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Summary

Introduction

In spite of all efforts made, the use of Information and Communication Technology
(ICT)in primary and secondary education in general is disappointing. High expectations
with regard to the potential of computers in education have not been met.

Initially, attempts to introduce the computer in education were technology-centred, the
role of the teacher in the innovation process being neglected. Many innovators conside-
red the teacher to be merely a barrier which had to be overcome. These innovators
tended to view teachers as executors of prescribed tasks, implying that detailed taskshad
to be formulated in order to get teachers to use computers inthe classroom. This appro-
ach proved to fall short. Gradually, the approach shifted from technology-centred
towards teacher-centred thinking. More and more, the teacher is perceived to be the
crucial factor in the innovation process. Simultancously with this shift from a
technology-centred to a teacher-centred innovation approach, educational theorists
started to advocate a shift from teacher-centred towards pupil-centred learning environ-
ments. This shift is expected to influence the role of the teacher to a large extent.

Until now, only few studies focussed on the impact of ICT on the teacher. Research has
primarily addressed the implications of learning withICT for students or factors influen-
cing the implementation of ICT by teachers. In order to gain more insight into the
changing roles of teachers using ICT in their (primary and secondary) classes, the
European Commission (EC) put a study of the impact of ICT on the role of the teacher
to tender. This study, which was initiated by Directorate Ge neral XXII of the EC, was
carried out in five countries, involving researchers from Belgium, Germany, Ireland, The
Netherlands, and Spain. The study was co-ordinated by the Institute for Applied Social
Sciences (ITS) from the University of Nijmegen, The Netherlands. The focus of the
project is on the way ICT affects the practice of the teacher, and the way this practice
may be improved.
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Theory
Implementation of ICT in education

Many studies have addressed implementation issues with regard to ICT in education, re-
sulting in an extensive list of relevant factors and actors. These may be categorized into
four levels: 1) the community (national / regional / local level); 2) the school; 3) the
teacher and the learning environment; 4) the pupils. The results of the studies as to which
are the most impo rtant variables influencing ICT use in the classoom, however, are
inconclusive. There is an interaction of factors which, according to some studies, de-
pends on the stage of the implementation process.

The community level and the school level

Inorderto foster the implementation of ICT in classroom practice, several preconditions
have to be met. These may to a substantial part be influenced by the policy towards ICT
which is adopted at the community (i.¢. the national, regional, or local) level. Among
these preconditions are giving financial support to schools, fostering courseware deve-
lopment, fostering adequate teacher training, providing technical and pedagogical
support, and stimulating the use of ICT by integrating ICT related abilities in the curricu-
lum and examination requirements.

At the school level, the implementation of ICT may be stimulated by:

providing access to hardware

acquiring (educational) software or allocating budgets for the acquisition of software
setting up internal support (by an ICT co-ordinator and a system operator)
stimulating communication about ICT in the school

stimulating teachersto use ICT

stimulating the school staff’s professional development, and

allocating time for ICT-related activities to the saff.

The teacher modelling the learning environment

Optimal learning processes cannot be obtained unless there is an optimal learning
environment. The teacher plays a crucial role in modelling and managing the learning
environment. In this respect, teachers fulfill numerous tasks: selecting goals, selecting
content, selecting media, selecting learning materials (including courseware), selecting
teaching methods, grouping pupils, allocating time for the activities, enabling differentia-
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tion, interacting with pupils, monitoring pupils’ progress, and assessing the leaming
effects.

The use of ICT may influence the learning environment in terms of infrastructure,
classroom structure, grouping, learning tasks, interaction patterns, behavioural control,
mental effort, interaction, time schedule, teaching and learning methods, etc. The nature
of this influence is to a large part determined by the teacher. The skills of teachers that
most influence their uses of computers are, according to studies, those skills related to
their competence in classroom management activities, to their pedagogical skills and,
less importantly, to their computer-handling technical skills. Fear is often cited among
teachers as a reason for resisting the use of computers in the classroom: fear of losing
control of ‘centre stage’, or fear of ‘looking stupid’ in front of the class. A teacher’s
adjustment to the use of technology requires considerable effort, new knowledge, and
a willingness to change existing teaching strate gies.

Studies show it is a general practice that using ICT implies a challenge to traditional
whole-class teaching. The rise ofindividualized learning and co-operative learning ne-
cessitates specific teachers’ skills in terms of individual management and group manage-
ment. Moreover, the increased use of technology reveals a new but complex challenge
to the skills of teachers. At the micro level, teachers are faced with many types of
decisions and are required to fulfill many different tasks related to the daily use of ICT
(decisions about when pupils should use computers, how to link their use with other
instructional activities, which software to use, how to co-ordinate use of computers
among different classes and among pupils within a classroom, etc.). These new tasks
require observational and management skills different from those that teachers usually

apply.
Impact on the role of the teacher

The teachers’ role in the classroom can be viewed as a continuum. At the one end is the
teacher as a traditional lecturer and importer of knowledge. This is in accordance with
objectivist views of learning. At the other end is the teacher as a coach, observer, and
facilitator This fits into the constructivist view of learning. Teaching in pupil-centred
learning environments requires a different attitude of the teacher than teaching in traditi-
onal instructional settings. Teachers are expected to move to facilitating individualized,
interactive, media-based le arning, stimulating their pupils to accept far greater responsi-
bility for their own learning. Feedback in pupil-centred learning environments may be
characterized as guidance and facilitation. Guidance means assisting the learner in
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coping with the learning environment through suggested learning strategies, help options,
procedural advice, hints and prompts. Facilitation emphasizes the empowerment of the
individual in deploying his or her own cognitive strategics. Initially, teachers may be
expected to serve as instructors to pupils in ICT-related activities. Later, as the pupils
gain more experience, the teacher’s role should move to that of a coach. In assessments
of ICT projects in education, teachers indeed often report a shift in theirrole, from being
the central manager of the learning process towards becoming a facilitator or coach.
Since many applications of ICT prove to be incorporated in existing teaching routines,
instead of facilitating more pupil-centred learning, the desired shift of responsibility to
the learners, however, is often lacking,

An issue which is of importance with regard to the role of the teacher, is related to the
abundance of information which becomes available when ICT is being used, especially
when multimedia and communicationtechnologiesare available to pupils. Consequently,
the teacher loses track of all the content that is available to the pupils. This means
teachers have to get used to the idea that they have less control of the co ntent their pupils
may access. As a consequence of this, teachers have to be able to admit to their pupils
that they don’t have all the answers. This is a significant change in the role of the te-
acher.

Method

In the empirical part of this study, twenty-five case-studies were carried out in primary
and secondary schools. In order to maximize the chances of obtaining ‘examples of good
practice’ with regard to ICT use, technology-rich schools were selected (five per coun-

try).

Within this part of the study, the following questions were addressed:

1) What is the situation with regard to resources and support for teachers using ICT?

2) How is ICT actually being used by teachers?

3) What is the impact of ICT use on the teacher?

4) How may ICT use by teachers be stimulated?

5) In what respect do differences occur between primary and secondary education
regarding the questions posed above?

6) In what respect do differences occur between the five countries regarding the ques-
tions posed above?
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Within the framework of the case-studies, the following activities were performed:
Conducting interviews with the school principal and/or ICT co-ordinator (25 interviews);
Conducting a survey among teachers (processed by 403 teachers, 191 of whomuse ICT
in their classes);

Conducting classroom observations (90 lessons, 50 of which in primary classes,and 40
in secondary classes).

The part of the study that was carried out in The Netherlands also includes interviews
with 32 teachers from 16 schools (9 primary and 7 secondary schools).

Results
Factors influencing the use of ICT by teachers

In primary and secondary education it is common that every teacher may decide for
himself (or herself) whether he (or she) will use ICT in classroom practice. In this
respect, the teachers’ beliefs and skills are crucial. These factors are not only critical with
regard to the questionof whether or not to use ICTin educational practice, but also with
regard to the question of how ICT will be used. Teachers have to see the advantages of
ICT use in order to be motivated to implement it in their teaching practice. Apart from
this, if teachers are notconfident about their capabilities in handling computers, this may
hamper their willingness to introduce technolo gy in their classroom. The reason for not
using ICT that is mentioned most frequently by teachers from the case-study schools, is
because they are not familiar with ICT or they feel unsure about it Lack of hardware (in
the classroom), lack of suitable software, and lack of space in the curriculum also were
mentioned quite often as reasons for not using ICT in the classroom, but these barriers
are clearly not as important as lack of familiarity with ICT.

According to the teachers who do use ICT, one of two largest barriers to (the increase of)
the use of ICT in education is the limited availability of time for professional develop-
ment. Insufficient quality of pre-service training is the second main barrier mentioned
by these teachers. Using ICT themselves and communicating with colleagues are,
according to the teachers, the means that best helped them acquire skills with regard to
ICT use. According to the school principals and ICT co-ordinators from the case-study
schools, the main obstacles to the implementation of ICT in the schools are lack of
money and lack of adequate teacher training. Principals as well as teachers feel training
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too often focusses on technical issues, instead of highlighting the didacticconsequences
and opportunities of ICT use in the classroom.

Many teachers in the case-study schools point at insufficient access to hardware as being
a significant impediment to ICT use. Whencomputers are located in a separate computer
room, teachers may feel it is more difficult to integrate the use of technology in regular
teaching practice. The use of computer rooms has to be scheduled in advance, and the
duration of the ICT-related activities has to be planned carefully. On the other hand,
because of lack of money as well as lack of space it is not possible to fit classrooms with
lots of computers. In conversations with teachers, lack of space is another issue which
is often put forward as a serious problem with regard to incorporating ICT into daily
practice. Changing learning environments call for a different kind of school buildings,
in which there is sufficient room forequipment and where there are facilities forautono-
mous learning, inside as well as outside the classrooms.

Actual use of ICT by teachers

There are some notable differences betweenprimary and secondary schoolswith respect
to the use of ICT. Firstly, in secondary classes, ICT proves to be put into action conside-
rably less often than in primary classes. Secondly, there is more variety in ICT-related
activities in primary education. In primary schools, applications that are used (quite) fre-
quently, are drill and practice exercises, games or adventures, problem -solving applicati-
ons, and word processing. Games are often inserted as an interlude between exercises.
In secondary schools, the only applications that are used (quite) frequently, are word
processing, and drill and practice exercises. It is striking that the use of problem-solving
applications proved to be almost absent in classes we observed in secondary schools.
Overall, in primary schools the use of ICT appears to be integrated in daily teaching
practice to a larger extent than in secondary schools. In secondary schools, the use of
ICT is often restricted to specific classes as well as specific subjects. The curriculum is,
by several secondary school teachers, considered to hinder the increase of ICT use.

Innovative approaches show the use of ICT for enhancing creativity (e.g. writing texts,
producing pieces of work, graphs, or drawings), for the gathering and adapting of
information, for simulation of real-life activities, or for stimulating social processes. In
these settings pupilsin general know what they are expected to do, and they are largely
working on their own or in pairs at the computer. This leaves the teacher as a coach and
facilitator, who monitors the pupils’ progress in the background, and stimulates pupils
to solve problems themselves or in co-operation with classmates. Instead of directly
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answering pupils’ questions or taking control of their keyboard, the teacher gives hints
or clues. Inthis way teachers allow their pupils some degree of experimentation. In these
cases, computers are looked upon as tools that facilitate the learning process rather then
as ends in themselves.

The less innovative approaches typically show the use of ICT for drill and practice
exercises or for exercises in which pupils are expected to follow detailed instructions
step by step. Feedback in these cases is often either absent or rather general instead of
tailored to the pupils’ needs. Several teachers, however, appreciate this kind of ICT use,
since these applications automate time-consuming activities, thus leaving time for the
teacher to give more attention to pupils who need extra help.

The innovative role of the teacher in a changing learning environment

The most notable influence of ICT use on teaching methods in classroom practice is that
it brings about a shift from whole-class teaching to pupils working individually, in pairs
or in small groups. D uring classroom observations, working in pairs at the computers
was the grouping arrangement that was noted most frequently in primary schools. In
secondary schools, pupils working individually were observed about as frequently as
working in pairs. From the interviews, the conclusion may be drawn that many teachers,
especially secondary scho ol teachers, prefer pupils working individually at the computer.
Some teachers report they have to stimulate pupils who are working collaboratively to
do their share of the work instead of sitting back and watching their partners do the job.
Some teachers also point at the increasing noise level when pupils are working together,
which may in their opinion disturb the rest of the class. On the other hand, some innova-
tive uses of ICT that were observed in the case-studies, show that working in groups is
promoted by teachers as part of the educational strategy.

Educational theorists who are adhering to constructivist views, promote open-ended,
pupil-centred learning environments in which pupils decide to a large extent what, when,
and how learning will occur. The classroom observations show some innovative appro-
aches of ICT in which pupils indeed have the opportunity to decide to a certain extent
what activities they willcarry out. However, the goals for the lessons that were observed,
were always set by the teachers. Apart from this, several applications of ICT that were
observed should rather be c haracterized as structured instead of op en-ended, thus c ontri-
buting more to behaviourist thanto constructivist ideas. From the classroom observati-
ons, the conclusion may be drawn that teachers to a large extent are setting the same
goals for all the pupils in the same class.
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A majority of ICT-using teachers have the impression that using ICT results in a shift in
their role, the teacher acting more as acoach than as a lecturer. A majority also feel that
using ICT enables them to spend more time assisting pupils who need extra attention,
and it enables them to do their work more efficiently. From the classroom observations
it may be concluded that innovative uses of ICT indeed show teachers who are limiting
the amount of direct instructions, stimulating pupils to solve questions themselves, and
providing help when necessary. These approaches of ICT use were rated to be more
pupil-centred than teacher-centred. In these cases there often was more emphasis on
pupils constructing knowledge than onteachers transferring knowledge. However, if the
teacher is walking around the classroom, instead of lecturing, this does not necessarily
mean the learning environment is pupil-centred, with an emphasis on pupils actively
constructing knowledge. The pupils’ actions may be determined by the computer pro-
grams instead of by the teacher, thus leaving little room for pupil initiative. During the
lessonsthat were attended, pupils in general were not more in control than their teachers.
The majority of teachers who participated in this study exactly tell their pupils what they
are expected to do before they start working at the computers. The majority also regular-
ly check how their pupils are doing while they are at the computers.

Monitoring the pupils’ progress is more time-consuming when pupils are to a large
extent in control of their own learning, which implies they are working at different tasks,
at a different pace, and at different levels. Another complicating factor is that it is
difficult to monitor what pupils are doing when they are working at computers that are
located outside the classroom, which was observed in some cases. As a consequence of
this, teachers may feel less secure about the actions that are being undertaken by their
pupils, which in turn may lead to their feeling insecure about the results of the learning
process.

A factor which has a severe impact on the role of the teacher, is that some pupils are
better at the computer than the teacher. Teachers have to be willing to accept this, and
they have to be willing to learn from their pupils with regard to the use of ICT. This
seems to be one of the key issues which are separating ICT-using from non-ICT-using
teachers, as may be concluded from this field study.

Inthe lessons that were observed it was quite often the case that all pupils were expected
to work through the same learning content and perform the same learning activities.
There were not many remedial activities, nor higher-level activities. Within the frame-
work of drill and practice exercises, some degree of differentiation is achieved by
allocating more time at the keyboard to pupils who are lagging behind their classmates.
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In many cases, however, teachers do not make use of the potential of ICT to facilitate
differentiation and provide education which optimally fits the characteristics of the
pupils. This subscribes to the statement that ICT is often integrated in current teaching
practice, instead of making use of the extra potential.

With regard to the teacher’s workload, a substantial group of ICT-using teachers in the
case-study schools thinks using ICT does not lead to major differences, as compared to
a situation without IC T use. Of course, the teachers’ views with regard to the impact of
ICT on their workload may be influenced by the way they are actually using ICT, by
their skills with regard to the use of ICT, and by their amount of experience with ICT.
Some innovative approaches require more preparation timethan traditional approaches.
During the lessons, innovative approaches may also require more energy from the
teacher. On the other hand, these approaches may be considered by the teacher to be
more rewarding than traditio nal approaches.

The majority of teachers in the case-study schools who do use ICT in their classesthink
ICT has a positive impact on the efficiency of their work. These teachers in general have
very favourable ideas about the influence of ICT on the pupils as well, especially with
regard to the pupils’ motivation, and their interest in the subject.

Discussion

ICT provides opportunities to enhance new learning environments, which are more
tailored to current and future needs in education. There are two main reasons for creating
these new learning environments. First, the emerging of the ‘information society’ calls
for new skills, especially with regard to information handling. Second, there is the
problem thatschool learning which is abstracted from reality may lead to ‘inert knowled-
ge’, which is not likely to be used in situations outside school. New learning environ-
ments should be created that stimulate pupils to process information autonomously and
to actively construct knowledge, the teacherbeing a facilitator of this process. ICT may
serve as a valuable tool in these new learning environments, e.g. by providing an abun-
dance of information resources, by providing simulations of real situations, and by
providing tailored feedback. However, as this study shows, these new learning environ-
ments in which pupils are actively constructing knowledge, are still a rare phenomenon
in education, even in the ‘technology-rich schools’ that were selected for the empirical
part of this study. Although several innovative uses of ICT were reported from the
classroom observations, computers are also often used as tools to ‘automate’ exercises,
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or as tools to facilitate the writing of texts. The use of ICT for the gathering of inform ati-
on, for problem solving, simulations, etc. is employed by a minority of teachers only. In
this respect, the findings of other studies, i.e. computers are used mainly to complement
rather than change existing pedagogical practice, are confirmed by this study. As a
consequence of this, the opportunities ICT provides to facilitate differentiation, in many
cases remain unused.

To prevent ICT from just being integrated into traditional teaching practice, optimal

education should be promoted. In this respect, ICT may play a supporting role. Meeting

the following five guidelines is crucial with regard to optimizing educational practice:

1) Active, autonomous learning should be fostered by relevant pedagogical and social
aspects. Pedagogically, the educational situation should promote the harmonious
growth and stimulation of every learner on all relevant aspects. Pupils should be
given more social and didactic responsibilities.

2) Educational content should be based on each pupil’s entry chamacteristics orentrance
level. Relevant behaviours and differences in developmental functioning of the pupils
in a class should be used as basics to part of the didactic learning characteristics in
the class.

3) Within the educational content, non-structured as well as structured contents should
be distinguished. For children developing slowly, the materials should refer to
remedial activities. For children gifted in a certain aspect, the didactic materials
should be situated on a much higher level, requiring more self-regulation and co-
operation in small groups.

4) The pupils’ progress with regard to cognitive as well as social aspects should be
assessed regularly, in order to discover whether the provision of learning content
should be altered. Quality indicators are necessary to evaluate or judge educational
processes and their outcomes on every learner, from the beginning in kindergarten
onwards.

5) Characteristics of the educational content should be evaluated with respect to their
contribution to the pupils’ progress on a regular basis.

Recommendations
Teachers’ beliefs and skills with regard to the use of ICT in education should be enhan-

ced by focussing on educational uses of ICT in teacher training, by stimulating com-
munication with colleagues, by providing access to ICT in properly equipped practice
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rooms for teachers in the schools, by stimulating the presence of ICT equipment at the
teachers’ homes, and by providing teachers with information abo ut educational software.

Sufficient access to ICT equipment for pupils is another crucial precondition for the use
of ICT in classroom practice. If the equipment is situated in a computer room, there
should be sufficient opportunities for teachers to schedule lessons in that room. Apart
from this, enhancing active and autonomous learning requires that pupils have access to
properly equipped individual places for study inside and outsidethe classroom, during
as well as after lessons. There has to beenough space forI CT-related activities for pupils
in the school building. Teachers should be supported by an ICT co-ordinator and a
system operator. The school management should allocate budgets for the purchase of
educational software. There has to be sufficient and adequate educational software
available, and teachers should be informed about the range of products.

The use of ICT by teachers should be stimulated by the school management, ¢.g. by
encouraging teachers to attend rele vant training, by imposing the use of ICT for keeping
records of achievement, or by introducing pupil monitoring systems that use ICT.
Adding certain ICT-related activities to the curriculum as well as adding ce rtain skills
with regard to the use of ICT to the examination requirements will stimulate the develop-
ment of adequate educational software as well as theuse of ICT in educational practice.

Finally, optimal education should be realized according to the five guidelines given
above. ICT may play a supporting role with regard to all these guidelines, if the potential
of ICT (e.g. with regard to fostering differentiation) is utilized. Optimal education fits
the needs of every individual pupil, instead of focussing at the ‘average’ pupil. As a
result of this, pupils are stimulated to work more independently and more actively than
is the case in traditional a pproaches.



1 Introduction

1.1 Information and Communication Technology in education

In society, Information and Communication Technology (ICT) plays a crucial role, and
it is still becoming more important. New technologies are essential tools for doing
business, and are quickly becoming a primary means for people to acquire information,
as the American Office of Technology Assessment states (OTA, 1995). This means that
‘For students, the ability to use technology has come to be recognized as an
indispensable skill.” (ibid., p. 4). Nevertheless, the OTA studies revealed that a
substantial number of teachers in the United States of America make little or no use of
computers for instruction, despite the (increasing) availability of computers in the
schools. From data gathered (in 1989) within the framework of the IEA study of com-
puteruse in education in Europe (Pelgrum & Plomp, 1993), the conclusion is drawn that
computer use is limited in many European countries as well.

The European Commission has adopted an action plan, ‘Learning in the Information

Society’, in order to speed up the process of implementing ICT in education. This plan

focusses on primary and secondary education, because that is where, according to the

authors, ‘the need for technology is being met least satisfactonly’ (European Com-

mission, 1996a, p.2). In the action plan, four action lines are proposed:

1) the encouraging of the interconnection of regional and national school networks at
a Community level,

2) the stimulating of the development and dissemination of educational content of
European interest;

3) the promotion of training and sup port for teachers and trainers;

4) the providing of information on educational opportunitics afforded by audiovisual
equipment and multimedia products.

These actions may be carried out within the framework of Community resources from
the programmes concerned with ‘content’ development (Media 2, Info 2000), education
and training (Socrates, Leonardo da Vinci), and research (telematics applications, infor-
mation technologies, socio-economic research). Additionally, permanent partnerships
between the public and private sectors will be promoted, in order to equip and link up
schools. Finally, gencral goodwill will be encouraged through publicity events in
conjunction with schools, multimedia firms and network operators.
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1.2 From an innovation-oriented to a teacher-oriented apprwach

Veen (1994) describes the development during the eightiesfrom an innovation-oriented
to a teacher-oriented approach in the process of integrating computer use in the
classroom. Around 1980, ‘computer literacy’ was considered to be of great importance.
Students were supposed to learn how to program the computer, in order to acquire higher
thinking skills (see ¢.g. Papert, 1980). In the mid-eighties, the view of the computer as
a teachers’ tool gained interest. In this view, teachers are expected to develop their own
educational programs by using ‘content-free software’ (see Dede, 1984). At the end of
the cighties, the idea emerged that developing educational materials should not be
assigned to teachers, but to expert developers. At first the role of the teacher in the
process of integrating computers in education was neglected. Innovators focussed on the
computer and often considered the teacher to be a barrier which had to be overcome.
According to Veen, several innovators looked upon teachers as executors of prescribed
tasks, implying that detailed tasks had to be formulated in order to get teachers to use
computers in the classroom. Slowly, there has been a shift from technology-centred to
teacher-centred thinking in the second half of the eighties. More and more, the teacher
is looked upon as the crucial factor in the innovation process.

Until now, only few studies focussed on the impact of ICT on the teacher. Research has
primarily addressed the implications of learning with ICT for students (see e.g. Watson,
1993; OTA, 1995) or the factors influencing the implementation of ICT by teachers.

1.3 From an objectivist to a constructivist view of learning

Apart from the evolution from technology-centred to teacher-centred thinking with
regard to the application of ICT in education, changes in the view of how learning
processes may be best fostered resulted in an evolution in educational theory from the
promotion of teacher-centred learning environments to the promotion of pupil-centred
learning environments.

For a long time, instructional designers made reference to theories of learning that had
been developed under the behaviourist paradigm. Even with the advent of cognitive
learning theories, the basic assumption of instructional designers remained that there is
objective knowledge that is represented externally and that ne eds to be transferred into
the mind of the learner, where it will be represented intemally as a mental representation
(see, for instance, Dick, 1991; Merrill, 1991 for a discussion of this point of view with
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respect to the development of computer programs). This objectivist point of view has
recently been challenged by a more subjectivistic or constructivist point of view that
holds that there is no objective, socially shared knowledge, but only subjective and
individual knowledge that is constructed in ecach person’s mind. This, of course, is avery
simplifying description of the tw o positions, but the basic assumption of constructivism
which considers knowledge acquisition to bea process of actively constructing cognitive
structures, is shared by a number of researchers in the field of instruction and computer
application (Cognition and Technology Group at Vanderbilt, 1991b; Spiro etal., 1991a;
1991b).

Behaviourism

Within the behaviourist framework, learning is looked upon as a process that results in
behaviour changes. Although the basic reinforcing me chanisms are relatively simple,
Skinner demonstrated that they could be used to build highly complex behaviour
(shaping). He also showed that reinforcing principles played an important role in verbal
learning, and his ideas on programmed instruction influenced educational thinking and
practice for some time. His ideas have not been totally abandoned - in fact, simple drill-
and-practice programs that are used to learn vocabulary, for instance, are still based on
his ideas, but many present-day computer programs are based on cognitive learning
theories.

Cognitive theories

One of the basic assumptions of cognitive psychology is that knowledge is stored in
long-term memory as amental representation of the knowledge domain which the learner
has studied. It is assumed that this mental representation is highly structured and that
schemata act as the basic units of this cognitive structure. These building blocks of
cognition (Rumelhart, 1980) play an important role in organizing the perception and
storage of incoming information as well as the retrieval or reconstruction of information
from long-term memory.

Objectivism

Merrill (1991), as an instructional designer in favour of a more objectivist point of view,
assumes that knowledge exists outside the human mind. Anindividual’s learning activity
will resultin a cognitive structure whichhe calls a mental model. Structuring the external
knowledge by organizing and elaborating it as part of the instructional process helps
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students to develop an adequate mental model which later on facilitates retrieval of the
knowledge represented in the mental model. One of his basic assumptions is that
instructional strategies are relatively independent of the knowledge to be taught.
Although he talks about a mental model, he makes no claims as to how this cognitive
structure might be organized. He only assumes that there is ‘some correspondence’
between the externally represented knowledge and its intemal mental representation.

Constructivism

Recent approaches in instructional design have focussed on the problem of inert know-
ledge, i.e. knowledge that the students acquire without being able to make use of it.
Collins has claimed that learning needs to be considered a process in which an individual
actively engages, and that in general, this activity is situated in a social context, i.¢. in
the context of a specific culture of practitioners. In his opinion, schoolshave a tendency
to transfer knowledge that is abstracted from the specific context which makes the
knowledge thus acquired inert. Collins’ approach is in accordance with the ideas of
constructivism. In constructivism it is assumed that learning is a process of actively
constructing knowledge as a mental representation of the outsideworld. This assumption
is opposed to the objectivist interpretation of the metaphor of man as an information
processing system. For a discussion of constructivism as related to learning theory and
computer-based instruction, see Duffy & Jonassen, 1991, 1992; Dinter & Seel, 1994,
Gerstenmaier & Mandl, 1995, It is assumed that this construction is asocial process, i.c.
it results from interaction with other people (see Vygotsky, 1978). This point of view
requires instructional designers to develop learning environments that optimally assist
learners to construct an adequate cognitive representation of the targeted knowledge
domain. It also lends itself to the construction of learning environments that allow for
collaborative learning.

Designing instructional settings

The concept of learning as the acquisition of knowledge that will be represented by an
individual’s cognitive structure does notnecessarily imply a certain set of prescriptions
for the development of instructional settings. As noted above, from an instructional
designer’s point of view, it is possible to take an objectivist stand - with emphasis on the
instructional process of transfemring externally presented knowledge into internally
represented. The basic difference between objectivists and constructivists seems to be
that an objectivist designer thinks of his studentsas information processing systems and
therefore will design instructional settings that optimally feed the externally available
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knowledge into these systems. A constructivist designer, on the other hand, will see his
students as human beings who have self-awareness, who consciously make decisions,
who think and feel, and who tty to understand the world they live in. A constructivist
instructional setting will therefore focus on providing a learning environment that affords
a rich variety of ways to get to know specific aspects of the knowledge to be acquired.
This implies, however, that learning processes and their outcomes are much more
difficult to assess than in an objectivist setting.

Two examples of the constructivist approach

In recent years, two approaches to explaining learning processes as they are initiated by
multimedia computer programs have evolved that are dedicated to the idea that
knowledge acquisition is a proce ss of actively constructing amental representation inthe
individual’s mind. These are the anchored instructionapproach as proposed by Bransford
and his colleagues from the Cognition and Technology Group at Vanderbilt University
(Bransford etal., 1990; Cognition and Technology Group at Vanderbilt, 1990; 1991 a,b;
1993) and cognitive flexibility theory as developed by Spiro and his colleagues at the
University of Illinois (Spiro & Jehng, 1990; Spiro et al., 1991 a,b). One of the main
differences between these approaches is that they address students at different age levels.
While the anchored instruction approach is likely to work well with younger students
(even at primary-scho ol level), the cognitive flexibility approach will probably be more
effective with more advanced students (at sccondary-schoollevel). Bransford, much like
Collins, assumes that an adequate instructional setting is one that situates the desired
learning and problem-solving processes in a specific context: ‘The major goal of
anchored instruction is to overcome the inert knowledge problem. We attempt to do so
by creating environments that permit sustained explorations by students and teachers and
enable them to understand the kinds of problems and opportunities that experts use as
tools. We also attempt to he Ip students experience the value of exploring the same setting
from multiple perspectives (¢.g., as a scientist orhistorian).” (Cognition and Technology
Group at Vanderbilt, 1990, p.3). According to the authors, it is necessary to anchor the
knowledge that the students are supposed to acquire in a specific setting that arouses
their interest. Getting students interested in the story that provides the anchor makes
them more sensitive to the problems that are contained in the story, and this, in turn,
motivates them to look for knowledge that they can use as a tool to solve the problem.

