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What is science education? 
School is but one social agent engaged in the dissemination 
of scientific knowledge. Family, community, the media, 
knowledge technologies, culture and socioeconomic factors 
are all involved in the production and dissemination of 
scientific knowledge. Schools are mainly driven by 
practical knowledge that is comprised of the curriculum, 
pedagogies and organizational elements. The theoretical 
knowledge for science education is abundant but was never 
synthesized into a mature paradigm, hence the lack of a 
textbook for science education. There is a need for both 
such synthesis and a bridge between the two worlds of 
knowledge in order to rationalize the present system. 
 
The world we know so far has the following dimensions; 
106 m is the size of the world we can learn about through 
concrete operations and our senses. 1034 m is the magnitude 
of the world that requires formal operations and abstraction 
to comprehend it. 



The major challenge of science education is thus helping 
students to go beyond the concrete and develop formal 
operations that are underline the domain of the sciences. 
 
The information channels we are using to learn about the 
world are as follows: 
Visual, between 400 Ð 600 milimicrons 
Acoustical, between 20 Ð 20,000 db 
Chemical, utilizing about 900 receptors and combinatorial 
networking. 
Temperature, between 12c and 45c 
Haptic that is mechanical senses. 
 
The central learning apparatus is the Brain or CNS and the 
mined. ItÕs based on distributed processing, coordination 
and specificity. The three modus operandi are at the 
structural level, electrophysiological level and the neural 
network level. Thus the concerns of the science education 
discipline are spreading from the molecular level of the 
organism, the individual Homo sapience and the society by 
en large. 
 
The goals of science education are defined by the five 
dimensions: 
1.Economic needs of society 
2. National goals 
3. Disciplinary requirements and paradigms 
4. Scientific and technological literacy 
5. Individual differences in aspiration, motivation and  
 learning skills 



These goals are subjective and must be considered when 
we want to evaluate the performance of the science 
education system. 
 

The evolution of human knowledge 
Human evolution encompasses 4 million years in which 
intelligence was central to the differentiation between 
hominids and the rest of the fauna. In the beginning there 
was technological intelligence that is the capacity to solve 
existential problems. This kind of intelligence developed 
some 2 millions years ago. In pre-oral culture, language has 
biologically developed some 36,000 years ago adding a 
crucial dimension to the cultural as well as the biological 
evolution and marks the beginning of the emergence of 
collective wisdom. It is only the invention of the writing 
technology some 3000 years ago and the Greek alphabet 
that enabled the emergence of scientific thinking and the 
collective accumulation of scientific knowledge. Thus 
science is relatively a new kid on the evolutionary block 
but on the other hand during the 3000 years the exponential 
growth of scientific knowledge has created an impressive 
volume of knowledge. Science is thus a cultural 
phenomena and scientific knowledge needs learning by the 
individual human being. Most of the scientific knowledge 
is not ontogenetic, explicit or tacit by Nature. This is also 
an argument for the need to learn about science and it 
knowledge. 
 



Metaphors of scientific knowledge 
Understanding what is the nature, scope and structure of the 
human knowledge by an large and the scientific knowledge 
specifically is crucial for science educators. 
Among scientists there is no agreement regarding the 
definition of knowledge. The following are some of the 
major metaphors regarding human knowledge: 
The tree of knowledge serves classical classification 
systems. The scientometric model provides the quantitative, 
cumulative aspects of science. The knowledge space 
metaphor is based on probabilistic theory of information.  
The network model serves the distributed social and 
engineering model. The linguistics metaphors provide the 
linear structural model that the curriculum theory utilizes. 
The other terms used for knowledge come from different 
disciplines: The librarian systems (Dewey, Congress), 
BloomÕs taxonomy, academic organizational structure, 
information science, AI and philosophy. We will need one 
agreed terminology in order to be able to formalize the 
science education paradigm 

The scientific enterprise 
The production of scientific knowledge is mainly done 
today by the social organizations of academia and research 
enterprises. The total social investment in the scientific 
enterprise is 810 billion $ in 2005. The intellectual gain in 
the sciences is represented by 700,000 publications a year 
in 2005 of which 59% are life sciences, 15% in 
engineering, 8% in Physics, 6% in earth sciences.  
3000 innovative patents were registered in that year. 



