on the basis of multiple representations and 
modalities. The modalities refer to the medium in which a particular message can be 
expressed: gesture, writing, speech… The representations can be categorized on the basis of 
semiotic registers, such as: diagram, natural language, formula, drawing, graphics… Kress et 
al. (2001) demonstrated that learning to talk about sciences at school goes beyond verbal 
aspects. The scientific discourse is multimodal and uses multiple semiotic registers (Duval, 
1995). Learning science implies the appropriation of concepts, instruments, and cultural 
practices by a multimodal language (Lemke, 1990). Interactions in science classes are 
therefore organized with a plurality of multimodal resources, including gestures, glances, 
body postures, movements, and questions and answers from students and teachers alike, and 
also involve the handling of objects, texts, charts, sketches, diagrams, and lists of numbers, in 
addition to the use of simulations and other procedures. 

Educational research has shown that students cannot easily connect the different scientific 
representations of a given concept. Combining these representations is seen as a good 
indicator of the student learning process. In the study of the kinetic of a chemical system 

A + B → C + D 

the following representation can been used with students (see figure): 

 

− a dynamic animation of particles, 

− a table of the progress of the reaction with the 
initial state and the current state 

− a graph of the evolution of the number of the 
C particles 

− and a table of the states can also be provided 
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Although the information represented on these different semiotic registers is the same for a 
chemist, going from one to the other requires a real and long process for students. It can be 
done step by step. Making meaning out of many details of the representations (colour change 
of particles, numbers in the table, variables represented on each axis of the diagram, steps of 
the diagram etc.) must be coordinated with the introduction of new vocabulary such as 
reactive collisions, progress of the reaction etc. The new knowledge has then to be used in 
other contexts, especially in “normal” class situation and exercises that do not involve ICT. 

Learning physics also implies learning what part of information is missing or gained, what are 
the connections established between the concepts while using a different semiotic resource. 
Students have to learn how to switch from on semiotic resource to another depending on the 
data processing objectives. 

 

3.1.5 Gender Issues in Science Education 

PISA and TIMSS show that in physics coeducation didn't much change the imbalance 
between the sexes: boys have more competencies in physics and they are more motivated to 
choose physics and technical subjects for their studies (Schreiner, 2007; Stadler, 2009). In 
most European countries there exist a lot of research studies and intervention projects that aim 
at gender equality in physics and technology.  Research says that in the Western world 
physics and technology have a male connotation, therefore girls age 12-16 develop a distance 
to these subjects, boys do the other way round (Stadler, 2007a). School seems to foster this, 
mainly by the way they teach these subjects (content and methods). Research shows that the 
interaction in class mirrors gender imbalance, therefore girls don't get enough adequate 
feedback in contrast to boys (see e.g. Kelly, 1987; Stadler, 2001).  

There does not exist much research about gender issues in science class when computers are 
used. First results (Stadler, 2007b) show that not only interaction between teacher and 
students matter but also interaction between students. Furthermore a deeper “understanding” 
seems more important to girls than to boys when learning physics (Stadler, Benke, Duit, 
2001). ICT sometimes hamper this understanding instead of supporting it. That means that 
also according to gender issues we have to look very carefully on good learning material and 
a good learning design when using ICT in physics class (Stadler, 2007b).  
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PISA 2006. GENDER IMBALANCE IN PHYSICS. BOYS OUTPERFORM GIRLS IN PHYSICS IN EVERY 
COUNTRY, IN BIOLOGY THERE IS PRACTICALLY NO DIFFERENCE. (SCHREINER, 2007) 

 

 

GROUP WORK IN PHYSICS CLASS. IN MIXED GROUPS FREQUENTLY BOYS DOMINATE.  
(PICTURE: STADLER, 2007B) 
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3.2 Use of ICT from the Point of View of Motivation 

Jari Lavonen 

There are many concepts that can be used to describe motivational aspects of science teaching 
and learning. Here we base our analysis on Self Determination Theory (SDT) and theory of 
Interest. According to Ryan and Deci (2002), a student’s way of thinking has an important 
role in the process of motivation. Motivated behaviour may be either self-determined or 
controlled involving different reasons for behaving. Self-determined and autonomous 
behaviour arises freely from one's self. Controlled behaviour, in contrast, means that the 
behaviour is controlled by some interpersonal or intrapsychic force, like a curriculum or a 
task. The motivation styles in SDT are, firstly, amotivation, and, secondly extrinsic motivation 
in which behaviour is instrumental in nature and actions are performed for the sake of some 
expected outcome or extrinsic reward or in order to comply with a demand. Thirdly, intrinsic 
motivation has positive effects on learning, in particular, to the quality of learning. 
Intrinsically motivated behaviours are based on the need to feel competent and self-
determined (Deci & Ryan, 2000). 

Although students primarily produce their motivation, it can be enhanced and learned. In 
practice, a science teacher can offer optimal challenges and stimulate motivation through 
choosing the learning activities. Therefore, in addition, to previously discussed features of 
self-determined and controlled behaviour of a learner, it is appropriate also to analyse features 
of a learning activity which could increase motivation of a learner. This is because self-
determined learning occurs when the learning activity itself is considered as interesting, 
enjoyable or personally important by a learner. When considering teaching, the motivational 
features of the learning activity could be classified in five categories: 

(1) autonomy-supporting activities, through  

• the choosing of student-centered learning methods like ‘open ended' inquiry 
(Wellington, 1998) and other tasks where students have some choices on how to 
plan or study, 

• collaborative learning activities which support feeling of autonomy, 

• co-planning of the learning activities, 

• use of ICT where students have choices, possibilities for planning and evaluating 
ones own activities and 

• support to the feeling of effectiveness and importance of working; 



  

160 
 

(2) support to students’ feeling of competence, through  

• the choosing of inquiry and other tasks, which are possible for the student to solve; 

• the choosing of and using constructive evaluation methods, like self assessment, 
portfolio evaluation, informal discussions, which help students to recognize that 
they are good at an activity or do the activity well and 

• promoting the experience that the activity has some value for the student. 

(3) support to students’ social relatedness, through  

• the choosing of tasks, collaborative learning activities, co-planning and ICT use 
which help students to feel closer to their peers, and 

• enhancing the feeling that the student can trust each other 

(4) support to interest and enjoyment, through  

• arousing curiosity by choosing surprise-evoking inquiry and other such activities, 

• using enjoyable, fun and interesting activities, like interesting web pages or 
simulations, 

• choosing activities which can hold students attention; 

(5) science content and context 

Interest is a content-specific motivational variable (Krapp, 2007). Interest is approached from 
two major points of view, interest as a characteristic of a person (personal interest) and the 
interest as a psychological state aroused by specific characteristics of the learning 
environment (situational interest). Personal interest is topic specific, persists over time, 
develops slowly and tends to have long-lasting effects on a person’s knowledge and values 
(Hidi, 1990). Pre-existing knowledge, personal experiences and emotions are the basis of 
personal interest (Schiefele, 1991). Situational interest is spontaneous, fleeting, and shared 
among individuals. It is an emotional state that is evoked by something in the immediate 
environment and it may have only a short-term effect on an individual’s knowledge and values. 
Situational interest is aroused as a function of the interestingness of the topic or an event and is 
also changeable and partially under the control of teachers (Schraw & Lehman, 2001). 