While there is ample evidence that the anchored instruction approach does motivate
students to improve their learning and problem-solving activities (see ¢.g. Cognition and
Technology Group at Vanderbilt, 1992), relatively little attention is paid to the cognitive
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processes that are activated when students are actually acquiring knowledge in this kind
of instructional setting. This aspect has been looked at more closely by Spiro and his
colleagues.

The basic idea of cognitive flexibility theory as developed by Spiro is that processing
complex information may not be achieved by the activation, modification and creation
of complete schemata. An adequate processing of complex information requires
cognitive flexibility in the sense that the student has to be able to activate partial
schemata and to combine them into complex new ones. As far as the actual teaching
done in schools is concerned, Spiro hold s that textbook-based instruction displays severe
shortcomings. In his opinion, textbooks tend to simplify problems and to offer simple
solutions. These simplified solutions may, however, make it more difficult for students
to understand highly complex phenomena. Referring to an image that Wittgenstein
(1953) used, he compares knowledge to a landscape. In order to acquaint oneself with
this landscape, one has to traverse it many times in different directions, i.e. one has to
criss-cross it. Acquiring knowledge, then, means constructing a cognitive representation
using different conceptual and case perspectives. From an instructional point of view,
this makes it necessary to provide the learner with a flexible learning environment, and
Spiro shows no sign of doubt that multimedia computer programs will make for
instructional settings that serve this purpose best. There is empirical evidence that
corroborates Spiro’s claims. In one of the empirical studies that Spiro conducted, a
hypertext program was used to acquaint students with the social consequences of the new
technology: ‘The result of this experiment revealed that while the design which
emphasized the mastery of declarative knowledge led to higher performance on measures
of memory for presented facts, the design based on Cognitive Flexibility Theory (which
highlighted different facets of the material by explicitly demonstrating critical
interrelationships between abstract and case-centred knowledge components, in multiple
contexts on different passes through the same content) promoted superior transferto new
problem-solving situations.” (Spiro et al., 1991a, p.32). In another experiment run by
Jacobson & Spiro (1995), almost identical results were obtained. The experimental group
that worked in a hypertext learning environment based on cognitive flexibility theory
showed superior knowledge transfer, while the control group scored higher in memory
for factual knowledge.
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1.4 Defining the scope of this study

The goal of this project, which was requested by the European Commission, is to study
the impact of ICT on the role of the teac her in primary and secondary education. Results
of this study cancontribute to the stimulation of ICT use in education, as intended by the
European Commission. The study was conducted in five European countries: Belgium,
Germany, Ireland, the Nethe rlands, and Spain.

The following institutes participated in this project:

- Centre for Instructional Psychology and Technology (CIP&T), University of Leuven,
Belgium;

- Department of Education, University of Cologne, Germany;

- Nexus Europe Ltd., Ireland;

- Institute for Applied Social Sciences, University of Nijmegen, the Netherlands;

- Dpt. Didactica i Organitzacio Educativa, University of Barcelona, Spain.

The focus of the project is on the way ICT affects the practice of the teacher, and the way
this practice may be improved. The project consists of a literature study and an empirical
study. Data collection within the empirical part of the study focusses on the school level
and on the teacher level. In five country reports, short descriptions are given of the
conditions at the local, regional, and/or national levels which may influence ICT use in
schools.

In the current study, ICT is interpreted as ‘new technology ’, i.e. computers, interactive
videodisc, CD-ROM, CD-I, and telematics. The use of overhead projectors, slide pro-
jectors, and videotape recorders are not part of the subject of our study. Of course the
term ‘new technology’ does not refer to the age of the equipment involved, the life cycle
of computers in education generally being substantially longer than in the ‘outside
world’.



2 The multi-level approach

2.1 Introduction

The degree to which innovations in general and ICT in particular are implemented in
education depends on several issues (Fullan, 1982, 1991; Fullan et al., 1988; Vlas &
Doornckamp, 1993). Many studies have addressed the issues with regard to ICT, re-
sulting in an extensive list of factors and actors, w hich may to some extent influence the
implementation of ICT in the classroom (see for instance Ten Brummelhuis, 1995;
Smeets, 1996a; Blom, 1997). The results of the studies as to which are the most
important variables influencing ICT use in the classroom, however, are inconclusive.
Moreover, there is an interaction of factors which seems to depend on the stage of the
implementation process (Ten Brummelhuis, 1995; Janssen Reinen, 1996). Ten Brummel -
huis (1995) distinguishes between the stages of adoption, im plementation, and insti-
tutionalization of ICT, the latter stage being the most elaborate one.

Apart from this, factors and actors influencing the implementation of ICT in education
may be located at various levels. The effects or impact of ICT use may also be noted at
several levels, in particular at the teacherlevel and the pupil level. The foregoing stresses
the importance of addressing several levels when studying the impact of ICT on the (role
of the) teacher Therefore, in this study a multi-level approach is adopted (see Mooij,
1987, 1992, 1993, 1997a for a theoretical explication). The following levels are being
distinguished:
1) The community

a) the national level

b) the regional level

¢) the local level
2) The school
3) The teacher and the learning environment
4) The pupils

Relevant issues regarding the subsequent levels will be addressed in this chapter
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2.2 The community
2.2.1 Definition

Factors at the national, regional, and local level may influence the pace as well as the
nature of the implementation of ICT in education. The extent of the importance of these
subsequent levels varies per country. In the Netherlands, policy is centralized on the
national level, making the regional and local level negligible. In Belgium, Germany, and
Spain, policy with regard to ICT in education is not being made at the national level, but
rather at the regional level. In Ireland, there is no regional level, whereas the local level
is very important. In this study, the national, regional, and local level will be addressed
as one level, ‘the community level’. The policy with regard to the implementation of ICT
in education in the five countries involved in this study, will be summarized in section
2.2.4. A more detailed overview will be provided in annexes 5 to 9.

2.2.2 Factors influencing the implementation of ICT

Important factors at the community level that may stimulate the implementation of ICT
in classroom practice, are financial support, courseware development, and teacher
training. Another aspect which is crucial, is the position of ICT in the curriculum. These
factors depend to a large extent upon the government policy towards ICT in education.

Financial support

In order to provide schools with an adequate basis for the implementation of ICT,
funding is necessary. Schools have to be able to acquire suitable hardware and software.
They also have to be able to provide their teachers with training, and with time to work
on their professional development with regard to the use of ICT. Funding is also
necessary inorder to give the teachers suppoit by a computer co-ordinator, as well as for
the maintenance of hardware. The provision of hard- and software to schools may also
be interpreted as financial support.

Courseware development

Inorderto stimulate ICT use by teachers, ad equate educational software, or courseware,
has to be available. Dissatisfaction with courseware is often reported to be an obstacle
in the implementation of ICT in education. Keursten (1994) reviewed literature on this
topic:
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‘Some conclusions are:

- much educational software is poody attuned to the curnculum;

- the applicability of existing courseware is often limited to a small part of the
curriculum,;

- much courseware has been developed for use by individual students, not taking into
account the usual whole-class teaching and the practical constraints of a classroom
with limited numbers of computers;

- much courseware is poorly documented: support matenals for the teacher with sug-
gestions for integrating the software in the instructional process are frequently
lacking;

- much courseware does not yet sufficiently exploit the capacity of the computer to
enhance teaching and learning;

- much courseware is not - or hardly - tested before publishing, resulting in uncertainty
about the quality, practicality and effectiveness of the courseware.” (Keursten, 1994,
p. 172).

Several other authors also stress the importanceof courseware fitting into thecurriculum
(Mooij, 1990; Cates, 1992; Ten Brummelhuis, 1995). The question to what extent
software is produced which fits into the curriculum, is - especially in the non-English
speaking countries - to a large part determined by national factors. In small countries,
e¢.g. the Netherlands, publishers often hesitate about developing educational software,
because the return on investment is considered not to be very high. This means funding
by the government may be necessary to fo ster this process (Smeets, 1996b). In a Dutch
study with regard to agricultural education, insufficient availability of software for
instructional purposes was mentioned by 42 percent of the teachers participating in the
survey (Blom, 1997). In Ireland, a lack of courseware in the Irish language is being
reported.

Keurstenconcludes from his research, which focussed on teacher material in courseware
packages, that teacher material may stimulate a successful implementation of courseware
by suggesting solutions for implementation problems which may occur. He also
concludes that teacher material may stimulate teachers to model their lectures more in
accordance with the intentions of the developers of the courseware. Olson (1995),
however, refers to Voogt (1993) who points out that teachers do not necessarily act in
accordance with the guidelines provided by the designers of the courseware. Voogt
concluded from her study that teachers didn’t use the teacher guide which came with the
courseware package, but used the software according to their own planning.
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Training, technical and pedagogical support

Professional development is an important issue with regard to the use of ICT in
education. Hannafin and Savenye (1993) conclude that fear is often cited among teachers
as a reason for resisting the use of computers in the classroom: fear of losing control of
‘centre stage’, orfear of ‘looking stupid’ in front of the class. According to these authors,
this fear is in many cases developed before the teachersbegin teaching. This leads to the
conclusion that student teachers have to be stimulated in teacher training to use ICT and
to incorporate it in the right way in the learning emvironment. The European
Commission’s Task Force Educational Software and Multimedia points out that the
provision of training and information to teachers is a pre-condition for the development
of pedagogic uses for multimedia (Europecan Commission, 1996b). Professional
development should not be restricted to pre-service teacher training, especially when
technology use is involved. Merrill et al. (1996) state that teachersneed to find a way of
continually updating themselves on educational computing issues.

Position of ICT in the curriculum

The implementation of a particular innovation may be stimulated by the (national or
regional) government’s decision to integrate that innovation into the curriculum, and to
add it to the examination requirements (Appelhof, 1989). In the case of the integration
of ICT into education, this means the use of ICT might be imposed for parts of particular
subjects, and skills with regard to ICT use might be added to the examination
requirements for the subjects in question.

2.2.3 ICT policy in the five countries
Belgium

In general, the policy of the Flemish government concerning ICT in education can be
described as project-based. The government asks the schools to take the initiative and
to subscribe for specific ICT calls for tender. It always concerns small-scale subsidies.
The government prefers to support rather small initiatives in a large number of motivated
schools, instead of supporting extensive projects in a small number of schools. The
government requires high-quality stand ards of the schools that want to be engaged in an
ICT project. The schools have to take the initiative, and they themselves are responsible
for the project. All the projects aim in the long run at an impact on the schools which do
not yet participate. The participating schools are expected to be examples of “best cases’
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for others. As a result of this policy, there is a serious lack of equipment, as well as a lack
of technical and pedagogical support, and in-service training with regard to ICT in a lot
of schools in Belgium.

Germany

In December 1994 the Bund-Linder-Commission (Federal and State governments) for
educationplanning and researchadvancement agreed on a number of guidelines concern-
ing the use of ICT in German schools. The central demand is to employ electronic media
in the classroom to a larger extent than in the past. On this basis, the Ministers of Culture
and Education have declared the necessity of a clearly intensified media education. In
the meantime, schools lacked the financial means to keep up with the pace of the
technical development. Obviously, an improvement of this situation would overburden
the budget available. By the way, most of the German literature refers to general
secondary education schools; little is being said about ICT in vocational schools and in
primary schools. The use of ICT in German primary schools is still an exception.

But the financial aspect is not the only problem schools have to deal with. As far as the
acceptance of the ‘Information Highway’ is concerned, both Eschenauer (1996) and
Weidenmann (1996) think that the main obstacle is the information monopoly the
supervisory school authorities in Germany hold (i.e. the Ministers of Culture of each of
the Linder and subordinate authorities at a regional level). Free access to the net might
undermine the control exercized by these authorities over the subject matters that are
being taught and learned at the schools. Another weak point in the implementation of
ICT is the quality of the learning programs available. According to SODIS, a German
data bank that describes and evaluates courseware, only 80 of 2424 programs are
recommended as being suitable for school teaching (Tulodzieckietal., 1996). Moreover,
the general attitude towards ICT is still characterized by a fair amount of reserve,
scepticism and distrust. Disregarding the real orfictitious effects on the pupils, though,
the issue on which everyone seems to agree isthe inadequacy of teacher training (e.g.
Perrochon & Hartmann, 1997; Horstkemper, 1997; Bruhns, 1997). The fact that teachers
were not taught how to use computers for educational purposes makes it difficult for
them to implement ICT in their learning environments.

Due to the fact that matters of education are regulated at the level of the ‘Lénder’,
schools vary from Land to Land. Furtherm ore, there is at least as much variation within
each Land.
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Ireland

For the early part of the 1990s there was no coherent policy on ICT implementation in
schools. As a result of this, ICT implementation in Irish schools is undeveloped. The
level of ICT penetration in schools varies considerably with some schools, particularly
primary schools, being very ICT active and others remaining totally unaware of ICT. To
date, ICT development in Irish schools suffers from a lack of coherent planning,
fragmentation and under-resourcing. Studies by Gallagher (1995) and Gash (1996) on
pre-service training provision in ICT for teachers illustrate the lack of appropriate
training in ICT for student teachers. The findings show that training colleges prioritize
ICT differently and that there is no minimum standard of ICT training required for
teachers at pre-service level. The survey also showed that a core set of ICT skills is not
being taught to student teachers. The lack of appropriate training, the lack of time, and
the lack of curricular integration of ICT were identified as principal barriers by teachers
participating in the Irish ‘Information Technology Inte gration Project’.

In April 1997 policy on ICT was for the first time seriously addressed by the Govern-
ment, when it launched its new technology plan, Schools IT 2000 Programme. The main
aim of this programme is to furnish every school with one PC (with Internet access) by
the year 2000.

The Netherlands

In The Netherlands, two large scale projects were carried out in primary and secondary
education, in order to stimulate the implementation of ICT use. In the latter half of the
eighties, all secondary schools in The Netherlands were equipped with nine MS/DOS
computers in a local area network. The production of courseware was stimulated, and
in-service teacher training was provided for. In the first half of the nineties, all primary
schools were equipped with (MS Windows) computers, at a rate of one computer at 60
pupils. Several software packages were included. Each school was obliged to appoint an
ICT co-ordinator, and in-service training was compulsory for the schoolprincipal as well
as the ICT co-ordinator in order to be equip ped with computers. The ICT co-ordinators
were expected to act as ‘change agents’ within the schools, informing the teachers about
ICT and stimulating them to incorporate ICT in the classroom. After providing these
impulses, the government adopted the policy that implementing ICT in education was
the responsibility of the schools, and that teacher training and courseware development
would flourish without extra financial support by the government. This expectation,
however, proved to be false. In 1994, a committee that was appointed by the Dutch
Ministry of Education concluded that technology was dominantly present in all sectors
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of society, whereas education was lagging behind (OCV, 1994). This was attributed to
teachers not having the appropriate knowledge, and lacking or outdated infrastructure.
In 1997, the Ministry of Education launched a new plan, ‘Investeren in Voorsprong’
(‘Investing in Advancement’). Within the framework of this plan, schools were invited
to make plans for incorporating ICT in education. Plans that were accepted are being
funded by the government. The government is aiming at a computer-pupil ratio of 1 at
10 at the start of the next century. Schools may acquire scscond-hand computers from a
foundation at low rates. Teacher training colleges are stimulated to inc orporate ICT in
pre-service teacher training and to provide tailored inservice training.

Spain

A key aspect to understand the process of introducing ICT into the schools in Spain is
that there are different regional governments which have their own competences with
regard to education, and which all have their own policy towards ICT. Part of the coun-
try however, falls within the jurisdiction of the central Ministry of Education and Culture
(MEC).

Less than one third of the schools are private schools. However, several of these centres
(the centros concertados) have an agreement with the government that covers expenses.
Public centres may receive endowment in form of hardware or software, from the
national or regional authorities. The private centres do not. However, it is usual that
parents provide funds in order to acquire equipment. This means the implementation of
ICT in private centres usually proceeds at a slower pace than in public centres. Finally,
the ‘centros no concertados’ receive no government funding. These are in general “elite
schools’, using ICT not only as a tool, but also in order to attract more students.

Within the framework of the Programme of New Technology of Informationand Com-
munication (PNTIC) some 3000 educational projects have been carried out within the
territory of the MEC. Key activities are the distribution of computers and the training of
teachers. The centralized style of PNTIC is similar to other regional program mes and it
is reflected in the systematic rejection of any initiative that has not been generated or is
controlledby the PNTIC. Another example is the Programme of Computers in Education
(PIE) in Catalunya, a region with a high level of ICT use in education. Within this
project, schools are equipped with microcomputers, peripherals and so ftware, computer
maintenance and technical support are provided, curriculum development and teacher
training are being promoted, educational support is offered, educational projects in
schools are co-ordinated and assessed, information, documentation and telecommu-
nication services are established and operated, and the development and dissemination



30 The Impact of Information and Communication Technology on the Teacher

of educational materials and I'T-based projects are fostered. In a region that is less well-
developed with regard to ICT use in schools, Valencia, the programme promoting ICT
started just recently, and is basically restricted to the provision of hardware and teacher
training. As in other regional programmes, the control over the acquisition of hardware
and software is a key aspect, the initiative of teachers being reduced instead of
stimulated. With respect to training, centralized courses are preferred over promoting
seminars, meetings, or joint projects.

Because of the different policies refle cted indifferent ICT promotion programmes, there
are substantial contrasts between Catalunya and other regions. In Catalunya, every
secondary centre has at least its own computer room, and every school has Internet
access. In other regions the situation is worse. In some regions the number of pupils with
access to computers is very limited.

2.3 The school

Important factors at the school level that can foster the use of ICT by teachers, are school
policy, access to hardware, the availability of adequate software, teacher time, internal
support, and communication about ICT use.

School policy

Ten Brummelhuis (1995) distinguishes three aspects with regard to school policy in
connection with ICT. whether the school will give priority to the use of computers for
instruction, whether the school prescribes which hard- and software will be used, and
whether all students have to acquire some experience with computers. Apart from this,
school policy may regard the selection and provision of teacher training, the allocation
of budgets, communication about ICT use, the provision of internal support, and
prescriptions with regard to the use of ICT for management purpo ses.

Access to hardware

Obviously, the availability of hardware is a ‘conditio sine qua non’ for the use of ICT in
education. However, just the availability is not enough. From studies in the USA the
conclusionis drawn that increased availability and support for computers does not mean
a large-scale integration of computers into the teaching process (Marcinkiewicz, 1996).
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As is stated in the OTA report on teachers and technology (OTA, 1995), it is notjust the
number of computers available that is important. Other factors with regard to the access
to hardware are relevant as well. These are questions concerning the type of technology,
connectivity, and the age of the equipment, as well as organizational arrangements.
Organizational arrangements address the placement and flexibility of the equipment.
Implementing technology in education calls for extra space in classrooms, individual
places for study and/or computer rooms. Historically, the computer room has been the
most common response to the use of the computer for teaching (Stuebing, 1994). In this
way, all pupils have access to the technology, and full-group instruction is possible.
Disadvantages of this approach are the necessity of scheduling class timein the computer
room and the emphasis which is put on the use of computers. Computer rooms are
common practice in secondary schools (cf. Barchechath et al., 1998). According to
Watson (1990), the location of computers in a computer room may be a barrier for
integration of ICT in education. In her opinion, computers ought to be available in the
classroom, as tools amongst others, giving teachers a better access to the equipment.
Handler (1990) concluded from a study that the availability of computers in the
classroom promoted the implementation of ICT use stronger than the availability of
computers ina separate computer room. Examples of scho ols which integrate computers
in the classroom are generally found at primary-school level (Stuebing, 1994). In these
cases, the number of computers usually is limited to one or two, which puts restraints on
the opportunity to integrate computer use in the educational process. The number of
computers which may be integrated into the classroom is not only being limited by the
available budget, but also by the amount of space which is available.

Access to technology is not just relevant with regard to the use of technology in the
educational process, but also with regard to the opportunity for the teachers’ professional
development. In order to enhance their professional development, teachers need
dedicated and properly equipped practice and study rooms in which to prepare learning
materials and in order to get acquainted with new applications (Stuebing, 1994).

The availability of adequate software

As stated in section 2.2.2, the availability of software which fits into the curriculum is
to a large part determined by factors at the community level. However, the purchase of
suitable software that is available on the market depends on school policy with regard
to the acquisition of so ftware and to the attribution of financial resources for the purchase
of courseware.
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Teacher time

Time is a crucial factor with regard to the implementation of ICT in education. In the
OTA report, it is stated that: ‘Probably the greatest barrier to technology use, how-
ever, is simply lack of teacher time - time to attend training or workshops, to
experiment with machines and explore software, to talk to other teachers about what
works and what doesn’t, and to plan lessons using new materials or methods.” (OTA,
1995, p. 25). In a study with regard to factors influencing the use of ICT by teachers in
Dutch agricultural education (Blom, 1997), insufficient time to develop lessons in which
computers are used was mentioned by 59 percent of the teachers as a problem connected
with the use of computers. Maddin (1997) states: “Time is one of the most critical factors
in adopting any new initiative. Time to learn, time to practice, time to reflect. After
school workshops provide neither the time nor the context in which to effectively
examine the impact of technology on learning. Short-term training, even when conducted
intensely during summer months or intersession, cannot, by itself, produce change.
Training must be accompanied by a well-designed maintenance plan that provides
opportunities for teachers to talk about their issues, ask questions, and get feedback. By
viewing the adoption of technology as a process that takes place gradually, schools can
provide both the time and the resources to help teachers implement technology
effectively’ (p. 59). How much time there is for teachers to familiarize themselves with
ICT, depends on decisions made at the community level, choices made at the school
level and choices made by the teachers themselves.

Internal support

Support from the schoo 1 principal may stimulate the implementationof ICT ineducation
(Fullan et al., 1988; Janssen Reinen, 1996). Marcinkiewicz (1996) points out that ‘In
order for teachers to adopt computers, there needs to be a perception generated by the
professional environment that computer integration is expected.” (p. 471). One of the
findings of the IEA study of computers in education is that scho ol principals generally
have favourable attitudestowards the use of computersin education (Pelgrum & Plomp,
1993).

In response to a gap in existing literature, Morgan’s research (1995) addressed the
management activities, aspirations and attitudes of persons in charge of computing in
Ireland. These persons are referred to ashe terms IT co-ordinators. He believes that the
emerging role of IT co-ordinatoris central to the development of computers in education.
However, in his survey Morgan found that a majority of the co-ordinators were not
compensated for the work they do in terms of money or time off. A Dutch study of ICT
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use in primary education showed that support from the school’s computer co-ordinator
is even more important than support from the school principal (Van Zoelen et al., 1994).
Teachers who were satisfied with their computerco-ordinator, were found to make more
use of ICT and to encounter less problems with ICT in their lessons. Other studies also
stress the influence of the computer co-ordinator (Janssen Reinen, 1996). A survey
among ICT co-ordinators in secondary education (Renema & Smeets, 1992) showed that
these staff members play an important role in the decision-making process with regard
to the acquisition of courseware. Another important task of the ICT co-ordinator is to
provide the teachers with information about courseware packages. Often teachersdo not
have sufficient information about the availability of courseware for their subjects
(Timmer, 1991).

The technical assistance, including the installation and maintenance of hard- and
software, may be part of the task of the ICT co-ordinator, but it may also be in the hands
of a system operator (Smeets, 1988). In some cases, system operators may also assist
teachers in the classroom during ICT use. The latter task may also be carried out by
teaching assistants.

Communication

Interactionwith colleaguesas well as the schoolprincipal andthe computer co-ordinator
about the innovation may foster the implementation of ICT in education. Lack of
communication within the school may prove to be a major barrier to technology use
(Janssen Reinen, 1996). Richardson (1997) states: ‘IT-competent teachers list
professional dialogue as being one of the major factors that enabled them to evolve
towards a new style of teaching.” (op. cit. p. 118).

2.4 The teacher and the learning environment
2.4.1 Introduction

Optimal learning processes cannot be obtained unless there is an optimal leaming
environment. The teacher plays a crucial role in modelling and managing the learning
environment, including making decisions about whetherand how to incorporate ICT. In
the following subsections, attention will be paid to the factorsinfluencing the use of ICT
by teachers, the way teachers are modelling and managing the learning environment in
which ICT is used, the teacher’s professional development, the impact of using ICT on
the teacher’s role, and task perception.
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2.4.2 Factors influencing the use of ICT by teachers

Teacher factors play an important role in the implementation of ICT in educational
practice. Veen (1994, 1995) concluded from his dissertation study that teacher factors
outweigh the school factors in explaining the teachers’ uses of computers. He groups
these teacher-level factors into two subcategories: beliefs and skills.

Teachers’ beliefs

Teachers’” beliefs are crucial to the implementation of ICT in the classroom. Teachers
have to see the advantages of the proposed innovation and they have to be motivated to
implement the innovation in their teaching practice. According to Ten Brummelhuis
(1995), who studied the factors influencing ICT use by teachers during the adoption as
well as during the implementation stage, the perceived relevance of the innovationis the
one factor which is significantly influencing ICT use by teachers at bo th stages. In short,
they have to believe the innovation will ‘work’ (OTA, 1995): ‘First and foremost,
teachers want to ensure that their students are learning. If technology can be a resource
to enhance student achievement and interest in learning, teachers are more likely to
invest the time and energy to learn to use it in their teaching.” (p. 8). However, the OTA
report points out that the relationship between technology and student learning is too
often framed as a seemingly simple question: ‘is teaching with computers and other
technologies better than teaching without them?’ (ibid.). According to Eraut (1991),
teachers often doubt that pupils will substantially benefit from innovations. It is
evidenced in the recent past that a mere technology-driven approach of learning, no
matter how attractive ICT devices may be, lead s towards disappointing results (see Clark
& Sugrue, 1990). Moreover, no direct influence of technological enwironments on
learning outcomes may be postulated. Learning effects are mediated by both teachers and
students (see Lowyck & Elen, 1994).

According to Veen (1994, 1995), teachers’ beliefs regarding what should be in the
curricula and the way in which the subject should be taught, play an important role in
deciding whether or not to use ICT in the classroom. Apart from this, teachers have
beliefs about their rolesin the classroom and about corresponding classroom activities,
personal views on education, and views on their own functioning as teachers. These
beliefs influence their use of computers. The author states that teachers will adopt new
media if they can use them in accordance with their existing beliefs and practice.

According to Duffy and Jonassen (1991), teachers may adapt learning environments
according to their beliefs about the value of the (goals of the) proposed innovation, and



The multi-level approach 35

their beliefs about leaming. This means they will try to supplement or replace content
and strategies with approaches they feel will lead to the ‘appropriate’ understanding of
the subject matter by pupils. This may be incompatible with the intentions of the de-
signers of ICT courseware used in the leaming environment. Several authors stress that
the practices and beliefs of teachers should be taken into account by educational
technologists (Lowther & Sullivan, 1994). In general, however, little is known about the
beliefs of teachers with regard to the pupils’ learning. Some lightinto this matter is shed
by Hannafin and Freeman (1995). They conclude, based on research, that more
experienced teachers have less confidence in the pupils’ skills to manage their own
learning. This may lead to a more negative attitude of these teachers towards pupil-

centred learning environments, which - theoretically - are often connected to the use of
ICT in education. Lowther and Sullivan (1994) studied (K-8 and grades 9-12) teachers’

beliefs about educational technology. They conclude that both groups showed general
agreement with statements in favour of giving pupils more control over the learning
process. However, teachers of younger pupils (K-8) had more confidence in their pupils’

ability to select appropriate learning objectives and strategies for themselves than
teachers of pupils in the grades 9-12. The study also yielded a mo derate agreement with
positive statements concerning co-operative learning, which is also interrelated to ICT
use inthe classroom (seesection 2.4). At this point there also was a noticeable difference
in opinions between both teacher groups, with the K-8 teachers being much more in
favour of co-operative learning (see also Van den Eeden et al., 1993; Terwel & Mooij,
1995).

Olson (1988) also concludes from a case-study research that an innovation like the
introduction of computers in the classroom is determined by personal factors and
individual characteristics of the teachers involved. A consequence of this finding is,
according to Olson, that a thorough understanding of the ideas and actions of teachers
is essential in order to be able to determine the possibilities of computer use in the
classroom. During the fourth German-American Dialogue in 1996, concerning the topic

‘Media literacy as challenge to schools and education’ (initially opened by the Bertels-

mann Stiftung in 1992), positive and negative expectations teachers have about the

application of media in the classroom were listed (Eschenauer, 1996). Some of the
teachers’ fears were:

- to eventually become obsolete, to be replaced by a computer;

- to lose authority, credibility, control;

- to be put under pressure by constantly having to keep informed about the newest
developments of programs which would require additional work to be done in their
spare time;

- to experience ‘techno-stress’ or even ‘techno-breakdown’ during lessons;
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- to be flooded with information;

- to witness the loss of cultural values and authentic experience;
- to be exposed to undesirable values;

- to see the gap between social groups grow wider.

