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Abstract 
Today teaching Biology in school is still mainly tied to the transmissive method based on behaviorist 
theories. Consequently, the student is seen as a person who passively absorbs knowledge transmitted 
through textbooks, to be learned by heart. This makes the subject extremely tedious and tricky to 
students. It becomes necessary for school to take on a new challenge: to stimulate children with 
passion, interest, curiosity about the world of science and to strengthen their critical approach to 
scientific issues. As claimed by authoritative exponents of teaching Biology, this will be possible 
through a change of methods and teaching practices in the didactic management. Teaching Sciences, 
and in particular Biology, must be characterized by an active teaching in which students can learn by 
doing, actively involved in their learning and knowledge building. These considerations resulted in the 
present teaching research, aimed at testing two experimental hypotheses. The first concerned the 
validity and effectiveness of a workshop approach (of direct exploration) in the teaching of Biology 
and, specifically, in the teaching-learning processes of the circulatory and skeletal systems of 
vertebrates. The second experimental hypothesis concerned, the opportunity to deal with these 
physiological systems even in a comparative anatomy perspective. The research was conducted in 
two Primary Schools in the north-east of Italy. In the experimental classes, the circulatory and skeletal 
systems have been studied comparing heart and bones from different species of animal (such as 
chicken, dog, pig, rabbit, roe deer, striped dolphin and trout). The project included supplementary 
activities, differenced for the two systems, stimulating discussions and reflections about certain 
diseases of the skeletal system and exploring the circulatory system in a physiological perspective. 
The results highlighted the possibility of proposing, even in the Primary School, laboratory activities in 
Biology and the possibility to approach the students with complex subjects, like Comparative 
Physiology and Anatomy. Furthermore, these disciplines helped students to mature a more complete 
and qualitatively better knowledge about the circulatory and skeletal systems. Moreover, from the 
analysis of the self-evaluations, it emerged that almost the totality of children appreciated the 
laboratory activities. 

Keywords: circulatory and skeletal system, comparative anatomy and physiology, primary school, 
scientific method. 

1 INTRODUCTION 
The meaning of teaching a scientific discipline like Biology goes from both an "informative" and a 
"formative" value. On the one hand, the goal of the discipline is to pursue an "informative" learning in a 
cultural way, on the other hand, it deals with the need to promote a "formative" development in a social 
and ethic prospective [1]. Gaining a deep scientific knowledge constitutes a means to enhance the 
quality of life on global scale, to develop linguistic and problem-solving abilities, to take democratic 
decisions on individual and community level [2]. Thus, scientific learning has a key role in the 
education process of every child, being able to affect both the person and the global community, for a 
gradual progress of potentialities and awareness of choices. 

Teaching the scientific method constitutes "the goal that teachers should pursue more diffusely" [3]. 
There are two models to define it: 

1 The Galilean experimental method that starts from the observation of reality and from the 
statement of hypothesis to proceed with the planning and execution of experiments, aimed at 
validate or discredit the hypothesis, with the collection of results and their critical evaluation. 
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This method is usually employ in the study of physiology of organisms and of their interactions 
with the environment, thus, in the sphere of Functional Biology. 

2 The observative-comparative method consists in the macro and microscopic observation of 
organisms, with the employment of all senses (not just the sight) and with the help of 
instruments like the magnifying glass and the graphic-pictorial representation. Belonging from 
the Evolutionary Biology, this method is useful in the study of physiological characteristics (so, 
morphological too) of different organisms.  

The didactic mission should be to make pupils confident with both the methods, studying different 
cases. The observation has a fundamental role in both the teaching-learning methods: it refers not just 
to the meaning of seeing with the sight, but with perceiving all the senses, re-elaborating all the data 
gained at a cognitive level.  

