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Dear participants of the 8th IOSTE Regional Central and 
Eastern European Symposium! 

The year 2011 which UNESCO has named the International year of Chemistry 
is closing in. Certainly, also other science branches along with chemistry – biology, 
physics and others, including the studies of the respective science subjects at basic and 
secondary school as well as higher education, the field that is also called the didactics 
of sciences has received no less attention. In other words, both the specialists and 
teachers of sciences are working  to ensure that the ideas of these sciences not only 
get into the centre of the society’s attention but also serve as the basis for preparing 
the future specialists of this field. However, the foundation of all that is the scientific 
literacy which includes not only the factual knowledge of the particular science that 
has always been important, not only the skills to apply the respective knowledge 
in concrete situations but also the skills and abilities to make adequate decisions 
in the interests of all the society without which we cannot imagine the sustainable 
development of the mankind. 

There are many world-level organizations that coordinate and help unite the 
common efforts to ensure that scientific literacy becomes the wealth of each member 
of the society. This is also true about IOSTE – International Organization of Science 
and Technology Education, under the wing of which the 8th IOSTE Regional Central 
and Eastern European Symposium „TRENDS AND MAIN TENDENCIES IN THE 
21st CENTURY” is organized in Riga in the finishing line of the International year 
of Chemistry. The symposium was initially organized by the Byelorussian colleagues 
and now we meet in Latvia, the University of Latvia and it marks the multifarious 
presence and broad international cooperation which is reflected in the special volume 
of the Scientific Papers University of Latvia.

The specialists in the field of the science didactics from the countries that directly 
belong to the European region (Belarus, Estonia, Czech Republic, Russia, Latvia, 
Lithuania, Poland, Slovakia, Ukraine) as well as from Finland and Germany and even 
the far away Brazil have expressed their willingness to participate in the symposium 
that promises a very interesting sharing of the experience which will go beyond the 
vision of the specialists representing just one region. 

We have included articles of different thematic lines and methodological approaches 
in the collection of the scientific papers. In some cases these differences are caused by 
different historical traditions of teaching science subjects, in other cases – the didactic 
searches of the authors themselves. Besides some articles mark the initial stage of a 
new study or methodological solutions while others present the outcomes of the work 
done. This diversity, to our mind, characterizes sufficiently extensively the current 
trends in the science and technology education in the Central and Eastern European 
region the evaluation of which was also one of the key objectives of this symposium.

Firmly believing that the materials of the 8th IOSTE Regional Central and Eastern 
European Symposium will facilitate the creative activities not only of the participants 
of this symposium but also other readers we would like to express our gratitude to all 
the people who participated in the making of this collection of scientific papers.

Janis Gedrovics
Dagnija Cedere
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FoREWoRD
Towards the Contemporary Science and 
Technology Education

The main goal of contemporary science and technology education (STE) is 
to improve the quality of teaching and learning science and technology according 
to requirements set by the science-based development of industry and economy. 
Although the functioning of society depends on education and personality of every 
citizen the STE should support the formation of such important personal attributes 
as the values, interests in science and technology, positive attitudes towards science 
and technology, the motives to be an active member of the society. On the other 
hand, a personality as a unique individual totality has been derived from the social 
structure (Kon, 1971).

The paper „Peoples and cultures“ from Oxford Illustrated Encyclopedia (1995, p. 
101) declares very strongly that the main goal of every education is the development 
of the individual personality. About 30 years ago the famous Finnish researcher E. 
Lahdes states that the personality is the common sphere of cognitive, psycho-motoric 
and affective attirbutes (Lahdes, 1977). We would like to add to this model only some 
intermediate attributes, such as the interests in science and values. We  would only like 
to emphasize that the human values are the catalysts for their activities. Psychological 
literature defines value as the trans-situational goals that form the guiding principles 
for life (Wortman, Liftus,  & Marshall, 1992). The learning as a main component of 
educational processes „... is a relatively permanent change in performance potential 
that arises from experience“  (Wortman, Liftus,  & Marshall, 1992, p. 166). Our task 
in this case is to  change the learning of science and technology so that it supports  
the formation of socially active citizens. The interest we consider as an emotional 
need/wish to do something in science and technology. 

As a result of long period investigations a well – known psychologist of English 
origin H. J. Eysenk drew a conclusion that a personality and intelligence are two 
different dimensions (Allik, 2003). Actually our empirical studies in 2003 and 2005 
with more than a thousand 9-grade students showed that there is not any correlation 
between the students´ science knowledge and their activities to protect and improve 
the environment surrounding them (Jürviste & Tõldsepp, 2005).

How many times have we heard the statement that STE gives people the 
knowledge and skills, which make  science and technology the tools to gain progress 
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10 Chemistry

and success. In order to make STE the tools to gain progress we need much more 
than only scientific knowledge and skills. We need such a kind of personal attributes 
that strenghtens the use of scientific and technological knowledge as well as skills.

The value 
Something is for me

very important
→ The attitude

I prefer something →
The behaviour

I´ll certainly do what 
I prefer

Fig. 1. The standard model of the human behaviour

The research and development work (R&D) of the students´ attitudes and 
interests towards environmental and ecological problems belongs to one of the main 
topics of the Symposium. 

The second important topic of the Symposium is the curriculum development, 
change, implementation, dissemination and evaluation. There is not any doubt that 
the curriculum design and implementation have been, and continue to be, at the 
forefront of science education reforms. We consider a balanced curriculum as the 
initial position of good learning and good teaching any field of sciences. According 
to our paradigm the ideal model of science education today as well as in future is the 
teaching balanced science in accordance with balanced curricula in a strongly social 
context that is based on logical, psychological and didactical treatment (Tõldsepp & 
Toots, 2003). 

About half a century ago the famous Russian psychologist P. Galperin has 
emphasized that it is impossible to teach in a sensible way when teaching the 
subject is structured in an insensible way (Galperin, 1965). The guiding role of 
teaching the subject in the formation of abilities of the scientific research activity 
in comprehensive school was supported by V. Lamanauskas, too. He has mentioned 
that teaching subjects become the means of realization of learners´ demands and 
interests (Lamanauskas, 2008, 132). Conventional approaches in curriculum design 
have typically included emphases on content knowledge (e.g. problem-solving in 
the context of substances and chemical reactions) or societal aspects of science (e.g., 
effects of physical and chemical pollution on the environment).

Our recommendations related to the design and structuring of curricula for STE 
are the following:

•	 to take into consideration the relevance (scientific, social, personal) of every 
element of teaching the subject;

•	 to save the paradigms, structure and epistemology of every field of science;
•	 to follow the psychological concepts of continuity and compactness by 

structuring the teaching of the subject.
Our recommendations for optimizing the content of teaching the subjects in 

different fields of science (biology, chemistry, physics) based on the hierarchy of 
scientific concepts from individual (single) concepts up to general categories and 
psychology of working memory of the students. In the framework of this paper we 
would like to recommend the following ways to optimize the content of science 
curricula and syllabi:
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•	 to reduce the number of individual (single) concepts about substances and 
different processes;

•	 to raise the role of epistemological reasoning of scientific objectives;
•	 to find the optimal relationships between the content and context 

knowledge;
•	 to use the elements of visual information – processing theory to reduce the 

students´ working memory (Johnstone, 1991).
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Curriculum Development for Student Competences

Rudite Andersone
University of Latvia, Riga, Latvia  

rudite.andersone@lu.lv

Abstract
The 21st century is characterized by tremendous changes brought in the life of society by the 
processes of globalization, and as a result of it one of the challenges of education is to ensure 
sustainable development of society. It can be promoted by applying competence approach 
when working out school programs, namely, by developing purposefully and systemically the 
learners’ competences.
The article analyzes four subject programs of science and technologies cycle – in mathematics 
(algebra and geometry) for Grades 7-9, biology for Grades 7-9, physics for Grades 8-9,  
chemistry for Grades 8-9 and the development of learners’ competences involved in them. 
The elements of the content of competences – knowledge, skills and attitude included in the 
programs were used as criteria. 
It was established that in general the development of competences in the programs found their 
reflection in the tasks of the subjects, the structure of the content and the planned results, 
as well. There is only a slight difference in the approach to the development of competences 
among the subject programs of the cycles of mathematics and sciences. 

Key words: curriculum, mathematics, biology, physics, chemistry, competence.

Introduction
The 21st century is characterized by tremendous changes brought in the 

life of society by the processes of globalization, the development of science and 
technologies, especially in the development of information technologies. More 
and more competence approach is used in the development and perfection of the 
curricula, which determines that the planned result of the curricula is the learners’ 
competences.

The concept of competences is explained in the Explanatory dictionary of 
pedagogy terms (Pedagoģijas terminu skaidrojošā vārdnīca, 2000). It says that 
competence is the required knowledge, professional experience, comprehension of 
a certain sphere, issue and ability to apply one’s knowledge and experience in the 
particular activity. 

There are many authors who have given their definitions of the concept of 
competence. In Latvia the more widely known explanations of competence are those 
given by professor T. Koķe (Koķe, 2003) and professor A. Rauhvargers (Rauvargers, 
2008)

SCIENTIFIC PAPERS UNIVERSITY OF LATVIA. 2011. Vol. 778  
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T. Koķe associates competences with knowledge-based abilities to choose 
adequate ways and means corresponding to the activity and acting accordingly. 
T. Koķe concludes that competence is the result of learning. R. Melton (Melton, 1997) 
also maintains that competences  can be acquired only in action by learning or at 
a job. A. Rauhvargers considers that competences are the aggregate of knowledge, 
skills and attitude, which qualifies the performance of the tasks of a definite mode 
and level.

Every person and society in general need certain competences for securing 
successful activities and achievements (Rychen, Salganik, 2001). The following 
competences are necessary for the achievement of society that is characterized by 
economic productivity, democratic processes, social unity, justice, human rights, 
ecological sustainability, and the individual’s success, which is characterized 
by an advantageous job, income, health, security, political participation, social 
cooperation:

- personal competences,
- institutional competences,
- application of personal competences for the realization of the common 

aims.
P. Perrenoud (Perrenoud, 2004) divides competences into several groups:
- disciplinary competences, which include planning, analysis, synthesis, 

methodology;
- professional competences, which include professional communication, 

activity in multi-cultural environment, ability development;
- institutional competences comprising innovative activity, implementation 

of innovations into practice, ability to work independently or in a group, 
transformation of interdisciplinary knowledge,

J. Valbis (Valbis, 2005) distinguishes three other kinds of competences:
- professional competences;
- social competences;
- individual competences.
D.S. Rychen and L.H. Salganik (Rychen, Salganik, 2001) divide competences into 

the following groups: 
	 interactive application of ways and means, because it is necessary to 

procure data with the help of information technologies, to adjust the ways 
and means to certain purposes, to develop an active dialogue with the world. 
Here belongs the ability to use the language, symbols and texts actively and 
creatively, to arrange knowledge and information, to employ information 
and communication technologies.

	 activity in heterogeneous groups, because it is necessary to get on with 
the diversity existing in a pluralistic society, in which empathy and social 
capital are significant. Here belongs the ability to understand one another, to 
cooperate, to work in a team and solve conflicts.

	 independent activity, because it is necessary to realize each individuality 
and the aims of the society in the complex world, to realize one’s rights and 
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resume the responsibility, to conceive any environment and its functioning. 
It comprises the ability to develop the   viewpoint, to make and realize one’s 
life plans and personal projects, to defend one’s rights, interests and needs. 

The European Union (EU, 2005) has determined the basic competences of lifelong 
education, which each person is to develop and perfect during one’s lifetime:

- communication in one’s native language;
- communication in foreign languages;
- competence in mathematics, science and technologies;
- digital (computer and multimedia (ICT) competence;
- skills of learning to learn; 
- interpersonal, intercultural, social and civil competences;
- enterprise;
- manifestation of one’s culture.
Many researchers have analyzed the content of competences. It has resulted in 

achieving common understanding of it. The content of competences is based on 
(CEC, 2005): 

- knowledge of how to apply the theories,
- skills of how to solve problems,
- attitudes, which are expressed as responsibility, the ability to take a decision, 

the ability to manage, develop interaction with other people.
Knowledge can be obtained if one acquires the skill to learn, to develop theories. 

Skills are mastered by defining the problems with the help of synthesis, generalization. 
Relations evolve if one develops virtue and the ability to give critical evaluation, if the 
understanding of virtue and values is cultivated. (R. Andersone, 2009).

But D.S. Rychen and A. Tiana (Rychn, Tiana, 2004) perceive the content 
of competences somewhat on a wider scale. In their interpretation it comprises 
knowledge, cognitive skills, relations, emotions, values and ethical motivation. This 
division of competences lays more stress on the role of individual competences, 
which is significant in any cooperation with the members of society.

Methodology of research
The research analyzed four subject programs of science and technologies cycle - in 

mathematics (algebra and geometry) in Grades 7–9 (VISC, 2005), biology in Grades 
7–9 (VISC, 2005), physics in forms Grades (VISC, 2005), chemistry in Grades 8–9 
(VISC, 2005) – the  grades reflect competences the learners are to master. 

The elements of the content – knowledge, skills and attitudes included in these 
programs were used as criteria.

Result of the research
It was established in the analysis of the content of the subject programs mentioned 

above that competence approach was carried out. The development of competences in 
these programs is reflected in the tasks of the subject, the planning of the structure of 
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the content and the planned results. The systematic course of Mathematics in Grades 
7–9 is divided into two disciplines – algebra and geometry, which have specific tasks 
of their own, but the structure of the content and the planned results are common.

The tasks of the subjects of algebra and geometry in Grades 7–9 include the 
development of the structural elements of competences – the development of 
knowledge, skills and attitudes. Knowledge comprises the acquisition of facts, 
indications, the theory, the development of comprehension. Skills refer to the 
application of knowledge operations. Attitudes develop when evaluating, interpreting, 
expressing one’s point of view, substantiating, proving.   

Table 1
Tasks of Mathematics curriculum for Grades 7 – 9

Subject Knowledge Skills Attitudes
Algebra
Grades 
7–9

- to acquire 
different func-
tional connec-
tions among 
magnitudes, 
to understand 
the methods 
of expressing 
and studying  
them ( in 
words, tables, 
formulas and 
graphs) and 
apply them in 
the solution 
of practical 
tasks;

- to acquire skills and habits to do 
mental arithmetic operations with 
real quantities in written form with 
a calculator or a computer, to chan-
ge identically algebraic expressions;

- to acquire skills of solving equations 
and equation systems, irregularities 
and inequality systems with one 
variable;

- to acquire skills and habits of sol-
ving tasks with practical content by 
using algebraic statistic techniques, 
which are connected with issues 
concerning social life, natural scien-
ces, environment and health;

- to acquire skills of 
evaluating roughly 
the results of the 
operations;

- to favor the deve-
lopment of the skills 
to interpret precisely 
and objectively and 
to discuss the data; 

- to acquire the skills 
of using correctly al-
gebraic terminology, 
giving arguments, 
developing abilities 
of evaluating ob-
jectively different 
points of view.

Geometry
Grades 
7–9

To learn the 
geometrical 
figures, their 
properties and 
indications, 
developing   
comprehension 
of geometry as 
an undivided 
system; 

- to develop the skills of working with 
drawing and measuring tools, to do 
measuring in drawings and during 
the field practice;

- to acquire skills and habits of sol-
ving tasks of practical character 
making use of geometric methods 
being aware of their role in every-
day life;

- to develop the skill by putting the 
solution of the task in shape by 
using geometric symbolism and 
terminology comprehending the 
necessity of developing precise mat-
hematical substantiation;

- to acquire skills of working both 
individually and in a group using 
different technologies to master geo-
metry. 

- to develop the 
skills of using the 
language of geo-
metry developing 
the notion of the 
concepts: theorem, 
axiom, properties 
and features of a 
geometric object, 
substantiation when 
expressing one’s 
point of view, pro-
ving its correctness 
by giving reasons or 
listening to others. 
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The content is arranged in three sections- Acquisition of mathematical 
instruments; the application of mathematics in the analysis of the processes of nature 
and society; making and studying mathematical models with methods characteristic 
of mathematics.

The results to be reached contain separate sections – concept coherence, 
assertions, skills and practical application. 

Both the content planning and the results to be reached reflect the development 
of competences in a wider sense. Here one can see the knowledge and skills to be 
acquired, the development of attitudes as well as the development of the ability to 
apply it all in practical activities and research.

The tasks of the science subjects- biology, physics and chemistry also contain 
the structural elements of competences – the development of knowledge, skills and 
attitudes. Here knowledge is associated with mastering the terminology, concepts and 
regularities, comprehension of the phenomena and the processes. Skills are associated 
with research activities in the corresponding branches of science. Attitudes develop 
when one is aware of the role of the corresponding branch of science and the effect it 
leaves on the surrounding environment.

Table 2
The tasks of sciences in primary school

Subject Knowledge Skills Attitudes
Biology
Grades 7 – 9

- to acquire, com-
prehend and use 
the terminology 
and the concepts;

- find out the prin-
ciples of the struc-
ture of biological 
systems,  the pro-
cesses of life and 
the regularities in 
nature;

- to acquire the basics 
of research activities 
in biology;

- to be aware of the role of 
the achievements in bio-
logy, their influence on the 
environment and the living 
beings, to get experience in 
keeping the quality of the 
surrounding environment, 
improving it, thus favoring 
health improvement 

Physics
Grades 8 – 9

- to comprehend 
and  explain  the 
physical phenome-
na and processes

- to apply one’s kno-
wledge about phy-
sical phenomena, 
concepts, coherences 
and units;

- to master the basics 
of research activities 
in physics;

- to be aware of the role of 
discoveries and technologies 
in physics, their influence 
on the environment and the 
possibilities of safe usage.

Chemistry
Grades 8 – 9

-to acquire the 
language, concepts 
and regularities 
of chemistry, find 
out the properties 
of substances, 
transformation and 
possibilities of usage

- to acquire the basics 
of research activities 
in chemistry.

- to be aware of the role of 
the achievements in chemis-
try, their influence on the 
environment, the possibili-
ties of using them reasonab-
ly and get experience in the 
improvement of the quality 
of the surrounding environ-
ment. 
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The content of the subjects in all the three programs is arranged respectively in 
three sections:

In biology – Knowledge and comprehension of the biological systems and processes; 
Basics of research activities in biology; Biology and sustainable development.

In physics – Comprehension of physical phenomena and processes; Basics of 
research activities in physics;  Physics and sustainable development.

In chemistry – Knowledge and comprehension of substances and their 
transformation; Basics of research activities in chemistry; Chemistry and sustainable 
development.

The following sections have been singled out in the results to be achieved:
In biology – knowledge and comprehension of the biological systems and 

processes; the basics of research activities; biology and sustainable development.
In physics – comprehension of physical phenomena and processes, the basics of 

research activities, physics and sustainable development. 
In chemistry – knowledge and comprehension skills of research activities and 

attitudes.
Here, too, both the content planning and the results to be achieved reflect the 

development of competences in the broadest sense. The development of competences 
is connected with ensuring the society’s sustainable development, research in its 
many-sidedness and diversity. It is visible in the content and the planned results of 
biology and physics. It is not so evident in the results to be achieved in chemistry 
although when going into greater details there can be seen a course to sustainable 
development.

Conclusion and discussion
The analysis of the content of mathematics and sciences curriculum (biology, 

physics, chemistry) established that competence approach has been put into effect. 
The development of competences is reflected in the tasks of the subjects, in the 
structure of planning the content and the planned results. They are programs worked 
out within the European Structural Fund project “natural sciences and mathematics” 
during the last three to five years. In Latvia the first subject programs integrating 
the competence approach were programs of language subjects, which appeared at 
the turn of the centuries. Thus there is a consistent advance in the reflection of the 
development of competences in all subjects. 

However, there is a slight difference in the approach of competence development 
among the subject programs of the cycle of mathematics and natural sciences. In 
mathematics the competence development is more connected with the acquisition 
of facts, indications and theory, the development of comprehension, application of 
the acquired knowledge, activities in which attitudes develop through evaluating, 
interpreting, expressing one’s point of view, substantiating, proving. In biology, physics, 
chemistry, in their turn, the development of the learners’ competences is connected 
with the acquisition of terminology, concepts and regularities, comprehension of the 
phenomena and the processes, with research activities in the corresponding branches 
of science, where attitudes are developed by being aware of the role and influence of 
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the corresponding branch of science in the surrounding environment, and sustainable 
development. 
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“Teaching should be such that what is offered is perceived 
as a valuable gift and not as a hard duty.”

Albert Einstein

Abstract
Common application of Information and Communication Technologies (ICT) in almost 
every domain of life shapes the contemporary society. It alters the manner in which people 
communicate, spend their spare time, acquire information and also learn. The modern 
educational system has to comply with occurring changes and new conditions. The usage 
of information and communication technologies in the educational process enables to 
improve the efficiency of delivering didactic contents and to enhance the attractiveness of 
lessons and activities. The paper also presents exemplary possible methods of presenting the 
chemical contents in teaching nature sciences supported by information and communication 
technologies.

Keywords: chemistry, ICT, key competences, nature. 

Introduction
Undoubtedly, the time we live in can be characterized by ongoing changes 

present in every single domain of life. Its important fields are education and choosing 
the right educational content and methods (Baprowska, 2010). The development of 
ICT (Information and Communication Technologies) generates new possibilities 
for implementation of a didactic process (Bilek, 2009; Florek, 2010; Hodson, 1998; 
Jarosievitz, 2009; Lakhvich, 2010). Increasing popularity of distance learning which is 
known as e-learning creates new opportunities for the exploitation of this educational 
method in many projects (Sus, Guerra, 2009; Rosenberg, 2000; Gordon, Halasz, 
Krawczyk, Leney, Michel, Pepper, Putkiewicz, Wisniewski, 2011). 

First e-learning models (distance learning) originated in Australia, USA and 
Canada, where great distances made it difficult for pupils and teachers to meet. 
This form of teaching was treated as a necessity. In the last decades of the twentieth 
century advantages of this educational method were observed. As a result, Open 
Universities were established such as Open University in the United Kingdom 
(1972), FernUniversitaet in Germany (1974), Universidad nacional de Educacion a 
Distancia in Spain, Federation Interuniversitaire de l’Enseeigment a Distance – FIED 

SCIENTIFIC PAPERS UNIVERSITY OF LATVIA. 2011. Vol. 778  
CHEMISTRY pp. 19– 27.



20 Chemistry

in France and nETTUnO – an Italian universities’ association established in the year 
1990. nowadays distance learning commonly called e-learning is applied in every 
social sphere: business, politics and private life. E-learning is used more and more 
often in schools on all educational levels. Digital course books and on-line courses 
which can be treated as addition to traditional teaching are also introduced. Pupils 
communicate with each other via forums, chats and creating virtual school societies 
which prove the popularity of electronic educational forms (Okońska-Walkowicz, 
Plebańska, Szaleniec, 2010). 

In remote learning the user has an access to content which is a subject of his 
training, which enables him to learn wherever and whenever he wants, at his own 
pace and if it is needed – to review the things he learnt before. Exploiting Internet as 
a basic means of communication, e-learning allows self-studying no matter when or 
where we are. Virtual reality is a part of training that guarantees pupils the access to 
all lectures, interactive games and tasks, tests, discussion lists, presentation. It can be 
an independent or complementary training method. 

Surveys show that the growing number of teachers is interested in online courses 
although many of them notice the drawbacks of distance learning. Among others, 
the lack of time for preparing attractive e-learning lessons which requires prior 
considerations, creating a detailed plan and having abilities to prepare animations 
and presentations (Burewicz, Miranowicz,  2005; Burewicz, Miranowicz, Miranowicz, 
2004).

Those factors influenced the number of applicants in the project Future’s 
e-Academy which was implemented by WSiP Sp. z o. o. in co-operation with 
Combidata Poland where 972 Polish schools took part in the recruitment process. 
By drawing lots 200 middle schools were chosen which represented 16 voivodeships 
(counties) (Dadacz, Kołodziejczyk, 2010).

Assumptions
The main assumption of  Future’s e-Academy authors is shaping Key Competences 

(Key competences for lifelong learning, 2006) on the basis of  Middle School Forming 
Key Competences Programme (Faron-Lewandowska, 2010), during lessons of science, 
English, IT or business. Key Competences were defined in the recommendations of 
the European Parliament and the European Council on key competences for lifelong 
learning as:

1) Communication in the mother tongue;
2) Communication in foreign languages;
3) Mathematical competence and basic competences in science and technology;
4) Digital competence;
5) Learning to learn;
6) Social and civic competences;
7) Sense of initiative and entrepreneurship;
Creating Key Competences takes place during lessons, optional courses and 

pupil’s individual activities. 
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organisation
The Project has to be realised in schools for 3 years, it started in September 2010. 

In the project e-Acadamy:
•	 200 schools
•	 1600 teachers 
•	 19000 pupils

take part.
The Project is implemented during math, physics, biology, geography, English, IT 

and business lessons. To enable caring out the project a special e-learning platform 
on which pupils’ and teachers’ materials are uploaded, was launched. 

Substantial content – creating Key Competences in the framework 
of chemistry lessons

Creation of Key Competences in the framework of the chosen subject will take 
place by using 168 e-learning units, including 21 regarding chemistry. Their topics 
are:

  1. The world of chemistry
  2. Metals and metalloids
  3. Separation of mixtures
  4. Types of chemical reactions
  5. Gases and their mixtures
  6. Water and aqueous solutions
  7. Water pollution
  8. Acid rain
  9. Reactions of selected metal oxides and metals from water
10. Hydroxides – properties and applications
11. Acids, their properties and applications in everyday life
12. neutralization reactions
13. Construction and the names of salt
14. The precipitation of salts
15. Salts – summary
16. Hydrocarbons
17. Alcohols and their application in everyday life
18. Esters and their application in everyday life
19. The importance of fats in human life
20. Proteins and their properties
21. Sugars 
(Bartoszewicz, Gulińska, 2010).
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Below exemplary screenshots of e-learning using (with Key Competences) are 
shown (Fig. 1-7).

  
Avatar: Remember, in chemistry we always 
use the word “properties” not attributes.

Purpose: Introducing proper chemistry 
terms.

Avatar: Read the text carefully and then 
I am going to check your level of reading 
comprehension. 

Purpose: increasing the level of reading 
comprehension.

Figure 1. Communication in the mother tongue  
(Gulińska & Bartoszewicz, 20101).

  
Avatar: Adjust the Polish and English names 
of laboratory glassware. Insert signatures in 
the appropriate place under the photo. 
 
Purpose: to familiarize students with the 
names of basic laboratory glassware in 
English.

Avatar: I will mention Polish and English 
names of laboratory equipment, and how it 
is used. 
 
Purpose: To introduce the names of basic 
laboratory equipment and pictograms in 
English.

Figure 2. Communication in foreign languages  
(Gulińska, Bartoszewicz, 20102).
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Oxygen – receiving by distribution of HgO. 

Purpose: To demonstrate the experiment 
which cannot be conducted in school due to 
its  harmfulness.

The application of calcium hydroxide in the 
construction industry.

Purpose:  demonstrating the application 
of calcium hydroxide in the construction 
industry, fluid pipe clearing, construction, 
etc.

Figure 3. Mathematical competence and basic competences in science and technology  
(Gulińska,  Bartoszewicz, 20101; Bartoszewicz, Gulińska, 20112).

  
Modeling the reaction of metal oxides with 
water 
 
Purpose: to familiarize students with the 
program for modeling chemical reactions

Editing the movie „Impact of acid rains”

Purpose: to familiarize students with an 
application for mounting films

Figure 4. Digital competence  
(Gulińska, Bartoszewicz, 20111; Bartoszewicz, Gulińska, 20111).
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Taking notes – the reaction of metal with 
acid

Purpose: To familiarize students with 
various methods of learning, depending on 
the student’s predisposition.

Presentation of equations using plasticine 
models
 
Purpose: To familiarize students with 
various methods of learning, depending on 
the student’s predisposition.

Figure 5. Learning to learn  
(Gulińska, Bartoszewicz, 20112;).

 
Prevention against acid rain 
 

Purpose: to familiarize students with the 
problems of acid rain and convene a debate 
on ways to combat this phenomenon.

Article about a 3-years-old boy who 
swallowed the formula for unblocking pipes. 
 
Purpose: To familiarize students with 
the composition of preparations for 
the unblocking of pipes, a reminder of 
pictograms, to launch information campaign 
on this issue.

Figure 6. Social and civic competences  
(Bartoszewicz, Gulińska, 20111, Bartoszewicz, Gulińska, 20112).
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Production of the red cabbage indicator 
 
Purpose: to familiarize students with a 
simple and cheap method of obtaining 
indicators.

Indicator from red cabbage – calculation of 
costs. 
Purpose: To estimate the cost and sell the 
cabbage indicator paper on the online 
auction site.

Figure 7. Sense of initiative and entrepreneurship  
(Bartoszewicz, Gulińska, 20112).

Project’s implementation in the school year 2010/2011
Every e-learning unit consists of three modules: knowledge, revision and test. 

The following data show e-learning units’ usage in the school year 2010/2011. The 
chart presents the number of logins in particular months (Fig. 8).

  
                     a          b

Figure 8. The number of logins by teachers (a) and by students (b). 

Working methods related to units regarding separate subjects:
•	 a supplement to the lesson;
•	 knowledge module is presented by teacher during a lesson while at home 

students prepare notes on the subject;
•	 knowledge module is presented by teacher during a lesson, revision and test 

modules are used by student at home;
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•	 knowledge module is presented by teacher during a lesson, revision module 
is used by student at home, while the test is taken in a paper form in the 
class;

•	 students prepare themselves for a lesson using knowledge module; during 
the lesson the issue is presented and then under teacher’s supervision a test 
is taken;

•	 whole units are used as homework;
•	 units are applied during extra lessons in a computer class (Grela, Plebańska, 

2011).

Summary
The undoubted benefit of the project is the increasing interest of project 

participants in the content of classes. Teaching through the development of key 
competences allows students to realize the presence of chemistry in different spheres 
of life. Implementation of the project through a complementary learning is a great 
supplement to the knowledge and skills gained in the classroom, which due to the 
nature of science, that is, chemistry could not be acquired only through remote 
teaching.
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Abstract 
Visualization is one of the most popular tools in science education because it stimulates 
perception, attention, memory and motivation. Also, it gives an opportunity for teachers to 
reach the educational goals. Earlier findings enclose that pedagogues of science disciplines 
mostly prefer using physical visualization in the classrooms. This article presents information 
of wide empirical research (including participants of all regions in Lithuania) that shows 
the situation of using physical visualization in biology, chemistry, physics, geography and 
mathematics.  
Key words: visualization, science education.

Introduction
Visualization has become a frequently mentioned concept these days that 

describes the visual mode of representations in the real world identified as externalized 
information. Looking ontogenetically, sight was more important in days of old times 
when people used visual codes to report information to each other and did not have 
a verbal language in a written alphabetical form. now human population has a huge 
number of different languages but visualization is useful for the same purpose – to 
communicate in a quicker way and to simplify difficult information. This is absolutely 
visible in the marketing area and is appropriate in the education field, too. “Computer 
based visualization is an essential tool in post-modern age as technologies have 
expanded resources and teachers have started using ICT in the education process. 
ICT revolution has changed teachers’ attitudes towards the learning process and 
their potential to control the education process. It is evident that schoolchildren have 
become more proficient in technologies than their teachers; however, the education 
process is under teachers’ control. This leads to the opinion that visualization in 
general should be interpreted as a method or tool to reach educational goals and 
could be used by the teacher in lessons.” (Bilbokaitė, 2010k, p. 49). According to 
this quotation, visualization is an essential tool in science classrooms and should be 
explored in this context for future researches.

Problem of Research
After technological invasion in all scientific areas, visualization became one 

of the most transformative things that were integrated into education researches. 
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Visualization is understood as a tool that is useful in education because it could be 
helpful by stimulating the cognitive process and self motivation processes (Bilbokaitė, 
2009; 2010a; 2010b). It was stated in pilot researches (Bilbokaitė, 2010c, 2010d, 2010e, 
2010f, 2010g, 2010h, 2010i, 2010j) that physical visualization was the most popular 
in education because teachers were afraid of innovations, some of them did not have 
material or technological possibilities to use it. According to this, it is important to 
find out whether this situation is appropriate to general population of science teachers 
and related to its disciplines. Still, it is not clear how frequently physical visualization 
is being used in science, geography and mathematics education. These findings could 
be used in future researches aimed at suggesting for IT specialists and teachers to 
collaborate in the process of creating useful visualization programs.  

Research Focus
The goal of the research is to find out the level of the use of physical visualization 

and whether there are any statistically significant differences in teachers’ evaluations 
by working experience, by regional place of living in Lithuania and by discipline. 

Methodology of Research
Sample of Research

According to the results, more women than men participated in the research. It 
is obvious and self-explanatory because the teachers’ population consists mostly of 
females. Comparing the sample among disciplines it was stated that biology teachers 
present the biggest part of respondents and three quarters of all participants were 
from towns. Detailed information is presented in Table 1.

Table 1
Data characteristics according to sample 

Regions West 
Lithuania

South 
Lithuania 

North 
Lithuania

East 
Lithuania

Middle 
Lithuania

Sample % 18,4 10,7 26,5 20,7 23,7
Profession by discipline /%

Teachers of biology (n=300) 60 22,1 35 22,0 77 19,6 68 22,2 60 17,1
Teachers of chemistry (n=252) 40 14,7 38 23,9 70 17,8 47 15,4 57 16,2
Teachers of  physics (n=287) 42 15,4 30 18,9 92 23,4 60 19,6 63 17,9

Teachers of geography (n=275) 56 20,6 38 23,9 77 19,6 51 16,7 53 15,1
Teachers of  mathematics 

(n=366) 74 27,2 18 11,3 77 19,6 80 26,1 117 33,3

Qualification /%
Teacher (n=160) 35 12,9 23 14,5 46 11,7 28 9,2 28 8,0

Senior teacher (n=647) 135 49,6 65 40,9 174 44,3 144 47,1 129 36,8
Teacher supervisor  (n=614) 96 35,3 66 41,5 164 41,7 123 40,2 165 47,0

Teacher expert (n=50) 4 1,5 3 1,9 6 1,5 8 2,6 29 8,3
In general

N=1481 272 100 159 100 393 100 306 100 351 100
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Instrument and Procedures
A questionnaire with propositions and five answer possibilities in Likert scale 

was used in the study. 
The instrument for respondents is clear. Internal consistency of it is high; it is 

valid to measure the opinion of teachers’ population about the use of visualization and 
its benefits in the education process (usefulness for student motivation, perception, 
attention, memory and comprehension of abstract concepts). The instrument, too, 
is valid to measure statistically significant differences comparing the opinions held 
by biologists, chemists, physicians, geographers and mathematicians according to 
generalized single category indicators. 

The instrument was given to teachers during 2010 year. All teachers were working 
in schools with Grade 9-10 students. The feedback was about 75 percent because 
many questionnaires were filled in incorrectly or were not received at all. 

Data Analysis
Research methods 
Theoretical: scientific information analysis.
Descriptive statistics: Index of Popularity.
Analytical statistics: Mann Whitney U-test for independent samples. Statistically 

significant difference was stated when p < 0.05.

Results of Research 
All data are presented in tables and pictures. Pictures below present the data 

analysis. 

0,47

0,51

0,53

0,80

0,00 0,25 0,50 0,75 1,00

Physical objects - prototypes

Real experiments with materials

Real demontrations with real materials

Representation of objects with chalk on the
blackboard

PI

Fig. 1. Teachers’ opinion about the use of physical visualization (N=1481)

Many teachers use representation of objects by chalk on the blackboard. About 
half of respondents use real demonstrations, experiments and physical prototypes. 
The data are different comparing them with category parameters. 
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It was important to find out statistically significant differences comparing data on 
working experience expressed by years. Teachers who work for 11-20 years and 21-
30 years have the opinion that is not of statistically significant difference. Statistically 
significant differences were found out between other parameters. Physical prototypes 
are used more by teachers who have been working for 11-20 years than those who 
have 30-40 years of working experience (p = 0.030). On the contrary, the oldest 
teachers use real experiments more than the younger colleagues (p = 0.036). They 
also use more physical representations than other colleagues: real experiments (p = 
0.007) and real demonstrations with natural materials (p = 0.023) are very popular. 

Teachers in the Southern part of Lithuania more than in the Western part 
(p=0.023) and northern part (p = 0.022) of the country are sure that they are using 
physical prototypes. Also, teachers in Southern part of Lithuania are more tended 
to think that they are using more real demonstrations during the lessons than their 
colleagues in the northern region (p = 0.010), in Eastern region (p = 0.020) and in 
Middle region (p = 0.002). Teachers in the Southern region of Lithuania statistically 
significantly use more real experiments than teachers who work in Western region (p 
= 0.005), in Eastern region (p = 0.011), in Middle region (p = 0.001). These data are 
of statistically significant difference. 

 

0,00

0,25

0,50

0,75

1,00

Biology Chemistry Physics Geography Mathematics

Representation of objects with chalk on the blackboard

Real experiments with materials

Real demontrations with real materials

Physical objects - prototypes

Fig. 2. Teachers’ opinion about the use of physical visualization in the classrooms 
according to disciplines (N=1481)

Data in Figure 2 represent that teachers of all five disciplines mostly use blackboard 
and white chalk to present ideas in the classroom. It is obvious that teachers of 
mathematics use this tool more than others and, contrary, teachers of geography use 
it less than others. Real demonstrations and experiments with natural materials are 
mostly used in chemistry and physics, less in geography. Physical visualization in 
Grade 9-10 classrooms is used mostly in chemistry lessons. 
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Relying on the results, gained from a statistical method, there are statistically 
significant differences comparing teachers’ opinions on the use of visualization in 
their disciplines. According to chemistry teachers, their colleagues are using more 
real demonstrations with natural materials than others (p = 0.000). Analogically, 
they also are sure that they use real demonstrations with real materials much more 
than teachers of biology, physics, geography and mathematics (p = 0.000). Chemistry 
teachers more than teachers of geography use representations of objects by chalk on 
the blackboard (p = 0.005) and physical prototypes too (p = 0.000). Biology teachers 
use real experiments more than geography and mathematics teachers (p < 0.05); also, 
they use visual demonstrations more with natural materials than geography teachers. 
These data are of statistically significant differences. 

Comparing the opinion of teachers of physics (p = 0.005), they use real 
demonstrations more than teachers of biology, geography, physics and mathematics; 
teachers of physics more than teachers of mathematics and geography use experiments 
and use more blackboard and physical prototypes than biology and geography 
teachers. Teachers of mathematics more than others use blackboard (p < 0.005) and 
more than geography teachers use real demonstrations, real experiments and physical 
prototypes, too. 

Conclusions 
Representation of objects by chalk on the blackboard is the most popular physical 

visualization in education. Half of respondents use real demonstrations, experiments 
and physical prototypes. Teachers who work the longest period in schools use real 
experiments, demonstrations with natural materials and physical representations 
more than the younger colleagues. Teachers in the Southern region of Lithuania 
statistically significantly use more real experiments, more real demonstrations and 
physical prototypes than their colleagues in other regions of Lithuania.

