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1. Introduction. 
 

Education reforms have been effected or are 

under way in most of the European and other 

countries during the last years. Although the 

extent and the kind of the reforms vary 

significantly from one country to another, they 

all share as a common factor the increased 

significance of Science Education which 

becomes a major constituent of school 

curriculum, comparable to language. This bust 

resulted in a plethora on works, empirical and 

other, related to Science education. Many works 

are also published on the INTERNET [1].  
Science teaching which constitutes a major 

part of the contents of Science education has also 

attracted educators and researchers. A simple 

comparison on the quantities of articles in 

scientific journals on Science education and  the 

publication of books dedicated specially to the 

different aspects of Science education shows a 

significant increase over the past decade. The 

increase in not only quantitative, providing 

useful empirical data but it also extends to more 

general aspects including the teaching 

approaches adopted, the underlying learning 

theories, the teaching means and the use of new 

technologies (especially informatics), and also, 

other parameters that may affect the 

effectiveness of Science Teaching. 

 

2. A short commentary on the Literature. 
 

Until some time ago, Science teaching and, 

more generally, Science education were dealt 

mostly as an adaptation (more or less similar to 

the teaching of all the other subjects of the 

school curriculum) of the general pedagogy 

which attracted the research emphasis on 

teaching. In current days, possibly because of the 

importance assigned to Science teaching, specific 

large extent studies are undertaken providing a 

plethora of recent data as candidates for 

inclusion to this, necessarily brief, work. Now, 

the expression “state of the art” may take 

different overlapping  and parallel meanings: 

 Current or contemporary trends in the field, 

 New developments in the underlying 

theories, 

 New approaches using or adapting already 

known models, 

 Recent empirical data from relevant 

activities, 

 Use of new equipment and or technology, 

 Empirical results obtained recently, 

 Etc. 

There are many good works in every one of 

the above classes and it would be rather 

unfeasible to single out and present even 

representative works (not mentioning the great 

subjectiveness such a task may have). 

Consequently, this work presents, for the 

interested reader, a more or less extensive 

bibliography of collected works on available 

sources about research and field activities on 

Science teaching and focuses to some of the most 

common characteristics the current works on 

Science teaching exhibit. 

 

2.1. Empirical results. 
 

Works under this class describe the teaching 

of a specific topic from the Science subject 

matter of the school. The teaching is presented 

and the data are discussed in terms either: 

 The (social, ethnic, economic or otherwise) 

school context, 
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 The application of a specific learning 

strategy, 

 The contest of a specific problem with the 

Science topic discussed, e.g. misconceptions, 

alternate conceptions, specific understanding 

difficulties, etc., 

 The comparison between different teaching 

approaches, 

 The use of new technology, especially 

computers, 

 The use of an innovative experimentation, 

 Etc. 

Taking into account the specific terms under 

which the study has been performed, the, usually 

sound, empirical data provided are useful to the 

development of teaching strategies, to choosing a 

specific type of instruction, etc. Examples of this 

type of work appear in all journals, either 

specific to Science education or to education in 

general. The publications from schools and from 

teachers associations always provide valuable 

such data from actual school operation and quite 

often contain studies of a high scientific quality 

[2]. Specialized International Conferences are 

also a rich supply of such data (see for example 

[3], [4]). Local conferences provide also similar 

data with the advantage of addressing 

peculiarities of a specific education system.  

Summer schools or special interest workshops 

is another valuable source of education data on a 

specific area or region. 

 

2.2. Surveys and specialized studies. 
 

Surveys refer to various parameters of the 

education system of a region. They are usually 

carried out within the activities of international 

bodies e.g. OECD [5], UNESCO [6], EU [7], or 

sponsored by (local or state) governments. Their 

focus is mainly on economic and on policy 

matters. However, recently their content has been 

extended to include specific chapters directly 

related to Science and Technology education (for 

example [8], [9], [10], [11], [12], [13], [14], 

[15]). These data provide useful information on 

developments in the regions considered.  

Lately, another source of this specific type of 

data initiated within the European Union by 

Thematic Networks (or other Community funded 

actions) on Science and Technology (see for 

example [16], [17], [18]). Usually these are 

initially fostered by EU within the context of 

increasing the S&T Literacy (STL), a priority 

action.   

Because of the importance Science teaching 

and, more generally, Science education receives 

in most of the European and other states, many 

reputed publishers include in their publication 

collections of refereed relevant studies produced 

in a regular basis (see some examples later). 

 

3. Content. 
 

Works on Science teaching from sources like 

the ones mentioned earlier were selected and 

their contents were analyzed in terms of: 

 The theme and/or type of the work, 

 The underlying learning theory, if any, in 

relation to skills, dexterities and attitudes to 

be attained, 

 The type of instruction used and the  type of 

assessment, if any, 

 The subject matter  chosen, its sequence into 

topics and its type (traditional versus modern 

Science), 

 The target group, 

 The experiment and, more general, the 

practice work involved, if any, 

 The equipment used, 

 Other related issues. 

