al., 2001). In fact, students tend to relate the relativity of
simultaneity to the finite value of the speed of light,
underestimating or misinterpreting the role of the speed invariance.

By visualizing Einstein’s thought experiments, interactive animations can
help the teacher to:

stress relativistic effects as direct consequences of the postulate of
the speed of light invariance (fig.4);

problematize the concept of “observer” as receptor of light signals
and stress length and duration as relations between events to be
formalized by applying a well-defined measurement procedure in a
reference frame (fig. 5);

construct progressively the concept of space-time interval through
a deep discussion of proper time and proper length as invariant
quantities and open in the direction of stressing what Born
considers one of the main results of special relativity: “quantities
regarded by the older theory as invariants, like distances in rigid
systems, time intervals shown by clock in different positions,
masses of bodies, are now found to be projections, components of
invariant quantities not directly accessible” — Born, “Physical
Reality”, 1953 — (fig. 6).

Fig. 4. The relativity of simultaneity animation and the role of the speed of
light invariance.
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Fig. 5. The length contraction animation and the definition of length of a
moving body.
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Fig. 6. The time dilation animation and the definition of proper time.

Conclusions

The examples presented show to what extent multimedia representations
can be investigated as specific tools for helping students in physics
modelling activities and in metacognitive processes about scientific
knowledge.

In particular:

- the specific representations we have designed concerning optics
show that schematizations through pictures and animations can
enable students to follow the process of eliminating the secondary
aspects of actual situations; to mentally visualize interpretative
elements of experimental situations not directly perceptible; to
construct the ideal elements on which a physical model is built;

- the virtual cart collisions inquiring setting is an example of how
interactive simulations can be used in addition of real laboratory
experiments. Indeed, virtual experiences, due to the interactive
aspect, permit to design extremely flexible teaching paths
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concerning situations that can vary from relatively simple to highly
complex;

- Schematic 2D/3D interactive animations about thought
experiments can be explored for guiding students through a
reasoning that - with clear drawings, simple languages and without
mathematical complications - moves from the postulates of a
Modern Physics theory and leads to its counterintuitive ideas.

Moreover, the animations, if well managed by the teachers, can foster
discussions about the epistemological implications of theories which
imply basic concepts and their relationships with the real world.
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