REFEREnCES
Bilbokaitė R. (2009). Vizualizacijos pagalba merginų motyvacijai skatinti gamtamoksliniame 

ugdyme: diagnostinio tyrimo rezultatai. Jaunųjų mokslininkų darbai. Vol. 4, Issue 25, p. 
91-96. Šiauliai: ŠU leidykla. 

Bilbokaitė R. (2010a). The Help of Visualization for Boys’ Motivation Fostering in Science 
Education: The Results of Pilot Research. DIVAI 2010 – Distance Learning in Applied 
Informatics – Conference Proceeding. Nitra. May 4-6. P. 189-194. 

Bilbokaitė R. (2010b). Vizualizacijos taikymo lygio ir jos kitimo geografijos pamokose 
diagnostika: mokytojų ekspertų vertinimas. Gamtamokslinis ugdymas bendrojo lavinimo 
mokykloje – XVI respublikinė mokslinė-metodinė konferencija. P. 26-31. 

Bilbokaitė R. (2010c). Vizualizacijos taikymą skatinantys ir ribojantys veiksniai: geografijos 
mokytojų ekspertų vertinimas. Gamtamokslinis ugdymas bendrojo lavinimo mokykloje – 
XVI respublikinė mokslinė-metodinė konferencija. P. 20-25. ISBn 978-9955-32-096-8.

Bilbokaitė R. (2010d). Vizualizacijos taikymo lygio ir jo kitimo biologijos pamokose 
diagnostika: mokytojų ekspertų vertinimas. Studijos kolegijoje: mokslo ir profesinio regimo 



33R. Bilbokaitė. Use of Physical Visualization in Education of Science, Geography and ..

dermė – respublikinės praktinės studentų konferencijos straipsnių rinkinys. Kėdainiai: KK. 
P. 90-94. ISBn 978-9955-27-191-8.

Bilbokaitė R. (2010e). Vizualizacijos taikymo kitimas: chemijos mokytojų ekspertų vertinimas. 
Respublikinės mokslinės-praktinės konferencijos medžiaga „Chemija mokykloje-2010“. 
P. 9-13. KTU:Technologija, Kaunas. ISSn 2029-2104. 

Bilbokaitė R. (2010f). Vizualizacijos taikymas chemijos pamokose: ekspertų nuomonės 
vertinimas Respublikinės mokslinės-praktinės konferencijos medžiaga „Chemija 
mokykloje-2010“. P. 14-18. KTU:Technologija, Kaunas. ISSn 2029-2104. 

Bilbokaitė R. (2010g). Vizualizacijos taikymo lygio ir jos kitimo geografijos pamokose 
diagnostika: mokytojų ekspertų vertinimas. Gamtamokslinis ugdymas bendrojo lavinimo 
mokykloje – XVI respublikinė mokslinė-metodinė konferencija. P. 26-31. ISBn 978-9955-
32-096-8.

Bilbokaitė R. (2010h). Vizualizacijos taikymo lygio ir jo kitimo fizikos pamokose diagnostika: 
mokytojų ekspertų vertinimas. Studentų tiriamųjų kompetencijų ugdymas. P. 47-51. 
Klaipėda: KVK. ISBn 978-9955-893-07-3. 

Bilbokaitė R. (2010i). Vizualizacijos taikymą fizikos pamokose skatinantys ir ribojantys 
veiksniai: mokytojų ekspertų vertinimas. Studentų tiriamųjų kompetencijų ugdymas. 
P. 43-46. Klaipėda: KVK. ISBn 978-9955-893-07-3.

Bilbokaitė R. (2010j). Vizualizacijos taikymą matematikos pamokose skatinantys ir ribojantys 
veiksniai. Studijos kolegijoje: mokslo ir profesinio regimo dermė – respublikinės praktinės 
studentų konferencijos straipsnių rinkinys. Kėdainiai: KK. P. 95-99. ISBn 978-9955-27-191-8.

Bilbokaitė R. (2010k). Use of visualization to motivate science and geography education 
of female schoolchildren. Information and Problems of Education in the 21st Century 
(Information and Communication Technology in Natural Science Education – 2010). 
Vol. 24, p. 49-57. ISSn 1822-7864. Šiauliai: UAB „Šiaulių knygrišykla“.



The Role of Virtual World in Early Science Education

Martin Bílek1, Pavel Doulík2, Jiří Škoda2

1University of Hradec Králové, Hradec Králové, Czech Republic 
1Constantine the Philosopher University in nitra, nitra, Slovakia 

2Jan Evangelista Purkyně University in Ústí nad Labem, Ústí nad Labem, Czech Republic 
martin.bilek@uhk.cz

Abstract
In the paper the process of implementation of computer animations and simulations within the 
early chemistry education and chemistry teachers training is described. The research project 
focusing on the pre-graduate chemistry teachers´ training in the field of ICT competences and 
on the learner’s ability to use simulation or real experiment is presented. The main problem 
appears in the meaningful application of computer animations and simulations in the phases 
of preparation, running and evaluation of the process of instruction. Authors provide crucial 
characteristics of both applications, learning activities suitable for implementation, quality 
criteria and didactic recommendations. The data were collected from the direct and indirect 
observation and the questionnaire, and they evoke discussions on problems of the virtual 
world, which is steadily been involved in everyday life of the developing society.

Key words: Computer Animations and Simulations; Early Chemistry Instruction; Pre-graduate 
Teachers´ Training. 

Introduction
The feasible real experiment should not be in any way eliminated from school 

laboratory practice. This is the starting point of traditionally approaches to natural 
science curricula, and it is still in force. The real living environment makes us face 
more and more items of virtual environment, worlds, mediated by infinite possibilities 
of computer networks. The mediated perception through virtual images has become 
(thanks to massive spreading of information technologies) the major cognitive 
channel of school age pupils. Direct utilization of information from existing reality 
is steadily superseded and replaced by virtual information. How to blend an effective 
and meaningful application of real, indirect and simulative observation, measuring 
and experimenting according to didactic principles (Bílek et al., 2009)?

Current Challenges for Natural Science Education
The importance as well as the real meaning of natural sciences have often been 

defined by many a scientist, also viewed in a wider context of all human knowledge. 
Here we offer a few of these definitions (Dushl, 1990):
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•	 All science should co-ordinate our experience and organize it into a logical 
system (A. Einstein).

•	 The challenge of sciences is to expand the fields of our experience and reduce 
the large fields of our presuppositions (n. Bohr).

•	 All science is composed of facts just as a house is made of stones. But a 
collection of mere facts does not make a Science and a heap of stones does 
not yet make a house (H. Poincaré).

•	 Science is the quest for knowledge, not the knowledge itself (D. Roller).
These quotations, with Roller´s utterance especially, show the targets and 

resources of science education and thus we may elicit today´s modern trends in 
science education.

The present reformation of curricula brings numerous challenges and demands. 
The society has been changing rapidly these days, and they are also to offer new 
definitions of targets and values in education. Educating in science needs to deal with 
the following complexity of problems in the near future:

•	 Global issues and ecology problems. Environmental issues have been in the 
centre of attention for the last 15 years everywhere in the world. Science 
education deals with latest issues of air pollution, global warming, ozone 
hole, de-forestation etc.

•	 The relation between science and technology on one side and the society on the 
other side. The credibility of science education has noticeably lowered. By 
results of the ROSE project (The  Relevance of Science Education), having 
been carried out as a study comparing a sample of fifteen-year-old pupils in 
40 countries all over the world, is a shiny example of the above mentioned 
feature of science education. The respondents to the quoted survey have 
not referred to science as of importance for life and future career. They also 
show no interest in becoming scientists in the future. The most positive 
attitudes to science education are from respondents in developing countries 
(Bangladesh, Uganda, Ghana). On the contrary, well developed countries 
(Japan, Great Britain, Denmark, norway) prove a real dilapidation of science 
education (Bílek, 2005, Sjøberg, 2007). 

•	 Key words and basic conceptions. As many foreign as well as domestic 
surveys show, it is highly necessary to reduce the content of what students 
learn within natural science classes. That is, speaking of the Czech Republic, 
especially the curriculum at the second grade of grammar schools, but 
also second grade of elementary schools. A major opportunity to reduce 
the amount of quantity is now being offered by curriculum reform. A new 
world-wide tendency in science teaching is to develop students´ competence 
as well as their ability to solve problems, all that at the expense of factual 
knowledge.

•	 Inter-disciplinary thinking. It is a way, or rather a strategy, enabling pupils to 
understand  the meaning of curriculum in science education, especially if 
that is in context with everyday  problems and issues. 

It appears to be difficult to verbalize the targets and characteristics of today´s 
science education. The autonomy of teachers together with their responsibility 
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are higher due to curriculum revision and world-wide tendencies in curriculum 
controlling. Modern trends and goals in science education could be described as 
follows:

•	 Re-definition of targets in science education. Targets are being gradually 
changed and also enlarged so that they reflect today´s development in 
technology, and mainly they reflect the needs of the society, nowadays 
necessarily conceived in its global connections.

•	 Basic science education ought to arise from the pupils´ interests, it also ought 
to respect and take advantage of their individual experience and concentrate 
on an immediate reflection of scientific findings in their life. 

•	 Another aim or trend of modern science education mentioned is the 
reduction of the quantity of information to be learnt. Teaching sciences 
should cover a smaller number of topics. On the other hand, topics selected 
for the core of the curriculum ought to be studied thoroughly and more time 
should be allowed for these. 

•	 Science education as framework for integrating subjects. Inter-disciplinary 
approach of today is mostly realized at primary schools (International 
Standard Classification of Education – ISCED1), it is less involved at lower 
levels of secondary education (ISCED2) and hardly at all at higher levels of 
secondary education (ISCED3). As it has been said earlier on, Czech teachers 
do not seem stirred by the current state of science education and they are 
reluctant to accept integration of ISCED2 and ISCED3 (Bílek and Králíček, 
2007).

On a general basis it is to be said that science education ought to prepare pupils to 
use their knowledge acquired in science classes to improve their own living standards 
and to be capable of adapting to more advanced technologies used in everyday life 
(DeHart Hurd, 2002). J. Hassard (1999) defines science education to be the unifying 
element between sciences and the society. Science education is a branch based on 
discovering, evolving and analysing scientific work methods; it also is a quest for 
knowing as well as the knowledge acquired in this way.

Reaching the above-mentioned targets in science education is classified to be 
the progress in so called science literacy. Virtual environment supported by ICT is 
penetrating both human and school life. All kinds of our activities can be supported 
by technologies. According to Marshall McLuhan (1964) it can be said “...technologies 
are enhancing our senses...” and they can support our understanding of nature and 
improving of our being.

Technologies Supporting the Essential Basis of Natural Science 
Education  

numerous authors, dealing with natural science education, rather intuitively 
tend to simple experiments (which do not require demanding material and technical 
equipment) to be made in the form of real activities; to remote observations and 
remote experiments to be used towards updating information and motivating, e.g. in 
the form of school project and project-oriented instruction; and to virtual experiments 
to be applied in interpretation of real experiments (simulators of laboratory activities, 
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predicting and verifying results in experiments) and experiments which cannot 
be made in schools (dangerous, requiring demanding instruments, unobtainable, 
etc.). Forming and improving manual skills (measuring by available laboratory 
instruments, working with laboratory systems, even constructed from common 
subjects of everyday use, working with safe matters, etc.), which are substantial part 
of natural science education, cannot be fully replaced by practising through monitor 
and keyboard. On the other hand it is impossible to avoid indirect observations 
and working with models and instruments. Researching these fields leads, or not, 
to proving intuitive estimations, which is important, as well as answering other 
questions which result from this area of potential assets and threats. It is obvious 
that nowadays, in the period of creating and applying remote and especially virtual 
laboratories and their accessibility also in extra-curricular conditions via Web, there 
is an increasing demand for new researches (mainly pedagogical and pedagogical-
psychological ones) in this field. 

In our research project we have proposed two main areas of objectives: 
1) Analysis of results in research projects fully or partially dealing with 

effectiveness of blended real and simulative experiment in natural science 
instruction abroad. 

2) Researching the effectiveness in application of selected simulative and 
animating experiments in early chemistry education.  

The chemistry instruction will serve us as example of natural science instruction, 
as it corresponds to the team specialization. This subject provides wide space 
for application of information technologies supporting empirical (observation, 
measuring, experiment) and theoretical (modelling) cognitive methods. The 
technology development is very fast but as for its influence on learning in various 
stages of pupil’s development in the field of knowledge processing, there are only 
few applicable principles, rules and natural relations. Children’s concepts and likely 
learning styles are of some importance role in this process. 

One of the main objectives is to express the role of modern technical equipment 
and technology in forming so called visual literacy, current and important part of 
which the work with computed simulations is. Modern technical equipment plays 
a contradictory role in this type of learning. On one hand, various processes and 
technologies of visualisation (mainly of 3-D objects) lead to using software products 
strengthening spatial skills, if properly used. On the other hand, both TV and 
computer screens may provide incorrect imaginations and habits, e.g. space less and 
other virtual experience which do not prove exact, but biased, misrepresented or 
incorrect forming of spatial skills, understanding weights, forces, energies, solidity, as 
well as emotions and feelings. 

In the first part of the research project various proposals combining a real and 
virtual experiment were designed and considered by chemistry students and teachers 
who participated in the course Computer supported school chemical experiment 
and Chemical educational software (Bílek, Machková & Šimonová, 2011). Totally 78 
university students of the 4th a 5th year evaluated four combinations below: 

•	 simulation after real experiment for explaining its principle,
•	 simulation after real experiment for fixation knowledge,
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•	 simulation before real experiment for explaining its principle,
•	 simulation before real experiment for training the activity.
Acid-base titrations, experiments with galvanic cells, measurements with 

spectrophotometer and pH-meter were used as examples. Most students preferred 
running the real experiment to the virtual one, and mainly using the simulation 
of experiment for explaining its principle. It was interesting that students did not 
consider the “training” role of simulations to be important for practising work with 
laboratory apparatus, understanding principles of laboratory procedures etc. (results 
see in Table 1).

In the second part of our research basic school pupils attend the laboratory 
and undergo pH measuring supported by real and virtual (simulated) apparatus, 
i.e. a virtual pH-meter, which is an available simulation on T. Greenbowe Web page 
(Greenbowe, 2009) and a hand pH-meter in real set on the laboratory desk. 

Two as much as identical scenarios were prepared using either real or virtual 
pH-meter, managed by worksheets containing tasks of three levels: 

Level 1: simple pH measuring in three samples of selected chemical matters 
(hydrochloric acid, sodium hydroxide and sodium chloride) in three different 
strengths.

Level 2: answers to problematic questions followed by their verifying by 
measuring changes in parameters of the matters (strength, volume, similar chemical 
matters),  e.g. What pH value will a certain volume of hydrochloric acid solution 
reach having lower/higher strength than in previous measuring? How will pH sodium 
hydroxide with strength of 0.06 mol/dm3 change when its volume increases from 100 
ml to 150 ml? What pH value will potassium hydroxide solution reach in comparison 
to sodium hydroxide solution if the strength is the same? Etc.

Level 3: open task, e.g. Design and describe assignments and results of other 
tasks which you could do with the provided aids and real or virtual chemicals. 
You can ask your teacher to provide you with other chemicals and aids for the real 
experiment, or with advice on other functions of the simulated pH-meter for the 
virtual experiment. 

Table 1 
Preferences of simulation/real experiment combinations

Combination:

I prefer to apply ...

Number of numerical orders according to 
the importance evaluation Average 

order
1. 2. 3. 4.

Simulation before real experiment 
to train the activity 2 8 32 36 3.31

Simulation before real experiment 
to explain its principle 23 24 18 13 2.14

Simulation after real experiment to 
fix knowledge 7 26 23 22 2.77

Simulation after real experiment to 
explain its principle 46 20 5 7 1.65
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The following hypotheses were set for this research: 
1) no statistically significant differences will appear in pupils´ results of pH-

measuring in provided solutions of chemical matters with the real and 
simulated pH-meter. 

2) no statistically significant differences will appear in pupils´ answers to 
problems questions dealing with pH-measuring in solutions of concrete 
chemical matters by the real and virtual pH-meter.  

3) Pupils´ recommendations on using the laboratory arrangement for other 
measurements will be more frequent and varied, i.e. more proposals will 
appear, and the teacher will be asked more questions related to the real 
environment than to the virtual one.    

The first and third hypotheses were statistically confirmed and the second one 
brings positive results for virtual environment (Bílek et al., 2010).

Conclusions and Discussion
Implementation of ICT to the process of instruction does not mean eliminating 

real school experiments from school laboratory practice. Real living environment 
makes us face more and more items of virtual environment, worlds, mediated by 
infinite possibilities of computer networks. The mediated perception through virtual 
images has become an important cognitive channel for pupils. Real information from 
existing reality is steadily replaced by virtual information. 

How to blend an effective and meaningful application of real, indirect and 
simulative observation, measuring and experimenting according to didactic 
principles? 

The ICT, especially their network systems, do not offer only advantages. They 
also bring risks and problems to teachers and pupils. Terms and conditions for the 
use of simulations and other computer support of empirical and theoretical cognitive 
methods, mainly the support of remote and virtual laboratories, are still in progress 
according to the growing possibilities of the Internet, Web services and possibilities 
of measuring, modelling and other means. Virtual universities, virtual classrooms 
or other ways of remote parts of educational systems in the field of natural science 
cannot work without the presented methodological components. At technical 
universities the remote and virtual laboratories have been common and we suppose 
that their spreading to lower levels of the educational system will not take a long 
time. In many cases they will be joint projects which should support interest in 
natural science and technical studies. In our opinion, the necessity to research this 
field, especially in situations where the initial relation to natural science and technical 
subjects is formed, is currently very topical and desirable. It is big motivation for 
continuing of our research project especially in the case of enlarging of respondents, 
examining next examples of virtual worlds (different animation and simulation in 
different didactical scenarios) etc.
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Abstract
The article shows patterns of mutual relationships among learning, scientific literacy and 
biological literacy. The pilot research was carried out in order to study students’ understanding 
of learning as a development of biological literacy at the Faculty of Biology of the University of 
Latvia. The research question was set – Is there any correlation between students’ comprehension 
of what learning is and their biological literacy?
The qualitative data were obtained from students’ answers. The coding system performed on 
the basis of R. Säljö, F. Marton, G. Dall’ Alba, and E. Beatty’s theoretical knowledge about 
learning. When processing the qualitative data, the coding of characteristics was done by 
means of the programme AQUAD 6.0. 
The gained results revealed that there is a correlation between the students’ opinions 
of learning and biological literacy in all four levels (nominal, functional, structural and 
multidimensional). 

Key words: biological literacy, learning, scientific literacy. 

Introduction
nowadays the aim of science education is the formation of scientific literacy. 

Students’ scientific literacy comprehension is also one of the indicators of education 
quality that are measured in the EU. International comparative studies in natural 
sciences (Geske, 2000; Kangro & Geske, 2000) show a relatively low achievement of 
Latvian pupils in science and mathematics. Latvian study team concludes that the 
relatively low student achievement, compared with the OECD average, demonstrating 
the need to further development of pupils’ ability to use in the school gained knowledge 
and skills to real life situations (“natural Sciences and Mathematics Project”).

The concept of the scientific literacy emerged after the renewal of Latvia’s 
independence in year 1991 (Lamanauskas, Gedrovics, 2005). There is much discussion 
about the meaning of scientific literacy. Many authors believe that scientific literacy 
is much more than the acquisition of a system of knowledge and knowledge about 
its formation (Holbrook, 2000; Holbrook & Rannikmae, 2007); scientific literacy is 
a system of basic science knowledge, the way of its formation and development of 
ability for its creative daily use, for problem solving, related to the improvement of 
life standard (Hazen, 2002). Science education requires a triumvirate of  knowledge 
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and understanding of the scientific content, the scientific approach to enquiry, and 
science as a social enterprise, that is, the social practices of the community (Osborne, 
2007, p. 177).

Jack Holbrook and Miia Rannikmae (2009) consider that there are two views on 
the scientific literacy: 

a) those that advocate a central role for the knowledge of science; and
b) those who see scientific literacy referring to society usefulness.
They point out (Cited Holbrook & Rannikmae, 2009) that between these two 

camps, Wolfgang Gräber et al. (2001) see a continuum of views that stretch between 
the two extremes of the subject competence and meta-competence. Whereas Rodger 
Bybee (1997) proposed a comprehensive hierarchical model still very much driven 
by the discipline of science, a more central position can be taken in which the 
subject competence is important, but is propagated by general competences within 
education.

The Wolfgang Gräber model for scientific literacy (2001), illustrated in Figure 1, 
is put forward as competency-based. The model reconsiders the balance between the 
various competencies and reflects on the specific contribution science education can 
make to the education of adults.

What do people 
know?

What do people 
value?

What can people 
do?

Subject Competence
Epistemological 

Competence
Ethical 

Competence

Learning Competence
Social Competence

Procedural Competence
Communicative 

Competence

Scientific
Literacy

Figure 1. The Wolfgang Gräber model for scientific literacy.

This view upholds the need for the scientific literacy to be far more than knowledge 
and integrates the component of value education as an essential component of science 
education.

R. W. Bybee (1997) has suggested considering the scientific literacy at four 
functional levels (Figure 2):
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Level

Multidimensional

Scientific literacy

not only has understanding, but has developed 
perspectives of science and technology that include the 
nature of science, the role of science and technology in 
personal life and society

 Structural : 
conceptual and 

procedural

Functional

Nominal

demonstrates understanding and a relationship between 
concepts and can use processes with meaning

can use scientific and technological vocabulary, but 
usually this is only out of context as is the case for 
example in a school test of examination

can recognise scientific terms, but does not have a 
clear understanding of the meaning

Figure 2. The functional levels of scientific literacy.

In PISA 2006, the scientific literacy referred to four interrelated features that 
involve an individual’s

– scientific knowledge and use of that knowledge to identify questions, acquire 
new knowledge, explain scientific phenomenon, and draw evidence-based 
conclusions about science-related issues;

– understanding of the characteristic features of science as a form of human 
knowledge and enquiry;

– awareness of how science and technology shape our material, intellectual, 
and cultural environments; and

– willingness to engage in science-related issues, and with the ideas of science, 
as a constructive, concerned, and reflective citizen (OECD, 2006).

The materials in biology subject elaborated by the authors of the natural Sciences 
and Mathematics Project in Latvia pointed out that biology is one of the subjects, 
which helps primary school children raise awareness about the unity and the 
interaction of the human and nature. Currently, the biology education objective is to 
create the scientific literacy, it means, the ability to use natural-scientific knowledge 
in real life situations. The scientific literacy includes:

– natural sciences knowledge (basic knowledge and skills), its use in real-life 
situations for acquiring new knowledge, formulating questions, making 
conclusions with the appropriate arguments;

– problem-solving, which can be investigated and dealt with scientific methods, 
based on the observations and experiments; 

– understanding and responsible decisions about the world around them and 
the changes that it brings, human activities linked with scientific development, 
technological development, technical development.

It means that the scientific literacy is the ability to transfer knowledge and 
understanding of the nature, its structure and diversity of processes, inquiry 
activities, communication and cooperation skills to different situations in real life 
when you need to decide, solve problems, and develop ideas for the society, science 
and technology interaction (“Bioloģija”, 2011).
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Dagnija Cēdere and Daina Možeika (2008, p. 259) note that “the concepts of 
biological literacy and chemical literacy are also found in literature (Holman, Hunt, 
2002), maintaining the ideological unity of teaching and the main goal of learning 
and teaching is to use knowledge for information extraction, critical appraisal and 
solving practical problem (Forster, 2004).”

The American authors Gordon Uno and Rodger Bybee (1994, p. 554) concerning 
biological literacy also suggest distinguishing four levels (Figure 3).

Level

Multidimensional

Biological literacy

Students understand the place of biology among other 
disciplines, know the history and nature of biology, 
and understand the interactions between biology and 
society

 Structural : 
conceptual and 

procedural

Functional

Nominal

Students understand the conceptual scheme of biology, 
possess procedural knowledge and skills, and can 
explain biological concepts in their own words
Students use biological vocabulary, define terms 
correctly, but memorize responses.

Students can identify terms and questions as biological 
in nature, but possess misconceptions, and provide 
naive explanations of biological concepts.

Figure 3. The functional levels of biological literacy

From a pedagogical point of view the scientific literacy and biological literacy 
can be defined as a competence involving such aspects as:

– knowledge (knowing what);
– attitudes and behaviours (being aware of how we act, in context and why);
– dispositions (being open to change, feeling motivation);
– procedural skills (knowing how to do);
– cognitive skills (treating information, critical thinking and critical analysis);
– experiential skills (to know how to react and adapt on the basis of previous 

knowledge, social skills). (Brett et al, 2009).
Swedish author R. Säljö (1979) classified the conceptions into five categories:
– learning as a quantitative increase in knowledge. Learning is acquiring 

information or “knowing a lot” 
– learning as memorising. Learning is storing information that can be 

reproduced.
– learning as acquiring facts, skills and methods that can be retained and used 

as necessary.
– learning as making sense or abstracting meaning. Learning involves relating 

parts of the subject matter to each other and to the real world.
– learning as interpreting and understanding reality in a different way. Learning 

involves comprehending the world by re-interpreting knowledge.
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This classification shows a hierarchy as students gain knowledge from learning 
as the quantitative increase of knowledge (levels 1, 2 and 3) to learning as the 
construction of meaning (levels 4 and 5).

Since all learning is related to a person as personal development, the sixth highest 
level category based to F. Marton, G. Dall’Alba, and E. Beatty was added (Marton 
et al., 1993).

– learning as changing as a person.
These six categories were used for coding. The pilot study was carried out to 

find out students’ comprehension of learning as a way of developing the biological 
literacy. 

Methodology of research
The present pilot research was conducted during the implementation of the study 

course “Introduction into Studies” on December, 2008 at the Faculty of Biology of 
the University of Latvia. The sample comprised 17 first year students of the Bachelor 
programme. The students answered only questions related to their conceptions of 
learning in their studies at the Faculty of Biology. 

The aim of the present research is to study students’ understanding about biology 
learning as a development of their biological literacy.

The research question: Is there any correlation between students’ comprehension 
of what learning is and their biological literacy?

The qualitative data were obtained from students’ answers. The coding system 
(Table 1) performed on the basis of R. Säljö, F. Marton, G. Dall’Alba, and E. Beatty’s 
theoretical knowledge about learning was used for data processing. The levels of 
biological literacy (Table 1, third column Levels) were added based on students’ 
responses (grounded on Gordon Uno and Rodger Bybee (1994, p. 554) conceptions). 
Qualitative data processing program AQUAD 6.0 was used.

Table 1 
A set of codes for coding learning

Codes Interpretation Levels

SELF Self-improvement/self-development, linked with dependence, sometimes 
egoism/self-interest and fanaticism concerning to learning MULT

PRoC Process FUnC
UNDS Understanding STRU

KNoW Knowledge nOMI 
STRU

INFo Obtaining information nOMI

ATTI Attitude linked with interest in study topics, enjoyment of learning, keenness 
and active participation in learning, as well creation of science ethics

STRU 
MULT

MEMo Memorising FUnC
APPL Application MULT
DIFF Overcoming the difficulties FUnC
MIST Learning from mistakes FUnC
REPI Repeating FUnC
SKIL Skills FUnC
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The results of research
In order to study how students understand what learning as development of 

biological literacy is their answers were analysed. It determined the frequencies of 
codes describing students’ comprehension of what learning was and their biological 
literacy.

Table 2 

Frequencies of students’ responses

CoDE

RESPoNDENTS

N
 (%

)

LE
V

EL

S1 S2 S3 S4 S5 S6 S7 S8 S9 S1
0

S1
1

S1
2

S1
3

S1
4

S1
5

S1
6

S1
7

SELF 1 0 0 1 2 0 0 1 0 0 0 0 1 0 0 0 7 21 MULT

PRoC 1 0 0 0 0 0 1 0 2 0 0 1 1 1 1 0 1 15 FUnC

UNDS 1 1 1 0 0 1 0 0 1 0 1 0 0 0 1 0 1 13 STRU

KNoW 0 0 1 1 1 0 0 1 0 1 0 0 0 1 0 1 0 11 nOMI 
STRU

INFo 2 1 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 10 nOMI

ATTI 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 3 10 STRU 
MULT

MEMo 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 6 FUnC

APPL 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 5 MULT

DIFF 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 3 FUnC

MIST 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 3 FUnC

REPI 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 FUnC

SKIL 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 FUnC

100

As it is seen in Table 2 the majority of respondents consider that learning is a 
process (code PROC – 15%) which is linked with the acquisition of knowledge (code 
KnOW – 11%) and understanding (code UnDS – 13%), obtaining of information 
(code InFO – 10%), formation of one’s own attitude (code ATTI – 10%), memorising 
(code MEMO – 6%) and application (code APPL – 5%) for self-development (code 
SELF – 21%).

As regards the development of biological literacy all levels are present.
Recognizing science terms and concepts is in the nominal and structural level of 

biological literacy. Students’ comments:
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Independent learning of topics by reading, writing notes, listening to 
lectures or otherwise acquiring in order to understand the topic.

Learning is an active participation in the learning process.

Learning is acquisition of new knowledge, which gives the greatest effect 
when it is done with enjoying and understanding of application. 

Learning means – to acquire specific skills, to learn new facts. But the key 
of learning is to learn to think logically.

If I learn, I will be really interested in the science topic; otherwise the 
learning process may not achieve the expected results.

Learning means – be able to apply knowledge in practice, to analyze the 
results, to evaluate errors and to gain experience. Since studying at the 
Faculty of Biology, I understood the significance of practical skills.

Learning is a conscious human action for a specific purpose.
From aspect of functional biological literacy learning is a process in which 

students may memorize an appropriate definition of terms or concepts:
The process by which new information is acquired by understanding, 
trying to memorise and analyse that information, what we want to learn, 
stays in long-term memory.

To obtain information, process it, understand it and memorise it. At the 
same time to repeat information previously acquired.

Students demonstrate the multidimensional level if they keep on studying 
biology, if their personal interest remains to be high, or if they are able to solve a 
problem related to the natural sciences:

Learning associates with the knowledge acquisition, which is useful later 
in life and cause a personal interest. 

Learning means 
– growth and development, thus protecting the people from the 

stagnation;
– to apply knowledge in practice, to analyze the results, to evaluate 

errors and to gain experience;. 
– understand and clarify the unknown or supposed facts;
– to explain the unknown to others;
– to acquire new knowledge that is timeless instead a period of one test 

work.
Biology belongs to the life sciences, so it is important to be aware of the 

professional ethics:
Learning is a kind of fanaticism. Fanaticism, which prevents a person to 
see the reality of the real, prevents understanding others, about how young 
people live in the incomprehensible world where nothing matters and cares 
for nothing, underestimate, and everything related to the human ego, it’s 
nothing, because the man is a being, who builds himself a pyramid at the 
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top and each person has such a big problem, who does not stand up to the 
problems of deforestation or global warming. Not everyone understands it. 
The real learning is when a man raises himself above the other creatures 
that use their skills effectively.

People have to take the responsibility:
Knowledge is to use good intentions rather than bad, such as the invention 
of steam engines or inventing the atomic bomb.

Conclusions and discussion
Based on the theoretical findings and the obtained data, the following conclusions 

can be drawn. In general students’ comprehension of what learning is correspond to 
classical European didactic approach as knowledge acquisition and skills to apply 
it, considering the knowledge to be the key component of experience as well as 
emphasizing the cognitive process of learning, stressing that learning is the acquisition 
and strengthening of knowledge. These conceptions are similar to R. Säljö, F. Marton, 
G. Dall’Alba, and E. Beatty’s opinion concerning learning:

– as increasing one’s knowledge;
– as memorising and reproducing;
– as applying;
– as understanding;
– as seeing something in a different way;
– as changing as a person.
Both views on the scientific literacy: learning as a biology competence 

development and learning as a personally meaningful and socially useful process 
were represented in students’ answers. 

The above mentioned students’ understanding of “what learning is” correlates 
with the notion “biological literacy” in all represented levels of:

nominal biological literacy. Many students recognized that they should learn 
biological terms, principles, and scientific concepts to understand and explain 
ideas. They try to use textbooks that emphasize facts for recognizing “correct” 
information.

Functional biological literacy. Students considered that they should memorise an 
appropriate definition of terms or concepts for understanding of biology. It means that 
students at this level try to understand the concepts of biology by using textbooks, 
biological vocabulary and get the idea of scientific investigations. They tried to read, 
comprehend, explain, analyse, and work with information. Their practical experience 
in hand-on laboratory works is very important. Students are willing to learn more 
about biology if it is meaningful and interesting to them.

Structural biological literacy. Students described that they should understand 
biological facts, and theories for applying them to novel situations. Students 
developed personal relevance and were interested in the study of a science concept 
and constructed appropriate meaning of the concept from their experience. They 
appreciated the significance of the information to biology and to themselves. 
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Multidimensional biological literacy. Students mentioned that they should 
understand the place of biology as a life science among other disciplines and 
emphasized the interactions between science and society, using the biological 
knowledge in interpretation of a real-world situation. They want continue their study 
of biology, and their personal interest remains high.

However, due to the small sample size the present research only highlights 
trends in correlation of learning and biological literacy it is possible to generalise 
these findings and they will be useful to further studies. The carried out research 
needs to be continued in different directions: (1) to clarify the notion “biological 
literacy” (“biology literacy” or “literacy in biology”); (2) to improve the questionnaire 
supplementing it with open and closed questions concerning biological literacy, and 
(3) to expand the target group (high school students and school pupils) of the study 
and thus to increase the number of respondents.
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Abstract
Knowledge acquired by students is often fragmented and selective resulting in low motivation 
and passive learning leading to a knowledge of chemistry not based on understanding. We 
have developed a new teaching method with the aim of developing the student’s ability to or-
ganize and focus his thought processes on practical application (TETRA-method). The method 
is based on the development of a conceptually interconnected approach making use of a visual 
spatial model – the tetrahedron – which serves as a thought model during the teaching/learn-
ing process while also serving as a symbol of the spatial aspect of our natural environment. 
We researched the utility of the TETRA-method for teaching chemistry by conducting a stu-
dent survey. It was found that students give this method a positive rating with longterm positive 
effects. At the same time it was found that student attitude toward chemistry is quite reserved.
Key words: chemistry education, conceptually interconnected information, learning/teaching 
process, motivation, TETRA-method, understanding. 

Introduction
The dynamic changes in today’s world place increasingly diverse and complex de-

mands on educators. As educational programs and teaching methods are improved, 
it is possible for students to acquire an increasingly better education. nevertheless, a 
paradox has been observed – students recognize and appreciate the significance and 
value of education and its important role in life, however, their level of motivation is 
low and learning is passive (Lice, 2010). A study conducted in 2007 in Latvia con-
firms that starting in grade 7 student motivation quickly decreases; more than 50% 
of students admit having little or no desire to learn; only 10 – 30% diligently pursue 
goal oriented studies (Ozolina, 2007). At the onset of chemistry studies, which is 
grade 8 in Latvia, it is vital to maintain student interest by directing their natural cu-
riosity, which is a characteristic of this age group. Students will study conscientiously 
if they perceive a significance in what they are learning. Motivated learning promotes 
independence and a development of creative skills, which in turn promotes the de-
velopment of applied practical skills required in everyday life (Maslo, 2003, p. 40).

Why is there a need for conceptually interconnected learning? In life, as in sci-
ence, there are no „clean” or selective facts or transformations. Everything in our 
world is interconnected and interrelated. The ability to see connections between con-
cepts, fields and ideas is a core skill (Downes, 2005).

Students find chemistry very frustrating if, at the onset, there is no clear under-
standing of what it is that they are studying. For example, students in grade 9 usually 
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easily recognize the signs of chemical reactions, but more than one half are unable 
to answer the question – is water boiling a chemical reaction? (Cedere, Gedrovics, 
Vasilevska, 2010). Upon observing the burning of magnesium, students usually write 
down the reaction equation, but believe that some of the magnesium goes up in the 
air, but the remainder forms white ash (Barke, 2006). These examples attest to the 
formal mechanical nature of what is being learned. A student may very well have ac-
quired knowledge in specific topics, but is unable to connect them, thus he is unable 
to use them and there is no real understanding of the nature of substances, the trans-
formation of substances in the environment and in the practical everyday world.

One of the most significant duties of an educator is the promotion of the devel-
opment of a student’s research abilities. A student learns by thinking, thus thinking 
skills must be developed. In today’s world individuals need to think more and make 
more decisions than ever before. Which food product is healthier? How harmful is 
laundry detergent? Where to discard waste that has accumulated during a hiking 
trip? These are only a few of many examples. Conceptually interconnected learning 
takes place if a student learns how to use his experience to gain new knowledge. This 
process requires argumentation skills (Zhou, 2010), a direct or intermediated con-
nection with real life (Lutz, Pfeifer, 1989; Parchmann, Demuth, Ralle, Paschmann, 
Huntemann, 2001); Freienberg, Kruger, Lange, Flint, 2001), and problem solving 
skills (Overton, nicholas, 2011).

In order for a student to be able to correctly and fully conceptualize the mate-
rial world and the processes therein, it is increasingly vital to find the most optimal 
methods of connecting various aspects of learning, to seek and find relationships 
while making the educational process personally significant for each student. 

TETRA-method
The aim of this method is to develop the student’s ability to organize and focus 

his thought processes on practical application. The method is based on developing 
interconnections using the visually spatial tetrahedron (hence, the name of the meth-
od). The main topic lies at the center of the tetrahedron and it is connected to four 
sub-topics, thus forming the cognitive system by which to master the topic. All the 
defined sub-topics are interconnected along the edges of the tetrahedron.

→  
    

Figure 1. The tetrahedral model as a visual structuring tool  
(Mozeika, Cedere, Gedrovics, 20101).

At the same time, the tetrahedron is a symbol of environmental spatiality. The 
spatial aspect of the environment is hardly discussed in the classroom. Taking chemi-
cal processes to an abstract level, the planar format dominates and due to a shortage 
of time the practical applications and connections are touched upon only briefly. The 
tetrahedral model allows the student to visualize those phenomena that cannot be di-
rectly observed during the chemistry lesson, thus calling to mind visual experiences: 
on a macrolevel – the movement of substances in nature, waste issues, water quality 
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etc.; on a microlevel – observing the stereospecificity of the structure of the natural 
amino acid or monosacharide molecule.

The method is a four-step system (Fig. 2). At each step the tetrahedron allows 
the student to study the four aspects of a given phenomenon (topic, substance or 
substance class, chemical and/or physical transformation). It is vital that studies be 
personally meaningful for each student. For this reason the step system also includes 
the „Self perception” phenomenon. The model is characterized by an internally com-
pressed structure: during the third step, each sub-topic is placed at the center of the 
model putting forth four appropriate sub-topics of its own. 

