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ABSTRACT:

I will begin this article by clarifying the concept of Educational Technology and its related
terms. I will then go on to analyse the more conclusive results of research in this field in
order to describe the projects in which I have been involved, where technology was used
to produce innovation. This article does not mention any cognitive or educational “revo-
lutionary experience”, since this would surpass the limits of what technology is capable
of accomplishing,.

Part of the education of the new generations has to be conservative, 1.e., the experience
and knowledge constructed by earlier generations has to be passed down. Disciplinary
knowledge 1s an exemplary condensation of human effort and talent. How can technology
support the transmission and acquisition of such knowledge? Besides being capable of
using technology, should the new generations not also have a rational and educated dis-
course on the subject? Is this not the role of the school also? These are some of the main
1ssues I wish to address.
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INTRODUCTION

Human beings have a natural tendency to simplify
the information they receive from the environ-
ment. They create categories and associations so
as to memorise and understand what is going on
around them. One of the most recurring associa-
tionsin educationis bringing teaching and learning
together. This is only natural. Indeed, it 1s hoped
by the teacher that what is taught is learned and
in turn, the aim of the learner is to memorise and
understand what is taught. Teaching and learning
are two sides of the same coin, though they are not
always in tune. There should be a relationship of
sorts between what is taught and what is learned,
however, as research has shown, it is not a simple
one.

By the same token, the concept of technology
has been associated with that of innovation and
both with advances in the teaching and learning
processes. It is thought that the introduction of
new technological resources in the teaching proc-
ess will produce positive results in learning. This
stems from the belief that these new resources will
change the way teachers have taught up to now and
the way pupils have been learning. Furthermore, it
is believed that new programmes, methods and cur-
ricula will guarantee better learning. Throughout
the article we will see that such simple assertions are
not always true.
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DEFINITIONS

Let us begin with a conceptual clarification. What
exactly are we talking about when we refer to Edu-
cational Technology (ET), Educational Technolo-
gies, Applied Educational Technologies, Informa-
tion and Communication Technologies (ICT), New
Information Technologies (NIT) or New Informa-
tion and Communication Technologies (NICT),
Computer Literacy and Technological Education?
The term Educational Technology already has a
tradition in the Anglo-Saxon world. This field of ed-
ucation goes back to the 1940s and was developed by
Skinner a decade later with programmed education
(See Skinner, 1953, 1968). The term is not restricted
to the technical resources used but covers all proc-
esses to do with the conception, development and
evaluation oflearning. Hence, the terms Educational
Technology and Instructional Technology are used as
synonyms for the “theory and practice of the plan-
ning, development, use, management and evaluation
of learning processes and resources” (cit. Thomp-
son; Simonson & Hargrave, 1996, p. 2), with a view
to stabilising the terminology used in this field. This
definition covers what is considered to be the field of
Educational Technology, which includes three sub-
fields, each of which has an impact on the student
and his/her learning: 1) the functions of educational
management, 2) the functions of educational devel-
opment, and 3) learning resources. As we may see,
the term Educational Technology is rooted in an
Anglo-Saxon tradition which gives value to educa-
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tion and is influenced by theory produced within the
framework of learning psychology, namely by behav-
ioural and cognitive theories as well as the more re-
cent constructivist theories. The Theory of Systems
and the Theory of Communication (see Thompson,
Simonson & Hargrave, 1996) are also theoretical
inspirations in the field of Educational Technology.

The term Applied Educational Technologies may
be considered a synonym for Educational Technolo-
gtes since 1t refers to all forms of technological ap-
plications to the processes involved in educational
functioning, including the application of technol-
ogy to financial and administrative management or
to any other process including, of course, the educa-
tional process, itself.

For those who work in the field of Educational
Technology not only the resources and technical
progress are of interest, but also, and particularly,
the processes which determine and improve learn-
ing. These may include specific types of technical
resources such as, for example, the computer and
the Internet. The use of the computer and the Inter-
net for educational purposes may be considered a
sub-field of Educational Technology.

