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Abstract

From the perspective of curriculum innovation the teacher has a central
role in implementing an innovation in educational practice. Many factors
are influencing successful implementation, of which good quality products
and materials provide a powerful starting point for teacher inservice trai -
ning activities. As in many educational systems, teachers are free to decide
whether or not to use computers as a medium in their teaching approach,
it is important to take into account in the design of inservice training the
problems teachers are experiencing when using computers. Finally, conse -
quences of the curriculum innovation perspective for the design of in-ser -
vice training are discussed.

1. Introduction

With reference to the use of computers in education, international assessment studies
have revealed that the implementation of IT (nowadays still predominantly computers) in
the classroom practice is still rather limited in most nations (Pelgrum & Plomp, 1991,
1993; Pelgrum, Janssen Reinen & Plomp, 1993). These results as well as the outcomes
of many implementation studies (for a review, see van den Akker, Keursten & Plomp
1992) underscore the prediction by WaLker (1986, p. 31) that "implementation problems
will determine the type and extent of uses to which computers are put in schools, not
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the philosophical or theoretical claims and not the objective benefits to be gained from
any given use".

In line with these findings, it can be concluded that, also in the domain of IT, the tea-
cher is the person who is responsible for implementing the curriculum as it is agreed upon
(on national, regional and/or school level) in the classroom. "Educators and educational
researchers consistently cite one factor as central to the full development of technology's
use in the schools - the classroom teacher" (OTA, 1988, p.87).

All this provides sufficient reasons to take a closer look at the introduction of IT in
education from a curriculum innovation perspective with a special attention to the role of
the teacher.

1.1 Information Technology as object, aspect, or medium

In this context it is relevant to distinguish between IT (mostly still computers) as an
'object', as an 'aspect', and as a 'medium' in education (Ministry of Education, 1992). In
IT as object the focus is on the technical functioning, its social implications and the pos-
sibility of employing particular applications in a useful way. Basically, this approach
means teaching and learning about IT and computers; in lower secondary education often
in computer education and information and computer literacy courses, but also as part of
existing subjects. IT as aspect refers to IT as an integrated component in another subject,
such as in vocational courses or, in general education, in science courses. IT as a medium
refers to IT (or computers) as a tool or an aid in teaching and learning. Applications of
IT as a medium are, for example, all forms of computer assisted instruction.

In this chapter, we will focus especially on the use of computers as a 'medium' and
as an 'aspect', as these are having a great impact on the teaching and learning processes
at classroom level. First, attention will be paid to the curriculum-innovation perspective
of IT in education. Then the teacher's perspective will be discussed and a promising
approach for integration of computers in teacher's inservice training.

2. Curriculum-innovation perspective of IT in education

2.1 Variables that influence implementation

Positioning the teacher in the center of our attention requires that we recognize several
categories of variables that may influence the implementation of innovations in general
(Fullan, 1991), and of changes in technology in particular (van den Akker et al., 1992;
Fullan, Miles & Anderson, 1988). The (product) characteristics of the innovation itself
(in our case IT in education), are very important. But before discussing these, we men-
tion three other categories of variables that are more or less conditional for successful
implementation:

• national/state/district context: central legislation and regulation; system of educa-
tional policy decision making; time, resources, and facilities made available for
innovation; proclaimed values and aims about an innovation; attitudes of politicians,
opinion leaders and administrators about an innovation;
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• school organisation: experiences with earlier innovations; role of the school leader;
procedures of decision making; available facilities (time, money, materials); internal
Co-operation and mutual support; distribution of information and exchange of expe-
riences;

• external support: inservice training; assistance with internal staff development; coa-
ching and guidance for individual teachers; personal contacts with experts and col-
leagues from other schools.