Interconnections of components
System components STEP 4

„Self-perception” phenomenon STEP 3 Summarizing the 
main topic Forming of thematic system STEP 2 Characterizing 

connected subtopics Activating student 
learning

STEP 1
Actualizing the topic and 

subtopics 1,2,3,4

Figure 2. The four step system of the TETRA-method  
(Mozeika, Cedere, Gedrovics, 20102).

The TETRA-method helps students to connect fragmented information, to 
become motivated and to form an interconnected overview  of the material world 
(Mozeika, Cedere, Gedrovics, 2010).

The aim of this study
Our study is a continuation of the study begun in 2009. The TETRA-method has 

been endorsed by four Latvian schools and the efficacy of its use has been studied 
in chemistry classes at various levels. The previous study revealed that use of the 
TETRA-method promotes the mastery of chemistry and both students and teachers 
rated the method as a positive one (Mozeika, Cedere, Gedrovics, 2010). now we want 
to determine the long-term effects of the use of the TETRA-method. Do today’s 10th 
grade students remember the TETRA-method they used in grade 8 and how do they 
rate the method today?

Research methodology
The first group consisted of twenty four 10th grade students, who had used the 

TETRA-method in grade 8 (Group 1). A second group was used for purposes of com-
parison. This group consisted of eighteen 10th grade students who had not used the 
TETRA-method, but were briefly informed about its principles prior to the survey.

In order to learn the students’ opinions, a written survey was conducted using a 
questionnaire with closed type questions. A four category Likert scale was used: 1 – 
disagree, 2 – tend to disagree, 3 – tend to agree, 4 – agree. Statistical processing of the 
results was done by the IBM SPSS program. Structured student interviews were con-
ducted to gain additional information; interview results were analyzed qualitatively.
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Two measures were taken in order to evaluate students’ attitudes towards chem-
istry in general and the TETRA-method in particular.
1. Attitude towards chemistry was measured based on five items. For example, 

„Chemistry is an interesting subject, I find chemistry easy”. The Cronbach alpha 
coefficient (inter-item consistency) was .73.

2. Assessment of the TETRA-method was based on ten items. „The TETRA-method 
helps me organize my knowledge of chemistry, the TETRA-method makes 
chemistry lessons more interesting”. The Cronbach alpha coefficient was .82.

Research results
The two groups demonstrated statistically significant differences in the assess-

ment of the TETRA-method. Students in the first group evaluated the method higher 
than students in the second group. At the same time, differences in the evaluation of 
chemistry in general were not significant at the .05 level (Table 1).

Table 1
Comparison of survey results

No. Question groups
Group 1 Group 2 t-test

M SD M SD t
1. Attitude towards chemistry 2.68 0.58 2.33 0.71 1.77
2. Assessment of the TETRA-method 2.90 0.44 1.74 0.53 7.93***

*** p<.001

The attitude of students in both groups towards chemistry in general is rather re-
served as shown by the proximity of the median rating to the median value (M=2.5). 
We can conclude that students do not find chemistry totally uninteresting and they 
partially agree that what they learn in chemistry class has a practical application. 
Comparing the results of Group 1 (M=2.68) with those of these same students sur-
veyed immediately after use of the TETRA-method (M=3.55), a significant difference 
can be observed. Hence, the method promotes the development of a positive attitude 
towards chemistry, but the effect of the method on student attitudes two years later 
is no longer evident since there are no statistical differences compared with Group 2. 
The fact that the effect of the method did not last could be attributed to the relatively 
short period of its use – one semester.

The significantly higher evaluation of the TETRA-method by Group 1 shows that 
students who have known and used this method, have positive memories of the fact. 
Even two years later students note that the TETRA-method helps them organize their 
knowledge and helps them learn (M>3.0). They admit that work during the lesson is 
more active when using the TETRA-method. Students feel that using the tetrahedron 
makes organizing information easier (M=3.2)

At the same time, Group 2 indicators show that a brief introduction to the meth-
od does not leave a positive impression of its usefulness. Evaluation of the method 
by this group is largely negative, which confirms the need for practical use of the 
method and its sequential four-step system.

The above quantitative comparisons have been supplemented by typical student 
responses to interview questions, which gave them the opportunity to explain their 
survey opinions about the usefulness of the TETRA-method in more detail:

•	 I would like using the TETRA-method in chemistry lessons now, it was inter-
esting;
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•	 Everything was easy to understand, because it was grouped by topics;
•	 I would like to use this method in physics and biology as well;
•	 The method helped, because it organizes the most important information;
•	 Use of the TETRA-method makes chemistry easier to understand;
•	 Use of the TETRA-method makes everything clear;
•	 The method helped me organize my knowledge and prepare for tests;
•	 The visual graphics clearly show what is most important and necessary in the 

topic;
•	 Use of the TETRA-method makes it easier to learn and organize and summa-

rize what is learned;
•	 The method helps organize information, since often it is precisely visual mem-

ory that helps recall information;
•	 This method really helps me learn, because it contains the most important 

things needed;
•	 It really helps, it hits the bullseye!
•	 Very interesting, thank you!
Some students felt that the TETRA-method does not really make learning 

easier:
•	 It is easier to get an overview, but it does not really help me learn;
•	 I doubt that the method helped me master theoretical issues.
These responses also point to the significance of the use of such a practical model 

in creating student interest. At the same time, students recognize the shortcomings of 
the model, noting that it helps organize information, but it does not make it any less 
important to try to master the material.

Discussion
Results of the student surveys and interviews show that the TETRA-method 

has left a lasting positive impression on students who used it two years ago in their 
chemistry classes. Comparison of the survey results of both groups as well as the 
comparison of Group 1 responses with those that were given to the same questions 
on the survey two years ago, allows us to arrive at some general conclusions about 
the method.

Based on student opinion, the method is an effective tool for the organization of 
information and thought processes and a better understanding of the interconnected 
nature of not only chemistry, but quite possible the other natural sciences as well. It 
activates student learning and promotes motivated, interested learning. no less im-
portant, the method allows the student to focus on the most significant aspects of the 
topic more easily. Thus, the method has a broad application – both in helping master 
concrete topics or concrete substance characteristics as well as in forming a general 
overview and recognizing interconnection of information.

For the student, one unit in the educational process – one educational activity 
cycle – begins with receiving new thematic information and ends with his ability to 
use this information. Starting a new topic, the TETRA-method helps focus the aim 
of the lesson. Students quickly understand what the lesson is about, the „Self per-
ception” phenomenon helps develop motivation. As the students themselves admit, 
interest exists at the very beginning of the lesson. The tetrahedral model helps the 
student connect separate bits of knowledge, helps him summarize, analyse and sys-
tematize this knowledge. Thus, learning becomes logical, it ceases to be mechanical. 
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Depending on each teacher’s plans and goals, the TETRA-method can also be 
used for review and consolidation. Making use of the compression principle of the 
TETRA-method, knowledge can be enhanced, deepened and broadened. Within one 
TETRA-method cycle, students and teachers are able to see whether and how ef-
fectively their goal has been reached. This happens at Step 4 of the method, which 
guarantees a return to the starting point and an updating of interconnections. On the 
other hand, the method cannot reach its intended results if the final phase – Step 4 – 
is omitted.

The TETRA-method is a good addition to student practical experimental class-
room activity, it helps connect school chemistry with everyday chemistry, it helps 
find connections, and it allows the student to express himself more creatively while 
searching for interconnections in chemistry and beyond.

Conclusions
The TETRA-method has a positive effect on student learning. Students’ positive 

attitude towards use of this method in chemistry class and its positive rating is long-
term. 

Students’ attitude toward chemistry in general is rather reserved. Short-term use 
of the TETRA-method is unable to improve this attitude.

In order to gain results using the TETRA-method, it is necessary to put it to 
practical use actualizing all four steps of its cognitive system.
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Abstract
With present extensive changes in science education taking part in a number of countries, 
it is recommended for school practice to adopt such teaching strategies that emphasise the 
use of science knowledge in everyday life, raising questions and drawing conclusions from 
the given facts. The prerequisite is to decide which fundamental science knowledge and skills 
should be acquired by pupils and which competences should be employed in case they meet 
science problems in the context of everyday life. The view on this issue will be the subject of 
the present paper based on the international study in science literacy PISA and its results; 
it provides the analysis of results and draws conclusions and recommendations in terms of 
content innovation and strategy for teaching science subjects. 

Key words: PISA, pupils, science education, skills research. 

Introduction
Over the past ten years a series of international studies have been accomplished 

to assess knowledge, skills and pupils’ interest in sciences. These studies showed that 
the interest of pupils in these sciences is low, followed by a continuous decrease, and 
in the majority of countries the pupils’ knowledge of science subjects is below the 
average. nevertheless, sciences and mathematics are necessary for further economic 
and social development, and education level of population is a fundamental measure 
of the volume of human capital (European Commission, 2007).

The issues associated with the lack of interest in sciences and their teaching 
have been intensively studied by the European Union. The European Commission 
established a professional group whose aim was to analyse the teaching and identify 
the reasons for disinterest. After accomplishment of this analysis, the expert group 
published their recommendations. The main point ensuring the change should be the 
application of new pedagogic methods, namely, those that use inquiry-based approach 
to teaching (European Commission, 2007; Anderson, 2002; Kinchin, 2003). Further, 
in 2009, the ministers of EU member states approved the document on strategic 
framework of European cooperation in the area of education and vocational training 
where one of the reference levels is the level “Pupils with problems in basic skills“. 
This level aims to ensure that all pupils acquire the basic skills at an appropriate level 
in mathematics, reading and natural sciences in such an extent and quality so that in 
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2020 a share of 15-year old pupils with problems in these areas will be less than 15% 
(ET 2020, 2010). 

Science education is, in many countries, mainly focused on memorising a great 
number of facts that place little demand on thinking operations (Bell, 2004). There 
is an overweight of mere reproduction of memory-acquired knowledge, which leads 
to rapid forgetting. This is also confirmed by ongoing international studies tracking 
the level of knowledge, skills and interest of pupils in sciences at various levels of the 
school system. However, for the time being, the results of these studies do not exert 
great impact on innovation, and also the results of periodically reoccurring studies 
do not show a considerable improvement; on the contrary, it is a reality. Among the 
most important research international comparative studies dealing with this issue in 
the context of science subjects, it is necessary first of all to refer to PISA (Programme 
for international student assessment), TIMSS (Third international mathematics and 
science study) and the project ROSE (Relevance of science education). 

The aim of our research was to find out:
- What the position of Czech pupils in the international investigation PISA 

2009 focused on the skills of fifteen-year old pupils in science subjects, 
namely, in biology and chemistry is

- How these results change in time  (in comparison to the year 2006)
- Which of the observed skills are the most difficult for Czech pupils 
- What the cause of failure is
- How to improve the situation in the Czech Republic 

Theoretical starting points
Investigation about the level of science literacy of fifteen-year old pupils is 

an important element of PISA research. Study and application of natural sciences 
require from the individual an acquisition of a lot of important skills which he/she 
will need throughout his/her life and which can be considered a kind of necessary 
or required equipment for life in a rapidly developing world at the beginning of the 
third millennium. It is, e.g., the skill to draw correct and evidence-based conclusions 
from the given information, to assess critically the statements of other people or to 
distinguish the opinion from the evidence-based claims. Therefore contemporary 
modern views on what kind of science education should the educational institution 
offer to all its pupils point out general understanding of important concepts, 
understanding of methods related to the acquisition of evidence to support scientific 
claims, and understanding of both the power and limitations of science in the real 
world (Bell, 2004). In line with these modern worldwide trends, the teaching of science 
subjects has been recently associated with the application of inquiry-based education. 
Inquiry is a purposeful process of formulating the problems, critical experimenting, 
assessing the alternatives, planning the research and verifying, drawing conclusions, 
information retrieval, modelling the studied processes, debating with others and 
forming the coherent arguments (Linn, Davis, Bell, 2004). Students’ investigation 
therefore gives the students a chance not only to acquire new knowledge but also 
to understand the basic nature of science. Hand in hand with this is getting and 
acquiring of new concepts and also the research methods. A similar definition can be 
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found in the publication Apedoe, Reeves (2006). Apart from indisputable advantages, 
inquiry-based education also has its risks and existing obstacles throughout its 
implementation (Papáček, 2010). The situation of advantages, disadvantages, risks 
and opportunities of inquiry-based education recently has been analysed from 
different perspectives by, e.g., Okemura (2008), Carnesi, DiGiorgio (2009), Eastwell 
(2009), Papáček (2010) and Stuchlíková (2010). 

The first study of PISA research was accomplished in 2000 with 31 participating 
countries. The main observed area was reading literacy. The second study was 
conducted in 2003 and 41 countries participated in it. The main attention was paid to 
mathematical literacy together with investigations into the level of pupils’ analytical 
thinking and their ability to solve problem-based tasks. The third study, which was 
conducted in 2006 with the participation of 58 countries, was mainly focused on 
science literacy. In 2009 the reading literacy was again in the centre of attention; 65 
countries took part in this study. The Czech Republic was involved in all previously 
accomplished PISA studies.

Methodology
The starting point for our research was the analysis and a follow-up comparison 

of the results of Czech pupils in science subjects covered by PISA study in years 2006 
and 2009. Typical tasks of PISA study are formed by a larger complex of questions 
examining one particular topic. These tasks usually introduce a more or less extensive 
text, graph, picture or other written material with related questions that can be as 
follows: 

Multiple-choice: pupils select the only correct answer from among 4 – 5 options 
offered.

Complex multiple-choice: pupils select one of the answers Yes/no from a set of 
minimally two questions.

Closed constructed response: pupils form their own answers, however, it is an 
answer expressed by one or several words (result of calculation, drawing a symbol to 
complete the picture, etc.).

Open response: pupils answer in their own words, the answer is therefore longer 
(substantiation of how they arrived at their conclusions, giving the arguments 
supporting the correctness or incorrectness of a given statement, etc.).  

PISA 2009 study included in total 31 science tasks, which all in all were formed 
by 74 questions. These tasks have not yet been made accessible to general public. 

A division of tasks into the individual science subjects (biology, chemistry, 
physics, geography and technology) and types of questions are presented in Table 1. 
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Table 1
Classification of tasks in PISA science subjects tasks in 2009 (Mandíková, et al., 2012)
Subject Number 

of tasks
Type of knowl-

edge
Number 
of ques-

tions

Multiple
Choice

Complex
Multiple 
Choice

Closed
Con-

structed
Response

open
Re-

sponse

Physics

Chemistry

Biology

Geography

Technology

7

6

9

6

3

Scientific
Methodical
Total

Scientific
Methodological
Total

Scientific
Methodological
Total

Scientific
Methodological
Total

Scientific
Methodological
Total

8
7
15

8 
6 
14

10
16
26

7
6
13

5 
1 
6

4
0
4

3 
3 
6

2
8
10

3 
1 
4

1 
0 
1

2
2
4

3
1
4

4
3
7

2 
4 
6

2 
1 
3

1
0
1

1 
0 
1

0 
0 
0

0 
0 
0

1 
0 
1

1 
5 
6

1 
2 
3

4 
5 
9

2 
1 
3

1 
0 
1

Within our research we analysed 15 tasks formed by 40 questions concerning 
biology and chemistry. A comparison was carried out in cooperation with all 
participating countries and also with only OECD countries (note: within a broader 
research in the Czech Republic, the results of which are not included in this paper, all 
tasks in science subjects were analysed).

Using the terminology of PISA study, it was the area of living systems (cells, 
human, population, ecosystems, biosphere) and the area of non-living systems 
(structure and properties of matter, chemical changes, motion and power, energy and 
its transformations, interaction between energy and matter).

There were 9 tasks with biological topics and each task consisted of 2-4 partial 
questions so that the total number of questions was 26. In terms of the type of 
knowledge, 10 questions were focused on the knowledge of natural sciences 
(scientific) and 16 on the knowledge about natural sciences (methodological). In 
terms of the type of item, 10 were closed constructed response tasks, 3 questions 
were open response tasks, and 7 were complex multiple-choice tasks.

Chemical issues were included in 17 questions in 6 complex multiple-choice tasks. 
From this number, 12 questions were also related to other science disciplines, most 
often biology and physics, some were also from geography. According to the type of 
verified knowledge, understanding and skills, 8 questions were subject-area focused 
and 9 questions had a methodological focus. The above-mentioned questions were 
of different type: 6 questions were open and 11 questions were closed. Open tasks 
require completing the answers into empty lines; mostly it is a free answer to the 
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given questions using the information referred to in the text, table or graph. As for 
closed tasks, 6 questions require selecting the correct answer from the four offered 
alternatives (one of these questions is complex) and 5 questions offer a dichotomic 
alternative yes x no for 2 – 6 partial sub-questions. 

Results and discussion
In 2009, a major area observed was reading literacy. This research involved 65 

countries worldwide. In the Czech Republic, 290 schools took part in this research, 
which represented 7500 pupils of 9th form of primary schools, 1st year of secondary 
schools and relevant years of eight-year grammar schools (Palečková et al., 2010).

In the years 2000, 2003 and 2006, Czech pupils achieved the above-average results 
in science tests. The research also showed that pupils acquired ample knowledge, but 
taking into account a practical point of view and independent thinking, they are 
lagging behind. In 2009, for the first time, they fell into the average, and their results 
showed a considerable decrease corresponding to the average of OECD countries – 
see Table 2.

Table 2 
Survey of results of PISA 2000 – 2009 (Mandíková, et al., 2012)

Year Average 
CZ

Average 
oECD

Number 
of 

countries

Ranking 
CZ

Number of 
countries with 

considerably better 
result than in CZ

Number of 
countries with 

comparable 
result to CZ

2000 511 500 32 11 7 7
2003 523 496 41 9 2 10
2006 513 500 57 15 9 10
2009 500 501 65 24 19 12

From the neighbouring countries, pupils from Hungary achieved a comparable 
result. In terms of statistics, considerably better countries were 19. Since 2006, when 
sciences were the main testing area, the results of Czech pupils have considerably 
worsened. From among 56 countries, which participated in both cycles, it was the 
greatest slide. An average success rate of Czech pupils in science tasks was 54.4%; the 
average of pupils in OECD countries was 52.9%.

What influenced the results of our pupils
To explain the slide of our pupils in science subjects block in 2009, it is necessary 

to mention the curricular reform, which started in CZ after the year 2000 and for 
primary education it entered into force in 2007. However, an immediate link cannot 
be traced here because it is only a short period of time. One of the main reasons of 
this can be seen in a gradual degradation and decrease of the number of teaching 
hours devoted to laboratory practice in biology, chemistry and physics at the expense 
of hours for teaching foreign languages. Also, the increase of new knowledge in 
science disciplines has not been solved on the basis of content modifications and 
a new selection of knowledge in the individual science subjects but on the basis of 
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mere assigning the new knowledge to the existing, which – with a decreasing trend in 
the number of teaching hours for science subjects – resulted into a mere memorising 
of the curriculum without providing appropriate explanations, interconnections, and 
a link to the real life. The curriculum of science subjects in CZ has a rather academic 
and encyclopaedic character, which, evidently, also contributes to the lack of pupils’/
students’ interest. This fact is also in correspondence with better results of our pupils 
in knowledge tasks and a slide as to solving the practical problem-based tasks from 
real life and the scientific evidence-based tasks used in practice.  

What is a success rate of our pupils in biology and chemistry
An average success rate of Czech pupils in biological questions was 52.4%, which 

is by 7.2% better average than was the total average (45.2%) across all the countries 
participating in this study and only by 0.8% better than in OECD countries (51.6%). 
This result is the worst among all science subjects in CZ. Chemistry, surprisingly, did 
better than geography and physics. An average success rate in chemistry was 57.8%. 

An average success rate of Czech pupils in science subjects according to PISA 
2009 study is referred to in Fig. 1.

Average success rate of Czech pupils according to school subjects

45.0 50.0 55.0 60.0 65.0

Technology

Chemistry

Geography

Physics

Biology

%

Average success rate of Czech pupils according to school subjects

45.0 50.0 55.0 60.0 65.0

Technology

Chemistry

Geography

Physics

Biology

%

Figure 1. An average success rate of Czech pupils in science subjects according to PISA 
2009 study (Mandíková, et al., 2012).

How to improve the situation in CZ
This is not an easy task; it concerns the entire pedagogical audience in CZ. The 

first step at the all-country level should be a curricular reform, which was practically 
started at primary schools in 2007. Further, CZ is involved in the accomplishment 
of a series of projects supported by ESF, which are focused on the development 
of new activating teaching methods, particularly on inquiry-based teaching and 
dissemination of these methods in the form of courses and workshops for practising 
teachers. 

A publication is being prepared for teachers of science subjects with a detailed 
description of PISA tasks and pitfalls of our pupils in individual science subjects. 
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At the same time, sets of sample tasks are being prepared to help the teachers and 
pupils to practise the skills necessary for life as they are declared in the requirements 
of European Commission. An important role in this respect is played by the project 
M  Quality 1, which would provide a detailed analysis of results of Czech pupils in 
PISA study, and the project GACR P407/10/0514 Pupils´ skills in biology, geography 
and chemistry: research on intended, realized and acquired curriculum in curricular 
reform implementation phase, which have contributed to the accomplishment of this 
work.

Acknowledgements
The Czech Science Foundation (GACR) P407/10/0514 Pupils´ skills in biology, 

geography and chemistry: research on intended, realized and acquired curriculum in 
curricular reform implementation phase and Project OPVK  CZ.1.07/4.1.00/06.0021 
Quality 1.

REFEREnCES
Anderson, D. D. (2002). Reforming Science Teaching: What Research says about Inquiry? 

Journal of Science Teacher Education, 13 (1), 1-12.
Apedoe, X. S. & Reeves, T. C. (2006). Inquiry-based learning and digital libraries in 

undergraduate science education. Journal of Science Education and Technology, 15 (5), 
321-330. 

Bell, R. B. (2004). Perusing Pandora’s box: Exploring the what, when, and how of nature of 
science instruction. In: Flick, L. B. & Lederman, n. G. (eds): Science inquiry and nature 
of science. Implications for teaching, learning, and teacher education. Dordrecht: Springer,  
427-446. 

Carnesi, S. & Digiorgio, K. (2009). Teaching the inquiry process to 21st century learners, 
Libraries media connection, 2009, 7 (5), 32–36. 

Eastwell, P. (2009). Inquiry learning: Elements of confusion and frustration. The American 
biology teacher, 71, (5), 263-264. 

ET 2020. (2010). Strategický rámec evropské spolupráce ve vzdělávání a odborné přípravě. Praha, 
MŠMT. 

European Commission. (2007). Science Education Now: A renewed Pedagogy for the Future of 
Europe: Report of the High-Level Group on Science Education Brussels, EC Directorate - 
General for Research: available at: http://ec.europa.eu/research/science-society/document_
library/pdf_06/report-rocard-on-science-education_en.pdf

Linn, M. C., Davis, E. A. & Bell, P. (2004). Internet environments for science education. Mahwah, 
nJ: Lawrence Erlbaum, 3-38. 

Kinchin, I. (2003). Effective teacher ↔ student dialogue: a model from biological education. 
Journal of Biological Education, 37 (3), 110-113. 

Mandíková, D., Houdková, J., Čížková,V., Čtrnáctová, H. & Řezníčková, D. Přírodovědné úlohy 
výzkumu PISA. (in press).

OECD (2003). The PISA 2003 Assessment Framework: Mathematics, Reading, Science and 
Problem Solving Knowledge and Skills. Paris: OECD.



64 Chemistry

Okemura, A. (2008). Designing inquiry.based science units as collaborative partners. School 
library media activities monthly, 25 (3),  47–52. 

Palečková, J., Tomášek,V. & Basl, J. (2010). Výzkum PISA – umíme ještě číst?, Praha: ÚIV. 
Papáček, M. (2010). Badatelsky orientované přírodovědné vyučování – cesta pro biologické 

vzdělávání generací Y, Z a alfa? Scientia in educatione, 2010, 1(1).
PISA 2009 Results. (2009). www.oecd.org/edu/pisa/2009.
Stuchlíková, I. (2010). O badatelsky orientovaném vyučování. In Didaktika biologie v České 

republice 2010 a badatelsky orientované vyučování. Sborník příspěvků semináře konaného 
25. – 26. března v Českých Budějovicích. České Budějovice: JU-PedF, pp. 129-135. 



Implementing Inquiry Based Science Education in Science 
Teaching in the Establish Project

Hana Čtrnactová1, Věra Čížková1, Mária Ganajová2, Petr Šmejkal1

1 Charles University in Prague, Faculty of Science, Czech Republic 
2 P. J. Šafárik University in Košice, Faculty of Science, Slovakia 

ctr@natur.cuni.cz, veciz@natur.cuni.cz

Abstract
At this time, it is clear that changes in science education are in the forefront of interest of the 
specialists from all countries of the EU. This is why innovation of contents, and especially new 
teaching methods, are starting to draw the attention. One of them is the IBSE (Inquiry Based 
Science Education) method. This way of teaching, according to what has been gathered so far, 
has proved its effectiveness in both primary and secondary education, partly by increasing 
the students’ interest in science, partly by improving their results and arousing the teachers’ 
motivation. This is why the topic of IBSE was chosen as the dominant theme of the project 
7th FP EU ESTABLISH. The contribution deals with the concept of the IBSE method in the 
ESTABLISH project, with creation of the educational materials, with their verification and 
with the analysis of the gained results.

Key words: ESTABLISH project, IBSE method, science education, secondary education. 

Introduction
Since the end of the 20th century, there have been many international studies 

monitoring knowledge, skills and students‘ interest in science. These studies showed 
that students‘ interest in science is low, falling, and in most countries students‘ scientific 
knowledge is merely below average. This happens despite the fact that science and 
mathematics are necessary for further economical and social development and that 
the basic measure of human capital is the educational level of the citizens (European 
Commision, 2007).

For this reason, the European Union has started with an intensive research 
into the problematics of disinterest in science and the way it has been taught. An 
expert group was created in order to analyze the teaching and find out the reasons 
for disinterest in science. This group published its results and recommendations in 
the report Science Education now: A Renewed Pedagogy for the Future of Europe 
(European Commision, 2007). The main way to ensure the change should be the 
innovation of the contents and mainly the application of new pedagogical methods, 
namely those that use Inquiry Based Science Education (IBSE) during the lessons.

Currently, the European Union funds, via 7th frame program for research and 
development, four big international projects (among others) that research the 
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problematics of education and teaching of mathematics and science. They focus 
not only on research, but also on introducing and quick spreading of their own 
results into the teaching practice at primary and secondary schools. These projects 
are ESTABLISH (European Science and technology in Action: Building Links with 
Industry, Schools and Home), S-TEAM (Science-Teacher Education Advanced 
Methods), Fibonacci (named after the Italian mathematician Leonardo da Pisa, also 
known as Fibonacci) and PRIMAS (Promoting inquiry in Mathematics and Science 
Education across Europa). There are 65 institutions, some university-based, some not, 
from 32 countries, participating in these projects, including those from the Czech 
Republic (Papáček, 2010).

The contribution deals with the concept of the IBSE method in the ESTABLISH 
project, with the creation of teaching and learning materials, with their verification 
and with the analysis of results.

Methods and means of the research
The current ideas about the scientific education a school should give to all its 

students emphasize the general understanding of important terms, the understanding 
of the methods for gathering evidence in order to support scientific claims, and the 
understanding of both the power of science and its limitations in the real world 
(Bell, 2004). In accord with these world trends, the scientific education has been 
lately connected to the use of inquiry based education. „Inquiry“ is a purposeful 
process of problem framing, critical  experimentation, planning, investigation and 
verifying, making conclusions, searching for information, creating models of the 
studied processes, discussing with others and forming coherent arguments (Linn, 
Davis & Bell, 2004). This way of teaching, according to what was gathered so far, 
has proved its effectiveness in both primary and secondary education, partly by 
increasing students‘ interest in science, partly by improving their results and arousing 
the teachers‘ motivation (Čížková & Čtrnáctová, 2010). It was found that IBSE and 
traditional pedagogical approaches are not in opposition and can be combined in 
science education to accommodate various ways of students’ thinking and students’ 
age-based preference (Tessier, 2004).

Despite its undeniable advantages, IBSE also has its risks and obstacles that 
prevent its introduction. The situation of its advantages, disadvantages and chances 
has been lately analyzed from different points of view, for example by Okemura 
(2008), Eastwell (2009), Papáček (2010), Wolf & Laferriere (2009).

These methodological starting points were chosen for the project ESTABLISH. 
ESTABLISH project brings together expertise from across 14 institutions in 11 

European countries in order to extend the use of inquiry based science education 
(IBSE) in secondary schools across Europe.

Members of the consortium work with local teachers and students to develop 
and implement IBSE units and evaluation tools that are culturally adapted for each 
country. Units are developed in the subjects of physics, chemistry and biology, 
connected with the problems that students might encounter in their everyday life.

The aim of this project is to promote innovation in the classroom practice 
through the provision of appropriate teaching and learning IBSE units and 
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appropriate supports for both in-service and pre-service teachers to implement IBSE 
(McLoughlin et al., 2011).

The Project brings together the key communities in second level science 
education to work together to create authentic learning environments to drive change 
in the classroom practice. The project consortium has adopted an agreed definition 
of inquiry/elements of inquiry as the “intentional process of diagnosing problems, 
critiquing experiments, and distinguishing alternatives, planning investigations, 
researching conjectures, searching for information, constructing models, debating with 
peers, and forming coherent arguments” (Linn, Davis & Bell, 2004). The individual 
elements of inquiry were identified based on this definition and extended group 
discussions. The consortium has developed teaching and learning units to be used 
in teacher education – both pre-service and in-service – that are good examples of 
IBSE. It also developed an agreed framework for the development of an IBSE unit 
that requires the developers to describe (McLoughlin et al., 2011):

(1) Unit/science topic 
(2) IBSE character
(3) Pedagogical Content Knowledge 
(4) Industrial Content Knowledge 
(5) Learning Path(s) 
(6) Student Learning Activities and Classroom Materials 
Using the framework, central IBSE units are developed with contributions from 

several project participants and through piloting in each country by the consortium 
members working with teachers. The central unit is then adapted for implementation 
in each country, taking into account cultural and curriculum differences (McLoughlin 
et al., 2011).  

The beginning phase of the project is the creation of teaching materials for the 
educational units and their pilot verification.

The criteria for each ESTABLISH Inquiry Based Science Unit are that they 
conform with the ESTABLISH definition of Inquiry Based Science Education 
(IBSE) and encourage and facilitate students to be active learners. The units must be 
representative of inquiry-based science education and inspire teachers to generate their 
own IBSE materials. These Units should relate to real world/industrial applications. 
Specific attention should be given on gender issues ensuring that all materials are 
suited to both genders. Specific adaptations may be required to take into account 
cultural differences and particular circumstances in each beneficiary country.

A Unit should serve during a professional development track as exemplary 
material for teachers to experience benefits of IBSE in classroom practice. Therefore 
a unit should be a series of activities, with a suitable structure, and different levels of 
IBSE activities. A teacher should concretely be helped and stimulated, and be able to 
apply the unit integrated with normal lessons.

Therefore the total number of units will be rather high, and should reflect these 
different needs. Also it will be beneficial to have different versions from the same 
topic, or an easy way to adapt the units to specific situations. 
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The course and results of the research
Project solving was focused on chemistry and on cooperation while processing 

the materials of the teaching unit Visible and Invisible Holes. This unit uses the 
concept of holes to explain filtration; even though the holes are not always visible, 
their presence allows the filters to work. It then illustrates filtration on various cases, 
such as car filters or dialysis (Finlayson, Maciejowska, Holbrook, Parchmann & 
Čtrnáctová, 2011).

The drafts of various units of the theme were created by the chemistry work 
group and later piloted in the school practice. The units were subsequently altered in 
order to both satisfy the ISBn conditions and fit in the environment of Czech and 
Slovakian schools. After the changes, a second round of school testing has started. 
The results of this testing were based on the questionnaire method: evaluating the 
teachers’ and students’ questionnaires (Ganajová, Šmejkal & Čtrnáctová, 2011).

The teaching unit Visible holes was tested by 10 teachers with 173 pupils aged 
12-14 participating. The questions in their questionnaires had been selected from 
the proposed testing tools “Evaluation tools to assess the impact of ESTABLISH on 
student learning”.

Evaluation of teachers‘ questionnaire – examples of tasks 
Do you think that the finished 

learning unit has a positive impact on 
students, especially on their perception 
of science?
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Evaluation of students‘ questionnaire – examples of tasks 
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I wish we did these experiments again 
because it seems to be very useful.

The answer scale means:

  1 2 3 4 5 6 7
        not at all                     somewhat                         very
                 true                          true                                 true

The results show that 82% of students think that these activities were very 
interesting and 64% students wish to do these experiments again because it seems 
to be very useful. 

Discussion and conclusion
So far, the results show that while the theoretical foundations of ISBE are 

sound, their practical application is not easy to solve. Even though the unit was fully 
developed, its integration into the national curriculum is far from seamless.

The science education problems in the Czech and Slovak Republic are analogical 
to those in other countries of central and Eastern Europe. The subject matter is more 
of an academic and encyclopedic type, which, of course, supports students‘ disinterest. 
The deductive teaching methods are much more common than the inductive ones; 
most of the subject matter is composed of facts, not of methods that would allow 
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students finding facts out themselves. The teacher takes up most of the activity in 
lessons. The questionnaires show that while the IBSE method is interesting for the 
students and teachers, its wide application definitely will not be easy. It is clear that it is 
not possible to use solely IBSE in the teaching – further research should specify more 
precisely how large a part would be optimal. Partnership in solving the ESTABLISH 
project is no doubt a significant opportunity for changing this situation.

Even during the creation of materials for the first educational units – in case of 
chemistry, under the theme Visible and Invisible Holes – we can see how difficult such 
creation is. Further parameters are being given by the students themselves; generally, 
the new way of education interests them, but the support is far from general.

It is clear that there is a long road ahead as far as the realization of new ways 
to teach science subjects at secondary schools goes. We hope that the solving of the 
ESTABLISH project will contribute majorly towards it.
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Abstract
In the period from 2005 to 2011 due to the financial support from EU structural funds a set of 
measures had been initiated, developed and implemented for  meaningful usage of information 
communication technology (ICT) in science and mathematics teaching/learning process for 
lower and upper secondary education (grade 7-12): ICT equipped classrooms and laboratories, 
interactive e-learning materials for students, visual aids for ICT usage, teacher’s support and 
guidance materials as well as the implementation of teachers’ professional development on 
ICT for science teaching/learning. Through the focus group discussions, lesson observations, 
teachers’ and students’ surveys a comprehensive study was carried out. It confirmed that the 
measures taken are an optimal way to achieve the objectives of the ICT implementation – a 
meaningful use of ICT in science and mathematics teaching/learning process.

Key words: mathematics education, meaningful usage of ICT, science education, teaching/
learning process. 

Introduction
It appears that our daily life is no longer imaginable without ICT. The technologies 

are also used in the teaching/learning process in schools.
We can review the ICT history in Latvian schools at several stages. Computerization 

project (LIIS) was implemented in the system of education in Latvia in the period 
from 1997 till 2005. It was the grandiose project for that time – the computer centre 
was created in each regional area and each school began to operate at least one 
computer class with internet connection. About 10 000 pages of teaching/learning 
materials, educational games and software were developed during the project but 
only a small part were really useful for teaching/learning in science and mathematics. 
In addition – ICT is evolving very rapidly and these materials became non-topical in 
a short period of time because of their quality and software compatibility.  

Over the years the school computerization project has changed the students’ 
and teachers’ understanding about the opportunities of using and significance of 
ICT equipment in the teaching/learning process. Supply with ICT equipment for 
the science and mathematics classrooms for lower and upper secondary schools 
(grade 7-12) has been initiated and implemented in the period from 2005 to 2011 
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due to the support from EU structural funds in Latvia. Data loggers, sensors, 
interactive whiteboards, document cameras, web cameras, clickers etc. in addition 
to the computers for teachers and students have been purchased to  provide an 
important prerequisite for the use of ICT: to make technologies available to teachers’ 
and students’ teaching/learning process in school.

Over the past decade a number of comprehensive studies on the use of information 
technology in the teaching/learning process have been carried out. Students’ basic 
skills, higher-level thinking skills, ICT skills, cooperation skills, and students’ 
involvement in the learning process with ICT have been assessed (Lemke, Coughlin 
& Reifsneider, 2009). Studies show that investments in technology acquisition and 
their use are not sufficient preconditions for successful teaching of young people 
for development skills for today’s labor market in the conditions of competitiveness. 
Important insights: technology has to be used according to both the subject content 
and content of the teaching methodology. The holistic and comprehensive ongoing 
reforms (since 2005) regarding science education involving the paradigm shift from 
traditional subject knowledge oriented to scientific literacy oriented curriculum are 
under implementation for upper and lower secondary school in Latvia. The reform 
objectives were to raise students’ interest in science, to improve the curriculum of 
science subjects (physics, chemistry, biology) by emphasizing students’ scientific 
inquiry and their skills to apply the classroom-gained knowledge in real life 
situations, to facilitate the use of ICT; to ensure methodological support for teachers 
and students; to raise professional capacity of teachers of science and mathematics, as 
well as experts. The reforms were prepared, lead and realized by “Science and Math” 
project development unit in State Education centre in close cooperation with schools, 
universities and industry partners. The materials developed within reforms were pre-
tested in pilot schools and distributed to all schools in Latvia as well as the access to 
these materials in the web has been provided.

The availability of technology does not automatically ensure the change in 
teacher’s pedagogical approach (Campbell & Martin, 2010). Learning of digital 
competences in a rapidly ICT developing era are necessary for both – university 
students – next teachers and experienced teachers (Ertmer & Ottenbreit-Leftwitch, 
2010). In addition, the use of ICT promotes improving of student learning outcomes 
only when teachers have the knowledge about the efficient and meaningful use of 
ICT in the teaching/learning process (Ertmer & Ottenbreit-Leftwitch, 2010). Duran, 
Brunvand and Fossum (2009) argue that teachers can develop their professional 
competence of using the technology not from books but in practical use of the 
technology in the context of the subject. This support system must be comprehensive: 
the opportunity to see and share good practice examples in the teaching/learning 
process, support of school administration, professional development courses, suitable 
learning and teaching materials (Betcher, Lee, 2009).

The teachers’ professional development to change the pedagogical approach 
and develop their digital competences was implemented. Seminars for the school 
administration staff about the importance of the ICT implementation were organized.  
All these measures were creating the preconditions for a meaningful use of ICT in 
science and mathematics teaching/learning process.
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With the increasing availability of ICT equipment in the science and math 
classroom in the period from 2006 till 2011, research questions were – is there 
the evidence for the growth of usage of ICT in science and math classroom? Is the 
teaching for ICT usage effective and meaningful for students? How have teachers 
developed the ICT usage skills during the last years?