The term Information and Communication
Technologies (ICT) refers to the combination of
computer technology and telecommunication tech-
nology, which is particularly strongly in the World
Wide Web (WWW). When such technologies are
used for educational purposes, namely to support
and improve the learning of students and to develop
learning environments, we may consider ICT a sub-
field of Educational Technology.

The terms New Educational Technologies (N'TT)
and New Information and Communication Tech-
nologies (NICT) seem, therefore, redundant as the
reference to “New” brings nothing to the boundary
and clarification of the field. Furthermore, what may
be new today is no longer so tomorrow.

As the reader may have already noticed, I prefer
to use the term “Educational Technology” to define
a theoretical research field with which I am familiar.
However, I do not consider the terms “Educational
Technologies” or “Information and Communica-
tion Technologies” to be unsuitable, as long as they
are used in the above-mentioned sense.

The term Computer Literacy may be defined
as “a set of competences, knowledge and attitudes

in relation to computers which enable one to use
computer technology confidently in daily life”
(McInnerney, McInnerney & Marsh; Soloway, Turk
& Wilay, cited by Tsai & Tsai, 2003, p. 48). This
definition covers three areas which require clarifi-
cation: the first, knowledge and competences with
regard to computer technology; secondly, positive
attitudes towards technology and finally, having the
confidence to use computers comfortably, without
anxiety. Therefore, the aim of computer literacy
should be to support teachers and students in their
mitial acquisition or to improve their competences
and knowledge in this area, to develop positive atti-
tudes towards the computer and the Internet and to
reduce anxiety towards its use and understanding,.
It should also support students, particularly those
in secondary education, to critically analyse the evo-
lution of technology and its fields of application.

Here, however, we are already entering Techno-
logical Education, another area. This 1s a far broad-
er concept than the previous one, since it implies
“knowing how to use” technology as well as analys-
ing its evolution and impact on society. It also as-
sumes the development of a rational discourse on
technology. As Postman says (2002), “Technologi-
cal education is not a technical subject, it 1s a branch
of humanities” (p. 218). Education is only truly tech-
nological when students are taught the historical
background of the different technologies (illuminat-
ed manuscripts, alphabet, typography... computers
and the Internet) and their creators, their economic,
social and psychological effects and even how they
have reconstructed the world and continue to do so.
It 1s also necessary to show how technology “creates
new worlds, both good and bad” (Postman, 2002,
p- 219). Furthermore, students should be taught to
read and interpret and know how to differentiate
the information that is transmitted to us by various
symbols. For example, how do images differ from
words, a painting from a photograph, spoken from
written discourse?

Going back to the concept of technological lit-
eracy, first of all, some issues need to be addressed:
a) What knowledge and competences should the
students acquire in school, from pre-school up to
the end of secondary education? b) How should
the learning of this knowledge be organised and
sequenced by developing a spiral curriculum? c)
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Should such knowledge and competences be in-
tegrated in the curricula of the already existing
subjects, should autonomous subjects be created
(especially from the 2nd cycle of basic education
onwards) or should both these strategies be used
simultaneously?

There are no hard and fast answers to these ques-
tions. I believe that the best strategy is to supply the
schools with some level of technology (namely com-
puters with access to the Internet) and to use it in
other subjects as well as the specific ones, such as
ICT in Levels g and 10, an option brought in by the
Ministry of Education.

TECHNOLOGY AND THE TEACHING AND
LEARNING PROCESSES

In this part of the article, I would like to briefly
describe some of the more innovative experiences
with computer technology for developing learning
environments. However, first of all, I would like to
mention the more conclusive research results and
characteristics in the field of educational technology
and discuss what characteristics are considered to

be representative of effective learning nowadays.

REsEArcH RESULTS

Research has shown that the strategy of adding tech-
nology to the already existing activities in school
and 1n the classroom, without changing habitual
teaching practices, does not produce good results
in student learning (See De Corte, 1993; Jonassen,
1996; Thompson, Simonson & Hargrave, 1996,
among others). Nevertheless, this has been one of
the most widely used strategies. There are a number
of understandable reasons for this, but two of them
are particularly important.

