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Abstract: Research on ICT-based learning and instruction has undergone a deep 

transformation, due in part to the parallel evolution of pedagogical and cognitive science 

theories. A set of ideas and principles has been produced which have substantially changed 

orientations, at least at the research level, regarding the design and use of educational 

software. 
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1. INTRODUCTION 

 
In recent years there has been strong pressure (both from outside and inside schools) to make 

use of information and communication technologies (ICT) in classroom teaching, in terms of 

both content and methods. 

In the course of time (though with differing approaches, methods and instruments) the drive 

towards 'computer innovation' has substantially had the following objectives: (i) to develop 

new capabilities in the students, permitting their integration in a society that has been 

drastically modified by information technologies; (ii) to use computer-linked methods, 

contents and tools for transforming and improving teaching and learning processes in the 

framework of traditional curricula. 

The first objective brought with it the need to introduce some new competencies and skills in 

secondary school curricula, while the second one is related more to analyzing how the use of 

ICT in classroom activities can produce significant changes both in the nature of the 

knowledge imparted and in the nature of the processes involved in acquiring it. This paper is 

related to this second objective. 

 

2. THREE MODELS OF ICT BASED LEARNING SYSTEMS 

 
In the following I briefly consider some of the main orientations that it is possible to single out 

in the design and use of ICT-based educational tools. Necessarily my discussion is neither 

detailed nor complete and tends to simplify orientations and models in order to highlight their 

main aspects. 
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Three models can be singled out as a starting point for eliciting ideas about crucial issues in 

ICT based learning systems: 

(a) The transmission model; 

(b) The learner centered model; 

(c) The participative model. 

In sketching such models the main aspects considered are the following: educational 

theories used (implicitly or explicitly) as a reference framework, the main characteristics of 

ICT-based systems from the point of view of their use in classroom activities, the ways in 

which users are expected to interact with them and the relationships supported. 

(a) The transmission model 

The first ways in which the computer had been used for educational purposes were 

influenced by behaviorism that considered learning as an induction of a required behavior 

according to the well-known model 'stimulus-answer'. The reference (implicit or explicit) to 

this model is most evident in the design of drill and practice programmes that are mainly aimed 

to exercise the student in the development of specific, often quite limited, competencies and 

abilities (Reigeluth, 1987). These programmes, in the course of time, have undergone 

evolutions from a computer science point of view: from the first systems with rigid interfaces 

where all the possible answers were pre-programmed, to systems where the use of Artificial 

Intelligence techniques and methods allowed personalization of the interface, the type of 

proposed exercises and the feedback obtained. Drill and practice systems, even now, represent 

the more relevant part of the educational computer-based systems available on the market. 

They usually employ some form of questioning strategy and often use some gaming techniques 

for encouraging participation and motivation. They include only minimal content instruction 

and are usually used to test the acquisition of a given ability or to provide additional exercises 

to students who show problems or delay in the acquisition of some of the skills foreseen by the 

curriculum. Ordinarily these programmes are not used during normal classroom time but for 

individual training or remedial activity during 'ad hoc' hours or at home.  

Tutorial systems, in contrast with drill and practice systems, include content instruction in a 

given topic. In their design, importance is ascribed to factors such as reinforcing memorization, 

presenting objectives, specifying prerequisites, eliciting and assessing performance. Presented 

questions require application of the concepts or rules covered in the instructional sequences. 

Feedback is often diagnostic by identifying processing errors and prompting remediation or 

recasting of the instruction (Case and Bereiter, 1984). Their use in classroom practice is limited 

since they often are perceived more as substitutes for teachers than as tools to help them in their 

work. It can be observed that this kind of approach to the use of computers in education is also 

the basis of some distance learning courses on the web that are becoming progressively 

widespread. 

The educational advantages of both drill and practice and tutorial programmes are quite 

limited. Their utility has been underlined in specific cases such as, for example, the 

performance of remedial activities (ie, the handling of written calculation of algorithms in 
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arithmetic, or, in the domain of language, the development of spelling and grammar abilities) 

or the instruction on specific topics (ie, initial training in the use of a software product). 

The prevailing metaphor is that of the system as an environment where knowledge is 

transmitted in order to be acquired by the user. 

The transmission model is the basis also of the development of many educational 

hyper-media systems. The main difference is that, in interacting with them, the user begins to 

assume an active role since s/he has the possibility of exploring the presented contents 

following her/his needs and preferences according to personal paths (Tomek, Khan, Muldner, 

Nassar, Novak, and Proszynski, 1991). 