The positive expectations usually regarded the quality oflessons and the facilitation of
work. Teachers seem to expect more freedom in the organization of the lessons and in
the teaching methods. They hope that quick and easy access to information offered on
the Web will help them plan their lessons, and on a more general level will also allow
teachers as well as students to broaden their horizon and to make contact with different
cultures. The fact of saving time is therefore considered as important as the learning
potential in using ICT. Teachers welcome the possibilities of explanation, presentation
and visualization that computer-aided instruction yields because they hope that lessons
will become more interestingto pupils. Furthermore, according to teachers’ expectations,
communication with parents and colleagues and co-operation with authorities and
institutionswill be facilitated, in-service training and self-instruction on the teachers’ part
will be easily organized, and even curricula will be developed and updated with less
difficulty. As far as the pupils are concerned, according to Eschenauer’s study, teachers
expect them to show more motivation in an ICT-enriched learning environment and to
be more willing to prepare for the lessons at home. The work in class may be supported
more actively and pupils’ progress and success can be more easily observed. On the
whole, teachers hope to become more professional and to improve their image.

Teachers’ skills

The skills of teachers that most influence their uses of computers are, according to
Veen’s study, those skills related to their competence in classroom management activi-
ties, to their pedagogical skills and, less importantly, to their computerhandling tech-
nical skills (Veen, 1994, 1995). A survey by Gash (1996) of student teachers’ views on
their training on ICT in Ireland showed the main constraint in using IC T in the classroom
was their lack of confidence and knowledge about the new technologies. In a study by
the Irish National Teachers’ Organisation (1994) 432 teachers’ views on in-service
education were surveyed. When teachers were asked to prioritize study areas in in-
service provision they would like provided at local level, the highest percentage of first
preferences (54%) was in computer technology. In Blom’s study of ICT in Dutch
agricultural education (Blom, 1997), the teachers’ lack of knowledge and skills were
mentioned as a barrier to ICT use by 38 percent of the teachers surveyed. This study
showed that a large group of teachers was eager to expand their present knowledge about
and skills with regard to the use of computers for teaching and learning.
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Keeler (1996) points at the fact that there is often a considerab le difference between the
attitudes of students and the attitudes of teachers towards computers, the formerholding
more favourable attitudes. Keeler emphasizes that a teacher’s adjustment to the use of
technology requires considerable effort, new knowledge, and a willingness to change
existing teaching strategies. Many (elementary-school) teachers feel that their students
are more computer literate than they are themselves. Richardson (1997) reportts from a
classroom where the teacher even gets help from pupils if there are technical problems.

2.4.3 Modelling and managing the learning environment

Although the prescriptions made by the curriculum and the availability of resources are
important factors influencing the learning environment, the influence of the teacher is
crucial. Though during a lasting period the task of teachers hasbeen described interms
of teaching behaviours, the increasing complexity of the classroom setting gradually
shifted attention towards the classroom environment and concomitant management
behaviours. Duke (1979) refers to classroom management as ‘the provisions and
procedures necessary to establish and maintain an environment in which instruction and
learning can occur’ (p. xii). It is the task of teachers to create a suitable (learning)
environment for individuals and groups in order to guarantee the necessary conditions
for learning. The complexity of that environment calls for adequate teacher behaviours
in order to cope with different management aspects, like the optimal relatio nship
between teachers and students, skills in effective planning and organization of instruct-
ion, and skills in organizing and leading the classroom as a group.

Teachers fulfill mumerous tasks with respect to modelling and managing the learning
environment:

- selecting goals

- selecting content

- selecting media

- selecting learning materials (including courseware)
- selecting teaching methods

- grouping pupils

- allocating time for the activities to be performed

- enabling differentiation

- interacting with pupils

- monitoring pupils’ progress

- assessing the learning effects.



38 The Impact of Information and Communication Technology on the Teacher

The use of ICT may influence the learning environment in terms of infrastructure,
classroom structure, grouping, learning tasks, interaction patterns, behavioural control,
mental effort, interaction, time schedule, teaching and learning methods, etc. The nature
of this influence is to a large part determined by the teacher.

Inthe following text, several aspects of the learning environment, as well as the teachers’
actions are elaborated.

Goals

Contrary to carlier definitions, where tasks are defined by instructional agents who can
perfectly control the type, quality and content of tasks, the new concept of task refers to
a more open activity structure that has to be filled in by constructive learners. Tasks are
no more perceived as part of a fixed programme or a mastery learning context, but as
constructs that need to be built, resulting from decisions shared by instructional agents
and learners. The transition from a subject-matter-oriented model towards a cognitive
model appears in the development of learning tasks that stimulate cognitive activity in
pupils. As Doyle (1986) contends: ‘Tasks regulate the selection of information and the
choice for processing that info rmation... Students will learn what a task leads them to do,
thatis, they will acquire information and operations that are necessary to accomplish the
tasks they encounter.” In open-ended, pupil-centred learning enwironments, goal setting
changes. The pupil decidesto a large extent what, when, and how learning will occur and
so has a central position (Hannafin et al., 1994).

Media and content

For a long time, text books were the only learning materials available in the classroom,
whereas chalk, black board and maps were the only tools supporting the teacher. The
introduction of audiovisual equipment, the overhead projector, and eventually the
computer, including courseware, in the classroom enlarged the collection of media and
learning materials available.

In traditional classrooms, students have more or less the same opportunity to learn the
same content, since they are taught in a classroom setting with a well-defined number
of hours spent on each course, the same curriculum with some differentiation oppor-
tunities, and the same homework assignments. If, however, the fixed curricular content
is replaced by more flexible, open and divergent knowledge resources, the opportunity
to learn holds another connotation. Instead of focussing on a fixed amount and type of
subject-matter as the object of any learning process, it is rather the cognitive and
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metacognitive strategies that are aimed at Opportunity to learn is no more merely
defined by a limited and well-structured, content-driven and ‘container’ knowledge, but
by an open, strategy-driven, and ‘knowledge landscape’ metaphor (see Lowyck, 1993).
It is clear that organizing knowledge acquisition in these open environments calls for
more precise knowledge management strategies from the part of the teacher or tutor.
Moreover, the whole classroom organization has to be adapted. ICT may support this
process in several ways, by (1) providing opportunitiesfor adapting the learning content
to the individual pupil’s needs, and (2) serving as a management tool for the teacher,
classifying the materials available, administering tasks to pupils, and recording the
pupils’ achievements.

Eventually, being able to provide education which is tailored to the individual pupil’s
needs, may lead to the abolishing of the year group system, enabling pupils to develop
various skills at various pace.

With regard to ICT use in educational practice, several classifications are utilized. Squi-
res and McDougall (1994) provide an extensive overview. A well-known classification
was suggested by Taylor (1980) (see also Merrill et al., 1996), who focusses on the
educational role the software may play. He distinguishesbetweenthree applicationtypes:
a) tutor applications (the computer acts as a tutor by performing a teaching role);

b) tool applications (the computer serves as a tool, ¢.g. word processing, databases);
c) tutee applications (the user has to teach the computer to do a task, by programming

it).

Within the category of tutor applications, a distinction may be made between more
objectivist, teacher-centred applications (drill-and-practice, tutorials) and more con-
structivist, pupil-centred applications (simulations; problem-solving applications; games
/ adventures).

A framework for the classification of educational software which is still one of the most
respected, was developed over twenty years ago by Kemmis et al. (1977) (see also
Watson, 1987; Squires & McDougall, 1994; Collins et al., 1997). They list four
paradigms of learning associated with ICT:

1) the instructional paradigm;

2) the revelatory paradigm;

3) the conjectural paradigm;

4) the emancipatory paradigm.
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The overall aim of the instructional paradigm is to provide the learner with structured
subjectcontent broken down into small parts which may all be processed independently.
This paradigm is drawn from ideas of programmed learning, based on behaviourist views
of learning. The use of ICT in this case provides the advantage of immediate (but
limited) feedback. Drill and practice exercises are a widespread example of this kind of
structured software. Within the framework of the revelatory paradigm, the learner is
guided through a process of learning by discovery, the subject matter and the underlying
theory gradually being revealed as the learner uses the computer program. Simulations
are a good example of this way of interacting with ICT. The conjectural paradigm
involves more control of the learner over the computer. Students are encouraged to
formulate hypotheses, testand manipulate these. Thus, students learn by experimentation
and exploration. Finally, the emancipatory paradigminvolves the use of ICT as a labour
saving device or a tool (e.g. for word processing, drawing graphs, or making calcula-
tions).

Moving from the instructio nal towards the conjectural paradigm, there is an increase in
learner control, and a decrease in ‘program control’. The emancipatory paradigm does
not exactly fit into this range. According to Watson (1987), this paradigm may often
appear in parallel with other paradigms. Moving towards pupil-centred ICT learning
environments requires a ‘paradigm shift’, in orderto move away from the focus onICT
applications which are designed in accordance with the instructional paradigm. Whether
this paradigm shift occurs, depends on the teacher, who decides on the type of software
to be used as well as the amount of structure that will be provided to the learners.

Apart from the application in the classroom, ICT may also be of use to teachers when
they are selecting content to be presented in their lessons, ¢.g. by providing access to
online databases, CD-ROMs, videodiscs and other electronic sources which help teach-
ers to create, customize, and update lessons (OTA, 1995). At this point, of course, access
to the Internetmay also be considered important. Anotherexample of ICT enhancing the
teachers’ activities outside the classroom, is the use of ICT as a tool (cf. Merrill et al.,
1996), ¢.g. the use of software packages for word processing, databases and spread-
sheets.

Teaching methods

The introduction of ICT in the classroom may lead to ashift in teaching methods, the
most notable being the increases in small-group work or co-operative learning, and in
pupil-centred discussion. Barchechath et al. (1998) conclude from a study of the use of
ICT in educational practice thatit isa general practice that usingICT implies a challenge
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to traditional whole-class teaching. The rise of individualized learning and co-operative
learning necessitated specific teachers’ skills in terms of individual management and
group management. Moreover, the increased use of technology reveals a new but
complex challenge to the skills of teachers.

At the micro level, teachers are faced with many types of decisions and are required to
fulfill many different tasks related to the daily use of ICT (decisions about when pupils
should use computers, how to link their use with other instructional activities, which
software to use, how to co-ordinate use of computers among different classes and among
pupils within a classroom, etc.). These new tasks require observational and management
skills different from tho se that teachers usually apply.

Pisapia (1994a) concludes from a review of practices of teachers who use educational
technology that in exemplaty classroomsstudent use of learning technologies is woven
integrally into the patterns of teaching, even though technology-using teachers can use
resources in different ways, such as drill and practice exercises, simulations, problem-
solving activities, and productivity tools.

Apart from the classifications of ICT use mentioned above, ICT-related activities in the
classroom may also be categorized as a result of a combination of the equipment, the
teaching method and the grouping of pupils. Thus, Veen (1994) distinguishes between
seven types of ‘computer supported learning environments’ in the classroom. The
following list is a partly simplified and partly enhanced derivation of Veen’s class-
ification:

1) “The computeras an electronic blackboard’. One computer is used, whichis operated
by the teacher. The results of the teachers’ actions are projected on a large screen.
This application is connected to whole-class teaching.

2) ‘Working apart together’. Pupils work individually, in pairs or in small groups during
a substantial period of time at a limited number of computers. The rest of the class
is being taught by the teacher, or is also working individually, in pairs or in small
groups.

3) ‘Rotating computer use’. Pupils work individually, in pairs or in small groups for a
short period of time at a limited number of computers. The rest of the class is being
taught by the teacher, or is also working individually, in pairs or in small groups.
Computer use rotates at a regular basis.

4) ‘Individual or group work’. All pupils are working individually, in pairs, or in small
groups at the computer. The teacher acts as a coach.
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Interaction / feedback

When all pupils are working autonomo usly, it may be difficult for teachers to provide
help for all or even for most of the problems that their pupils face. Therefore, the teacher
has to integrate the following conflicting teaching methods: the frontal teaching (iden-
tical for the whole class) with the individualized instruction (different instruction for
each student), and group instruction as a mix of classroom and individual components.
By an appropriate use of questions, assertions, observations, etc.the teachercan respond
to the needs of the individual pupil at a personal level: such responses are rarely possible
in whole-class teaching. Direct interaction allows the teacher to gain insight into the
problems faced by the pupil, and offers the pupil an oppo rtunity to check and/or develop
his own understanding of the topic. The nature of the questions used by the teacher also
appears to undergo a significant change when ICT is in use. Or as Chatterton (1985)
says: ‘There appears to be a much greater willingness on the part of the teacher to use
questions which are more open-ended and w hich also place a greater intellectual demand
on the pupil. The reason may not lie in the structure of the programs themselves but
could be a reflection of the changes in classroom organization or teaching style which
become apparent when the micro is used.” (p. 94).

Feedback in pupil-centred leaming environments may be characterized as guidance and
facilitation. Guidance and facilitation focus on supporting the effective use of the
properties of the learning environment. Guidance, on the one hand, means assistingthe
learner in coping with the leaming environment through suggested learning strategies,
help options, procedural advice, hints and prompts. Facilitation, on the other hand,
emphasizes the empowerment of the individual in deploying his or her own cognitive
strategics (Hannafin et al., 1994).

Evaluation

Monitoring pupils” achievements or tracking student progress (OTA, 1995) is another
task of the teacher which may be assisted by the use of technology. Particularly grade
book programs and pupil monitoring systems are of use here. Keeler (1996) concludes
from her study in primary schools, that teachers using ICT generally felt more informed
about their pupils’ performance, since the computer took over part of the management
by recording progress.
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2.4.4 The teacher’s role in the ICT learning environment

Hannafin and Savenye (1993) point out that the teachers’ role in the classroom can be
viewed as a continuum. At the one end is the teacheras a traditional lecturer and impart-
er of knowledge. This is in accordance with objectivist views of learning. At the other
end is the teacher as a coach, observer, and facilitator. This fits into the constructivist
view of learning. Teaching in pupil-centred learning environments requires a different
attitude of the teacher from teaching in traditional instructional settings: ‘Teachers will
need to move from providing face-to-face teaching and text-based learning tofacilitating
individualized, interactive, media-based learning, and learners will need to be
empowered to accept far greater responsibility for their own learning.” (Latchem et al.,
1993, p. 28). Brown, Collins and Duguid (1989) suggest the cognitive apprenticeship
approach. This means the teacher stimulates the pupils to solve problems by ways
of modelling, coaching and scaffolding Modelling refers to the teacher showing the
pupils how to carry out a certain task. Coaching means the teacher is providing feedback
while the pupils are carrying out the task. Scaffolding is providing cognitive support with
regard to a task the pupils cannot carry out themselves. In a social interaction process
among pupils and between the pupils and the teacher, pupils gather knowledge in an
active manner. The teacher must not be too supp ortive, because this force s the pupils into
a passive, receptive role. As the pupils show they can perform the respective task
independently, the teacher’s support gradually vanishes (‘fading’). The gradual shift
from teacher-centred learning to pupil-centred learning is time-consuming and requires
skilful teachers (Verschaffel, 1995).

Davis and Shade (1994) describe several roles teachers fill when they are helping child-
ren to learn in computer-enriched classrooms. Initially, they serve as instructors to
children in the use of computers. Later, as children gain more experience, the teacher’s
role moves to that of a coach. By using computers themselves, teachers can also serve
as models to children. Finally, teachers must be critics of computer software, learning
to select the best software to enhance children’s development.

Hannafin and Savenye (1993) point out that the teachers’ role does not change simply
by usingthe computerin the classroom: * The change occurs only to the extent to which
a shift of responsibility to the learners occurs. The more responsibility and freedom is
given to the learners, the greater the shift in the teachers’ role’ (p. 28).

In a study of the use of multimedia in a Dutch secondary scho ol (Smeets, 199 6a; Smeets
& Mooij, 1996, 1997, 1999), four multimedia learningenvironments were implemented
in geography education. There was a gradual shiftfrom a structured learning environ-
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ment, in which pupils were being instructed step by step, to an open-ended learning
environment, in which pupils were expected to conduct a small scale research. After the
experiment ended, the teachers kept working with these learning environments.
However, they skipped some elements of the open-ended learning environments (e.g. a
role-play), and added more instructions.

Hassell (1983) states that teachers find it very difficult, if not impossib le, to change their
teachingstyle, which Hassell considersnecessary when incorporating ICT in educational
practice. Duchateau (1995), on the other hand, believes that many computer uses force
the teacher to revise his or her role and to modify attitudes. In connection with this, he
talks about the teacher as “a cartographer drawing maps forexploring ‘knowledge lands’
(p. 25). According to Hannafin and Savenye, the shift in the teachers’ role, then, may
coincide with an underlying change in learning theory, which not all teachers are ready
to make. The intended shift may also refer to educational goals (learning to learn /
fosteringmetacognitive knowledge), knowledge structure (no ‘containerknowledge’, but
‘knowledge landscapes’), and technology (nonlinear, open, multimedia, networked). This
synergy between all dimensions at all levels (micro, meso, and macro levels) is the basic
condition for avoiding the myth of Sisyphuslabour(see Lowyck, 1993), which refers to
the fact that ecach technological ‘breakthrough’ in the past often resulted in
disappointment followed by disillusionment and eventually abandonment (see Lowyck
& De Corte, 1986). Figure 2.1 gives an overview of some aspects of the continuum
which is outlined in the preceding.

Figure 2.1 - From teacher-centred to pupil-centred teaching and learning: a continuum

Objectivist theory of learning . . ... ... ... ... ... ... . . .. Constructivist theory of learning
Teacher-centred . ... ... ... Pupil-centred
Teacher transfers knowledge . ........ ... . ... ... ... . Pupils constuct knowledge
Teacherasalecturer ... ... ... ... .. ... . . Teacher as a coach
Teacher in control . . .. ... . Pupils in control
Focus on whole-class teaching . ... . ....... ... ... ... . ... ... ..... Focus on collaborative learning

In assessments of ICT projects in education, teachers indeed o ften report a shift in their
role, from the central manager of the learning process towards a facilitator or coach.
Schofield (1995) states that the most commonly shared theme among studies of the
impact of classroom computer use on teachers’ roles is that in one way or another the
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classroom becomes less teacher-centred. She refers to Bracey (1988), who concluded
that teachers using computers in their classrooms increasingly see themselves as
facilitators of learning rather than as ‘authority figures whose job it is to impart
knowledge didactically’. Keeler (1996) reports changes in teachin g strategies as a result
of the use of ICT in primary schools. The implementation of ICT resulted in the use of
‘centres for learning’, which allowed the pupils to discover knowledge for themselves,
working in small groups. Teachers noted a switch from teacher-centred to student-
centred instruction, resulting in the learners becoming more self-motivated and more
active. Barchechath et al. (1998) conclude that the teacher’s role shifts from a directive-
prescriptive to a more suppo rtive/ organizational one. In a study on ICT implementation
in Ireland (Gash, 1996), it was also found that teachers observed their teaching role
became more like that of a ‘guide’ or ‘director’ when working with ICT.

However, some studies show that the shift in their role which is often reported by
teachers, is not always noticed in the actual behaviour of the teacher inthe classroom.
Mellin (1987) noticed that teachers utilizing interactive videodisc in their classrooms,
clearly stayed in control of the instruction process, in spite of the alleged shift towards
a more pupil-centred leaming environment.

Stimulating pupil-centred leaming calls for pupil-centred learning environments, where
ICT functions as a facilitator of active learning. Pisapia (1994b) concludes from a study
of the use of ICT by educators, that teacher-centred teachers tend to use traditional
instructional methods and to regard learning technologies as basic skill reinforcers,
motivators, or special treats. Learner-centred teachers, on the other hand, usually choose
individualized or collaborative approaches to engage students. According to Pisapia,
learner-centred teachers may be high-technology users, or they may be reluctant to use
technology be cause of personal fears and inhibitors.

One of the conclusions of the COMMITT report, which is the result of a study by a
Dutch advisory committee for the Ministry of E ducation, is that most of the currentICT
applications are used to facilitate teacher-centred arrange ments of the learning process
(COMMITT, 1996). This means that many applications of ICT are incorporated into
existing teaching routines, instead of facilitating more pupil-centred leaming. Research
shows that very often the new ‘application’ tools are adapted to the teachers’ existing
style. In this way, teachers teach ‘the same things in basically the same ways that they
have been teaching, and then on the side they re sticking computers in” (Wiske cit. in
Hativa, 1991, p. 642 ). In the report of the ImpacT Study (Watson, 1993), a large-scale
study with regard to the use and the effects of information technology (IT) in education
in the United Kingdom, it is concluded that ‘teachers using IT often considered that
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computers were to be used to complement rather than change existing pedagogic
practice, whether it be “traditional’ or ‘progressive’ (p. 160). The study of Blom (1997),
with regard to ICT in Dutch agricultural education showed, amongst other things, that
many teachers found it difficult to integrate computer use in their present teaching
strategies. Several other authors stress the influence of existing classroom routines.
Existingbeliefs of teachers tend to persist during innovations, as Veen (1994) points out.
Richardson (1997) found that only ‘few classes possessed the necessary means to offer
pupils more than spasmodic access to IT, and that few teachers had broken away from
a traditional daily routine, broken up into formal lessons slots to cover all the core
subjects imposed by the curriculum.” (op. cit. p.72).

2.4.5 The teacher’s professional development

In the study on teachers and technology which was conducted by the Office of Techno-
logy Assessment in the United States of America (OTA, 1995), it isconcluded thatICT
can be of use to teachers to enhance their professional development.

As stated in section 2.3, professional dialogue is pointed out as a major factor in the
teachers’ evolving towards a new style of teaching whenusing ICT (Richardson, 1997).
This dialogue may be limited to the colleagues within the same school, but ICT provides
teachers with opportunities to broaden their horizons, and communicate with colleagues,
as well as other experts all over the world (OTA, 1995), via the Intemet. Dillemans et
al. (1998) state that an adequate use of technology in human networks may contribute
to the support of critical decision-making of teachers and trainers.

Training is another crucial factor in the professional development of the teacher OTA
(1995) distinguishes between ‘just-in-time’ training and support (access to new ideas,
master teachers, and other experts for training and follow up), and formal courses
(possibly using distance learning technologies).

2.4.6 The impact of ICT on the teacher’s task perception

The use of ICT has been reported to improve the teachers’ attitudes towards education
(OTA, 1995). In a study of teachers’ views with regard to their use of ICT in educational
practice in Ireland (Gash, 1996), it was found that teachers felt more motivated and
effective in their work as a direct result of using ICT. In the study of the use of
multimedia in a Dutch secondary school referred to above (Smeets, 1996a; Smeets &
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Mooij, 1996, 1997, 1999), teachers reported an increase in job satisfaction, which they
attributed to the increase of teacher-to-pupil interaction during the lessons in which
multimedia were used. OTA (1995) notes the degree of satisfaction reported by teachers
depends upon the characterization of the learning environment: ‘Some teachers use
technology in a traditional ‘teacher-centred” model of teaching, suchas drill and practice
for mastery of facts and content or as tutorials to supplement teacher-controlled
activities. Other teachers use technology to support different, more student-centred
approaches to instruction, in which students conduct their own scientific inquiries or
projects or engage in collaborative activities, and the teacher assumes the role of
facilitator or coach. The latter kinds of teachers are among the most enthusiastic
technology users, since technolo gy is particularly helpful in supporting this kind of
teaching.” (p. 49). Research findings illustrate that the response of teachers to their role
of guide to autonomous learning is good. For example, in Gallagher’s study (1995)
teachers were asked to evaluate the effects of ICT on their work. A majority stated that
using the computer made their work more interesting while there was also strong support
for the notion that the computer motivated pupils and therefore made a teacher’s job
easier. Third place in the ranking was support for the proposition that pupils benefited
from using ICT. A significant number of teachers also felt that ICT made their teaching
more effective while a small number felt that computers made little difference to their
work.

The shift towards more pupil-centred learning environments requires the teachers to
create an intellectualenvironment in which knowledge is acquired. The teacherisn’t the
all-knowing controller of activities anymore. At times he is the learner and explorer with
the students (Hannafin & Savenye, 1993). For the teacher this means it is difficult to
keep track of the information that is processed in ICT applications holdingan abundance
of data. This may, by some teachers, be seenas a threat (Mashiter, 1989). Keeler (1996)
points out that not all teachers are capable of admitting openly they do not have all the
answers. This, according to Keeler, is a change in the role of the teacher which will be
more prevalent in the future. Other research reveals that working with new technology
was expected to reduce teaching effort and save teacher time, but that it simultancously
increases teaching load.

Keeler (1996) concludes from a study with regard to the implementation of ICT in
primary education that the teachers involved became enthusiastic about their teaching
and began to work together during weekends in order to prepare and share computer
program uses. She also found that pupils were more on-task and self-managed, which
required teachers less often to discipline pupils (although the active engagement of pu pils
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resulted in more noise). As a result of using ICT, teachers felt they were able to spend
more time with individual pupils instead of managing the whole class.

OTA (1995) found that teachers working with ICT reported they expected more of
students, were more co mfortable with students working independently, presented more
complex materials, tailored instruction more to individual needs, adopted new roles, and
spent less time lecturing.

2.4.7 Innovative impact of ICT on the teacher’s role

From the preceding, several conclusions with regard to the teacher’s role in innovative
ICT learning environments may be formulated. The emphasis in these learning
environments is on teachers acting as coaches, observers, and facilitators, instead of as
traditionallecturers and imparters ofknowledge. Since innovative learning environments
are mainly pupil-centred, teachers are expected to stimulate pupils’ active, individualized
as well as co-operative, learning. Teachers are expected to provide feedback which may
be characterized as guidance and facilitation. Guidance means assisting the learner in
coping with the learning environment by giving advice and hints instead of direct
answers. Facilitation emphasizes the empowerment of the individual pupils in deploying
their own cognitive strategics. As a consequence of the presence of an abundance of
information in innovative ICT learning environments, the teacher is no longer able to
have an overview of all the content which is available to the pupils. This means teachers
have to get used to the idea that they have less control of the content their pupils may
access. To compensate for this decrease in control, different forms of diagnostic or
achievement tests may be used to enlarge the teacher’s and pupil’s view on the pupil’s
progress.

2.4.8 Hypotheses

From the foregoing, several hypotheses may be formulated with respect to the
constituents of innovative ICT learning environments, and with respect to the teacher’s
role in these kinds of learning environments.

Characteristics of innovative ICT learning environments include:
1. Lesson content is adapted to the pupils’ needs and abilities;

2. Pupils are stimulated to be active learners;

3. Lesson content is situated in or referring to authentic conte xts;
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4. Problems may be viewed from multiple perspectives;
5. Higher order thinking skills are fostered;
6. Co-operative learning is stimulated.

With regard to the teacher’s role in innovative ICT learning environments:

7. Teachers are acting as coaches instead of as lecturers;

8. Teachers give hints and clues rather than direct answers;

9. Teachers have less control of the lesson content;

10. Teachers have more diagnostic and achievement instruments to evaluate the pupils’
progress.

2.5 The pupils
2.5.1 Relevant background variables

Prior knowledge is an important predictor of pupils’ achievements (Simons, 1995).
Mooij (1990) shows that learning effects of using the computer in reading instruction are
significant with both low-ability and high-ability pupils. Apart from this, some other
factors are of importance atthe pupil level when learning takes places withICT. Pupils’
experience with the use of computers is the best predictor of pupils’ estimation of their
own competence with regard to using the computer (Busch, 1995). Girls are often less
confident about their abilities towards working with computers than boys (Shashaani,
1994), and they often have a less positive attitude towards computers thanboys (Sutton,
1991; Shashaani, 1994). Part of these differences between boys and girls may be
explained by the fact that girlsusually have less experience with computer use than boys
- which, according to Shashaani (1994), in turn might be caused by a more negative
attitude towards computers.

In pupil-centred leaming environments, pupils ar to quite alarge extent in control of the
process of knowledge acquisition. Not all pupils have the ability to do this adequately.
Prior knowledge (Borsook & Higginbotham-W heat, 1991), learning styles (Simons,
1993), and metacognitive ability (Young, 1996) influence the pupils’ ability to control
the learning process. The teacher has to give the pupils adequate - but not too much -
support, in accordance with their abilities.
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2.5.2 The im pact of ICT on the pupils

As stated in section 2.4.2, the question about the value of ICT in education is too often
reduced to the question whetherteaching with technology is better than teaching without
(OTA, 1995). This que stion, in turn, is often phrased as ‘does teaching with technology
lead to more learning achievement?’. These achievements are usually measuredby tests
focussing on facts (or declarative knowledge). Assessments typically consist of studies
of an experimental group, using ICT, and a control group, which is being taught in a
‘traditional way’. Results from studies using this ‘horserace model’ (Reeves, 1986, p.
102) are often inconclusive. According to Clark and Sugrue (1990), results w hich are in
favour of the experimental treatments may often be attributed to uncontrolled effects of
instructional method or content differences between the treatments, or a novelty effect
which tends to appear over time.