There are 8407 universities in India, 5758 in the USA, 1223 
in Japan, and 1054 in China. Science is mentioned 4 billion 
times in the Internet, technology nearly 6 billion times. 
The scientific knowledge is doubling itself every 3 -15 
years depending on the disciplines. Traditionally the 
scientific knowledge is classified into the following 
disciplines: Mathematics, Physics, Chemistry, Biology, 
Earth Sciences and Engineering. These disciplines provide 
the classical subjects studied at school however one should 
be reminded that Medicine and Agriculture are also applied 
science subjects and standing at school is not always clear. 
In more then 60% of the schools science is studied as a 
single subject. The scientific enterprise is very dynamic and 
expanding itself exponentially. The science education 
people need to ask how do we relate to this vast and 
growing body of knowledge? What are the curricular 
mediating mechanisms and what is expected in view of this 
nature of knowledge? What might be the expectation of a 
learning individual confronting the infinite nature of 
knowledge? What should be the mediating mechanism 
between the scientific enterprise and the knowledge 
mediating and disseminating organs? 

The sciences education schooling system 
We study science that is the perspective of our worldview 
right from the very beginning. The pre-K environment is 
the family, home and the environment. This natural 
learning environment allows the early experiences to 
promote sensory motor intelligence and early folk 
knowledge to emerge. Kindergarten is present only in some 
of the countries around the world. Learning is based on 



play and hands on experience.  Elementary schools 
organize learning by the formal curriculum. In most of the 
classes frontal teaching and the textbook prevail. General 
science is the subject and literacy for all is the goal.  
Middle school teach science curriculum partially as 
consecutive subjects to all class, High school allows 
elective science to be studied. Science is learned as 
different disciplines to a selected group of students with a 
high academic expectations (College bound) and 
Vocational schools that are teaching science with 
preference to physics and mathematics (Workplace 
orientation). The universal issues at schools are: 
General science vs disciplinary science. 
Science for all or just for high achievers? 
Scope vs depth 
Science, science and technology, science technology and 
society? 
What is the preferred pedagogy? 
How to move concrete thinkers to formal operations? 
What is the role of labs, fieldtrips or workshops? 
What to do with individual differences? 
Is there transfer of knowledge? 
One should bear in mined that there are different answers to 
these questions in different countries and cultures. 

The science curriculum  
The theoretical framework for the curriculum is inadequate 
for the knowledge age. The Latin meaning of the word 
curriculum is the track the chariots were leaving on the 
stone-pavement. That is a linear model of knowledge that 



does not account for either 3-D model or network model 
that are becoming dominant in the digital age. 
We suggest a new definition for the curriculum as the 
representation of disciplinary public knowledge for 
learning purposes. The relationships between knowledge, 
the curriculum and the learner are displayed in the 
following diagram: 
 
Disciplinary knowledge     The curriculum    The learner             
 
As we can see representation by the curriculum is based on 
a significant reduction (or compression) by 90% of the 
disciplinary knowledge. This reduction calls for major 
choice and decision-making. Thus curriculum planning 
requires criteria for this decision making process. What is 
in the curriculum and what is out. Currently we use 
common sense and biases of the decision makers, usually 
members of a public committee. Most of the current 
science curricula reflect the disciplinary structure 
regardless the developmental issues of the learners. This is 
why IEA research has found such a consensus among 
international curricula investigated. (1999). A serious effort 
is necessary to define a curricular theory that is reflecting 
the nature and complexity of the relationship between 
public and individual knowledge. A proposal for such a 
theory can be suggested here. Two major kinds of 
knowledge are defined: Ontogenetic knowledge which 
represents the knowledge gained by the individual mined. 
Through the process of learning this knowledge is 
quantitatively limited by memory and span of life.  
Phylogenetic knowledge which is represent the entire 



collective knowledge cumulated by civilization throughout 
history this knowledge is relatively infinite and grows 
exponentially. Part of it can be described as practical 
knowledge and the other is known as theoretical and 
classified to the disciplines or subjects. Learning is the 
process by which the individual actively acquire elements 
of the public knowledge. At school the curriculum is the 
major mediator of the learning process. 

Learning 
Learning can be defined as an adaptive mechanism. The 
learner develops his intelligence that allows him to 
equilibrate properly with his environment be it natural, 
social or cultural.   Learning science encompass today 
several disciplines: neurosciences, social neurosciences, 
neurosciences philosophy, cognitive sciences, cognitive 
psychology, behavioral endocrinology, ethology, child 
development, artifi cial intelligence (AI), knowledge 
engineering, sociobiology and evolutionary psychology. 
Unfortunately educational theory is still grounded in 
classical psychology and the learning   sciences have yet to 
be recognized and imported to inform educational 
practices. 
 