2.2 Illustration from the Netherlands

It is seldom possible to influence all these variables in a positive direction. But their rele-
vance can be illustrated with the developments in the Netherlands (Ten Brummelhuis &
Plomp, 1993, 1994). The stimulation policy of the Dutch government in the 1980s was
originally directed at IT as object of education by providing each secondary school with
some computers in a lab, training some teachers to teach information and computer lite-
racy, and subsidizing curriculum development in this area. As a result, in the early 1990s
in the Netherlands more than 95% of the schools are teaching such a course in lower
secondary education; similar outcomes can be given for other countries. Also successful
is the Dutch policy of making use of computers as an aspect in physics compulsory.
However, the freedom for the schools of organising their teaching process in the
Netherlands (and in many countries) does not allow the government to prescribe to
schools and teachers the use of computers as a medium. Teachers will only use compu-
ters when they are highly motivated to it, e.g., because they see the usefulness of it. The
results of IEA's international comparative study of computers in education not surprisin-
gly show that the use of computers as a medium is in all participating countries much less
that the use as object (Pelgrum & Plomp, 1991; Pelgrum et al., 1993).

2.3 Stimulating IT use as a medium

Under the assumption that proper use of IT as a medium can improve teaching and lear-
ning processes, and given that the use of computers as a medium is not obvious for tea-
chers, it is from a curriculum innovation perspective essential to develop an effective
implementation approach.

2.3.1 Characteristics of the medium as an innovation

Two aspects are important here: the characteristics of the innovation (e.g., educational
software and accompanying materials) itself and teacher (m-service) training (which will
be discussed in the last section). Although products and materials alone are never suffi-
cient for the implementation of innovations by broad groups of teachers, their potential
influence is significant. Moreover, good quality products and materials provide a power-
ful starting point for teacher (in-service) training activities. According to Fullan (1991),
these characteristics include:

• need and relevance: What is the need for and the appropriateness of the change?
What is the priority of the efforts to implement the innovation relative to other
concerns?
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• clarity: How clear are the goals and essential features of the innovation? How clear
are the practical implications for the users?

• complexity: How many components of the instructional partice are affected and how
much do they differ from existing practices and beliefs? How difficult is it to learn
the necessary changes?

• quality and practicality: How well developed and tested are the products? How cer-
tain is the impact of the innovation? What is the trade-off between actual benefits of
the personal and organisational costs?

2.3.2 Obstacles because of weaknesses in medium characteristics

Weaknesses in these characteristics may result in major obstacles for implementation.
Research in this area is scarce. From the IEA Comped study (Pelgrum et al., 1993) we
know that the quality and quantity of courseware is considered as insufficient by the
teachers. Keursten (1994) summarizes some problems in the quality of educational
software and courseware from the available research literature (see also van den Akker
et al., 1992): poor match between curriculum and software; limited application possi-
bilities; courseware not suitable for whole-classroom use; poor documentation of soft-
ware; products not or hardly evaluated, resulting in uncertainty about their usefulness
and effectivity.

Such criticism has recently been underscored by Keursten and Nieveen (1992), who
analyzed all (161) at that time available courseware packages developed for classroom
use in secondary education in the Netherlands. Where many policy makers and opinion
leaders in the area of computers in education seemed satisfied with the available course-
ware in the Netherlands, and could not understand why so few teachers were using them
regularly, it appeared that the quality of the documentation accompanying the software
was very poor.

3. The teacher's perspective
From a curriculum innovation perspective, teachers are key actors in implementing IT in
education. This key role not only becomes manifest where teachers do have the freedom
to decide whether or not to use IT as medium, but also in the quality of the imple-
mentation of IT as aspect.

3.1 Difficulties teachers face

The above-mentioned characteristics of the innovation are attributed characteristics and
therefore difficult to determine objectively. These subjective judgements of users depend
on their actual experience and situation with respect to IT and on other personal charac-
teristics. The above mentioned problems with educational software and courseware do
increase the chance that when teachers balance pros and cons of ITuse, this will result in
a rejection. This chance will increase, as long as many teachers experience many pro-
blems when using computers (van den Akker et al., 1992), such as:

• difficulty to select software;
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• lack of technical skills in using computers and software, leading to uncertainty and
low level of computer use;

• unanticipated problems with instructional roles, which have changed as a conse-
quence of computer use (being a partner and guide of students, instead of expository
teaching; thus, having learn new roles and unlearn old ones);

• many practical problems, such as many time-consuming management and organ-
izational activities.