(b) The learner centered model 

An increasing interest in constructivist theories has changed the reference paradigm within 

which the computer is considered for learning aims. The attention has been progressively 

focused on the internal aspects of students, on their attitudes and behaviors and on the cognitive 

processes that are involved in learning interactions with the computer (Brown, Collins, and 

Duguid, 1989). 

One of the major forces which has driven change has been the assumption that meanings are 

lost if learning is simply seen as the transmission of information.  

Learning is progressively considered as being based on an active exploration and personal 

construction, rather than on a transmissive model. 

Microworlds are an example of systems that are designed according with this general 

framework. The notion of microworld has undertaken a deep evolution since this term had been 

first used by Minsky and Papert in an MIT report. In fact, the notion of microworld 

changed-from a notion useful to instruct the computer to automatically solve problems in 

circumscribed and constrained contexts-to a notion useful to design environments suited for 

learning within a given knowledge domain (Papert, 1980). Even if there is no standard 

definition of the term 'microworld', there is agreement among researchers on a number of 

characteristics, which are usually considered necessary for qualifying a system as a microworld 

(see, for example, Laborde and Strasser, 1990). For example, microworlds should provide the 

user with a number of primitives (objects and functions) that can be combined in order to 

produce a desired effect (computational, graphical, etc). They should embody an abstract 

domain described in a model, and offer a variety of ways to achieve a goal. Moreover, they 

should allow the direct manipulation of objects. A microworld is built up around a given 

knowledge domain which has to be explored interacting with the programme. Hence, in the 

design of microworlds for educational aims, a crucial role is assumed by the objects that are 

made available to the user through the interface of the microworld. Papert defined them as 

transitional computational objects, that is, objects which are in between the concrete and 

directly manipulable and the symbolic and the abstract.  

Even if the above described orientations have brought the development of a number of 

projects that have produced significant results at the research level, it is nevertheless true that 

the high expectations regarding the potential of ICT-based tools to drive change and innovation 
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in school remain largely unfulfilled. One of the main reasons for this (disregarding factors 

related to hardware availability and management, and to the traditional resistance of both the 

school system and teachers themselves to change) is that technology has often been introduced 

as an addition to an existing, unchanged classroom setting (De Corte, 1996). 

(c) The participative model 

Many research studies reveal that it is pointless from a pedagogical point of view to make 

computers available at school if the educational strategies and activities the students engage in 

are not suitably revised. 

In recent years an interest on the whole teaching and learning situation has emerged. This 

means that progressive consideration is given to the needs of the teachers who will be using the 

technology, the ways in which it will be used, the curriculum objectives, the social context and 

the way in which teaching and learning activities are organized. Moreover important 

consideration is given to the definition of meaningful practices through which technology can 

be used effectively (Bottino and Cox, 2002). 

In recent years, these issues have represented a major topic for discussion in the debate that 

researchers have been conducting in the domain of educational computing. At the theoretical 

level, we have assisted a progressive move from cognitive theories that emphasize individual 

thinkers and their isolated minds to theories that emphasize the social nature of cognition and 

meaning (Resnick, 1987). An increasing importance is ascribed to theories that highlight the 

importance of studying the relations among individuals, mediating tools, and the social group 

(reference can be made to theories such as activity theory, situated action models, distributed 

cognition). Increasingly, technology is being studied in relation to long-term teaching and 

learning processes of the kind needed for the development of complex articulated knowledge 

(eg. arithmetic problem solving, Newtonian principles in physics, comprehension and 

communication in language, etc). For the development of such abilities, the student-software 

unit of analysis is not sufficing as it is necessary to consider the whole set of interactions 

established in a class over the course of time. 

The mediation offered by a given software to cognition, is not sufficient to explain the 

learning aspects related to motivation, to goals formation and to the attribution of a meaning to 

the whole activity which goes beyond the meaning of the single actions involved in the 

performance of a task. The analysis of these aspects requires looking at learning not only as an 

individual construction developed during the interaction with the computer but also as a social 

construction developed within the whole learning activity. 

This shifted paradigm has two different implications for the implementation of effective 

ICT-mediated learning environments. On the one hand, technological tools influence and 

transform the activities performed with their mediation, but, on the other hand practice can 

deeply influence the technology used. This is particularly true now, when technological 

progress is constantly opening up new opportunities (for elaboration, representation, 

communication, etc) whose potential for educational purposes has yet to be fully exploited. In 

other words, according to this approach, the way in which technology can be used in social 
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practice can prefigure new functions to be included in the technology. These new functions and 

opportunities can change the models of practice which have inspired the construction of the 

technology itself. 

