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ABSTRACT

This work, which has been accomplished at IES Villarejo de Salvanés and IES Alpedrete, is an attempt to improve Secondary School pupils’ performance through interdisciplinary activities and teaching games. This activity’s framework is a Comenius School Development project aiming at taking advantage of interdisciplinary activities and teaching game educational power to increase pupils’ global performances in all subjects, and their satisfaction at studying.

Pedagogical background and methodology.

This work is based on well-known facts (Piaget, Ausubel, Novak, Gowing) from the point of view of the psychology of learning:

Information is better retained when the number of ways you get this information through, increases.

Information is better retained, and more efficiently used, when it exists, in an individual’s mind, a net of knowledge which it can be linked to. The efficiency increases with the number of potential linkages.

Environment is better understood if interdisciplinary information is available.

Any intellectual activity suggests a number of questions that, in general, cannot be answered within the knowledge’s framework of that activity.

The wider the scope of an activity the more motivating it is.

Surprise is a key motivating factor.

 Games are highly motivating learning elements, and they have a great capacity to help students to retain information.

Taking these facts into account, we planned to accomplish an interdisciplinary activity including as many subjects as possible, in a natural way. To perform it successfully, it has been necessary to use a methodology based on the following action lines:

To plan the activity as a journey starting in the dissection of a lamb’s heart; observing blood cells through an optical microscope should be the second stage. It should lead to analyse how the microscope can help us to watch such minute objects as blood cells.

To provoke pupil’s surprise at each stage of the journey so as to prompt new questions in a natural way.

To emphasize how some subjects could help others, from the instrumental point of view. It was accomplished through encouraging questions, i.e. we have seen red cells, would it be possible to measure their size?

To put new questions so as to come back from Physics to Biology, i.e. optical microscope helps the eye to see minute things, but how does the eye see?

To broaden the scope of the knowledge on Physics just acquired, aiming at extending the range of applications of “new” techniques, i.e. We have measured the size of a red cell, could we measure, with the same technique, another object, for example a human hair?

To ask new questions leading to new knowledge, i.e. comparing the diffraction patterns of a red cell and a human hair we see bright and dark spots, why is the first bright spot much smaller in the case of human hair?

Finally, it has been determinant to get a very active participation of our pupils, who made a poster exhibition about the blood system, in three languages, to surround the experimental set-up. In order to encourage pupil’s participation, their posters were exhibited at the School Cultural Day”, an annual school celebration.

The observation of blood cells through an optical microscope drove us to design a number of activities aiming at explaining the fundamental laws of geometrical optics, the basic characteristics of optical elements, and the foundations of optical instruments such as periscopes, binoculars, telescopes and microscopes.

The question about the resolving power of optical instruments let us introduce the concept of diffraction and, as a natural consequence, that of lasers. Then it was possible to explain the possibility of measuring the size of red cells and, by comparing diffraction patterns of objects with different sizes, to the Heisenberg uncertainty principle.

2. The journey
Such a complex activity cannot be accomplished in an improvised way. Besides, it is necessary to exhaust all its possibilities, given the extraordinary cost it has in terms of teacher working hours.

The activity was initially planned for third course of Obligatory Secondary Education (ESO), since the blood system belongs to their curriculum. Furthermore, it can encourage their interest in optics, that belongs to the subject of physics, which they have to deal with next course.

Nevertheless, from the point of view of its motivating power, we have presented them both at the “School Cultural Day” and in welcome visits of those pupils of primary schools assigned to our centre.

Finally, given that many of our Bachillerato students (similar to those of British grammar schools) had never had the opportunity of performing such a complex activity, and taking into account that the Heisenberg uncertainty principle is a topic in their curricula of Physics and Chemistry, we invited them to pay a visit to our workshop.

First stage: Dissection of a lamb’s heart

The main goal is to induce pupils to reflect over the differences between drawings or schemes and real world.

In the framework of the educational journey that we have decided to accomplish with our pupils, this stage corresponds to the macroscopic world.

Classroom explanations about cardiac cycle, opening and closing of heart valves, and blood pressure helped us to relate Biology to Physics, what means another interdisciplinary example.

The most relevant aspects that our pupils have “discovered” through this activity are:

They have learnt how to distinguish the ventral heart side from the dorsal one.

They were able to find, by themselves, the principal arteries and veins by introducing a rod through the different blood vessels. It allowed them to recognize where each vessel starts or finishes and, as a consequence, to identify them.

They reflected on auricles and the reason why their walls are so thin.

Thanks to the incisions made on the heart’s wall they were allowed to watch heart’s inside, they observed the different cavities and the valves between auricles and ventricles. They were surprised at their apparent fragility compared to their real resistance, and at the number of ligaments holding them.

They checked the difference in thickness between muscular walls of both ventricles and gave a hypothesis to explain it.

They opened the aorta and pulmonary arteries to find the semilunar valves, and they understood how, when full of liquid, those valves close the movement of blood backwards when ventricles relax.

It has been quite a satisfactory experience since it has woken up our pupils’ curiosity for real world careful observation. We have checked that this exercise has been highly motivating, and less boring, than ordinary work in the classroom.

Second stage: Blood observation through an optical microscope.

To properly observe blood cells through an optical microscope we used the double dye technique eosin/haematoxylin that allows us to distinguish red cells from white cells. The first ones dyed in red, by eosin action, while the nucleus of the second ones dyed in purple, by haematoxylin action.

We drove pupils’ attention to the cellular composition of blood so that they could perform a good morphological description of the observed cells. This activity has allowed our pupils to know that red cells have no nucleus, and to see them as the optimal solution to perform the function of bags to carry oxygen. The multiple twisting that can be observed in those cells have shown the enormous flexibility they must have in order to carry out their function.

