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ABSTRACT: The integration of physics and chemistry can not only be accomplished successfully, but it 
is useful for both subjects. In Greece, while general science is taught in the fifth and sixth grades, physics 
and chemistry are absent from the seventh grade. Here, we propose an integrated programme of physics 
and chemistry for a two-period per week course in the seventh grade. The relevant book (in Greek) 
includes experiments, theory, simple knowledge, and more demanding questions. The basic aims are: 
revision of basic primary physical science; preparation for the separate physics and chemistry courses 
that follow; and application of the theory and practice of science education. The programme is made of 
eight units that contain thirty-six lessons. The eight units are: matter and soil; motion and force; 
temperature and heat; water; air and atmospheric pressure; chemical reactions; energy; electricity. Basic 
features are: the spiral curriculum; qualitative treatment of concepts; taking into account of alternative 
conceptions; experimental-constructivist teaching and learning; simplicity of phenomena and principles; 
exclusion of atoms and molecules, of equations, and of graphs; and connection with everyday life. The 
programme is on trial during 1998-99 and 1999-2000 in eleven schools, involving 24 teachers and about 
1500 students. [Chem. Educ. Res. Pract. Eur.: 2000, 1, 281-294] 
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INTRODUCTION 

 
In Greece, physical science (physics and chemistry) is absent from the first year of the 

lower-secondary level (seventh grade), while it is present in the final two years of primary school 
(fifth and sixth grades). This absence is surprising, if we take into account on the one hand the 
sine qua non for our modern technological society of the relevant knowledge, and on the other 
hand the important contribution of physical science for the cognitive development of students in 
the Piagetian sense. We therefore proposed an integrated programme of physics and chemistry 
for a two-period per week course in the seventh grade. The basic aims of the programme are:  
 
1. repetition and revision of basic physical science taught in primary school, with some 

extensions and a more scientific approach; 
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2. preparation for the separate physics and chemistry courses that follow in the eighth and the 
ninth grades; 

3. application of theory and practice that arises from research work in science education. 
 

The repetition and revision of basic concepts and knowledge that were introduced in 
primary school is necessary because, for various reasons, students do not maintain much of this 
knowledge, as it was shown, at least for Greek students, in a recent study (Tsaparlis et al., 1997). 

The programme has been approved as an experimental programme (S.E.P.P.E.) by the 
Pedagogic Institute (a department of the Greek Ministry of Education and Religious Affairs) and 
is on trial during the school years 1998-99 and 1999-2000 in eleven schools, involving 24 
teachers, and about 1500 students. A textbook, suitable for the trial, has already been prepared, 
and includes experiments, theory, simple knowledge, and more demanding questions. The outline 
and excerpts from one sample lesson (without drawings or photos) can be seen in the Appendix.  

 
 

RATIONALE: THE NEED FOR, AND VALUE OF,  
AN INTEGRATION OF PHYSICS AND CHEMISTRY 

 
It is widely accepted that the various disciplines of science (physics, chemistry, biology, 

geology) are not independent of each other, as can be clearly seen by branches such as physical 
chemistry, molecular biology, biophysics, biochemistry, geophysics, and geochemistry. These 
interconnections have led internationally to many integrated science courses for the primary, 
lower secondary, and partly for upper secondary levels. In Greece, however, integrated science 
exists only at the primary level.  

According to the conclusions of the Varna (Bulgaria) International Conference on the 
integrated teaching of science (Conseil International des Unions Scientifiques, 1968), the 
teaching of integrated science contributes to students’ general education by emphasising the unity 
of science as well as its role in contemporary society. 

Gadsen, Becht, and Dawson (1979) have provided an analysis of over 100 projects for 
integrated science teaching in various countries, and examined the motivations and the objectives 
of these projects. The main motivation was the conviction that the understanding of the separate 
subjects requires contributions from the other subjects. 

At his point, we must be careful to distinguish between integration and coordination: 
although integration is more desirable (especially for lower ages), this integration is not always 
possible or obvious. There are of course topics that truly cross the disciplines, such as matter and 
its states, water, air, environment. But there are equally, many other topics for which 
coordination is preferable. Apart from content and concepts, the methodology of science is, to a 
great extent, of an interdisciplinary nature. 