Although this analysis was not extensive to 

include all different aspects in these categories, 

there were interesting findings. 

 

3.1 Theme. 
 

The works examined were referring to 

different issues of Science teaching, e.g. the 

application of a learning theory or of a specific 

type of instruction etc (see above in 3. Themes). 

Many were also referring to related issues that 

affect Science teaching or provide a context for it 

such as the Science teacher’s competence and 

how to develop it (for collections of related 

works see in [19], [20], [21]), the curriculum 

aspects and how to achieve them, existing or 

desirable objectives of Science education, the 

influence of the social environment of the school 

or the pupils (see for example [22], [23]) etc. It 

should be noted however that some of the works 

examined refer to issues related to Science 

teaching without a focus theme. This was more 

evident in works describing actual school 

practices referring to experimental or practice 

activities. 

 

3.2 Underlying learning theory. 
 



Although learning may occur spontaneously 

(every day’s experience) or even without 

teaching at all, learning theories are fundamental 

in choosing an appropriate teaching strategy and 

enhance significantly teaching effectiveness 

when they are understood by the teacher and 

applied appropriately. This is more than true for 

Science where in addition to cognitive skills 

(simple and complex) other practical skills and 

dexterities are also to be attained. In quite a few 

of the works examined, a specific learning theory 

is missing and it cannot be inferred from the 

whole teaching architecture. As empirical 

evidence indicates, most of the teachers lack the 

necessary knowledge and if they possess it, they 

tend to repeat the teaching they themselves have 

been exposed to than to transform their 

knowledge into school practice and adventure on 

new teaching approaches. The scientific 

knowledge they have learned on this subject 

seems abstract and remote to school reality. The 

importance of Science education assigned by 

recently introduced national curricula in almost 

all countries revealed the necessity for an 

effective Science teaching and the requirement of 

a learning theory. To this end Piaget’s work 

provide an expected choice [24] and 

constructivist teaching emerges as the theory 

environment for Science teaching with many 

relevant works appearing. Although in most of 

the cases the theory is applied correctly, in actual 

school instruction the active evolvement of the 

students with an appropriate time for reflection 

and (re)construction of their (new) cognitive 

schemes leaves large margins of improvements.  

In most cases the teacher “demonstrates 

inconsistencies”, “explains or proves the theory” 

and “builds the model”. The reasons may be 

attributed to the limited school time allocated or 

to unawareness of its importance. This is a 

problem attracting attention (see for example 

[25]). A useful source of related issues may be 

found also in [26]. 

 

3.3 Type of instruction used. 
 

Empirical data on school operation show that 

narration, although still practiced to a large 

extent, diminishes. Instruction is at least enriched 

with audiovisual means. Experimentation at least 

as a demonstration quite often performed by the 

students themselves is constantly increasing. 

Teaching actions requiring the active  student’s 

participation (i.e. essays, observations) either at 

atomic level or in groupwork appear frequently 

[27]. Teaching by project assignments and 

experience teaching are constantly increasing. 

Assessment is improving and seems that is 

considered, at last, an integral part of the 

teaching although there is a lag in formative 

assessment. When formative assessment is 

included in teaching usually means a summative 

assessment on part of the lesson of the day and, 

if achievement results are low, the teaching  is 

repeated in the same way (see more in [28]). 

 

3.4 Subject matter. 
 

The management of subject matter is almost 

within the traditional analytical way imposed in 

the course outline of the Science curriculum, a 

rather expected outcome, even when the 

curriculum permits flexibility. Encouraging is 

however that increasing advocating of a more 

synthetic (e.g. study of a phenomenon in total not 

its partial aspects) or of an interdisciplinary 

approach appear and relevant research and field 

work started to appears (see an example in [29]). 

Real life observations and their connection to the 

“theory” of Science disciplines only recently has 

attracted attention and started to enter 

classrooms. 

 

3.5 Target group. 
 

Apart from a minority of works where a 

target group is not clearly defined or it is stated 

to cover a wide range of grades (ages), the 

majority  of the rest addresses mostly primary 

education, may be because pedagogy is 

associated with childhood. Middle and then high 

school general education follow (in this 

descending order) while technical vocational 

education is almost absent despite its 

significance in a technology based society. 

Higher levels of education are addressed mainly 

in pre- and in- service Science teachers. Practical 

skills, so interlaced with Science education, need 

still a proper attention and a systematic study 

(see more in [30]).  Almost always the study is 

restricted to (complex) cognitive skills (e.g. 

problem solving). Within this context, 

conceptual change, scaffolding and related 

methods are used but quite often in a 

controversial way. 