According to Hoffman (2002) an appropriate context where certain science content or topics 
are met or teaching and learning activity might have an influence on the quality of emotional 
experience, which is importance for the development of situational interest. Juuti, Lavonen, 
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Uitto, Byman, and Meisalo (2004) surveyed Finnish 9th grade students’ interests in physics in 
certain contexts. The most interesting things (especially for girls) were connected with human 
being. Therefore, it is important to approach issues through the activities of human beings. 
Students’ out-of-school experiences are different. Boys’ experiences are more relevant to 
physics and technical topics whereas those of girls are more closely related to everyday life 
and health (Uitto, Juuti, Lavonen & Meisalo, 2006). Therefore, authentic science and 
technology experiences during the science lessons are important especially for girls. 

The Self-Determination Theory (SDT) and Theory of Interest are relative theories. Especially 
from the point of view of ICT use, similar conclusions can be done based on both theories. 
For example, it is important to support students’ autonomy and curiosity for increasing their 
interest or motivation to learn. It is possible to support both autonomy and curiosity by 
choosing activities in a versatile way. ICT use as such can support both feelings. For example, 
Dori, Barak and Adir (2003) found that ICT-enhanced learning motivated and engaged 
students on learning. 
 

3.3 Use of ICT in Science Education 

Jari Lavonen, Eric Sanchez 

Computers have been used in education in many ways from the very beginning of their 
history. There are also several ways to analyse the educational use of technology. In the 
1980’s, use of computers was typically divided into technological and pedagogical use. 
Brownell (1992) has divided the use of ICT into two categories regarding the type of 
interaction, the interactive learning process can be lead either by a student or a computer. In 
several countries, a lot of governmental financing was used for the educational software 
production in the 1980’s. The software was used, for example, for training discrete skills or 
for learning scientific terms. In the 1990’s, the use of ICT was more and more considered 
from the pedagogical perspective. Moursund and Bielefeldt (1999) discuss ICT use from three 
perspectives: IT assisted learning where ICT is used as an agent for interaction in several 
ways, tool applications where a computer is seen as a tool, and computer science (see more 
Lavonen, Meisalo, Lattu, Leinonen & Wilusz, 2001). At the turn of the new Millenium, the 
importance of collaborative and web-based learning increased, and consequently, more 
attention was paid to the pedagogical models emerging from this type of learning. Social 
media has been the focus of attention in the last couple of years. 

Use of ICT in science education could be classified from different point of views. For 
example Ioannidis, Garyfallidou, and Spiliotopoulou-Papantoniou (2005) have analysed use 
of ICT from the point of view of ICT tools. Here, we will classify ICT use in science 
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education from the point of view of what kind of activities or learning we could create 
through the use of ICT. We view ICT use in science education through three categories: (A) 
tool applications (use of ICT-tool or software for completing a task), (B) ICT use in learning 
(learning through ICT) and (C) social media (Webb, 2002; Lavonen, Juuti, Aksela & Meisalo, 
2006). This classification was done from the point of view of ICT use – not from the point of 
view of a single software or ICT tool (look a description of ICT tools in science education by 
Denby & Campbell, 2005). For example Microcomputer-Based (school) Laboratories (MBLs) 
can be used as a tool and, especially as an important ICT tool in a Computer-assisted inquiry 
project. In the tool category MBL is a tool for data capture, processing and interpretation. 
Educational Multimedia software can be used for single simulation of a processes or carrying 
out ‘virtual experiments’. First example belongs to CAL category and the previous one to the 
computer-assisted inquiry category. In several situations, not only a computer and software 
are used in science teaching and learning, but digital equipment is connected to the computer 
and used. When a digital recording is made, a microphone, digital camera, web cam, 
computer-controlled microscope or a video camera is connected to the computer. A video or 
LCD projector is an example of computer projection technology. Microcomputer-Based 
Laboratory tool is a combination of the Interface, sensor and a software. Moreover, scanners 
and printers are used as tools in science education. Mobile technology and portable MBL 
tools offer totally new possibilities for science education. 

 

3.3.1 Tool Applications 

In the tool category, ICT is treated as a set of available software enabling students to 
accomplish their tasks in an effective way. Here, we consider ICT as a large array of hardware 
and software. In science learning, some commonly used ‘ICT tools’ are tool applications, for 
example, word processing (Baker, 1991), graphics packages, scanner, digital camera, video, 
presentation applications, databases, spreadsheets (Webb, 1993), publication software, 
multimedia, web browsers, and e-mail. Students can use different tool applications in their 
learning process but they can also learn how and when to use these applications that have 
specific features. To select the right tool application it is important to understand what types 
of thinking, learning experiences and experiences of ICT use each ICT tool supports. 

A science teacher can use tool applications in several ways. A teacher can prepare 
assignments, tests, and other resources for science teaching and learning. Video or LCD 
projector can be used as a tool for presentations and it can be connected to a MBL-tool or to a 
microscope. Tool applications may, however, also be potential drawbacks to this development 
as it can easily reinforce a didactic style of teaching in which students are the passive 
receivers of teacher generated ideas and information, albeit, rather more richly illustrated with 
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images. One of the new interesting tools science teachers have started to use is an interactive 
whiteboard (e.g., White board, SMART Board). Whiteboards allow markings to temporarily 
adhere to the surface of the board. The touch-sensitive display connects computer and digital 
projector and then computer applications can be controlled directly from the display, write 
notes in digital ink and save work to share later. Most white boards also have specially 
designed software that includes a range of useful tools. Advantages of the interactive white 
board are: documents and software can be access from the screen without having to move 
away to a laptop, it is easy to move between screens to return to earlier work; the drag and 
drop facility can be used to windows. 