Often the study of the sciences is actualized in memorizing concepts and content presented in the 
text, accepting them uncritically and, thus, ending to suppress the curiosity and the natural 
predisposition of pupils in investigating the world. The challenge that school today has to propose is to 
encourage interest in children, passion for the sciences. The teacher must be able to stimulate, in a 
competent way, approaches to the scientific arguments and curiosity for the investigation [4]. And this 
will only be possible through a change of teaching practices by the teacher. Therefore, the teaching of 
Biology must be characterized by active teaching, based on the constructivist and socio-cultural model 
in which pupils are actively involved in their learning and knowledge building processes, allowing the 
passage from a "sitting school" to an "active school" [5]. The context best suited to this step is the lab. 
When we refer to the lab, this is not just a physical space, but a place where research paths and 
methods are realized, as well as an environment in which sharing experiences and knowledge for 
building a collective knowledge. 

The present research was aimed at testing the validity and effectiveness of a workshop approach in 
teaching Biology, specifically, in the teaching-learning processes of the circulatory and skeletal 
systems of vertebrates (first experimental hypothesis) and the opportunity to deal with these 
physiological systems even in a comparative anatomy perspective (second experimental hypothesis). 
The study was addressed to children of the 5th grade of two Italian Primary school (ten-years-old 
children).  

Regarding the first hypothesis, we chose to introduce the laboratory method in teaching the human 
body to promote children curiosity and interest in learning Biology concepts through an active 
approach, as suggested by different experts [1, 3-4].  

A further purpose of the research was developed from the will to extend the didactic and formative 
proposal of the Primary School to some aspects of Biology rarely faced in class, such as Comparative 
Physiology and Anatomy, proposed through the study of the Skeletal and Circulatory System of 
Humans and other Vertebrates. The comparative approach, providing students a complete overview of 
the operation and structure of the body of vertebrates, allows to overcome the anthropocentric view 
proposed in the traditional teaching. The manipulation and the direct observation of biological material 
allowed students to observe morphological similarities and differences in vertebrates, in order to 
understand the structure of those vertebrate body systems through real experience. 

2 MATERIALS AND METHODS 

2.1 Background 
The experimental experiences were conducted in two different Primary school, both located in the 
North-east of Italy.  

To support and facilitate a process of lifelong learning, the materials were selected privileging practical 
and real instruments and objects belonging from reality. In studying the skeletal system were offered 
medical materials (plaster cast, bandages and radiographies) and museum artefacts (real bones of 
different Mammals) like rabbit, roe and dog. Analysing the circulatory system, the students had the 
possibility to observe the real hearts of fish, chicken and pig, and to make experience of some medical 
instruments and materials like the phonendoscope, the blood pressure machine, plate, pipettes, 
microscope slides, May-Grunwald solution, Giemsa liquid, distilled water and glycerol 80%. 
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For each didactic unit, the observation was conducted both at a macro and microscopic point of view, 
thanks to the instruments of the optical microscope and the stereoscope offered by the Biology 
Department of the University of Padua. 

The laboratory methodology led the choice and the organization of the activities, with the application of 
the scientific method, including the application of other methodologies, depending on the activities and 
the specific goals pursued each time.  

2.2 Activities 
The first research (about the cardiocirculatory system) was carried out in two classes of the Primary 
School "L. Radice” in Venice. A class represented the experimental group and it conducted didactic 
experimentation, mainly based on a laboratory methodology. Another class was used as a control 
group, within which the teacher used mainly a transmission methodology to address the same topic.  

In the first lesson, the students of the experimental group were involved in a conversation that aimed 
to investigate their pre-knowledges about the circulatory system (what is the circulatory system? What 
the blood needs?). They were also asked to draw in small groups the anatomical structures of the 
circulatory system. 

Then, to introduce the students to the knowledge of the specific terminology of the structures of the 
circulatory system, we have proposed three images: one of the anatomical structures of the system 
(arteries, veins, capillaries and heart), one of schematization of systemic and pulmonary circulation 
and one of external and internal structure of the heart. In order to observe the images, pupils have 
arranged themselves in circles, in this way the communication has been facilitated by visual contact 
between the teacher and the pupils and between them. Photos of the inner structure of the heart were 
also show.  

