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Abstract
The Interactive Whiteboard is a multimedia tool that has a continuous increasing diffusion in schools, but, too 
often, it is used to a simple transposition of activities designed for other multimedia tools. The development 
of specific designed activities centered on the development of learning process as regards the methods of 
teaching and the contents of the specific disciplines is needed. In teaching/learning physics, IWB can 
become a tool for conceptual modeling. In this paper, examples of activities designed for primary school 
pupils are discussed in relation with motion, electrostatic, magnetism phenomena evidencing the role of 
simple tools of the IWB to stimulate the formalization and the collaborative discussion between pupils.

1. Introduction
The interactive whiteboard (IWB) is a teaching tool that aims to promote the meeting between the 
teachers’ classroom practice and the pupils’ learning needs in terms of content, strategies and 
meanings. It has the potential to support dynamic cooperation, building new cognitive skills related 
to visual and perceptual aspects. The characteristics of flexibility, interactivity, efficacy, and 
interactive multimedia have an important impact on motivation, concentration and active 
participation of students during the development of learning pathways (Glover et al., 2005) 
becoming a resource for the development of formal thinking and scientific learning. It, creating an
environment which facilitates the representation and the comparison of the interpretative ideas,
constitutes a new potential for science education and stimulates significant and radical changes in 
teaching offering more efficiency to the routine strategies (Ilyas and Al-Tabtabaie 2004). The 
history of student reasoning, often evoked as the basis for the progress in learning, can be well 
documented using the IWB and its features can make peculiar the dynamics of the teaching-
learning process. The interactions between pupils and teacher becomes a resource: in fact, the 
delicate process of bridging from naïve representations based on common sense ideas to physical 
interpretative models constructed by the class community becomes a path of reasoning that could 
be acquired by the community itself if it is documented (Robinson, 2008). 

1.1.The IWB as part of the change in the didactic practice
New technologies initially support, then extend, and indeed transform teaching strategies during 
the teachers' process of acquisition of competencies and expertise. Each one of those steps must 
be justified for its use in the context of the school curriculum as regard the teaching goals and the 
students’ needs. The introduction of ICT technology in school cannot be considered a part of the 
context. The changes brought by the use of the ICT are strongly depended on the teacher’s ideas 
about the types of functionality that it has for teaching. The IWB is in fact a catalyzer of attention of 
the class in the sense that it is able to promote active participation as well to depress it when it 
serves as a vehicle for transmission of information. Identify how specific characteristics of the IWB 
can contribute to the achievement of learning objectives and improve student understanding of key
aspects of disciplinary knowledge significantly is a task that had to be reached. The effectiveness 
in obtaining a significant change in the teaching strategies depends on the ways in which IWB is 
adapted to the existing teaching approaches and priorities embedded in domain specific discipline 
and in its actual practice. The IWB must present itself as an opportunity to reconstitute the teaching 
approach, otherwise the risk is the enhancement of passive roles for students; for example, the 
increased speed of production and delivery of materials. The objective of teaching and learning 
process should be placed at the base of the choices of use of the IWB, in a context in which the 
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learner and his/her personal involvement in the proposed activities is placed at the core (Otero 
2003; Michelini 2010). One of the central questions is therefore the teacher formation, both in-
service and initial (Jang, 2010). 

1.2.Prospects of use of the IWB for science learning
In science education, the use of the interactive whiteboard for simulations did not show significant 
increasing in performance compared to the one obtained with laboratorial activities, but it often 
encourage students to participate more actively creating interest and promoting personal 
involvement (Akbas et al., 2011). In fact, students consider interactive simulations and virtual 
experiments preferable than the real experiments because they provide an opportunity to have a 
better view of the contents (Akbas, 2011). The production of materials for the IWB is a need. In 
literature (Stoica, 2011) the potentialities of the IWB, declined taking into account the findings 
coming out the cognitive research, have been taken into consideration investigating the way in 
which teachers can promote an interactive learning in physics and stimulate the creative potential 
of the students, according to the theory of cognitive load. The role of the teacher emerges as the 
person who highlights the deficiencies in the integration of contexts and facilitates the transition 
from the everyday phenomenon to the scientific description, asks questions and provides answers 
and involves also the less active students in the learning process. Integration of IWB with other 
technological devices can be enhanced in this way: for example, it can be utilized to display data 
and graphs obtained in real time during an experiment assisted by computer. In a similar 
experimental activity, the student has the possibility to observe in real time the evolution of physical 
quantities, and the IWB can increase the interactivity of the observation. The IWB provides many 
advantages for teachers as the ability to manipulate objects in real time and the benefits of long-
term planning of resources. The proposal of meaningful activities for learning that promotes the
IWB therefore assumes relevance with respect to the potential and the quality of teaching. In 
particular, as regards physics education, the IWB could support the process of Conceptual 
Modeling to bridge students’ knowledge from an everyday-life to scientific interpretation of the 
phenomena.