The most prominent learning theory today is based on 
Piaget research. In his theory three factors have an impact 
on learning and intelligence: Biological maturation, 
experience and training and socio-cultural milieu. 
Developmentally there are four distinct and consecutive 
developmental stages: 
Sensory motor stage  (0-18 month) 



Preoperational stage (2-7 years) 
Concrete operations stage (7-12years) 
Formal operations stage (12- adulthood) 
The different stages differ significantly in the ability to 
process different problems. However the most significant 
implication is that the transition to formal operation is 
definitely required in order to understand science as 
required by school even at the literacy level. 
According to Shayer and Adi 70% 0f the adult population 
does not mature to that stage. This is a major challenge to 
science education 

Teaching 
 
The central dogma of science teaching is revolving around 
the notion of the scientific method. 
And this is the basic assumption in the footsteps of J. 
Bruner: Children (Learners) have to understand how 
scientists work. Thus if they will experience the discovery 
process they will understand the scientific method and will 
be able to master science. This is no more then a nice 
hypothesis but was never proved. 
This is the overall scheme of different approaches to 
science learning 
 
Science teaching 
 
 
Discovery and inquiry learning                                               
Receptive learning 
Focus on procedural knowledge                                     



Focus on declarative knowledge 
 
 
Discovery           Inquiry          Experiential learning 
Inductive             Deductive      Integrated 
 
The discovery approach was changed to Guide discovery 
and that was changed to inquiry approach that is the leading 
teaching strategy today. 
The major question that should be asked is whether there is 
but one teaching method for all or we should search for 
different teaching method for different students. 
The classical and central teaching method according to the 
TIMSS study (2003) 
Is based on the following steps stunts should experience: 
Define a problem 
Observation 
Hypothesize 
Experiment 
Accept or reject results 
Reflect and apply 
Here the question to be asked is whether there is one 
scientific method or multitude of methods pertinent to the 
problem in question? Is this the linear scheme to follow or 
science follows multitude of methods both cognitively and 
technologically? 

Who learns what, the saga of modern science 
education 
A neglected question in science education is not only what 
to teach and how to teach it but who learns what. 



There is ample evidence showing that science education is 
one of the most successful project of the 21 century.  
More then a billion children around the world go to school 
and learn some thing about science. Not only this but in 
many countries there is enough of an elite to sustain the 
economy and supply the human resources necessary for the 
science based production and services.  However according 
to the international comparative studies (1999, 2003) there 
is an immense gap between the have and have not countries 
and cultures in terms of the achievements in science 
education. Science is studied between 69 and 287 hrs a year 
In different countries 64% of the children donÕt have access 
to computers. In many of the countries the percentage of 
children achieving high standard does not exceed 10 % of 
the population. In many countries 50% of the children fail 
to pass the minimal standard. We can make a rough 
estimate that only 10 percent of the population is ready to 
join the science based services and industries. In the 
affl uent countries it is not suffi cient and thus called often 
Òthe crisis of science education. However this is but one 
aspect of the issue as a much more severe is the situation 
regarding scientific literacy for all the population. Policy 
makers and educators should ask themselves whether we 
have reached then age of rationality whereby most of the 
personal and public decision-making is based on a rational, 
evidence, data, and reflection as we expect from our 
science student. This questions need to be taken into 
consideration when we try to evaluate the success and 
failure of our enterprise. 



Change strategies 
In view of the many reforms of education by en large and 
science education specifically we would like to suggest 
some thoughts about the process of educational change. 
Education is a highly complex system.  A system approach 
is required to make significant changes. Right now every 
one have a solution but no on know what is the problem 
We would like to suggest the following definition of the 
problem of science education: There is no sudden crisis in 
science education however there is a big gap between ideal 
expectation and the reality of the science education 
scenery. We are at a stage when we know already a lot but 
have not synthesized that knowledge into a coherent 
theoretical framework. There is therefore a need to better 
understand conceptual development of young children, the 
nature of scientific knowledge and what works best for 
teaching. Then we need to reflect about the question who 
learns what and translate it into responsive strategies. 
When we analyze the present change strategies we can say 
the following: We need to follow all modern organizations 
and to move from the non rational trial and error change 
strategies (such as reform) to a more rational, research and 
development incremental strategies. Utilizing the scientific 
approach to introduce changes in science education might 
be a good idea. 
 
 
 