Some recent studies conclude in favour of ICT based on other grounds than alleged
learning achievement gains. For example, in the report from the Impact Study, a large
scale study on ICT in education in the United Kingdom (Watson, 1993), the conclusion
is drawn that ICT enhances the learning environment in numerous ways. In this study,
working with computers showed an increase in the pupils’ motivation, as well as the
interestin the subjects involved, and it aided concentrationby focussing pupils’ attention
on the work at hand. Apart from this, according to the Impact Keport advantages of ICT
are that it provides new opportunitic s to work in an open-ended way, that pupils are often
involved in working with ICT over quite lengthy periods, and that they often show more
pride in their work. Another conclusion from the study in question is that pupils’
conceptual misunderstandings are often made more apparent throughthe interaction with
a computing environment. In the study she conducted with regard to ICT in primary
education in various countries of the European Com munity, Richardson (1997) made
similar observations: ‘Observations made during the present study consolidate the
findings of the Impact Report and, in fact, lead me to believe that a sufficient number of
computers in the classroom - one computer for three or four children appears to be an
ideal target - can fundamentally alter organizational methods in such a way that we
should no longer simply speak of learning gains, but rather of an enhanced learning
environment that actively involves children. This creates a socialization process that
could have far reaching effects on adaptation in the social, and eventually professional,
world.” (p. 33).

Other studies stress the positive impact of ICT on the pupils’ motivation as well. Atkins
and Blissett (1989), and the Cognition and Technology Group at Vanderbilt (1992)
concluded that working with interactive videodiscs had a positive impact on pupils’
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motivation in primary education. Smeets (1996a) concluded upon similar effects in a
study of multimedia in secondary education, although significant differences between
boys and girls arose at this point. In Gash’s research (1996) on the impact of ICT,
teachers were asked to compare the involvement of the children in their learning prior
to, and after using the new technologies of communication (NTCs), the mainfinding was
that NTCs made children more motivated in their work.

2.6 Conclusion

The use of ICT by teachers is influenced by a set of interrelated factors. These factors
are located at several levels. Key factors with regard to the question whether or not ICT
will be used by teachers in their classes, as well as the question how ICT is used by these
teachers, are the teachers’ beliefs and skills. Teachers will not use ICT unless they see
the added value of it. Apart from this, certainfacilitating conditions have to be met in
order to create sufficient opportunities for the implementation of ICT in educational
practice.

The impact of ICT on the teacher may be noted in changes in the way the teacher models
and manages the learning environment, in changes in the teacher’s role in the learning
environment, in changes in the teacher’s task perception, and in changes in the teacher’s
professional development. The use of ICT inthe classroom typically results in a decrease
in the amount of whole-class teaching. Teachers often note a change in their role, from
the teacher acting as atransferrer of knowledge to the teacher acting as a coach, guide,
orfacilitator of learning. However, studies show that many teachers tend to integrate ICT
in existing teaching routines, instead of evolving to innovative approaches.

Figure 2.2 provides an overview of levels, factors and actors that are important in this
study.



52

The Impact of Information and Communication Technology on the Teacher

Figure 2.2 - Overview of levels, factors and actors that are relevant to ICT use in
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3 Method

3.1 Introduction

In this chapter information will be provided with regard to 25 case-studies that were
carried out within the framework of this project First, the research questions will be
addressed. Subsequently, the process of selecting schools in the various countries will
be described, followed by a description of the activities that were carried out within the
framework of the case-studies, including an overview of the instruments, topics, and
participation in the survey.

3.2 Research questions

In the empirical part of this study, the following research questionsare being addressed:

1) What is the situation with regard to resources and support for teachers using ICT?

2) How is ICT actually being used by teachers?

3) What is the impact of ICT use on the teacher?

4) How may ICT use by teachers be stimulated?

5) In what respect do differences occur between primary and secondary education
regarding the questions posed above?

6) In what respect do differences occur between the five countries regarding the ques-
tions posed above?

3.3 Selection of cases

Because of the small sample per country, 5 schools, the empirical part of this study
cannot provide a representative view of neither ICT use nor the impact of ICT use on the
teachers in primary and secondary education. In order to maximize the chances of
obtaining ‘examples of good practice’ with regard to ICT use, the objective was to select
schools with an advanced level of ICT implementation (‘technology-rich schools’) in
each country.

Belgium
Case-studies were undertaken in two primary scho ols and three secondary schools. The

primary schools were community schools, one of them being a “method’ school (Freinet
pedagogy). The schools were rathersmall: 208 and 270 pupils respectively. Both schools
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had 14 teachers. The secondary schools were catholic schools. The number of pupils
ranged from 400 to 770. One of these schools was a single-sex (girls) school, which is
very rare in Flanders. The larger schools had 75 teachers, the smaller school 65. The
names of these schools were obtained by searching the Internet and by contacting
specialists in the education field.

Germany

Of the five schools that made up the German samples, two were at primary school level
and three at secondary school level. Both primary schools were relatively small: 211 and
274 students. Both schools had 13 teachers. Students are aged 6 to 11, and both schools
were near Cologne, but in more rural districts. The three schools chosen from secondary
school level represented the levels of Hauptschule (HS), Realschule (RS), and
Gymnasium (G), respectively. The respective numbers of students and teachers were:
459/39 (HS), 504/27 (RS) and 1200/86 (G). All three schools were near Cologne; HS
was situated in a small community, RS in a part of the city of Cologne, and G in alarger
community. HS in general was attended by students that did not make the superior RS
and G types of education, which also accounted for a relatively high proportion (30%)
of foreigners. Part of the schools were selected based on existing contacts with the
University of Cologne. In addition to this, information about schools was obtained via
the Internet, and from the ‘Landesinstitut fiir Schul- und Weiterbildung’.

Ireland

Case-studies were undertaken in four primary schools and one secondary school. A
decision was taken to concentrate more on primary than on secondary level as there is
little scope for use of ICT allowed by the curriculum at secondary level, which is very
subject- and exam-orientated. In contrast, at primary level the curriculumis child-centred
and typically each teacher has his or her class for the whole school year. The selection
of schools wasbased on advice from the newly-appointed informationtechnology officer
of the Irish National Teachers Organisation.

In the four primary schools there were 2,005 pupils and 81 teachers (giving an average
class size of 25 pupils). All schools were in or near Dublin. One of the primary schools
was a single-sex (girls) school while all others were co-educational. One of the primary
schools could be characterized as serving a fairly affluent population, two others are
schools in lower-middle-class areas, while the fourth school happened to be in a
disadvantaged area. The secondary-level school was more recently established than the
primary ones, and concerned aschool where teaching is undertaken through the medium
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of the Irish language. Its pupils come from middle-class families. This school had 300
pupils and 16 teachers.

The Netherlands

The case-studies in the Netherlands were conducted in thre e primary and two secondary
schools. All schools educate boys as well as girls, which is usual in the Netherlands. The
primary schools were selected from magazine articles, providing information about ICT
use in the schools. Two of these three schools were at some time appointed ‘computer
school of the year’ by the Dutch magazine COS (‘computers in schools’). The selection
of secondary schools was based on already existing contacts with the principals of these
schools.

The primary schools vary from small to large. The smallest school, which was located
in the village of Blokzijl, near the‘IJsselmeer’ lake , had 59 pupils and only 3 teachers.
The second school was located in Budel, a village in the south-cast of the Netherlands,
near the Belgian border. This school had 159 pupils and 10 teachers. The largest of the
three primary schools was located in Hilversum, in the centre of the Netherlands. There
were 560 pupils and 28 teachers in the Dutch section of this school. The school also
accommodatedApart from this, there is an international section, with 240 pupils and 24
teachers.

Both secondary schools were located in Nymegen, a city of 150,000 inhabitants in the
east of The Netherlands. Both were combined schools, ranging from junior vocational
to pre-university education, as a result of amalgamation processes in recentyears. One
of these schools resulte d from an amalgamation of four schools. In the second case, three
schools joined forces. Both combined schools included an annexe in a village in the
vicinity. School A had 1600 pupils and 150 teachers, whereas in school B the number
of pupils was 1400, and the number of teachers 100.

Spain

The Spanish schools were selected from the schools participating in projects with regard
to the introduction of new technology from the University of Barcelona. All schools
were from the region of Catalunya, which is quite advanced with regard to ICT use in
schools.

Four of the five schools were primary as well as secondary education centres, while the
fifth only coached primary-school pupils. This was a small school with 8 teachers and
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less than 200 children. One of the other centresalso included Introductory Professional
Training, which is reflected in a higher number of computers (more than 300). The
number of teachers in the largest centres included as many asreaches 40, with more than
one thousand pupils. Consequently, the pupils were aged from 3 years old for pre-school
courses, to 18 years old, for the last secondary school courses. Only the primary centre
had a limited range of 3-12 years. Every centre accepted boys and girls, which is usual
in Spanish schools.

3.4 Activities and instruments
3.4.1 Interviews with school principals / ICT co-ordinators

In each school an inte rview was held with the school principal or with the school’s ICT
co-ordinator. In the case-studies that were undertaken in Ireland, in all cases the ICT co-
ordinator was interviewed together with the school principal, or separately. In the Dutch
case-studies, one principal and two ICT co-ordinators from primary schools were
interviewed, whereasin the two secondary schools vice-principals with responsibility for
ICT were interviewed.

For these interviews, an interview guideline was developed. In the interviews, the
following topics were addressed:

1) Support/ resources for ICT;

2) Use of ICT in teaching;

3) Effects of using ICT in the school;

4) Obstacles to using ICT.

3.4.2 Teachers’ survey

All teachers of the scho ols that were selected, were invited to complete a questionnaire
with regard to ICT. The topics thatwere addressed by the questionnaire were as follows:
1) Background variables;

2) Resources and support for ICT;

3) Characterization of the ICT learning environment;

4) ICT use outside of the classroom;

5) Impact of ICT on the pupils;

6) Impact of ICT on the teacher;

7) Barriers to (the increase of) the use of ICT.
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In the Dutch part of the study, two schools objected to the questionnaire, one of them
because the questionnaire was ‘too much oriented towards ICT’, and one because of lack
of time of the teachers. In the latter school, the teachers who agreed to the classroom
observations did complete a questionnaire. Table 3.1 gives an overview of the number
of questionnaires administered and of the response. Almost two out of three
questionnaires were completed, which may be considered a fair response rate.

Table 3.1 - Questionnaires administered and response

Number Response Response

administered number percentage
Belgium 241 156 65%
Germany 115 65 57%
Ireland 97 73 75%
The Netherlands 77 49 64%
Spain 110 60 55%
Total: 640 403 63%

3.4.3 Classroom observations

Ineachschool, classroom observations were undertaken. These observations were based
on a structured observation scheme, containing the following topics:
1) Access to ICT;

2) Use of ICT / other media during the lesson;

3) Lesson activities;

4) Grouping of pupils when using ICT,

5) Opportunity to learn / differentiation;

6) Characterization of ICT use;

7) Coaching and feedback of pupils working with ICT;

8) Characterization of classroom management;

9) Characterization of the learning environment.

All in all, 90 lessons were observed (50 in primary and 40 in secondary classes),
resulting in a total of over 72 observation hours (see table 3.2).
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Table 3.2 - Classroom observations

Primary education Secondary education

Number Hours Number Hours
Belgium 8 4.5 12 10.0
Germany 9 6.8 14 10.6
Ireland 16 9.7 3 3.5
The Netherlands 4 4.8 4 4.6
Spain 13 10.8 7 7.2
Total: 50 36.6 40 35.8

Apart from the data collection using the structured observation scheme, notes were taken
during the observations, resulting in qualitative descriptions of the activities observed in
the classrooms that were visited.

3.4.4 Interviews with teachers

In addition to the activities described above that were performed within the framework
of the case-studies, issues with regard to the use and impactof ICT in the classroom were
addressed in interviews that were conducted with 32 teachers from schools in The
Netherlands. This group included 19 teachers from 9 primary schools and 13 teachers
from 7 secondary schools. Among these schools were the five case-study schools.

The topics that were addressed in these interviews include the use of ICT in the class-
room, the impact of ICT on the role of the teacher, the ‘added value’ of ICT, and barriers
to the use of ICT in these teachers’ classes.



4 Results

4.1 Introduction

In this chapter, the results from the interviews with school principals and/or ICT co-
ordinators from the case-study schools, and the results from the teachers’ questionnaire
will be summarized. The results from the classroom observations will be reported in
detail in this chapter, including several descriptions of innovative as well as less
innovative uses of ICT in the classrooms visited. For a short characterization of the
schools that are addressed in the case-studies, see section 3.3. Finally, a report will be
provided from interviews that were conducted with primary- and secondary-school
teachers.

4.2 The interviews with school principals/ ICT co-ordinators

In this section, the main conclusions of the interviews with school principals and/or ICT
co-ordinators on the topics of support and resources, use of ICT in the schools, effects
of ICT, and obstacles to using ICT are summarized. An extensive overview of these
interviews is provided in appendix 3.

Support and resources

With regard to the acquisition of hardware, many schools have to engage in fund-raising
activities of any kind, acquire money from parents, or acquire (second-hand) hardware
from sponsors. Drawing from the regular budget often means making cut-backsin other
areas. In primary education, a limited number of computers are often situated inside the
classroom, these schools usually notbeing equipped with a computer room (the Irish
schools are an exception here). In secondary schools there usually are computer rooms,
while not many teachers have a computer inside their own classroom.

In several countries complaints are made about the lack of adequate in-service teacher
training with regard to ICT. To overcome this, teachertraining in the schools is often set
up by the ICT co-ordinator or by colleagues. In pre-service training, in most cases there
is insufficient attention for the use of ICT in education.

With regard to ICT co-ordinators, there are notable differences between the countries.
In Belgium there are no appointed ICT co-ordinators. In the Irish schools there are, but
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they are not being compensated for their task. In the Dutch schools there are ICT co-or-
dinators and/or system operators who get some compensation in the sense that they have
less teaching hours, but this compensation is less than the time that is actually required
to fulfill their tasks.

Use of ICT in the school

The use of ICT in most cases depends upon the personal initiative of teachers. In many
schools teachers are free to decide whether or not to use computers. It seems that in
primary schools the computers often are better integrated in the lessons, whereas in
secondary education the use of ICT is often restricted to certain classes and to certain
subjects, mainly informatics. The overloaded and exam-oriented curriculum is in many
cases pointed out as being the cause of this. Another aspectwhich is of importance here,
seemsto be the access tocomputers. When computers are located in a separate computer
room, teachers may feel it is more difficult to integrate the computers in regular teaching
practice.

Effects of using ICT in the school

According to the principals and ICT co-ordinators, several benefits may be noted from
using ICT in education. ICT provides more opportunities for individualization as well
as for co-operative learning; the pupils’ motivation is increased; the pupil-pupil and
pupil-teacher communication is enhanced; pupils learn how to handle computers; edu-
cation is better integrated with °‘reallife’; the teacher acts more asa coach; teaching time
is saved; e-mail provides better opportunities for communication, for teachers as wellas
pupils, and the Internetis a huge source of information.

Obstacles to ICT

Many obstacles to using ICT in education were put forward in the interviews. The main
obstacles seem to be lack of money, which means schools cannot purchase or update all
the hardware they consider necessary, and lack of teachertraining. In preservice teacher
training, not much attention is given to ICT. In-service training often is absent, or is
considered to be inadequate.

Lack of time for teachers to familiarize themselves with the possibilities of ICT, lack of
adequate courseware (that is attuned to the curriculum), and lack of time for ICT
co-ordination and technical support are also barriers that are mentioned frequently. In
secondary education, the curriculum in many casesseems to hinderthe increase of ICT
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use. The cost of software was also mentioned several times as being an obstacle to ICT
use.

4.3 The teachers’ survey
Resources for ICT use

The majority of teachers do not have a computer in their classroom, so they have to use
the computer room if they want to use ICT during their lessons. If teachers can access
ICT in their classroom, they generally have just one computer. About half of the teacher
group states the pupils may access the Internet and/or e-mail.

Reasons for not using ICT

The reason for not using ICT which is mentioned most frequently, is the fact that teach-
ers arc not familiar with ICT or feel unsure about it. Lack of hardware, and lack of
suitable software were mentioned quite often as well as a reason for not using ICT. Some
teachers state there is not enough room in the curriculum for ICT, or they say they do not
see the necessity of ICT.

The ICT learning environment

The most popular purpose of ICT use with the teachers in the case-study schools isfor
exercises: half of the primary teacher group who processed the questionnaire, and one
out of three secondary school teachers regularly put ICT into action for this purpose.
Consequently, drill and practice exercises are theapplication types used most frequently .
Another type of ICT use which is quite frequently applied, is word processing: pupils use
computers to write letters and texts. In primary schools, games and adventures, as well
as problem-solving applications are ratherpopular also. Overall, in secondary education
ICT proves to be put into action considerably less often than in primary education. A
striking difference concerns the use of problem-solving applications, which is almost
absent in secondary education.

As far as grouping of pupils working with ICT is concerned, working in pairs is the
approach which is applied most frequently. Whole-class teaching during ICT work is
applied only by a minority of teachers. In primary schools it is more often the case that
pupils are working in small groups with ICT.
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A majority of teachers tell their pupils exactly what they have to do before they start
working with computers, and regularly check onthem during computer work. In primary
schools teachers are more often working with pupils who are not using ICT at that
moment, as compared to teachers in secondary schools. This difference may b e attributed
to the fact that the number of computers available in primary schools in general is very
limited, so not all pupils may access a computer simultaneously .

Professional development and support

Using ICT themselves and communicating with colleagues are, according to the teachers,
the means that best helped them acquire skills with regard to ICT use. In-service teacher
training provided a lot of help for one out of five teachers only. The impact of pre-
service teacher training and other ICT training is negligible. Teachers generally claim
to get quite some support with regard to ICT use from the ICT co-ordinator (if there is
such a co-ordinator) and from the school principal. As far as communication about ICT
use is concerned, colleagues from the same school are consulted most frequently. The
ICT co-ordinator is also an important information source.

Impact of ICT on the pupils

The ICT-using teachers who took part in the survey in general have very favourable
ideas about the influence of ICT on the pupils: a majority think that the pupils’
motivation is better whenusing ICT, that pupils show more interest in the subject, that
ICT has a positive impact on the pupils’ information handling skills,and on their amount
of concentration and involvement, that ICT leads to better learning achievements, better
learning efficiency, and an improvement of problem-solving skills, as compared to
education without ICT use.

Impact of ICT on the teacher

The majority think ICT use has a positive impact on the teacher’s professional
development (66 percent), on the efficiency of the teacher’s work (52 percent), and on
the teacher’s motivation (50 percent).

With regard to the preparation of lessons, interaction with pupils, keeping track of
pupils’ achievements, social contact with pupils, and the teacher’s workload, a
substantial group thinks there are no main differences with or without ICT. Only few
teachers think these aspects are worse with ICT. The aspect which seems to have the less
positive impact, is the influence on the teacher’s workload. One out of five ICT-using
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teachers think there is a negative impact at this point. On the other hand one out of three
teachers feels ICT has a positive impact on the teachers” workload.

A majority of the teachers feel using ICT resulted in a shift in the teacher’s role, from a
lecturer to a coach. A majority also think using ICT enables them to spend mor time
assisting pupils who need extra attention, they can do their work more efficiently, and
they like being a teacher better because they use ICT.

Barriers

The largest barriers to (the increase of) the use of ICT in education, according to the
teachers, are the limited availability of time for professional development and the quality
of pre-service training . Other significant impediments to ICT use are insufficient access
to hardware, and the absence of in-service training. On the whole, the Spanish teachers
indicated the least serious barriers to ICT use in education. Lack oftime for professional
development seems to be most pressing in Ireland and the Netherlands. The availability
and quality of teachertraining is considered to be a serious barrier to ICT use, especially
in Ireland and Germany. Many teachers think the provision of (more, better, ‘tailored’)
in-service training may help increasing the use of ICT in the schools.

4.4 Classroom observations

Classroom observations have been conducted in ninety lessons inwhich ICT was used.
The observation data consist of quantitative as well as qualitative data. In subsections
4.4.1t0 4.4.3, the results of the quantitative approach will be reported. Subsection 4.4.4
contains descriptions which are based on the qualitative part of the observations. In this
subsection, examples of innovative uses of ICT are being discussed.

4.4.1 Media availability and use

The majority of classroom observations (68 out of 90) were conducted in computer
rooms, the rest in classrooms or (in one case) in a corridor next to the classroom. The
observations in the Irish and Spanish schools were all conducted in computer rooms. In
German schools, the majority of observations were conducted in the school’s computer
room, whereas the Belgian and Dutch observers carried out more observations in
classrooms than in computer rooms.
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In primary schools there were onaverage ten computers available for pupils during the
lessons that were observed, whereas in secondary schools the average was fifteen com-
puters. These numbers, however, depend upon the location where the lesson takes place.
In classrooms there were on average five computers available (in a range from one to
nine). In computer rooms the average was fifteen (in a range from eight to thirty). Most
of the computers were MS-D OS or MS-Windows-based systems.

The average number of pupils in primary classes was 24 (with a range from 11 to 36),
the average number in secondary classes was 17 (with arange from 6 to 26). During the
lessons that were observed in classrooms, half of the pupils in the class had the
opportunity of working with ICT. Because of the limited number of computers, this
means in general that pupils only work for a short period of time with the computer. In
computer rooms, in most cases all pupils were using ICT during the lessons observed.

Table 4.1 provides an overview of the media that were used during the lessons that were
observed.

lable 4.1 - Use of media during the 90 lessons observed (number and percentage of

lessons)
Primary education Secondary education
Number % Number %
IcT
computer(s) 50 100% 40 100%
CD-ROM 15 30% 3 8%
central presentation monitor 0 -—-- 11 28%
modem(s) 4 8% 6 15%
interactive videodisc 0 -—-- 0 -—--
Other media
black board / white board 17 34% 17 43%
overhead projector 4 8% 11 28%
video 1 2% 4 10%
slides 0 -—-- 5 13%
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Apart from computers, the use of which were the criterion for observing these lessons,
the medium that is still being used mo st is the blackboard. In secondary schools hardly
any use of CD-ROM was noted. Just in 3 out of 40 lessons that were observed, this
medium was used. Modems were not used often either (4 times in 50 primary school
observations, and 6 times in 40 observations in secondary schools). A central
presentation monitor was used in quite a number of lessons in secondary classrooms. In
about a quarter of the lessons that were observed in secondary schools, the teachers used
this medium. In the primary schools that were visited, no central presentation monitors
were used. With regard to the traditional media, there is a greater variety in secondary
schools, as may be concluded from the observations. In primary school classes, hardly
any usc of the overhead projector or video was observed. In secondary classes, the
overhead projector was used in about a quarter of the lessons, whereas in one out of ten
lessons the use of video or slides was noted.

Table 4.2 gives an overview of the types of ICT applications that were observed in the

case-study schools.

lable 4.2 - Characterization of ICT use during the 90 lessons observed (50 in primary
and 40 in secondary education)

Primary educ. Secondary educ. ---- Total ----

Number % Number % Number %
Word processing 16 32% 19 48% 35 39%
Games 22 44% 3 8% 25 28%
Drill and practice exercises 17 34% 6 15% 23 26%
Problem-solving applications 11 22% 5 13% 16 18%
Internet 2 4% 7 18% 9 10%
Simulations 3 6% 5 13% 8 9%
Drawing/photo-editing/design 4 8% 4 10% 8 9%
Adventures 7 14% 1 3% 8 9%
Programming 5 10% 3 8% 8 9%
Tutorials 4 8% 3 8% 7 8%
Databases 2 4% 4 10% 6 7%
Spreadsheets -- -—-- 4 10% 4 5%
Other applications 4 8% 3 8% 7 8%
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In primary schools pupils quite often used games (44 percent of the lessons observed),
drill and practice exercises (34 percent), word processors (32 percent), and problem-
solving applications (22 percent). Games are often presented as an interlude between
applications, which accounts for the fact that games were observed frequently.
Applications not listed in table 4.2 (‘otherapplications’) in primary education that were
observed include e-mail and encyclopaedias on CD-ROM or CD-1.

In secondary schools, word processing was observed most frequently: in half of the
number of lessons observed pupils were using a word processor. The use of Internet was
quite popular as well (observed in 18 percent of the lessons), contrary to observations in
primary schools. Drill and practice type applications (15 percent), problem-solving ap-
plications (13 percent), simulations (13 percent), spreadsheets and databases (10 percent)
were far less popular thanword processing. Applications not listed in the table (‘other
applications’) include e-mail and PowerPoint.

In primary schools there seems to be more variation in ICT use than in secondary
schools. Whereas in secondary educationjust one type of ICT application was observed
in more than 20 percent of the classrooms we visited (word processing), in primary
educationfour applications were noted in over 20 percent of the classroom observations
(drill and practice exercises, games, word processing, and problem-solvingapplications).
A striking difference is the use of Internet, which was observed quite oftenin secondary
schools and just on a few occasions in primary schools.

4.4.2 Lesson activities, grouping of pupils, and leaming content
Lesson activities
Table 4.3 gives an overview of lesson activities that were undertaken in the lessons that

were observed in primary schools. In table 4.4 data from the lessons that were observed
in secondary schools are summarized.
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lable 4.3 - Lesson activities that were undertaken in primary schools (50 lessons)

--------- Duration -----------

Number % Min. Max. Mean
Teacher ...
is explaining procedural matters (monologue) 35 70% 1 17 6.1
is explaining learning content (monologue) 16 32% 2 23 8.0
is asking questions to pupils 16 32% 1 20 6.8
is giving a demonstration 7 14% 1 12 5.6
is evaluating assignments by asking questions 5 10% 10 45 25.0
is evaluating assignments in a monologue 5 10% 5 45 20.0
is testinghomework 2 4% 5 5 5.0
is discussing test results 0 ---
Pupils ...
work individually without ICT 17 34% 15 56 32.4
work insmall groups without ICT 10 20% 20 56 32.6
are working on a test 0 ---
ICT work:
whole class works with ICT 25 50% 20 60 39.3
part of the class works with ICT 24 48% 2 65 349
other lesson activity 4 8% 5 15 11.0

Explanation: "Number’ refers to the number of lessons in w hich the activity in question was observed; ‘min’
refers to the minimum duration of the activity in minutes, ‘max’ refers to the maximum duration in minutes,
‘mean’ refers to the average duration of the activity if it occurs. The average duration of the observations
in primary classes was 44 minutes (in a range from 20 to 130).

In primary schools, a quite lengthy activity is the evaluation of assignments, which on
average takes 20 minutes (in case of a teacher monologue) or 25 minutes (when the
teacheris asking questions). These activities, however, were observed inonly 10 percent
of the lessons. Three activities were observed quite often: the teacher explaining
procedural matters, the teacher explaining learning content, and the teacher asking
questions (without evaluating particular assignments). On average these activities took
little time: 6 to 8 minutes. Among ‘other lesson activities’ (see table 4.3) are a sharing
and a role play.

Pupils are often working individually without ICT (in one third of the lessons this was
observed, with an average duration of 32 minutes), or in small groups without ICT (in
one of five lessons, average duration 33 minutes). In fifty percent of the observations,
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the whole class worked with ICT at the same time (with an average duration of 39
minutes), whereas in the other half of classroom observations, only part of the class was
using ICT (with an average duration of 35 minutes).

lable 4.4 - Lesson activities that were undertaken in secondary schools (40 lessons)

--------- Duration -----------

Number % Min. Max. Mean
The teacher ...
is explaining procedural matters (monologue) 30 75% 1 20 6.8
is asking questions to pupils 16 40% 1 45 16.1
is giving a demonstration 12 30% 1 45 9.9
is explaining learning content (monologue) 10 25% 2 38 13.6
is evaluating assignments by asking questions 5 13% 10 15 11.0
is evaluating assignments in a monologue 4 10% 5 43 18.3
is testing homework 4 10% 1 10 3.8
is discussing test results 4 10% 1 10 6.0
Pupils ...
work in small groups without ICT 6 15% 5 105 39.2
are working on a test 4 10% 10 45 22.5
work individually without ICT 2 5% 5 25 15.0
ICT work:
whole class works with ICT 32 80% 10 81 43.6
part of the class works with ICT 2 5% 15 20 17.5
other lesson activity 9 23% 2 81 26.4

Explanation: ‘Number’ refers to the number oflessons in which the activity in question was observed; ‘min’
refers to the minimum duration of the activity in minutes, ‘max’ refers to the maximum duration in minutes;
‘mean’ refers to the average duration of the activity if it occurs. The average duration of the observations
in secondary classes was 54 minutes (in a range from 35 to 115).

In secondary schools, explaining learning content in a teacher monologue and asking
questions to pupils on average takes twice the time that was noted in primary classes (see
table 4.4). To the evaluation of assignments by asking questions, however, teachers on
average allocate only about halfas much time as their counterparts in primary classes.
‘Other activities” include two office simulations, saving work, handing out material, and
printing results of the pupils' work.
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At some points there are significant differences between lessons in primary and lessons
in secondary education. In secondary education pupils hardly worked individually
without ICT. This activity was observed in one of twenty lessons only, whereas in
primary schools it was observed in one of three lessons. Moreover, when it occurred, the
duration was about half the tim e that was attributed to it in primary classes. As far as the
use of ICT is regarded, in secondary education it is more often the case that the whole
class works with ICT. This was observed during 80 percent oflessons, as opposedto 50
percent in primary classes. This discrepancy may be attributed to the fact that the
majority of lessons in secondary education takes place in the school's computer room.

Grouping of pupils during ICT use

During ICT work, pupils that were observed in secondary-school classes work
significantly more often individually than pupils in primary education (sce table 4.5).