Word Processing 

Reading and writing represent well-established approaches to studying and learning sciences. 
However, studying that centres on reading and writing faces new challenges when learners 
look up information on the Internet and use word processing. For instance, reading may entail 
copying web-based information on the notepad and writing in turn entail pasting this 
information on the document-in-progress. In such cases, learners neither process information 
nor understand the meanings of new concepts not to mention integrating these concepts within 
their own existing knowledge structure. Thereby, learning presupposes processing the 
available information by, for instance, reading and writing. In addition, mind maps and 
knowledge structuring serve as effective means to process information (Bentley & Watts 
1989). In fact, learners learn the necessary skills and thinking by processing information. 
Moreover, when processing information in small groups, learners practise collaboration and 
communication skills as well. These skills are a pre-requisite for professionals serving in 
various fields of expertise. Students may be encouraged and inspired to read and write by 
using information and communication technology and by choosing an appropriate teaching 
method. By employing the Internet, students have access to meaningful information by 
consulting, for example, electronic books, hypertexts and hypermedia in the CD-ROM format 
or diverse web-based hypermedia documents, such as www-pages. When looking up 
information in varied sources, students actively structure the flow of information they 
encounter into meaningful entities in order to be able to create a report on a given topic. 
Similarly, this exploration of information in varied sources forces students to evaluate the 
reliability of both the information and the sources they use. (Lavonen, Juuti & Meisalo, 2007) 

Spreadsheets 

Misner and Cooney (1991) present in their book Spreadsheet Physics use of spreadsheets in 
science education. The numerical display of the spreadsheet enables students to understand 
how simple arithmetic can be used repeatedly to solve relatively complex physics problems. 
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Moreover, the spreadsheet has been used in data presentation, modelling and simulations in 
science education in different levels. 

 

3.3.2 Use of ICT in Learning 

The main uses of ICT in learning can be divided into three different categories for directly 
supported learning: 

• Computer-assisted learning (CAL) is any interaction between a student and a 
computer or software designed to help the student learning. 

• Computer-assisted inquiry is the use of ICT as an aid in collecting information and 
data from various sources to support scientific reasoning or use of an ICT tool for 
a learning activity (McFarlane & Sakellariou, 2002). Typically ICT is used as an 
agent for interaction with the information source (nature or written source), like 
the Internet or a Microcomputer-Based (school) Laboratory (MBL) (Wiesenmayer 
& Koul, 1998; Lavonen, Juuti, Aksela & Meisalo, 2006). 

• Electronic mail, newsgroups, chat rooms, blogs, Wiki, and videoconferencing are 
used for educational purposes in the distance learning approaches. For example, 
the whole course can be managed through a Learning Management Systems (e.g., 
Moodle or Blackboard). 

 
Computer-Assisted Learning, CAL 

Computer-Assisted Learning (CAL) is any interaction between a student and a computer 
system designed to help the student to learn. CAL includes drills, tutorials, simulations, 
including applets in the Internet and virtual-reality environments that can present complex 
learning situations. CAL entails sophisticated and expensive commercial packages 
applications developed by projects in educational institutions or national initiatives as well as 
simple solutions developed by individuals with no funding or support to tackle a very local 
problem. Unfortunately, it is not possible here to go through all different kind of software 
which has been developed in the framework of CAL for science education. 

Examples of widely used simulations in science education are Java applets (physlets) which 
can be found in the web-pages (Christian & Belloni, 2001). An applet is a software 
component that runs in the context of another program, for example a web browser. Applets 
are most often used ICT applications in the explanation or interpretation of processes in 
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nature or in technological environments (McFarlane & Sakellariou 2002). Some examples of 
CAL-software are presented next. See more in the handbook’s and CD-ROM’s examples. 

Simulations. There are many definitions for simulations but all of them consider that a 
simulation software entails a digital model of the social or physical reality (Seidner, 1975) and 
gives the opportunity to the user to manipulate this model. Therefore, it is possible to 
distinguish two layers in a simulation software. One layer is the formal model (digital model) 
which calculates the outputs. The second one is the interface which allows the user to access 
to a representation of the outputs of the simulation and to change the variables. 

The following image shows the interface of “Avogadro”, a simulation software which permits 
to change one of three variables (temperature, volume and pressure) and to see the 
consequences on the other one. The formal model implemented into the software is  
PV = nRT, the ideal gas law.  

 

AVOGADRO, A SIMULATION SOFTWARE 
 

Computer games/Digital games/Serious games. According to Engelfelt-Nielsen (Egenfeldt-
Nielsen, 2006) a digital game is a particular case of the use of simulation software 
applications. Some video games are considered to be useful to use for “serious” purposes such 
as education. So, they have been called serious games. Many publications have emphasized 
the value of games for learning. The main points that are generally discussed within the 
literature are the power of games to motivate students and the development of student-centred 
teaching methods (Kirriemuir & McFarlane, 2004). Different initiatives to promote Game-
Based-Learning in secondary education has been taken in Europe (Wastiau, Kearney, & Van 
den Berghe, 2009) but different problems remain. The content of the available games is not 
necessary relevant and teachers have difficulties to introduce them into their practices. 
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ECOVILLE, A SERIOUS GAME ABOUT ENVIRONMENTAL ISSUES 
 

Geotechnologies. Geotechnologies include both the geographical data and the systems that 
can be used to deal with these data. The acquisition of data is through remote sensors that can 
be used to measure different physical and chemical parameters in the field and Global 
Positioning Systems (GPS) that allow to geolocalise these data. The systems that are used for 
the representation and the analysis of the data are named Geographical Information Systems 
(GIS). Much of these data is available on the Internet for free or at low cost and can be used 
for educational purposes. This visualization is possible with the use of virtual globes. Virtual 
globes, such as Google Earth, permit an access to a tri-dimensional representation of the 
Earth. They allow the access, usually via the Internet, to different geographical digital data on 
economic, sociological, cultural or environmental topics. They can be considered as virtual 
worlds that permit access to a huge quantity of geolocalized information.  

 

GEOLOGICAL MAP OF THE ASSAL-GHOUBET RIFT IN GOOGLE EARTH 
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Computer-Assisted Inquiry  

Computer-assisted inquiry is the use of ICT as an aid in collecting information and data from 
various sources. For example, Microcomputer-Based Lab (MBL) tools can be used in science 
inquiry and nature as a source of information. MBL can help in data acquisition and data 
processing in laboratory. Science inquiry is of course very similar with or without MBL tools. 
Therefore, a short overview of science inquiry is presented in this chapter. Another example 
of computer-assisted inquiry is an inquiry where internet or a Web Based Learning 
Environment (WBLE) is used as a source of information. In both cases it is important that 
also students – not only a computer – are processing acquired information so that students 
learn new knowledge and become familiar with the principles of scientific reasoning (cf. 
Millar, 1996, p. 15). 

In a science inquiry, students begin with a question, design an investigation, gather evidence, 
formulate an answer to the original question, and communicate the investigative process and 
results. In partial inquiries, they develop abilities and understanding of selected aspects of the 
inquiry process. Students might, for instance, describe how they would design an 
investigation, develop explanations based on scientific information and evidence provided 
through a classroom activity, or recognize and analyze several alternative explanations for a 
natural phenomenon presented in a teacher-led demonstration. Experiences in which students 
engage in scientific investigations provide the background for developing an understanding of 
the nature of scientific inquiry, and will also provide a foundation for appreciating the history 
of science described in this standard. Of course, MBL and other ICT tools do not give 
explanations – only the evidence or data. Students should understand that background 
knowledge and theories guide the design of investigations, the types of observations made, 
and the interpretations of data. In turn, the experiments and investigations students conduct 
become experiences that shape and modify their background knowledge. Some examples of 
use of ICT tools in inquiry oriented teaching and learning are presented next. More examples 
are presented in the handbook’s and CD-ROM’s examples. 