The first 1s due to the fact that the vast major-
ity of teachers are not proficient users of technology,
especially computer technology. A number of stud-
ies have shown that most teachers consider the two
main obstacles to using technology in pedagogical
practices to be a lack of resources and training (See.
Paiva, 2002; Pelgrum, 2001; Silva, 2003; among oth-
ers).

The second reason is based on how the innova-
tive integration of technologies demands great re-

flection and the alteration of teaching conceptions
and practices, something most teachers are reluctant
to take onboard. Changing these aspects is not easy
at all since it depends largely on effort, persistence
and dedication.

The problem i1s that some teachers have a ro-
mantic conception of the processes that determine
learning and knowledge construction and, concom-
itantly, the use of technology in teaching and learn-
ing. They think that equipping classrooms with
computers and the Internet is sufficient for students
to learn and for practices to change. We know very
well that this is not the case.

As I have already mentioned, the most conclu-
sive research results based on the monitoring of the
large scale introduction of computer technology
in education (especially since the 8os) show that
simply adding these resources to the activities that
already exist in schools does not produce visible
positive results in student learning, in classroom dy-
namics or in teacher dedication (De Corte, 1993; Jo-
nassen, 1996; among others). Some authors, such as
Clark (1994), believe that Educational Media alone
will never influence student performance. Positive
effects only emerge when the teachers believe and
adopt a “wholehearted” approach to the learning
and mastering of this area and when they draw up
challenging and creative activities which make the
fullest use of the possibilities provided by technol-
ogy. For this to be accomplished, teachers need to
present technology to students a) as a new formal-
1sm for processing and representing information; b)
as a means to support students in their construc-
tion of significant knowledge; c) in order to develop
projects, by creatively integrating (and not adding)
new technologies in the curriculum.

Let us briefly analyse each one of these aspects.

Considering that teachers should use compu-
ter tools as new formalisms in order to process and
represent information first implies understanding
that written language, the decimal system and basic
arithmetic operations, the logic of classes and rela-
tions (classification systems), graphs. .. are Conven-
tional Information Representation and Processing
Systems, in which all communication power and
knowledge processing is contained (Mendelsohn,
1999). In this literate and post industrialised world
of ours, they should be learned and dominated with
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a certain amount of skill by the end of the 1st Cycle,
when the children are aged between 9 and 10 years,
and this learning process should continue until they
are fully mastered by them. What is interesting is
that the learning of these systems radically changes
the way children perceive the world and themselves
(mainly in terms of self-awareness), in other words,
they interfere with the natural course of develop-
ment (Luria, 1990; Vygotsky, 1991,1994) by broaden-
ing it (Bruner, 1998, 1999). Cognitive development
follows a pattern that is characterised precisely by
the progressive mastery of spatial representations
(forms and transformations), symbolic represen-
tations (where language and the written word are
influential) the processing of relations (creating cat-
egory systems, classes and their relations) and the
processing of dimensions (number, arithmetic and
later algebra). There seems to be harmony between
the development of superior psychological func-
tions (Vygotsky, 1994) and conventional information
processing and representation systems.

What happens is that these computer systems,
seen as new formalisms for processing and repre-
senting information, which are strongly anchored
to conventional systems, will change how children
are accustomed to learning and also broaden their
cognitive development. The following are exam-
ples: text processors have changed the way children
write; not only do they need to learn the conventions
and procedures of writing on paper, but also the
procedures and functions of a text editor. The same
may be said of the design programmes, graphs and
data bases. They alter the way of creating design,
graphs and classifying things since they are based
on formalisms which are not the same as traditional
ones. They demand new ways of learning and 1in-
crease the former ones. In most schools teachers be-
lieve this type of learning may be acquired through
analogical transference, without the need for a more
structured and formal type of learning, which has
led to some disappointment.