Table 45 - Grouping of pupils during ICT work

--------- Duration -----------

Number % Min. Max. Mean
Primary schools
pupils are working individually 18 36% 20 70 39.8
pupils are working in pairs 30 60% 20 60 39.3
pupils are working in small groups 14 28% 15 57 33.6
Secondary schools
pupils are working individually 27 68% 3 81 41.1
pupils are working in pairs 26 65% 3 105 40.4
pupils are working in small groups 7 18% 21 50 34.4

Explanation: "Number’ refers to the number of lessons in w hich the activity in question was observed,; ‘min’
refers to the minimum duration of the activity in minutes, ‘max’ refers to the maximum duration in minutes;
‘mean’ refers to the average duration of the activity if it occurs. The average duration of the observations
in secondary classes was 54 minutes (in a range from 35 to 115).

In primary education, pupils often worked in pairs with com puters. Working in pairs was
observed during 60 percent of the respective lessons. In secondary schools, working in
pairs was observed about as often as working individually with ICT (in two out of three
lessons), mainly because it often occurs at the same time: in computer rooms part of the
class often works individually, whereas the other part works in pairs, which may be
attributed to the number of computers available and to pupils' preferences.
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Opportunity to learn

Figure 4.1 provides an impression of the extent to which differentiation was realized in
the lessons that were observed. In general, it was quite often noted that all pupils were
supposed to work with the same learning content. All pupils often had to perform the
same learning activities and use the same learning materials. The degree of individuali-
zation was considered to be not very high. There were not many remedial activities, nor
higher-level activities. The use of discovery learning materials was rather restricted as
well.

Figure 4.1 - Opportunity to learn / differentiation

Hardly Very
any . . . often

The same learning content for all pupils \ | | * |

The same learning activities for all pupils \ | | * |

The same learning m aterials for all pupils \ | | * |

Degree of individualization in the class \ | | * | |

Remedial activities \ * | | |

Higher-level activities \ [* | | |

Use of discovery learning materials \ | * | |

Table 4.6 - Oppo rtunity to learn / differentiation; primary and secondary classes

Primary educ. Secondary educ.

Mean SD Mean SD Signif.
The same learning content for all pupils 33 1.6 4.0 1.2 p<.05
The same learning activities for all pupils 3.9 1.4 4.5 0.8 p<.05
The same learning m aterials for all pupils 4.0 1.5 4.3 1.0 Not signif.
Degree of individualization in the class 3.6 1.3 2.8 1.3 p<.01
Remedial activities 2.0 1.5 1.9 1.4 Not signif.
Higher-level activities 2.1 1.2 1.8 1.2 Not signif.
Use of discovery learning materials 2.9 1.3 2.4 1.4 Not signif.

Explanation: mean scores are scores on a five-point Likert scale, ranging from 1 (‘Hardly any’) to 5 (‘Very
often’).



Results 71

Table 4.6 shows that in classroom observations in secondary schools it was observed
significantly more frequently that there was the same learning content forall pupils. The
same goes forthe learningactivities. Consequently, the degree of individualization in the
class was significantly less in secondary classrooms that were visited than in primary
classrooms.

4.4.3 The role of the teacher

Within the framework of the classroom obscrvations, the role of the teacher was
addressed with regard to coaching and feedback of pupils working with ICT, classroom
management, and the extent to which the learning environment is pupil-centred.
Coaching and feedback

Figure 4.2 gives an impression of the way in which teachers were coaching pupils

working with ICT, and of the nature of the feedback the teachers provided the pupils
with,

Figure 4.2 - Coaching and feedback of pupils working with ICT

Very
No . . . often

The teacher is walking around the classroom, coaching pupils | | | * |

The teacher is spending a lot o f time on a few groups/pupils | | * | | |

The teacher helps pupils by referring to ways to solve problems | | | * | |

The teacher asks questions in order to help solving problems | | * | |

The teacher gives the answers to questions himself \ [* | | |

The teacher takes control of the pupils’ computers | * | | |

In general, the teachers spent quite some time walking around the classroom during the
lessons that were observed, coaching pupils. Meanwhile, they were dividing their time
over groups or pupils working with ICT roughly equally. Questions pupils posed
generally were not answered directly by the teachers, but teachers tended to provide help
by referring to ways to solve problems or they asked questions to the pupils in order to
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solve their problem. Teachers did not often take control of the pupils’ computers as a
reaction to a question.

There were no significant differences with regard to coaching and feedback between
observations in primary and secondary schools. There are some significant differences
between countries (see table 4.7), as well as some significant differences conne cted with
the location where the observation took place (i.e. in the classroom or in the computer
room - see table 4.8). Since in two of the countries, Ireland and Spain, all lessons were
observed in computer rooms, it is difficult to draw conclusions with regard to differences
between countries at this point.

Table 4.7 - Coaching and feedback of pupils working with ICT: by country

BEL GER IRL NL ESP  Signif.

The teacher...

is walking around the classroom, coaching pupils 3.7 4.2 3.6 3.0 4.9 p<.001
is spending a lot of time on a few groups/pupils 2.2 2.3 2.4 2.1 2.1 Not sign.
helps pupils by referring to ways to solve problems 3.0 3.7 2.8 2.9 4.0 p<.01
asks questions in orderto help solving problems 2.2 35 2.8 2.5 3.7 p<.001
gives the answers to questions himself 2.0 1.5 1.4 2.0 3.5 p<.001
takes control of the pupils’ computers 1.6 1.8 1.9 1.8 2.6 Not sign.

Explanation: mean scores are scores on a five-point Likert scale, ranging from 1 (‘Hardly any’) to 5 (‘Very
often’).

Table 4.8 - Coaching and feedback of pupils working with ICT; by location of the com-

puters

- Classroom - Computer room

Mean SD Mean SD Signif.
The teacher...
is walking around the classroom, coaching pupils 3.4 1.5 4.2 1.2 p<.05
is spending a lot of time on a few groups/pupils 2.4 1.2 2.2 1.1 Not signif.
helps pupils by referring to ways to solve problems 2.8 1.1 3.6 1.2 p<.01
asks questions in orderto help solving problems 2.4 1.0 33 1.1 p<.005
gives the answers to questions him self 1.7 1.1 2.2 1.2 Not signif.
takes control of the pupils’ computers 1.5 0.9 2.1 1.3 Not signif.

Explanation: mean scores are scores on a five-point Likert scale, ranging from 1 (‘Hardly any’) to 5 (‘Very
often’).
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The Spanish teachers were walking around the classroom and coaching pupils
frequently, whereas the Dutch teachers did substantially less walking around the class-
room. The latter may be explained by the way computers were used in several primary
classes in The Netherlands. In these classes pupils were doing exercises autonomously
with computers, without needing any help from the teacher Spanish teachers referred
more often to ways to solve problems than teachers from other countries did. German
and Spanish teachers more often asked questions as a response to pupils’ questions than
teachers from other countries did. Spanish teachers also frequently answered pupils’
questions, instead of giving clues in order to stimulate the pupils to find the answer
themselves.

In computer rooms, teachers were observed walking around the room more often,coach-
ing pupils. Teachers in computer rooms also seemed to be helping pupils more frequently
by referring to ways to solve problems or by asking questions in order to help pupils
solve problems, as compared to teachers in ordinary classrooms. In a two-way analysis
of variance, with country and location of computers as independent variables, significant
effects of country as well as location only arose with regard to the teacher re ferring to
ways to solve problems.

Classroom management

An impression of classroom manageme nt during the lessons observed is given in figure
4.3. During lessons in which ICT was used, there generally was clarity on the desired
pupil behaviour, and teachers showed they knew what pupils were doing. In general,
teachers did not immediately correct pupils in case of disorder. A certain extent of
disorder was considered acceptable by most teachers. All items show significant
differences between countries, as table 4.9 shows. With respect to all items, teac hers in
the Irish cases were rated less positively than the other teachers. The Irish teachers
seemed to be less clear about what they expected from their pupils, they did not show
very clearly they knew what the pupils were doing, and they were less active in
preserving order than their colleagues from other countries. The location of computers
(classroom or computer room) showed no significant influence after correction for
country differences. However, as stated before, in two countries all observations took
place in computer rooms.
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Figure 4.3 - Classroom management in ICT learning enwironments

Very
No . . . often

There is clarity on desired pupil behaviour \ | | * |
Teacher preserves order \ | | * | |
Teacher shows in own behaviour he/she knows what pupils do | | | il |
Teacher corrects the right pupils i case of disorder \ | | * | |
Teacher corrects immediately in case of disorder \ | | * | |

Table 4.9 - Classroom management in ICT learning environments; by country

BEL GER IRL NL ESP Signif.

There is clarity on desired pupil behaviour 4.7 4.4 2.3 4.0 42 p<.001
Teacher shows he/she knows what pupils do 4.1 4.1 2.3 3.9 4.6 p<.001
Teacher preserves order 3.8 3.4 2.4 3.5 3.1 p<.001
Teacher corrects immediately in case of disorder 4.0 3.0 2.1 3.0 4.0 p<.001
Teacher corrects the right pupils in case of disorder 3.6 4.4 2.4 4.0 2.7 p<.001

Explanation: mean scores are scores on a five-point Likert scale, ranging from 1 (‘No’) to & (‘Very often’).

Significant differences between observations in primary and secondary classes (after
correctionfor differences between countries) only came forward with regard to the teach-
er showing in his/her own behaviour that he/she knows what the pupils are doing. In
secondary classes (mean score=4.1) this was more often the case than in primary class-
rooms (mean score=3.7).

Characterization of the learning environment

Many of the learning environments that were observed were rated more pupil-centred
thanteacher-centred. There often was more emp hasis on pupils constructing knowledge
than on teachers transferring knowledge, and teachers in general were acting more as
coaches than as lecturers. However, this does not mean pupilswere more in control than
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teachers. Teachers in general were observed to be just as much in control of the learning
environment as pupils were (see figure 4.4).

Figure 4.4 - Characterization of the ICT learning environment

1 2 3 4 5 6 7
Teacher-centred ! | | | | ¥ | | Pupil-centred
Teacher transfers knowledge | | | | * | | | Pupils constuct knowledge
Teacher as a lecturer | | | | | | | Teacher as a coach
Teacher in control | | | | | | | Pupils in control

With regard to two aspects, significant differences betweencountries as well asbetween
primary and secondary classes were found. The learning environments observed in
Belgianand Irish classeswere rated less pupil-centred than those in Germany, Spain, and
The Netherlands. In The Netherlands there was more emphasis on pupils constructing
knowledge than in the other countries (see table 4.10).

Table 4.10 - Characterization of the ICT learning enwironment; by country

BEL GER IRL NL ESP Signif.

Pupil-centred 4.4 5.7 4.4 6.3 5.9 p<.001
Pupils constucting knowledge 5.0 4.9 4.2 6.0 5.2 p<.005
Teacher acts as a coach 4.8 5.3 4.6 6.4 5.2 Not signif.
Pupils are in control 3.6 4.0 4.4 5.1 4.2 Not signif.

Explanation: mean scores are scores on a seven-point Likert scale, ranging from 1 (‘Not at all’) to 7 (‘Very

much’).

In primary schools, lessons that were observed in general were more pupil-centred than
in secondary schools, and there was more emphasis on pupils constructing knowledge
(see table 4.11). As for the questions with regard to the extent to which the teacher acts
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as a coach, and the extent to which pupils are in control, no significant differences be-
tween primary and secondary classes were observed.

Table 4.11 - Characterization of the ICT learning environment; primary and secondary

classes

Primary educ. Secondary educ.

Mean SD Mean SD Signif.
Pupil-centred 5.5 1.5 4.8 1.7 p<.01
Pupils constucting knowledge 5.2 1.5 4.6 1.6 p<.01
Teacher acts as a coach 5.1 1.3 5.0 1.7 Not signif.
Pupils are in control 4.3 1.5 3.9 1.6 Not signif.

Explanation: mean scores are scores on a seven-point Likert scale, ranging from 1 (‘Not at all’) to 7 (‘Very

much’).

4.4.4 Innovative uses of ICT in the classroom

As may be concluded from the preceding subsections, many approaches with regard to
the use of ICT in the classroom that were observed in the case-studies were not of an
innovative nature. Several observations concern applications which may be characterized
as behaviourist drill and practice exercises. These applications are appreciated by many
teachers since they automate exercises. This leads to time saving for the teacher, because
s/he does not have to check the pupils’ progress and give feedback to them while they
are doing their exercises. Many programs store results of the pupils’ actions in a
database, which may be consulted by the teacher after the lesson has finished. This
approach, however, leaves no room for pupil initiative.

Other types of approaches which may not be considered innovative, are approaches in
which no higher-order thinking skills are stimulated, ¢.g. because the pupils are expected
to follow the teacher’s instructions exactly, or because the pupils have to copy a text
from a book. Approaches in which pupils are more or less left on their own, without
being given any clues about what is expected from them, are examples of not innovative
uses of ICT as well.

In this subsection, some innovative uses of ICT that have been observed will be
highlighted. These innovative approaches are presented as ten descriptions of lessons that
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were observed. Table 4.12 provides an overview of the characteristics of the respective
lessons. Concluding remarks with regard to the extent to which these approaches confirm
the hypotheses that were presented in subsection2.4.8, will be presented in section 5.4.

Table 4.12 - Overview of characteristics of the innovative approaches listed

1 2 3 4 5 6 7 8 9 10
Learning environment:
- authentic context * * * * * ® * * *®
- multiple perspectives * * ®
- differentiation of con- * * * * * * ® * *
tent
Goals:
- social skills * * * *
- problem solving * *
- information handling * * * * *
- creativity %
Teacher role:
- facilitator * * * * * ® * * * %
- gives clues * * * * ® *
Grouping of pupils:
- individual work
- pairs / small groups * * * * * * * * * *

Explanation: The numbers refer to the subsequent case desc riptions in the text frames.
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Table 4.12 (continued)

1 2 3 4 5 6 7 8 9 10
Application type:
- adventure *
- simulation *
- Internet * * *
- e-mail * * %
- word processing * * * * *
- drawing %
- other applications * *

Explanation: The numbers refer to the subsequent case desc riptions in the text frames.

Descriptions of innovative lessons including IC T related activities

Each description (in a text frame) is followed by a brief characterization of the approach
in question.

1) Primary school, Ireland; ages 11-12, development of English writing skills

In this case, instruction takes place in the computer room. It is equipped with 11 Acorn computers
which are networked. The pupils are in 6th Class, which is the final year of primary school. The
main objective of the session is the development of English writing skills.

The pupils have the task of typing up letters they have already composed and hand-written before
in the classroom. The letters are about themselves and will be sent to individual pupils in a school
in the United States by e-mail. The pupils in the school in the USA will respond to their letters.
Initially the letters are about the pupils themselves, but it is anticipated that in on-going e-mail
dialogue with their American counterparts the themes of future letters will be broader; describing
the pupils’ neighbourhoods and community. This may involve doing some research. In this session
the pupils work in pairs. The teacher does not need to walk around the room very often. There is

a good deal of communication between the groups. The teacher thinks this is a good thing.
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(Continued)

The teacher tells pupils to get up a new page by double-clicking on the Edit menuto get a new file.
Then the teacher tells them they can start writing. The teacher commands: ‘hands off, listen’. He
instructs them to start their letters at the top left of the page, begin with Dear X, followed by a
comma - then press the 'Enter’ key. The children begin to type their letta:. The teacher says to call
him if they have any problems or questions. The teacher tells pupils that after they have saved their
letters they can be sent by e-mail. He also uses the blackboard for a moment to write down 'format
72' - which is the width of page/column he suggests they use for their letters. He walks around
checking grammar; spelling and punctuation. He tells pupils that when they have finished their
letters they can use the Desk Top Publishing software if they wish.

Towards the end of the session the teacher tells pupils they'd ‘want to speed up now;, you re running
out of time’. At this stage there are more pupils asking for advice or support. It is mainly the teacher

responding rather than intervening.

This case is interesting because it is a good example of how the use of ICT can be linked
in with other school work. It also shows how the Internet can be used to good effect.
Pupils have been preparing their work in an earlier lesson. The teacher acts as a coach
who gives some instructions he thinks are necessary, but stays in the background most
of the time while pupils are working collaboratively. He is walking around, monitoring
what the pupils are doing. Problems arising during computer work are to a large extent
solved by pupils in communication with other pupils.

2) Primary school, Ireland, ages 11-12; problem-solving activity

In this case, instruction takes place in the computer room in this primary school. It is equippedwith
11 Acorn computers which are networked. Some of the computers are nearly 10 years old. The
computers are arranged around the walls of the room.

In this session the pupils, who are in 6th Class, are using the 'Crystal Iorest’ software. This is a
combination of adventure/puzzle-solving activity The pupils have the task of finding objects, clues
and undertaking tasks. But, to achieve actions it is often necessary to write some lines of
programming code. For example, in one situation the pupils have to get robots to move through a
type of maze. To make them move they have to provide them with instructions - ‘walk 14, jump,
Jump, turn left, walk 5'. Another task involves making a type of suspension bridge. In this case the

pupils have to work aut the angles at which the ropes holding up the bridge go up and down.
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(Continued)

The teacher checks to see that each group has loaded the software. He gives some of those who are
stuck clues and suggests ‘now see what happens’. However, the pupils work very much by
themselves. On one or two occasions the teacher asks that the level of noise be reduced. After 15
minutes the groups are working on different elements of the program. After another 15 minutes the
teacher announces end of class and asks three pupils to remain behind to ensure all the computers

and monitors are turned off and chairs put back.

This is an interesting case because it illustrates a situation where the pupils are self-
motivated to work and where the teacher's role is mainly one of responding to requests
for assistance. He is acting as a coach who does not answ er pupils’ questions directly,
but who tries to stimulate them to solve problems themselves by providing clues.
Meanwhile the teacher is monitoring the progress of the pupils, who are used to working
autonomously.

3) Primary school (grade 8); The Netherlands; ages 11-12; information handling skills

During one hour every week there is special emphasis on information handling skills of the pupils
in grade 8. There are 26 pupils in the classroom. Two computers, one of them equipped with a CD-
ROM player, and a CD-I player; attached to a monitor, are available. Because there is not enough
room inside the classroom, the equipment is in the corridor.

After a short introduction by the teacher; he selects three pupils from the class. These pupils may
choose pupils they would like to work with. Three pairs are formed, who then leave the classroom
and go to the corridor to use the ICT equipment. The teacher is accompanying them The pairs that
were formed work together for the whole hour, with the teacher assisting them. There is a student
teacher who stays with the rest of the class. Pupils in the classroom are using information booklets
on various topics to acquire information. In cases when there is no student teacher available, the
teacher has to assist pupils inside as well as outside the classroom, walking around from classroom
to corridor and vice versa.

Two girls are going to learn how to use the word processor (MS Word). The teacher assists them
in starting up the program. After that, they start reading instructions in a training booklet ("MS
Word for Children’) and they are carrying out assignments at the keyboard. Several times they ask
the teacher for assistance He then tells them what they are supposed to do, or he points at the

appropriate written instructions.




Results 81

(Continued)

Two boys are sitting at the multimedia computer. They are assigned to look for information on a
CD-ROM that fits the subject they have been reading about last week. These pupils have no
difficulty starting up the equipment. They are using a CD-ROM encyclopaedia in which the funct-
ioning of various pieces of equipment is being explained (e.g. engines, computers, the telephone,
video cassette recorders). Since the information the CD-ROM provides does not cover the subject
they have been reading about, the teacher tells them to look up information they think is interesting.
They are working very dedicatedly, in a co-operative way, searching for and viewing information
about several machines. They hardly need any assistance from the teacher.

Meanwhile two girls are searching a CD-I (whidh contains an animal encyclopaedia) for
information about owls, which was the topic they worked on a week earlier. The teacher assisted
them to get the equipment running. Quite soon however; they are deviating from their subject, after
having viewed only part of the information which is available. The teacher turns to them several
times, providing them with search keywords, assisting them in browsing the information, and (after
20 minutes) inserting a second CD-1 at the moment they can 't find any new information. Since there
seems to be no information with regard to their subject on this cd-i, they start browsing information
regarding other topics. When classes end, the teacher helps the girls to shut down the equipment.
The boys do not need any help in this respect.

This observation shows an attempt to utilize ICT in order to stimulate pupils’ information
handling skills. It also shows several problems teachers may be confronted with when
doing this. Firstly, the number of computers is limited, and the equipm ent is situated in
the corridor, because of the limited space inside the classroom. This means the teacher
has to be in two places at the same time. In this case, the availability of astudent teacher
solves the problem, but if the student teacher is absent, the teacher has to divide his
attention between pupil groups inside as well as outside the classroom. Secondly, the
material which is available on CD-ROM and CD-I does not match the information from
the booklets very well. This makes it difficult to present the information from these
media as a complement to the information the pupils gathered in the preceding lessons.
Thirdly, the limited availability of multimedia equipment, as well as the limited number
of software titles available, restricts the opportunity to present pupils with an abundance
of information.
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4) Secondary school (grade 4 of pre-vocational education), the Netherlands; ages 16-17; office
simulation

In this school, students of pre-vocational education are prepared for office jobs by means of an
office simulation. Just like in real offices, ICT plays an important role in this respect. The school
has a special practice room at its disposal which is fitted out as an office. There are several
‘departments’: reception, sales department, acquisition department, warehouse department,
financial department, personnel department. The usual office equipment is available, including
desks, 7 computers, 4 printers, 2 typewriters, a phone, a telefax, and a copier. The firm, called Body
house, specializes in ‘selling’ products like body lotion, soap, etc.

There are 15 pupils in this group. In each department, there are two or three pupils. There is a
rotation system, so the students are working at various departments during the school year. They
stay in a department for two or three weeks, and then they move on to another. Because they do not
leave their department all at the same moment, there is always one student who can help the
newcomers at the respective department.

The school is associated with an agency (‘Simnet’) that is providing the ‘firm’ with orders and
requests for information (by mail, fax or phone), in order to make the simulation more realistic.
There are plans to start co-operating with simulated offices in other schools in the near future. The
number of computers will be extended to fifteen: a local bank is fitting out the school with equip-
ment and furniture. The software that is being used was not designed for education. It is software
which is used in the business world, including a word processor (WordPerfect), a database
(PerfectView), a spreadsheet (Lotus), and a package for producing invoices (Combistart). Stand-
alone computers are used, which hampers the exchange as well as the backing up of computer files.
There are plans to set up a computer network, and there are plans to switdh over to MS Office.

Pupils are expected to work co-operatively within their department, as well as with other
departments. The classroom observations shows they are indeed quite actively involved in the
simulation. The teacher acts as ‘office manager’. He is walking around the office, answering
questions, monitoring progress, giving assignments, and assisting students. Since the office
simulation project started only recently, two teachers are present in the ‘office’. Pupils are in this
office for two hours per week. The next school year, one teacher will run the office, which will then
be in operation for four hours per week per group of pupils.

At the start of the class, one teacher starts explaining a new database application he designed to
two girls in the warehouse department. He remains working with these girls for a substantial part
of the lesson , coaching them to handle the software. After leaving this department, he starts going
round the classroom, just like the other teacher;, monitoring the pupils’ activities, and assisting
pupils when necessary . Before the lesson ends, pupils are instructed to backup their work to a
floppy disk. After that, they are invited to close their department.
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This description refers to a very sensible way of integrating ICT in education. In this
way, pupils are preparedfor office jobs ina life-like situation. The simulation is intended
as a replacement for on-the-job training, since it is getting more and more difficult for
the school to find companies willing to provide that training. Pupils enjoy working
together in this manner, as may be concluded from the classroom observation. One of
the problems, as noted by one of the teachers, is that sometimes a department runs out
of work, and pupils have to wait for another department to finish work. For the teachers,
setting up this simulation was very time-consuming. The simulation is still in the start-up
stage, which means that the finetuning takes quite some time: new applications are being
developed, contacts with other ‘school companies’ have to be established, a P C network
has to be installed, and a new software package has to be introduced.

5) Primary school (grade 6/7/8); the Netherlands, ages 9-12; group discussion / e-mail project

There are 19 pupils in this class, which is a mix of three grades, with ages ranging from 9 to 12.
Fach morning, classes start with a short group discussion, during which pupils discuss things that
happened to them, news items, etc. This conversation is co-ordinated by a pupil. The teacher is
sitting down with the group. He listens to the discussion and on one or two occasions he poses a
question in order to clarify matters.

This morning, one of the items is an e-mail message that was received yesterday from the school
in Belgium these pupils correspond with on a regular basis. Pupils discuss the contents of the
message, and decide what items should be in the response. The teacher points at a few matters that
might not be clear to the pupils in Belgium which leads to more details in the message the pupils
are going to send. After the class has agreed on the contents of the answer;, two pupils leave the
classroom in order to go to the computer in the teachers’ room, which provides access to e-mail.
They are going to type out and mail the class’s reply Meanwhile, pupils in the classroom select
materials from the cupboard, including books and exercises, and start working individually, in
pairs, or in small groups. Everyone knows what to do, without the teacher having to interfere. At
some occasion, the teacher leaves the classroom for ten minutes, in order to attend to the pupils
answering the e-mail. The pupils in the classroom continue working as if the teacher never left the

room.

This example shows the use of ICT for enhancing the pupils’ creativity and for creating
understanding for cultural differences. The pupils are used to a pupil-centred learning
environment. The group discussion shows the pupils are in charge of this activity. The
teacher is merely interfering at moments when certain matters have to be clarified. At
these occasions, he interferes by posing a question, not by making a remark. The fact that
the computer which provides access to e-mail is located outside of the classroom, does
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not create any difficulty, since all pupils know what they are expected to do, and they are
used to carrying out their tasks even without the presence of the teacher.

6) Secondary school (grade 11); Germany, ages 15-17; social sciences

The group consists of 21 students (13 females 8 males), aged 15 to 17. We are observing a social
science class.

At the beginning of the period, students are given two different texts (complaint to the police
concerning the theft from a store, notice of a traffic accident). Students are divided into three
groups and each group is assigned one of the following three tasks.

File a charge to the local court.

Construct a flow chart that explains the legal procedure (including possible appeal of revision and
reasons for involving the particular court(s)).

Look for help (court decisions that may serve as precedents) as input for a court decision.

The first two tasks are to be done using the word processing program of a computer while for the
last task, studentswill have to access the Internet.

Students work in small groups while the teacher goes from one group to the other Students ask
questions referring to the topic to matters of orthography and to the use of the computer. The
teacher tries not to answer these directly If the problem already came up in one of the other two
groups, he refers to that group and asks them to explain. At the end of the period, students hand in
their results in the form of a written text to the teacher. He promises to look at them in depth at
home and to return them in the next period, but he already sees that the group working with the
Internet has had difficulties finding adequate sources and he tells this group that he will look for

Internet sources that will be more helpful.

In this observation, we consider the use of ICT as meaningful because the computer
program as well as the Internet are used as tools to accomplish a given task which has
a high degree of authenticity.
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7) Primary school (6th grade); Belgium, ages 11-12; information gathering

There are 25 pupils in this dass. There are no computers in the classroom. Pupils may use one
computer (the only one at school) with access to the Internet at the corridor. The classroom is
traditional, with pupib sitting in pairs in three rows.

Fach morning, before the classes start, 3 pupils of the class have to search on the Internet for some
interesting news items. They are allowed to use two Dutch web sites of youth journals. There is
always one teacher who assists, and there is also a kind of rotation system so that pupils learn to
help each other to use the Internet. In each group there is one pupil for whom it is the first time
he/she uses the Internet, one for whom it is the second and one for whom itis the third time. They
read the items and each of them selects one item they are really interested in. These items will be
printed. When the classes start, they have to tell about the selected news item and a little discussion
with the whole class follows.

In this case there are two teachers, one assisting the pupils in browsing the Internet and the other
is the regular class teacher who discusses the results of the search in the classroom. The teachers
decide on the sites the pupils are allowed to browse. The teacher, who assists the learners in
browsing, stimulates pupils to find out themselves how the Internet works. If they need practical
support (e.g. how to go to another hyperlink), he assists them, but in such way that the pupils
develop the skills to do a search on the Internet themselves. He does not take over the activities, but
Jjust gives explanations. The aimis that pupils work collaboratively and learn from each other. The
second teacher guides the discussion about the themes selected by the three pupils. She acts as
chairperson, who summarizes the different points of view, selects pupils who may address the class,

and formulates a conclusion.

In this case ICT is used for gathering information. The teachers argue that the biggest
advantage of using Internetfor this purpose, instead of using a newspaper, is the fact that
the news items have already been selected by these specialized web sites. In this way
pupils become aware of ‘the news of the day’ and in the meantime they learn how to
work with the Internet. The teacher is there to support this. The learning environment is
to a large extent pupil-centred. Even though the teacher limits the pupils’ freedom with
regard to the Web sites they are allowed to access, the pupils are free in the subjects they
may choose. Thus, the content may be adapted to the pupil’s desires and needs. The
pupils are stimulated to be active learners, who gather information, summarize the
information they selected, and discuss it with their classmates.
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8) Secondary school (grade 6); Belgium; ages 17-18; English

In this class, there are 13 pupils. They have 7 multi-media computers at there disposal, which are

located in the back of the classroom.

In this English course the pupils have to select a subject related to the theme (‘Indians’) they
worked on in previous lessons. The pupils work in pairs and the task is to find as much information
as possible about the chosen subject. They are obliged to use different media, the more traditional
media, like encyclopaedias and books, as well as Internet and CD-ROMs. Afterwards they have to
compare the information they found in the different media and discuss their findings. The

comparison and discussion was part of the next lesson.

The teacher recalls, together with the pupils what they learned about the theme during previous
lessons. He explains the assignment and helps students when they ask for it. He encourages students
to find as much information as possible, but also to select the most important or interesting
information. He walks around and assists when necessary Sometimes he gives suggestions to

students about where they can find interesting information.