Concept mapping. Referring to Bransford, Brown and Cocking (2000, 31) a person who has 
developed an expertise in a particular area of knowledge is able to think effectively about 
problems in that area. Therefore, a teacher should help students to develop expertise. 
Bransford et al. (2000, 9) suggest that experts’ abilities to think and solve problems owes to a 
rich body of knowledge about subject matter. Furthermore, Bransford et al. (2000, 36-37) had 
argued that content knowledge of experts in physics is organised around core concepts or ‘big 
ideas’ that guide their thinking about their domains. Learning activities that help students to 
create a network of concepts seem to be advantageous to learning (Trowbridge & Wandersee, 
1989, 117). Network representations are two dimensional, hierarchical, node-link 
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representations that depict the major concepts found in domain knowledge. The concepts are 
linked by lines and those links are labelled with connecting words that explain the nature of 
link. Network representations in certain domains of science are similar to concept maps, 
introduced by Novak (Mintzes & Wandersee, 1989, 69; Trowbridge & Wandersee, 1989, 115-
123). Mind maps are closely related to concept maps. In mind maps related ideas radiate out 
from the one central idea. Mind mapping is a useful tool for students to share prior 
knowledge, to establish connections between ideas and to list ideas quickly without judgment. 
Concept and mind mapping tools support the developing of diagrams in which teachers or 
students illustrate concepts and the relationships between them. Cmap Tools is one free 
software which is very suitable for making concept or mind maps based on our in-service 
training activities. 

Microcomputer-Based Laboratory. Microcomputer-Based Laboratory (MBL) (in UK data-
logging) tool is a combination of the hardware and software that are used for collecting data 
(data acquisition) using sensors/probes (such as temperature or pH sensors) connected to a 
microcomputer through an interface. These collected data can be analysed and displayed in 
graphic form, in real or delayed time. The MBL package is a set of mutually compatible MBL 
tools (usually with a marketing name such as 'Vernier’, 'LabQuest' or ‘COACH‘(Tinker, 
1996). The MBL package can be illustrated as a large marketplace with different tools and 
environments for the user to take advantage of when studying natural phenomena. According 
to the Marketplace metaphor the user makes the necessary choices concerning his 
measurements much in the same manner as a family mother gets groceries from the 
marketplace. The Marketplace metaphor also means that the user can for example perform 
complicated scaling of axes or choices concerning linearity either before or after the 
measurement. After the measurement a curve can be applied to the results or the axes can be 
renamed. The measurement file can conveniently be transferred to other programs for further 
manipulation. The essential point is that tools for displaying measured data can be chosen at 
any time. Moreover, it is possible to a new measurement in the same window (Lavonen, 
Aksela, Juuti, & Meisalo, 2003). 

Models and modelling. In ‘real’ sciences, there are three approaches to new knowledge: 
theoretical, experimental and computational. One interesting example which has come from 
computational chemistry to science education is visualisation of chemical compounds and 
reactions. There is evidence that use of visualisation tools in problem solving enhance 
conceptual understanding among students (Barak & Dori, 2005). The advantages of the use of 
these tools is visualisation of the micro and macro world. Static graphics of chemical 
structures, found in textbooks, may help learners to form two dimensional mental images, but 
tools such as ‘ISIS-draw’, ‘MDL Chime’ and’ DS ViewerPro 5.0’, enable dynamic, 
interactive, 3D visualisation of molecules. They allow students to view, rotate, measure 
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molecules, as well as modify or construct new molecules. These visualization tools could 
make the abstract real, and thus help students understand chemical concepts (Dori & Barak, 
2001; Dori, Barak & Adir, 2003). From the point of view of learning models and modelling 
are connected to learning in science education literature. The term model refers to a 
representation of an idea, object, event, process, or system. The purpose of any model in 
science is to simplify a phenomenon and to make an explanation of it. Consequently, models 
have several tasks in science education: they help pupils to learn sciences, to learn about 
science, the history of science and methodology and, moreover, to learn to do science. 
(Gilbert & Boulter, 2000) One essential purpose of science education is to help students to 
gain an understanding of the basics of science models and construct knowledge appropriate to 
their needs, interests and capacities. Rogers (2006) analysed the use of simulations and 
modelling software in science education. He claims that science teachers have embraced the 
use of simulation software more enthusiastically than modelling software. Some simulations 
are visual aids, chosen for their ability to help pupils visualise complex or abstract 
phenomena. Others feature virtual experiments which allow pupils to perform pseudo-
laboratory activities and obtain quasi-experimental data. In both cases, it is common for the 
software to facilitate activities which support the development of valuable skills for scientific 
investigation. However, Rogers (2006) argued that modelling software has even greater 
potential for developing these skills towards a deeper level of scientific understanding. 
Moreover, many modelling software, like Stella, developed for dynamic modelling, appears to 
be less accessible than graphically-rich simulations. 

There was wide interest towards inquiry in WBLE at the end of the previous millennium. Sharing 
information or activating students to perform several tasks were not the only issues of interest; 
how to help students to share their knowledge and how students can learn to improve their 
existing knowledge were of interest as well. Canadian researches Carl Bereiter and Marlene 
Scardamalia, founders of the CSILE (Computer-Supported Intentional Learning Environment) 
project, stressed that students should be able to participate in scientific process. By ‘scientific 
process’, they refer to shared, progressive discourse that advances students’ mutual understanding 
of science (Bereiter, Scardamalia, Cassells, & Hewitt, 1997). Another well known model for 
inquiry learning is based on a theoretical framework called ‘Scaffolded Knowledge Integration’ 
developed by researchers at the University of California, Berkeley. (e.g., Linn & Songer, 1993; 
Linn, Eylon & Davis, 2004). In this framework, inquiry is understood as ‘engaging students in the 
intentional process of diagnosing problems, critiquing experiments, distinguishing alternatives, 
planning investigations, researching conjectures, searching for information, debating with peers, 
seeking information from experts, and forming coherent arguments’ (Linn, Davis & Bell 2004a, 
p. xvi). Different kinds of learning platforms have been developed for inquiry in WBLE. One well 
known platform, developed in Berkeley, is WISE, the Web-based Inquiry Science Environment 
(Linn & Slotta, 2000). WISE provides an Internet-based platform for science activities where 
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students work collaboratively on inquiry projects, making use of resources drawn from the Web. 
In one project, for example, students design a house for the desert climate by critiquing energy 
efficient house designs found on the Web, completing design worksheets, and discussing their 
design ideas online (Cuthbert & Slotta, 2004). 