However, if the teacher masters these new tools,
he/she will be in a position to offer support to stu-
dents to explore the potentiality of these new in-
formation processing and representation systems.
Writing may be expressed in a far more flexible way
when a text processor is used. Constructing and
transforming graphs can be a very rewarding activ-

ity, not to mention the construction of data bases on
every subject imaginable.

Changes in ways of learning and cognitively or-
ganising information will not be visible immediately,
since all mental change processes are slow and can
last generations. However, the learning of certain
symbolic systems and their formalisms interferes
with, or rather, leaves its “marks” on mental and
even brain organisation according to Vygotsky (1991,
1994) and Luria (1990) and has an impact on what
is being brought to light by research in the field of
neurosciences (See Squire & Kandel, 1999).

With these new information and communication
processing and representation systems, teachers
may develop activities to encourage the acquisition
of significant disciplinary knowledge. This can only
occur if learning is viewed as a (re)constructive, cu-
mulative, self-regulated, intentional, contextualised
and collaborative process.

Learning is a re(constructive) process, which
means that students construct new knowledge on
the basis of already acquired structures and rep-
resentations on the phenomena being studied and
may be cognitively and emotionally involved in the
processing of new information. Effective learning
should demand effort and keep the pupils motivat-
ed to accomplish tasks. This must be achieved with
an optimum level of uncertainty (Bruner, 1999) and
within the zone of proximal development (Vygotsky,
1991), in other words, it should not prevent the cri-
sis of thinking (Van Hiele, 1986). Teachers should
take care not to impose their structure and thinking
style on the students but instead, create situations,
problems, exercises and projects that will lead the
pupils to higher levels of knowledge.

Cumaulative learning implies that new knowledge
1s acquired on the basis of previously accomplished
learning (Gagné, 1975). All subjects demand this pre-
vious knowledge. However, there are some which are
more cumulative than others, such as mathematics
and also physics, to a certain extent. Here, the main
problem seems to stem from the difficulty in alter-
ing conceptions already developed by the pupils to
explain different phenomena, before initiating their
scientific study. These spontaneous concepts often
contradict those accepted by the scientific communi-
ty and, more often than not, hinder rather than facili-
tate further learning (See Gardner, 1993; Pina, 2005).
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Self-regulated learning means that the teachers
should support students in their development of
learning strategies, so as to acquire study and intel-
lectual work habits as well as patterns for correcting
their own work, with a view to acquiring progressive
independence from the teacher (See Brown, 1987;
Collins & Brown, 1988).

Learning for specific purposes implies that knowl-
edge, on the part of students, of the purposes or
requirements to be met in each learning situation,
facilitates the process of knowledge construction
since it guides him/her towards an intention or ob-
jective (See Bruner, 1999). Furthermore, it has the
advantage of motivating students to achieve the es-
tablished aims, thus, guaranteeing greater ability to
overcome the obstacles found in any learning proc-
ess (See Gagné, 1984; Lemos, 2005).

Nowadays, it 1s generally thought that effective
learning should also be contextualised and collabo-
rative. While the afore-mentioned characteristics
leave me with no doubts, these two have not yet
been proven by the research results. Nevertheless,
they are important learning characteristics, espe-
cially in terms of environments that can be modelled
with recourse to computers and the Internet.

Contextualised learning means that its meaning
comes from the context in which it took place. The
contexts themselves facilitate or hinder the applica-
tion of knowledge. People learn not only that which
is directly taught to them, but they also develop
participation patterns in practising communities by
progressively adapting to the discourse, knowledge
and know-how of each community, its resources and
even identities (See Greeno, 1998; Lave, 1997; Lave
& Wenger, 1995; among others). So, the creation of
practising and learning communities 1s facilitated
today by the Internet.