This lesson was the starting point of a small project. The goal of this lesson was purely
information gathering and selection. What happens with this information as well as the
discussion about the differences between these media were not observed as this was
planned for the following lessons. The teacher encourages the students to explore
information available from several media, assisting them only when necessary. Students
are stimulated to compare information from different information sources. This approach
may stimulate their information handling skills.
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9) Secondary school (grade 4); Belgium; ages 15-16; English

This lesson is situated in the computer classroom, which has where 16 computers with access to

Internet are located. This computer room was booked by the teacher when planning the use of ICT

For this English course, the pupils have to form small groups. Fach group works on a specific sub-

theme (youth movement, dancing, and sports) within the main theme of leisure. The assignment is
to write a text in English about the chosen theme to exchange with pupils in Denmark and Latvia.

The procedure is that pupils write the text within their small group, which is then corrected by the

teacher. After this, the pupils send the text by e-mail to their fellow-pupils. The same was asked of
the students in the other countries. The aim was that the pupils communicate about and discuss the
texts with the other students by e-mail, not only during the lessons, and that they make a
presentation based on these texts. The teacher corrects the texts and explains grammar and spelling
issues. This lesson was part of a European project that she organized together with teachers from
abroad who teach English in Denmark and Latvia. Together they defined the assignments, did all

the planning, and made all the arrangements that were necessary.

This type of ICT use provides an opportunity to exchange experiences with foreign
students and to learn to co-operate and communicate with students across the borders.
In this way, the understanding of other cultures is enhanced, and students are motivated
to engage in activities. The learners are very enthusiastic and motivated to work on this
project. The teacher, however, had a lot of work organizing this project and making it
possible. For the teacher, it provides an opportunity to join forces with fellow teachers
from abroad.
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10) Primary school; Spain; drawing

This session includes the production of a drawing about the ‘Chestnut Day’. Pupils work in
pairs. Initially, children work quickly, adding many elements and using every tool, but after
some time they calm down a bit, erase the drafts and then try to make a picture that conveys

more meaning. Free expression and creativity are enhanced.

There are two teachers in the room, assisting the pupils. Everyone is assisted according to the
specific needs for each task. leachers pose problems in order to stimulate pupils to improve
their work, and they give some directions to the pupils who do not know enough about the
application. Teachers mixed the pupils to enable them to improve their creations. They ask each
pair of pupils about their expectations, about what they want to do and how they think they can
achieve this. The aim of this session seems to be that pupils practice with a program which
consists of several tools, to check and to experiment with the resources available. At a particular
moment the teachers forbid the pupils to use the ‘bomb eraser’, which cleans all of the drawing.
At the end of the session, teachers show how to exit the application and to switch off the

computer; step by step, with simple, clear and correct instructions.

This example shows how teachers coach pupils by posing questions and formulating
problems. Thus the pupils are stimulated to engage in creative activity. When the teach-
ers consider it appropriate, they provide clear instuctions instead of leaving all initiative
to the pupils, in order to work efficiently.

4.5 Impressions from interviews with teachers

Within the framework of the Dutch part of the study, several ICT-using teachers have
been interviewed with regard to the impact of ICT on their role. These are not only
teachers from case-study schools, but also teachers from other schools. Overall, 20
primary school teachers and 13 secondary school teachers were interviewed.

Primary school teachers

An issue which was raised by many teachers (13 out 0f20) is that the lack of space is an
impediment for the integration of ICT in the classroom. In many classrooms it is dif ficult
to find room for more than two computers. In several schools computers were placed in
corridors, which does not create an optimal environment for fostering the learning
process. It also affects the role of the teacher, since it is more difficult to monitor what
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pupils are doing when part of the class is working outside of the classroom. The number
of computers available is also a matter several teachers (8 out of 20) are not satisfied
with. Another serious impediment which is raised often, is the lack of time for
professional development with regard to ICT. Ten out of twenty teachers mention this
issue. The ‘return on investment’ of training is by many teachers considered to be
insufficient. Moreover, training often focusses too much ontechnical aspects of ICT use
(like the use of operating systems, word processors, spreadsheets etc.), whereas
didactical aspects are neglected.

The greatest advantage of ICT, according to several teachers, is that pupils like using
computers. This was mentioned by six teachers. Some teachers add that when pupils are
motivated, the teacher has to put less effort into keeping them at work. Other ‘added
value’ of ICT, accordingto teachers interviewed, is the fact that the computerkeeps track
of pupils’ achievements (mentioned by four teachers), that the computer provides
immediate feedback (three teachers),and that using the computeris more effective (three
teachers). It is striking that just two teachers call the computer’s potential with regard to
enabling differentiation an added value of the computer.

Among the ICT applications that are being used, arithmetic, language, reading, and
geography exercises are mentioned often. Some teachers let their pupils use MS Word,
some give their pupils access to the Internet. Apart from this, several CD-ROMs are
used, including MS Encarta. As some of the teachers say, the limited access to computers
causes the computer to be used mainly for doing exercises. Consequently, this does not
influence the role ofthe teacher very much, according to these teachers. Others state they
are more in the background when pupils are working at the computer, and there is
considerably less whole-class teaching. Two teachers feel that because of ICT use in
their classroom they have more time to spend with pupils who need extra attention.
Teachers often instruct their pupils to work on their own at the computer, especially
when exercises have to be done. This happens in spite of the limited number of
computers available.

Secondary school teachers

Secondary school teachers frequently experience lack of time for professional
development to be an impediment to ICT use in their classes (mentioned by 7 out of 13
teachers). Consequently, teachers have insufficient knowledge of the didacticalpotential
of ICT (mentioned by six teachers). Teacher training is often considered to be vague or
of bad quality (six teachers), and the computerroom in the school is in use too often (five
teachers). All secondary schools have a computer room. Teachers are required to book
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the computer room, which means they may have to compete with colleagues who want
to use it at the same time. Several teachers point at the fact that teachers of informatics
have priority when booking the computer room. Consequently, some classes do not get
the opportunity to use the computer room at all. Apart from this, teachers have to
carefully plan the duration of ICT-related activities once the computer room has been
booked.

With regard to the question about theadded value of ICT in secondary education, several
answers were noted: ICT enables pupils to work independently, pupils like using ICT,
it is more effective than education without ICT (all mentioned three times), ICT attracts
the pupils’ attention, ICT is crucial to society, so it has to be focussed atin school, and
ICT enables pupils to write texts faster (all mentioned two times).

ICT is used within several subjects, but apart from informatics ICT plays a minor role
in secondary school subjects. Applications include word processing, exercises
(vocabulary, grammar, texts, statistics, etc.), and simulations. Teachers in general prefer
educational software which fits the textbooks they use. Some teachers point at the
curriculum, which they consider to leave little room for incorporating ICT in their
classes.

Some teachers notice a shift in their ole, from a lecturerto a guide or a facilitator A few
teachers point out the fact that questions pupils ask are more of a technical nature when
ICT isbeing used. A few teachers emphasize that pupils are often better atthe computer
than the teachers themselves. However, these teachers do not consider this to be a
disadvantage: pupils who know a lot of computers can help their classmates when
necessary. Just one teacher explicitly mentions the possibility of adapting the lesson
content to the pupils’ needs as an advantage of ICT use. Some teachers state that class-
room management is more difficult when ICT is used. A majority of teachers prefer
pupils working alone at the computer Teachers mention the fact that collaborative work
results in an increased noise level in the classroom. Apart from this, some pupils putless
effort into their work when they are working together with other pupils. This calls for
extra attention on the part of the teacher.



5 Conclusions

5.1 Introduction

In the following sections, the main conclusions of this study will be reported. Section 5.2
provides a description of the factors influencing the use of ICT by teachers. In section
5.3 animpression is given of the actual use of ICT by teachers in the classroom, as noted
from the empirical part of the study. Section 5.4 addresses the changing role of the
teacherin a changing learning erwironment with ICT. Section 5.5 provides a discussion,
including guidelines for optimizing education with ICT. Section 5.6 concludes this
chapter with recommendations for stimulating and enhancing ICT use in educational
practice.

5.2 Factors influencing the use of ICT by teachers

It goes without saying that in order to enable teachers to imple ment ICT in their daily
teaching practice, several preconditions have to be met. Among these are access to
hardware, the availability of appropriate educational software, the availability of ade-
quate teacher training and support, and room for ICT-related activities inthe curriculum.
The government’s policy as well as the school policy with regard to ICT play an
important role in this respect.

In primary and secondary education it is common that every teacher may decide for
himself (or herself) whether he (or she) will use ICT in classroom practice. What is
crucial at the teacher level in this respect, according to the literature study, are the beliefs
and skills of the teachers. These factors are not only critical with regard to the question
as to whether or not to use ICT in educational practice, but also with regard to the
question of how ICT will be used. Teachers have to see the advantages of ICT use in
order to be motivated to implement it in their teaching practice. Apart from this, if
teachers are not confident about their capabilities in handling ICT, this may hamper their
willingness to introduce ICT in their classroom. Other skills that are important in this
respect, are skills related to the teachers’ competence in classroom management
activities, and to their pedagogical skills. The reason for not using ICT which is
mentioned most frequently by teachers from our case-study schools who completed the
questionnaire, is the fact that they are not familiar with ICT or the fact that they feel
unsure about ICT. Lack of hardware (in the classroom), lack of suitable software, and
lack of opportunity in the curriculum also were mentioned quite oftenas reasons for not
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using ICT in the classroom, but these barriers are clearly not as important as lack of
familiarity with ICT. According to the teachers who do use ICT, one of two largest
barriers to (the increase of) the use of ICT in education, is the limited availability of time
for professional development. This applies especially to teachers from the schools in
Ireland and in The Netherlands. Insufficient quality of pre-service training is the second
main barrier mentioned by teachers.

According to the school principals and ICT co-ordinators from the twenty-five case-
study schools, there are two main obstacles to the implementation of ICT in the schools:
lack of money and lack of adequate teacher training. Because of lack of money, schools
cannot purchase or update all the hardware they consider necessary. As a consequence
of this, the life cycle of ICT in schools is substantially longer than elsewhere. In the
business world, ICT equip ment as well as software is outdated in ayear or even less. In
schools, computers and software in general have to be in use for four years or more. It
is not uncommon that schools are still using computers that are not capable of running
other than DOS-based software. This puts the notion of ‘new technology’ in question,
and it restricts the opportunities for teachers to apply current software in their teaching
practice. Apart from this, if the availability of equipment is limited, this restricts the
access to ICT by teachers who would like to incorporate ICT in their classes. In pre-
service teacher training, not much attention is given to ICT. In-service training is often
absent, or in several cases is considered to be inadequate. According to the principals as
well as teachers, training too often focusses on technical aspects of using ICT, instead
of highlighting the didactic consequences and opportunities.

In conversations with teachers, lack of opportunity and/orflexibility is often put forward
as a serious problem with regard to incorporating ICT into daily practice. What makes
things worse, is that classrooms in new school buildings even tend to be smaller than
classrooms in older buildings. Changing learning environments call for functionally
flexible school buildings, in which there is sufficient room for equipment and where
there are facilities for autonomous learning outside the classrooms as well.

5.3 Actual use of ICT by teachers

In spite of the selection of technology rich schools for the case-studies, the majority of
teachers in the case-study schools do not have a computer in their classroom. This means
they have to use the computer room if they want to use ICT during their lessons. The
majority of teachers who have access to ICT in their classroom, have only one computer
available. Computer rooms are more common in secondary schools, whereas in primary
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schools these are often absent, a limited number of computers being available in the
classroomsinstead. Inthelrishand Spanishcases, all schools were equipped with a com-
puter room. When there is a computer room, it is usual that the whole class works with
ICT during all of the lesson time. In case there is a small number of computers available
in the classroom, itis often the case that a limited number of pupils are working with ICT
for a limited period of time before swapping places with classmates.

ICT applications that are used most freque ntly by teachers in the case-study schools, are
word processing, and drill and practice exercises. Pupils often use computers to write
letters, e-mail messages, and texts. They also often use computers for arithmetic and
language exercises. There are some notable differences between primary and secondary
schools with respect to the use of ICT. Firstly, in secondary education ICT proves to be
putinto action considerably less often than in primary educ ation. Secondly, there is more
variety in primary education. In primary schools, applicatio ns that are used often or quite
often, are drill and practice exercises, games or adventures, problem-solving
applications, and word processing. Games are often inserted as an interlude between
exercises. In secondary schools, applications that are used (quite) frequently, are word
processing and drill and practice exercises. It is striking that the use of problem-solving
applications proved to be almost absent in classes we observed in secondary schools.

Overall, in primary schools the use of ICT appears to be integrated in daily teaching
practice to a larger extent than in secondary schools. In secondary schools, the use of
ICT is often restricted to specific classes as well as specific subjects (of which “informa-
tics’ is the most prominent).

Innovative approaches

Innovative approaches show the use of ICT for enhancing creativity (e.g. writing texts,
producing pieces of work, graphs, or drawings), for the gathering and adapting of
information, for simulation of real life activities, or for stimulating social processes. In
these settings pupils in general know what they are expected to do and they are largely
working on their own or in pairs at the computer. This leaves the teacher as a coach and
facilitator, who monitors the pupils’ progress in the background, and stimulates pupils
to solve problems themselves or in co-operation with classmates. Instead of directly
answering pupils’ questions or taking control of their keyboard, the teacher gives hints
or clues. In this way teachers allow their pupils some degree of experimentation. Com-
puters are looked upon as tools that facilitate the learning process rather then as end s in
themselves.
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Less innovative approaches

The less innovative approaches typically show the use of ICT for drill and practice
exercises or for exercises in which pupils are expected to follow detailed instructions
step by step. Feedback in these cases is often either absent or rather general instead of
tailored to the pupils’ needs. Several teachers appreciate this kind of ICT use, since these
applications automate time -consuming activities, thus leaving time for the teacherto give
more attention to pupils who need extra help.

5.4 The role of the teacher in ICT leaming environments

The role of the teacher in ICT enhanced learning environments may be affected in
several respects.

Setting goals

Educational theorists who are adhering to constructivist views, promote open-ended,
pupil-centred learning environments in w hich pupils decide to a large extent what, when,
and how learning will occur. The classroom observations show some innovative
approaches of ICT in which pupils indeed have the opportunity to decide to a certain
extent what activities they will carry out. However, the goals for the lessons that were
observed were always set by the teachers. Apart from this, several applications of ICT
that were observed should be characterized as structured rather than as open-ended, thus
contributing more to behaviourist than to constructivist ideas.

From some studies the conclusion may be drawn that teachers set higher standards for
pupils using ICT, as compared to students who do not use ICT. With regard to this
aspect, the case-studies do not provide much information, because there were no com-
parison groups working without ICT. In the classes that were observed, all pupils in
general were expected to carry out the same activities with ICT. In case there was not
enough equip ment available for all pupils to work with ICT simultaneously, a rotation
system was utilized. From the classroom observations the conclusion may be drawn that
teachers to a large extent are setting the same goals for all the pupils in the same class.

Selecting content and media

In secondary education, the curriculum in many cases is considered to hinder the increase
of ICT use. School principals as well as teachers state there is not much room for ICT
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use in the secondary curriculum. Thus, informatics seems to be the secondary-school
subject that is primarily enhanced by the use of ICT. In primary schools the curriculum
leaves more wom for the application of ICT.

Many teachers in the case-study schools pointed at insufficient access to hardware as
being a significant impediment to ICT use. When computers are located in a separate
computer room, teachers may feel it is more difficult to integrate the computers in
regular teaching practice. T he use of computer rooms has to be scheduled in advance,
and the dumation of the ICT-related activities has to be carefully planned. On the other
hand, because of lack of money as well as lack of space it is not possible to fit class-
rooms with lots of computers. This means just a (small) part of the pupils in a class may
work with ICT simultaneously.

Another issue which is of importance with regard to the selection of content, is related
to the abundance of information which becomes available when ICT is being used,
especially when multimedia and communication technologies are available to pupils.
Consequently, the teacher is no longer able to keep track of all the content that is
available to the pupils. This means teachers have to get used to the idea that they have
less control of the content that their pupils may access.

Teaching methods and grouping of pupils

The most notable influence of ICT use on teaching methods inclassroom practice is that
it brings about a shift from whole-class teaching to pupils working individually, in pairs
or in small groups. In a computer room, computers are dominating the scene, so they are
being used for most of the time available, thus leaving not much room for whole-class
teaching. When pupils are working at a limited number of computersin the classroom,
whole-class teaching would be too distracting, so in this case the pupils who are not
working at the computer, in most cases also are working individually, in pairs or small
groups.

The combination of teaching methodsand pupil grouping when ICT-related activities are
involved (see subsection 2.4.3) depends to a large extent on the number of computers
available. When there is a rather large number of computers available, which in general
is the case in a computer room, pupils, fora substantial part of the duration ofthe lesson,
are working alone, in pairs or (to a lesser extent) in small groups at the computers. When
the computers are located in the classroom, rotating computer use is observed frequently.
In that case, pupils work individually, in pairs or in small groups for a short period of
time at a limited number of computers. The rest of the class are being taught by the
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teacher, or are also working individually, in pairs orin small groups withoutICT. Com-
puter use rotates at a regular basis. Classroom observations show that working in pairs
at the computers is the grouping arrangement that was noted most fre quently in primary
schools. In secondary schools pupils working individually were observed about as
frequently as working in pairs. From the interviews the conclusion may be drawn that
many teachers, especially secondary-school teachers, prefer pupils working individually
at the computer. Some teachers report they have to stimulate pupils who are working
collaboratively to do their share of the work instead of sitting back and watching their
partners do the job. Some teachers also pointout the increasing noise level when pupils
are working together, which may in their opinion disturb the rest of the class.

Some innovative uses of ICT that were observed in the case-studies, show that working
in groups is promoted as part of the educational strategy. In these innovative cases, the
teachers pay special attention to the composition of the groups, e.g. by inviting pupils
with much prior knowledge regarding the subject o rtask in question and pupils with little
prior knowledge to sit down in the same groups.

Interaction / feedback

A majority of ICT-using teachers have the impression that using ICT results in a shift in
their role, the teacheracting more as a coach than as a lecturer. A majority also feelusing
ICT enables them to spend more time assisting pupils who need extra attention, and it
enables them to do their work more efficiently. From the classroom observations it may
be concluded that innovative uses of ICT indeed show teachers who are limiting the
amount of direct instructions, stimulating pupils to solve questions themselves, and
providing help when necessary. These approaches of ICT use were rated to be more
pupil-centred than teacher-centred. In these cases there often was more emphasis on
pupils constructing knowledge than on teachers transferring knowledge. However, if the
teacher is walking around the classroom, instead of lecturing, this does not necessarily
mean the learning enwironment is pupil-centred, with an emphasis on pupils actively
constructing knowledge. The pupils’ actions may be determined by the computer
programs rather than by the teacher, thus leaving little room for pupil initiative. In the
lessons that were attended, pupils in general were not more in contol than teachers. The
majority of teachers who participated in this study exactly tell their pupils what they are
expected to do before they start working at the computers. The majority also regularly
check how their pupils are doing while they are at the computers.

As a consequence of the shift from whole-class teaching to pupils working individually,
in pairs, or in small groups, with the teacher acting as a coach, there is more teacher-pu-



Conclusions 97

pil interaction. Many teachers feel this increases their job satisfaction. On the other hand,
there are less favourable aspects connected to this shift. Firstly, teachers are required to
give the same explanation several times, since they are addressing small groups or
individual pupils instead of a whole class at the same time. Secondly, teachers report
substantially more questions of a technical o r procedural nature instead of questio ns with
regard to learning content.

There were some significant differences with regard to coaching and feedback between
observationsinvarious countries. At some points the location where the observation took
place (i.e. inthe classroom or in the computer room) affects coaching and feedback as
well, which complicates the drawing of conclusions. The Spanish teachers were walking
around the classroom and coaching pupils a lot, whereas the Dutch teachers did
substantially less walking around the classroom. The latter may be explained by the fact
that in several primary classes in the Netherlands pupils were doing exercises
autonomously, without needing any help from the teacher. Spanish teachers referred
more often to ways to solve problems thanteachers from other countries did. However,
they also gave direct answers in response to pupils’ questions more frequently than
teachers from other countries, instead of giving clues in order to stimulate the pupils to
find the answers themselves. The German and Spanish teachers mo re often asked ques-
tions as a response to pupils’ questions than teac hers from other countries, especially
teachers from Belgium.

In classrooms with a limited number of computers, and rotating computer work, coach-
ing pupils and providing feedback also (and in some cases only) applies to the pupils
who are not working with computers. During lessons in computer rooms, teachers in
general divided their time more equally over pupils than during lessons in classrooms

As a consequence of the increasing amount of information which is accessib le to their
pupils - as mentioned before - teachers have to be able to admit they don’t have all the
answers. This is a significant change in the role of the teacher, which is related to the fact
they cannot view in advance all the information the pupils may access.

Differentiation

Inthe lessons thatwere observed it was quite oftenthe case that all pupils were expected
to work through the same learning content and perform the same learning activities.
There were not many remedial activities, nor higher-level activities. Within the frame-
work of drill and practice exercises, some degree of differentiation is achieved by
allocating more time at the keyboard to pupils who are lagging behind their classmates.
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This means that in many cases teachers do not make use of the potential of ICT to
facilitate differentiation and provide education which optimally matches the charac-
teristics of the pupils. This subscribes to the statement that ICT is often integrated in
current teaching practice, instead of making use of the extra potential. As may be con-
cluded from conversations with teachers, the adaptation of education to thepupils’ needs
requires a lot of attention from the teacher, thus drawing heavily on the teacher’s class-
room management skills.

Evaluation / assessment

As stated before, the majority of ICT-using teachers regularly check on their pupils
during ICT-related activities. Several, mostly drills- and practice-based, applications
store information about the pupils’ actions and achievements in a database. Teachers
may check this database after lessons have finished, in order to check the pupils’ pro-
gress and in order to set goals for the next lesson. However, more advanced ICT
applicationsin general do notstore information about the pupils’ actions. Monitoring the
pupils’ progress is more time-co nsuming when pupils are to a large extent in control of
their own learning, which implies they are working at different tasks, at different pace,
and at different levels. Another complicating factor is that it is difficult to monitor what
pupils are doing when they are working at computers thatare located outside the class-
room, ¢.g. because there is not enough space inside the classroom, because there is no
Internet access inside the classroom, or because pupils are carrying out an assignment
at computers in the library. As a consequence of this, teachers may feel less secure about
the actions that are being undertaken by their pupils, which in turn may lead to their
feeling insecure about the results of the learning process.

After pupils have finished their tasks, teachers often discuss the results with individual
pupils or with the whole class. In primary schools, pupils are also invited to discuss the
results of their tasks with classmates quite often. In secondary schools this approach is
applied considerably less often.

Professional development

The majority of teachers in the case-study schools who do use ICT in their classes think
this has a positive impact on their professional development. Using ICT themselves and
communicating with colleagues are, according to the teachers, the meanss that best helped
them acquire skills with regard to ICT use. ICT may provide a means of enhancing the
teacher’s professional development, by facilitatingcommunication with colleagues from
other schools. Until now, communication from teacher toteacher in most cases is limited
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to communication with colleagues from the same school. Access to the Internet provides
opportunitiesfor teachers to engage in communication by e-mail with fellow teachers all
over the world. Teachers may also gather informationthey may use when preparing tasks
or assignments for pupils, or they may gather information with regard to educational
specialists’ views on ways to foster the pupils’ learning, including pedagogical and
didactical issues. In this way, ICT may broaden the teacher’s horizon. However, only
one out of five ICT-using teachers in the case-study schools has access to a computer at
home, and the number of teachers having access to the Internet at home, is even smaller.
This hampers the teachers’ opportunity for enhancing their professional development at
home.

In the interviews with teachers the remark was heard several times that some pupils are
better at the computer than the teacher Teachers have to be willing to accept this, and
they have to be willing to learn from their pupils with regard to the use of ICT. This
seems to be one of the key issues which are separating ICT-using from non-ICT-using
teachers. The non-users often reportthey do not use ICT since they do not feel familiar
with computers. MostICT-using teachers, onthe other hand, acceptthat some pupils are
better at the keyboard than they are themselves, and make use of this by asking these
pupils to assist their fellow pupils when they are confronted with problems.

Task load / task perception

With regard to the teacher’s workload, a substantial group of ICT-using teachers in the
case-study schools thinks using ICT does not lead to main differences, as compared to
a situation withoutICT use. One out of five ICT-using teachers feels there is a negative
impact at this point. However, one out of three teachers has the impression ICT has a
positive influence on the teacher’s workload. Of course the teachers’ views with regard
to the impact of ICT on their workload may be influenced by the way they are actually
using ICT, by their skills with regard to the use of ICT, and by their amount of
experience withICT.

Some innovative approaches require more preparation timethan traditional approaches.
Setting up e-mail exchanges with schools abroad takes more time than instructing pupils
to do drill and practice exercises. Setting up life-lik e simulations (¢.g. office simulations)
is quite time-consuming. Introducing new ICT applications in the class at first takes
some extra preparation time, just like the introduction of a new textbook does. During
the lessons, innovative approaches may also require more energy from the teacher.
Providing face-to-face explanation to pupils implies that a teacher has to explain the
same thing several times to several pupils, which takes more time than explaining to a
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whole class at the same time. Providing clues in order to guide pupils to the solution of
a problem takes more time than directly giving the answer.

ICT may serve as a management toolto the teacher, facilitating the registration of pupil’s
achievements (by means of pupil monitoring systems, spreadsheets or databases). Word
processors, scanners and colour printers enable teachers to produce work sheets that
match professional standards a lot betterthan cuttingand copying does. Word processors
also enable them to construct tests that may easily be reproduced, altered orrearranged.
The majority of teachersin the case-study schools who do use ICT in their classes think
ICT has a positive impact on the efficiency of their work. However, using the potential
of ICT may also lead to an extra investment of time. Among time-consuming activities
are checking pupils’ activities from database records and entering new goals in the
database, using extended facilities of ICT with regard to pupil monitoring systems, or
searching the Inte rnet for teaching m aterials.

Motivation

The ICT-using teachers who took part in the survey in general have very favourable
ideas about the influence of ICT on the pupils: a majority think that the pupils’
motivation is better when using ICT, that pupils show more interest in the subject, that
ICT has a positive impact on the pupils’ information handling skills, as well as on their
amount of concentration and involvement, that ICT leads to better learning achie-
vements, better learning efficiency, and to an improvement of problem-solving skills, as
compared to education without ICT use. These favourable views aboutthe impact of ICT
use on the pupils may be considered to have a positive impact on the teacher’s
motivation as well. Approaches that require more time or energy from the teacher (with
regard to classroom management, providing feedback, or preparation time), may also be
more rewarding. For example, many teachers appreciate interacting with individual
pupils or with small groups more than providing whole-class instruction, in spite of the
extra energy it takes. Contributing to improving the quality of education may also be
regarded by teachers as rewarding, which may compensate for an extra investment of
time, which, moreover, in part may be of a temporary nature.

5.5 The hypotheses revisited: teacher roles in innovative ICT approaches
Insubsection 2.4.8,ten hypotheses were formulated with regard to constituents of innov-

ative ICT learning environments and with regard to the teacher’s role in these settings.
These hypotheses will be addressed in this subsection, with reference to the results of
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this study, in particular the qualitative observations of innovative cases of ICT-related
activities in classrooms that were visited.

Although content differentiation was noted in a majority of observations of innovative
approaches, the lesson content in most cases seemed only partially adapted to the pupils’
needs and abilities. It was often the case that pupil groups were allowed to choose lesson
content from a limited number of options, or they were expected to master a prescribed
sub-task which did not depend on the abilities of the respective pupil. This leads to the
conclusion that the first hypothesis (‘lesson content is adapted to the pupils’ needs and
abilities’) was only partially confirmed by this study.

In general, pupils are stimulated to be active learners in the innovative approaches that
were observed, which confirms the second hypothesis. Active pupil participation is
stimulated by situating the lesson content in or by referring to authentic contexts, which
is the case in nine out of ten innovative approaches which were described earlier (the
third hypothesis). However, in only three out of ten innovative lessons that were
observed, pupils were enabled to view problems at hand from multiple perspectives. This
means the fourth hypothesis is only partially confirmed.

Higher-order thinking skills are fostered in a majority of innovative cases that were
viewed (the fifth hypothesis). This is aimed at by focussing on information handling
and/or problem solving.

In all innovative learning environments referred to, co-operative learning is stimulated.
Pupils are grouped in pairs or small groups. Apart from this, several teachers paid extra
attention to the group composition, in order to foster pupils aiding their fellow pupils.
This confirms the sixth hypothesis.

In all these innovative cases, teachers were acting as coaches instead of as lecturers.
Most of them were walking around the classroom, monitoring pupils’ activities, and
responding to pupils’ questions. Whole-class teaching was either absent, or just served
the purpose of introducing the activities that were to be performed. Thus, the seventh
hypothesis may be confirmed. The eighth hypothesis (‘teachers give hints and clues
rather than direct answers’), may to a large part be confirmed: six out of ten teachers
consistently provided pupils with hints and clues rather than direct answers. However,
the hypothesis that teachers have less control of the lesson content in these ICT learning
environments was not confirmed by most of our observations in innovative settings.
Obviously, teachers were in control of the lesson content, which was supported by the
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limited amount of content differentiation and the rather limited amount of information
available to pupils in most cases.