In the second lesson the pupils understood the composition and functions of the blood observing a 
drop of blood in the optical microscope. The observation was aided by a data collection card delivered 
to each student in which they were asked to draw what they were observing and to answer some of 
the driving questions (Do you recognize the cells? What kind of shape do they have? Do they all have 
the same size?). Then we observed some blood analysis reports, brought in class, and retrieved from 
the Web. Compared to other terms in the reports, children recalled personal experiences related to 
family aliments they heard at home (high cholesterol, blood glucose ...). We also have analyzed terms 
that children met for the first time. The pupils then understood the meaning of the asterisk at some 
values as a signal of an anomaly of the same.  

In the third lesson at the gym school, children were introduced to heart rate and pressure concepts, 
aimed at understanding the physiological aspect of the circulatory system. Using the phonendoscope, 
students heard their beat and the beat of their classmates. The students measured the heart rate after 
a relaxation phase, then after a fast walk and finally after a scurry, verifying the increase in the 
physiological parameter after a physical effort. Subsequently, students measured blood pressure after 
rest and then scurry (Figure 1), verifying their hypothesis: it is necessary to increase the pressure to 
provide faster muscles affected by the movement.  

 
Fig. 1: Pressure measurement 
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A personal representation of the blood circulation was then proposed. This representation was 
provided through a dramatization of the path of blood. Using circles, cones and ropes at the gym, they 
tried to reproduce a simplified body pattern. 

In the fourth lesson, the pupils observed the inside of the fish, the heart of the chicken and the pig.  

Each student was provided with a observational card with the aim to direct pupils' attention to 
similarities and differences with the human heart and with the additional aim of identifying their own 
characteristics. Starting from the fish, the students noticed that the heart was positioned close to the 
gills. It was then isolated the heart to better analyze it thanks to the use of a magnifying glass. 
Considering the heart of the chicken, the students verified with the touch that the ventricular muscle is 
thick and hard. 

Finally, we went to the dissection of the pig heart. It started with the macroscopic inspection of its 
outer surface, focusing attention on the atrioventricular groove that divides atriums from the ventricles, 
and the front and back longitudes grooves, indicating the division between the two ventricles. At the 
base of the heart, the attention shifted to the vessels entering and coming out. Children, through the 
touch, could sense a clear difference between the left ventricle and the right ventricular part. The latter 
was easier to compress. It was observed its internal structure. It was cut along the vena cava and, at 
the opening of the right ventricle, visible where there are the chordae tendineae, installed on the 
papillary muscles. Bicuspid valve flaps were observed and afterwards the pupils “observed” with the 
tact the strong resistance of the chordae tendineae. They tried to pull them with great force and 
realized that it was not possible to hurt them. At the opening of the left side of the heart, the chordae 
tendineae, the papillary muscles and the tricuspid valve flaps were again observed (Figure 2). 

 
Fig. 2:  Observation of the heart of a pig 

In the fifth lesson, students did the final test.  

In the control group, the teacher addressed the circulatory system in three lessons describing, through 
frontal lesson, its function and the structures that make it up (arteries, veins, capillaries, blood and 
heart). The teacher transcribed the structural characteristics of the blood on the chalkboard, that the 
students copied in their own notebooks. He also made use of cards: one with the description of the 
blood vessels, one on the description of the pulmonary and systemic circulation and one on the 
internal and external structure of the heart. 

In the fourth lesson, students did the final test. The structure of the test was the same for the 
experimental group, without questions about the physiological aspect of the system or related to 
activity of comparative anatomy, because it was not treated by the class teacher.  