Methodology of Research 
Sample selection
26 pilot schools were selected as a model of the country according to the following 

criteria: type of the school, location, qualification and experience of the teachers, 
support from school administration, language. 1836 students from grades 7-9 and 
157 subject (mathematics, chemistry, physics and biology) teachers were involved.

Instrument 
This report includes data collected using electronic questionnaires and focus 

group discussions. 
Focus group discussions were organized twice in the piloting period. Focus group 

discussions have carried out a semi-structured data gathering method recorded by 
and later decrypted. The impact of ICT usage on the teaching/learning process was 
one of the topics for the discussion. Teachers were asked to describe the differences 
they had found about the impact of ICT on the teaching/learning process, school 
environment and students’ outcomes during the period from 2005 till 2011. number 
of respondents in each focus group was 4-6 people: teachers of biology, chemistry, 
mathematics, physics and 1 or 2 representatives of school administration.

Data collecting by using electronic questionnaires was made in 2010 and 2011. 
number of respondents:

• 26 representatives of pilot school administration; 
• 96 science and mathematics teachers of pilot schools (26 – math, 23 – 

chemistry, 25 –physics and 23 biology teachers).
• 5183 students about ICT usage in chemistry: including 599 students from 

pilot schools and 4584 not from pilot schools;
• 5519 students about ICT usage in physics: including 719 students from pilot 

schools and 4800 not from pilot schools;
• 4032 students about ICT usage in biology: including 541 students from pilot 

schools and 3491 not from pilot schools;
• 4833 students about ICT usage in biology: including 488 students from pilot 

schools and 4345 not from pilot schools;
The same questions were asked to both groups – teachers and school 

administration. The Likerts’ scale (1 to 4) was used in the survey (1 – weak/strongly 
disagree, 4 – very good/fully agree). The teachers were asked to give comments after 
every question.
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Students were asked to determine how often teachers in pilot schools had used 
ICT in the teaching process and how often the students had used ICT in the learning 
process. The results from not pilot school students were used as control group. 

Data Analysis
The qualitative data have been obtained by focus group discussions. Teachers’ 

evaluation about changes in  students’ motivation and the teaching/learning process 
as a result of reforms in science and mathematics initiated by science and math 
development unit, as well as the impact on teachers’ professional development and 
school environment as a whole included.

The qualitative data processing was carried out. Open data encoding was 
performed first. The qualitative data were divided into blocks; the conceptual analysis 
was made and categorized; each category was assigned a code in a one or some 
number of words in the text of the corresponding meaning (Boeije, 2010; Strauss 
& Corbin, 2007). Then focused data encoding was performed (Boeije, 2010). Two 
categories: ICT usage in the learning process and teacher’s ICT usage skills derived 
from data encoding are described in this paper. It was a conscious choice as far as 
possible to reflect the respondent’s thoughts and opinions. Therefore summarizing 
data from focus group discussions and electronic questionnaires contain extensive 
range of citations. 

Results of Research
The usage of ICT in the teaching/learning process since the 2005 has changed 

significantly as Figure 1 shows. Students have confirmed they like to use ICT in 
science and math lessons. There is evidence of the growth of real ICT usage from 
2005 till 2008. 

Figure 1. Student’s attitudes about ICT usage.
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The teachers’ e-survey was used to find out how the availability of technology 
had changed the situation in science and math classes over the last five years. Results 
to the question what ICT equipment teachers have started to use during the piloting 
are shown in Figure 2.

Figure 2. Responses from teachers about usage of ICT devices during piloting.

As shown in the survey results thanks to the availability of technology during 
the piloting the teachers have started to use sensors and data loggers, clickers, as 
well as interactive whiteboards. Before the project, most of teachers used computers 
and overhead projectors but some of teachers began to use these devices during the 
project, too. Students can learn with modern measuring devices; almost 60% of the 
pilot school teachers have started to use sensors, and 40% of teachers – data loggers. 
Teachers assessed the learning tools – document cameras (started to use 18%) and 
interactive whiteboards (started to use – 54%) (Fig. 2).

Two groups of students (grades 8 and 9, pilot and non pilot schools) were asked 
to answer how often students themselves had used ICT in the learning process. 
Comparison of the responses show that students from pilot schools use ICT for data 
logging and processing for watching animations and video more often than students 
from non-project schools (Table 1).
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Table 1
Students’ opinions on ICT usage in the teaching/learning process (%)

Every lesson once a month Less Don’t use
Non-

project 
schools

Pilot 
school

Non-
project 
schools

Pilot 
school

Non-
project 
schools

Pilot 
school

Non-
project 
schools

Pilot 
school

Chemistry 7 14 20 35 22 22 50 29
Physics 7 8 22 29 25 30 48 33
Biology 8 17 23 29 27 27 42 27
Mathematics 15 30 23 34 42 29 19 7

The results of the research show how teachers’ and students’ attitudes toward 
information technology applications in physics, chemistry, biology and mathematics 
have changed, what the benefits of the use of information technologies are. 

The same questions about changes in the usage of ICT in schools during last two 
school years (2009-2011) were asked to the representatives of school administration – 
school principle or vice principle (Table 2) and to teachers (Table 3). The given 
answers were compared.

Table 2
The school’s administration opinions about ICT usage in schools (%)

1 strongly 
disagree 2 3 4

fully agree
Students’ skills of ICT usage are good 0 0 46.2 53.8 
The usage of  the presentations, videos, animations 
during lessons is meaningful 0 0 30.8 69.2

The usage of  the ICT equipment – computer, 
interactive whiteboard during lessons is meaningful 0 0 61.5 38.5

Teacher’s ICT skills have developed during the past 
two years 0 0 23.1 76.9

The data given from the school administration indicates that:
• Students successfully manage information technologies: “Students are 

proficient in the use of information technology through lessons and home-
work”.

• Students’ motivation has increased: “The new equipment’s willingness to act, 
and often it helps to understand the importance of the learning content”.

• Students often helped teachers to acquire new technologies: “… students 
are the ones who help teachers learn the interactive whiteboard and work 
with equipment.  Also, when working with sensors, for students everything is 
clear”.

• Teachers learn new technologies slower than students: “The use of IT: about 
the  interactive whiteboard I put 3 points, because, unfortunately, our school 
has only 5 teachers who work with an interactive whiteboard, while other 
teachers use IT to supplement the information”.
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• The teachers’ ICT skills were developed every year: „… I put 4 points on 
teachers’ ICT skills: since 2 years ago our school has bought computers in all 
classrooms for all teachers, we are using the e-class. Since this moment, the 
teacher is on friendly terms with IT”.

• School administrators also have indicated that the very important teachers’ 
growth is due to the ability to improve ICT skills and use supporting 
materials prepared by experts from “Science and Mathematics” development 
unit: “The proposed supporting materials (animations, presentations, videos, 
etc.) required effective use of ICT that improved teachers’ skills. … This leads to 
calls for the need for modern teaching process and learning to work with ICT. 
Teachers learn all these things in courses and on their own”.

Teacher responses show how the usage of ICT has changed in lessons during the 
last years.  Data from science and mathematics teachers’ answers correspond to data 
from school administrators and they are summarized in Table 3.

Table 3
The science and mathematics teachers’ opinions about ICT usage in schools (%)

1 strongly 
disagree 2 3 4

fully agree
Students’ skills of ICT usage are good 0 0 39.1 60.9
The usage of  the presentations, videos, 
animations during lessons is meaningful 0 0 4.3 95.7

The usage of  the ICT equipment -computer, 
interactive whiteboard during lessons is 
meaningful

0 8.7 26.1 65.2

Teacher’s ICT skills have developed during the 
past two years 0 0 17.4 82.6

Like the school administration teachers also have noted students’ skills in using 
of ICT:

•	 "Students are very successful in using information technology; these may be 
used for preparing presentations, during lessons for discussions, research, etc."

•	 However, some of the teachers have mentioned the potential problems, like, 
the increased opportunities for information search on the internet reduce 
the skills to use textbooks: “In today’s digital technology age students can find 
information on computer very well, but have more problems with finding the 
information in the books; some do it quickly, others need more time, but if we 
compared the beginning of the project and now, then I can say that they do it 
much better.”

•	 Problems in usage of new e- materials because of the lack of sufficient 
equipment or software or limited availability of the Internet: “Some students 
have difficulties to use these materials at home due to old computer hardware 
and software incompatibility; … There are those who do not have internet at 
home or even a computer “.

•	 Most of the teachers noted that they don't cause trouble use animations, 
presentations, and video during the lessons but the problem for them was 
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the lack of the interactive whiteboard or other ICT equipment in their 
classrooms: “The using of interactive whiteboard materials is limited because 
if you haven’t the interactive whiteboard, these material can be used in the 
presentation mode or the students one by one have to come to the computer. 
Wireless mouse might be the solution.”

•	 The teachers’ skills to work with ICT have developed during last years: 
“Over the past two years my skills in the use of information technology have 
developed, the project offers a very wide range of interactive materials”.

•	 ICT helped to improve the learning process that also attracts students: “For 
three years I actively use the interactive whiteboard, which greatly improved 
my learning process and helped to attract students, to the subject.”

•	 The Science and Math development unit provided support for the professional 
development of teachers’ ICT skills: “A big thank you to the project that we 
were offered a wonderful opportunity to improve our skills in the use of ICT. I 
think that a modern lesson without ICT, it’s not a lesson. During the past two 
years my skills in using information technology have developed, thanks to the 
seminars I have improved my skills of working with ICT. “ 

Results based on focus discussions
During the focus group discussions teachers were asked about the personal gains 

for students and teachers during the piloting. Teachers highlighted the increased 
interest in the subject by using digital resources as well as data loggers and sensors 
during the lessons as the greatest students’ benefit:

•	 „The students like the e-environment, interactive disks.”
•	 „Opportunity to operate with the latest technology in the teaching/learning 

process.”
However, as a personal benefit teachers noted professional development during 

the project:
•	 “Cannot imagine life without the interactive whiteboard. I've learned.”
•	 “I had panic fears, now it's simple.”
•	 "Technology skills, computer, IWB, sensors, there isn’t fear to work with them 

any more.”
Focus group discussions indicate that the developed digital resources 

(presentations, videos, pictures, animations, simulations etc) according to the new 
approach and syllabi in science subjects and mathematics during the piloting are 
highly valued by teachers. In addition, they are in Latvian. It is a problem for teachers 
to prepare such materials by themselves because of required considerable investment 
in time and the insufficient level of competence sometimes.

Discussion 
Implementation of ICT in science and mathematics teaching/learning process for 

lower and upper secondary education in Latvia is purposeful and effective but it has 
to consider issues for future development. The number of students who like to use 
ICT in the teaching/learning process has increased (about 60 %) during the research 
period (Fig.2). It happened thanks to the availability and effective usage of ICT.
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To use ICT effectively, schools require suitable equipment which is useful for 
both – the teaching and the learning process. now it is considered as a norm that the 
science or math classrooms have the minimum of equipment – multimedia computer 
and a video projector, which is mainly used as a tool for media playback. Finding of 
equivalent resources in the internet often is unsuccessful.

It is important that teachers are able to find these support materials in the 
website www.dzm.lv. As teachers pointed out the developed e-support materials for 
teachers by Science and math development unit have helped to extend ICT usage in 
the teaching/learning process in science and mathematics and helped to make the 
process more meaningful.

Focus group discussions also indicate that there are some problems to be solved 
with the limited ICT usage: computer equipment and software obsolescence, software 
compatibility. Teachers have develop skills of working with ICT equipment, software 
and digital resources and even more important be able to make the teaching/learning 
process meaningful. 

All of these components were included in the teachers’ professional development – 
training courses and seminars. Almost all science and mathematics teachers were 
involved in the professional development on the usage of ICT in science and 
mathematics. They have gained knowledge and skills in using ICT in practice during 
the training process. 

Research shows that pilot school students have more significantly used ICT in 
the learning process than the non-project school students (Table 1). The main reason 
for that is the continuous professional development of teachers during the piloting as 
the focus group discussions have shown.

 It should be noted that for many non-pilot school teachers the professional 
development training was organized before the ICT equipment was available in 
schools. Therefore the acquired knowledge and skills of these teachers during the 
training are limited in applying them in real practice. In some cases the lack of general 
ICT skills was a problem for teachers to participate in the professional development 
in ICT usage in science or math classroom.

School administration and teachers appreciated highly students` ICT skills (Table 
2 and Table 3). As demonstrated by citations from electronic questionnaires teachers 
also asked for students’ assistance if needed. In assessing how meaningfully school 
teachers use the presentations, videos, animations, teacher‘s self assessment (95.7 %) 
is significantly higher than the assessment (69.2%) done by the representatives of 
school administration. This suggests that teachers highly value the usage of ICT in 
the teaching/learning process, based on their own experience and are confident about 
their skills. In assessing how meaningfully school teachers use the ICT equipment – 
computer, interactive whiteboard – there is also a difference between the results 
obtained from surveying teachers and school administrations –65.2% and 38.5% 
respectively (Table 2 and Table 3).

The results show the understanding of both parties about the meaningful use 
of ICT in the teaching/learning process. But the difference could indicate a negative 
trend – the school administration was underestimating the importance of ICT 
application in the teaching/learning process and meaningful implementation of ICT 
could have received insufficient attention. The situation might be disturbing as the 
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data show that 8.7% of teachers feel unsafe with the ICT equipment (Table 3) but this 
problem does not exist for the school administration (Table 2). To create a coherent 
point of view, the school administration and teachers have to create dialogue about 
these issues, it should note the challenges and look for solutions.

Conclusion
Looking back on the progress made in the past 6 years from students, teachers 

and school administration view, it must be concluded that the ICT implementation 
in the teaching/learning process has progressed rapidly and has been supplemented 
with effective teacher support system: ICT is included in the education standards 
of science and math subjects, the teachers’ support materials are developed, schools 
are provided with suitable ICT equipment and teachers have developed ICT skills in 
professional development courses.

However, in order to improve the situation it is necessary to upgrade continuously 
the IT equipment and software used in the teaching/ learning process and maintain 
teachers’ professional development on ongoing bases, so that teachers themselves are 
able to solve problems. One of the main preconditions of IT implementation and 
meaningful use in the teaching/learning process is a dialog and a coordinated action 
between the school administration and teachers.
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Abstract
“Chemistry for life” is a concept, which sets a high value on teaching and learning chemistry 
with examples, substances and problems from daily life. With this the students shall also learn 
that the subject chemistry has a very high value of general knowledge and more pupils shall be 
motivated to deal with chemistry even after school. For this as often as possible and reasonable, 
so called “laboratory chemicals” are replaced by substances from daily life. At the same time 
“Chemistry for life” will not sacrifice the required level of professionalism and follow the best 
“red thread” trough Chemistry.

Key words: Chemistry for life, contexts, daily life substances, teaching concept.

Introduction
Depending on what kind of empirical studies you analyse, chemistry has been 

one of the most unpopular or at least less popular subjects at school for decades 
(Gräber, 1992; Woest, 1997; Müller-Harbich, Wenck, & Bader, 1990). And even more 
worrying is the fact, that at the beginning of the chemical education the students 
seem to have a very high level of expectation, which then converts into a clear 
aversion. This happens to an extent, which has never been detected in any other 
subject (Krapp, 1996; Pfeifer, Häusler, & Lutz, 2002). So something must happen 
while teaching chemistry, especially in the first three years, which is responsible for 
such a change of heart. Possible reasons being discussed could be the following (after 
(Woest, 1997; Pfeifer et al, p. 404ff.):

• The students expect, that with the help of chemistry lessons, many things of 
their surrounding and of their everyday life can be explained. This is only 
correct to a small extent, because many phenomenon of everyday life are 
too complex from a scientific point of view.  To understand them, chemical 
knowledge is necessary but the teacher is not really succeeding in teaching 
them in an understandable way.

• Currently, the curricula is predominantly concentrated on the science 
chemistry and not oriented towards a student-friendly design of the course 
material.
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• From the perspective of learners chemistry is one of the most difficult 
subjects. Especially criticised is a too much of theory, formulas, and abstract 
concepts.

• The students demand that the chemistry lessons should be designed in a 
way to be practiced- or everyday life oriented and thus understandable for 
them.

Ideas for the solution to the problem
It is clear that a negative attitude towards the chemistry class is not exactly 

conducive to learning success. Furthermore, this leads to students who neither 
decides for a professional training in chemistry nor for a chemistry course in 
secondary school. nowadays, there is already an acute shortage of skilled workers 
in the MInT – area in Germany, which will increase significantly in the future, 
therefore an increase of the interest of students in subjects from this area and thus 
correspondingly increasing the number of trainees and students is of vital economic 
and thus political interest. In this respect, it is understandable that in the meantime 
a whole series of initiatives are designed to increase an interest in MInT subjects in 
general and to motivate for appropriate training.

For about 12 years we have thought about, the above points put into consideration, 
how to create a more student-oriented and student-motivated education of chemistry, 
without sacrificing the required level of professionalism. A very important point here 
is the everyday world- and life orientation, so that the students will also learn that 
the subject chemistry has a very high value of general knowledge. now, the demand 
for a reference to daily life is not new, there were teaching lessons dealing with nature 
and a clear orientation to everyday life in the 20s and 30s of last century, which were 
unfortunately lost. Then, in the 80s, the Salters’ Project was developed in England 
(Campbell, et al, 1994), a concept, in which the subjects’ contents were completely 
restructured and built up project-like. The aspects of everyday life and the education 
value of content stood in the foreground.

Taking up these ideas Parchmann, Ralle, Demuth et al. developed the concept of 
“Chemistry in Context” (Parchmann, Paschmann, Huntemann, Demuth, Ralle, B. et 
al, 2001). Here, too, was and is the learning focused on a reference to everyday life 
and a meaningful context.

The concept “Chemistry for life”
The concept of “Chemistry for Life”, developed by us, also provides the daily 

reference to the fore (Freienberg, J., Krüger, W., Lange, G., & Flint, 2001; Freienberg, 
J., Krüger, W., Lange, G., & Flint, 2002), but differs from the two previously mentioned 
concepts in the way of dealing. In our opinion, the inclusion of everyday life, interests, 
or even possible contexts of the students do not become a selection criterion or the 
structuring feature for the content of chemical education. The subject chemistry is, 
like no other science, characterized in a way, that the treatment of further and more 
complex contents fall back repeatedly on basic skills needs; individual areas cannot 
be treated in isolation from each other. In this respect “Chemistry for life” follows 
the best “red thread” through chemistry and along this red thread everyday contexts 
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or small “contexts” are the basis for the relevant curricula with which the substance 
is being developed.

To realize this especially in the beginning classes, you have to break with a 
“taboo”: The strict separation of inorganic and organic chemistry. Most of the 
materials from everyday life and the environment of the students are assigned to 
the field of organic chemistry, just think of plastics, clothing, food, fuels, etc. So far 
organic chemistry is only a topic in Germany at the end of secondary education. 
Unfortunately, that has meant so far, that it was largely taboo, to deal in the first two 
or even three years with materials from the field of organic chemistry. But during this 
time, fundamental issues such as oxidation and reduction, or acids, alkalis and salts 
are treated. By adhering to the strict separation of inorganic and organic chemistry, 
it means that for example the issue of oxidation is practically only worked out based 
on the combustion / oxidation of the metals. But from the perspective of everyday 
life especially the combustion reactions of organic fuels such as natural gas, crude 
oil, gasoline, alcohol or candle wax are the students’ familiar oxidation reactions. On 
the subject of acids they are more likely to think of lemons and vinegar and less of 
salt and sulfuric acid. To say this clear: We also demand to teach organic chemistry 
as a cohesive unit at the end of the secondary education. But the beginning lessons 
should be based on the teaching subject and not to be conveyed to the partial area of 
the substances to a specific branch of chemistry. Substances the students are familiar 
with from their everyday life for an examination of the materials and visual aids 
should be chosen, despite whether they are organic or inorganic. 

In addition to the everyday and general education reference as well as the “red 
thread” through the concept in chemistry “Chemistry for life”, two other aspects are 
really important: A high degree of student activities in the form of easy to perform 
experiments and the consideration of the mental abilities of students. The former 
is realized through the use of simple (hand-) experiments, and frequent recourse 
to substances that are found in virtually every household or to be acquired in 
each construction- and supermarket. Such everyday substances are compared to 
commercially available chemicals significantly cheaper and usually have only a low 
risk potential. To take into account the mental conditions and abilities of students, we 
are guided by the findings of Piaget (Herron, 1978; Goodstein, 1978), Aebli (1973), 
Gräber and Storck (1984), Schröder (1989), Kubli (1983) and Case (1996).

In a nutshell, this means that children in the early stages of teaching chemistry 
at the age of 13 and 14 cannot generally think formal-operationally and therefore are 
always dependent on the implementation of mental actions to actually existing objects. 
They have so much difficulty in understanding the processes at the microscopic level, 
that is, when dealing with atoms, molecules, ions, bonds, etc.. One can facilitate the 
clear understanding of a fact with models, animations, etc.. Basically, we demand on 
the one hand that one shouldn’t, whenever possible, start teaching this level at the 
very beginning. On the other hand, the students should know, in their transition to 
the formal, microscopic level, for example, the interpretation of an experiment in the 
form of equations, already much of the experiment. Maybe they should have already 
drawn up a word equation, so that they can then concentrate their “spiritual power” 
entirely on the transfer of this knowledge into the chemical jargon. 
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Conclusions and discussions
In summary, our approach applies to “Chemistry for life”, with following 

principles:
• We do not teach “everyday chemistry”. We orient ourselves at good and well 

working classical concepts to teach chemistry.
• But, whenever possible and reasonable, we try to exchange “laboratory 

chemicals” for substances used in daily life.
• We also include organic substances when it comes to the initial teaching of 

chemistry.
• Even learning chemistry should be realized by starting at an easy level in 

order to be able to deal with a more complicated level as well. So when a 
chemical reaction is shown and discussed and the pupils are asked to speak 
about their observations and conclusions, they should do it with their own 
words.

• Dealing with formulas and reaction equations is done as early as the basic 
principles are understood.

• Theoretical knowledge should only be taught when it is needed, only as 
much as is necessary and above all only as much as can be understood.

• Experiments, performed by the students themselves, should be carried out 
as often as possible in order to increase the students’ motivation, to raise 
their performance in remembering what they have learnt, to train their 
experimental skills and to get the students to work actively.

Meanwhile, we have developed a whole series of lessons and are about to offer a 
complete concept for the entire secondary education. On the one hand the units are 
based on the principles mentioned above on the other hand the students should have 
at least the same technical knowledge as before at the end of grade 10. Furthermore, 
we also have prepared some themes for the secondary education due to the concept 
of “Chemistry for Life”, for example, esterification and saponification, experiments to 
Thermochromy or even a new concept on “Electrochemistry”. 

Information and scripts in the form of free downloadable scripts can be found 
on our website (Forschung – Didaktik der Chemie…).

REFEREnCES
Aebli, H. (1973). Über die geistige Entwicklung des Kindes. Stuttgart: Ernst Klett Verlag.
Campbell, B. et al (1994). Science: The Salters‘ Approach – A Case Study of the Process of Large 

Scale Curriculum Development. Science Education – National Association for Research in 
Science Teaching, 78 (5), new York: Wiley Verlag. 

Case, R. (1996). The role of central conceptual structures in the development of childrens`s 
thought. Chicago: University of Chicago Press.

Freienberg, J., Krüger, W., Lange, G., Flint, A. (2001). „Chemie fürs Leben“ auch schon in der 
Sekundarstufe I – geht das? CHEMKON, 2, 67ff.



86 Chemistry

Freienberg, J., Krüger, W., Lange, G., Flint, A. (2002). „Chemie fürs Leben“ auch schon in der 
Sekundarstufe I – geht das? Teil II. CHEMKON, 1, 19ff.

Goodstein, M. P. (1978). Application of Piagetian Theory to Introductory Chem. Instructions. 
J. Chem. Ed., 55,  171ff.

Gräber, W., Storck, H. (1984). Die Entwicklungspsychologie Jean Piagets als Mahnerin und 
Helferin des Lehrers im naturwissenschaftlichen Unterricht. MNU, 37, 193ff.

Gräber, W. (1992). Untersuchungen zum Schülerinteresse an Chemie und Chemieunterricht.  
Chem. Sch., 39 (7/8), 270ff.

Forschung – Didaktik der Chemie – Universität Rostock. http://www.didaktik.chemie.uni-
rostock.de/forschung/ Retrieved 19.09.2011.

Herron, J.D. (1978). Piaget in the Classroom. J. Chem. Ed., 55, 165ff.
Krapp, A. (1996). Psychologische Bedingungen naturwissenschaftlichen Lernens: Unters-

uchungsansätze und Befunde zur Motivation und zum Interesse. In: Duit, R., v. Rhöneck, 
Ch.. Lernen in den Naturwissenschaften. Kiel: IPn, 37-68.

Kubli, F. (1983). Erkenntnis und Didaktik: Piaget und die Schule. München: Verlag Ernst 
Reinhardt GmbH & Co.

Müller-Harbich, G.,  Wenck, H., & Bader, H.J. (1990). Die Einstellung von Realschülern zum  
Chemieunterricht, zu Umweltproblemen und zur Chemie, Teil II. Chimica Didactica, 16,  
2/3, 150.

Parchmann, I., & Paschmann, A.; Huntemann, H.; Demuth R.; Ralle, B. et al. (2001). Chemie 
im Kontext – Begründung und Realisierung eines Lernens in sinnstiftenden Kontexten. 
PdN, 1/50, 2-7.

Pfeifer, P., Häusler, K. & Lutz, B. (2002). Konkrete Fachdidaktik Chemie. München: Oldenbourg 
Schulbuchverlag GmbH.

Schröder, H. (1989). Vom konkreten zum formalen Denken. Bern: Verlag Hans Huber.
Woest, V. (1997). Der „ungeliebte“ Chemieunterricht? Ergebnisse einer Befragung von Schülern  

der Sekundarstufe 2. MNU,50/1.



Students’ Attitude to the Role of Science and Technology in 
Contemporary Society

Janis Gedrovics¹, Martin Bilek²,³, Ryszard M. Janiuk4,  
Luiz Caldeira Brant de Tolentino-Neto5, Todar Lakhvich6 

¹Riga Teacher Training and Educational Management Academy, Riga, Latvia 
²University of Hradec Kralove, Hradec Kralove, Czech Republic 

³Constantine the Philosopher University in nitra, nitra, Slovakia 
4Maria Sklodowska-Curie University, Lublin, Poland 

5Federal University of Santa Maria, Santa Maria, Brazil 
6Belarus State Pedagogical University, Minsk, Belarus   

janis.gedrovics@rpiva.lv; Martin.Bilek@uhk.cz; rmjaniuk@poczta.umcs.lublin.pl; 
lcaldeira@smail.ufsm.br; tolakh@bspu.unibel.by 

Abstract
Students´ interest and knowledge in the field of natural science and technology provided by 
the public has been decreased, which can be seen both in the natural science education on the 
secondary level and in the amount of tertiary education applicants. The article focuses on the 
evaluation and interpretation of attitudes of the 15-year-old learners from five countries (Latvia, 
Czech Republic, Poland, Brazil and Belarus) to the role of natural science and technology in 
the contemporary society. Analyze is based on survey provided by international project ROSE. 
In all five countries 15-year-old students consider science and technologies significant for the 
development of their country and society but they are changing their attitude to the role of 
science and technology in society, which can be seen from the decrease in positive answers; 
moreover in separate countries the decrease is statistically significant. From the results is 
evident that improving of learning science can develop a positive attitude to the role of science 
and technology in society. 

Key words: interest, natural science, project ROSE, society, technology.

Introduction
The interest and knowledge in the field of natural science and technology provided 

by the public have been decreased, as it has been showed by different researchers, f. e. 
J. Osborne and J. Dillon (2008). It can be seen both in the natural science education 
on secondary and partly higher education level, which certifies by decreased number 
of students which choose natural sciences oriented university programs (Dopita, 
Grecmanová & Chráska, 2008). Results of case studies are available which prove the 
escalating decrease of participants in natural sciences competitions. The youths and 
adults understand the science, mainly the natural sciences, to be the field separated 
from everyday life, results of which are not useful etc. Different researchers has 
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pointed, that significant part of society prefer pseudoscientific phenomena such as 
horoscopes, dreams etc., which testifies about low level of science understanding.

One of  explanation recommended by researchers and practicians, involved in 
science didactics is – the public has unsufficient scientific literacy, which has been 
defined by OECD as the capacity to use scientific knowledge, to identify questions and 
to draw evidence-based conclusions in order to understand and help make decisions 
about the natural world and the changes made to it through human activity (What is 
Scientific Literacy, 2011). On the other hand, a good result for the capacity to use 
scientific knowledge etc. is possible when every people, both student on different 
education level and adults understand the role of science, usually accepted only as 
natural science – biology, chemistry and physics, in and for society. Approximately 
the same is possible to say about the role of technology, although the concept scientific 
literacy do not include directly the term technology. Therefore it needs to clarify how 
different peoples understand the role of science and technology in society, as well as is 
the understanding permanent or variable, and which factors affect the understanding 
of role of science and technology in and for society.   

Methodology of research
One of possible alternative to get answers on the above mentioned questions is to 

use results, obtained by researchers, involved in the international comparative project 
The Relevance of Science Education (ROSE; see Schreiner & Sjøberg, 2004), which 
deals with 15 y.o. students.

As regards Latvia, the Czech Republic and Poland, the questionnaire data obtained 
during a repeated (autumn 2007 – early 2008) ROSE pilot-research, whereas in the 
two remaining countries these are first research data (Brazil – 2007, Belarus – 2009). 
The distribution of respondents by gender is presented in Table 1, and according it 
girls being in a small majority, except in Belarus. 

Table 1
Distribution of respondents 

Latvia Poland Czech Republic Brazil Belarus 

N Per 
cent

N Per 
cent

N Per 
cent

N Per 
cent

N Per 
cent

Girls 383 51.5 76 53,9 80 51,3 358 54,9 81 49,4

Boys 358 49,7 65 46,1 76 48,7 294 45,1 83 50,6

The scientific instrument of the ROSE project is a questionnaire containing 250 
statements arranged in 10 sections (items), one of which (Item G, 16 statements, see 
Appendix) is devoted to students’ attitude towards the role of science and technology 
in society. Respondents had to provide their answers using the 4 category Likert scale 
in the range from do not agree to agree. Encoding the data into the range from 1 to 4, 
which was necessary for computerised processing, actually provides us with a pseudo 
interval scale. Regardless several disadvantages of the Likert scale, it is fully applicable 
to analysing trends in responses, which has been stated by several researchers from 
different countries (Teppo, 2004; Schreiner, 2006; Bilek, Radkova & Gedrovics, 2006; 
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Holsterman & Bögeholz, 2007; Jidesjö, Oscarsson, Karlsson & Strömdahl, 2009). 
Unfortunately the majority of researchers has analysed different other parts of ROSE 
project, but the Item G has been analysed relatively less (Schreiner, 2006; Sjøberg & 
Schreiner, 2006; Matthews, 2007). 

The evaluation is based on comparing the average mean values (1≤Мaver≤4): in 
case of Мaver≤2.5 we can conclude that the particular group of respondents does not 
agree to the particular statement, while at Мaver>2.5 the overall trend reveals that 
respondents agree to the particular statement. Hereby the conclusion that the closer 
the average mean is to the possible (theoretically) maximum, i.e. Мaver = 4, the more 
positive respondents are about the particular statement and science and technology 
in general.

The questionnaires were also analysed in gender context. The questionnaires were 
processed by means of the 12.0.1. version of SPSS program, and Microsoft EXCEL 
(Version 7).

Results of research
The average values (Мaver) are reflected in Fig.1, revealing that respondents from 

these five countries hold surprisingly similar views. For instance, all respondents 
actually agree that science and technology are significant for society development 
(G01, Science and technology are important for society; Мaver >2.5). Equally high 
results (Мaver >2.5) are reached regarding statements G02 – G05, G11 – G12 and 
G16, and most respondents have evaluated those positively.

1,50

2,00

2,50

3,00

3,50

G01 G02 G03 G04 G05 G06 G07 G08 G09 G10 G11 G12 G13 G14 G15 G16

LV

PL

CZ

BR

BY

Fig. 1. Average mean values (1≤Мaver≤4) for different statements G01 – G16
LV – Latvia, PL – Poland, CZ – Czech Republic, BR – Brazil, BY – Belarus

Less agreement is reached regarding such statements like G06 (The benefits of 
science are greater than the harmful effects it could have) – Мaver <2.5 in Latvia and 
Brazil, G07 (Science and technology will help to eradicate poverty and famine in the 
world) – Мaver <2.5 in Poland and the Czech Republic, as well as G10 (Science and 
technology are the cause of the environmental problems) with Мaver <2.5 only in the 
Czech Republic and Belarus.
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Table 2
Gender related average mean values (1≤Мaver ≤4) 

Items
Latvia Poland Czech Republic Brazil Belarus

 girls   boys  girls   boys  girls   boys  girls   boys  girls   boys
G01 3.13 3.10* 3.05 3.09* 3.05 3.14* 3.12 3.24* 3.25 3.30*
G02 3.28 2.98³ 3.55 3.05² 3.19 3.08* 3.14 3.18* 3.24 3.16*
G03 3.31 3.14¹ 3.20 3.00* 3.16 3.35* 3.06 3.11* 3.19 3.23*
G04 2.88 2.82* 3.04 2.91* 2.75 3.05¹ 2.83 2.94* 2.97 3.10*
G05 2.98 2.99* 2.76 2.94* 2.88 3.12* 2.77 2.98² 2.94 3.02*
G06 2.59 2.61* 2.51 2.69* 2.24 2.49* 2.57 2.60* 2.53 2.90¹
G07 2.16 2.47³ 2.41 2.65* 2.54 2.76* 2.25 2.41* 2.36 2.63*
G08 1.99 2.23³ 2.09 2.38* 2.13 2.41* 2.17 2.22* 2.32 2.54*
G09 1.74 1.97³ 1.93 2.02* 2.10 2.22* 1.97 2.05* 2.04 2.17*
G10 2.49 2.48* 2.55 2.43* 2.58 2.47* 2.38 2.50* 2.82 2.93*
G11 3.12 3.11* 2.97 3.15* 3.17 3.21* 3.00 3.14* 3.10 3.39¹
G12 2.81 2.87* 2.79 2.77* 2.89 3.23¹ 2.89 3.00* 3.18 3.17*
G13 2.23 2.42² 2.31 1.97¹ 2.34 2.53* 2.22 2.30* 2.46 2.24*
G14 1.65 1.97³ 1.95 1.80* 1.87 2.00* 2.01 1.97* 1.96 1.94*
G15 2.12 2.25* 2.25 2.20* 2.22 2.15* 2.31 2.33* 2.17 2.23*
G16 3.07 2.95* 3.30 3.09* 3.20 3.31* 2.86 2.81* 3.17 3.25*

     Note:   * non-significant difference for gender;  ¹p<0.05;  ²p<0.01;  ³p<0.001

There are also statements (G08, G09, G13-G15) mostly denied by respondents 
in all five countries: Мaver <2.5. However, those negative evaluations only prove the 
general trend – young people in the five countries are close in their views regarding 
a variety of science and technology issues.

The analysis of answers in gender context has revealed (Table 2) that girls and boys 
often replied similarly and statistically significant differences can be noted only for 
separate statements. However, there is no statement that would produce statistically 
significant differences between girls and boys’ answers in all five countries.

Discussion
The analysis of questionnaires reveals that 15-year-olds from various countries 

have an overall positive attitude towards the role of science and technology in 
society and their significance for the development of the state (G11). Youths are 
convinced that improvement in those spheres will allow us to fight such currently 
incurable diseases as HIV/AIDS and cancer (G02), that future generations will have 
more opportunities (G03) and that Science and technology make our lives healthier, 
easier and more comfortable (G04). Adolescents are obviously well able to evaluate 
the advantages of modern technologies; therefore they believe that New technologies 
will make work more interesting (G05). At the same time students are fully aware 
that neither science nor technology is able to solve every problem (G08). The overall 
conclusion would be that students from Latvia, the Czech Republic, Poland, Belarus, 
and Brazil are generally positive about the role of science and technology in society, 
as related to all countries involved in the ROSE project (Sjøberg & Schreiner, 2010). 
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Of course, in different statements the difference between girls’ and boys’ results 
(assessment) are statistically significant (Table 2), and it must be taken into account, 
especially by teaching separate scientific problems and discrete phenomena. 

Comparing these results with the ones provided by other similar studies carried 
out in Europe during the last decade (Eurobarometer 55.2/ Europeans, Science and 
Technology, 2001; Europeans, Science and Technology, 2005; Qualitative Study..., 
2008; Science and Technology, 2010), we can conclude that the 15-years-old 
students-participants of the ROSE project mostly correspond to those obtained from 
respondents of various ages during EUROBAROMETER questionnaires.

For several other ROSE questionnaire statements that are close in content 
to questions included in EUROBAROMETER questionnaire, there is a good 
correspondence to average results in Europe. This means that the opinion of 15-year-
olds can well represent the general views on science and technology in a particular 
country. Meanwhile the year 2010 EUROBAROMETER research claims that, 
regarding many aspects, positive attitudes tend to decrease (Science and Technology/ 
Report, 2010), which might mean a change in views on science and technologies.

However, it is most surprising that young girls and boys so often would produce 
similar answers, considering the fact that students’ attitude to science in general is 
clearly defined as gender related (Jones, Howe & Rua, 2000). Such similarity has 
been stated in about 40 countries, participated in ROSE project, by S. Sjøberg and 
C. Schreiner, (Sjøberg & Schreiner, 2006). Probably such assumption is based in 
dominant public opinions far more than in students’ own experience at school and 
home, which respondents might not relate to their successes and failures at school 
science classes. As a result students’ answers to several statements are influenced by 
such external factors. Besides the ROSE project does not provide us with detailed 
information on how well each 15-year-old is able to independently judge such 
issues as, for example, Scientists are neutral and objective (G15) and Scientists follow 
the scientific method that always leads them to correct answers (G13), and to what 
degree their answers to those statements have been affected by external factors. This 
phenomena needs to be studied more exactly.

The dominant public opinions are revealed by responses to statement G10 – 
Science and technology are the cause of the environmental problems. Regardless the 
grain of truth in this sentence, we should not forget that science and technologies 
themselves cannot be the cause of environmental problems. The cause sooner lies in 
insufficient understanding of scientific and technological ideas, or, equally important – 
in disregarding scientific and technological recommendations. The statement is 
generally agreed to only by Belarusian youths (Мaver = 2.88) and partly by the Czech 
students (Мaver = 2.53), although in the remaining countries respondents also, at 
least partly, agree to it – the average mean values are formally below Мaver = 2.50, 
but they still remain close to the neutral value (Мaver = 2.38 – 2.58) except girls and 
boys from Belarus (Table 2). 

