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Abstract

This ar­tic­le presents the results of a theoretical study, which pur­pose is to identify oppor­tunities to update the lear­
ning pro­cess. Sub­ject of study is the forma­tion of scientific litera­cy among students in Bulga­rian scho­ols. 
Our study has two aspects: scientific litera­cy in the norma­tive do­cuments regula­ting the teaching of science in the 
Bulga­rian scho­ol; appro­a­ches, methods and to­ols for the forma­tion of scientific litera­cy. The ana­lysis of norma­tive 
do­cuments is discussed in rela­tion to scientific knowledge and scientific pro­cesses for the forma­tion of scientific lite­
ra­cy among students in seconda­ry scho­ols in Bulga­ria.
Need for changes in science teacing is discussed in terms of: the choice of approaches, methods and tools for the 
forma­tion of scientific litera­cy among students, the crea­tion of appropria­te to­ols, including questions and pro­blems, 
ca­se studies pertaining to specific situa­tions and require event critical attitude to­wards the sta­tements and opinions 
ex­pressed and decisions on important life issues, crea­ting the right environment in which students work to­gether as 
active learners and that could lead to the development of student’s knowledge necessa­ry for life.
Key words: scientific litera­cy, chemistry educa­tion, bio­lo­gy educa­tion. 

In­troduction

To act ade­qu­ate­ly in today’s world, young pe­ople, school gradu­ates should be able to understand 
and pro­cess scientific information, to apply scientific know­ledge to ex­plain the pheno­mena surrounding 
reality. In response, over 90’s years of 20-th century stands the idea of ob­jective science teaching in 
scho­ols is to estab­lish a science literate people. All people, regardless of age, gender, cultural and ethnic 
environment, require a certain vo­lume of science know­ledge and skills to enab­le them to realize the per
sonal and social aspects. “Understanding the natu­ral sciences and their inhe­rent processes contribu­te to 
the development of these skills” (Natio­nal Science Education Standarts, USA, 1996, p.1). In this respect, 
the new vision of education brings to the fo­re the emphasis on development of perso­nal student’s skills 
in the formation of scientific literacy. This is supported by the fact that scientific literacy is a sub­ject of 
researches (Bybee, 1997, Coll, Taylor, 2009, Holb­ro­ok & Rannikmae, 2009, Organization for Eco­no­mic 
Co­o­peration and Development, 2003, 2006 etc.), and is taken as fundamental ob­jective of science educa
tion (Natio­nal Science Education Standarts, USA, 1996).
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fact that their know­ledge of science and scientific pro­cesses is undeniab­le ro­le and essential to life as a 
so­ciety and the individual. Everyo­ne faces the need to use scientific information to meet the challenges 
of everyday life - to take decisions on issues pertaining to life and his responsibilities to the so­ciety.

Many of the researches asso­ciated with scientific literacy relate to the disclo­sure content of the con
cept of “scientific literacy” (Bybee, 1997, Holb­ro­ok & Rannikmae, 2009, Organization for Eco­no­mic 
Co­o­peration and Development, 2003, 2006 etc.), other studies describe different teaching appro­aches 
which seek to pro­mo­te reflection on scientific issues (Marks & Eilks, 2009), or are devo­ted to the study 
of the level of scientific literacy (Preczew­ski, 2009, Organization for Eco­no­mic Co­o­peration and Deve
lopment, 2003, 2006).

Based on the analysis of literary sources (Bybee, 1997, Holb­ro­ok & Rannikmae, 2009, Organization 
for Eco­no­mic Co­o­peration and Development, 2003, 2006) we found that the fo­cus of “scientific literacy” 
is designed in a number of know­ledge and pro­cesses related to the student’s ability to use different sour
ces of information; to ex­press responsib­le attitude to­wards the pro­blems of environmental pro­tection; 
to care for their own health; to recognize the important human life’ and so­ciety’ questions that science 
can answer and learn to work independently and in groups, to determine their mo­tivation and other pre
ferences. ie to know their own mental activity, to have know­ledge of the pro­cesses inherent in scientific 
know­ledge - ob­servation, description, ex­planation, prediction of events and pheno­mena, understanding 
and interpretation of evidence or statements, acceptance or rejection of the fo­reign findings. In this sense, 
scientific literacy is a unity of scientific know­ledge and scientific pro­cesses that cho­o­se between two of 
its compo­nents: the content and pro­cedure.

Know­ledge, building a content aspect of scientific literacy, are tho­se scientific know­ledge that are 
important to human life and environmental, natural resources, human health, applicability limits of scien
ce and techno­lo­gy. Thus, in certain perso­nal relationships are formed and ready to participate in discus
sions of so­cial issues and the ability to take important life decisions. The second compo­nent of scientific 
literacy include scientific pro­cesses, mental and practical activities relating to the recognition of scien
tific so­lutions, scientific ex­planation of pheno­mena using scientific evidence to draw conclusions and 
implications and etc.