The integration of physics and chemistry can not only be accomplished successfully, but 
it is useful for both subjects. At the outset, chemistry needs basic concepts from physics, such as 
mass, density, weight, atmospheric pressure, temperature, heat, energy. On the other hand, 
physics also benefits by an exposure to basic chemistry and physical chemistry topics,  such as 
substances and mixtures, elements and compounds, metals and non-metals. It is not then 
surprising that a physics course may precede a chemistry one, as in Yugoslavia, where biology is 
taught first in grade five (age 11), physics follows in grade six, and chemistry comes third in 
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grade seven (Sisovic & Bojovic, 2000). In their work, Sisovic and Bojovic provide maps with 
physics and chemistry concepts, in which they draw both intra- and inter-disciplinary connections 
of these concepts. Note also that there are numerous voices against the artificial separation of 
school chemistry from school physics (Van Berkel, de Vos, Verdonk, & Pilot, 2000, p. 148).   

At higher levels, chemistry is further dependent on physics. Thus, according to research 
findings (Harris, 1983), a group of 40 students, who had completed high school chemistry and 
physics, achieved considerably higher in first-year college general chemistry (79.0% with 
standard deviation 9.2) than an equal number (40) who lacked prior physics preparation (63.2% 
with s.d.13.0); that is physics is deemed an important factor for success in college chemistry.   
 Although the practice in most countries seems to be the integration of all science subjects, 
we feel that biology presents certain difficulties, as biologists themselves admit: “The concepts of 
biology presuppose or include understanding of physics and chemistry” (Zogza, 1998). In 
addition “in biology, it is not feasible to lead the students by means of simple experiments to the 
discovery of a law. This can be done in physics or chemistry; for biology, this is difficult even for 
organised research laboratories” (Pedagogic Institute, 1998). Experiments in biology are more 
complicated, and so biology does not easily render itself to a constructivist approach to teaching 
and learning, at least at this level. 
 Finally, mention should be made of a physical science discovery course for elementary 
school teachers, consisting of 24 exercises, designed to lead students towards an understanding of 
24 selected topics in chemistry and physics (Jasien, 1995). The topics were based on the 
guidelines of the Science Framework for California Public Schools (1990).     
 
 

THE CONTENT OF THE PROGRAMME 
 

The programme consists of eight units, which are composed of 36 lessons. The eight units 
are as follows: (a) matter and soil; (b) motion and force; (c) temperature and heat; (d) water; (e) 
air and atmospheric pressure; (f) chemical reactions; (g) energy; and (h) electricity. Table 1 has 
the titles of the 36 lessons. The Figure in the next page, shows a distinction of the topics and the 
concepts of the programme into purely physical, purely chemical, as well as into interdisciplinary 
ones. The main intra- and inter-disciplinary connections between various topics/concepts are also 
drawn; in addition, topics that are needed in both disciplines are shown in italics. Note that each 
unit is grouped separately, and that there is a top-down hierarchy, in accordance with the order of 
the topics in the programme (see Table 1).   

Note that an earlier version of the programme had the thirty-six lessons distributed into 
ten units, with two extra units, one on pressure in solids and liquids, and another on compounds 
and elements (Tsaparlis & Kampourakis, 1999).  In the earlier version, the unit on water was 
after the unit on air, which we think as  pedagogically less sound.  

The concepts of energy (especially chemical energy) and of  interaction are very difficult 
for young students (Duit,1986; 1994). It is possible of course to do a lot of physics and chemistry 
without these concepts, that is, it is possible to leave energy entirely out of this course. We have 
opted not to do that; although energy formally appears late in the programme, the concept of 
energy is introduced and used from the introductory lesson. Here is how this lesson starts: 

 
“Scientists, and especially physicists and chemists, basically are interested in two concepts of the 
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universe: matter and energy. …   All materials that are close to us or far away consist of matter; 
all materials contain energy. A large piece of iron contains more iron than a small piece of iron. 
This we express by saying that the larger piece has larger mass. Mass is a basic property of 
matter….  Another property of matter is that it occupies some space, it has volume. A third 
property of matter is that it contains energy that we call chemical energy. For instance, food, 
fuels, batteries and dry cells contain chemical energy. Actually, everything contains energy, for 
instance wood and stone; even our bodies contain chemical energy that has been and is taken 
from food.  
 