While teaching the basics of science, that could affect students’ choice of their 
future career, we should, among other things, develop a positive attitude towards the 
role of science and technologies in society. Therefore, while covering science material 
in class, teachers have to pay attention to how their students view various science and 
technology issues. Even if students’ ideas seem wrong, or, like in case with statements 
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G10, G12 etc. – respondents experience objective difficulties providing an answer 
due to their, perhaps, insufficient knowledge or skills. The teacher then must explain 
the essence of the problem and try to reveal possible solutions, as well as show how 
to objectively analyse similar problems. Such an approach will not only facilitate 
students’ better understanding of science but also help in developing a more positive 
attitude towards the role of science technology in our modern society. 

Conclusions
1. In all five countries 15-year-old students consider science and technology as 

significant factors for the development of their country and society.
2. Respondents’ views on various science and technology aspects are generally quite 

similar, and often are not gender related. 
3. Just like society in general, 15-year-old students are changing their attitude to the 

role of science and technology in society, which can be seen from the decrease 
in positive answers; moreover in separate countries the decrease is statistically 
significant. 

4. Along with learning science, which helps in acquiring knowledge in the context 
of future career choices, students also can develop a positive attitude to the role 
of science and technology in society. 
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APPEnDIX

Items S t a t e m e n t s

G01 Science and technology are important for society
G02 Science and technology will find cures to diseases such as HIV/AIDS. cancer etc.

G03 Thanks to science and technology. there will be greater opportunities for future 
generations

G04 Science and technology make our lives healthier. easier and more comfortable
G05 new technologies will make work more interesting
G06 The benefits of science are greater than the harmful effects it could have
G07 Science and technology will help to eradicate poverty and famine in the world
G08 Science and technology can solve nearly all problems
G09 Science and technology are helping the poor
G10 Science and technology are the cause of the environmental problems
G11 A country needs science and technology to become developed
G12 Science and technology benefit mainly the developed countries
G13 Scientists follow the scientific method that always leads them to correct answers
G14 We should always trust what scientists have to say
G15 Scientists are neutral and objective
G16 Scientific theories develop and change all the time



Content of Textbooks: one of the Factors Affecting 
Fourth-Grader Science Achievements

Rita Geske
University of Latvia, Riga, Latvia 

rita.geske@inbox.lv

Abstract
This study analyzes science textbooks for primary school in Latvia, Kazakhstan, Russian 
Federation, the Ukraine and the USA. It applies TIMSS research framework in order to assess 
the textbook effect on student achievements. The study observed that TIMSS science items for 
fourth-graders contained a substantially larger amount of physical science topics than was given 
in test framework. The study proved that Latvian textbooks available to students and teachers 
during the research of 2007 were considerably better than those were available in 1995. The 
study concludes that the changes in textbooks are one of the causes for increased achievements 
of Latvian students. By performing thorough analysis of textbooks, one can establish their 
effect on student average achievements in sciences in several TIMSS participating countries 
and explain differences and changes in achievements with this effect. One can conclude that 
textbooks are definitely one of the factors affecting student achievements.

Key words: Science, primary school, textbook, TIMSS.

Introduction
In TIMSS 1995 research, Latvian student average achievement was 499 points 

(scale mean – 500, standard deviation – 100), it was 537 points but in TIMSS 2007 
research which is generally very high growth from average to excellent results. In 
international comparative studies in general and in TIMSS research in particular, 
it is very difficult to explain differences in student achievements across countries 
and over time. Of course, not just one factor causes these changes; a combination of 
factors causes them. The aim of this study is to analyze science textbooks for primary 
school in Latvia, Kazakhstan, Russian Federation, the Ukraine and the USA within 
the framework of TIMSS in order to assess their potential effect on fourth-grader 
achievements and their changes in sciences.

Despite the formation and development of different new study methods, one 
cannot exaggerate the importance of textbooks at school. TIMSS 2007 research 
shows that 52% of teachers use textbooks as the primary study material, but 34% 
use it as a supplement. In Latvia, these numbers are noticeably higher: 79% and 21%, 
respectively. There are no teachers in Latvia not using textbooks. In Iran, for instance, 
completely all teachers use textbooks as the primary study material. Yet, there are 
only a couple of countries where teachers almost never use textbooks. These are 
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Australia and new Zealand among countries participating in TIMSS 2007 (Martin, 
Mullis, Foy, 2008).

Therefore, textbooks most commonly are the ones determining the content of 
science subjects, topics to discuss, proportion of different topics and how the subject 
is taught at school. It seems that study content can be precisely determined by 
analyzing education standard: a specific and obligatory document in many countries. 
Often, however, these documents are conceptual and generic, they mention many 
topics and themes for study content, but they do not provide particular percentage 
of these topics. This is also the case of Latvia. In fact, a textbook is a bridge from 
the planned education content published by a ministry to the education program 
content implemented at schools. It correspond to the extended TIMSS curriculum 
model: Intended curriculum (intentions, aims and goals) → Potentially implemented 
curriculum (textbooks and other organized resource materials) → Implemented 
curriculum (strategies, practice and activities) → Attained curriculum (knowledge: 
ideas, constructs, schemes) (Schmidt, Raizen, Britton, Bianchi, Wolfe, 1997, Valverde, 
Bianchi, Wolfe, Schmidt, Houang, 2002; Johansson, 2005).

Methodology of research
There is no united and common approach applied to science textbook analysis. 

In his report on science textbook analysis, H.A.Wang (1998) examined 29 researches 
and almost each of them applied different data collection and analysis schemes. The 
author of this research use two content analysis approaches that complement each 
other.

First, textbooks were analyzed by applying methodology developed by TIMSS 
1995 (Schmidt et al., 1997). Science textbooks were divided in units that were 
numbered in sequence. In most cases, each unit corresponded to one chapter, one 
lesson or one topic of a textbook. The unit amount varied from several pages to 
twenty or thirty pages.

Dividing in these comparatively wide units simplifies analysis, but it does not 
allow finding out structure details necessary for further description. Therefore, these 
units were broken down into smaller structures – blocks. Usually, a block was formed 
as one or more paragraphs united by a theme, as one figure or group of figures. The 
blocks were subdivided in 10 types – (1) narrative (the most common block type in 
science textbooks), (2) narrative related to another block, (3) unrelated narrative, for 
example, separate framed texts to supplement or explain a topic, (4) a figure related 
to other block (supplementing text block), (5) an unrelated figure, (6) a question or 
exercise related to other block, (7) an unrelated question or exercise, (8) an activity 
(for example, laboratory work, observation), (9) an example (for instance, described 
experiment), (10) other type of block, not qualified as any of the above. The blocks 
were numbered within each unit. 

Each block was coded using three types of codes according to the framework 
developed in TIMSS 1995 research. Type 1 code indicates at the content. It is mostly 
a three-digit code where the first digit describes the branch of science (e.g., code 1 
applies to Earth science). The second digit narrows down the topic, e.g. code 11 applies 
to the topic ‘Characteristics of Earth’. The third digit in the code presents a narrower 
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subtopic, e.g. code 111 applies to the subtopic on the components of Earth (kernel, 
mantle, crust etc.). Type 2 code indicates at the activities students are expected to 
perform, e.g. comprehension of complex information, performing experiments etc.  
Type 3 code applies to perspectives, e.g. establishing positive attitude towards natural 
sciences.

Each block is coded with at least one Type 1 or Type 2 code. These codes can 
be more but normally not more than four. It is explained by the fact that one block 
can contain complex information that corresponds to several codes. For instance, 
a paragraph on plant reproduction has to be coded with a code corresponding to 
plants and another code corresponding to reproduction processes. While coding, the 
number of content codes for one block considerably varied across different textbooks. 
It also characterizes the complexity and thoroughness of the text. 48–74% of the 
blocks were coded with one code (on average 55%), 26–42% of the blocks were coded 
with two codes (on average 35%), 3–17% of the blocks were coded with three codes 
(on average 9%), 1–4% of the blocks were coded with four codes (on average 2%). 
The average number of content codes per block was 1.6. In TIMSS 1995 research, 
the average number of content codes in science textbooks for fourth-graders was 1.4 
(Schmidt et al., 1997).

The second analysis approach was to examine the organization of a textbook. 
This approach analyzes the way of content presentation and structure, textbook 
consistency and systems, tasks and activities, and polygraph design of textbooks.

Data analysis included science textbooks for third- and fourth-graders, as the 
author believe that the knowledge acquired at the third grade is an important base 
for student achievements at the fourth grade. Data analysis included textbooks from 
Latvia, Kazakhstan, Russian Federation, the Ukraine, and the USA. The choice of 
countries was determined by several factors with the most important factor being 
the participation of the country in the first population of TIMSS. The author was 
interested in the directions of textbook developments in the last 20 years after the 
transition from very centralized education system of the USSR to several more 
decentralized systems. They were also interested in the comparison to the USA that 
has always had high student achievements in science. All countries investigated but 
the Ukraine showed student achievements in sciences considerably above the average 
in TIMSS 2007 research, and the differences in achievements were not statistically 
different. The achievements of Ukrainian students were substantially lower. From 
the countries listed above, only Latvia and the USA participated in TIMSS 1995. 
The achievements of Latvian students had substantially improved in 2007 (56 point 
difference), but the achievements of American students stayed unchanged.

From the editions in Latvia, the only set of textbooks that was used in 1995 
when the first TIMSS research took place was examined (authors: L.Karule and 
A.Pastore, publisher: Zvaigzne ABC), and both textbook sets disposable for students 
and teachers in 2007 (publishers: Lielvārds and Zvaigzne ABC). There were only a 
few textbook sets available in the Ukraine and Kazakhstan in 2007; the author chose 
the most popular of those. The students in these countries study in national and 
Russian language using identical translated textbooks (the original is in Ukrainian 
in the Ukraine and it is in Russian in Kazakhstan). There are some textbook sets 
available in the USA and Russian Federation, only the most voluminous were chosen 
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(publishers: McGraw-Hill School Division and Prosvescenie, respectively). The list of 
textbooks analyzed is shown at Table 1. 

Table 1 
List of analyzed primary school science textbooks

Country Textbook Textbooks’ set
abbreviation

Latvia Karule L., Pastore A. Dabas mācība 3. klasei. Rīga, Zvaigzne, 
1993 
Karule L., Pastore A. Dabas mācība 4. klasei. Rīga, Zvaigzne, 
1989

LVA K

Latvia Vilks I., Gribuste R., Vilciņa S. Dabaszinības 3. klasei. Lielvārdē, 
Lielvārds, 2007
Vilks I., Gribuste R., Vilciņa S. Dabaszinības 4. klasi. Lielvārdē, 
Lielvārds, 2005

LVA V

Latvia Arājs R., Drulle V., Miesniece A. Izzini pasauli! Dabaszinības. 
3. klase. Rīga, Zvaigzne ABC, 2007
Arājs R., Drulle V., Miesniece A. Izzini pasauli! Dabaszinības. 
4. klase. Rīga, Zvaigzne ABC, 2005

LVA A

Ukraine Байбара Т. Н., Бибик Н. М. Я и Украина. Учебник для 3 
класса. Киев, Форум, 2003
Байбара Т. Н., Бибик Н. М. Я и Украина. Учебник для 4 
класса. Киев, Форум, 2004

UKR

Kazakhstan Жунусова К., Бирмагамбетов А., Аймагамбетова Л. 
Познание мира. Учебник для 3 класса общеобразовательной 
школы. Алматы, Атамура, 2003
Жунусова К., Бирмагамбетов А., Аймагамбетова Л., 
Нугуманов, Жукешев К. Познание мира. Учебник для 
4 класса общеобразовательной школы. Алматы, Атамура, 
2004

KAZ

Russian 
Federation

Плешаков А.А. Окружающий мир. 3 класс. 1 часть. Мосва, 
Просвещение, 2003
Плешаков А.А. Окружающий мир. 3 класс. 2 часть. Мосва, 
Просвещение, 2003
Плешаков А.А., Крючкова Е. А. Окружающий мир. 4 класс. 
1 часть. Мосва, Просвещение, 2004
Плешаков А.А., Крючкова Е. А. Окружающий мир. 4 класс. 
2 часть. Мосва, Просвещение, 2004

RUS

USA Moyer R. and others. McGraw-Hill Science. Grade 3. new York, 
McGraw-Hill School Division, 2000
Moyer R. and others. McGraw-Hill Science. Grade 4. new York, 
McGraw-Hill School Division, 2000

USA

Analysis of TIMSS items
Of course, student achievements in sciences to large extent depend on items 

and the content included in them. Therefore, TIMSS items were analyzed at the first 
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place. Science exercises for TIMSS tests can be grouped according to their content by 
science branches, by topics and subtopics. Research descriptions (study framework) 
provide the classification according to science branches by TIMSS study center 
(Martin, Mullis, Beaton, Gonzalez, Smith, Kelly 1997; Martin et al., 2008), yet, the 
author used the methodology described above to code the test items in 1995 and 2007 
by their content. The results obtained are very surprising – there were substantially 
more items containing physical subtopics (40% in both exercise sets analyzed) than 
presented (31% in 1995 and 35% in 2007), les items containing life science topics, 
and similar number of Earth science items. Despite that the authors of these items 
try to prepare them corresponding to one content category, not always they succeed 
in doing this. Surprisingly, both research show exercise content by coding according 
to science branches almost equal. Despite the widespread stereotype in Latvia that 
primary school students should study lakes, rivers, mountains, plants and animals, 
TIMSS research mostly focus on physical sciences (e.g. physical characteristics of 
substances and characteristic changes, energy types and sources, magnetism, light).

The comparison of science textbooks by content
Figure 1 illustrates the comparison of TIMSS 2007 exercises and science 

textbooks by content (science branches). It corresponds to the first digit in block 
content codes.  The largest differences are among physical science subtopics. While 
the analysis of TIMSS exercises show that 40% of all codes are related to physical 
sciences, these topics were not present in textbooks used in Latvia (LVA K) in the 
beginning of nineties. Also in the textbooks by R.Arājs and co-authors (LVA A), 
physical sciences are twice less present than in TIMSS exercises. The textbook by 
L.Karule and A.Pastore (LVA K) describe many life science topics as well as topics 
related to natural resources, nature protection and other science branches. Figure 1 
clearly shows that American textbooks and Latvian textbooks published by Lielvārds 
(LVA V) are the closest to TIMSS exercises. The analyzed textbooks from Kazakhstan, 
the Ukraine and Russia were very similar.

Looking at science branches in TIMSS 2007 research, Latvian student 
achievements were higher in physical sciences when comparing to other science 
branches; Kazakhstan student achievements – Earth sciences, Ukrainian student 
achievements – life sciences (Martin et al., 2008). The choice of textbooks is very 
limited in Latvia, Kazakhstan, and the Ukraine, therefore a large proportion of 
students and teachers (up to 50%) use the textbooks analyzed and thus we can easily 
explain the differences observed. In Latvian textbooks, on average 26% of a textbook 
is devoted to physical sciences, that is a comparatively high indicator (12% in 
Kazakhstan, 13% in the Ukraine). Kazakhstan focuses more on Earth sciences (34%) 
that can be explained by the large diversity of the territory and the large resources to 
acquire mineral deposits. The Ukrainian textbooks concentrate more on life sciences 
(45%) that are less covered in Latvia and Kazakhstan (30% and 37%, respectively).
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Earth Sciences

Life Sciences

Physical Sciences

Science, Technology ,and
Mathematics

History of Science and
Technology

Environmental and Resource
Issues

Science and Other Disciplines

LVA K 95            LVA V           LVA A             KAZ             UKR           RUS           USA           TIMSS07

Fig. 1. The comparison of TIMSS 2007 research exercises and science textbooks by the 
proportion of science branches covered.

(Latvian textbooks are marked by the initial of the first author’s surname)

In order to compare textbooks with TIMSS exercises by content, the distance 
from the textbook content to TIMSS exercise content was calculated. The distance 
calculations were done taking into account the percentage each topic or subtopic 
covers the whole textbook. The calculations were made three times using (1) the 
first digit of the content code (science branch), (2) the first two digits (topic), and 
(3) all three digits (subtopic). Table 2 summarizes the calculations. By content, the 
analyzed textbooks from the USA and the textbooks from Latvia used by teachers 
and students in 2007 are the closest to TIMSS items. The textbooks from Latvia that 
students used in 1995 are located the farthest. It shows with certainty that the change 
of textbooks in Latvia is definitely one of the factors causing the increase in student 
achievements. 

Table 2  
Content distances from textbooks to TIMSS 2007 items

(1 digit code – science branch, 2 digit code – topic, 3 digit code – subtopic)
Country 1 digit code 2 digit code 3 digit code
USA    .98 .91 .71
LVA V  .96 .88 .74
LVA A  .79 .86 .68
UKR    .73 .73 .64
RUS    .69 .53 .50
KAZ    .66 .64 .52
LVA K  95 .51 .49 .35
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Similar results give other data analysis method – cluster analysis. Figure 2 shows 
TIMSS 2007 items and science textbooks cluster analyses’ dendrogram where are 
used two digit code (topics). There is large distance between old and new Latvian 
textbooks. However, there is very small distance between Ukrainian and Kazakhstan 
textbooks content. 

Fig. 2. Dendrogram from TIMSS 2007 items and textbooks content clustering 
with two digit codes (topic).

Content analysis alone, however, does not allow explaining the relatively low 
achievements of Ukrainian students. One can explain them by performing further 
textbook analysis. 

The analysis of Ukrainian science textbooks by content 
organization, structure, problems, and design

Only a part of a Ukrainian textbook for primary school covers natural science 
topics. The textbook for the third grade has 176 pages 102 of which address natural 
science topics; the remainder of the book describes social sciences. The textbook for 
the fourth grade has 176 pages 100 of which relate to natural sciences. There are 11 
and 30 lessons separated for natural science for the third grade and the fourth grade, 
respectively.

Organization. For the third grade, three out of seven parts address natural 
science topics. The first and very short part addresses the concept of nature, bodies, 
substances and molecules. The second part covers inanimate nature. The third and 
the largest part encompass animate nature: plants, respiration and photosynthesis, 
plant cultivation, animal species, food chains, animal reproduction, protection, as 
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well as fungi and microorganisms.  Even in the fourth grade, three of seven parts 
comprise natural science topics. The first part covers the planet Earth, the Solar 
system, continents and oceans, the forms of earth’s surface. The subsequent two parts 
are composed similar to the Russian textbook: the Ukraine and one’s neighborhood. 
Formally, the textbook’s content covers all the main topics usually taught in the 
third and fourth grade. However, the narrative is bare often listing only facts. For 
example, the narrative on water characteristics contains a distinct paragraph with 
the following sentence: Water dilates while warming and shrinks while cooling. It is 
neither introduced nor followed by any explanations or examples. 

Structure. For the third grade, the content is structured and organized by topics, 
subtopics and themes. Every topic begins with introductory information. The 
narrative is simple. There is no common structure when presenting each lesson. Each 
lesson contains a narrative and exercises only. The amount of narrative is small in 
each lesson; the subject is presented in a very concentrated manner. For the fourth 
grade, the structure differs from the one for the third grade. Subject is divided into 
topics and subtopics only. Introductory information is no longer present as it was in 
the third grade. new terms are printed in Italics and they are difficult to notice. 

Exercises and activities. For the third grade, 5 types of exercises are in every 
lesson. The given types of exercises are not explained in the introduction of the 
textbook. The largest number of questions is in the group called Test yourself. The 
questions in the groups called Remember and Test yourself are similar and theoretical, 
but the questions from the group called Think are more complicated and require 
analysis. Activities are less than exercises; they are not present in every lesson. There 
are the following types of activities: an observation, a practical work, and research. 
For the fourth grade, four types of exercises are in every lesson. The total number of 
questions per lesson can exceed even 20 (for example, the topic Meadow). Each lesson 
starts with an exercise Remember. There is no difference between practical exercises 
and practical work.  A practical exercise is rather an exercise than an activity; for 
instance, one practical work asks the following: 1. Look at the illustration and name 
domestic animals you can see there. 2. Think about the factors for animal reproduction 
in the given area.

Illustrations and layout. The textbooks for the third and the fourth grade do not 
have illustrations on every page. When illustrations are used, they take one half or 
one third of a page, the total number of illustrations is low. In the third grade, only 
color illustrations are used. For the fourth grade, there are mostly color illustrations. 
Illustrations are linked to text and research but not for all exercises. not every 
illustration has a description; none of the illustrations is numbered. In the fourth 
grade, there is no description for any of the illustrations. Often illustrations are not 
explained in the text. Letters are of the same size for both textbooks. For the third 
grade, letters in the text are used in three colors while they are used in two colors for 
the fourth grade. For the third grade, there is a little man doing different activities in 
front of terms.

Summary. This textbook had the smallest number of pages for science among all 
the textbooks analyzed.  In each lesson, there is little amount of narrative text and the 
subject is presented in a very concentrated manner with few examples. The textbook 
provides a very large number of exercises and comparatively few illustrations. Only 
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11 lessons allocated for third-graders. The textbook has neither a glossary nor table 
of contents. 

Here we are considering only Ukrainian textbooks in comparison to other 
textbooks analyzed. First, one should stress the little volume of textbooks: the total 
number of pages in textbooks for the third and fourth grade is 352 of which only 
202 pages are devoted to natural sciences, the rest of pages are devoted to social 
and human sciences. Textbooks from Russia and Kazakhstan have similar structure 
that contains both natural and other sciences, but the volume devoted to natural 
sciences is substantially larger. Of course, it is very difficult to compare it to the 
analyzed American large sized textbooks having 910 pages. In a Ukrainian textbook 
for the third grade, only 11 lessons cover natural sciences and 30 lessons for the 
fourth grade that is less than in any other set of textbooks analyzed. If the textbook 
structure is examined by the block types (narrative, figures, exercises and activities) 
contained, then Ukrainian textbooks contain comparatively few figures (14% of all 
blocks, average among all textbooks – 30%), figures are usually drawings, photos are 
unlikely.  It has a lot of questions and exercises (37% versus 19% on average). The 
textbook uses small-sized letters, only 3 colors (black, blue and red). Overall, one can 
observe that the Ukrainian textbooks analyzed are very different from all the other 
textbooks analyzed and these differences are not positive in terms of opportunities 
to master sciences. 

Conclusions
It was concluded that TIMSS exercises in natural sciences for the fourth grade 

cover considerably more physical science topics than it is given in test descriptions.  It 
definitely is advantage for those students using textbooks covering a larger proportion 
of topics related to this subject. 

The content of TIMSS exercises is very similar to the content of the analyzed 
textbooks from the USA. It can explain the high achievements of American students 
demonstrated in all cycles of TIMSS research. 

The analysis of textbooks by content alone does not provide strong conclusions 
on the differences in student achievements across countries; further textbook analysis 
by volume, structure, typographic design is necessary. 

After the analysis of natural science textbooks for primary school in Latvia 
available for teachers and students during TIMSS 1995 and TIMSS 2007 research, we 
can clearly claim that the changes in natural science textbooks is one of the causes 
for improved student achievements. The textbooks have changed by their content, by 
presentation of topics, by design. Their content has become more similar to TIMSS 
exercises; they have less narrative and more activities for students to perform. The 
textbooks have become more colorful, with more photos; they more often invite 
students to perform research activities. 

This study concludes that textbook is definitely a factor that determines student 
achievements.  
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Abstract
In 2009, the introduction of a new curriculum to the Polish middle schools made it inevitable to 
search for new teaching methods, among them – the ones supported by multimedia materials 
published on educational platforms. The solutions prepared within the framework of projects 
financed by the European Union aim to:

•	 convince pupils to undertake independent actions in order to enhance their diverse 
abilities, including the linguistic ones

•	 suggest the methods of teaching which enable pupils to draw conclusions from 
previously watched animations and to express their independent opinions in the form 
of well-formed sentences.

The aforementioned projects also assist in preparing presentations on selected issues, e.g. 
reaction of calcium oxide with water on the example of self-heating can filled with coffee. There 
is usually a virtual companion, Avatar, who serves a guide and guardian in such activities on 
educational platform.

Key words: avatar, chemistry, educational platform, information technology, multimedia, 
visualisation. 

Introduction
In Poland, the school year 2011/2012 marks the beginning of a completely 

new reality. According to the new curriculum prepared by the Ministry of national 
Education, teaching shall focus around the experiment and multimedia. At the 
same time, a new junior high school leaving exam shall be introduced. The above 
constitutes an incentive to introduce new teaching aids, i.e. electronic manuals – the 
so called multiBooks, electronic workbooks and interactive resources published on 
educational platforms.

Methodology of research

MultiBook – an electronic book
MultiBooks are designed to be used in class where each student has their own 

traditional manual and the teacher presents its electronic version on the screen or 
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on the interactive whiteboard (Gulińska, 2009a). However, it is not necessary for the 
students to use traditional handbooks. It is very convenient when the teacher uses 
the multiBook to illustrate their words with videos and animations (Arroio, 2007). 
An interactive whiteboard makes teaching easier but at the same time, it encourages 
students to a much more active participation in the class. They can follow their 
classmate who solves a problem on the whiteboard using only an electronic pen or 
just a finger.

Working with a multiBook makes it much easier to use the multimedia which 
were previously available at various locations within the package, either on the 
student’s CD, the class CD attached to the teacher book or in books with additional 
exercises.  It is not necessary now to look for the elements to be presented or change 
the CDs during the class; as a magic wand, one click will open the necessary elements 
(Gulińska 2010).

Below, several examples of didactic situations in Chemistry lessons are 
presented. 

•	 When the teacher demonstrates an experiment, their hands and thoughts 
are involved in the demonstration. There is no time to look for the necessary 
video sequences; in the multiBook, however, there is an icon of the relevant 
video. By clicking on the icon, behind the teacher’s back, on the interactive 
whiteboard the video is presented. Each scene can be described directly on 
the video screen, a photo can be taken by means of the tools offered b the 
board. The photo may be inserted in the presentation; it may be printed and 
handed out to students to be glued in their notebooks. The pages of the book 
can be changed by the students as well as the teacher.

•	 During the lesson, the teacher asks the students to the tasks defined in the 
manual. When the teacher decides that the students have had enough time 
to solve the tasks, they click on the solution icon and the class can check if 
they have done their tasks correctly. While giving the students their home 
assignment, the teacher clicks the relevant icon and the enlarged instruction 
appears on the screen. By using the tools offered by the multiBook, the 
teacher can explain the details of the homework.

•	 The teacher discusses an illustration presented in the textbook, dictates a 
definition to be written down in the notebooks, explains a difficult word 
or needs some data from a table at the back of the book. In any of the 
above situations, one click on the relevant icon opens the needed window 
that can be enlarged so that everybody can see the details, the table, or the 
definition.



106 Chemistry

Below several examples of the functionalities of the multiBook entitled Ciekawa 
chemia1 (Interesting Chemistry).

WHEn A PHOTO BECOMES A TASK
By clicking on the icon next to the photo, the numbers disappear and students 

can insert the relevant elements (here – the types of laboratory utensils). 
WHEn A DIAGRAM BECOMES A TASK
Most of the illustrations and diagrams might be turned into tasks which is an 

excellent tool for checking the students’ concentration and makes it easier for them 
to remember the material.

WHEn THE TASK IS SOLVED 
Solutions to all the tasks given at the end of the lesson are available in the 

multiBook now, although they were previously provided either in the teacher book 
or on the CD attached to it. Presently, students can immediately get information if 
their solutions are correct.

WHEn WE GET nEW PHOTOS AnD InFORMATIOn
A lot of information which was not illustrated before is now enriched with 

additional illustrations. This makes understating the more difficult part of the material 
much easier. It is up to the teacher how much and exactly which additional elements 
need to be presented to a given class.

WHEn THE COnTEnT IS ILLUSTRATED BY AnIMATIOnS
Animations and interactive exercises, both the ones published on the student CD 

as well the previously unpublished ones, make the lesson much more attractive and 
encourage even the less interested students to work, especially that the results of their 
work can be checked immediately. The exercise solved on the interactive board gets 
a whole new dimension and cannot be compared to any similar exercise done in the 
student’s notebook.

WHEn WORDS TURn InTO PHOTOS
Words bolded out in traditional handbooks, get a new meaning when they are 

transformed into a picture. The word ‘brass’ is just a word, whereas an image of a 
brass plate can be easily remembered.

WHEn YOU CAn GET MORE PHOTOS
Illustration used to be an interesting element of the traditional book but now 

the teacher just needs to ask students to point to a word and the previously static 
illustration get a whole new form.

WHEn WE GET An ADDITIOnAL TASK
The multiBook offers an opportunity to do various tasks which could not have 

been presented when the handbook had a traditional, paper form. The choice of tasks 
increases and it is up to the teacher when and how they should be done. needless to 
say, the authors provide their suggestion in the relevant lesson scenarios.

1 Gulińska H., Smolińska J., Ciekawa Chemia, WSiP, Warszawa 2011 
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The multiBook is also equipped with a set of interactive tools that can be used 
by students and the teacher.  The dream is just coming through as the elements of 
the book can be printed, students can write directly in the book, they can make notes 
on special flashcards which will never get lost. And after all these operations, the 
multiBook remains exactly unharmed and may be used by new groups of students. 
Some of the above options are presented below.

Electronic workbooks  Ciekawa chemia2 (Interesting Chemistry) (Gulińska 
2009b, c) 

A new junior high school exam will check the students’ knowledge and skills in 
2012. To answer the challenge, a new internet portal WSiPnet.pl has been prepared. 
It includes online workbooks as well as a number of additional benefits for teachers 
and students. WSiPnet saves time and energy used for correcting the tasks and 
communicating the results to students. The correct result is immediately presented 
once the task has been completed. The result is simultaneously available to the 
teacher and the student. Thus the time consuming activity of correcting homework is 
shortened to just a few seconds. The immediate feedback motivates students and the 
list of results makes it possible for the teacher to monitor the students’ progress.

It takes no more than just a few seconds for the teacher to send the students their 
homework related to a given lesson. Students are expected to complete their task 
within the defined time limits. The teacher gets a report of all the tasks with the result 
and some notes on the general and specific requirements of the curriculum which 
this particular task was to execute. The reports and lists are prepared automatically 
and thus they can monitor each student’s progress. 

The teacher can view the work of each student at any time. There is a direct 
access to the reports so all the mistakes can be seen. WSiPnet offers the opportunity 
to monitor and diagnose each students as well as the whole class. By doing given 
tasks, concrete abilities and skills are practiced; the students fulfil the curricular 
requirements and they can see the evaluation provided by the teacher. The student 
analyzes their own table of results and can see their own progress. It is clear which 
parts of the material still need to be worked upon. Each lesson has its own set of 
tasks and the student knows exactly which elements should be practiced. The reports 
point to these parts of the material which require more attention while revising 
before the test. The WSiPnet system allows the teacher to check all their students’ 
home assignments and results. The attractive form of feedback information motivates 
students to work even harder. WSiPnet offers the chance for better progress as the 
students’ work can be monitored easier. The workload is placed in the framework of 
the new curricular requirements and thus saves the teacher a lot of time and effort. 
The automatic homework correction makes the teacher’s work more efficient but it 
also constitutes a better motivation for the students.

2 Gulińska H., Smolińska J., Ciekawa Chemia, WSiP, Warszawa 2011
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E-learning projects in support of traditional books
„E-Academy for the Future”. Among the numerous projects which have 

appeared on the educational market in Poland, e-Academy for the Future, a project 
financed by the European Union deserves special attention. The project aims at 
teaching key competences as specified in the Junior High School Program of Key 
Competences and is to be implemented in 200 junior high schools across Poland. The 
project and its implementation pertain to mathematics and natural sciences, English, 
Information Technology and entrepreneurship. The project commenced in 2010 
and shall be continued for the three following years, the junior high school years of 
children born in 1996.

Students of Class 1 to Class 3 (13- 15) are going to use 168 e-learning units 
published on the e-learning platform. Each of the units comprises of the presentation 
of the material, exercises and tests (Gulińska, Bartoszewicz, 2008).

The project work is done via EduPortal, an e-learning platform where material 
for students and teachers is published. Students can use the units either on their own 
or supervised by their teacher. They can communicate with their peers participating 
in the project regardless where they are. Each teacher and student can access the 
platform at any time and place. 

Each unit is devoted to teaching a particular competence, e.g. if this is a linguistic 
competence, then students are presented with the most important definitions and 
names in English. If the competence is to involve entrepreneurship and initiative,  the 
task involves collecting information on a given subject in the students’ immediate 
environment (home, town or city) and preparing a report, poster of film on the 
subject or alternatively, doing some activities for the sake of the students’ local 
community. When science and technology competence is to be learned, students develop 
critical thinking and understanding, showing interest with ethical questions, respecting 
the safety and ensuring the durability of modern developments that are used by the 
student, their family and community.

One of the 21 e-learning units assisting in teaching Chemistry to junior high 
school students is described below. The unit is called Acids, their properties and 
application3 and although this title sounds rather traditionally, the structure of the 
unit as well as its assumptions are far from the traditional classroom manner of 
teaching. 

The unit starts with the problem situation which can be encountered by 
each student and which is frequently discussed in the media. There are two main 
characters – Avatar and Avataress – who notice a different appearance of the river 
on which they are having a picnic. Their adventures and the actions they take either 
individually or in groups are to make the students observe the environment more 
closely or encourage them to undertake their own safe research using the substances 
available in their immediate environment.

By watching the adventures of the group of virtual  characters, students get to 
know the project work method as Avatar together with the group of his friends enter 

3 Gulińska H., Bartoszewicz M., Awatar, czyli kompetencje kluczowe w nauczaniu chemii na platformie  
e-Akademia Przyszłości, Uniwersytet Wirtualny 2011



109H. Gulińska, A. Wojciechowska. A new View of the Visualisation of Selected Chemical ..

into cooperation with various professionals such as a doctor, a cook, a chemical lab 
worker and a chemical analyst. The results of their work are presented to the local 
community and then various tasks are done in order to improve the quality of the 
environment. Students get to see very interesting films and animations. They can also 
do simulations of simple chemical experiments (Brake, 2003). 

Between the particular portions of new information, students get to do several 
short exercises. The lesson is crowned with a graphically interesting summary. All 
this is to broaden the knowledge and skills, encourage the students to explore the 
surrounding world in which they will live and work in the future.

The second part of the e-learning unit Recap is to revise all the information 
and practice particular skills. All of the tasks are supervised by Avatar – a friend 
and a guide. The student gets feedback of their work and results as well as some 
prompts. There are various types of tasks which include model making, writing 
equations of chemical reactions, preparing sets of laboratory equipment and doing 
simple experiments. The tasks are not evaluated and no scores can be obtained at 
this stage.

Ten tasks which take form of a test make it possible for the students to check 
their own knowledge and skills. The tasks are graphically interesting and varied 
(drag&drop, matching, gap filling, building sets of lab equipment, designing 
experiments, formulating conclusions). 

Avatar keeps the student company all the time but only in the form of a friendly 
encouragement as there are no prompts provided at this stage. The only information 
the student gets is RIGHT or WROnG. 

Each test can be solved many times until the answer is satisfying for the student 
and the final result is registered on the platform and given to the teacher as well as 
registered in the central database. The students must do all the tests, 21 tasks in each 
of the seven subjects. 

Each e-learning unit can be used (Gulińska, Bartoszewicz, 2010):
•	 during the lesson (in class or in the computer room), 
•	 outside the classroom (while working on EduPortal), 
•	 by students when they work independently at home (project method),
•	 as a home assignment (independent work with e-learning units),
•	 as an integral part of project work activities.
However, the task is not an easy one, as many teachers have never used any 

e-learning platform. Within the project, several training sessions are going to be 
offered to teachers in order to ensure an efficient use of the EduPortal platform and 
successful in-class work with the use of e-learning units. The teachers, supported by 
IT teachers, are going to create virtual classes and monitor their students’ progress.

Project EToS. Within a project which is currently being implemented in Polish 
schools, actions have been taken to boost up the primary, junior high and high 
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school students’ interest in several school subjects. ETOS4 is a project which aims 
at creating a multimedia e-learning platform which can be used by primary school 
teachers (teaching classes 4-6) and junior high school teachers in order to prepare 
classes in which they could present additional materials for such natural sciences 
school subjects as Physics, Chemistry and Biology. 

The project group consists of several specialists employed at Adam Mickiewicz 
University in Poznań and the employees of an American company called Boulder 
Language Technologies. Their aim is to create an e-learning platform using modern 
computer technologies (films and Flash presentations, a speech synthesizer and 
avatar making software) which will be used for presenting educational materials as 
well as evaluating students.

Within the project, 180 lesson units have been prepared, including 30 chemistry 
lessons for junior high schools and 30 chemistry units included in the subject called 
nature5. In the scenarios, a QTA method as well as Flash animations are included. 
The animations are divided into four groups: the ones used by the teacher in the QTA 
part, as well as the structurally unified package of animations to be independently used 
by students. The package contains animations which illustrate natural phenomena, 
explain them and recapitulate the knowledge as well as enable students to practice 
their newly acquired skills.

Teaching according to the Questioning the Author method (Beck, McKeown, 
2006)

The QTA method is deeply rooted in the theory of pedagogy. It is a program of 
building dialogues in the classroom. The method has been successfully employed by 
many teachers in numerous American schools. The program ensures very positive 
classroom communication experiences to teachers as well as students. It proves 
to be an extremely effective learning tool. Students are motivated to analyze the 
material which they need to present later to the class. The QTA method improves the 
understanding of various phenomena, assists students in discovering the meaning 
of different issues, develops the process of thinking, triggers group discussions on 
the issue, encourages to getting into student-teacher interaction. A mistake is always 
valuable for the teacher as it potentially evokes discussion. 

All the components are presented on the dedicated platform and include the 
following:

•	 Monica, a virtual teacher – an avatar created by means of modern model 
making techniques. Monica can communicate with students via a speech 
synthesizer.

4 The ETOS project is run by Adam Mickiewicz University in Poznań in collaboration with Boulder Language 
Technologies, USA. Project managers and principal investigators are Prof. Katarzyna Dziubalska-Kołaczyk, 
Prof. Ronald Cole and Dawid Pietrala, M.A. The project is funded by the European Social Fund within the 
Human Capital Operational Programme (priority 3, call for proposals: 4/POKL/2009).

5 Scenarios written by: Gulińska H. i Bartoszewicz M., Basińska A. – UAM Poznań, Pietrala T. – 
Katedralna Ogólnokształcąca Szkoła Muzyczna Ist w Poznaniu
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•	 A presentation module – for presenting the material in class by means of 
interactive presentations and Flash films enriched with the comments of the 
virtual teacher. 

•	 A mini network module equipped with an internet browser – a base of 
simplified scientific articles available via the browser. 

•	 A bilingual module – students participating in the project get to know 
English vocabulary and phrases pertaining to natural science. 

•	 An evaluation model – once the students are familiarized with the material, 
they will be able to use the module which checks if they have understood the 
lesson material. 

•	 A self-study module – the e-learning platform can be used by students at 
home. They can view the material, read articles and other resources offered 
in the mini network module as well as work with the glossary and the 
bilingual dictionary.