To achieve scientific literacy of students are required time and make changes in the theo­ry and 
practice of teaching. In their base on the one hand a need to reconsider the amount of studying facts, con
cepts, laws which will make him optimum science know­ledge relevant for a long period of time and the 
other instruction that is designed to support the pro­cess of perso­nal constructing the know­ledge learned 
by stu­dents.

Having in mind that the understanding the basic science know­ledge and pro­cesses give the opportu
nity for full-bo­died and pro­ductive live, we are targeting the state outlining the pro­blem of construction 
of scientific literacy among students in the practice of science education in Bulgarian scho­ols.

Content and pro­cedural compo­nents of scientific literacy, outlining its so­cial importance and ne
cessity of a man for a long period of time. In this respect, scientific literacy and student are the main 
things in learning of natural science, which implies adequate training pro­grams // that are relevant to 
teaching and learning. In connection with the abo­ve we analyzed , Natio­nal Educatio­nal Requirements 
/standards/, educatio­nal pro­grams, presence of factual and theo­retical know­ledge, taught in the context 
of real-life and learning when effective methods and to­ols are used.

The study is fo­cused in two aspects: scientific literacy and regulations go­verning the teaching of 
science in the Bulgarian scho­ol; appro­aches, methods and to­ols for the formation of scientific literacy.

Scien­tific Litera­cy and Legal Do­cu­ments on Scien­ce Edu­ca­tion

The basic do­cuments, regulating educatio­nal pro­cess in Bulgaria are the Natio­nal Educatio­nal Re
quirements /standards/ – Natio­nal Educatio­nal Requirements for educatio­nal contents and the curricu
la. Natio­nal Educatio­nal Requirements describe the ex­pected results from education in chemistry and 
bio­lo­gy in high scho­ol. Natio­nal Educatio­nal Requirements are embedded in curricula, describing the 
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ex­pected results in separate nuclei. Outlining concrete know­ledge, skills and relationships that must be 
achieved in chemistry and bio­lo­gy training is an essential element of the pro­gram, since these results will 
be measured and evaluated.

Keeping in mind the fundamental ro­le of the normative do­cuments sought opportunities they offer 
for the formation of scientific literacy among students in secondary scho­ol in Bulgaria in relation to scien
tific know­ledge and scientific pro­cesses:

Scientific knowledge. Natio­nal Educatio­nal Requirements /standards/ on science pro­vide students 
the opportunity to familiarize themselves with the content of basic scientific facts, concepts such as 
(item, sub­stance, reaction, cell, organism, energy, etc.) that are specified by the study of individual rep
resentatives of chemical, bio­lo­gical ob­jects, physical, chemical, bio­lo­gical pheno­mena, current theo­ries 
about the construction of building particles of inanimate and animate nature and scientific laws that aims 
the understanding of nature. We think that the curricula are overlo­aded with facts, which were intro­duced 
in a sequence very similar to the consistency of academic courses in natural sciences. This affects the te
aching of science. Our ob­servations and studies // show that a significant part of students taught know­led
ge remain “passive”, ie students can not apply them in solving relevant pro­blems and particularly tho­se 
which involve complex application of science know­ledge or tasks similar to real situations.

Scientific pro­cesses. The pro­cesses related to the formation and application of scientific know­ledge 
that can be formed through science education are connected with research practice - planning, testing, 
measuring using pro­per instruments, description, ex­planation, fo­recasting, pro­cessing and analysis of 
ex­perimental data .

For example, when studying the basic chemical laws and theo­ries, the scientific pro­cesses reflected 
in the Natio­nal Educatio­nal Requirements /standards/ are compared, making conclusion, description, 
ex­planation, prediction and etc.

For example the description is used in chemical interactions, structure of atoms of I and II period 
of the periodic system, the main types of crystal lattices, application of studied sub­stances, including 
petro­leum, schematic circulation of nitro­gen and carbon, studied compounds acting as environmental 
contaminants, construction the functio­nal carbo­xyl group and others. 

The ex­planation - for the disclo­sure of the relationship between the chemical nature of the item and 
pro­perties of sub­stances; pro­perties of sub­stances in their compo­sition and structure; use of sub­stances 
by their chemical pro­perties; using the circle of carbon and nitro­gen in ex­plaining the pro­blems of en
vironment; type chemical pro­cesses known as chemical equations; physical pheno­mena, physio­lo­gical 
functions of organs and others.

In predicting the nature and pro­perties of compounds of chemical elements, kno­wing the chemical 
nature, pro­perties of sub­stances kno­wing their chemical bonds and others.

Scientific literacy implies students to apply their scientific know­ledge to recognize these real issu
es of life that can be solved by them and that assist decision-making and ex­pression of views on issues 
relating to nature and its changes resulting from human activity. Application of scientific know­ledge 
and pro­cesses asso­ciated with familiarizing students with the bio­lo­gical action of ions, the influence of 
mineral fertilizers on the plants, the effects of ethyl alco­hol on human health, the relationship of derivati
ves of hydro­carbons medicines to know the basic bio­lo­gical functions of fat and etc., which is presented 
outside the context of real life situations. In this respect could be desired much mo­re involvement of 
edu­cational content.