The tenth hypothesis, regarding the availability of diagnostic and evaluation ICT
instruments could not be confirmed. In our observations we did not meet any teaching
situations in which these kinds of instruments were used.

Summarizing, the innovative uses of ICT that were viewed within the framework of this
study, and which represented a minority of the total of observations made, did not show
all characteristics of innovate, pupil-centred learning environments. Based on our
experiences in educational practice, we can conclude that, in spite of the progress made,
much remains to be done to promote pupil-centred uses of ICT in education.

5.6 Towards optimal education with ICT

ICT provides opportunities to enhance new learning environments, which are more
tailored to current and future needs in educatio n. There are two main reasons for creating
these new learning environments. Firstly, the emerging of the ‘informationsociety’ calls
for new skills, especially with regard to information handling. Secondly, there is the
problem that school learning which is abstracted from reality may lead to ‘inert
knowledge’, whichis not likely to be used in situations outside the school. New learning
environments should be created that stimulate pupils to process information autono-
mously and to actively construct knowledge, the teacher being a facilitator of this
process. ICT may serve as a valuable tool in these new learning environments, ¢.g. by
providing an abundance of information resources, by providing simulations of ral
situations, and by providing tailored feedback.

However, as this study shows, these new learning environments in which pupils are
actively constructing knowledge, are still a rare phenomenon in education, even in the
‘technology-rich schools’ that were selected for the empirical part of this study. Al-
though several innovative uses of ICT were reported from the classroom observations,
computers are also oftenused as tools to “automate’ exercises, oras tools to facilitate the
writing of texts. The use of ICT for the gathering of information, for problem solving,
simulations, etc. is employed by a minority of teachers. In this respect, the findings of
other studies, i.e. computers are used mainly to complement rather than change existing
pedagogical practice, are confirmed by this study. As a consequence of this, the
opportunities ICT provides to facilitate differentiation, in many cases remain unused.
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Guidelines towards optimal education

From pedagogical and educational points of view, the learning environment should be
designed as optimally as possible to stimulate the continuous interaction with the child’s
characteristics from the entry of kindergarten onwards. Given the differences between
children, the goal is to find out how this stimulation of development and learning
processes can be realized for all pupils. Different requirements secem at stake. Below, five
guidelines are described which have to be effectuated in order to create optimal
education. These guidelines have provided a basis for the evaluation of schools’ actions
with regard to the use of ICT, within the framework of an on-going large-scale ICT
stimulation project from the Dutch government (Mooij, Smeets, De Jong, Selten, &
Dousma, 1998). It is assumed that, once these five guidelines have been implemented,
every pupil can realize his or her full potential in kindergarten and further on in
education, because the curricular play and learning processes are designedin such ways
that the corresponding social, emotional, sensorimotor, cognitive, creative, and
instructional aspects both reflect and stimulate the characteristics of the pupils actually
present. For this reason, the result of these guidelines can be conceptualized as ‘pupil-
based education’. This concept defines optimal education, i.e. education without ¢.g.
negative selection that causes system-based demotivation effects with pupils.

1) Pedagogical and social aspects should foster active, autonomous learning.

Attention should be paid to pedagogical and social aspects of the group situation in
classes. Pedagogically, the educational situation should promote the harmonious growth
and stimulation of every learner on all relevant aspects, ¢.g. cognitive, social, emotional,
creative, athletic or sensorimotor, and motivational characteristics. A class with about
25 or 30 young children requires a lot, and now and then too much, of the teacher
Giving more social and didactic responsibilities to pupils themselves is one of the
potential solutions (Alschuler, 1980; Mooij, Selten, & Smeets, 1998).

2) Educational content should be based on each pupil’s entry characteristics or en-
trance Ievel.

Optimal educational practice should start at the moment a child starts early childhood
education, e.g. kindergarten. This beholds that, at the beginning of kindergarten, parents
and teachers should inform each other as accurately and simply as possible about
relevant entry behaviours of a child (cf. Mooij & Smeets, 1996; Walker et al., 1998).
Such an intake procedure can also result in entrance indicators relevant to the startof the
pupil’s school career. Relevant behaviours and differences in developmental functioning
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of the pupils in a kindergarten class should be used as the basics for part of the play and
didactic learning characteristics in the class. With respect to early childhood education
Pellegrini and Boyd (1993) think it is necessary to match play-oriented curricula with
children’s developmental status in order to provide guidance for developmentally ap-
propriate practice. They, moreover, emphasize the values of play for ‘learning practices’
in primary school and state that play, in an ecologically valid situation, is an excellent
medium to evaluate children.

3) Distinguish non-structured as well as structured learning contents.

Baroody (1993) and Mooij (1995) suggest that instructional lines could support the
stimulation and integration of a child in kindergarten and elementary and secondary
school. The concept of ‘instructional line’ isused by Mooij (1999a, 1999b) to denote a
hierarchical arrangement of educational concepts and subconcepts that correspond to
specific play or curricular and instructional materials. For children developing slowly,
the materials should refer to remedial activities. For children gifted in a certain aspect,
the play and didactic materials should be situated on a much higher level, requiring more
self-regulation and co-operation in small groups. The playing or working along
instructionallines should allow and stimulate self-responsibility, self-evaluationand self-
registration of pupils.

4) Evaluate the pupils’ progress on a regular basis.

The pupils’ progress with regard to cognitive as well as socialaspects should be assessed
regularly, in order to discover whether the provision of learning content should be
altered.

5) Characteristics of the educational content should be evaluated with respect to their
contribution to the pupils’ progress on a regular basis.

Quality indicators and processes are necessary to evaluate or judge educational processes
and their outcomes on every learner, from the beginning in kindergarten onwards. For
example, Tymms, Merrell and Henderson (1997) noted huge differences between
kindergarten effects on four-year-olds already. This also means that specific norms
should be available regarding the development of learners and the characteristics of the
educational situations, including the didactic and curricular integration of ICT in
educational practice. Such continuous quality control and improvement seems very
important, in particular for pupils at-risk from a very young age onwards.
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Integrating ICT in pupil-based education

The implementation experiences with pupil-based education clarify thatICT canlend an
important hand to the possibilities to develop pupil-based education as a system
stimulating all pupils, in particular the pupils most deviating from their age mates (cf.
Mooij, 1998, 1999a, 1999b; Mooijet al, 1998). Given the potentials of ICT to support
optimal education, it can be expected that integration of ICT in pupil-based education
will lead to an exponential incre ase in improvement of education. Some examples will
be given.

A pupil’s positioning within an instructional line can be based o n the relevant beginning
characteristics of four-year-old pupils in kindergarten (cf. Mooij, 1997b). A prototype
of a computer program is being developed to support both pupils and teachers in
kindergarten and the first years in elementary school. The instructional lines consist of
different educational contents. In the present program prototype, the contents refer to
motor behaviour, social-emotional development, projects, Dutch language, (preliminary)
arithmetic, (preliminary) reading, and (preliminary ) writing. Activities or tasks within
eachline are visually represented by a photograph of the material object as presentin the
class, because four-year-olds must be able to work with the program. The photographs
are sorted by difficulty level. The numb ers of photograp hs within a line differ, depending
on the circumstances. To be able to stimulate pupils adequately, some of the same
content lines refer to developmental levels of pupils e.g. regularly developing pupils,
pupils who need rem edial activities, and pupils who are advanced on the topic of the line.
Depending on their progress, pupils can switch to another line.

The program prototype also acts like a planning system for both pupils and teacher. The
teacher can assign an instructional line, or specific line contents ortasks, to every pupil
separately, or to a small group of two or more pupils. Different kinds of colours and
icons are used to make the program understandable for four-year-olds. By using the
program, every pupil in a kindergarten class can check the play or instructional
alternatives she or he has been given by the teacher The pupil has relative freedom
where it concerns choosinga certain play activity; where it concerns an instructional line,
the content and kind of line, the entry level, the progress in the course of time, and the
kind of evaluation are regulated by the program.

The teacher can change or extend the play activities or instructional linesin the program,
to improve the educational processes or their desired effects for one or more pupils. She
or he can also get overviews or summarie s of the lines included, the pupils involved, or
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the pupils scheduled for certain activities. Moreover, overviews of the progress of every
pupil, or a group of pupils, can be produced.

The program thus also functions as a registration, monitoring and management system,
¢.g. for evaluation purposes. Because of its flexibility to teachers’ use and goals in
school, it seems basic to the further development of optimal education including ICT.
The implementation of this prototype required preparatory work, which became also
clearin desired changes in educational practice in kindergarten and elementary education
(cf. Mooij, 1997b, 1998).

In optimal education pro-social processes should be realized in collaboration between
kindergarten and school, the pupils, and the parents or carctakers. ICT may play a
facilitating role at this point, as well. Accurate information about the social processes
between the pupils, between the pupils and the teachers, and at home, can easily be
collected and evaluated by using a computer program (M ooij, Mooij, & Smeets, 1997).
With nine- to fifteen-year-olds in elementary and secondary education, this program
measures the type and amount of pro- and antisocial behaviour, ¢.g. being a victim and
being a perpetrator ofbullying, the places where the behaviour occurs (at school outside
school, at home), as well as actions taken against antisocial behaviour. The program is
completed anonymously by all the pupils in class. The results are recorded and
percentages can be compared per class and over a number of classes, both cross-
sectionally and longitudinally. Pupils, or pupils and teacher, can make agreements to
reduce degrees of antisocial behaviour in the future. In this way pupils are given
responsibility with respect to their own pro-social behaviour, which seems very
important from a pedagogical point of view (Deutsch, 1993). If theprogram is completed
onaregularbasis, ¢.g. once within each quarter of a year, the pupils’ self-evaluation may
show progress in a pro-social direction, which can stimu late the pro-social improvement
for the next measurement.

Quality criteria using ICT

Using entry-level characteristics, e.g. in kindergarten, as the initial indicators for a
pupil’s levels of development, subsequent indicators can be integrated within
instructional lines throughout elementary and secondary education. The progress over
the course of time, relevant diagnostic aspects, and further relevant information, e.g.
about the pupil’s physics or home situation, could be included in the furtherdevelopment
of the prototype program described above. Experiences in educational practice show that
many uncertaintiecs and wrong decisions about pupils are caused by a lack of such
information over the course of years (cf. Mooij, 1991, 1999a). Moreover, using these
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kinds of quality criteria in supporting a pupil’s school career has many advantages in
comparison with the present use of age-related norming. In this way, ICT may facilitate
the abolishing of the year group system.

5.7 Recommendations

As a conclusion of thisstudy, several recommendations may be formulated with respect
to several aspects of the impact of ICT on the role of the teacher Meeting these
recommendations may stimulate the implementation of ICT in education to a larger
extent than is the case atthis moment, and it may stimulate the use of ICT in innovative
approaches, eventually leading towards optimal education.

Enhancing teachers’ beliefs and skills

One of the findings from this study is that pre-service as well as in-service teacher
training is often considered to fall short with regard to the attention for the didactic
potential of ICT. Teachers get to know the potential of ICT for education mainly by
using ICT themselves and by communicating with colleagues about ICT. This leads to
the following recommendations:

1) Teacher training should address the use of ICT to enhance educational practice,
instead of focussing on technical aspects of ICT use (like the use of operating
systems, word processors, and so on). The added value of ICT should be made
explicit to teachers.

2) Communication about ICT with colleagues inside the school as well as with
colleagues from other schools should be stimulated. This may be done by organizing
seminars with regard to applications of ICT in educational practice, scheduling
discussion about ICT at teacher meetings, stimulating cross-curricular projects,
secking contact with other schools (e.g. via e-mail), and setting up Internet dis-
cussion groups with regard to education.

3) Teachers need access to technology at school in properly equipped study and pract-
ice rooms, so they can get acquainted with educational software. Apart from this,
they also need access to computers to search for and prepare learning materials, and
keep track of pupils’ achievements.

4) The use of ICT by teachers should be stimulated by providing relevant information,
downloadable demo versions of software, lesson plans, etc. via the Internet.
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5) The availability of computer equipment, Internet access, and e-mail forteachers at
home should be stimulated, so teachers have access to technology outside the school
building.

Meeting preconditions with regard to ICT

Several preconditions have to be met in order to enable teac hers to successfully inte grate
ICT in their teaching practice:

6) There has to be sufficient access to ICT equipment. This means there should be
enough hardware available, and the equipment should not be outdated. If the equip-
ment is situated in a computer room, there should be sufficient opportunitics for
teachers to schedule lessons in that room.

7) Teachers using ICT should be supported by an ICT co-ordinator and a system
operator.

8) The school management should allocate budgets for the purchase of educational
software.

9) There has to be sufficient and adequate educational software available, and teachers
should be informed ab out the range of products. In general, software which is linked
to the regular teaching materials is more likely to be used than isolated applications.
However, teachers who do not use textbooks in general prefer software which is not
linked to a textbook.

10) There has to be enough space forICT-related activities for pupils in the sc hool buil-
ding. Enhancing active and autonomous learning requires that pupils have access to
properly equipped individual places for study outside the classroom, to which they
have access during as well as after lessons.

Strengthening the position of ICT

In many cases the question whether or not ICT will be used in the classroom depends on
the decision of the individual teacher. Apart from this, the use of ICT may be restricted
because - especially in secondary schools - teachers feel the curriculum does not provide
enough room for ICT-related activities. The position of ICT may be strengthened by the
following measures:

11) The use of ICT by teachers should be stimulated by the school management, ¢.g. by
encouraging teachers to attend training with regard to ICT, by imposing the use of
ICT for keeping records o f achievement, or by introducing pupil monitoring systems
that use ICT.



Conclusions 109

12) Adding certain ICT-related activities to the curriculum as well as adding certain
skills with regard to the use of ICT to the examination requirements will stimulate
the development of educational software as well as the use of ICT in educational
practice.

Creating optimal education

To prevent ICT from just being integrated in traditional teaching practice, optimal
education should be promoted. In thisrespect, ICT may play a supporting role. Meeting
the following five guidelines is crucial with regard to optimizing educational practice:

13) Attention should be paid to pedagogical and social aspects of the group situation in
classes. Pedagogically, the educational situation should promote the harmonious
growth and stimulation of every learner on all relevant aspects. Pupils should be
given more social and didactic responsibilities.

14) Educational content should be based on each pupil’s entry characteristics or entrance
level.

15) Within the learning content, a non-structured as well as a structured part should be
distinguished.

16) The pupils’ progress should be evaluated on a regular basis.

17) Characteristics of the educational content should be evaluated with respect to their
contribution to the pupils’ progress on a regular basis.
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Resources and support for ICT

The principals ofall schools agree that when you consider ICT as a priority, you can buy
[CT-equipment within the regular working budget. For some schools this seems to be
more easy than for others. The reason for this may be on the one hand a matter of
subjective feelings and on the other the general financial situation, which depends on
different factors, such as the history of the school, the governing body, and support by
parents. In three of these five schools the parents’ association organizes special events
for collecting money in order to finance ICT-equipment. In the primary ‘method’-school
several parents providee technical and practical support.

Each of these schools participates in one or more ICT projects, which are funded by the
Flemish Government or the European Community, sometimes in cooperation with
private institutions or enterprises. Although there are some complaints about these
projects (e.g. with regard to pre-financing, liberty to spend the money, administrative
problems), all schools agree they benefit from these projects as regards contents (e.g.
international partnerships), equipment and ICT-applications.

There seems to be no real offer in appropriate ICT in-service training. In each school,
introductory sessions and workshops with regard to ICT are organized. These activities
are organized and lead by one of the competent teachers with regard to ICT of the
school. Starting this school year, in two of these schools one teacher is excused for a part
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of his/her job thanks to funding by the organization of Catho lic schools in Flanders, in
order to organize in-service training.

None of the schools have an appointed official ICT co-ordinator It is always the
personal initiative of a teacher to do something extra with regard to ICT (writing and
elaborating projects, the maintenance of the computers, the organization with regard to
the occupationrate of computer classrooms, etc.). All the principals consider it their duty
to offer their teachers all opportunities they need and to stimulate them. None of the
principals think you can force teachers to work with ICT, since teachers need time and
opportunities to explore the new media and to experiment. In three of the five schools
the principal, together with one or more teachers, is the broker concerning ICT-use. In
the “‘method’-school it is one of the teachers who considers everything with regard to
ICT in the school as part of his job. In the other school it is a language-teacher who
stimulates other teachers (mainly language-teachers) to use it as well. In each school
informal core-groups or working groups with regard to ICT are formed, though not
formalised. They are formed by teachers with a special personal interest in ICT.

The only external organization of great benefit with regard to supporting ICT in the
schools is the SIP (‘Scholen Informatica en Internet Project” orSchools Informatics and
Internet Project’). Thisseemsto be a worthwhile suppo rtive organization that organizes
in-service-training, provides information about all the innovations, gives personal advice,
and has some equipment (e.g. a digital camera) that can be get on loan. This
organization, however, is only active in one province of Flanders.

Use of ICT in teaching

In general the principals do nothave a clear view of the extent to which ICT is used by
teachers in their schools. It is clear that there is a huge diversity, because the teachers are
free to decide whether or not to use ICT. Only in the primary schools, nearly all the
teachers (of the primary section, in one school also of the nursery section) use ICT in
their classes. In the secondary schools the use of ICT is concentrated in the higher
grades. An important reason for this is the restricted number of available computers. In
general ICT isused for all kind of subjects, depending on the teacher’s preference. Inthe
secondary schools, ‘languages’ seem to have a slight edge over sciences. In none ofthe
curricula, except for ‘informatics’, the use of ICT is inscribed but there is the perception
that in language curricula there is more space for ICT than in the overloaded curricula
of some other subjects.
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Inside each school there is a great variety in ways of using ICT, e.g. as game, drill and
practice, communication tool, information source and remediation tool. Like the extent
of ICT use, the approach also highly depends on the personal initiative of the teachers.
In general, the pupils work in small groups (2-3) at the computer.

In the secondary schools the whole class often uses ICT simultaneously, while in the
primary schools this is the case with just a part of the class. In the primary schools a
more differential pattern of grouping is used. In most of the primary school classes the
computer is used in an integrated way (computers are located in or near the classroom),
while in the secondary schools there are separate computer classrooms and separate
lessons during where ICT is used.

In all the schools, pupils are allowed to work or to play with the computers after the
school hours. They can send e-mail messages, chat, search for information on the Inter-
net, make some reme dial exercises, etc.

Effects of using ICT in the school

According to the school principals, ICT provides opportunities for more individualizat-
ion, especially in primary schools. The tasks and assignments can be adapted to the
individual pupil, whereas the teacher has more control of the progression of each pupil.
If the software gives the correctanswers, the pupilscan work more inde pendently. Using
ICT in the sense that the pupils work with it independently can difficultly be combined
with whole-class teaching. So the pupils work individually or in small groups on a task
and are continuously busy, active.

Communication between teache rs, between pupils, and between pupils and teachers is
stimulated by ICT. The use or the introduction of ICT forces the teachers to think about
and to consider as well long-term aims and objectives of education. These issues can be
discussed with colleagues withinthe schools, as well as with colleaguesin other schools.
When the pupils work in pairs or small groups they are forced to discuss their actions,
to argue what they want to do and why they want to do this, and to report their findings.
They discuss strategies to come to a result. The principals do not have the impression
that ICT strongly influences the pupil-teacher relationship. When teachers and pupils
work together on a project, however, they get to know each other better. Apart from this,
some teachers experience they can learn from their pupils, since pupilsoften know more
about ICT than their teachers.
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All the principals mention the fact the pupils learn how to handle a computer and they
perceive it to be a necessary skill for further education and professional life. All the
principals are convinced that pupils are more motivated when they may use the
computer, they experience mo re active involvement.

The Internet is a huge information source. So the number of subjects or topics about
which pupils or teachers have difficulties to get information is reduced. D ifficult
concepts or processes can clearly be shown on a central presentation screen. As a
consequence, pupils can see a visual representation and thus understand it more easily.

Nearly all the principals mention that the teacher becomes more a coach, who supports
the learning process. They also mention that the computer will become more and more
part of the classroom and that this is a growing process. Pupils function as stimulators
of their teachers. Someteachers already changed their way of teaching but others did not
(yet). According to some principals, they will be forced to change after a couple of years.

Obstacles to using ICT

Obstacles to using ICT, as mentioned by the school principals, refer to knowledge, time,
finances, attitudes of teachers, software, and the curricula.

First of all, many teachers have insufficient knowledge of the possibilities ICT offers.
All principals complain aboutthe lack of focus on ICT and on more individual teaching
in the teacher colleges. They all agree that in order to give innovations a real chance,
teacher colleges will have to start training young teachers in these innovations. In
general, there is also a lack of appropriate high quality ICT in-service training, Several
teachers do not use a computer themselves, so they are not at all familiar with a
computer. One of the principals argues that in order to stimulate the ICT use in education
a good strategy would be to financially stimulate the purchase of a computer at home by
teachers. Another factor that is important at this point, is time. The teachers need time
to explore the new media before they can use them in the classroom.

A lack of technical know-how in the schools seems a really important obstacle. The
technical aspects of ICT are not that simple and all the equipment needs maintenance.
Until now, in each of these schools this is done by a teacher or member of the
administrative staff who is interested in it and is willing to perform these tasks in
addition to his job voluntarily. For schools which do not have such a person it is nearly
impossible to work withICT. In order to be ableto make decisions about which software
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to purchase or how to use it in the classroom, teachers also need basic technical know-
how which is, however, often problematic.

Finances are especially required for the purchase of more hardware. Each of the schools
could use more computers. However, principals of secondary schools say that the lack
of a sufficient number of computers is often used by the teachers as an excuse for not
using ICT. Teachers in the secondary schools complain that they have to switch from
classroom to computer classroom in order to be able to use ICT. The purchase of central
presentation screens is very expensive but according to the principals of the secondary
schools it is necessary for an effective use of ICT.

The attitude of teachers is an important factor as well. Most of the teachers are very busy
and do not find the time to explore new media. Before they really see the added value
of these media, they do not want to spend time on them, which leads to a catch 22.
Because some teachers are not familiar with computers, they do not feel secure enough
to use it in the classroom. Some are also afraid of having a lot of disorder during their
lessons.

A lack of suitable high quality software is seen as anobstacle by all the principals. In the
secondary schools, the curricula are considered to hinder the increase of ICT use. Most
of the curricula are already overloaded and consequently there seems to be no space to
do something in ad dition. The lack of appropriate software is connected to this problem.
In none of the curricula, except for informatics, ICT-use is referred to.

2 Germany
Resources and support for ICT

One of the primary schools is equipped with 12 computers, 8 of which are installed in
a computer room (IBM PCs), the other school is equipped with 9 computers, whichare
distributed over the classrooms. Many of the primary schools’ computers were received
from parents or from enterprises. Some have been obtained at special prices.

Interestingly, there were great differences in the handling of ICT resources in these two
primary schools. In one school, there was hardly any support for teachers who wanted
to use ICT in their classroom, while in the other school, there is a platform where
teachers can discuss ICT related problems, and where they also receive additional
training.
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Between the secondary schools, there are no large differences with respect to the
student/computer ratio. HS is provided with 14 PCs in a computer oom, RS has 15 PCs
in its computer room, while G is provided with 35 PCs, 25 of which may be used in
classrooms. The majority of the computers were given to the schools by the respective
communities.

Two of the schools (RS and G) were participating in the project ‘Connect schoolsto the
Net’ (‘Schulen ans Netz’) which is supported by the Federal German Government and
a number of private enterprises which help schools get connected to the Internet. The
project also provides for additional training of the teachers and offers a platform for
exchanging ideas on the use of ICT in the classroom.

There is some variation with respect to the principal’s role in supporting ICT related
activities in the secondary schools. In one school, the principal himself is organizing and
offering courses on computer use; he is promoting the use of ICT to a large extent. In the
other two schools, the principals do play a role in the promotion of ICT, but they are less
active. In all three schools, teachers may take part in ICT trainin g sessions during their
regular working hours.

Use of ICT in the school in teaching

Although the primary curriculum does not explicitly provide for the use of ICT in
specific subjects, it also does not enumerate any restrictions. Therefore, eachteacher may
use ICT as he deems appropriate.

As for the primary schools, the use of ICT in secondary education is not restricted by the
curriculum (nor is it explicitly warranted). The initiative to use ICT may come from
specific persons, but it seems that each teacher may use ICT if he so wishes. Subjects in
which ICT is used are primarily info rmatics (HS, RS, G), word processing (HS), use of
the computer (HS, RS), and use of the Internet (RS, G). All these courses are offered to
10™ and 11™ graders (except for the use of computers course in HS, which is offered to
5™ graders). There were no indications that ICT was used in any other subject.

Effects of using ICT in the school

At primary school level, ICT is used in different subjects. The main advantage in using
ICT seems to be the motivating effect it has on the students. The use of ICT is also
considered to help differentiate teaching, i.e.tune it to the needs of the individual student
and improve the communication between students and teachers.
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The use of ICT in secondary schools seems to be much more limited to a single subject:
informatics. Nonetheless, principals feel thatthe use of ICT will have a motivating effect
on students, particularly on underachieving students. Itis also assumed that the use of
ICT will increase a feeling of responsibility on the part of the student for his learning
activities.

Obstacles to using ICT

The main obstacle to the use of ICT in primary schools seems to be the lack of money
for buying appropriate hard- and software. Also, opportunities for ICT related training
are scarce, and teachersare given too little time to acquire knowledge with respectto the
use of ICT.

At secondary school level, the situation seems to be somewhat different. There arecom-
plaints about there being hardly any maintenance of the hardware, about PCs being
unavailable at times, and about the fact that teachers using ICT in general do not have
much experience in this field. There is also the complaint that the procedure s to obtain
financial help from the project ‘Connect Schools to the Net” are not well defined. At the
same time, it is argued that many of the problems might be overcome if schools tried
harder and looked for more creative solutions.

3 Ireland

The case studies in the Irish part of the study were undertaken in four primary schools
and one secondary school. In each school, interviews were undertaken with school
principals, but in all cases the ICT co-ordinator was interviewed at the same time, or
separately.

Resources and support for ICT

All the schools had designated computer rooms. In the 4 primary schools, there were 18
Acorn Computers, 17 Apple Macs, 23 PCs. In the second level school there were 13
Apple Macs and 10 PCs.

In three of the four primary schools the computers and software had to be purchased
from fund-raising activities by the schools - which directly orindirectly means from the
parents. They also have to draw from their own budgets, which means making cut-backs
in other areas. In the case of the primary school in a disadvantaged area the school won
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the Siemens/Nixdorf Centre of Excellence in Computing Award and part of their prize
were 10 multimedia computers. In addition in 1996 the Department of Education
provided £3,000 for purchase of ICT equipment — ‘the first and last help’ they gave the
school for ICT. The high level of unemployment in poverty in the school's catchment
arca means that fund-raising from the local community is not feasible.

In the case of the second level school the local Vocational Educational Committee
(essentially the only form of local education authority in Ireland) provided funding for
the computers. Here, the attitude and disposition of the Chief Executive Officer of the
VEC was a critical factor.

In all five schools there isa de facto ICT co-ordinator. In one of the primary schools the
principal has arranged things so that the teacher who is the ICT co-ordinator hasICT co-
ordination as her main responsibility. However, the ICT co-ordination mle is only
formally recognised (i.¢. notified to and sanctioned by Vocational Education Committee)
as a ‘position of responsibility’ in the second level school.

Training generally happens in an informal way through and depends on the willingness
and commitment of the ICT co-ordinatorto help his or her colleagues. This training has
usually taken place outside school hours. There is no in-service trainingin ICT provided
by the Department of Education and no financial support for training in ICT from the
Department either.

Two of the primary schools had a written development plan for the use of ICT in the
school.

Two of the primary schools were able to avail of teaching assistants employed on a
Community Employment Sche me basis to help with activity in the computer oom.
The degree of contact and the opportunities for contact between teachers and schools
using ICT are largely down to individual teachers taking the initiative.
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Use of ICT in the school in teaching

In all the primary schools computers were first introduced in the early to mid-1980s. In
general BBC Micro computers, Acorn computers or Apple Macs were preferred to PCs,
as at that time the MS-DO S based softw are was not child-friendly. For Acorn computers
educational software related to theEnglish primary school curriculum was available. PCs
only began to be introduced since the advent of Windows 95 and the availability of CD-
ROM based multimedia titles.

In the secondary school, which was established in the 1990s, the first computers
purchased were Apple Macs with PCs only being acquired in the last year or two. In all
cases the initiative to use computers in teaching has come from teachers within the
schools. In the primary schools the philosophy underlying use of computers is that they
must be seen as tools for learning. ICT use should complement and supplement what
happens in the classroom and thereby be integrated into the curriculum. In the primary
schools, teachers and ICT co-ordinators were at pains to make clear they did not want
to teach ‘computing’.

The role of the principal, except in one primary school, hasbeen to act as facilitator and
support for the ICT co-ordinator.

In at least two cases, the ICT co-ordinators said that attempts in the past to introduce
teachers to computers by people coming from a computing rather than a teaching back-
ground were disastrous. Training of teachers in the ICT in schools has to focus on the
‘why’ rather than on the ‘how’. If this is done even older teachers ‘get hooked’.

In the secondary school the rationale for use of ICT is somewhat different. Here the
focus is more on the instrumental/v ocational aspects of computing that can be related to
labour market needs. The model of computing and the software in use reflects what is
happening in the business environment. Because teachers have different subject areas
and because the curriculum is so exam orientated, there appears to be less scope fora co-
ordinated approach to use of ICT by the teachers as a whole.