There are similarities in inquiry based learning whether the information is based on nature or 
virtual world. The following characteristics of inquiry-based learning can be emphasised: 

• learning should be built on student ideas, e.g., through active participation in 
planning, and the problems should be personally relevant for the students; teachers 
should scaffold inquiry (making science accessible). Also the teacher must be 
sensitive to students’ previous knowledge of the phenomena under study. Some of 
these ideas might be a valuable for learning, but others might be unproductive. 

• learning involves modeling and evaluating how ideas are connected and sorted out 
to form new knowledge; teacher should scaffold students to make their thinking 
visible by explaining their ideas to teachers, peers, and experts; and to provide 
multiple representations of the phenomenon under study (making thinking visible), 

• learning from others takes advantage of the collective knowledge of the classroom; 
learning is a co-operative process and, therefore, students should be encouraged in 
interaction with others working on the same problem, for example, by listening to 
others, by designing discussions, and by employing multiple social structures. 
Language is the most important carrier of these inquiry-supporting interactions. 

• promotion of autonomy and lifelong learning, involves encouraging monitoring 
activities, and engaging students as critics of diverse scientific information that 
help to establish generative norms and a perspective of lifelong learning. 
Furthermore, learning is seen as an active process, rather than passive receiving of 
information. Self-assessment is an important part of effective learning process. 
Students benefit from working on complex problems, which can be approached 
from different perspectives. Formal education should make the students able to 
learn for the rest of their lives, meeting the demands of a rapidly changing society. 

• Conceptual understanding takes precedence over procedural efficiency. 
Knowledge about how to carry out a procedure is of limited value if the students 
do not have an understanding of how and when to use them. Development of 
metacognitive skills enables students to take responsibility for managing and 
monitoring their own learning activities. 
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• Learning activities occur in interesting context. Problems that are relevant to 
students' experiences outside of the school setting enable them to make 
connections between what they learn outside of school and in class. 

Schraw, Flowerday and Lehman (2001) review the history of research on interest and learning 
and summarize recent work. Based on their review and a summary presented by Mayer (2001, 
pp. 184-186), the following characteristics for learning from the media can be suggested: 

• Advance organisers are organisational cues which when opening the media, 
function as tools to help connecting the unknown to previously known as well as 
offering a framework for helping to understand what is to be learnt. 

• Understanding what is relevant to the learning task beforehand increases interest 
and learning.  

• Choices promote a greater sense of self-determination because it satisfies students’ 
need for autonomy.  

• Well-organized media is coherent and informationally complete. 

• Texts in media are vivid if they contain rich imagery, suspense, provocative 
information that surprises the reader, and engaging themes. Illustrations can add 
the vividness of materials.  

• Simplified drawings as illustrations may be better for learning than realistic photos.  

• Students learn better when illustrations and related text are close to each other 
than when they are more distant.  

• Prior knowledge is related positively to interest and deeper learning.  

• Students learn better with animation and narration than with text, especially when 
reading on-screen.  

• Students who actively make meaning learn more information at a deeper level.  

• Constant feedback is efficient. 
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Distance Learning Approaches 

Electronic mail, newsgroups, chat rooms, and videoconferencing can be intensively used for 
educational purposes (Madjidi & Hughes, 1999). They offer possibilities for learning and 
even electronic brainstorming and other forms of processes where social interaction is 
emphasized. For example, a newsgroup can be used for facilitating students’ homework. 
Furthermore, a large number of websites that focus on chemistry topics were developed for 
academic purposes by their instructors. Lecture notes, homework projects, on-line books and 
complete courses in science, physics, chemistry or biology are available on the Web (Lui, 
Walter, & Brooks, 1998; Tubi & Nachmias, 2001). 

1) Computer Mediated Communication (CMC) 

Email and mailing lists are the most popular Computer Mediated Communication (CMC) 
tools, used to exchange messages between individuals. A newsgroup allows users to read 
and contribute to special-interest 'newsgroups'. Computer conferencing (discussion 
board) enables groups of people to hold discussions by reading and posting text messages 
on a computer system. The advantages over mailing lists are that the messages are 
archived and the structure of the discussion is also recorded. Computer conferencing is 
widely used to support learning. Internet Relay Chat (IRC) allows users to chat 'live' (in 
real time) using text or audio. MSN messenger and Skype are nowadays well known 
sophisticated chat tools. People in different parts of the world can hold discussions in real 
time by videoconferencing, during which they are able to hear and see each other and 
share various other types of data. 

All previously mentioned CMC-tools can be used also in science education. For example, 
students can work and communicate with each other in order to achieve common goals in 
their project. It is also possible that older students supervise younger students’ projects 
through CMC tools. Students can also contact experts in universities or industry through 
CMC tools. 

2) Learning Management Systems (LMS) 

Distance learning has evolved naturally from using regular CMC tools and Web pages 
(Gordin, Gomez, Pea & Fishman, 1996).Thus, distance learning solutions are based on a 
wide range of communication technologies like newsgroups and a combination of Web 
pages. These CMC tools and Web pages are combined in a Learning Management 
Systems (LMS), like Blackboard and Moodle (Davis, 1998). Currently, there is an 
increasing interest to have ‘light’ distance learning tools, like Wiki and blogs, instead of 
LMSs. For example, a teacher can pose interesting problems through a course blog and 
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students can create common Wiki during the science course or as a product of a project. 
The direction is towards learning networks (Rudd, Sutch & Facer, 2006). 

LMSs, like Moodle, allow a combination of versatile CMC tools for organising course 
materials and establishing whole science courses. A science course in a LMS can consists 
of number of lessons and activities. A lesson can consist of simulations, videos, web 
pages and web lectures. After each lesson, students can be given assignments which are 
to be returned to the LMS. Group discussions or a group activity can also take place in a 
special workspace of the LMS. LMS also makes it possible to offer a common course to 
several classes or schools at the same time. 