3.2 An infusion approach to teacher support

It is important to realize that in teacher's initial implementation efforts personal self-
concerns dominate, changing via more task-oriented concerns to concerns about the
impact of the curriculum on learners. Thus, where at present most teachers are still in the
initiation phase of computer use, where personal 'survival' concerns dominate, course-
ware materials and teacher in-service training should support the teachers by anticipating
as much as possible potential user problems and by offering practical advice to prevent
or solve such problems. Van den Akker et al. (1992) (see also van den Akker &
Plomp,1993) are suggesting that integration of computer use in instructional practice
may benefit of an 'infusion' approach, which can be characterized as follows:

• teachers can start their computer use with short and well organized applications;
• successful use is strongly advanced by carefully designed and validated procedural

specifications in the different courseware components;
• based on these successful experiences, teachers acquire clarity about the meaning

and potential of the innovation, gain confidence in their own competence, and de-
velop their own view of the appropriateness of the innovation for their students and
themselves.

4. Consequences for in-service training

4.1 Types of change required of teachers

As Fullan (1991) has pointed out, many innovations require teachers to change on sev-
eral dimensions: the use of new materials, alterations in their teaching behavior, and
changes in their beliefs and attitudes. The more dimensions are at stake, the more com-
plex the innovation is and the more difficult it is to get it successfully implemented.

When looking at the 'medium' and the 'aspect' application of IT in education,
usually all the three above-named dimensions do apply. For many teachers working
with IT means working with new materials (both hardware and courseware). It is often
influencing teaching behavior and beliefs, as allowing students more individual and
small-group work with computers (varying from doing simple exercises to problem-
solving tasks using data bases, or computer-based science lab work, etc.) demands from
the teacher another role: more individual guidance instead of whole-class teaching.
Introducing IT in education as medium or aspect has therefore to be considered as a
complex innovation.
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4.2 Focuses for in-service training

If inservice training has to contribute to an effective implementation of such a complex
innovation, it should be part of a more comprehensive scenario of combined measures
(cf. Fullan, 1985), including:

• attention to the development of clear and validated materials;
• focused, ongoing inservice or staff development activities;
• active administrative support and leadership at the district and especially the

school level;
• the development of collegiality and other interaction-based conditions at the

school level;
• the selective use of external resources (both people and materials).

4.2.1 Theory underlying training

External support approaches may especially focus on a combination of the first two
components: materials development and teacher and staff development. The training
component in that approach should preferably reflect the widely validated model of
Joyce and Showers (theory, demonstration, practice, coaching, follow-up coaching).
Some elaboration of what the training should provide for the teachers (cf. Roes & van
den Akker, 1993):

• clarification of the ideas behind the innovation and practical examples of what these
ideas might look like in the classroom (via written lesson protocols or video recor-
dings);

• opportunities for practice during the sessions and in real classroom situations,
accompanied by structured feedback and informal exchange of experiences;

• follow-up support and (peer) coaching in adapting and elaborating proposals and
materials for own teaching practice.

4.2.2 Theory underlying instructional materials

Courseware (including print materials) are better suited to serve as tools for practice and
communication in training contexts as far as they:

• clearly reflect the innovative ideals;
• provide the teachers with practical suggestions for dealing with difficulties regard-

ing lesson preparation, subject matter, teaching pattern, and learning effects;
• are empirically proven to be workable and effective.

5. Conclusion
Combining sophisticated exemplary materials and inservice training works well for the
growth of individual teachers, while additional staff development activities can help
incorporate the innovative practices and beliefs throughout the school organization.

Recent results of IEA's Comped study (Janssen Reinen & Plomp, 1993) once
more have underlined the importance of teacher training. Teachers' knowledge and
skills with reference to computer integration in the classroom are significantly related to
the amount and types of training received. In particular, pedagogical/instructional as-
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pects in teacher training are contributing to ffie integration of computers in the class-
room. However, this topic is still barely covered in teacher-training activities (up till
1989). Such findings about the potential of inservice training, but also the frequency of
ineffective inservice approaches that occur in reality, should stimulate us to design and
test more effective strategies.
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