In all the schools usc of computers takes place mainly in the computer room rather than
in the classroom. Sessions in the computer room are time tabled for classes.

In the primary schools all classes have some opportunity to use ICT. No particular pupils
or set of pupils are targeted. However, several teachers report that the use of ICT can be
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particularly beneficial to pupils in Special Classes (i.e. Remedial classes for pupils with
learning difficulties.)

Inthe primary schools almost all the teachers were using ICT in teaching to some degree.
This is probably made possible by the nature of the primary school curriculum, which
allows the use of ICT to be integrated into classroom activities. The activity in the
computer room is sometimes continuing an activity that began in the classroom — ¢.g.
word-processing — writing letters, articles. “We don’t see it as taking time out but as a
linkage to the general curriculum.’ In the upper classes of primary schools the trend is
towards using content free software.

In the primary schools a conscious effort has been made to mix academically able with
less academically able students in com puting activities.

In the secondary school, due to the constraints imposed by the curriculum, use of ICT
has been confined to pupils in Transition Year (4™ Year) which comes between the three
years of the Junior Cycle leading to the Junior Certificate examination and the two years
leading to the Leaving Certificate examination.

Effects of using ICT in the school

In all cases pupils are highly motivated to use computers. They look forward to their
sessions in the computer room. Crucially, pupils can learn without even realising it.
The fact that the software can be set at different levels of difficulty and that pupils can
set their own pace of learning is a real benefit.

It has been found that for pupils with learning difficulties, or pupils with undeveloped
social skills computers can open learning opportunities.

Some equality or parity of esteem is introduced among pupils when they can see their
work ina printed out form.

Collaborationbetween pupils using computers is an important benefit. In a wider sense,
using e-mail, contact is established with other schools and pupils. This opens up lots of
opportunities to pupils for finding out not only about other countries but also about their
own neighbourhood.
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Obstacles to using ICT

Overall, the lack of coherent policy or vision for the use of ICT in schools presents a
problem.

Support from the Department of Education in terms of funding for computers or other
ICT equipment is almost non-e¢xistent. There is virtually no in-service training provided
for teachers in the use of ICT in teaching.

The cost of acquiring licensed software is an obstacle where software is not provided
with the computers. There is no organized or discounted scheme for schools. There is
very little Irish language software available.

Inflexibility of the mainstream curriculum at secondary level means there is very little
scope for the introduction of ICT in teaching, apart from Transition Year classes.

The age of teachers has notbeen a barrier. Older teachers canadopt as well as younger
ones given the appropriate training and rationale for the use of ICT.

4 The Netherlands
Resources and support for ICT

In the three primaty schools there are no computer rooms; the computers are located
inside the classrooms or nearthe classrooms (in the corridor). In schools A and B there
is one computer in the classrooms of the younger pupils, whereas for the higher grades
there are two computers in or near each classroom. In school B there is also a CD-l
player. In school A pupils may also use the computer in the teachers’ room. Both schools
have e-mail facilities, which may be used by pupils. There isn’t much budget for ICT,
so the schools have to be creative in order to acquire the desired equipment. Some
money is earned by collecting old papers. Apart from this, schools are trying to obtain
second-hand computers from companies, and parents collect money by organizing a
jumble sale once a year. One of the schools gained a multimedia computer in a contest.
The other school managed to get a free Internet connection from a provider. In school
C, there are 200 quite ancient Apple computers in a local area network. In or near each
classroom four computers are available, whereas several computers are available at
various spots in the school. The school started using Apple in 1984, and kept on using
these machines when the Dutch government decided the IBM PC would become the
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national standard (in 1987). The ICT co-ordinator has several contacts in the business
world. In this way he acquires old and so metimes defec tive computers, which he repairs.
A new network will be installed this year, enabling the school to work multi-platform.
The school has been saving money for ten years for this network. The school is
connected to the Internet, but pupils can’t use this connection (except for e-mail) because
it is too expensive.

In these three primary schools the principals and ICT co-ordinators or not very
enthusiastic about the in-service training and external support with regard to ICT.
Courses that are provided by the local support institutions or teacher training c olleges are
considered to be too general, and not tailored to the needs of the teachers. In several
interviews it was mentioned that thereis not enough expertise in the suppott institutions
to support schools that are advanced in ICT use. Special training from computer
companices is too expensive. This means the ICT co-ordinators have to put in a lot of
effort to get things running and to help teachers acquire skills in ICT use. In these three
schools the ICT co-ordinatoris charged with the trainingof teachers. There ishardly any
time during working hours for in-service training.

In the primary schools, the ICT co-ordinator promotes the use of ICT. In the smaller
schools, the amount of time available for ICT co-ordination is just a few hours a week.
In school C there is a part time ICT co-ordinator who has no teaching assignme nt. There
are written development plans, and there is communication with the teachersabout ICT
on a regular basis. In schools A and B the principal acts as a facilitator. In school C the
ICT co-ordinator is actually in charge of the ICT related activities.

As mentioned earlier, both combined secondary schools resulted from amalgamation
processes during recent years. Scho ol D has four locatio ns, one of them being in a village
in the vicinity. School E has three locations, one of these also being situated in a village.
The number of computers in school D is 140, whereas in school E it is 60. Most of the
equipment is installed in computer rooms (in local area networks). Both schools also
have a special office simulation classroom, which is used for preparing pupils of junior
vocational education for an administrative professional carcer. Both schools have
Internet access. In school E, pupils of the higher grades of senior secondary general
education and pre-university education may use the Internet co nnection autonomously.
The other pupils may use it under supervision. In school B, neither teachers nor pupils
may use the Internet connection. Part of the computers are furnished by sponsors:
companies or banks who donate computers that have been replaced by new equipme nt.
In one of these schools, the equipment as well as the desks in the office simulation
classroom were supplied by a sponsor. Schools do not have enough budget to replace
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equipment when this is consid ered necessary. As a result of this, most of the equipment
is not up to date.

According to the collective agreement with regard to teachers in secondary education,
10 percent of the teacher’s task is available for inservice training. However, this does
not mean every teacher opts for ICT training). In school D, room for training is created
by adapting the timetable when necessary. In both schools, part of the training of teach-
ers inusing ICT is performed by members of the school staff (e.g. teachersor secretaries
give instructionin word processing or familiarizing with PCs). Subject specific training
is available from a college of higher professional education and from national
educational support institutions. In school D, the vice-principal is very satisfied with the
training from one of these support institutions. In school E, not many teachers took part
in subject specific training until now.

Inboth schools, ICT co-ordination is part of the task of a vice-principal. Apart from this,
both schools have a system operator (4 and 2.5 days a week respectively, which in both
cases is considered insufficient). In school D there is an ICT study group, and there is
a written development plan for the use of ICT in the school. There are no structural
teacher consultations with regard to ICT. The purchase o f software largely comes down
to the initiative of individual teachers.

Use of ICT in the school in teaching

Inthe primary schools, ICT is often used for exercises and remediation (mainly language
training and arithmetic). W hile pupils in the class are working individually or in small
groups, pupils are working individually for a shortperiod at the computer. This typically
takes five to ten minutes per pupil, and after that the next pupil is called. Pupils from the
highest grade in school B use CD-ROM and CD-I in order to acquire information
autonomously. In this school there will be the opportunity for pupils to access the
Internet shortly. In school A pupils conduct small research projects in which they use e-
mail as well as the telephone. In school A and B CD-ROM may be used for making
pieces of work. In all three schools Word processors are used by pupils for writing texts
and e-mail messages. Two schools have their own Internet pages. In one of these
schools, pupils’ work is being scanned and put on the Internet pages. In all three schools
there are e-mail projects. In all three schools there are computers that may be used by
pupils after school hours or during breaks. In school C, most of the courseware in use
was developed by the ICT co-ordinator, aided by colleagues or parents. There is also
some software which was developed by universities, within the framework of special
projects. In this school the ‘circuit model” was developed. The learning content is
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subdivided into ‘learning lines’ and projects. Pupils work in these circuits rather
autonomously. ICT plays an important role. In all three primary schools, teachers either
are obliged to use ICT, or they are strongly stimulated to do so.

In secondary education, the question whether teachers are using ICT or not depends to
a large part upon their own decision. ICT is used in informatics, which is taught to the
lower grades, and in the office simulationin junior vocational education. In some cases,
ICT use is associated with certain subject departments. Because only few teachers have
computers in their classrooms, teachers have to book the computer room each time they
want to use computers in their classes.

Effects of using ICT in the school

According to the principalsand the ICT co-ordinators in the primary schools, ICT is an
important means for making education more effective. Pupils may work independently
with the computer, which provides means to adapt the learning contentand the amount
of exercise to the capabilities of the pupils. Because teaching time is saved in this
manner, there is more opportunity for the teacher to coach pupils who need extra help.
Apart from this, pupils enjoy writing texts muchmore when using computers. UsingICT
enhances the pupils’ motivation, whichin turn leads to anincrease o f motivation of some
teachers as well. For teachers e-mail provides possibilities to contact colleagues from
other schools.

According to the vice-principals in the two secondary schools, ICT provides better
opportunities for pupils to work autonomously, and ICT has a positive impact on the
pupils’ motivation. Both vice-principals think using ICT in the lessons requires more
preparation time, but results in less pressure on the teacher during the lessons.

Obstacles to using ICT

Lack of money and lack of time for ICT co-ordination are obstacles thatare mentioned
in all three primary schools, lack of money being the key problem. The lack of available
in-service training is added by one principal. Another problem is lack of space in the
school. In all three schools there are plans to increase the number of computers, but there
isn’t enough room to install the equipment. Classrooms are too small, and installing the
computers in the corridors means pupils have to work outside the classroom. In one of
the schools there is a desire for more software which is not linked to a course book,
because teachers in this school do not use many course books.
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In the secondary schools, lack of money is considered to be a serious obstacle with
regard to ICT. Purchasing a sufficient number of computers, maintaining and regularly
updating the equip ment, and purchasing softw are, draws heavily onthe schools’ budgets.
The same goes for the time available for the system operator. The division of schools
over several locations leads to inefficiency with regard to the installation of computers
and networks, as well as with regard to system operation. Apart from this, not all
buildings provide enough room forinstalling computers. One of the vice-principals notes
that most of the existing software is not adequate. There is a need for more sophisticated
software, which is less directed towards factual knowledge, and which fits better to the
curriculum.

5 Spain
Resources and support for ICT

Every school has a substantial number of computers, reaching the ratio of 1:5 computers
to students in one case. The centre with Introductory Professional studies has just over
300 computers, other centres with a lower ratio have 25 to 33. These are 486- or
Pentium-computers - except inthebigger centre - or equivalent Macintosh. The majority
of the computers are in computer rooms while others are in the classrooms, in general
one per class in pre-school rooms, and 3 to 5 in primary and secondary classrooms.

The centres that were visited are private schools, and some of them are ‘cooperative
ones’, that is, the parents are the owners of the centre. Soin every case the computers are
paid by the families but, while in some cases this is by the ordinary budget, in others the
parents organize special actions in order to raise money to enable the introduction of
Information Technology. By the way, it is necessary to mark that every public centre has
received computers from the regional government in Catalonia. Some public centres are
supplied with additional machines by other private or public sources, such as the parents
associations or the local authorities.

Every centre has organized specific courses for their teachers, except in one case, where
teachers were sent to external courses. Some more qualified teachers assure a continuous
training process through consultative actions. Because of the private character of these
centres, this training was, if not compulsory, at least greatly recommended.

The schools introduce a plan for the use of ICT in the context of the own curriculum
through the standard documentation. However, they do not have any plan for
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introduction of ICT, e.g. with short and medium objectives for hardware and software
acquisition.

Except in the small school, the pedagogical aspects are attended for by the general co-
ordinatoreitherin primary or secondary level. Additional technicians are in charge of the
co-ordination for the technical and some administrative aspects, such as time and
resources management. In the small school the work is not organized in such a
hierarchical way and decisions are usually based on horizontal communication and
discussion. In this context, the role of the principal usually is to enhance the use of ICT,
to facilitate the introduction of ICT and to act as a bridge between teachers and parents.

Teachers’ training inICT does not take place during school hours because of the costs
of additional teachers. However, it is usual that courses are taken in Septemb er and July,
when the teachers have to participate in activities related with the course preparation or
training, but when there are no classes.

In relation with the availability of aforum for teachers who are using ICT in the class-
room, while in the small school teachers have the opportunity of a high level or
interrelation at free times, as during the lunch break, in the bigger ones, teachers canuse
the spaceof New Technology Department or equivalent. In public schools some teachers
have created some important forums(Callus, ‘Claustro virtual’, Edulist, etc.) to exchange
information about ICT use.

Use of ICT in the school in teaching

Schools and teachers have no restrictionsto the use of ICT in the curriculum, other than
those imposed by the limited resources and space. Although teachers could take the
initiative to use compute rs, the co-ordinators usually stimulate this use. In some cases it
is a teachers’ team who stimulated colleagues in this way.

There are no certain categories of students (¢.g. gender, age-group, ‘academic’ ability)
targeted for teaching using ICT. From the various answers it is not possible to identify
specific subject arcas where ICT leads to the largest effect. However, language related
areas are more cited, ¢.g. foreign language, written expression, literacy, etc.

Some schools review at the end of the year wether the proposed objectives have been
achieved. But in general the academic results are considered to be indicators of the gen-
eral efficiency of computers in specific subjects.
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Effects of using ICT in the school

Some aspects have been marked about how the use of ICT affects teacher-pupil relations.
While the dependence is higher during the first days, the students develop a high
independence for work during the rest ofthe course. Motivation is an element frequently
cited and usually there is a positive attitude of students with regard to teachers that use
computers.

In general, ICT has been integrated in other classroom activities, but the need of
accessing a special room affects this integration, except in one centre where computers
have beenintroduced inthe classroom. In pre-school classrooms the situation is different
because computers are situated in the classroom.

The main benefits of using ICT, according to the principals’ answers, are the improved
organization of materials, the extended information storing capacity, the high level of
student motivation and the inte gration with real life.

These schools reflect the low level of integration of Internet in private centres, as
opposite to public centres in Catalonia, where every teacher at primary and secondary
level has the opportunity of asking for an e-mail account or for a Web site for his/her
materials. Public teachers usually participate in telematics forums as lists (Edulist,
Edutec...), at videoconference virtual systems (‘Claustre virtual’) or in annual
conventions (‘Callus’) as well as in international proje cts (connecting with US astronaut,
the Moebius project and other projects in the Socrates programme). However, no one of
these private schools has developed projects through Internet or other telematics
resources.

Obstacles to using ICT

The main barriers to increased use of ICT in the schools are, generally, the limited
resources, related with the fast changes in ICT. Some principals note the high prices of
software and others note the limited availability of educational software. Some initial
negative feelings of some teachers about ICT have quickly disappeared. The main barrier
is, always, the economic one. The problem related with some negative initial attitudes
of some teachers has been solved by specific training. Butthe economic problem seems
to have only one solution: to take strong actions.
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6 Summary
Support and resources

- In primary education, a limited number of computers are often situated inside the
classrooms, these schools usually not being equipped with a computerroom (the Irish
schools are an exception here).

- In secondary schools there usually are computer rooms, whereas not many teachers
have a computer inside their own classroom.

Use of ICT in the school

- The use of ICT in most cases depends upon the personal initiative of teachers.

- It seems that in primary schools the computers often are better integrated in the
lessons, whereas in secondary education the use of ICT is often restricted to certain
classes and to certain subjects, mainly informatics.

Effects of using ICT

- ICT provides more opportunities for individualization;

- ICT provides more opportunitics for cooperative learning;

- the pupils’ motivation is increased;

- the pupil-pupil and pupil-teacher communication is enhanced,
- pupils learn how to handle com puters;

- education is better integrated with ‘real life’;

- the teacher acts more as a coach;

- teaching time is saved;

- E-mail provides better opportunities for com munication;

- the Internet is a huge source of information.
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Main obstacles for the implementation of ICT

- lack of money;
- insufficient attention for ICT in pre-service teacher training;
- absent or inadequate in-service teacher training.
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Table 1 provides an overview of the number of teachers in primary and secondary

education respe ctively who filled out the questionnaire.

Table 1 - Number of teachers per country in primary and secondary schools respectively

BEL GER IRL NL SP total
primary education 23 17 64 12 5 121
secondary education 133 48 9 37 - 227
primary + secondary education 55 55
total 156 65 73 49 60 403

In Spain, the majority (55) of the teachers were em ployed by schools providing primary
as well as secondary education. From this group, 25 filled out the questions with
reference to pupil groups in primary education, whereas 26 chose secondary education



144 The Impact of Information and Communication Technology on the Teacher

groups. Four teachers referred to primary as well as secondary education when
answering the questions'.

Two third of the teachers were females, the average number of years of experience in
education being 18. The majority of these teachers (84 percent) indicate they have
experience with computers (although not necessarily with computer use in education).
The average number of years the computer experienced teachers have beenusingcom-
puters, varies from 6 (Spain) to 8 (The Netherlands). Many teachers claim they are
inexperienced (29 percent) or quite inexperienced (31 percent) with regard to ICT use.
Four out of ten teachers claim they are quite experienced (31 percent) or experienced (9
percent) in using ICT.

Not many teachers, only 22 percent, have access to a computer athome. A majority have

Internet access (74 percent) and/or access to e-mail (69 percent), but again just a small
group has access at home (sce table 2).

Table 2 - Access to a computer at home, to Internet and e-mail

percentage number
- computer at home 22% 90
- Internet at school only 56% 221
- Internet at home only 5% 21
- Internet athome and at school 13% 51
- no Internet access 26% 104
- E-mail at school only 53% 210
- E-mail at home only 6% 21
- E-mail at home and atschool 11% 43
- no e-mail 31% 121

1 As far as a distinction is being made in the an alyses between primary and secondary education, the group
of 25 is attributed to primary education, the group of 26 is attributed to secondary education, and the
group of 4 is left out of the analyses.
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2 ICT use in education

At this point we have to stress the case studies provide a view of the situation in tech-
nology rich schools, whichmay be considered to show above average use of ICT. This
means the survey does not provide a representative overview of the use of ICT in
education.

Table 3 shows that just over 50 percent of the teachers who processed the questionnaire
do not use computers during their lessons. The table also shows a remarkable difference
between primary and secondary schooIs with regard to ICT use. In the primary schools
that were selected forthe case studies, 69 percent of the teachers use ICT in their classes,
whereas in the secondary schools thisonly applies to 34 percent of the teachers. In the
primary schools in the case study sample, 31 percent of the teachers (quite) often use
computers during their lessons; in secondary schools just 10 percent use computers
(quite) often. There are striking differences between countries, but these may to a large
part be attributed to the types of schools selected. In the Belgian and Dutch primary
schools in the sample substantially more teachers use ICT than in the secondary schools.
In the Irish case studies this is also the case, but the difference is smaller. In the German
and Spanish case schools there are hardly any differences between primary and
secondary level teachers with regard to ICT use in the classroom.

Table 3 - Use of computers during the lessons; 403 teachers

primary schools secondary schools ---- total ----

n % n % n %
no 45 31% 166 66% 212 53%
sometimes 56 38% 60 24% 117 29%
quite often 29 20% 11 4% 42 10%
very often 16 11% 16 6% 32 8%

The reason fornot using ICT w hich is mentioned most frequently is the fact that teachers
are not familiar with ICT or feel unsure about it (see table 4). This applies to 29 percent
of the teachers who answered the questionwhy they do not use ICT in their classes. This
reason is much more important than insufficient access to hardware, which is mentioned
by 19 percent, or lack of suitable software (16 percent).
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lable 4 - Reasons for not using ICT during the lessons (number and percentage of 161
teachers who mentioned reasons for not using ICT in education)

number %
- not familiar with ICT / unsure about ICT 47 29%
- not enough hardware / no computers inmy classroom 31 19%
- lack of suitable software / I don’t know suitable software 26 16%
- the curriculum leaves no space for ICT use 20 12%
- ‘Idon’t see the necessity’ 19 12%
- the type of subjct (e.g. physical training, Greek, history) 14 9%
- lack of time to familiarize with the possibilities of ICT 11 7%

Note: The following sections refer to 191 teachers who are using ICT in their classrooms.

3 Resources for ICT use

The majority of ICT using teachers, 83 percent, teach at a scho ol that is equipped with
a computer room. The mimber of computers in that room varies from 7 to 30. The
average is 14 computers. From this teacher group, 11 percent does not use the computer
room, but uses computers in their own classroom instead. Two out of three teacherswho
have access to a computer room at school always use this room when they decide to use
ICT in their classes, whereas 22 percent sometimes uses the computer room and
sometimes uses computers in their own classroom.

On the whole, 17 percent of the ICT using teachers always stay in their own classroom
while their pupils areworking with ICT, and 63 percentalways go to the computer room.
The majority (55 percent) does not have a computer in their classroom. If teachers have
computers in their classroom, in general it is just one computer (34 percent). Some
teachers have 2 computers (4 percent) in their classroom. Nearly 25 percent of the
teachers state their pupils may access computers elsewhere (outside of the classroom)
during their lessons. These are mainly computers in school corridors (mentioned 11
times), in the teachers’ room (9 times), and in the media centre or library (8 times).

Just over half of the teachers state their pupils may also use CD-ROM. Pupils can hardly
access any other ‘new’ technology except computers. CD-i or interactive videodisc are
quite rare in the schools in which the survey was undertaken (2 percent of the teachers
may access these technologies). About half of the teacher group (52 percent) states their
pupils have access to e-mail and/or the Internet (45 percent may access both). Forty
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percent neither has access to e-mail nor to the Intemet. At this point, there are some
interesting differences between countries. In the Dutch and the Spanish schools, more
than 75 percent of the teachers state thatpupils can access neither e-mail no r the Internet.
In the German and Irish schools this goes with about 20 percent, whe reas in the Belgian
sample just 10 percent have no access to e-mail or the Internet. Of course these
differences might be caused by the selection of schools. Nevertheless, this gives an
impression of differences in the potential use of ICT within the schools in which the case
studies were undertaken. There were no significant differences between primary and
secondary schools with regard to this aspect.

4 Characterization of the ICT leaming environment
Several questions in the questionnaire address the way the learning environment is
modelled in which ICT is being used. Tables 5 and 6 provide an overview of the

purposes ICT is used for and the ty pes of ICT applications used.

lable 5 - Purposes ICT is used for in the lessons; 181 teachers (97 primary and 84
secondary teachers)

some- quite

never times often often
primary education
- for exercises 18% 31% 26% 26%
- for writing letters / texts 35% 22% 23% 21%
- for remediation (of slow learners) 28% 35% 19% 19%
- for problem solving 36% 26% 27% 11%
- for enrichment (of fast learners) 35% 30% 23% 12%
- for communication 58% 23% 10% 9%
- for collecting information 51% 35% 10% 4%
- for explaining learning content 58% 30% 10% 2%
- for data-processing 80% 16% 3% 1%
secondary education
- for exercises 19% 50% 16% 16%
- for enrichment (of fast learners) 39% 41% 16% 5%
- for writing letters / texts 61% 13% 12% 14%
- for explaining learning content 48% 42% 4% 7%
- for problem solving 46% 44% 5% 5%
- for collecting information 63% 21% 7% 8%
- for remediation (of slow learners) 58% 27% 12% 2%
- for data-processing 64% 24% 4% 8%

- for communication 76% 13% 6% 5%
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ICT is often being used for exercises: half of the group of primary teachers who use ICT
in their classes, quite often or often use ICT for exercises. Another purpose ICT is used
for quite often in primary schools, is for writing letters or texts by pupils. For this
purpose computers are used (quite) often according to 45 percent of the ICT using
primary teachers. Over one third use ICT (quite) often for remediation of slow learners.
The same goes for the use of ICT for enrichment of fast learners, and for problem
solving. Other purposes that ICT might be used for, e.g. for explaining learning content,
for collecting information, for communication, or for data-processing, seem to be not
very popular among primary school teachers.

Overall, in secondary education ICT proves to be put into action considerably less often
than in primary education. The most popular type of ICT use, as in primary education,
is for exercises: one third of the group of secondary teachers who use ICT in their
classes, quite often or often use ICT for exercises. A (quite) frequent use of ICT for
pupils writing letters or texts applies to one out of four ICT using teachers in secondary
schools. ICT is used (quite) often for enrichment of fast learners by one outof five ICT
using teachers. Other purposes ICT is used for rather freque ntly, were put forward by
less than 20 percent of the ICT using teachers in the secondary schools.

Table 6 shows that drill and practice is the type of ICT application which is being used
most frequently by the primary school teachers participating in our survey. Half of the
group of teachers who use ICT in their classes (quite) often use drill and practice
applications. Games and adventures (used quite often or often by 44 percent) are rather
popular as well, just like word processing and problem solving applications (used on a
regular basis by one third of the teachers).

In secondary schools, drill and practice exercises and word processing are being used
(quite) frequently by a quarter of the ICT using teachers. Spreadsheets are used (quite)
often by one out of five. Other ICT application types are not very popular among these
teachers: problem solving applications were applied only by half of the teacher group
who stated they use ICT in their classes, and they were not used often. Simulations, data-
bases, tutorials, the Internet, e-mail, games or adventures, and programming are used by
aminority of teachers, and this minority generally uses these applications notoften. The
use of video conferencing was mentioned by just one teacher.
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lable 6 - Type of ICT applications pupils use during the lessons; 175 teachers (96
primary and 79 secondary teachers)

some- quite

never times often often
primary education
- drill and practice 21% 28% 27% 24%
- games / adventures 23% 33% 24% 20%
- word processing 38% 31% 17% 15%
- problem solving applications 43% 22% 23% 13%
- tutorials 72% 16% 7% 5%
- simulations 74% 13% 9% 4%
- electronic mail (e-mail) 70% 21% 7% 2%
- Internet / World Wide Web 70% 22% 6% 2%
- databases 81% 16% 3% -
- spreadsheets 92% 4% 3% 1%
- programming 94% 5% 1% ---
- video conferencing 100% --- - ---
secondary education
- drill and practice 39% 38% 13% 10%
- word processing 51% 24% 10% 15%
- spreadsheets 63% 18% 9% 10%
- problem solving applications 52% 44% 3% 1%
- simulations 63% 27% 5% 5%
- databases 73% 15% 4% 8%
- tutorials 65% 29% 4% 3%
- Internet / World Wide Web 76% 15% 6% 3%
- games / adventures 76% 22% 3% -
- electronic mail (e-mail) 82% 11% 6% -
- programming 87% 9% 1% 3%
- video conferencing 99% 1% --- -

A comparison between primary and secondary education shows that ICT use in
secondary education lags behind. A striking difference concerns the use of problem
solving applications, which is almost absent in secondary education.
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Table 7 - Grouping of pupils while using ICT: 179 teachers

some- quite
never times often often

primary education

- pupils work in pairs 13% 28% 16% 43%
- pupils work individually 33% 36% 16% 16%
- pupils work in small groups 42% 21% 11% 26%
- whole class teaching 68% 22% 1% 8%
secondary education

- pupils work in pairs 17% 33% 12% 37%
- pupils work individually 36% 31% 10% 24%
- pupils work in small groups 72% 19% 6% 4%
- whole class teaching 72% 21% 4% 4%

As far as grouping of pupils working with ICT is concerned, working in pairs is the
approach which is noted most frequently, as table 7shows. This goes for primary as well
as secondary education. In primary schools, working individually and working in small
groups are quite popular also, although they are not noted as frequently as working in
pairs. In secondary schools, working individually comes in second, whereas working in
small groups is applied only by a minority of teachers. Whole classteaching during ICT
work is applied by a minority of teachers in primary as well as secondary education.

According to 50 percent of the teachers, in general the whole class is working with
computers simultaneously when ICT is being used during their lessons. Just over one
third (50 percent of the primary school teachers and 20 percent of the secondary school
teachers) state the class is never working simultaneously with ICT. This of course is
connected with the number of computers available, which consequently also affects the
possibilities of pupil grouping.

Table 8 provides an overview of the way teachers assist pupils when they are going to
use ICT or during ICT use.
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Table 8 - Ways of assisting pupils when they are using ICT ; 176 teachers

some- quite
never times often often

- when pupils are working with computers

I regularly check how they are doing 7% 12% 30% 51%
- I tell the pupils exactly what to do

before they start working with computers 8% 31% 22% 39%
- when pupils ask a question, I give them a

clue, in order to help them find the answer 11% 26% 28% 35%
- when pupils ask a question, I answer

it directly 10% 42% 20% 29%
- I give some pupils using com puters more

attention than other pupils using com puters 24% 33% 24% 19%
- when pupils are working with computers,

I work with pupils who are not using

computers at that moment 63% 13% 8% 17%

A majority of teachers tell their pupils exactly what they have to do before they start
working with computers, and regularly check on them during computer work. The most
notable difference between primary and secondary teachers with respect to assisting
pupils is that in primary schools teachers are more often working with pupils who are not
using ICT at that moment: one out of three primary school teachers chooses to do this
(quite) often, as opposed to one out of ten secondary school teachers. As forthe grouping
of pupils, this may be expected to be affected by the number of computers available,
which in general is larger in secondary classes when ICT is being used. Apart from the
ways of assisting pupils mentioned in the table, several teachers point out that pupils may
be assisted by other pupils.

Table 9 gives an overview of the way the activities undertaken with ICT are being
evaluated. Often teachers discuss the results of the tasks the pupils conducted
individually or with the whole class. Apart from this, in primary schools pupils are quite
often invited to discuss with other pupils what they did. In secondary schools this
approach is applied considerably less often.
































































































































































































































































