1.3.The context of the activity
On the base of the analysis of the potentialities of IWB those that promote the construction of 
formal thinking will be examined in the present paper. The next examples constituted a selection of 
emblematic situations that can be carried forward to other subject areas once clarified the role 
played by the functionality of the IWB. They will refer to activities done with prospective primary 
teachers enrolled in the second year of the master degree in Science in Education at the University 
of Udine. These proposals drew inspiration from earlier research, which led to the production of 
produce validated educational learning path in physics in which was adopted an inquiry based 
approach (McDermott, 1996). The rationale of those learning path lie on the developing of vertical 
learning pathways which, from the first exploration of the phenomenological reality introduced the 
construction of a formal interpretation of the phenomena in primary schools (Mossenta and 
Michelini, 2010) providing Modules of Formative Intervention (MFI) designed in the framework of 
the Model of Educational Reconstruction (Duit, 2007). The activities proposed, structured as 
conceptual micro-steps, are focused on the analysis of simple and everyday-like experimental 
situations in which the use of the IWB is proposed to improve the process of formalization of the 
phenomenological situation addressed. In this way, activities with the IWB took place in small 
group (max 10 people) with a duration of one hour. We present here the activities proposed under 
this feasibility study, referring to another location analysis process. 

2. Electrostatics
A number of studies on the students’ learning of electric circuits (Duit, 2006) pointed out several 
difficulties and the need to link electrostatics and electrodynamics to integrate macroscopic and 
microscopic aspects as a common basis of interpretation (Psillos, 1998). Group activities
supporting hands-on activities with computer visualizations of the model were proposed to students 
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(Otero, 2003). Those activities allow the involvement of peers at small group level, but they are not 
able to allow a whole class discussion and a wider sharing of problems and meanings. The IWB 
use offers the possibility of a global group involvement. We proposed the IWB first as an 
instrument for the recalling of the previous acted hands-on activities, then for the construction of an 
interpretation of such phenomenological observations both on the micro-macro perspective in 
interpretation. Fig.1. Starting from the representation of the interpretative entities, we used the IWB 
to concretize procedures allowing, after the building of a model for the interpretation of an 
observed phenomenon, to separate it from the specific object of study and to transfer it to other 
phenomena, to validate it and finally to give it a global interpretative value as a model enriched and 
gradually specified on the basis of specific phenomenology. 

Figure 1: Students' activities concerning electrostatics: identification of the link between the type of 
preparations and the effects of the interaction, and representation of interpretative models.

First students had to identify the connection between an action done on a system and the system 
behavior after it. Some pictures of adhesive tape pasted on different surfaces were proposed along 
with pictures of couples of adhesive tape strips moving towards or away from each other. On the 
methodological plane: a) the action on the systems is distinguished from their behavior, connecting 
the strips of adhesive tape placed on a surface with one (or more) suspended strips; b) the 
descriptive and interpretative planes are separated, identifying the repulsion (or attraction) of the 
strips as an interaction responsible for the observed strips movement towards or away from each 
other. As concerns contents, we addressed the problem of distinguishing between two different 
states of the ripped adhesive tape and the several different preparations determining them or, 
equivalently, the existence of only two electrified states. In this differentiation emerge: the same 
possibility to be charged of conductors and insulators; the distinction between nature and state of 
the electrified system (due to the type of the pair in the electrification process and not to the nature 
of the electrified object); finally, a cognitive pattern where differences of causes are associated with
differences of effects. A reconstruction of the activity carried out allowed to discuss learning knots, 
emerged also during the revision of the interpretations, that can be overcome through sharing and 
peer discussion promoted by the IWB. The subsequent discussion, arisen from the request of 
representation of the models of the observed phenomena, highlights some features of the 
formalization process: in a macroscopic model the change of state was labelled by changing the 
color of objects (acting on a picture of the phenomenon) or by drawing representative symbols on 
them or representing them with a colored segment. Where, in the latter, emerges the selection that 
excluded physical features not relevant for the analysis of the phenomenon from the electrostatic 
point of view. Switching from the macroscopic to the microscopic model, the change of state 
emerges as the level of containment of entities, the charges, which are at the root of the 
macroscopic property that allows objects to interact. From a simple model in which each type of 
electrified object "contains" only one kind of entity (shown as colored spots, 2 colors depending on 
the kind) emerges an idea of the state of the electrical neutral matter as balanced composition of 
two types of charge. Charging of a system (a single tape strip) is viewed as a local change in the 
balance of charges maintaining at the global level (strip and surface of the table where it was 
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taped) the overall charge owned before the interaction resulting in charging. Not only the states are 
seen (macroscopic or microscopic as a result of the interpretation of phenomenology), but also the 
processes that determined them. 