Conclusions and discussion
Teachers are going to be able to teach their classes in a traditional manner as well 

as by means of e-methods, i.e. they will teach their subjects in traditional classrooms 
as well as in computer rooms using the e-learning units. The teachers shall do the 
experiments suggested by Avatar, use the interactive board, and monitor the students’ 
progress by means of the e-learning platform in order to check their independent 
work with the e-learning units. The teacher is going to use the platform to talk to 
students, to discuss and solve various tasks. This type of work shall make it possible 
for the teachers to exchange experience and develop their skills of using information 
technology in teaching. 

The success, or the lack of it, can only be discussed in three years’ time (nadiu, 
2004). nevertheless, the task is enormous as numerous schools and students are 
involved in it. However, once completed, it will assist schools in creative and attractive 
implementation of the new curriculum. What is most important, however, it will 
equip students with skills and competence necessary in their future life and work.
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Abstract
The article describes the modernized processes of secondary chemistry education in Ukraine 
during which the structure and contents of this education have been approved. Propaedeutics 
of chemical knowledge are implemented in the course of natural sciences (Grades 5–6). All 
Ukrainian Grade 7–9 pupils learn chemistry according to the common general educational 
program of standard level. The senior school (Grades 10–11) has passed to profile differentiation 
training on three levels, namely, standard level, the academic and profile levels.
The learning methodological sets of materials promote the learning of chemistry. 
The basic components of these sets are the textbook, a work-book, a writing-book for thematic 
testing of knowledge, a writing-book for practical works, the collection of tasks and exercises, 
the book for reading, programmed pedagogical means, library of electronic visual aids, 
methodological materials for teachers, etc. 
The developed learning methodological sets for Grade 7–11 pupils have been worked out 
in order to promote the formation of a positive personal construct of the pupils’ cognitive 
activity.

Key words: chemical education students, educational set (ES), personal construct of cognitive 
activity, profile training.

In modern secondary education of Ukraine modernization processes have got the 
impressive sizes: the State Standard of the basic and complete secondary education 
in which requirements to be achieved by general education of pupils is described 
by a branch principle; qualitatively new criteria of assessing pupils’ knowledge are 
provided; in general educational institutions profile training of senior pupils is carried 
out, the points obtained on External Independent Testing become the main indicator 
for entering higher educational institutions (Концепція…, 2005; Про затвердження 
Державного стандарту…, 2004). Educational branch “natural Sciences” ensures 
studying of six subjects, and it begins with the integrated propaedeutic course “natural 
Studies (Forms 5 – 6, 1 lesson per week). This subject has no analogues according 
to the development and scope of practical abilities of pupils (Природознавство. 
5–6 класи. Програма…, 2005).

In this connection the present stage of development of secondary chemical 
education was marked by basic changes. First of all, the propaedeutics of chemical 
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knowledge in a course of natural sciences (5–6 forms) became an essential reserve. 
It has not arisen from nowhere, for acquaintance with the live and lifeless nature is 
carried out at elementary school. Thus, conditions to begin studying of chemistry 
from Form 7 and to emphasize pupils’ chemistry knowledge in inorganic and organic 
chemistry at the basic school have been created. The Ukrainian pupils of Grades 7–9 
learn chemistry under the general educational program of standard level (Хімія. 
7-11 класи. Програма…, 2005). A small number of schools have preserved classes 
with profound studying of chemistry. The senior school has passed to profile training 
on three levels (Хімія. 10-11 класи. Програми…, 2011). It is the standard level, the 
academic and profile levels. As the analysis of programs shows, there are essential 
distinctions between each level of training and it is natural, as the purpose and tasks 
of studying chemistry at secondary school are subordinated to the profile of training 
selected by senior pupils. 

The modern approach to chemical education of pupils of general educational 
institutions has allowed departing from unification of the content and forms of 
the organization of educational activity of pupils. It is important to regard modern 
secondary chemical education as a new, perspective stage of its historical development. 
In Ukrainian secondary chemical education the creation of the uniform curriculum 
in chemistry for Grades 7–9 and also the creation on a competitive basis of several, 
free for pupils, textbooks have become a significant event. Thus, the possibility to 
work with these textbooks is given to pupils and teachers. 

It is not less important that the time when the teacher and the textbook were the 
unique source of the scientific information and informative tasks, is left in the past. 
Henceforth, there are habitual electronic textbooks, virtual chemical laboratories, and 
programmed -pedagogical means. The activity of scientists, methodologists, teachers 
for creating educational sets has been encouraged. Thus, there are all possibilities 
to create a favorable educational environment for the person-centered training in 
chemistry and in the methodological plan to pass from practice of accumulating 
ready knowledge to independent mastering of this knowledge and its application. 
This problem that is so topical nowadays has not passed the author’s attention. 
Having begun with the work on creating the State standard of secondary education, 
curricula, we have resorted then to working out educational sets for each year of 
studying chemistry.

The educational set (ES) is a set of printed and electronic tutorials. The basic 
components of ES for subjects of the educational area “natural Sciences” are the 
textbook, a work-book, a writing-book for thematic testing of knowledge, a writing-
book for practical works, the collection of tasks and exercises, the book for reading, 
programmed pedagogical means, library of electronic visual aids, methodological 
materials for teachers, etc. Together they ensure successful studying of chemistry to 
each pupil according to his/her instructive direction (Jaroshenko, 2011).

Variability of tasks for the purpose of creating free choice; observance of the 
principle of openness of compulsory requirements when the planned results of 
training using the educational set are known in advance and clear to pupils – this is 
the main task of such sets. 

We completely share the opinion of researchers that Educational Sets should be 
used by both subjects of the educational activity – the pupil and the teacher, therefore 
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it is necessary to distinguish which components are intended for the teacher, and 
which are for the pupils. 

The creation of ES is a difficult task. Its preparation demands from the developers 
knowledge of the content of the school subject, methodology of training, awareness 
of psychological peculiarities of pupils, abilities to create such ES which meet the 
requirements of modern school education. Hence, the authors of educational sets 
for pupils should care for ways of how to provide their functional integrity. Creating 
educational sets in chemistry, we think also that they should be equally effective at 
each stage of mastering knowledge; they should stimulate informative interest of 
pupils, provide individualization of learning, and be optimal in the volume, accessible 
and clear in use. 

As it has been told above, the Ukrainian pupils start to study a subject “Chemistry” 
in Grade 7. Before that at the elementary school and at natural study lessons in 
Grades 5–6 they have already received certain propaedeutic chemical knowledge of 
substances and chemical phenomena. However, as the first experiment has shown, the 
cognitive pattern concerning studying of chemistry in Grade 7 is usually connected 
with the experiments accompanied by effects in the form of explosions, disappearance 
or formation of multi-colored substances, spontaneous ignition of substances. Hence, 
there is a problem of creating such textbooks and manuals which would not weaken 
pupils’ interest to chemistry, and work on the development of a positive motivation 
of learning. 

In the author’s concept of creating educational sets we put a task of showing 
the value of chemistry in human lives and societies as a whole, we focus pupils’ 
attention on the world outlook function of chemistry knowledge; we promote the 
creation of a positive personal construct of pupils’ cognitive activity by structurizing 
the content of textbooks in the basic and additional materials. We have used 
in the textbooks various headings – such as «Page of the Scientist», «Page of the 
Erudite», «Chemistry in Everyday Life», and «Let’s prepare for thematic estimation», 
«The Information Inquiry» and other. We have attempted to make the text of the 
paragraphs in the textbooks to be accurate and laconic. It is rich in examples from 
everyday life concerning practical application of chemistry knowledge, contains a 
detailed description and an explanation of the demonstration experiences provided 
by the program, is divided into logically complete parts which have subtitles.

Accurate observance of the structure of the textbook, support to pupils’ life 
experience; attempts to tell about difficult things in a simple and accessible way; 
various illustrative materials used with the didactic purpose – all this is applied to 
ensure the availability of materials to pupils, the development of a positive motivation 
to this subject, formation of a natural science picture of the world. 

Without any objecting to the fact that textbooks are the basic tutorials, we 
regard our 5 textbooks on chemistry as important but not unique sources of teaching 
materials for pupils. Thanks to the educational sets created to these textbooks (their 
structure included the collection of tasks and exercises, work-books, writing-books 
for testing and practical works, express manuals) pupils supplement, make more 
concrete and expand their abilities and knowledge. That is, pupils receive a reference 
point for creating personal construct of the cognitive activity. 
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Conclusions
As writing-books for thematic testing of educational achievements of pupils 

and a writing-book for practical works should be stored in school, we have united 
their contents for each year of learning in one manual. The form, content, fixing of 
answers to the tasks of thematic testing of knowledge are developed on the sample of 
the tests used in External Independent Testing for graduates of general educational 
institutions. 

Preparing for a lesson the teacher should provide optimum use of various 
components of the educational set. There is one more significant aspect of learning 
chemistry: this skillful combination of face-to-face, individual, group activity of 
pupils. ES allows realizing it.

We are aware that the work on creation of educational sets should proceed in 
direction of applying information communicative technologies. It will only strengthen 
the role of educational sets in achieving the purpose of learning chemistry for pupils 
of general educational institutions.
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Abstract
Homework is one of more essential element of education. It enables consolidation, extension 
and development of knowledge and skills acquired during the lessons by pupils as well as 
verification of pupil’s own competences. Methodological literature lacks full discussion of this 
problem. nowadays it is underestimated by both pupils and teachers. Dislike for homework 
and difficulties resulting from it were confirmed by the research carried out with a group of 
pupils and teachers of junior secondary school. The obtained results point out the necessity of 
changes in organization and exploitation of homework in the education of chemistry. Properly 
planned, organized and applied, it could increase the motivation for learning and interests in 
the subject which, in its turn, could increase the effectiveness of learning chemistry.
Based on contemporary teaching theories, mainly on the constructivist trend as well as the 
development of information technology and its availability some changes in the way of using 
homework in teaching chemistry were proposed. It is assumed that reorganization of work 
at home will result in independent and active knowledge acquisition by pupils using modern 
didactic means. As a result, it will be applicable in practical situations which, in their turn, will 
enhance the feeling of purposefulness and sensibleness of doing homework. This is one of the 
ways to assure the balance between effective and modern teaching and effective and conscious 
learning.

Keywords: homework, constructivism.

Introduction
Homework assignments play a vital part in the educational process. They take 

the form of compulsory or non-compulsory tasks, whose aim is to expand and 
consolidate students’ knowledge. Doing homework also teaches learners independence 
in gathering information, solving problems and elaborating on them in a written 
form. This makes homework indispensable in the process of teaching and learning 
chemistry.

Methodology of research
Despite the importance of homework assignments, there is little research on the 

issue in relevant literature. There are few studies concerning its aims, functions and 
the role which it should play in modern education. Unfortunately, it is a neglected part 
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of science teaching in Polish primary school. It is underestimated both by present-
day students and teachers. This has been confirmed by surveys conducted among 
junior secondary school students and teachers, the aim of which was to examine 
their attitude to homework and problems that arise when it is used in the educational 
process. The surveys were carried out in 6 junior secondary schools located in 3 big 
Polish cities, in school year 2006/2007. The study group consisted of 30 teachers and 
240 students in the final grade of junior secondary school (Kamińska-Ostęp, 2009). 

Results of research
The students who participated in the study rarely have problems with carrying 

out their homework assignments, and if such problems arise, they can turn to their 
teachers for help. The problems which students face result from the fact that they 
have not understood the task or have not grasped the information presented in class. 
Homework usually serves the purpose of acquiring new knowledge or consolidating 
prior knowledge. However, it does not make students more interested in chemistry. 
It is often the case that they are not aware of the aims of their homework. Moreover, 
they see the content of the tasks as uninteresting and of little value. Seldom do 
the task topics refer to practical knowledge which could be useful in everyday life. 
The steps taken in order to complete the tasks are monotonous, unvaried and they 
often lead to boredom. However, according to the students, homework is assigned 
too rarely. Thus, although students are not fully satisfied with their homework, they 
would like to get it more often. They also suggested a number of types of homework 
assignments, which they would like to be given, including experiments, papers, notes, 
models, presentations, posters, crosswords and chemical equations.

In the teachers’ opinion, homework most often serves the purpose of practice 
and performs cognitive functions. Such a view may result from the fact that there are 
too few hours of chemistry for introducing new material, and thus, there is hardly 
any time for practice and revision during the lesson. Most frequently the teachers 
give homework in the form of calculations and practical tasks or ask the students 
to prepare for the next lesson. The homework is checked in two ways: an individual 
student presents the results or the whole class discusses solutions to particular 
tasks. However, this is not done frequently enough. Teachers give up checking the 
homework in favour of introducing new material. However, if any problems with the 
homework assignments arise, teachers provide detailed instructions as to how they 
should be carried out. Even though teachers are aware of these shortcomings, for the 
time being they do not see any way to improve the use of homework. 

The data obtained in the study show how and in what form homework is 
assigned in Polish schools, and point to the difficulties encountered by students and 
teachers. Research findings confirm that homework is not employed in chemical 
education to its full potential. It does not fulfil all the educational functions, which 
could make it an attractive, effective and autonomous activity for the students. This 
points to the need to conduct a more detailed and in-depth analysis of the function 
and role homework has in teaching chemistry. If planned, organised and used 
properly, homework would contribute to effective and modern teaching, on the one 
hand, and to intentional learning on the other.  It should meet the learners’ needs 
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and expectations and generate interest in the subject, and help teachers teach in an 
effective and attractive way.  

Conclusion and discussion
Based on modern theories of teaching, particularly the constructivist approach, 

this analysis has tried to determine the conditions which have to be met if chemistry 
homework is to offer more educational benefits as part of teaching and learning. 
Another relevant factor is the rapid development of information technology. Its 
common availability, attractive form and content, and multimediality enable a 
multisensory approach to learning, which should stimulate the learners’ interest in 
homework and in its autonomous execution. Thus, the role of IT would be to support 
homework and make it more appealing. The constructivist approach in education and 
its assumptions can help increase the efficiency of homework in chemical education 
and convince both teachers and students of is usefulness. 

Pedagogical constructivism is a theory of learning, cognition and knowledge 
acquisition. Its basic assumption is that the learner is in charge of learning and 
constructing knowledge. The acquisition of knowledge is a process: it is discovered 
and constructed by the learner in an autonomous and active way on the basis of 
various sources of information. Learning encompasses information selection and 
processing, as well as decision-making (Spivey, 1997; DeVries, 2000). The learner 
plays a vital part in evaluating his/her own progress, thus he/she regulates the 
learning process and shares the responsibility for it. The learner’s self-evaluation is 
therefore motivational in nature. Constructivism calls for a change in the role of 
both the learner and the teacher in the educational process. This theory holds that 
it is the teacher’s responsibility to create an appropriate learning environment and 
to motivate learners to discover new knowledge, with the aim of assisting them in 
the learning process. Thus, the teacher is not the source of knowledge, but a guide, 
who sets cognitive aims and who directs the learning activity. Constructivist theory 
requires that the teacher organise the students’ learning activities based on their 
individual knowledge and determine whether they have expanded their knowledge 
and acquired necessary skills in a way which is meaningful, creative and consistent 
with their experience, as well as useful in new situations (Glasersfeld, 1996, Fosnot, 
1996). 

Constructivism introduces an interactive model into education, which is 
based on the learner’s scientific enquiry, since discovery learning requires an active 
approach of the learner. Therefore, it would be advisable to use experimental methods, 
problem-solving tasks or educational projects and teaching aids such as experiments, 
models, educational games and computers.  

Homework, as part of the teaching/learning process, should perform a range of 
functions, all of which can be better fulfilled in the educational process if constructivist 
principles are applied. First of all, homework serves a cognitive function, which 
includes independent acquisition of knowledge needed for the next lesson and 
consolidation of knowledge gained during the lesson through revision and practice. 
Its second function is to develop particular skills and habits, as well as autonomy of 
thought and action. This can be achieved if the student is assigned individualised 
theoretical and practical tasks as homework. Homework can also serve the purpose 
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of self-education. While it can foster individual talents and interests of all learners, 
it can assist struggling students as well. It should help develop students’ passions 
which did not start at school. This is of particular relevance in the case of struggling 
students, who might be more motivated to learn if teachers take advantage of their 
out-of-school interests. Another key function of homework assignments is the 
development of appropriate attitudes and character traits. By carrying out homework 
assignments in a systematic, thorough and patient way, learners develop character. 
If the learner puts personal effort into doing his/her homework and perceives it as 
meaningful and purposeful, an appropriate attitude towards learning is built. On 
the other hand, giving students creative and original homework assignments fosters 
creativity and initiative. Finally, homework is to teach students self-verification, which 
should precede school verification. This way students learn to analyse and evaluate 
their own work, to look for and spot their errors, and discover how to correct them.  

Home study as seen from such a perspective should be additionally supported 
with information technology. Modern achievements in IT enable learners to find 
information quickly and generate interest. They are also attractive, and, most of all, 
commonly available. For these reasons they are indispensable in homework as an 
aid and method.  Educational computer programs, multimedia course books which 
present chemistry knowledge in an interactive way, practical exercises, films, games, 
experiments and attractive problem-solving tasks can all be used in homework 
assignments. They are particularly useful in implementing the individualisation 
principle, which calls for an individual selection, verification and assessment of 
homework. Bearing in mind that learners may differ in terms of their abilities, interests 
and pace of work, individualisation is to enable students with different abilities and 
predispositions to reach the highest level of development possible. Most frequently it 
takes the form of grouping learners according to their abilities, expanding or limiting 
teaching material and accelerating or slowing down learning. Individualisation is 
thus the best way for the teacher to influence the learner’s personality as a whole, and 
information technology creates an environment which, among others, provides the 
learner with the opportunity to work at his/her own pace. Differentiating homework 
should fulfil three basic functions. First of all, it should help learners who suffer 
from various types of development deficiencies, have worse results or work more 
slowly than their peers. Secondly, differentiating homework assists students whose 
capacities are greater than the ones of their peers and who display exceptional 
interest in the subject. Finally, it enables all learners to achieve better educational 
results. Multimedia programs and other achievements in IT have proven useful 
and effective in differentiating homework. Teachers who wish to individualise their 
learners’ homework should give assignments which have an interesting topic, diverse 
structure and form, and a varied difficulty level. The assignments should be adjusted 
to the learners’ developing cognitive abilities and interests. The teacher should use 
different ways of assigning, checking and assessing homework, as well as making 
students familiar with effective methods of learning. If the system of autonomous 
learning is based on the use of IT, the intended effect is achieved throughout the 
learning process.

Taking into consideration constructivist assumptions and modern achievements 
in information technology, when planned and carried out properly, homework can 
develop the learner’s cognitive activity and creativity, provided that the methods and 
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forms of work appeal to the learner and are appropriate for a given topic. Such an 
approach will make learners aware of the purposefulness and meaningfulness of the 
assignments given by the teacher and provide them with an attractive way of carrying 
them out. It will also have a beneficial effect on the ability to build new knowledge 
on the basis of prior knowledge. Moreover, it will increase learner autonomy 
demonstrated in independent planning, organisation and execution of assignments, 
followed by their verification and assessment. Self-assessment will provide feedback 
on learners’ results, acquired knowledge and personal development. As a result, 
learners will be made aware of the value of knowledge and its usefulness in everyday 
life (Muir-Herzig, 2004; Mayer, 2001). 

It seems that constructivist assumptions can be successfully used to increase the 
efficiency of homework in chemical education. Adopting a constructivist approach 
to homework can also help teachers encourage students to work independently and 
help learners motivate themselves to carry out homework assignments effectively. 
This offers an opportunity to make home study modern, attractive and suited to 
the needs of contemporary youth. Reorganising homework can enable the learner 
to be independent and active in building knowledge with the use of modern (IT) 
learning aids. This will in turn make homework useful in practical situations, which 
will reinforce the sense of purposefulness and meaningfulness of doing homework. 
Therefore, a constructivist approach to homework is one of the ways to strike a 
balance between effective and modern teaching, on the one hand, and efficient and 
intentional learning on the other. 
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Abstract
As time dedicated for chemistry course for first year students of RSU is reduced, the use of 
critical thinking strategies in the starting period of the study process increases the probability 
of achieving positive results. At the beginning of the semester, students are introduced to a 
detailed plan thus giving them an opportunity to organize their own time according to the 
previous learning experience. Students are provided with thorough study material both in 
printed and electronic form, thus allowing them to find more time for analysis of facts, solving 
problems and finding relationships. By stepping away from the traditional routine, the relation 
between lectures and practical lessons was changed in favour of practical lessons. The gained 
experience allows concluding that intensive work with small groups, introducing students 
to different approaches to information analysis, graphical systematization of information, 
development of dialog skills and other methods is effective and worth developing.

Keywords: critical thinking, study planning, study process.

Introduction
Based on experience in Rīga Stradiņš University, Department of Human 

Physiology and Biochemistry, there is a well grounded methodological solution for 
ensuring quality of studies while developing critical thinking. This methodological 
solution in based on a systemic and action-oriented approach centred on students. This 
approach is practically controllable, assessable and easily modifiable. A continuous 
effort is made in order to explore, concretize and develop practical strategies for 
professional university education.

The need to correct and improve the work of readers is based on real-life situations 
– educational background of students (it is no longer necessary for students to have 
a certificate of chemistry exam to apply for studies in RSU) and reduced amount of 
the study time. As much as possible is being done to ease the beginning of the studies 
while helping students to gain skills in organizing their own study process. The most 
effective and core methods and approaches for this are methods for developing critical 
thinking, which are modified according to students’ experience and response.

In order to complete the medical chemistry course in short period of time, it is 
necessary to organize one’s work very precisely as well as to have in-depth information 
about the study course. At the beginning of the semester, students are informed about 
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the study plan for the whole semester and even the whole year regarding medical 
chemistry and biology courses as well as consecutive courses.

In the medical chemistry course an emphasis is placed on practical work in 
small groups (12 students). In this way all students can participate. From 60 hours 
intended for the medical chemistry course, 51 are intended for practical work and 
9 – for lectures. In lectures, students gain information about general regularities 
which are concretized in practical and laboratory work. Intensive practical work is 
possible thanks to freely available study materials allowing students to learn theory 
themselves, independently. Students are provided with printed and electronic study 
materials which include:

• Medicine oriented study books and lectures which include logically justified 
examples of ineffectiveness of unambiguous evaluation;

• Specially prepared tasks with solution examples where students need to 
evaluate genuineness and precision or errors and inconsistencies of the given 
facts;

• Descriptions of laboratory assignments which are intended for learning 
core principles of science (theory proposal, repeated practical examination, 
statistics processing, result analysis and conclusion drawing).

• Examples of summarizing and analyzing the information, e.g., illustrative 
materials, graphic organizers, etc. 

Experience gained over a period of one year, allows concluding that intensive 
work in small groups, after students have been introduced to different approaches 
to information analysis, graphical systematization of information and dialogue 
skill development methods, is an effective approach to be developed. Experience 
in organizing one’s own study process is of equal importance. For example, weekly 
tasks can be best planned when the whole plan of the semester is known. Weekly 
tests allow students to analyze the effectiveness of their own work, thus signalling to 
devote more time for topics that are harder to learn. Gradually, students must reach 
a conclusion that they are responsible for their own grades and that they need to use 
the lecturer’s potential rather than the other way around. At the end of every period 
of time (week, month, semester, year) students must look back and analyse whether 
a consistency of achievements can be seen. If results are not pleasing, it is necessary 
to find out causes – distractions, lack of planning. Thus students will gain practical 
skills and experience in studying.

Methodology of research
Gaining knowledge is an interaction between individual characteristics of a person 

and external conditions, between knowledge gained by a person and accumulated 
by society. By interacting with the external environment, the internal development 
potential is activated until it obtains an independent course of development (Delors, 
1996). 

At the beginning of the study process, students have an opportunity to choose 
the most appropriate variant of studies. Lecturer’s responsibility is to create situations 
for students enabling them to realize their own potential of development and to 
gain universal studying skills. One of such skills is critical thinking. R. Paul defines 
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critical thinking as a general quality of the thinking process and a tool for self-
realization of one’s personality. R. Paul states that critical thinking is associated with 
the development of general thinking principles which can be used in different fields 
(Paul, Elder, 2001). 

Contributors from the area of philosophy (such as Richard Paul) remind us that 
critical thinking is a process of thinking. Simply being involved in the process of critical 
thinking is not enough; it must be done well and should guide the establishment 
of our beliefs and impact our behaviour or action. Contributors from the area of 
behavioural psychology help to establish the operational definitions associated with 
critical thinking. They work to define the subtasks associated with final outcomes 
and the methodologies teachers can use to shape initial behaviours towards the final 
outcomes. Psychologists analysing critical thinking demonstrate that lecturers can 
provide necessary conditions for behaviour modification (Huitt, 2006). 

By analyzing different methods for developing critical thinking (both universal and 
specific) active forms of work (practical work, seminars, dialogs, and presentations) 
were emphasised, psychologically-pedagogical justification of which and context 
independent critical thinking development was highlighted.

During the work with first-year students, deviations from traditional university 
methods are necessary since there is a transition period. Different levels of qualification 
and the need to adjust accordingly increases the significance of subjective conditions. It is 
impossible to demand instant analysis – one of the most significant components of critical 
thinking – of new information from all students.

Student cognition process is organized step by step – by moving from simple to 
complex and diving deeper in analysis of the given situations or problems, gradually 
comprising the general picture.

Students are unable to evaluate whether one method derives from another, is 
it an advancement of already known, is it an illustration or contradiction. During 
reading, facts which derive one from another are not spotted. Technical terms are not 
connected with real life analogies.

In order to solve this problem, it is useful to create special study situations and 
problems and to adapt them for developing critical thinking in practical lessons. 
Complexity of problems should be determined by the relation between the already 
known and unknown within the study material as well as the level to which students 
are able to integrate knowledge gained in other courses. The more complex the 
problem is, the higher level critical thinking technique is learned.

General concept of critical thinking can be gained by increasing students’ attention 
and analyzing examples (in a particular scope), traditionally by reproducing facts.

Unaccented critical thinking techniques mean a traditional study process 
with example analysis (different but related scopes), by highlighting priorities and 
analyzing facts. 

Accented critical thinking techniques refer to the information evaluation, critical 
approach to facts and analysis of study situations (analogies/contrasts), promotion 
of hypothesis, choice of the solution process, practical (or theoretical) examination, 
evaluation of the experiment (or problem solution), results and statistical 
processing.
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The choice of means depends on the topic and student capabilities. The offered 
layout of the study material anticipates high student qualification since a physician 
must operate with universal knowledge as well. For less qualified students, it 
is characteristic to consider universal knowledge as unnecessary when facing 
difficulties in the study process as well as to strictly outlining boundaries of one’s 
competence. In such situations, the lecturer is constrained to step back from the 
traditional working method by choosing high school didactic methods (changing the 
proportion between student’s self-dependent work and explanatory work in lessons). 
More capable students in such situations do not always gain, but it is inadmissible to 
have students stop asking questions and sink deeper in hopelessness to understand 
the study material.

K. Popper when describing modern education emphasizes that the tendency to 
reform must not lower the quality of education.

Traditional pedagogy is such: unsought answers and unanswered questions 
(Listeners comply). That is our pedagogy (Popper, 2005, p.45).

There are two completely different approaches to learning. First one is an 
adventure – to seek and learn something new, the second is to memorize the 
study material on subconscious level. First one is an adventurer’s, researcher’s 
and investigator’s approach, the other is just to memorize. Studying psychology, 
unfortunately often regards this other, less significant approach as the only one: learn 
by repeating… Repetition, however, does not play any role in researching; it plays a 
role in forgetting (Popper, 2005, p.21).

Theory of L. Vigotsky about the relationship between thoughts and language 
explains the meaning of the dialogue and written text in perception of information. 
A written text gives an opportunity to read it again in case of failing to understand 
it; however it lacks dialogic bond with the reader, meaning that the process of 
understanding cannot be corrected by changing the direction of dialogue and 
explaining the unclear (Vigotsky, 2002, p.16-19). 

An integral part of the study process is communication, free or question 
oriented exchange of thoughts which activates cognition and thinking. The best way 
to understand something is to explain it to others. During seminars and practical 
work, students engage in dialogues by mutually correcting each other and adding to 
what is said. Students learn to justify, analyze or correct their opinion. By working in 
groups and generating new ideas to solve problems, students unleash their individual 
capabilities and realize inner resources which are used for finding solution for a 
shared problem.

Talking and writing creates products of our mental work. These products give 
feedback to our soul, and it is so powerful that it creates the difference between the 
soul of a human and an animal. …it is not assessable, how much we are dependent 
on our products, e.g., on talking, writing and on what we read (Popper, 2005, p.29).

Optimal methods which ensure positive study results in the medical chemistry 
course were found by developing the existing methods and by reacting to the changing 
situation. These are didactic methods which can be used for the development of 
critical thinking:

• Development of reflection by encouraging students to engage in dialogues 
(analysis of questions and answers, listening tasks);
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• Information analysis and visualization (graphic organizers of information);
• Creation and solution of problem-situations by comparing one’s own proof 

with that of others;
• Analysis of one’s own qualification level at the beginning of studies and at 

the end of the course;
• Development of individual study strategy;
• Variation of proportion between reproduction and research methods during 

studies.

Results of research
Orientation in the wide scope of information is possible only if one has 

fundamental basic education. Together with traditional (standard) medicine, 
physicians must use new methods to approve justification in clinical science. This is 
on evidence based medicine (EBM). EBM database contains results of independent 
high-quality clinical research which are given in form of systematic reviews. It is 
possible to work as a physician only by continuously developing – engaging in lifelong 
learning. It is very important thus to develop a drive to learn with curiosity and at 
first develop the study skills. By surveying students a conclusion was made –students 
need to have fully or partially gained these skills:

• To develop information seeking skills in the study literature and other 
sources;

• To avoid planning tasks for an excessively long period of time but, e.g., from 
a colloquium to a colloquium;

• To formulate tasks briefly and concretely, without trying to comprise 
incomprehensible but what corresponds to one’s level of qualification;

• To draw conclusions regarding experience so far and to predict which 
methods will be most effective;

• To control distractions and to have a precise work plan;
• To continuously create one’s own study material by using the provided 

materials and other sources;
• To critically evaluate and conclude, which information in addition to the 

one provided is necessary, whether it is clear why some questions are not 
understood and is it necessary to hear the opinion of the authority regarding 
these questions;

• To summarize – what was done right and what could have been done better, 
were the actions consequent, were achievements made;

• To transfer the responsibility from the lecturer to the student – students 
must use the lecturer’s potential.

Students name excessive work load and subjective factor – own laziness as the 
major distraction. In addition to the results of the survey, the exam results also show 
the study effectiveness. As it was mentioned before, 2010/2011 study year was the first 
for Riga Stradiņš University, Department of Human Physiology and Biochemistry to 
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experience the reduced study time for chemistry and biology as well as to receive 
students without mandatory chemistry exam results. 

It is clear that stepping back from the traditional study time distribution by 
significantly reducing lectures but increasing the practical work is sufficiently effective. 
Despite the fallen average grade from 7.23 (2009/2010) to 6.75 (2010/201.), students 
were able to handle tasks of the first semester in medical chemistry. The chosen 
approach was optimal and is to be developed in order to use it further. Student exam 
results are shown on the following graphs.

Fig. 1. Exam Results in General chemistry in 2009/2010 year

Fig. 2. Exam Results in Medical chemistry in 2010/2011 year
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Conclusions
Medical chemistry course is more effective if students apply the critical thinking 

skills:
• if students understand the critical thinking indicators;
• if students learn to bind theory and practice (at the beginning of the study 

process to see the bond between different subjects)
• if students organize their work so that to learn the new material they need 

increased analysis of facts and situations as well as the systematization and 
prediction of the result;

• if problem solving is oriented towards the analysis of facts, investigation of 
contradictions and finding and removing errors;

• if facts in the theoretical material are not only logically consequent but also 
show contradictions which must be justified and are interpreted according 
to one’s experience;

• if theory can be justified in practical experiments, results of which are 
statistically processed and justified;

• if there are clear evaluation criteria and the student is oriented towards self-
evaluation (reflection). 
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Abstract
Teaching/learning technologies in comprehensive schools are rapidly changing. Increasing 
amount of information, growing pupils’ learning load raises the need to search for new, more 
effective teaching/learning methods. One of them is conversion of traditional teaching content 
into digital. On the other hand, such practice can’t stay only in the hands of editors and other 
interested business representatives. Pedagogical validity and assessment problem becomes 
urgent. Therefore, a complex pedagogical evaluation research was carried out between January 
and April, 2011. 
20 teachers participated in the digital content testing, who totally gave 577 lessons. In the 
lessons a) an interactive board (IL) was used, and the lesson content was prepared as Power 
Point (PPT) slide show or Active Inspire (AcIns) programme; b) projector (S), and the lesson 
content – by PPT or AcIns. 
We can basically assert that digital teaching/learning content is a perspective to improve the 
education process.

Key words: digital content, natural science education, pedagogical evaluation, teaching and 
learning.

Introduction
Over the latter years education practice has changed a lot. new ways, forms and 

means of teaching “are coming” to comprehensive schools. Even applying common 
teaching methods and forms, their application algorithm is changing. First of all, 
it is related to virtual environment. You can find plenty of important material for 
education practice in the internet. Over the last few years different internet websites 
devoted to educational matters emerged, e.g., e-school (http://portalas.emokykla.
lt/Puslapiai/Sritisugdymui.aspx). More often the so-called digital teaching/learning 
aids are used for teaching needs. It is obvious that pupils live as if two “lives” – a 
real one, which is outside the school boundaries and a class life. Quite often what 
is taught at school is not interesting, even, on the contrary, is boring, dead. As an 
example we can mention international ROSE (The Relevance of Science Education) 
project (http://www.roseproject.no/) the results of which showed that often pupils 
negatively evaluate natural science disciplines at schools. However, they realise that 
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science and technologies are important for future life. Thus, we have to search for 
new ways and forms of how in reality make pupils interested in certain knowledge 
sphere. On the other hand, information communication technologies rapidly 
penetrate into the youth’s everyday life. This also has to be kept in mind. not in 
vain, in the centre of attention of education theorists and practitioners is effective 
application and usage of new technologies in education practice. One of the ways 
is education digitalisation. First of all, we speak about various materials and aids 
assigned for education. Basically, it is acknowledged that digital teaching aids make 
the teaching/learning process more interesting, more effective (Digital Teaching, 
2010). Various research works carried out in foreign countries prove the effectiveness 
of digital teaching content. It is asserted that digital teaching content (DTC) develops 
the abilities of corporation (Bennett, Sandore, Miller, 2001), strengthens motivation, 
being interested in general, develops thinking abilities (Miyata, Ishigami, 2007). 
Japanese researchers stress that such a format suits very well in lower comprehensive 
school classes (Murai, nakagawa, Kobayashi, Iwasaki, Matsuno, Iijima, 2009), and in 
general, digital teaching content application in the teaching/learning process together 
with other technologies strengthens and deepens learners’ understanding (Dani, 
Koenig, 2008).

One of urgent fields is the digital teaching/learning content.  On February 2nd, 
2011 a discussion “Digital textbooks” took place in Education development centre in 
Vilnius. The essential idea is that only digital teaching/learning objects do not satisfy 
consumers’ hopes. The essential question is what the relation between traditional 
teaching content tasks (published textbooks) and digital content is. Should digital 
content replace traditional textbooks?  Does digital content make the teaching/
learning process more effective and does it help to achieve better results? How will the 
teaching/ learning quality change using digital textbooks? and so on. In any case, the 
answers based on objective data are necessary and this creates a new research space. 
In the strategy  implementation aid plan on education content renewal  (2007-2012) it 
is foreseen that it is important to create digital teaching content and develop modern 
teaching and learning services (General education and training…..,2006). However, 
this is insufficient. The integration of information communication technology into 
the education process can’t be an end in itself, a priori claiming that it will be effective 
on its own. Parallelly, it is necessary to form a digital teaching/learning infrastructure, 
to improve programme and technological school supply (nekrašaitė, Petkus, 2009). 

 We can basically assert that the digital teaching/learning content is a perspective 
way seeking to improve the education process. However, it is not right to refer only to 
research works carried out in other countries. It is necessary to assess the context of 
the country, to accomplish representative evaluations in the population of Lithuanian 
students and teachers.

Defining the Problem
Digital teaching/learning content, as research carried out in other countries show, 

can be an effective means in the teaching/learning process. Besides, it is necessary 
to develop digital literacy of the youth. In the information society it becomes a 
priority direction in education. There is a lack of such research in Lithuania. Quite 
often teachers practitioners “are experimenting” in a very limited space and restrict 
themselves to only individual digital content component creation, e.g., of various 
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computer teaching programmes. Exhaustive, wider experimental research is necessary, 
allowing basically assessing DTC importance in the teaching/learning practice.

Object, Aim of the Research
The object of this complex research is the digital content of digital presentations 

and lesson scenarios for “nature and man“ subject lessons. Digital presentations and 
lesson scenarios are arranged according to the content of the textbook “In scientists’ 
footsteps 5”.

The main aim is to evaluate the arranged digital teaching/learning content. The 
evaluation was carried out in four main aspects:

•	 Didactic;
•	 Technological;
•	 Usage;
•	 need. 

Research Methodology

General Research Characteristics
The presented research was carried out implementing a project “Aurora”. The 

start of the project is August, 2010. The end of the project is May, 2011. During this 
period a group of researchers accomplished various researches, seeking to evaluate 
the effectiveness of the digital teaching content and its application possibilities in the 
5th forms of comprehensive schools. The main aim of the research is to create the 
digital content and its application scenarios for “nature and man” subject lessons, 
using the material of the textbook “In scientists’ footsteps 5”. Digital lesson content 
with scenarios for every lesson was successfully arranged and presented in three 
formats: Active Inspire, PowerPoint and PDF. The arranged material was stored in 
the internet, CD, USB memory sticks.

The selected group of 20 experienced teachers successfully tried the arranged 
digital teaching content in their teaching practice. The team of researchers gathered an 
exhaustive amount of data, data were analysed and generalised. The first quantitative 
research results were published earlier (Lamanauskas, Šlekienė, Ragulienė, Bilbokaitė, 
2011). This article presents qualitative research (Focus discussions) results.

Technique and Procedures
The research was carried out in three stages.
The 1st stage: On January 4th, 2011 a teaching seminar was organised for teachers 

selected to participate in the evaluation experiment. During this seminar, the 
researchers acquainted the teachers with aims and design of the evaluation research. 
The evaluation procedure was discussed; the instruments used in the research were 
presented. 

The 2nd stage: this stage was going on from the beginning of January till the 
middle of April, 2011. Teachers gave experimental lessons and carried out the 
evaluation of each of them. A lesson evaluation sheet was prepared. Teachers, after 
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giving a concrete lesson filled in the lesson evaluation sheet. In the evaluation sheet 
were presented:

34 statements related to the digital content usage;
Two open questions (the respondents were asked to point out the most positive 

and the most negative aspects of a concrete lesson).
The statements were evaluated in the 5 range scale from “quite agree” to “quite 

disagree”. Also the teachers were asked to give comments which they considered to 
be necessary. 