The analysis of the legislation related to the science education in Bulgarian scho­ols, give us reason 
to make the follo­wing conclusion:

Content of Natio­nal Educatio­nal Requirements /standards/ and the curriculum, allo­wing the for
mation of scientific literacy among students. At the same time studies show that Bulgarian students are 
below the average level of scientific literacy (OECD,2006) and (Stefano­va§.Minevska, 2009).

The reasons for this, in our opinion are:
–	 scientific literacy is not clearly defined as a target on science education;
–	 curricula reflect the consistency of the factual and theo­retical know­ledge, specific to academic 

courses. Not fo­cus on basic scientific concepts and directions that are relevant to the formation 
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Standarts ,USA, 1996). This leads to a significant amount of factual know­ledge (facts about the 
sub­stances, pro­cesses, etc.) lo­ading content studied by students.

–	 The advance importance is given to the know­ledge. In the curriculum is not set enough the appli
cation of scientific pro­cesses that are important for the formation of scientific literacy.

Ap­pro­a­ches, Methods and To­ols for Building Scien­tific Litera­cy

The formation of scientific literacy involves changes in science teaching. Teachers create an envi
ronment in which their students work to­gether as active learners; reveal the place and ro­le of scientific 
know­ledge and pro­cesses in everyday human conditions and create an appropriate environment that le
ads to the development of students ‘active’ know­ledge necessary for life. Diversity of needs of students, 
their perso­nal ex­periences, and the environment in which they live and learn, require wide support from 
teachers, pro­viding ex­cellent opportunities for all students to learn fruitful and require learning to corres
pond to familiar situations in life.

We think that in training in natural sciences still do­minate “receiving of know­ledge”, which pro­ved 
ineffective appro­ach in teaching pro­cess. Use of interactive teaching methods and mo­dern information 
techno­lo­gy is limited.

Our ob­servations in the practice of teaching natural science, discussions with teachers and students 
show that most teachers do not understand the meaning of the term “scientific literacy”. Many of them 
connect it with scientific awareness and competence. In the pages of the Bulgarian magazine there are 
very few pub­lications devo­ted to scientific literacy. This ex­plains insufficient awareness of teachers for 
science literacy, which is targeted to be formed.

Undoub­tedly, the pro­per choice of appro­aches, methods and to­ols will support the formation of 
scientific literacy among students as essential is the use of appropriate to­ols, including questions and 
pro­blems, case studies pertaining to specific situations and require demonstration of a critical appro­ach 
to ex­pressed statements and opinions and making decisions on important life issues.

We suggest the follo­wing example for a task which requires analysis of information and interpreta
tion of evidence from the world around us for formation of scientific findings.

Acid rains

The presence of chemicals, dangerous to human health and the environment, in the atmosphere, 
in large quantities and for a long period of time, is causing air pollution. For industria­lized countries, 
this is due to carbon dio­xide, sulfur oxides and nitro­gen oxides emissions resuling from human activities 
(transport, industry, power generation, etc.). Released oxides can stay in the atmosphere for days and be 
carried over long distances. As fresh air circula­tes abo­ve ground, it sweeps dust and pollutants. Sulfur 
oxides and nitrogen oxides mix with these pollutants and interact with their components (oxygen, nitro­
gen, wa­ter va­por) or with one another. Thus, new pollutants are ob­tained, acids, that fall on the ground 
in the form of acid rain. When they fall on the ground, they alter the chemical composition of soil and 
water.

In general, the reac­tions that oc­cur in the for­mation of acid rain, can be represented as follows:

Gase­s re­le­ase­d 
into­ the atmo­s-

phe­re­. 

Water vapo­r Air o­x­ygen 
D

Acids+ +
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1. Give examples of sub­stances which may be entered in box A and box D.
2. Identify possib­le sources of sub­stances in box A.
3. What adverse effects are likely to have the sub­stances in box D?
4. Suggest measures to reduce acid rains.
In training, based on fundamental principles of the constructivist appro­ach in which the perso­nal ex

perience of the students in their interaction with the outside world plays a leading ro­le in the ab­sorption 
and transformation of new information we see possibility of organizing teaching and learning supporting 
the formation of scientific literacy (Bro­oks & Bro­oks, 1999, De Berg, K. 2006).

Conclusion

Scientific literacy is not set as a go­al of teaching natural science, so it remains away and misunders
to­od from teachers.

Natio­nal Educatio­nal Requirements /standards/ and curricula reflect the consistency of the factual 
and theo­retical know­ledge, specific to academic courses.

In terms of scientific know­ledge is not sufficiently emphasized on basic concepts of scientific litera
cy in a context clo­se to real live and daily life of students.

Insufficiently well supported is the application of important for scientific literacy pro­cesses such as 
interpretation of scientific evidence, findings, identify issues, statement in need of research and etc.

Teachers do not pay enough attention to estab­lishing the conditions and pro­per environment that 
allows students to actively apply their know­ledge, using appropriate scientific pro­cesses in the perfor
mance of complex tasks.

The formation of scientific literacy is not a pro­cess of purpo­seful work in the pro­cess of teaching 
and le­arning.
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