3) Web-Based Learning (WBL) 

Science teachers are showing growing interest to previously described variation of in 
Web-Based Learning (WBL). Lecture notes, homework assignments, on-line books, and 
complete courses in science topics, can now be found on the Web (Berenfeld, 1996; 
Berge & Collins, 1998).Web-Based Learning Environments (WBLEs) offer inspiring 
possibilities in science teaching. Online discussions, information distribution via WBLE 
and the opportunity for students to learn from one another through exercises jointly treat 
the topics to be learned, evaluate information and learn new things. However, ICT in 
itself does not ensure support to students’ learning. When using WBLE, it is important to 
pay attention to study guidance: teachers and students may not necessarily have face-to-
face meetings during the course and students are expected to work more independently. 
Interaction in WBLE differs from that in traditional teaching causing challenges that need 
to be addressed by the teacher. In practice, WBLEs are often used to refer to a 
combination of face-to-face and online learning. (Brooks, Nolan & Gallagher, 2001; 
Graham, 2005) 

 

3.3.3 Social Media 

Nowadays, school life involves an increasing amount of ICT-based interaction channels 
including e-mail, chat, Facebook, wikis and so on. Indeed, social media referring to the Web 
2.0 ideology has been applied in science education as well. Social media is based on social 
interaction, using highly accessible and scalable publishing techniques. Social media use web-
based technologies to transform and broadcast media monologues into dialogues. Andreas 
Kaplan and Michael Haenlein (2010) define social media as ‘a group of Internet-based 
applications that build on the ideological and technological foundations of Web 2.0 and that 
allow the creation and exchange of user-generated content.’ 
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Our societies are evolving at a faster pace than ever before, challenging individuals and 
organisations to deal with changes. One of the consequences of this ongoing transformation is 
thus the development of new cognitive, communicative and collaborative forms of organizing 
our daily interactions. There is a growing trend pointing to life publishing and life logging 
using mobile devices and social mobile media to enrich and support innovative ways of 
interaction and learning, shifting the focus away from the computer screen to other places of 
interest. Social mobile media refers to the use of rich digital content and web and mobile 
based tools for the purpose of creating spaces and opportunities for sharing and discussing 
information and experiences with other people in new ways that may differ from earlier forms 
of electronic communication. These situations may happen across locations and devices, using 
both the mobile and the wired internet. Lankshear and Knobel (2006) and Buckinghamn and 
Willett (2006) claim that many educational institutions ignore some of these developments 
and argue that mobile technology and social media might be integrated into current school 
educational activities since they are transforming and defining new literacy outside of 
traditional education. 

 

3.4 Summary of the Use of ICT in Science Education 

Although, we have described several examples and some of the examples of ICT use sound 
like real success stories, it is difficult to say that a specific way of ICT use in science 
education is more effective than the other. How effective a single ICT tool is for science 
teaching and learning depends, firstly, on the properties of the tool itself. Secondly, 
effectiveness of an ICT tool depends on the characteristics of the users and the context, such 
as the pedagogical orientation of the user and their beliefs about the usability of the tool, and 
support available. Thirdly, external factors such as in-service training and the curriculum and 
curriculum materials influence the usability of the ICT tool. The effective use of an ICT tool 
is a complex concept and it cannot be analysed without considering the users of the tool or the 
context where it is used. 

Based on previous analysis, ICT use in science education can enhance practices and quality of 
learning in science. Newton and Rogers (2001), Osborne and Hennessy (2003), Wellington 
(2003), Denby as well as Campbell (2005) present similar lists of ICT use potentials and 
references including more evidence for the potentials. From these, we can conclude that ICT 
use in science education can 

• make learning active, constructive, contextual, co-operative, self-regulated, 
reflective and cumulative and engages students in tackling the topic to be learnt in 
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such a way that they create meaningful and understandable knowledge structures 
on the basis of a goal of learning, 

• increase interest, motivation and engagement in activities, 

• provide access to resources (web pages, texts, databases, videos, demonstrations, 
applets) that are of high quality and relevant to scientific learning, 

• help students focusing attention on over-arching issues, increasing salience of 
underlying abstract concepts, 

• enable visualisation and manipulation of complex models three-dimensional 
images and movement to enhance understanding of scientific ideas, 

• supporting exploration and experimentation by providing immediate, visual 
feedback, 

• help students to learn to use ICT or increase their digital competence, 

• expedite and enhance work production and offering release from laborious manual 
processes and more time for thinking, discussion and interpretation, 

• increase currency and scope of relevant phenomena by linking school science to 
contemporary science and providing access to experiences not otherwise feasible. 

We are living in a rich digital world. Digital technology has an important and integral role in 
our society. Therefore, science teachers should also reconsider their attitude towards using 
ICT and other digital devices in their teaching. Science teachers should not promote 
inequalities in individuals’ ICT use increasing so-called ‘digital divide’. Therefore, science 
teachers have a part to play in ensuring that all members of society are able to access the 
opportunities afforded by ICT use (Selwyn & Facer, 2007). 
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Appendix A: Best Practice Examples 

Here the examples and their description with regard to the criteria developed are presented 
briefly. 

The examples with links are also found online at http://cat.upatras.gr/en/materials and on the 
CD-Rom 

EXPLOMULTIMEDIAL 

 Title ExploMultimedial 

Subject Biology, physics, science 

General allocation of the 
content 

Optics, life science, biology 

Task of the example The example is an excellent choice for demonstrating gender 
aspects of motivation in science lessons – also the 
constructivist approach has been implemented consequently –
therefore the software can provide an excellent glimpse in the 
implementation of state of the art educational research. 

Age Group Appropriate for students at the age of 10-15 

Kind of use basic tool, learning environment, tool to organize learning, 
internet resource, real experiments with computer assistance 
(mbl) 

Learning outcome First experiences with optical phenomena on light, colours, 
viewing and with experiments; formulation and discussion of 
own explanations, preparation of presentations about the 
topics 

Teaching method Pair work, group work 

Needed time Depends on choice of tasks: 

between 2 hours and several sessions lasting 1-2 hours 
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CONCEPT MAPS 

Title Use of concept maps in science education 

Subject Biology, Chemistry, Physics, Science, Technology 

General allocation of the 
content 

Concept maps can be used in presenting and structuring all 
kind of knowledge. 

Task of the example Various examples of using concept maps in science education 

Age Group All age groups 

Kind of use For student and teacher use, Basic Tool, Tool to organize 
learning, Collaborative Learning 

Learning outcome Learning the meaning of concepts, constructing knowledge 
and basic understanding of science. 

Teaching method Concept maps can be used in various ways, e.g., collaborative 
learning, instruction given by a teacher. 

Needed time Depends on the aim and task 
 

 

MBL 

Title Use of MBL in science education 

Subject Biology, Chemistry, Physics, Science, Technology 

General allocation of the 
content 

MBL tools as an aid in collecting information and data from 
nature to support scientific reasoning. MBL can help in data 
acquisition and data processing in laboratory, to be used in 
science inquiry. 

Task of the example Use of MBL in examining temperature and movement. 

Age Group Starting at 13 years old (lower secondary school) up to 
university teaching and learning 

Kind of use For student and teacher use, basic tool, real experiments with 
computer assistance 

Learning outcome Learning science content knowledge, processing skills and 
learning about nature of science. 

Teaching method Demonstration, practical work, inquiry. 

Needed time Depends on the aim and task 
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EPR-SIMULATOR 

Title EPR-Simulator 

Subject Physics 

General allocation of the 
content 

Quantum Optics 

Task of the example To show that only entanglement can explain the behavior of 
such pairs of photons. 