The teachers handed in e-versions of the evaluation sheet to the coordinator of 
“Aurora” project, and a typed version was saved. All evaluation papers were collected 
in the end, the completion of their fill-in was checked.

Experimental lessons were given in the following order:
1. IB+PPT (Interactive board +Power Point presentation);
2. IB+AcIns (interactive board +Active Inspire presentation);
3. S+PPT (screen + PowerPoint presentation);
4. S +AcIns (screen + Active Inspire presentation).
One group of teachers (11) used interactive boards + PPT/AcIns + lesson 

scenarios in the lessons. The second group (10) used the screen + PPT/AcIns + lesson 
scenarios in the lessons. In addition, some teachers tried IB/S + lesson content, given 
in pdf format. The information about teachers having participated in the research is 
presented.

The 3rd stage: having carried out a preliminary quantitative analysis, a qualitative 
research plan was prepared. Focus discussions in groups were arranged.

The 4th stage: a generalised evaluation was carried out, presenting a questionnaire 
to respondents. 7 close questions were presented in it.

The Participants of Focus Discussions, Procedure, Data Analysis
Discussions in Focus groups took place in Siauliai university natural science 

education research centre on 21st April, 2011. Two Focus groups were formed. 
The first group comprised 10 teachers who used the interactive board and digital 
teaching content during the experiment. From them: 5 senior teachers, 4 teachers – 
methodologists, 1 teacher expert. The second group included 7 teachers, who used 
the screen and digital teaching content during the experiment. From them: 1 teacher, 
3 senior teachers, 2 teachers – methodologists, 1 teacher – expert. Discussions in 
each group lasted for one hour. According to teachers’ qualification, both groups 
were similar, in fact. The difference – test variant of the digital teaching/learning 
content was used. 

Focus discussions were carried out in order to find out:
•	 Common informants’ attitude to DTC, its usage possibilities and need for 

education practice;
•	 DTC usage advantages;
•	 DTC aspects, which need improvement;
•	 Attitude towards usage possibilities and need for education practice.
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Research Results
Focus discussion results are presented according to two groups separately.

THE FIRST GROUP (lesson giving forms: IB+AcIns; IB+PPT)

Common Attitude to DTC, its Usage Possibilities and Need for Education Practice
Common impression about aids before using them is positive. Teachers wanted 

similar aids, which could make their job easier and lessons more diverse. According 
to respondents, “an old dream came true, because the teacher is abandoned in the 
battle field alone as a warrior, he has to make various aids himself, and in this case, 
everything is presented qualitatively and is prepared in an understandable way not 
only for the pedagogue but for pupils as well”. A textbook is the most frequently used 
aid at schools, with the use of which it is impossible to convey things that would make 
the teacher’s work much easier. Among the enumerated things there is a possibility 
to modulate the material, change its visual presentation, to have a wide bank of 
image choice, to have a free and indicated access to internet sources, a possibility to 
differentiate the tasks. School administration required all these mentioned actions 
before carrying out the research, therefore their need became the main stimulus, 
which encouraged teachers to participate in tests and to try a new aid in the lessons. 
The biggest expectation of the respondents was the efficiency of the created aid which 
will reveal itself in teachers’ allotting less time for lesson preparation and in easier 
realisation of educational aims. Emotionally, before testing the aid, respondents were 
in a good mood, dominated joyful emotions, enthusiasm prevailed. Psychologically, 
teachers were motivated, were able to be active even at that moment when technical 
difficulties arose because of the effective use of the aid. Every hindrance acted as an 
extra motivation factor, encouraging went deeper and understanding became better 
so that the determined tasks were easier implemented in the lessons. Generalising, 
we can state that pedagogues hoped that the created aid would help them in the 
education process, thus they would not have to look for internet sources, their web 
links, they would not have to create visual tasks themselves and there would be 
enough tasks for the pupils of different abilities.

DTC Usage Advantages
During discussions a lot of advantages came to light which encouraged a 

positive evaluation of the aid. The strongest factor is the help for the teacher. It is 
significant that teachers allot less time for lesson preparation – they don’t have to 
look additionally for web links with interesting information in the internet, check 
the quality of material of those websites. Also, they don’t have to search additionally 
or create visualisations. Thus, help for the teacher is visible in the context of time 
dimension. Giving the first lessons with DTC, the teachers spent more time for the 
preparation of the lesson (up to 3 hours). At the end of the project the preparation 
time decreased up to 10 minutes.

The second important factor is scenario advantages. The teachers, having the 
scenario, were feeling more confident in themselves. It is especially important for 
pedagogues, beginners, who lack educational experience. The scenario doesn’t oblige 
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the teachers to stick exactly to the foreseen lesson procedure, therefore more creative 
teachers and those having bigger teaching experience could modify freely the 
activities, add their text or eliminate something. The scenario helps the teachers to get 
more concentrated on the lesson aims, tasks and activities. DTC makes the teacher’s 
work easier because it is presented in a clear and concrete way with interactive visual 
examples, convenient for use – both the text and the image in one presentation. 
Having the scenario, the process of the lesson goes faster than usual; because the 
plan is prepared professionally, all content details match together.

The third important factor is the efficiency of class activity. Teachers claim 
that this aid helps to hold under control lesson activities, to observe closely pupils’ 
reasoning process and to correct if they didn’t understand something. Visualisation 
especially helps the pupils with special needs, who understand slower the analysed 
topics in the lessons. Such pupils get more interested, become freer, more active, are 
not afraid to ask and are less afraid that they will not understand. Lessons with DTC 
help the teacher to communicate with the pupils of different abilities; therefore the 
work in the class goes more fluently and more effectively. DTC enables to differentiate 
the teaching. Teachers notice that stronger pupils help more the weaker ones, and the 
latter are trying not to stay behind. It has been noticed, that discussions are more 
active, pupils communicate more freely among themselves and with the teacher.

DTC Aspects to be Improved
The research reveals that aids have some shortages which limit effective education. 

The first factor is the similarity of DTC topics matching them with the textbooks 
and workbooks. Sometimes such presentation is boring for the pupils, therefore 
learning motivation weakens, the activity in the lessons decreases. This is especially 
characteristic for the brighter pupils, who do tasks quicker than other classmates. 
However, a part of the teachers conformity of DCT with the textbook name as an 
advantage. They claim that pupils like to see the content of the textbook on the board, 
to observe the same illustrations, but already in an interactive way.

The second factor is various technical obstacles, which limited successful work in 
the lessons. There were cases when the aid was functioning with hindrance, sometimes 
it functioned slowly, sometimes technical presentation failed, and therefore pupils 
didn’t know what to do. Pedagogues noticed that internet links sometimes didn’t 
open or functioned very slowly, which disturbed the process of the lesson.

The third factor is – the improvement of the scenario. According to pedagogues, 
it would be worth improving the scenario and giving more suggestions in it in order 
to provide an opportunity to choose. In the scenario the task and action variation 
could be greater (more alternatives), so that the teacher could choose according to the 
situation at school. Also, teachers would like to give more diverse tasks for brighter 
pupils and for the pupils with learning difficulties. There could be self-evaluation 
tasks in the scenario, which could encourage more active work in the lessons.

In pedagogue’s opinion, it would be necessary to give more tasks with poll 
buttons because pupils of this age like them a lot. Seeking the efficiency of the lesson, 
pedagogues themselves used to create 10 times more questions than it was given in 
the aid, because otherwise, using poll buttons pupils would be bored. The characters 
presented in some slides are not entirely perceptible – they lack identity therefore 
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sometimes pupils are not able to understand the concrete situation of the picture. The 
teachers notice that there is a shortage of homework checking tasks, which would 
better consolidate the perception of the lesson.

THE SECOnD GROUP (lesson giving forms: S+AcIns; S+PPT)

General Attitude to DTC, its Usage Possibilities and Need for Education Practice
The pedagogues of this group were waiting for this project and wanted to 

implement it, hoped that in future they would be able to take advantage of its results. 
According to pedagogues, earlier they faced the situation in their working practice 
when the teacher preparing for the lesson had to search additionally for the material, 
make visual aids, and create lesson content according to programmes. Teachers think 
that the aid of this project helps to work more efficiently in the lessons and to allot 
less time for their preparation. The other advantage of DTC usage is a possibility 
of realizing such lesson aims, which earlier were hardly realised, because it was 
necessary to find proper information, which was not always possible due to teachers’ 
limited ICT abilities. Generalising, it is stated that teachers’ desire to participate in 
the project is based on the educational purposes and therefore they tried to get as 
much experience from this as possible.

DTC Usage Advantages
During discussions it became clear that teachers were very satisfied with their poll 

buttons. The work with poll buttons made the lessons more diverse, gave students a lot 
of positive emotions, and helped to implement the aims of the lessons through game 
activities, which pupils liked a lot. It was noticed that using poll buttons pupils were 
more attentive, listened more closely, reacted quicker to teacher’s explanation and 
voted willingly. Thus, the variety of the lesson, broadly speaking, is a very perspective 
direction of developing the teaching process. 

The second factor is discipline. Using DTC, the work of the lesson was quicker, 
the pupils’ interest in the topic was greater, therefore there was less noise; pupils were 
more concentrated and did the tasks faster.

The third factor is DTC help to the cognitive processes. Teachers assert that the 
aid helped the pupils to perceive better and go deeper into the topic, to understand 
it wider and deeper. The influence on attention processes was pointed out which 
revealed itself as active observation, listening, concentration and less talking and 
wandering during the lessons. The teachers emphasised the aid’s use for the memory. 
It was noticed that pupils remembered longer, they could easier recall the next lesson, 
related the possessed knowledge to the new one and used it in practical works. Besides 
the mentioned things, pupils’ activity was bigger, too. They reflected easier and their 
reflection became faster than using the usual means.

The fourth factor is scenario usefulness. In educational sense, the scenario served 
the teachers as an orienteering guide to implement the tasks more purposefully 
and without deviation from the aim. The majority of teachers used the scenario 
universally; the others corrected it a little according to their working style.
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The fifth factor is saving time (effective usage). Pedagogues noticed that using 
this aid, they devoted less time to lesson preparation, had more “space” to structure 
creatively the lesson process.

DTC Aspects to be Improved
The pedagogues of this group like the previous ones noticed some inaccuracies 

and some possible shortages, overcoming which the education process would be 
more effective and DTC – more useful. For the brighter pupils some tasks were too 
easy, therefore they would need more difficult ones, that all the pupils were busy 
during the lesson. It was noticed that illustration bank could be bigger, so that it 
could be possible to choose more, to present extra material. Pedagogues would like 
teaching seminars, which would help them more profoundly and more effectively use 
technological resources working with that aid.

Summing-up 
During the generalising Focus research, teachers’ opinion was expressed that 

DTC for “nature and man” lessons was useful, it was necessary to prepare it for 
other lessons as well; the teachers would use it with pleasure. Having improved the 
digital teaching content with lesson scenarios properly, their usage in the education 
process would be more effective. It was also stressed that such aids were desired for 
higher forms as well. The teachers wished that DTC presented tasks would be more 
differentiated and adapted for pupils of different abilities, they would like to have poll 
buttons in every school.

Conclusions
•	 In teachers’ opinion, participation in Focus discussions, testing of the digital 

teaching/learning content (DTC) with arranged lesson scenarios, in fact, satisfied 
their hopes. 

•	 DTC in the educational sense is useful for the education process. It is named 
by the teachers as a component that supplements traditional teaching aids and 
makes the education process more effective.

•	 Teachers assert that the arranged lesson scenarios for realizing the digital 
teaching/learning content are necessary and useful to realise properly the lesson 
aims and not to deviate from the purpose. They help the teachers to get more 
concentrated on lesson actions.

•	 Teachers notice that using DTC, the time allotted for the preparation of the 
lesson is saved, a positive influence on pupils’ cognitive processes is observed, 
pupils’ attention is more concentrated and held for a longer time, the memory is 
trained, pupils’ activity and their reflection are encouraged.

•	 Several aspects that should be improved emerged. If the digital teaching content 
with lesson scenarios was corrected and supplemented, their usage in the 
educational process would be more effective.

•	 It was emphasized in the discussions that the need for such a type (DTC with 
scenarios) of teaching aids in the education practice would be very big, there 



137V. Lamanauskas, V. Šlekienė, L. Ragulienė, R. Bilbokaitė. Digital Teaching and Learning ..

would be a necessity to expand them, i.e., to prepare for higher forms, perhaps 
for other subjects as well. Different subject teachers and pupils would use them 
willingly.
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Abstract
A fresh hands-on approach to education of optics and photonics, as imprescriptible part of 
physics, is discussed. Taking into account rapid development of photonic technologies (e.g. 
biophotonics) and the lack of widely available outreach activities on it in Latvia, a long-term 
exposition focused on optics and photonics outreach was created and approbated in Institute 
of Atomic Physics and Spectroscopy at University of Latvia.
The exposition conditionally is divided into three parts: listening, looking and doing. All 
three parts are integrated, resulting in an interesting activity different from classroom lessons. 
Due to great impact of practical exercises on pupils, the main emphasis is made on hands-on 
experiments, for the reason that many pupils will be encouraged to choose further studies in 
field of science. 
The exposition is approbated on 43 students from 8th to 10th grades, and their feedback is 
analysed.

Key words: hands-on experiments, informal education , optics and photonics. 

Introduction
To some students’ opinion, the science is something very boring, uninteresting 

and inaccessible (Foreman, Parmigiani, Roelens, Simson, 2005). One of the most 
important reasons for this is that students do not link the science with the real life 
and this fact makes the science unpopular.

Due to very poor popularity of science among students in Latvia, a long time 
exposition focused on optics and photonics outreach (further in the text – “Optics 
and photonics outreach centre”) was established in Institute of Atomic Physics and 
Spectroscopy (IAPS) at University of Latvia. The goal of exposition is to popularize 
science and optics and photonics as imprescriptible part of it among pupils and 
students of Latvia.

The topic of optics and photonics was chosen mainly for three reasons. First of 
all, one cannot ignore that optical technologies are very rapidly progressing. Optical 
devices can be found everywhere starting from product scanners in all supermarkets 
and finishing with new optical methods for non-invasive disease diagnostics in 
medicine. There are no many people including students who know, for example, how 
optical internet works.
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Secondly, one has to take in account that connection between program of optical 
curriculum in the school and real research in the field of optics is very weak (Vasil’ev, 
Stafeef, Tomilin, 2009). Basic principles about optical phenomenon are taught in the 
schools, but not all teachers tell about novelties in optical technologies field.

The last and probably the most important thing is that if one is interested in 
popularizing the science, the way of popularization should be sufficiently illustrative. 
Optics is well suited for this purpose because it is visually very attractive. Combining 
visual attractiveness with hands-on experiments it is possible to achieve high results 
in this field.

The idea of exposition is to show students that science is not boring and 
uninteresting as it might be considered to be (Foreman, et al., 2005) and to break 
stereotypes among students about scientists as uncommunicative people (John, 
Wilcox, Patel, 2005).

It is believed that students who had performed hands-on experiments will be 
more inspired to choose further education related to science than those who had not 
(Mc Hugh, Smith, 2009).

Methodology of research
“Optics and photonics outreach centre”

The exposition is based on three senses of human being – audition, vision and 
feel. It is necessary to involve all these senses because “Optics and photonics out-
reach centre” is not only entertaining but also educational place and different people 
perceive information in different ways – for one it is easier to learn by doing, others 
prefer listening or watching. The exposition is conditionally divided into three parts. 
First part is like a lesson at school when teacher is standing in the front and giving a 
lecture. Some most difficult (for students) topics of optics are discussed during this 
part. The next part is when the sense of vision is involved – students are looking what 
the lecturer is showing. The third and the most important part is when the sense 
of feel is involved. Students are invited to perform hands-on experiments. All three 
parts are integrated into each other which satisfy all students’ information perception 
needs.

The “Optics and photonics outreach centre” covers 7 different topics related to 
optics and photonics: Colours; Diffraction; Polarization; Reflection; Fluorescence; 
Gas discharge; Lasers; with total number of 21 exhibits. Overview of each topic is 
described below.

Colours
In this topic it is being explained that white light consists of all the rainbow 

colours. It is being showed using triangle glass prism and light source. In the next 
step filters working principles are being explained. Putting different colour filters in 
front of light source it is observed that only one colour appears on the screen and 
others are absorbed in the particular filter. Using the same filters and light sources it 
is being showed how colours are made.

Diffraction
The other way how to show that white light is not really white is to look to the 

light source through the diffraction grating. The “Rainbow PeepholeTM” demonstration 
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from Optics Suitcase is being used for this purpose. In this demonstration it is being 
explained what the diffraction grating is and how does it work. Also diffraction from 
monochromatic light source is being showed. The usage of reflective diffraction 
grating can be observed in an open monochromator. 

Polarization
To observe white light’s colourful world, the phenomenon of polarization is 

being demonstrated. The “Magic Stripes” demonstration from Optics Suitcase is 
being used for this intent. In this demonstration it is being explained that polarizer is 
device which can be used to convert EM wave of undefined oscillation direction into 
a wave with well-defined direction of oscillation which is known as polarized light. 
Direction of polarization can be changed if a peace of transparent material is placed 
between two perpendicularly placed polarizers. In result of this we observe different 
colours coming from improvised polariscope due to mechanical stresses and pathway 
differences in a transparent material. We are able to see different colours because 
each colour has different wavelength and each wavelength polarization direction is 
being changed in different way. 

Reflection
Reflection is being showed in three different ways. First is reflection from flat 

mirrors. Students are asked to investigate the rule of light reflection using flat mirrors, 
protractors, string, laser and a target. The next form or reflection is total internal 
reflection. Using different optical fibres students can see how light and pictures can be 
transported. The third form of reflection is selective reflection in microencapsulated 
liquid crystals, the demonstration “Magic Patch” from Optics Suitcase. Colours 
formation is being explained.

Fluorescence
This optical phenomenon is being showed on fluorescence testing card, Rhod-

amine liquid and human skin. It is being explained that some substances can emit 
luminescent light if they are stimulated by external source of energy, the laser light in 
our case. Difference between fluorescence and phosphorescence is being explained.

Gas discharge
This phenomenon is being presented using electrodeless discharge lamps (EDLs) 

filled with different chemical elements. The EDLs are inserted in solenoid with high 
frequency alternating current in it. As a result the gas is excited and we see emission at 
different colours. The colour depends on chemical element which is inside the lamp. 
For safety reasons this is being only showed, but students can observe analogical 
phenomenon using plasma ball with argon gas.

Lasers
The main reason for this topic is to show students that laser is not only pen sized 

pointer. Different kinds of lasers are being showed – gas laser, solid-state laser, diode 
laser, three colour laser projector.
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Results of research
The exposition was approbated on three groups of students from different Riga’s 

schools. Overall 43 students from 8th to 10th grades visited the exposition. In Fig. 1 
one can observe students’ visits to optics and photonics outreach centre.

Fig. 1. Students’ visits to optics and photonics outreach centre.
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Students were asked to fill small questionnaire after their visit, with the aim to 
analyse their responses for further development of exposition. Students were asked 
few questions about the exposition – what did they like the best, what they disliked, 
about the most interesting and boring topics. One can view students’ answers in 
Figures 2-5.

Questionnaire also showed that students prefer watching better than doing. This 
can be explained by the fact that students’ everyday life is very tightly connected to 
computers, television etc. and they spend all time mainly watching not doing. 
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POLARIZATION

REFLECTION

FLUORESCENCE

* up to 3 answers possible 

Which topic was most interesting?*

All (n=43)
Boys (n=18)
Girls (n=25)

Fig. 2. Students’ responses about most interesting topic.

In Fig. 2 one can observe that topics “Colours” and “Lasers” were the most 
interesting, but “Reflection” and “Fluorescence” – the least, but in Fig. 3 one can 
observe that topics “Colours” and “Lasers” were the most understandable, but “Gas 
discharge” and “Fluorescence” – the least.
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Fig. 3. Students’ responses about most understandable topic.



143N. Lesina, J. Spigulis. Hands-on Approach to Informal Education on Optics and ..

Students are really excited when they see how light colours are being formed, 
difference between light colour and painting colours, how our perception of colours 
is being changed when we put 3D glasses on – these facts can explain why do they 
like topic “colours”.

It is noticeable that the most interesting topic is also most understandable. 
This makes to think that according to students’ opinion “like” and “understand” are 
synonyms, many students like those things which they do understand.
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All (n=43)
Boys (n=18)
Girls (n=25)

Fig. 4. Students’ responses about most disliked topic.

In Fig. 4 one can observe that topics “Gas discharge” and “Diffraction” were the 
most disliked, but “Reflection” and “Lasers” – the least but in Fig. 5 one can observe 
that topics “Diffraction” and “Fluorescence” were the hardest, but “Colours” and 
“Reflection” – the easiest.
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Fig. 5. Students’ responses about the hardest topic.
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Here also one can notice correlation between “do not like” and “do not 
understand”. This means that authors’ assumption that everything that students do 
not understand automatically becomes uninteresting or disliked could be correct. In 
this case it would be necessary to improve teaching and show students that difficult 
things can be interesting as well. 

Conclusions and discussion
Taking into account that the level of knowledge in physics is different among 

students (8th to 10th grade) involved in approbation, authors of current work can allege 
that students’ responses given in questionnaire are reliable and can be considered for 
further planning and expanding the exposition.

In future it is planned to expand the exposition covering more topics of optics. 
Improving the exposition, attention should be paid to render comprehensible 
those themes which were hard to understand. It is very important to make things 
understandable on purpose to encourage students.

To emphasize the importance of photonics, results of running ESF project in 
IAPS will be presented in Optics and photonics outreach centre making an accent on 
applications of biophotonic technologies.

This exposition will be part of FOTOnIKA-LV project, when Riga’s Photonic 
Centre will be founded.

The science should be closer to people and science outreach places are one of the 
best ways to make this true.
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Abstract
Active participation of students in their education represents a paradigm shift in education 
over the past 50 years. Many different teaching and learning methods and techniques called 
“active” have been proposed, among which there are: case study, role-playing, brainstorming, 
projects. Topics used in those methods are often related to current and controversial issues, 
such as: environmental or forensic ones. The aim of the study was to check how students and 
teachers perceive the newly introduced active method. All agree that classes conducted with 
the role-playing method are interesting and motivating for both participants and lecturers. 
Doctoral students emphasise the role of the real context of classes and the necessity of good 
preparation of materials as well as teachers conducting classes, in this respect.

Key words:  active methods, role-pay, simulation, transferable skills.  

Introduction
Learning outcomes

In the late 1970’s and early 1980’s, Johnstone noticed that there was an unmet 
need to teach students so-called ‘transferable skills’ (Johnstone et al. 1978, Johnstone 
& Sharp, 1979, Johnstone at al. 1981). Since that time, much has changed. Learning 
outcomes for chemistry graduates, which include “transferable skills” worked out 
under the ‘Tuning Educational Structures in Europe’ project have been presented in 
the “Budapest chemistry descriptors” (2005). For example: 

Second cycle degree graduates will1:
o have the ability to apply their knowledge and understanding, and problem 

solving abilities, in new or unfamiliar environments within broader (or 
multidisciplinary) contexts related to chemical sciences; 

o have the ability to integrate knowledge and handle complexity, and 
formulate judgements with incomplete or limited information, but that 
include reflecting on ethical responsibilities linked to the application of their 
knowledge and judgements;

1 Tuning Educational Structures in Europe,  Retrieved 20.10.2011 http://www.unideusto.org/tuningeu/
home.html 
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o have the ability to communicate their conclusions, and the knowledge and 
rationale underpinning these, to specialist and non-specialist audiences 
clearly and unambiguously;

Active methods of education
Generic skills mentioned above such as: decision-making, communication, 

collaboration, problem solving, planning and evaluating of one’s own work can 
not be developed as a result of listening to a lecture or participation in traditional 
laboratory courses. It is necessary to implement the so called active methods of 
learning to achieve those learning outcomes.  There are many various definitions 
and descriptions of that way of teaching and learning, e.g. “putting our students in 
situations which compel them to read, speak, listen, think deeply, and write.... puts 
the responsibility of organizing what is to be learned in the hands of the learners 
themselves” 2, “[students] must read, write, discuss, or be engaged in solving problems... 
students must engage in such higher-order thinking tasks as analysis, synthesis, and 
evaluation... instructional activities involving students in doing things and thinking 
about what they are doing”3, “Active Learning“ is, in short, anything that students do 
in a classroom other than merely passively listening to the instructor’s lecture. This 
includes everything from listening practices which help students to absorb what they 
hear, to short writing exercises in which students react to lecture material, to complex 
group exercises in which students apply course material to “real life” situations and/
or to new problems4. Active learning is an umbrella term that refers to several models 
of instruction that focus on the responsibility of learning, on learners.

This name could be used to describe such methods of education which make 
students be active and independent participants in the process of learning  and 
involving, preferably, all spheres of psyche: sensory perception, cognition, feelings 
and own will. In active methods:

1. the stress is moved from the teaching syllabus to the learning outcomes
2. the learner is the active agent, who gains knowledge in the process of 

searching for the answers and verifying own ideas.
3. the teacher facilitates the process of learning by providing the learner with 

proper conditions to experiment, engaging  the learner emotionally and 
encouraging him/her to think independently

4. the group dynamics process are involved in group work (Maciejowska, 
2000)

Active participation of students in their education represents a paradigm shift in 
education over the past 50 years. Many different teaching and learning methods and 
techniques called “active” have been proposed, among which there are: case study, 
role-playing, simulation  group projects, jigsaw,  didactic games, discussions such as 

2 Active Learning on the Web http://edweb.sdsu.edu/people/bdodge/active/ActiveLearningk-12.html  
Retrieved 20.10.2011

3 Active Learning: Creating Excitement in the Classroom, http://www.ntlf.com/html/lib/bib/91-9dig.
htm, Retrieved 20.10.2011

4 Donald R. Paulson , Jennifer L. Faust , Active Learning For The College Classroom, http://www.
calstatela.edu/dept/chem/chem2/Active/ , Retrieved 20.10.2011
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debate, brainstorming, metaplan,  etc. Some of these methods have a long history, 
some others are quite new. 

Context
Topics used in working with those methods are often related to current and 

controversial issues, such as: environmental (Kimbrough et al., 1995; Smythe et al., 
2008, Maciejowska, 2004, Karaś et al. 2008) or forensic ones (Murcia et al., 1990). 
Such issues mobilise discussion participants to search for a compromise solution, 
and in this way to learn negotiation skills, listening to the arguments of the other 
party, accepting different views, opinions and solutions, etc. They help to educate 
students in how chemistry is applied in real life, by professionals working in teams. 
Students learn the responsibility in carrying out their duties (Deavor, 1994) because 
they have to think about consequences of chemical decisions on the social and 
economic welfare of the community (Johnstone & Sharp, 1979). Walters (Walters, 
1991) noticed that practice in planning and implementing a team-based problem-
solving strategy or developing a working relationship within a group aided them in 
establishing their future career. Reid (Reid, 1980a) stated that noncognitive outcomes 
of some of “active” methods/techniques – the simulation-type are the most important 
ones because other teaching techniques are less successful in achieving them.

Collections of interesting cases have even been built up, which are shared 
with a wider community of teachers and lecturers, who can use them during their 
natural science classes. In the UK, the University of Glasgow (Johnstone et al. 1978, 
Johnstone and Percival 1977, 1978, Reid 1976, 1980b), University of Hull, University 
of Plymouth (Belt et al. 2002a-e), and the Higher Education Academy, Physical 
Sciences Centre5 have been leaders in this field.

Simulation, drama (role-playing method), and staging
Among active methods, the following routines can be mentioned: simulation, 

drama (role-playing method), and staging. Simulation and drama constitute a 
reflection of a situation that is potentially real, whereas staging may be of a more 
abstract nature (“just imagine you are an oxygen particle”). Simulation models real 
life phenomena and is usually more structured than role-playing. These definitions 
differ somewhat depending on the language-culture area where they are used. 

Typically, the introductory text of the role-playing method is a case description, 
which requires a versatile analysis. The roles are then acted out in a small group 
of people. As far as large training groups are concerned, students who do not play 
any role can be observers, but they also have to have a concrete task assigned to 
carry out, e.g. to complete observation sheets which would allow them to prepare 
themselves well for a final discussion and summary6. Decisions made when working 
with the role-playing method have to be finally analysed from the point of view of 
their optimality. In role-playing, participants adopt characters or parts that have 

5 HEA,C/PBL Case Studies  http://www.heacademy.ac.uk/physsci/home/networking/sig/CPBL retrieived 
20.10.2011

6 Maciejowska, I. (2009). Metoda ról/ inscenizacja/drama/symulacja. retreived  20.10.2011, from http://
chemia.zamkor.pl/images/materialy/metoda_rol.pdf
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personalities, motivations, and backgrounds that are different from their own. 
Sometimes they even dress in clothes that are typical of the characters they are 
playing (Kimbrough et al., 1995, Klich et al., 2005; Maciejowska, 2004). In an exercise 
titled “Amsyn” (Johnstone et al. 1981), students form three groups: management, 
local authority and trade unions. The goal of the exercise is to find a compromise 
solution to the problem of a river polluted by dyestuff intermediates produced by a 
local factory. 

Assessment
Assessment has to be proper to evaluate the learning outcomes. There are a 

number of methods available for assessing various aspects of group work typical for 
active learning, including allocating a shared group mark or individual marks based 
on product alone, or on a combination of product, group process and individual 
effort7. Assessment may involve peer- and should involve self-assessment.

There are several crucial questions that academic teachers should answer before 
starting the assessment. These include:

•	 Should you give all students the same mark or a mark based on each person's 
contribution to the group performance?

•	 If you assess each student's contribution, how will you know what each 
person has contributed?

•	 Consider whether it is appropriate to include another option for students 
who do not want to work  this way.

•	 What do you do if a group member leaves, thus leaving the group with a gap 
in the allocation of duties to members?

•	 What do you do if a group falls apart? 
Students trained with active methods, especially with problem-based learning 

(PBL), may get lower marks on the test but they are significantly better prepared to 
thinking than recalling. They are ready to use academic knowledge in practice and 
are higher motivated to study (including life long learning). 

There are various assessment techniques which can be used: observation, reports, 
presentations, posters, reflective log, „diary”, laboratory journals etc.

The Methodology of Study
The aim of the study was to check how students perceive the newly introduced 

active method (role play), whether – in the opinion of students and lecturers – classes 
conducted with this method have an impact on teaching results and the selection 
of further career path, and also to investigate the potential possibilities of further 
development of this method and extending it to other domains and its optimisation. 

During classes each student plays the role of a forensic expert: a toxicologist or 
a questioned document examiner. Some also play the role of group manager. The 

7 Group Work and Group Assessment  UTDC Guidelines retrieved 20.10.2011 from: http://www.utdc.
vuw.ac.nz/resources/guidelines/GroupWork.pdf  
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prosecutor (lecturer) asks teams of ‘forensic experts’ to examine documents and 
evidence: a reporting officer’s narrative, an autopsy report, autopsy samples and 
residues of white powder. Students/experts, after having become acquainted with 
the case documentation, consider various variants of analysis of presented evidence 
materials for a given case. The most important task is to describe each piece of evidence 
and discuss the preferred methods of analysis (from the list: atomic fluorescence 
spectrometry, liquid chromatography, capillary electrophoresis etc.), taking into 
account the time, costs and type of evidence and available equipment. Within the 
practical part of the classes, students/experts, when beginning the analysis of the 
mentioned materials, confer and make decisions by themselves as to what exhibits 
are to be analysed and what techniques they are going to use to respond reliably and 
comprehensively to the questions asked by the prosecutor: what was the cause of 
death, what kind of substance was in the white powder, was the document they used 
authentic etc.?   

The authors were particularly interested in the opinions of doctoral students, 
who in their career play both roles: students participating in classes (in the course 
of master’s studies), and then academics (when they undergo pedagogical training 
at doctoral studies). For many reasons, including ones related to the limited number 
of potential participants and the necessity of obtaining an extensive overview, the 
quantitative method of examination was selected. 

In 2009, a poll was conducted amongst all current students of the forensic 
chemistry specialisation (10 persons) at Jagiellonian University. The questionnaire 
was composed of 14 questions, including nine open and five closed ones (five-point 
Likert scale) with a possibility of adding some comments. Six interviews were filmed 
with graduates of the forensic chemistry specialisation, who have completed a master’s 
degree within the last four years, including four doctoral students still studying this 
specialisation, who also conduct classes for students (90 hours/year). The interview 
contained questions from the student’s questionnaire extended by one related to 
pedagogical experiences: “Do you use the role-playing method in classes you teach at 
school/at university? Please substantiate the answer”.    

Finally, two extended interviews were carried out with persons who planned 
the classes mentioned above (the authors) and conducted them from the very 
beginning. The interviews were transcribed after carefully listening to and watching 
tapes. After checking all the obtained statements, categories and similarities could be 
established.

At the end, an attempt was made to compare the answers of so many different 
respondents on the subject of the same methodological innovation.

Results 
What did students say about role-playing? 

Responding to the closed questions, all students stated that classes were interesting 
(“strongly agree”, or “agree somewhat”), mobilised independent and creative thinking 
(“agree somewhat”), and supported their desire to start working as a forensic expert. 
The students’ attitude to the exercise was a bit more uniformly positive than previously 
reported by Johnstone (Johnstone et al. 1981).
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In their responses to the open questions or comments, students also judged the 
lecturers’ work. They liked “class leaders’ commitment”, “well prepared materials”, 
“atmosphere”, and the classes themselves. They liked also: drawing up opinions and 
conclusions, interesting topic and props, independent work within small groups, the 
analysis of the case as a whole, creativity, the possibility of presentation on toxicology 
(poisoning with arsenic).

What is especially worth emphasising is the fact that students noted the 
motivational impact on educational output. In the comments, one of them wrote that 
“the case description and material evidence make it easier to understand the necessity 
of carrying out a concrete analysis and getting acquainted with a certain amount of 
knowledge”, as well as that classes were certainly conducive to creativity, leading, 
among other things, to the proposal contained in the commentary that “an interesting 
element would be the defence of the decisions made by the expert”.  

What did alumni/doctoral students say?
Interviews with doctoral students showed that:
Similarly to what was described by Walters (1991), a real (life) context was 

essential.    
“The fact that we were to transform into such experts, and if one chooses the forensic 

chemistry panel at the fourth year of study, one must be fascinated by the Institute of 
Forensic Research in Kraków and CSI (...), this has mobilised us even more to work 
in these classes, to listen to… to some or other… on our own initiative” (Alumnus 
no3 = A3), 

“The action I remember best was taking a vitreous humour (eyeball fluid) sample.  
At that time it shocked us that we can deal with something like that, although we could 
not see the eyeball itself. The fluid itself excited us: here we were dealing with a part of 
a human” (A3).

The way of conducting classes, in the opinion of doctoral students, led to the 
learning outcomes, including the development of HOCS (Higher Order Cognitive 
Skills). Johnstone had already described the “cognitive gain” achieved despite the 
informal nature of discussions (Johnstone et al., 1981). 

“I liked the fact that we had this seminar and presentation, we had to prepare for it 
by ourselves, we were not only learning how to give a presentation but also .... we shared 
the knowledge” (A3). 

Playing a role has affected or can influence the decision to choose a profession. It 
draws one’s attention to unknown facets of a professional job, e.g. responsibility.  

“At classes with students, which consisted in voltammetric determination of 
acetaminophen content in syrup, students  played  the role of  persons involved in 
quality control e.g. in a medicine factory ( … ). I was trying to explain how important 
and essential what they were determining is ( … ) it correlated with the data given 
by the manufacturer, that, after all, these parameters of the products which affect 
potential consumers (and it was a syrup for children) matched as much as possible, 
and how important it is that correctly performed analysis (indicating irregularities) 
leads unequivocally to stopping production of a medicine or issuance of an acceptance 
certificate and withdrawal from circulation”  (A6). 
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They would willingly recommend this method to other persons who conduct 
classes, but perceive it rather in the context of their study years. 

“I do not introduce this method in my classes because of the peculiarity of these 
classes. I work in a scientific institute and from time to time medical students come in 
order to become familiar with work in a toxicological laboratory, and we show them our 
equipment and apparatus, what we do, what methods we apply, and this looks more or 
less like this, they do not do anything by themselves” (A5). 

What did the authors and lecturers who introduced the method say?
The role-playing method was applied because of a low rating in evaluation surveys 

of particular students’ classes. It was a remedy to improve the quality of teaching and 
learning, among other things, by increasing students’ motivation to work. 

In this method, the way the roles are assigned to students is extremely important, 
as are the duties connected with these roles. Decisions made by persons who conduct 
classes and apply strategies/procedures bring about various effects. This also became 
the subject of separate studies conducted at the Department of Chemistry, UJ (which 
will be published).  

“They co-operated better when they divided themselves into teams and determined 
their tasks by themselves, not when the tasks were imposed on them. The disadvantage 
of such an approach is that they still do what they can best, they learn less than if the 
tasks they would normally execute in their job position, and at which they are good, 
were imposed arbitrarily. With this approach they would learn more, but their eagerness 
is then lower by 20-30 percent  (…) If it is me who decides who is to be a technician 
and who an IT specialist then the distance to the task being performed is much greater  
(…)„ (T1).

In the classes discussed here, there was no role rotation within the group. 
Opinions given by persons conducting classes were not always consistent with the 
current trends in education and could differ significantly from each other. “not 
everybody has to attain leadership skills, not everybody has to  know it” (T1). This once 
again confirms the conclusions known from other research that prior pedagogical 
knowledge and attitudes should be seriously taken into account during the training 
of the teaching staff. 

The authors of classes are very cautious when assessing the impact of their ideas 
on the selection of profession or workplace; however, they perceive the usefulness of 
presenting the real image of professions connected with chemistry. 

“The most frequent questions they have about their role: And what will it be like 
when I go to court? What I am expected to say at this court? Chemistry classes do not 
cover these issues, but because of this these classes are more interesting for them and 
they become more engaged in the classes themselves, since they know that the result 
of signing their signature on something they had calculated would be some further 
consequences for the perpetrator’s or suspect’s future.” (T2)

Classes conducted with the role-playing method and students’ involvement 
in the work connected with this method increase the satisfaction of lecturers with 
their work:  “The person who is conducting the classes feels better if the reception is so 
lively.”(T2) 
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Conclusions
When comparing the opinions of students, graduates, doctoral students, and the 

authors of classes, it can be stated that authors are most careful about judging the 
impact of their classes on further vocational careers of graduates. But because work 
in students’ classes under university laboratory conditions does not provide a real-life 
picture of a chemist’s job, each and every initiative which allows us to build bridges 
between the academic environment and the external world is important. 