It can be noted that the development of new models of practice can prefigure new ways of 

using existing ICT-based tools that can change the role that such systems have previously had 

and, consequently, the mediation that they can offer to teaching and learning processes. For 

example, in appropriately designed didactic situations, a hyper-media system can be used to 

introduce students to activities of meta-cognition, such as a reflection on their ways of 

organizing knowledge in a given field, instead of as a tool to deliver information on a given 

topic field (see, for example, the experience reported in Bottino, Cutugno, and Furinghetti, 

1998). 

An aspect of particular relevance, which is often overlooked, is that of assessment methods. 

Even in contexts that represent significant, and contextually much richer, departures from the 

traditional approaches to learning, assessment methods often appear determined by the old 

mechanistic paradigms. This suggests that a strong need exists for exploring other much more 

contextual forms of assessment, such as those afforded by the use of portfolios, problem-based 

assignments, peer refereeing and evaluation, and other emerging ways of looking at the 

challenges of assessment. 

Situated multi-environment learning systems 

We can observe that, in general, school curricula subsume different types of teaching and 

learning methods, and so no single method or type of tool used can be the choice for all 

occasions. Moreover, within any learning domain, students' and teachers' needs evolve during 

the activities in which they are involved and tools have to support this evolution. 

Situated multi-environment learning systems can be considered as a new generation of 

open-learning systems which are more suited to mediate the new ways of looking at teaching 

and learning processes that are now progressively affirming themselves. These systems make 

available tools able to support not only the relationship of the student with the knowledge to be 

learnt (learning object) but also all the relationships that are established between participants 

during a teaching and learning activity. 

These systems are typically designed with the classroom in mind. Rather than constrain the 

learning experience to be narrowly individualistic, this next-generation technology supports 

socially situated interaction and investigation. 

It is possible to delineate some general indications for the design and analysis of such 

systems. Of course, these indications are to be detailed and specified according to the 

characteristics of the specific field of application and educational context considered. In 

particular, in the design of situated multi-environments learning systems, the following issues 

assume a crucial importance: 

The computational objects and interactivity that a system makes available to the user and 

their relationship with the cognitive processes involved in the acquisition of the knowledge for 

the learning of which the system has been realized. The tools offered to validate student's 
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actions and the support they offer to the evolution of student's knowledge. The tools offered to 

support the re-elaboration of personal experience and its sharing within the class. The tools 

offered to support the setting up of a social context able to assist students' performance and the 

evolution of competencies and knowledge. 

In general, situated multi-environment systems are characterized by a strict integration of 

tools for supporting visualization, re-elaboration of knowledge, and communication. The aim 

is to offer tools for problem exploration, for representing solution strategies and processes and 

for communicating such processes as well as tools to support learning evaluation. Of course 

tools and features cannot by themselves guarantee learning. They have to be used in order to 

support the construction of activities in which learning could be the result of a social 

construction of meaning and of its justification. It should be noted also that situated 

multi-environment systems can integrate environments of different kinds, such as microworlds, 

specific drill and practice systems, communication environments, simulation systems, etc. 

 

3. CONCLUSION 

 
ICT tools can influence and transform learning by fundamentally changing the way in which a 

content can be taught and learnt. When considering the design and use of such environments 

we need to consider the whole learning situation, for example, not only the tool, but the 

teachers who will be using the software, the ways in which it will be used, the curriculum 

objectives, the social context and way in which learning is organized. This means that 

consideration needs to be given not only to the software design but also to the definition of 

possible ways it might be used effectively. Software tools should include ideas about good 

pedagogical practices where the increasing scope for collaboration and communication needs 

are also to be considered both for subject based and cross-curricular based teaching. On the one 

hand, the didactical functions supported by an educational tool influence the way in which the 

teaching and learning activity can be carried out, but, on the other hand, these functions cannot 

be fully exploited if the whole learning environment is not considered. 

The design of new tools should include, where appropriate, the use of pictures, figures, 

drawings, films and sound, and should also offer the learners the opportunity to interact with a 

variety of screen based objects to enable them to access knowledge from a different and more 

constructive perspective. ICT based tools should support students' problem solving processes 

and provide them with the opportunity to carry out open-ended problems, which is problems 

that do not have a closed defined answer. 

The discussion performed in this paper is grounded on the assumption that learning 

processes cannot be fully understood if only the individual learner is considered without taking 

into account the relationships that are established between the actors involved (the student, the 

teacher, the other students) and the role played by mediating tools. 
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