The second research (concerning the skeletal system of humans and other mammals) was performed 
in a 5th grade class of the Primary School “Don Bosco” in Vigodarzere (Padua). In this study, there 
were no control group, the results were offered by the evaluation of the process of learning and 
involvement of the pupils of the class. The didactic module was organized and conducted with the 
participation of experts and authorities of the Institute’s district, like the University of Padua, the 
afferent museums of Zoology and Veterinary Medicine, ADMO association and an expert in Radiology. 
The laboratory methodology led the choice and the organization of the activities, with the application of 
the scientific method, specifically the observative-comparative method, including the application of 
other methodologies, depending on the activities and the specific goals pursued in each activity. From 
the collection of pre-knowledges and educational needs of pupils, the research went on with the 
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gradual conceptual construction of knowledges, through processes of discovery of the pupils. The 
project included supplementary activities in regard to some pathologies concerning the skeletal 
system and concrete comparative experiences of mammal skeletons. The didactic module was 
organized in six meetings of two hours each, summarized as follows (table 1). 

Table 1.  Activities of the project concerning the skeletal system. 

1- What is hidden in 
our body?- 

The didactic unit started with the collection of pre-knowledges of the pupils 
through a brainstorming regarding the inside elements of our body (What is 
inside our body?), an intuitive drawing of our skeletal system after having 
perceived it by touch and a starting test in groups (What are bones? How are 
them? What shape do they have? What functions do they have? All the 
animals have bones?). After that a class discussion was started to share 
ideas and preconceptions between the pupils and to organize some initial 
information. 

2- Investigating bones 
to understand how we 
are made- 

During the second meeting, pupils could observe real sample of bones of 
different mammals (dog, rabbit, roe deer), comparing their similarities and 
differences (about length, color, shape), thanks to the loan of the Veterinary 
Medicine Museum of Padua. The activity was conducted in autonomy by 
groups of children and structured through a form with leading questions to 
focus their attention to some aspects of the bones (color, shape, length, 
weight). The observation went on with the analysis of the interior structure of 
a beef bone, through scientific instruments like the stereoscope (figure 3) and 
the magnifying glass, observing the internal layers of a bone and their 
characteristics.  

Fig. 3: Observation of a beef bone through the stereoscope. 

3- Health education 
for bones in good 
shape- 

After learning some of the diseases that can affect our skeletal system 
through a video (rickets, osteoporosis), pupils were involved in a scientific 
experiment to test what happens if we do not integrate an opportunity amount 
of calcium and minerals through our diet (the experiment consisted in the 
immersion of a chicken bone in a box filled of vinegar for a week, finally 
observing what happened). To discover some other pathologies that can 
affect our skeletal system, a nurse of the Radiology department of the 
Hospital of Padua showed to pupils what happens if a bone breaks and how it 
can be mend. Through radiographic images the nurse explained some kinds 
of fractures, followed by real representation of bandages and plaster cast. 
The pupils were invited to realize these orthopedic supports to their 
classmates, with the help of the expert.  

4- Saving lives with 
ADMO- 

Pupils were involved in a meeting with a volunteer of the association of 
donors of bones marrow, called ADMO. During it, they were approached to 
the purpose of the association and to the role of this fundamental organ 
through story-telling and direct explanation. Many questions emerged from 
pupils, some of which were connected to the circulatory system, fruitful to 
start a new scientific research. 
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5- Why we are made 
like this? 

During this meeting, pupils were invited to re-build the real skeleton of a dog 
(bones were borrowed from the museum of veterinary medicine), in groups 
(figure 4). Also, they were challenged to find similarities and differences with a 
complete skeleton of a roe deer, guided by some questions to focus their 
attention to some aspect, like the mouth, the hands and the feet, to identify 
the major differences between carnivorous and herbivorous animals 
(simplified with cheese knives too) and between plantigrade, digitigrade and 
unguligrade mammals (a rabbit hand was showed to compare them all). 
Through a class discussion, their discoveries were formalized all together to 
organize their concepts in a share cognitive map. Meanwhile, in groups 
children were asked to re-arrange pictures of different mammals (striped 
dolphin, human, bat and cat) with the skeleton of their limb and with their 
living environment (aerial, aquatic and terrestrial) making hypothesis and 
finding observations. A sample of a real limb of striped dolphin (borrowed 
from the Museum) was offered to make the structure concrete. Through the 
comparisons of these images, pupils found out the concept of homology, then 
formalized together with a discussion.  

Fig. 4: Reconstruction of the skeleton of a dog. 