Age Group 17 and older 

Kind of use Mainly for student use, Virtual Experiment. 

Learning outcome Knowledge about basic elements of quantum theory. 

Teaching method Students self-learning 

Needed time 1 hour 
 

 

GAS PROPERTIES 

Title Gas Properties 

Subject Physics 

General allocation of the 
content 

Thermodynamics 

Task of the example To show the relationship between variables as temperature and 
pressure. 

Age Group Appropriate for students at the age of 15-17 

Kind of use mainly for students use, applet 

Learning outcome Knowledge about the model of ideal gases. 

Teaching method For students self-learning or demonstration. 

Needed time 0,3 h 
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DENKWERKSTATT-PHYSIK 

Title Denkwerkstatt-physik 

Subject Physics 

General allocation of the 
content 

Several 

Task of the example Can be used by students voluntary if they are still interested in 
physics. Can used by teachers for students work in lessons or 
as a homework. The main task is to organize autonomous work 
on physics. 

Age Group Appropriate for students at the age of 14-17 

Kind of use mainly for students use, learning environment 

Learning outcome Deeper understanding of typical topics; increasing of 
perceived self-efficacy. 

Teaching method Mainly for students learning by themselves in lessons or at home.

Needed time Half an hour for each question. 
 

 
SIMPLY ELECTRICITY EXPERIMENTS WEB BASED LEARNING ENVIRONMENT 

Title Simply electricity experiments Web based learning 
environment 

Subject Physics 

General allocation of the 
content 

  

Task of the example   

Age Group Appropriate for students at the age of 8 and onwards. 

Kind of use Mainly for students use, learning environment, internet 
resource, video of experiment. Video experiments with 
materials that children can easily find. Therefore they can 
perform the experiments by themselves later. It also explains 
the phenomenon presented. 

Learning outcome Students should understand how the electric circuits work. 

Teaching method Read Teaching method for the Simply electricity experiments 
Web based learning environment (find the link on the projects 
web-page) 

Needed time It depends on how the teacher is going to use it. 
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 VIDEOS ON ATMOSPHERIC PRESSURE WEB BASED ENVIRONMENT 

Title Videos on atmospheric pressure Web based environment 

Subject Physics 

General allocation of the 
content 

  

Task of the example   

Age Group Any age from 8 onwards 

Kind of use Mainly for students use, learning environment, internet 
resource, videos of experiments. 

Learning outcome Students should understand how the electric circuits work. 

Teaching method Read Teaching Method for the Videos on atmospheric 
pressure Web based environment (find the link on the projects 
web-page) 

Needed time It depends on how the teacher is going to use it. 
 

 

ELECTRICITY AND ELECTROMAGNETISM EXPERIMENTS IN A WEB BASED LEARNING ENVIRONMENT 

Title Electricity and electromagnetism experiments in a Web based 
learning environment 

Subject Physics 

General allocation of 
the content 

Electromagnetism 

Task of the example   

Age Group Appropriate for students at the age of 8 and onwards 

Kind of use Mainly for students use, learning environment, internet 
resource, videos of experiments. 
Videos experiments with materials that children can easily find. 
Therefore they can perform the experiments by themselves 
later. It also explains the phenomenon presented. 

Learning outcome Students are expected to gradually comprehend how the electric 
motor works. 

Teaching method Open and directed group activities. 

Needed time It depends on how the teacher is going to use it. 
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HYDROSTATIC PRESSURE AND BUOYANCY FORCE 

Title Hydrostatic pressure and buoyancy force 

Subject Physics 

General allocation of 
the content 

  

Task of the example Simulations are used to work on the following tasks given on a 
worksheet: 
1. Vary immersion depth and measure hydrostatic pressure of 

water. Explore the linear correlation of depth and pressure. 
2. Recognise that shape of vessel does not influence hydrostatic 

pressure, but only height does. 
3. Place weights into a boat and see how far the boat sinks into 

a tank of liquid. The depth of the boat can be measured, as 
well as the amount of liquid displaced. The dimensions of 
the boat and the density of the liquid can be adjusted. See 
how much weight the boat can hold before it sinks to the 
bottom. 

4. With a scale to measure mass, a graduated cylinder to 
measure volume, and a large beaker of liquid to observe 
floatation, the relationship between mass, volume, density, 
and floatation can be investigated. The density of the liquid 
in the beaker can be adjusted, and a variety of objects can be 
studied during the investigation. 

5. Vary density of the immerging object and density of the 
liquid. Recognise that buoyancy force does not depend on 
the density of the immerging object. 

Age Group lower secondary level (12-14) and upper secondary level (15-) 

Kind of use Basic tool, mainly for students use, applet 

Learning outcome Students have different attitudes and need different guidance 
  – Step-by-step guidance is more effective  
  – Computer programs stimulate learning activities 
Students‘ experiences: 
  – Learning w/ computer is “hard work” 
  – Autonomous / self-controlled learning is exhausting 
  – Guidance preferred, increases comprehension. 

Teaching method Alternating sequences of demonstration and hands-on-
experiments (ICT) guided by either the teacher or a worksheet. 

Needed time 5 lessons, 50 minutes each 
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ARCHIMEDES' PRINCIPLE 

Title Archimedes' Principle 

Subject Physics 

General allocation of 
the content Hydrostatics 

Task of the example 

Use simulation of the experiment for repetition of an already 
shown demonstration experiment at individual pace. Students 
answer questions on a work sheet. 
Read the story of Archimedes and write an abstract by using 
own words and descriptions. 

Age Group Lower secondary level (12-14) 

Kind of use Basic tool, mainly for students use, internet resource, virtual 
experiment 

Learning outcome 

Many students believe that they understand the Archimedes‘ 
principle; but have difficulties to explain assignments correctly
Result of the questionnaire:  
→ preconceptions do not change 
→ discussion in class with the teacher is necessary 
The teaching results are not better than in convenient physics 
lessons, “but they are not worse”  
The computer was a highly motivating factor for the students. 

Teaching method First the real experiment was shown, in the second lesson ICT 
was used for repetition. The third lesson is used for evaluation. 

Needed time 3 lessons (50 minutes each) 
 

 

ADDITIVE SYNTHESIS IN OPTICS 

Title Additive synthesis in optics 

Subject Physics 

General allocation of 
the content 

Use of a simulation software in optics concerning colours 

Task of the example Students can predict the results, play with the simulation, and 
compare the results given by the simulation with results 
obtained when carrying out practical experiment. 

Age Group 12-14 
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Kind of use Mainly for students use, basic tool, internet resource, virtual 
experiment 

Learning outcome When asked to give the coloured obtained in superposing two 
coloured lights, students can use two competing models (The 
subtractive synthesis, frequently used in the visual arts lessons 
when blending of colours, and the additive synthesis, referring 
to the coloured lights). This software allows to compare the 
results obtained by these two competing models. 