3. Magnetism
In physics, build the physical model of reality starting from the reality itself is one of the most 
challenging one (Michelini and Vercellati, 2012). To accomplish it, the IWB role in the development 
of educational contexts is pivotal. In fact, as promoter of the cooperative activities alongside the 
possibility to work in a graphical way by overlaying multiple layers to images of actual phenomena, 
makes the IWB an ideal tool to support the conceptual modeling process.
The situations proposed were: the interaction between two magnets, the interactions between a 
magnet and a compass and the interactions between a magnet and a piece of iron. Using a 
webcam, the real situations were displayed on the IWB acquiring the recording of the phenomena 
and using the frame images to analyze particular instants of the situation. Initially the involved 
students have designed their proposal explaining the phenomenon by overlapping their 
representations the actual situation. This initial phase of collection of students’ proposals was 
followed by a discussion aimed to highlight strengths and weaknesses of each representation and
to identify for each of them the level of interpretation. In addition, overlaying multiple layers on the 
same real situation and grouping the interpretative models with the same level of interpretation in 
the same layer, the different group of interpretations were analyzed and the key elements in the 
description of the phenomenon and the core elements of the model of the process were 
individuated. Indeed, the portability of the developed model was stressed by overlapping it to 
different experimental situations and by checking how it can be re-used in different contexts. 

Figure 2: Examples of students’ representation of some of the magnetic interaction proposed

Fig.2 shows the proposed solutions with few examples of the students’ representations of the 
interpretive processes. In the left representation, a student has represented the action between the 
approaching poles as opposite arrows; in the middle, another student, the final situation in which 
the two magnets are attached. These two representations, very different in terms of interpretative 
plane, represent two distinctive approaches to the analysis of the phenomenon which overlapping 
at different levels is essential in order to construct a consistent model. The IWB in fact, offering the 
context in which students explicit their interpretation, allow students to create a repository of 
interpretations which enrichment constitute the ground on which construct the interpretative model.

4. Motion
In mechanics, at least three areas are and problematic for student learning and important to 
construct a functional understanding of the basic concepts (Hesteness 1992): the role of the 
reference system for the description of motion (Viennot 2002), the graphical representation of the 
temporal evolution of the kinematic quantities and its connection with the real phenomenon 
(Thornton and Sokoloff 1999), the representation of an interaction though the concept of force 
(Michelini, et al., 2002). In all these areas, the IWB can play an important role in creating 
environments and contexts of active learning for pupils.
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Figure 4: On the left, analysis of a real situation to address the role of reference frame, trajectory, and graph 
of motion. On the right, the description of the interactions with the forces starting from the real situation

The analysis with the IWB in an experimental situation actually lived (a toy car hit and allowed to 
move freely on the table in front of a sensor sonar ranger type) allows students to create a 
structural connection between the image of the phenomenon (the picture of the toy car on the 
bench) and the different levels of formalized representation of motion: the reference system, the 
trajectory, the graphical representation of the kinematic motion (Fig. 4). The IWB tools also allow 
representations on multiple layers, giving the freedom to move, without interruption, from the 
integrated representation of the different planes (interacting systems, reference system; force 
representation; motion...) to the separation of each level of representation and analysis (Fig. 4)

5. Conclusions
To have an effective gain by the potentiality of the IWB, its potentiality must be oriented on the 
disciplinal and educational plane. The connection with the phenomenology by means the use of 
images drawn on the actual situation using multilayer representation, provides an approach for the 
construction of formal thinking and the interpretative models. Two goals were attained with the 
modules of formative intervention regarding electrostatics and magnetic phenomena for
prospective primary teachers: forming the involved students to the topics proposed and provide to 
them ideas for activities in order to be customized and reused in their class work with pupils. The 
peer cooperation was initially a bit awkward for some students that are reluctance to expose 
themselves, but it was gradually overcome by the attractive aspect of the IWB and the learning 
context provided by the increasing peer discussion in the class. The graphic mode and the 
dynamic visualization of the models and the formal interpretative entities promote an efficient 
communicative channel between peers. The quality in which students describe their ideas loses of 
ambiguity as a result of the use of the expressive visual channel, while the verbal sharing of 
meanings in the group is simplified because communication is encouraged. It is still to analyze how 
the prospective primary teachers will transpose these activities in their educational design activities 
and what meanings (disciplinary or models) have been modified through the formalization 
proposed by the IWB. 
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