To say that learning s collaborative means that
it occurs in contexts in which social practices imply
collaboration among students and, likewise, between
students and adults. In principle, the latter become
tutors who progressively mould specific knowledge
and attitudes. In these situations, learning is viewed
primarily as a social interaction process which
should be encouraged by teachers. For example, the
development of cognitive structures, especially for-
mal thinking, depends largely on cognitive decen-
tration, 1.e., being able to cooperate with others, in

other words, accomplish tasks together by listening
to arguments and counter arguing (Perret-Clermont
& Schubauer-Leoni, 1989; Piaget, 1971). The Inter-
net can facilitate such collaborative learning if the
teacher creates projects where students (and other
adults) may carry out activities, resolve problems in
cooperation and participate in common tasks. How-
ever, not all learning is achieved collaboratively and
not all students are comfortable or learn in this kind
of environment (See Hopper, 2003). Around 20% of
university students prefer to work and learn alone
(McClanaghan, 2000, cited by Hopper, 2003).

As we may see, it is not enough to introduce com-
puters and the Internet in schools to obtain positive
results in student learning. It is also necessary to re-
flect on what makes it effective and to change the
organisation of the spaces and curricula activities
so that these new tools may support the acquisition
of significant disciplinary knowledge. For instance,
the use of technology in the educational practices
of teachers may contribute towards greater techno-
logical literacy for students and teachers, generate
motivation, create relationship networks, etc. These
are all extremely important aspects for the integra-
tion, and not the addition, of technology to curricu-

lar activities.

EXPERIMENTS

The following four experiments highlight what I
have just mentioned. Due to the word limit imposed
upon this article, I will briefly describe only one
of them. Further information may be found in the
works listed in the bibliography.

One of these experiments was developed within
the context of research leading to a PhD and is called
Concepgao de um ambiente de aprendizagem Logo em
meto escolar: efeitos na cognigdo e nos conhecrmentos
geométricos de criangas de 9-10 anos [ Conception of
a learning environment within a school framework:
effects on the cognition and geometric knowledge of
9 to 10 year old children] (Miranda, 1998).

Two were carried out by students taking a Mas-
ter’s degree in Education Sciences, the specialisa-
tion area in Educational Technology. One is entitled
Comunidade Virtual de Aprendizagem de Matemdti-
ca: uma experiéncia com alunos do 10° ano de escolar-
tdade [Virtual Maths Community: experiment with
Level 10 pupils (Indcio, 2006) and the other is called
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Integrar a teoria e a pratica através de um forum de
discussao: um estudo de investigagao-acgdo aplicado
a enfermagem da crianga e do adolescente [Integrat-
ing theory and practice through a discussion forum:
aresearch-action study applied to the nursing of the
child and adolescent] (Paixdo, 2006).

The last experiment was developed in the con-
text of preparing a degree monograph and is called
Projecto Prom@tic (Rolo, 2001). An article was pub-
lished describing this experiment (Miranda & Rolo,
2002) and 1s available online at: http://www.leeds.
ac.uk/educol/documents/00002194.htm.

VirTuaL MaTHS COMMUNITY

This experiment was developed in the academic
year 2004/2005, with a Level 10 class by Ricardo In-
acio, a student of the Master’s degree in Educational
Technology at the time. This experiment has since
been continued.

The main aim was to create, develop and evalu-
ate a virtual maths environment (VLE). It also set
out to study the factors that have positive and nega-
tive impacts on the development of a virtual learning
community (VLC) in a school environment, func-
tioning as a compliment and not a substitution for
contact hours in the classroom. It was also the aim
to analyse the effects of this environment on school
results and student approaches to learning.

The Virtual Learning Environment (VLE) was
based on the WWW and acted as a support resource
to student learning for the three areas that integrate
the Maths program: Plane and Spatial Geometry I,
Functions I and Statistics. The construction of this
virtual environment, as the author states, “has been
characterised as a slow, evolutionary phased proc-
ess” (Indcio, 2006, p. 99). The creation and con-
struction of the page took nine months and under-
went a number of stages. I will only refer to the most
important ones: (a) creation of storyboards, which
consisted of drawings and tables with reference
to colours, sources, texts, navigation bars, content
layout and communication tools; (b) development
of the page, conciliating a variety of programming
languages; (c) validation of the VLE, by specialists,
both from a technical perspective and in terms of
maths content; (d) presentation of the VLE to the
students, explaining how it functioned and what the

alms were.