Teaching method Based on the expectations of the teacher : demonstration for the 
whole class, visualisation by single or group of students 

Needed time 1 lesson (50 minutes) 
 

 

HOW A COPYING MACHINE WORKS 

Title How a copying machine works 

Subject Physics 

General allocation of 
the content 

Electrostatics 

Task of the example The task was given by a worksheet: 
“Create a new digital document (e.g. MS Word); insert the 
pictures shown in the simulation in the correct sequence and 
answer to one given question for each step.” The questions 
were related to the theoretical background of electrostatics. 
Basic knowledge of electrostatics is required for this lesson. 

Age Group Upper secondary level (15-19) 

Kind of use Basic tool, non-interactive simulation. 

Learning outcome Students learn to apply basic ideas of electrostatics by learning 
how a copier works. 

Teaching method Students work autonomously in pairs using the program to 
write a paper on their own about a given topic. 

Needed time 1 lesson (50 minutes). 
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POWER POINT PRESENTATIONS, MADE BY TEACHERS ABOUT THE CONTENT OF PHYSICS EDUCATION 
AT SECONDARY LEVEL 

Title Power Point presentations, made by teachers about the content 
of physics education in the secondary school 

Subject Physics 

General allocation of 
the content 

all part of the physics content – from mechanics to elementary 
particles 

Task of the example – to serve out of the teachers in science as a example how to 
organized various types of lessons; 
– to help the organization of the individual work of the 
students; 
– to supply the science teacher with needed science information 
and with appropriated ideas about didactical cover of the 
teaching and learning process 

Age Group Any age ( from 12 to 18) 

Kind of use For teacher use : applet, video experiment 
For student use : learning environment, worksheet with link to 
internet content, internet resource, tool to organize learning, 
virtual experiment, applet, video experiment 

Learning outcome Teachers should improve their teaching skills and will give to 
the teaching process a more contemporary view. Students 
would be more active and more engaged in the learning 
process. 

Teaching method Pair work, individual work, utilizing electronic sources,  project 
work, didactical experiment, active research. 

Needed time depend on the previous preparation of the teachers. 
 

 

EXPLORING THE GEOLOGICAL TIMES WITH “LE CALENDRIER GÉOLOGIQUE”  
(GEOLOGICAL CALENDAR)" 

Title Exploring the geological times with “le Calendrier Géologique” 
(Geological Calendar) 

Subject Geology, Science 

General allocation of 
the content 

Geology : evolution, plate tectonic. 

Task of the example Visualisation of geological events and designing a geological 
scale 
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Age Group 12-18 

Kind of use Basic tool, learning environment, internet resource, data 
visualisation and data processing 

Learning outcome Various knowledge about geological events and their 
distribution among time. 

Teaching method Based on the expectations of the teacher : demonstration for the 
whole class, visualisation by single or group of students, data 
processing… 

Needed time 1:30 for the given examples 
 

 

 

LEARNING THE PRINCIPLES OF RELATIVE CHRONOLOGY WITH CHRONOCOUPE 

Title Learning the principles of relative chronology with 
CHRONOCOUPE 

Subject Geology, science 

General allocation of 
the content 

Chronocoupe is a serious game to learn how to establish the 
chronology of geological events on a geological cut. 

Task of the example The design of the software is based on the theory of the 
didactical situations (Brousseau, 1986 [1]) and recent researches 
in the field of the uses of serious games for learning (Egenfeldt-
Nielsen, 2006[2]) 

Age Group 12-18 

Kind of use Basic tool, learning environment, internet resource, simulation, 
serious game 

Learning outcome An empirical research (see attached file) shows that the strategy 
used by the students is, at a preliminary step, a trial and error 
strategy. The students shift to a strategy which involves the 
knowledge that have to be learnt after they have failed with trial 
and error strategy. 
The learning outcomes consist mostly in the learning of 
procedural knowledge. The students do not develop declarative 
knowledge without reflection and debriefing. 

Teaching method The teaching method is based on a constructivist approach. 
Each student single handled a computer. The students are asked 
to reproduce images of geological cuts. The different geological 



  

196 
 

concepts such as sedimentary process, magmatism or tectonic 
must be taught during previous teaching sessions. 
A debriefing time allow the teacher to present the principles of 
chronology used by the students. 

Needed time 20 min (5 images) + 10min debriefing 
 

 

 References 
1. Brousseau, G. 1986. Fondements et méthodes de la didactique des mathématiques. 

Recherches en didactique des mathématiques. 7  
2. Egenfeldt-Nielsen, S. 2006. Overview of research on the educational use of video 

games. Digital Kompetanse. 1(3):184–213. 
 

A PRETEND ROLE USING GEOTECHNOLOGIES: IMPLEMENTING GREEN ENERGIES INTO THE CITY 

Title A pretend role using geotechnologies: implementing green 
energies into the city 

Subject Geography, Biology, Science, Economy 

General allocation of 
the content 

Sustainable Development and Citizenship : energy producing, 
land use management, environmental constraints. 

Task of the example Students play the role of different companies and compete for a 
call for projects. 

Age Group 15-16 

Kind of use Learning environment, internet resource, tool to organize 
learning, virtual experiment, Virtual world (Google Earth) and 
Augmented reality (MITAR implemented on Pocket PC) 

Learning outcome Various knowledge about geological events and their 
distribution among time. 

Teaching method Role play game (serious game) : classroom activities and 
fieldwork. 

Needed time 6 x 1:30 for the given examples 
 

More examples: In the www numerous excellent examples of CAT environments to be used 
for teaching and learning science can be found. You can find these interesting third party 
examples selected and suggested by the CAT project from: 
http://cat.upatras.gr/en/more_ICT_examples 
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Appendix B: Glossary of Terms and Abbreviations 

Action Research (AR) action research is a method used by teachers and 
other professionals to improve their practice and their 
understanding of their practice situations, and as a 
way to generate knowledge about practice 
 

CAT   Computer Aided Teaching and learning 

CMC   Computer Mediated Communication 

Computer-Assisted Learning (CAL) any interaction between a student and a computer 
system designed to help the student learning 

Computer-Assisted Inquiry is the use of ICT as an aid to collecting information 
and data from various sources 

Critical Friend  a critical friend is someone who has empathy for 
your research situation and can relate closely to your 
concerns, but at the same time is able to provide you 
with rich and honest feedback 

GBL   Game-Based Learning  

IBL   Inquiry-Based Learning 

ICT   Information and Communication Technology  

IRC   Internet Relay Chat 

LMS   Learning Management Systems (e.g. Moodle) 

WBL   Web-Based Learning 

WBLE   Web-Based Learning Environment 
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