6- What did we learn?  
At the end of the project, pupils were asked to fulfill a written test and a 
personal evaluation of the project, gaining information about their learning and 
their appreciation of the path.  

2.3 Assessment 
For each didactic unit, we proposed a final semi-structured test composed of cloze exercises, multiple 
choice items and essay questions. The format of the test was planned considering the habits of the 
classes involved, in order to detect the competences achieved by pupils as regards scientific concepts 
and appropriation of disciplinary language. 

As concern the teaching of circulatory system, the test for the control group was composed by the 
same items of the test of the experimental group, except for the specific topics of comparative 
anatomy and physiology, that weren't proposed by the teacher in the control group.  

At the end of the didactic unit of the skeletal system, the children were asked to fulfil an evaluation of 
four open-question about the project, in order to assess their appreciation and their preferences about 
the didactic activities (Which meetings get your interest more? Why? Did you find any difficulties? 
What? Would you recommend this project to other classes? Would you change something of it?) 

3 RESULTS AND DISCUSSION  
In the World and European scene, many studies analysed what are the most significant approaches to 
improve the learning [6-15]. Nevertheless, it was found that these practices aren’t used in the Italian 
school. Referring to the circulatory system, the comparison between the two tests led to confirmation 
of the first experimental hypothesis, as the differences detected in different items of verification were 
more or less consistent and always in favour of the experimental group. Direct observation of the 
optical microscopy of the bloodstream cells has helped the students understanding the composition of 
this tissue. Reading the reports and viewing the images of a blood stream encouraged dialogue and 
increased the results obtained by using only a transmission method. The dramatization of blood within 
the body has certainly helped students in understanding the systemic and pulmonary circulation. 
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Concerning the second experimental hypothesis, ie the opportunity to face the circulatory system also 
in physiological optics and in relation to comparative anatomy of the vertebrates, the results obtained 
have given full satisfaction. With regard to the activities related to understanding the physiological 
aspect of the circulatory system, the practical aspect of this subject has certainly determined the 
excellent results obtained by the pupils, revealing a topic of great interest for them. Dissection and 
observation of the cardiac organs allowed the pupils to well understand and identify the different parts 
of the heart and the morphological differences between atrium and ventricles, as well as between the 
same ventricles; they have thus been able to grasp how such diversity is linked to the different 
functions performed. With the comparative approach, students had a complete view of the functioning 
and structure of the vertebrate body, coming out of an anthropocentric view that traditional didactics 
still offers today. 

About the skeletal system, the results gained from the activities and from the documents of the test 
and of the project evaluation showed an extensive approval and an active participation of the pupils, 
involved in real experiences in contact with the belonging area. The dialogical exchange between 
school and territory, regarding the system of needs and opportunities, supported a productive 
development of competences for the lives of the pupils, starting from real evidences and contributing 
to value the potentials of the territory area. At the final test medium-high level of competence was 
achieved from all the students. Pupils reported no difficulties in the process of learning if not in the 
understanding of scientific language adopted by the Radiology expert. Their preferences went to the 
observative-comparative activities of mammal bones and skeleton reconstruction and to expert 
inventions. Their only suggestion was to lengthen the time of the project. Students would suggest the 
experience to other classes because it was "interesting and pleasant" and because they could learn "a 
lot of things about human and mammals body". A child wrote even: "I have no words! It was 
fantastic!".   There was just a complaint about the stink of the bones, that being treated chemically, 
had a strong smell, but after all, sensorial experience is a fundamental part of the process of learning. 

4 CONCLUSIONS 
The researches proved the possibility to introduce scientific activities about Comparative Physiology 
and Anatomy at Primary School, integrated with Human Physiology and Anatomy, contributing to 
extend the conceptual growth of the scientific knowledge with a phylogenetic view. Finally, the 
researches suggest not just the possibility to introduce real experiences and complex biology topics in 
class, but, broadly speaking, the need to overcome traditional teaching processes, only based on 
textbook study, to promote the curiosity and interest of pupils for science. 
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