There is a great variety of content in this VLE
but, as far as I am concerned, the most interesting
is the combination of the different types of content
with the maths activities, the synchronic and asyn-
chronous communication activities and also the
social activities. The tools that were available were
used by the students, some more than others, as
1s common in all environments, be they presential
or virtual. The teacher had an important role in
stimulating this environment, not only in terms of
the teaching and learning process, but even in the
construction of a real virtual Maths community.
Transforming an environment into a virtual com-
munity is not an easy task since there has to be a
group of people who share knowledge, interests,
and aims in a specific field and where friendships
may be made through cyberspace (See Indcio,
2006). The varying durability of Virtual Learning
Communities also depends on a number of factors.
However, the role of the motivator is crucial so that
the “life span” of a VLC may be longer. The one
we are describing lasted an academic year even
though the teacher is extending the experiment to
another Level 10 class.

The most remarkable results of this study are: (1)
understanding that it is possible to create, develop
and use virtual learning communities in secondary
education to the service of the pupils and the innova-
tion of teaching methods, especially in a subject that
is generally considered to be difficult and in which
there is a high failure rate; (2) analysis of the factors
that facilitate and hinder the construction ofa VL.C,
thus, contributing to the understanding of these
communities; (3) greater interest in this subject on
the part of most pupils, despite the fact that those
who used and benefited most from this environ-
ment were the pupils who were initially prepared to
study and give more importance to academic com-
mitment; (4) the existence of a positive and signifi-
cant correlation between VLC Frequency and Pupil
Classifications (r=0,715; p<.05); (5) pupils with a
profound approach to learning before the experi-
ment (pre-test) went on to use typical strategies of
this approach with more frequency. The difference
between the pre and post-test was significant (p<.5);
however, those pupils with a superficial approach
did not significantly alter their learning strategies
from the pre to the post-test (p>.05).
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Although the VLE has contributed to getting
most students interested in mathematics, these brief-
ly described results seem to indicate that as is the
case in other fields, in this field those who benefit
most of all from the resources made available to them
are the more motivated and committed students who
give greater value to learning and academic success.
Those who have more difficulties are the less mo-
tivated students who give little value to academic
performance and hardly use the resources made
available to them. This tendency was referred to by
Resnick and Collins (1996) as the “rich get richer”
problem. More structured environments aimed at
helping these students overcome their difficulties
need to be created for them. This, however, was
not the aim of the described experiment. As I have
already mentioned, I do not believe that the intro-
duction and use of information and communication
technology in education should only be evaluated in
terms of its effects on learning and pupils’ academic
results. This 1s merely one of many variables which
need to be considered, although I personally view it
as the most important one. Other relevant variables
are: the contribution to greater technological literacy
on the part of teachers and students; greater inter-
est on the part of students in subjects that rely on
technological resources in an innovative and creative
way; a change of teaching methods and strategies on
the part of teachers to acquire confidence for having
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mastered the technologies that are considered im-
portant in a particular society, subsequently leading
to a greater sense of belonging to that same society.

CONCLUSION

The effective use of technology in schools, namely
in the classroom and in the development of virtual
learning environments, is still a privilege for some
teachers and pupils. The variables which seem to
have greater influence on this process are multiple,
even though the strong technical and pedagogical
training of teachers, coupled with commitment on
their part, seems to be a decisive factor. Technolo-
gies still need to be viewed not as “appendices” to
the other curricular activities or as a prize to be won
by well-behaved pupils or even as an unusual “tic”
that some teachers may have acquired, but rather as
afield which is as important as (or even more impor-
tant than) others to be found in the school curricu-
lum. Only then will it be possible to generalise the
use of technology in education. From a pessimistic
or somewhat realistic perspective, perhaps we will
have to wait for this driving force to come from the
generations born into the “information society”.
Indeed, according to Arendt (2005) novelty is and
should be introduced by the new generations. Such
1s the natural and cultural trajectory of humankind.
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