Take a stone from the ground, raise it, and then let it fall. In this action, first you did something 
to the stone: you took it and raised it; this we call an interaction between yourself and the stone. 
We accept that during this interaction, an amount of energy moved (was transferred) from you to 
the stone where it was deposited in some way (but as we will understand later NOT as chemical 
energy). When you let the stone fall, the stone interacted with the earth: the earth attracted it. 
Again, we accept that there occurred an interaction between the stone and the earth during which 
the stone transferred to the earth the amount of energy that it previously had taken from you; part 
of this energy was transferred to the air during the fall, and the rest to the earth on touching it. 
 
We agree then that during every change there is an interaction between materials that is always 

TABLE 1. The 36 lessons of the programme. 
 
 
0.  Physics, chemistry and  
science.  
 
UNIT A. Matter and soil 
1. 1.States of matter - Soil.  
2. Substances and mixtures.  
3. Separation of mixtures.  
4. Measuring length. 
5. Measuring surface and 

volume.  
6. Mass.  
7. Density. 
 
UNIT B. Motion and force 
8. Introduction to motion.  
9. Forces.  
10. Displacement, velocity,  
      and force are vectors.  
11. Weight, gravity, and 

gravity field. 
12. Relation between weight 

and mass.  
13. Pressure exerted by solids. 
 
 

 
UNIT C. Temperature and heat 
14. Temperature and heat. 
15. Thermal equilibrium. 
16. Expansion and contraction of  
      solids on heating 
17. Thermal expansion and  
 contraction of liquids. 
  
UNIT D. Water 
18. Water. 
19. Solutions.  
20. Crystallisation, recrystal- 
lisation, and crystals.  
21. Hydrostatic pressure. 
22. Flow of liquids and 

communicating vessels.  
 
UNIT E. Air 
23. Air and the atmosphere.  
24. Atmospheric pressure.  
25. Behaviour of gases on 
      heating, cooling, compressing  
      and  decompressing. 

 
UNIT F. Chemical reactions 
26. The concept of chemical  
      reaction.  
27. Chemical reactions in aqueous 
       solutions.  
28. Compounds and elements.  
29.Getting to know more about  
     elements. 
 
UNIT G. Energy 

   30. Combustion and fuels 
   31. Energy. 

32. Forms of energy - Energy  
      transfer and conversions. 
 
UNIT H. Electricity 
33. Electrocharging and electric      

charges.  
34. Electrical conductors and 
      insulators. 
35. Electric current. 
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 FIGURE Distinction of the topics of the programme into physical, chemical, and interdisciplinary and 
main intra- and inter-disciplinary connections. For further explanations see text. 

  

PHYSICS TOPICS  
 
 
 
 
 
 
 
Introduction to motion.  
Forces.  
Displacement, velocity,  
and force are vectors.  
Weight, gravity, and  
 gravity field. 
Relation between weight and mass. 
Pressure exerted by solids. 
 
Temperature and heat 
Thermal equilibrium. 
Expansion and contraction of solids 
on heating 
Thermal expansion and contraction 
of liquids. 
 
 
 
 
Hydrostatic pressure. 
Flow of liquids and communicating 
vessels.  
 
Atmospheric pressure.  
Behaviour of gases on 
heating, cooling,    
compressing and  
decompressing. 
 
 
 
 
 
 
 
 
 
 
 
 
Electrocharging and electric 
charges.  
Electrical conductors and 
insulators.  
Electric current. 

INTERDISCIPLINARY TOPICS 
 
 
 
Measuring length. 
Measuring surface and volume.  
Mass.  
Density. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Energy. 
Forms of energy - Transfer and 
changes of energy. 
 
 

CHEMISTRY TOPICS 
States of the matter - Soil.  
Substances and mixtures.  
Separation of mixtures.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Water. 
Solutions.  
Crystallisation, recrystal- 
lisation, and crystals.  
 
 
 
 
Air and the atmosphere.  
 
 
 
 
The concept of chemical       
reaction.  
Chemical reactions in aqueous 
solutions.  
Compounds and elements.  
Getting to know more about 
elements. 
 
Combustion and fuels 
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(from Bruner' s  theory of learning),  Ausubel' s theory of meaningful learning,  the application of 
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teaching. Chemistry Education: Research and Practice in Europe, 1, 135-144.
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