They have observed white cells, as well. We have reminded them about the existence of another kind of entities: the blood platelets (fragment of cells), and we have revised the function of the different types of blood cells trying to link them to quotidian events already studied in Primary School: blood coagulation, immunological defence or allergic breathing processes.

The activity has made clear to them the relative abundance of each cell’s type.

We have showed them the results of a real blood analysis, and professional photographs of similar observations accomplished with more powerful optical microscopes, and with electronic microscopes. It has helped us to introduce the problem of how to measure minute objects: which is the size of a red cell? Can we measure it? How can we do it?

Third stage: Optics, its laws; optical elements and optical instruments.

We started this part of our journey with a short presentation of the optical elements we have got in our laboratory equipment, both in conventional and plane optics.

Next, we showed how to produce “light rays” and “light beams” by using simple and multiple slits, and how to produce collimated beams with an adequate lens system.

Afterwards, we proved the reflection and refraction laws; rays’ deviation by a transparent layer with plane and parallel faces; total reflection and how to identify lens and mirror focuses. 

Finally, we tried to answer the question of how to take advantage of all that knowledge to develop useful instruments and, after having identified potential needs, we showed how to design them and how some of them work, i.e. periscope, telescope and microscope.

Fourth stage: Diffraction. How to measure a red cell size.

We got a He-Ne laser, whose beam was diffracted on red cells within a microscope sample. The screen showed a reasonably good diffraction pattern where it was possible to identify the first bright circle, and the first dark ring, besides a bright and diffuse circular stain corresponding to the second lighted ring.


We explained our pupils that measuring the distance (d) from the microscope sample to the screen, and the diameter of the first dark ring (D), we could calculate the red cell size with the formula
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where a   represents the red cell diameter.

This experiment prompted a set of questions intended for exciting pupil’s curiosity, for instance:

We have watched red cells in our laboratory by using an optical microscope. Now, would it be possible to observe a virus with such a device? Would it be possible to pile up lenses so as to watch even smaller objects such as molecules or atoms?

What are those small and diffuse spots that we often see floating in our field of vision? Are they optical illusions? Are they small dust specks on the eye surface?

Looking at a bright light source through a pinhole on an opaque surface, we can find out a number of pretty concentric circles and long chains. If the points we see are just shadows, then,  why do we see concentric circles and chains? Why does a pinhole help us see those points’ structures?

Fifth stage: Comparing diffraction patterns we showed the Heisenberg uncertainty principle.

We diffracted a laser beam both on a red cell and on a human hair, and comparing the sizes of the corresponding central bright spots, and linking them with the real dimensions of those objects it was evident that the larger the object size the smaller the light beam aperture.

Sixth stage: Telling to friends, a multilingual tale.

An experience like this, and with such an elementary course as third of ESO, cannot be performed without a careful previous preparation.

In order to put activities like this one into gear, we have planed the teaching learning process for Physics, Chemistry, Biology and Geology, from the very beginning, in a multilingual environment.

From the methodological point of view the process has been the following:

To explain each didactic unit in Spanish, up to get a reasonable understanding of its contents.

To hand out to pupils, shorter reports about the same topic in English and French.

Reading of those reports’ contents by the teacher. After each paragraph, a pupil repeated the reading.

Translation of the paragraph by the pupil who had read it, with the teacher’s help. The teacher had then the chance to explain grammar or vocabulary difficulties when necessary.

To make a set of posters on the blood system in Spanish, English and French.

Classroom quiz game based on questions about the topic in English and French. Questions were to be answered in one of those languages, under the questioned pupil choice.

3. Evaluation
This experience has been deeply gratifying for teachers, both because the excellent cooperation climate we have created, and because the intrinsic value of the workshop, its precise operation, and the degree of achieved acceptance both among pupils and teachers.

Evaluation instruments

In order to properly evaluate the activity we have used adaptations of well-known instruments such as inquiries, word maps and the “V” of Gowin.

From the evaluation process we can conclude that our pupils, in general, have properly understood:

Vision foundations.

Vision foundations of microscopic world.

How optical elements work when mounted in optical instruments.

The possibility of measuring microscopic objects.

Besides, they have shown a wider knowledge of heart anatomy, blood composition, and they have improved their approach to foreign languages.

Future projection

There are a lot of different topics, whatever the subject is, that can be focused on an interdisciplinary way, working on them with a methodology similar to that of teaching based in projects. The natural way to introduce them is to plan a research project, where other subjects can participate every time we need to understand why things are the way they are, or how can we get a determined knowledge. Foreign languages can be introduced in the same way we did.

With regard to other language teaching, this method has a well known and successful precedent, that of teaching based on tasks, where the students learn a foreign language while working on a subject they are extremely interested in. Thus, the proposed method seems to be undoubtedly powerful so as to achieve a quick improvement in foreign language performances.

The teacher team responsible for this experience propose to extend it to every scientific area, both in second and third course of  ESO

5. Conclusions
Motivational aspects

There are not yet objective results because it is the first time we have accomplished such an experience. Nevertheless, teachers’ observations support a clear motivation increase. The main parameters for such a statement are:

The degree of pupils’ involvement in posters making and exhibition set-up.

Pupils’ comments during the show phase in laboratory.

Pupils’ participation in the subsequent workshop where they were encouraged to work with optical elements; etc

Behavioural aspects

Pupils’ behaviour has been excellent, with high participation and extraordinary interest. Their expressions of surprise have been strongly encouraging.

Academic performances

We have watched a qualitative improvement in academic performances, but we cannot offer quantitative data given the small size of the sample.
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