 

3.6 Practice work. 
 

Experimentation has been made compulsory 

in most of the curricula introduced recently and 



are increasingly included in school Science 

teaching. Problems still remain and include: 

 The type of experiment(s) used 

(demonstration or testing, by the teacher or 

by the students, …) 

 The equipment used (simple or modern, in 

the classroom or in special laboratory, actual 

experiments or simulated ones, …) [31]. 

 The role of experiment within the teaching 

process. 

 Reporting on experimental findings. 

 Etc. 

Most problems here may be traced to the 

downgrading of practice work that prevailed and 

the lack of experienced teachers. Despite the 

progress made, the field is open to the 

investigation, the research and the teaching with 

the main problem being the smooth and 

consistent incorporation of experiments into the 

teaching practice. Also studies on this field will 

provide useful data about the outcome of 

students practice of science and may help to 

understand better the influence of practice work 

to conceptual learning, skills and processes 

associated with Science and, more generally, 

with cognition. 

 

4.Perspectives 
 

Science teaching aims at a more efficient 

Science education. Efficiency however depends 

strongly on the objectives attributed to Science 

education an issue directly related to the reasons 

Science is included in the school curriculum. 

These are: 

 Cultural. Science is a cultural asset of 

human civilization and has its place 

especially in compulsory education. 

 Utilitarian. Science is the basis of 

technology and thus a sine qua non for 

technology dependant societies and a 

significant means to welfare for the rest. 

 Personal. Science poses inherent advantages 

to the cognitive development of young 

persons and consequently it is important 

especially to the primary school curriculum 

when cognitive skills are developed [32]. 
 Social. With so many decisions in 

technology dependant societies directly 

influenced by Science and Technology 

advances, Science literacy is crucial to 

democracy as an active participatory system 

[33]. 

Depending on the values and the perspectives 

of the context society ([22], [23]) different 

priorities may be assigned to the reasons above 

affecting thus the emphasis of Science teaching. 

Or: 

The education we desire for our children must 

depend upon our ideals of human character, and 

our hopes as to the part they are to play in the 

community. A pacifist will not desire for his 

children the education which seems good to a 

militarist; the educational outlook of a 

communist will not be the same as that of an 

individualist. To come to a more fundamental 

cleavage; there can be no agreement between 

those who regard education as a means of 

instilling certain definite beliefs, and those who 

think that it should produce the power of 

independent judgement. Where such issues are 

relevant, it would be idle to shirk them. At the 

same time, there is a considerable body of new 

knowledge in psychology and pedagogy which is 

independent of these ultimate questions, and has 

an intimate bearing on education. Already it has 

produced very important results, but a great deal 

remains to be done before its teachings have 

been fully assimilated. This is especially true of 

the first five years of life; these have been found 

to have an importance far greater than that 

formerly attributed to them, which involves a 

corresponding increase in the educational 

importance of parents. 

(Bertrand Russell,[35]  
On Education, Especially in Early Childhood, 

1926) 

 

If the priority is Utilitarian, facts methods and 

techniques would be pursued by Science 

teaching. If the priority is Personal, complex 

cognitive skills as e.g. problem solving must be 

pursued. If the priority is Social, project work 

and groupwork are useful resources. Usually a 

balanced mixture is aimed at. Our societies 

highly value the personal and social reasons also 

have declared an interest on the Utilitarian one. 

Consequently, Science teaching, especially in 

compulsory education, has to be adapted 

appropriately in order to improve [34] (or at 

least to not deteriorate) the quality of our 

societies. Towards this aim Science teaching 

must adapt appropriately. Areas of improvement 

include:  

Syllabus. An update is necessary. After a 

century since relativity and quantum mechanics 

it is about time for them to reach schools [36]. 



These together with Statistical physics and recent 

developments must reproduce the syllabus in a 

coherent and consistent way. The up to now 

practice (in tertiary education also) to add 

separate additional chapters after traditional 

Science has been taught only confusion 

provokes. 

Inquiry. Open type questions and problems 

are necessary to complex cognitive skill 

development. They should, however, be 

accompanied with scientific discipline. Physics 

by inquiry is a valuable resource[37]. 
Experiments. They should be performed, 

especially in smaller ages with simple materials. 

Self-made equipment presents inherent 

advantages and helps towards a better 

understanding of the basic notions [29]. They 

should be incorporated smoothly to the teaching 

activities with the skill of planning an 

appropriate experiment to test a hypothesis to be 

an explicit aim. The distinction of observational 

and/or experimental data from their 

interpretation and the corresponding theory is 

very important [43]. 
Modelling. Science teaching must develop 

reasoning (logic) [38]. The creation of models 

[39] is a very advantageous process, may be 

used more generally and should constitute an 

explicit objective of Science teaching. 

Teaching. Everyday observation may be 

related to Science [40]. Combined with what 

children think [41] is very advantageous and 

leads to a better understanding and appreciation 

of Science. 

Teacher education. A matter of urgency. 

Polymorphic practice [42], new and flexible 

methods of training [44] are valuable resources. 
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