As has been suggested by others – lecturers, scientists and representatives of 
industry (Johnstone & Percival, 1978, Byrne & Johnstone, 1987, in the chapter on 
generic skills – CEFIC webpage), the authors assert that space can and should be made 
to develop generic skills within the framework of chemistry courses. Such generic 
skills can be taught with the help of interactive learning. This will help universities 
to educate open-minded scientists and citizens. The topics selected for the use with 
the above mentioned methods must be relevant to the study curricula and everyday 
life in the society.

All agree that classes conducted with the role-playing method are interesting and 
motivating for both participants and lecturers. It is worth extending them to other 
subjects. Doctoral students emphasise the role of the real context of classes and the 
necessity of good preparation of materials as well as persons conducting classes, in 
this respect. Otherwise, the (simulated) situation is unrealistic and the probability of 
strong commitment on the part of students decreases.

The application of the method had a positive influence on the lecturers’ and 
doctoral students’ commitment to conducting classes. However, both doctoral 
students and the authors of classes showed limited confidence in the introduced 
novelty. This is nothing new and has already been described many times in various 
contexts (Johnstone & Sharp, 1979, Jonasson, 2008) Only long-term activities/
training can make this attitude more flexible. The issue of assignment and/or role 
rotation requires some additional development. 
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Abstract
The article is based on the data from scientific literature concerning the unity of man and 
nature. 
The concept of prognostic functions of philosophical knowledge in a developing culture of 
societies has served a methodological basis for it. Each society has its own way of development 
which is determined by superbiological programs – semiotic systems which act as the keeper, 
compiler and the generator of sociohistorical experience of a society. Forming, the “body” of 
culture, these systems convey a type of social heredity of a society and characterize the model 
of the future relationship of man and environment. 

Keywords: prognostic functions, semiotic systems, world outlook universals.

Introduction
…. The development of human society has always been closely related to the 

exploitation of natural resources as they are a source for its material wellbeing. The 
higher is the level of the development of the civilization, the more complex become 
the relations between a human being and environment, and the more clearly appears 
the pragmatical meaning of existence of a modern society. An individual in a post-
industrial society who lives in the changed and artificial environment loses close 
ties with nature. He forms new views on nature, on his role in the world and the 
essence of the world itself. Social issues rather than nature predominates his thinking 
sharpening the conflict between man and the environment. Ecological and economic 
crises have shown global vulnerability of a modern man before calls of the real 
world. neither economists, nor politicians have managed so far to create an optimum 
model of the development of society that could operate constructively in difficult 
situations, responding to natural and social cataclysms. Environmental education, 
whose importance is impossible to overestimate, is also exposed to permanent 
transformations. It is represented differently in different countries. The concept 
of general environmental education that was accepted at the intergovernmental 
conference of UnESCO — UnEP has shown that in the conditions of quickly 
changing world environmental education should become an integral making part of 
general education of a person (Гвишиани, 1995). new ecological and geopolitical 
conditions of the development of our society require the introduction of the 
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environmental education in all educational institutions and levels. However, the 
optimum correlation of the knowledge of the natural sciences and the humanities in 
the process of education is still not found.

Environmental education in Russia
Throughout many years the problem of the man-environment interaction in 

Russian education was treated only within the framework of the theory and practice 
of ecological training and education. Such view was determined by the following 
reasons: 1) the necessity to change the objectives in the human-environment 
interactions; 2) the necessity to search for new constructive relationships with the 
environment while preserving a functioning anthropogenic society; 3) the replacement 
of old unproductive relationship between person and environment by cooperation 
and the relationship of equality; 4) the formation of new thinking in the relationship 
with nature (Шайхиев, 2000; Суровегина, 1986; Зверев, 1998; Захлебный,  1981; 
Глазачев, 1998). Therefore, ecological formation was seen as a peculiar toolkit 
which would allow quickly and effectively solve aggravated problems of man and 
environment. Ecological training was principally carried out in the following areas: 1) 
general ecologization of education on the basis of integration of knowledge of various 
sciences about nature and society; 2) ecologization of school subjects; 3) introduction 
of the subject “ecology” at school; 4) creation of specialized schools, with profound 
studying of sciences about nature (Реймерс, 1990; Мамедов, 1995). Selecting the 
content of ecological knowledge by teachers only from the standpoint of its biological 
component as a core and unique scientific base for ecological formation yielded low 
interest in the condition and protection of real environment among population. 
Weak basic theoretical knowledge of nature among youth and schoolchildren, 
insufficient understanding of the terminology of the natural sciences and an inability 
to establish interrelation between social, economic and environmental problems of 
the environment have been revealed lately (Докторов, 1992). When interviewing the 
youth about the necessity of environmental preservation, anthropocentric consumer 
aspects are usually the first to come in their answers. The absence of world outlook 
aspect in the nature studies has led to the fact that value orientations shifted in the 
direction of comfort. Spirituality, the beauty of nature and traditional values in the 
life of a society and of an individual became less significant (Стоек, 1990). Egoism 
prevails over altruism. The factors that led to the formation of such orientation in 
the relationship of man and environment are diverse. From our point of view, the 
main reason is the weak interaction of the humanities (world outlook) and natural 
sciences in the education and in the formation of a modern scientific view of the 
world among young people. 

Worldview approach to understanding of the genetic tie between 
man and nature

Philosophers always noticed that in order to understand the meaning of human 
existence, the development of the world and in order to cultivate human values, it is 
necessary to analyse real situations from the worldview standpoint. The author of the 
idea of prognostic functions of philosophical knowledge in the developing culture 
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of societies, В. С. Степин (1994), reveals basic approaches to understanding of the 
problem of unity of man and nature by representing human society as an integral 
organism and by finding out its functions in nature. He suggests that in understanding 
of the reproduction and the development of human society one should be guided 
by semiotic systems which act as the keeper, the compiler and the generator of 
sociohistorical experience of any society. Forming the “body” of culture these systems 
convey the type of social heredity of a society and consequently, can characterize 
the model of the future relationship between human beings and environment. The 
development of semiotic systems corresponds to social changeability out of which 
it is impossible to understand the evolution of social organisms. Therefore, the 
philosophical knowledge of the reproduction and the development of social life acts 
as the basis for understanding of values and roles of archetypes of consciousness, 
transformation of which defines this or that way of the development of mankind as 
a whole (Степин, 1996). So, any changes in the activity of a society are focused on 
the changes in its culture. The outer side of this process is reflected in the person’s 
comprehension of difficult interrelation of knowledge, instructions, norms, modes 
of activity, ideas, problems, beliefs, and generalized visions of the world. These 
connections, generated in various spheres of culture, such as science, education, 
religious and moral consciousness fulfil regulatory and determining functions 
in diverse kinds of human activity, behaviour and communication. It is natural 
then, that from this standpoint culture is seen as a complex set of superbiological 
programs of human life and activity These programs define various patterns of 
behaviour, communication and human activity towards nature and other people. 
Superbiological programs is a complex developing system in which three basic levels 
of cultural formations (phenomena) may be distinguished: 1) relic programs that 
have lost their value for society in a new historical epoch but still reproduce certain 
patterns of human communication and behaviour (customs, superstitions, signs 
and etc.); 2) modern programs which provide reproduction of forms and kinds of 
activity vital for the given type of society and defining its specificity, i.e. those actively 
operating; 3) programs of the future forms and kinds of behaviour and activity 
corresponding to the future steps of social development. Social programs are stored 
and transferred in society as a cultural dominant. Reproduction of social programs 
provides reproduction of the corresponding type of society at each concrete stage of 
its historical development, expressing worldview of a corresponding epoch. The bases 
of culture or deep programs of social life and activity penetrate into other elements of 
culture, arranging them in one integral system. They define society type and provide 
reproduction of a difficult interaction between various forms and kinds of social 
activity. Each epoch has its own type of culture and an image of a human being (his/
her understanding of the world, moral qualities and spirituality). Thus, worldview 
universals define a way of the comprehension of the world by a human being and can 
be considered as general. 

At the same time each type of culture is characterized by the presence of a 
categorical system of consciousness that provides the unity of the moments of absolute 
(enduring) being with those that have historically changeable character. Such view 
of the development of the individual and collective consciousness allows predicting 
the type of a relationship between society and nature in future. Various links exist 
between cultural relic and modern programs of social development. Durability of 
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these links can serve as a projetion for the formation of the relationship between 
people and nature in the future.The real and the ideal in the individual’s notion of 
the world and the correlation of these parameters with one own self determines the 
choice of the course of life of an individual and his or her relation with the world. 
Philosophical interpretation of the comprehension of unity of man and nature allows 
us to analyze the processes of real life that already took place and compare them with 
those that come to replace them. 

The realization of human relationship with environment yielded in the 20th century 
the development of academic and worldview orientation known as environmental 
outlook. The ideas of environmental approach were taken up not only in philosophy, 
but also in sociology, political economy, jurisprudence, ethics and aesthetics. The 
natural-science knowledge which has been reproduced in ecosystem holism, moral 
community and ecological ethics served a foundation for the new socioecological 
model for comprehension of society and nature. 

The ideas of “universal ethics” developed by such outstanding thinkers as 
Toro, Gandi, Schweitzer etc. became ideological prerequisites for American 
environmentalism (biocentrism). This movement considers nature as an ideal entity 
endowed with spiritual qualities that personifies basic principles of vital activity of all 
living and reasonable creatures. The representatives of this movement, biocentrists 
Emerson, Catlin, Lowe, Olmsted, Elist etc. advanced three basic ideas: syncretism 
of the world (connection); biospheric egalitarianism (equality) — the right of all 
animate beings to live and prosper; and a principle of ecological self-sufficiency — 
reduction of material needs of people. This scientific thought is characterized by high 
degree of psychological integrity of a person in the world of nature. In its ideological 
orientation it is close to “Russian cosmism”. On the whole, the process of appearance 
and development of various areas of social worldviews can be characterized as 
positive. It has affected the formation of the new worldview of the people of the 21st 
century and their role in this world that consists in revaluation of the relationship 
with environment. Thanks to the received cumulative knowledge from various areas 
of sciences it became possible to form new philosophical-worldview concept based 
on the principles of universal evolutionism that received general scientific status. 

Conclusion
The necessity of enhancement of worldview bases in the environmental education 

of children and youth is dictated by the increased pragmatical essence of modern 
human life. The development of a person (as organism), is defined by biological 
programs which provide hereditary guarantees to a society. Social superbiological 
programs specify the human-environment relationship at certain time periods. 
Semiotic systems, a universal toolkit to understanding of unity of man and the world, 
act as a keeper, compiler and generator of sociohistorical experience of any society. 
Forming, the “body” of a culture, these systems convey the type of social heredity of 
a society. Hence they can characterize and forecast the model of the future relations 
of people with the environment. The development of semiotic systems corresponds 
to social changeability of a society out of which it is impossible to understand 
the evolution of social organisms. That is why philosophical knowledge of the 
reproduction and the development of social life acts as a key to understanding by 
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a person the priority of world values and illustrates the necessity of the connection 
between various levels of culturological notion of the world, transformation of which 
defines this or that way of development of mankind as a whole.
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Abstract
Twelve students of grade 8 were invited to the university to work on monitoring of the 
water quality. The interdisciplinary approach integrating chemistry and mathematics was 
implemented. The water from nearby river was analyzed. The hardness of water, pH, and 
amount of chosen harmful elements was investigated by students using basic laboratory 
techniques and the colorimetric estimations with AQUAMERCK. Obtained data were 
analyzed under the supervision of experienced mathematics teacher. The final activity was 
the videoconference with students from the other country working on the same problem. The 
contribution describes the procedure in more detail. 

Key words: chemistry education, interdisciplinary teaching, mathematics education, 
monitoring of water quality, water circle.

Introduction
The word interdisciplinary means integrating two or more disciplines. On the 

very beginning there was no separation into scientific fields at all. The growing 
human knowledge caused the rising of separate research/knowledge fields. But the 
complexity of the word and society required particular cooperation. There are plenty 
of examples in the history where the development in one discipline was caused by 
development of another mathematical discipline and vice versa. 

Also many current scientific problems can be faced only by cooperation of several 
scientific fields, even so the new field based on this kind of collaboration are rising 
(e.g. computational biology, artificial intelligence, theoretical physics, biochemistry). 
In contrast with the complexity of the word is the simplistic way of understanding 
the word as is dealt by media. Even people who conceive the reality as something 
complex sometimes accept simplistic arguments (Maass et al., 2011). 

In the effort to grow up and educate critical and active citizens, the complex 
thinking should be introduced to schools. Interdisciplinary teaching is not new idea. 
It was one of the concepts of Progressive Education Movement in USA in late 1920’s 
(Vars, 1969). In 1949 Tyler listed integration of subjects as one of criteria for effective 
organization of school.  

There is still not clear understanding of interdisciplinary teaching (Spelt, 
Biemans, Tobi, Luning, & Mulder, 2009). Some authors insist that we should differ 

SCIENTIFIC PAPERS UNIVERSITY OF LATVIA. 2011. Vol. 778  
CHEMISTRY pp. 159– 165



160 Chemistry

multi-disciplinary and interdisciplinary teaching. The first means that the integrated 
curricula are presented by one teacher in one subject, the second is used to describe 
integrated curricula across different subjects taught by several teachers. In this paper 
we will use the expression “interdisciplinary teaching” for both these forms.

St.Clair and Hough (1992) grouped arguments supporting interdisciplinary 
approach to education into 6 groups. An interdisciplinary approach:

1. Is congruent with what is known about the learning styles and needs of the 
secondary students

2. Represents a positive classroom environment fit for secondary students, 
therefore, enhances the learning process, even achievement

3. Is more holistic approach and gives students more holistic view of the 
world

4. Is more interactive, more global in content, preparing students better for 
active and critical citizenship

5. Improves problem-solving abilities by presenting different views and 
perspectives

6. Promotes teacher collaboration and collegiality
There were several attempts to categorize the strategies of interdisciplinary 

teaching. We choose the one developed by nikitina (2006).  She divided strategies of 
interdisciplinary teaching into three groups: (1) contextualizing, (2) conceptualizing 
and (3) problem-centering. 

The first of the strategies, contextualizing, sets the discipline content in the 
broader context of history, ethics, society, culture or personal experience. Typical 
example of this approach is the history of mathematics which sets the discovery in 
the matter of time. Main advantage of contextualizing strategy is offering the student 
to gain the theoretical, methodological, epistemological and historical connections 
among disciplines, to make mathematics and science more accessible. But, we have 
to be careful while implementing, because it is not aimed to turn the mathematics 
classroom into philosophical debate.

The second defined strategy is conceptualizing. Conceptualizing means to 
identify the core concepts which are central for two or more disciplines (e.g. linearity, 
exponential growth). This strategy aims to understand essential natural laws which are 
valid without human intervention. It proceeds from the empirical data to more general 
knowledge. Instead rather philosophical issues characteristic for contextualizing, the 
conceptualizing connections need strong standard of verification, replication and 
mathematical expression. These links in practice usually need particular effort, they 
are not intuitive, and students usually do not see the connections. The role of the 
teacher in this kind of approach is really crucial.

The last described strategy is problem-centering, it is pragmatic, real-life oriented 
pedagogy. In order to solve (usually) ill-structured problems, the concepts, processes 
and ideas from different disciplines have to be used. In contrast with previous two 
strategies, its aim is not to build coherence between different ideas, but to create 
tangible outcome or product. The epistemological goal of this strategy is not so much 
to advance the knowledge, but to use tools of different disciplines to “fight” with 
the difficult problem. Disciplines here are used precisely, but only particular parts 
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necessary for attaching the problem. Students in problem-centering classes may 
acquire specific disciplinary knowledge, but classes like this should be supplemented 
by broader context and content to obtain the consistent and personally meaningful 
knowledge of each discipline.

Each of the three strategies has its own advantages and disadvantages, strength 
and weak points. Sticking on one of them is almost impossible, but by combining 
them, students can get coherent knowledge and sense of the world. In the hand of 
good teachers the reasonable combination of the strategies can be really powerful 
tool to provide meaningful and exiting nature for the classroom work.

Within the European founded project were prepared several materials for 
interdisciplinary education within secondary schools. They also contain inquiry 
pedagogy with usage of ICT. The primary strategy for integrating disciplines was 
problem-centering, but the initial problem was set in the context of European society 
and particular contents in disciplines were stressed.

Methodology of research
12 secondary school students of grade 8 were invited to the Faculty of natural 

Sciences, Constantine the Philosopher University in nitra, Slovakia, to be part of 
“COMPASS student day” organized in three countries: Slovakia, netherlands and 
United Kingdom. The students already had the experience with interdisciplinary 
learning, as in their class one of other COMPASS task was piloted. During the 
“COMPASS student day” they worked on one of developed task focused on monitoring 
of water quality. In the afternoon they discussed their results and procedures with 
students from other participating countries, particularly with Dutch students who 
worked on the same topic for several weeks. The whole day activity was videotaped 
and the worksheets developed for students were collected. For the data analysis we 
used the ethnographic approach. The research question was: What happens if the 
interdisciplinary approach will be implemented?  

Procedure and findings
Students were introduced to the fact that quality of water is not only important 

for drinking, but also for swimming. The quality of water for swimming is monitored 
by the EU organization called Blue Flag. The main aim of the task was to find out 
whether the quality of water of near water source fulfils the requirement of Blue Flag 
or not. The stage of water circle where the harmful elements enter was discussed. 
After the survey and its evaluation the opportunities for natural swimming in several 
European countries are compared. 

On the beginning the students were introduced by the importance of monitoring 
of water quality, Blue Flag was introduced and the aim of the task was presented. 
After the introduction they took the samples in the river nitra which flows nearby 
the university. Experiments dealing with monitoring of water quality were proceeded 
at Department of chemistry of the university.  
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Experiments using the basic laboratory methods
The proceeded experiments can be divided into two phases. The first one aimed 

to use of basic chemical operation in water analysis. This part consisted of water 
hardness determination and water pH measurement.

The quality of water is closely related to its hardness expressed by the degrees of 
hardness – very soft, soft, moderately hard, hard and very hard water. The hardness 
is influenced by the amount of dissolved salts, mainly by ions of Ca2+ and Mg2+, 
but other elements as aluminum, manganese, zinc, barium, strontium and iron are 
present in small amount, too. 

Except the sample from the river 4 samples (deionized water, drinking water, 
mineral water and water with ions causing permanent hardness of waters) were 
prepared and investigated by students. The procedure of experiment was very simple. 
Into the same volume of water (4ml), the soap solution was added. The samples were 
shaken and the height of the foam was measured. Students recorded their results and 
verified them by paper for testing the hardness of water. 

The second experiment aimed to use of the acid-base titration. Because it is very 
time-consuming analysis, only two samples (deionized and river water) were tested, 
in two repetitions by each student. This method could be successfully implemented 
by using systems for measurements, e.g. Coach. The results were recorded by students 
into prepared worksheets.

Experiments proceeded by compact laboratory AQUAMERCK
The main method employed in the second stage of laboratory work was use 

of the colorimetric tests. We used prepared tests from the compact laboratory 
AQUAMERCK which are designed for the basic monitoring of water quality.  In 
this part we focused on the proofs of presence following compounds: ammonia, 
nitrates, nitrites, sulphates, phosphates, chlorides, copper and iron. These influence 
the quality of drinking as well as swimming water. Four samples for every analysis 
were prepared: river water, mineral water, deionized water and one specific sample. 
Each specific sample contained ions and compounds for whose proof was the analysis 
proceeded. It means that the sample for testing sulphates contained ions of sulphates 
etc. Students were provided by a set of worksheets for recording their results. The 
level of accuracy of visual determination of the colorimetric set is not very high, but 
for this purpose it was satisfactory. The biggest advantage of the set is its mobility and 
the possibility of doing some of the tests in terrain. Their biggest disadvantage is the 
subjectivity of estimation of sample coloring, thus estimation of chosen compounds 
estimation. 

Students’ data analyses
Analyses of obtained data took place at the computer room of the Department 

of mathematics. On the beginning of the session the importance of data analyses was 
explained. The acidity of the water according to the titration was calculated by each 
student. After, the students were split into 4 groups. Each of them analyzed one of 
experiments based on classical methods and 2 colorimetric experiments. Each group 
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calculated the mean value and the standard deviation. Then they looked for outlying 
values, too. Students compared their obtained values with the standards of Blue Flag, 
tried to find out which of other samples was deionized water, which was drinking 
water and which the special sample with added ions according to the analysis. They 
should also find out where are the possible sources of these harmful elements and 
compounds. Each group presented its results and defended the conclusions about 
possibilities of swimming in the river. 

The whole-class discussion on the effects of outliers in the data sample was held. 
Interesting issue of research ethic arose, whether to exclude the outlying values from 
the data analysis.  The results of titration were used for calculations and pH of water 
was presented on the screen; the obtained results were 7.1, 7.3, 7.3, 7.4, 7.4, 7.4, 7.4, 
7.4, 7.6, 7.7, 7.7 and 4.3.

S1: We should omit this result [4.3]
S2: Why?
S1: I think so. If we will exclude it, standard deviation will decrease from 0.92 to 

0.18. It is much better result.
S2: Are we allowed to do it?

The river water was found not suitable for swimming but it fulfilled some of 
criteria, e.g. pH, amount of phosphates. Students had to deal with important concept 
in reasoning, necessary condition. They have to learn that all the conditions have 
to fulfill the criteria to consider the water suitable for swimming. On the screen the 
results of two tests were displayed – phosphates and nitrates:

S1: [student was pointing of obtained values for amount of phosphates, which 
fitted the limit for swimming water] Does it mean that the river is suitable to swim?

S2: No
S1: Why? If fulfills the condition [for phosphates].
S2: But it does not fulfill this one [for nitrates].
S1: But, according to amount of phosphates, the water is suitable to swim.
S2: According to phosphates yes, but it has to fulfill all the conditions, not only one 

of them.

Videoconference
The final activity of the “COMPASS students day” was the videoconference with 

students from netherlands and United Kingdom. First Slovak students presented 
their results from other task developed within the project and then discussed with 
Dutch students they work in monitoring of water quality. There were differences in 
ions and compound analyzed. Slovak students did more in chemical monitoring and 
they were not doing the monitoring from the biological point of view. The main 
reason was the lack of time, as the biological samples has to grow for 24 hours. 
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But the main differences were in the source of water. Slovak students used the 
water from river, which is flowing. Dutch students analyzed water from the lake. 
They had to take more samples, from the different places in the lake and look for the 
variability of data within the lake. 

Conclusion and discussion 
Students were able to provide all the suggested experiments under the supervision 

of chemistry teacher from the university. In spite of lack of laboratory skill they keep 
on provided protocols and record their results. During the data analysis session 
several interesting issues arose and were discussed. Students were able to judge their 
findings, look at them in critical way. Using Internet and the guidance of the teacher 
they were able to find possible resources of particular harmful elements contaminating 
the water. The environmental dimension of the task was enhanced. Students were 
able to carry on the analysis of obtained data and discuss their results.

While solving the complex problem, students improved their laboratory skills, 
learn about the water circle, about the contaminants of water and how to calculate 
and interpret the standard deviation. The statistical session with experienced 
mathematics teacher brought deeper understanding of the effect of outlying values 
in the sample. The interdisciplinary approach integrating chemistry and mathematics 
provided students by reasoning tools to be able to defend their results with peers. 

On the other side, only particular knowledge of chemistry and mathematics was 
covered by learning during monitoring the water quality. It is one of disadvantages 
of problem-centering approach to interdisciplinary teaching described by nikitina 
(2006).
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Abstract
It is commonly held that the teacher is the most important factor in student learning. We who 
educate future teachers assume the veracity of this statement. However, what characteristics 
of teachers are crucial to student learning? Do teachers who know more science make better 
science teachers? What should science teachers know in addition to the subject matter 
knowledge? What do future and practicing teachers know and how do they come to know it? 
How does their knowledge affect their practice and their students´ learning? Such questions 
are discussed in this article. This article begins with a short historical overview on teacher 
knowledge research, including the variety of terms and approaches that have been applied. This 
theoretical article leads into a review of the research literature on science teacher knowledge 
and implications for science teacher education and some recommendations.

Key words: science teacher education, science teacher knowledge, pedagogical content 
knowledge, Shulman theory, technology for pedagogical content knowledge. 

Introduction
Teacher knowledge has assumed a number of meanings in educational research 

over past 50 years. Fenstermacher (1994) examined aspects of various research 
programs about teacher knowledge. He distinguished knowledge about teaching (or 
formal knowledge) from knowledge derived from teachers participating in teaching 
(or practical knowledge). Research in 1960s and 1970s, for the most part, did not 
make explicit mention of teacher knowledge. These process-product studies aimed 
at defining effective teaching based on studying the relationships among particular 
variables and treatments (Abel, 2008). 

In literature on science education, teacher knowledge was defined as a static 
component (a qualification or competency) of a broader category of teacher 
characteristics that was then compared with teacher practice (Bruce 1971; Smith, 
Cooper, 1967) or student outcomes (nortfield, Fraser, 1977; Rothman, Welch 
and Walberg, 1969). In such studies, teachers were the object of research and the 
emphasis was on producing a knowledge base (Reynolds, 1989) to summarize the 
formal knowledge that was needed for teaching. 

In 1980s, a new set of research programs emerged that changed the face of teacher 
knowledge research. In these programs teachers were seen as subjects and the focus 
shifted to examining their practical knowledge. Fenstermacher (1994) outlined four 
such research programs: Clandinin and Connelly´s  work (Clandinin, Connelly,1996) 
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on personal practical knowledge; Schon´s (Schon, 1983, 1987) notions of reflective 
practice for professional development; Cochran-Smith and Lytle´s leadership in the 
teacher research movement (Cochran-Smith and Lytle 1993,1999); and Shulman´s 
research program (Shulman, 1986) on teacher knowledge types. These research 
programs shifted the perspective from knowledge about teaching produced by 
others to teaching knowledge, from teachers as objects of research to teachers as co-
researchers. Shulman (1986) attempted to answer the question “What knowledge is 
essential for teaching?” Shulman´s model served as a foundation of development for 
beginning teachers.

Science Teacher Pedagogical Content Knowledge
Shulman and his colleagues (Hashweh, 1985, 1987; Grossman, 1990; Shulman 

1986, 1987) defined pedagogical content knowledge (PCK) as the knowledge that 
was developed by teachers to help others to learn. Teachers build PCK as they teach 
specific topics in their subject area. PCK is influenced by the transformation of three 
other knowledge types: subject matter knowledge (SMK), pedagogical knowledge 
(PK), and knowledge of context (KofC). Pedagogical content knowledge for science 
teaching (PCK) includes the orientation toward science teaching, knowledge of 
science learners, knowledge of science curriculum, knowledge of science instructional 
strategies and knowledge of science assessment. PCK is influenced by knowledge of 
context (KofC) that includes students, school, and community. 

Pedagogical content knowledge (PCK) has been defined as the transformation of 
subject-matter knowledge into forms accessible to the students being taught (Geddis, 
1993). Science educators have embraced Shulman´s work as a useful theoretical 
framework. The PCK framework has been used to understand science teachers’ 
knowledge across grade levels and career spans. It has also been suggested as a viable 
model for thinking about the knowledge that science teachers educators hold, or 
should develop, to be effective (Abell, Smith, 1994; Smith, 2000). However, we must 
continue asking if the theoretical construct of PCK is supported, disconfirmed, or in 
need of expansion, using evidence derived through empirical research. 

Technology for Pedagogical Content Knowledge
In his examination of the scholarship of teaching, Shulman´s work highlights the 

importance of teachers’ understanding of the structure of the content knowledge so 
that they can help students connect their ideas and prior knowledge to the content 
being studied in the classroom (Shulman, 1986, 1987, 1999). Certainly, teachers 
must have the understanding of the subject-matter knowledge itself, including 
theories, principles, and concepts of a particular knowledge domain. Teachers also 
must develop a tool-kit of general instructional techniques for teaching students 
of a particular developmental level. Pedagogical content knowledge, however, is at 
the intersection between general teaching practices and the particular content-area 
understanding. In this sense, educators must simultaneously wrestle with issues of 
pedagogical content as well as general pedagogy. 

To aid teachers´ development of pedagogical content knowledge, prospective 
teachers must explore a repertoire of useful forms of representation and communication 
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strategies to help students learn best the specific concept or skills. The affordances of 
technology clearly support the development of multiple representations for content-
related knowledge in teaching and learning. Across the subject-matter domains, 
computers enable multimedia depictions of knowledge for creating, organizing, 
linking, and communicating ideas. Particular technology applications such as concept 
maps and wikis can be used for instructional purposes to demonstrate the fluidity 
and structure of knowledge (Jackson, 2011). These tools help highlight the social 
constructed nature of knowledge, rather than a portrayal of knowledge as an external 
element. 

Communication technologies, including websites, blogs, publications, and 
presentation software also provide pedagogical strategies that help students build 
knowledge and communicate their understanding of a discipline in multiple formats. 
Particularly in science instruction, micro-worlds and simulations software help 
students explore and engage in inquiry-based learning.

Beyond using new technologies as an inquiry-supporting tool in academic 
subjects, scholars also point to the importance of developing computational thinking 
practices for students across subject areas to improve learning (Goode, 2011). This 
type of thinking blurs disciplinary boundaries and makes use of the problem solving 
capabilities of computers. Abstraction, a central tenet of computer science, has become 
a critical thinking strategy which accompanies the use of computers as a tool. 

Teaching prospective teachers to use these digital academic content tools and 
hone computational thinking skills requires more than an introduction to the 
technological software itself. Rather, future teachers must have opportunities to 
discuss the match between the culture of inquiry in the classroom and the software 
integration into lessons. Teachers need to consider other features of the classroom 
design for using such technologies, including issues of collaboration, assessment, and 
curriculum. These educators must also have opportunities to discuss the tradeoffs 
between utilizing inquiry-based software and engaging in other low-technology 
forms of instruction for exploring the same content. The pedagogical intentions 
for teaching the content at hand must drive the instructional design of technology 
integration, rather than using the technology for technology’s sake. This attention to 
deep content knowledge, however, must be coupled with an effort to gain knowledge 
about teaching (Jackson, 2011).

Teacher education programs are not only concerned  with the developing 
the knowledge and skills around the content-area teaching for students, but also 
with creating a disposition for prospective teachers to see their profession as one 
which requires ongoing reflection and growth. This process requires a focused and 
purposeful critical inquiry, analysis, and self-evaluation as a process for developing 
educational understandings and pedagogical practices (Calderhead, 1987). Zeichner 
and Liston (1996) adopt a pragmatic approach to the role of reflection and aim at 
providing a form of teacher education which encourages teachers to analyze their 
own practices. Such reflection can be more public in nature and take place in teacher-
research communities. new technologies can play a role in supporting pedagogical 
content knowledge and reflective practices as future educators progress through 
teacher education programs. 
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In particular, new communication technologies provide spaces for both personal 
and public forum for teacher reflection. On an individual level, technology provides 
electronic spaces for written reflection using word processing software or private 
blogging sites. Such technologies moved beyond print-based chronicles and offer 
increased capacity for archival storage, improved searching for key words or themes 
in earlier entries, and hyperlinks to other entries or texts. Increasingly, digital 
repositories can also be used to archive teaching materials for reflective purpose. The 
internet provides multiple tools for dialogue with peers and the public. Published 
blogs, discussion forums, and social networking sites provide professional spaces for 
critical dialogues with other teachers in virtual communities. Electronic portfolios are 
effective for keeping a running record of growth and reflection for teacher candidates 
as they progress through preparatory programs. Teacher education programs should 
explicitly provide experiences for prospective teachers to use digital tools to gain 
the habits of mind for development of pedagogical content knowledge and reflective 
practitioners within intellectual communities.

Conclusion
Science educators have recognized the value of Shulman´s theory of pedagogical 

content knowledge as an organizer for science teacher education. Although we have 
a good understanding of the pedagogical content knowledge that teachers bring to 
science teaching, we know little how teacher pedagogical knowledge affects students. 
Answering this question will require more work in classroom settings of all kinds 
and more complex research design. The goal for science teacher pedagogical content 
knowledge research must be not only to understand teacher knowledge, but also to 
improve practice, thereby improving student learning. When prospective teachers are 
able to examine their own multiple identities online and offline, they are better able 
to imagine the multiple identities their future students might experience outside the 
classroom. Teacher education must create opportunities for prospective teachers to 
wrestle with the intersection of pedagogical content knowledge, cultural knowledge, 
and cultural entailments of a particular technology before integrating digital media 
in the classroom. 
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Abstract
The wide using of information technologies (IT) and communication technologies in the 
educational process of science in impacted by lack of software that would meet the requirements 
of modern didactics. To improve current situation it is important to create flexible and user 
friendly simple software. Such software should let teachers create their own educational area. 
It is important to provide the opportunity to fill such shell with modern and dynamic contents 
by teacher, as well as that should allow pupil to learn and to assess the learning process.
GEnEXIS is an e-learning solution developed to give teachers a power of modern software 
applications for creation of learning content, sharing of content with other teachers and 
educating their students in a way that corresponds to the nowadays internet-saturated life. 
GEnEXIS provides content editing, training, printing and testing services as well as allows 
creation of courses. GEnEXIS innovative technology of content generation introduces the new 
way of e-learning. Any teacher can use this tool to create exercise templates with changeable 
parameters. The presentation explains in more details the innovative process of exercise 
creation, application of the GEnEXIS functionality and utilization of the GEnEXIS platform 
in Latvia and other countries.

Keywords: education, e-learning, exercise generation, training, testing.

Introduction
Traditionally the main carrier of science educational information was and still 

is the text-book. In the last 15 years the internet has evolved and now it formed an 
important part of our lives. The computer is becoming vital tool for obtaining and 
processing of the educational information. At that, the IT became the defining factor 
of learning process effectiveness and student’s actual learning activity.

Currently there are many approaches created in attempt to introduce the 
information and communication technologies into learning process. Some of 
those are included in the science curriculum. In Latvia a CD educational materials 
were created within the project “Curriculum development and in-service training 
of teachers in science mathematics and technology” (2005-2008) for students of 
Form 10-12. This material supports the self-education and self-control (Project 
„Curriculum development and in-service training of teachers in science, mathematics 
and technology”, 2008). Within the project “natural Science and Mathematics” 
(2009-2011) similar materials were developed to support chemistry curriculum for 
Form 8-9 (The Science and Mathematics reform in Latvia, 2009, p. 22).
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The unquestionable advantage of such kind of materials, comparing to the text-
book, is attractive presentation of the educational information (Dimitrov, McGee, & 
Howard, 2002). There is also an option for the student to choose individual course 
of learning (Weller, 1996). This course is supported by different exercises in order to 
reinforce learned material. The process of training could be adjusted to the required 
individual level. It is very important nowadays to have an opportunity to use IT 
for student’s motivation (Mistler-Jackson & Songer, 2000) and in the assessment of 
student’s achievements too (Altschuld, 1995).

In the modern world many of the scientific discoveries almost momentarily 
became new technologies, which essentially change people lives. But it is the lacking 
possibility for teacher efficiently change the course and supporting materials is the 
vital disadvantage of the majority of currently existing e-learning educational areas. 
It is also impossible to widen the range of information or change the level of difficulty 
in the educational software. 

The basic concepts and main issues of new e-learning platform
As an alternative that keeps positive experience and choose the materials of 

already existing educational area we introduce the GEnEXIS. This product realizes 
the idea of electronic learning or e-learning integration with the traditional educating 
in science. Over the last decade e-learning approach has affected different elements 
and components: infrastructures, tools, content-oriented applications, human and 
computer interactions, pedagogical issues, methodologies and models, case studies, 
and projects (Pierre, 2007).

The name GEnEXIS is formed from two words – “generate exercise”. And these 
two words represent the principle which was introduced in the late 2007 through 
GEnEXIS v.1. It contained the first prototype of the exercise editor based on content 
generation principle. This principle gave birth to a multitude of innovative ideas 
for systems’ application in educational processes. GEnRXIS v.2. was developed in 
2008 and its approbation was performed as a part of Leonardo da Vinci Transfer of 
Innovation project “Computer based Exercise Generation and Evaluation System for 
Mathematics, Physics and Chemistry Subjects – GEnEXIS” (2008-2009). 

The core feature of GEnEXIS is exercise generation. Typically, a student needs to 
practice repeating the same sort of problem solving activities to understand the logic 
of the solution. To facilitate this, education materials offer a few variations on each 
problem type (Fig. 1).

Fig. 1. Exercise generation principle.
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GEnEXIS is different. In the GEnEXIS system any exercise can be replaced 
with an exercise template which describes a type of problem in general terms. An 
exercise template is easy to build using the exercise editor and can take as little as 10 
minutes. The specific content of the exercise template is generated anew every time 
it is used, providing an unlimited number of variations with no additional  effort. 
Exercise templates and other related materials can be biased to different vocational 
areas to make the learning more relevant and attractive to the students. GEnEXIS 
also makes it easy for the teacher to differentiate ability levels within a group using 
the same exercises.

GEnEXIS provides exercise answer evaluation (correct/incorrect) and step-by-
step solution for all exercises. When student solves a problem (task/exercise) and 
submits the answer, GEnEXIS automatically checks if the answer is correct. GEnEXIS 
is able to verify different types of user answers. This could be text answer, number 
and multiple choice answers. Additionally GEnEXIS is able to validate answer with 
mathematical or chemical formulas in it. When answer has been validated GEnEXIS 
shows a step-by-step solution process for the task and provides correct answer. 
These features reduce the routine grind of comparing student answers to the answer 
key as well as enable students to understand problems better and learn from their 
mistakes.

GEnEXIS exercises can be used in three different and flexible ways – a major 
advantage of GEnEXIS over traditional textbooks (Fig. 2). 

Fig. 2. Three basic ways of using GENEXIS exercises.

GEnEXIS web portal for students provides individualized training and practice 
opportunities, enhanced with a simple statistics tool showing study progress. Through 
GEnEXIS web portal students can search for available online courses and apply to 
them. GEnEXIS web messaging functionality is used to notify student about the 
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activities within the system, e.g., exams, course application status, etc. Students can 
expand the use of the messaging functionality by sending messages with attachments 
to teachers and other students within their educational organization. GEnEXIS 
provides advanced way of learning through WEB. 

The learning is intended as follows:
	 Understanding the theory. Theoretical material can be given as a part of the 

course and can contain multimedia materials and links to related materials 
on WEB.

	 Applying the theory in practice is done by solving the exercises. Exercises 
can contain task and solution parts. By running the same exercise again 
student will get another variation of the task.

	 Learning by Doing. After completing an exercise student receives an 
evaluation of the answer and full step-by-step solution. This is how student 
can understand the topic on his own (without assistance). By repeating the 
same exercise again he can reapply received knowledge.

	 Checking the overall level of understanding the course subject by completing 
the test(s). 

Teachers can send invitations to the students from GEnEXIS Desktop Application. 
Invitations to courses are delivered to students via e-mail and GEnEXIS web inbox.  
Whenever a student accepts an invitation to a course, the course content becomes 
visible on GEnEXIS web main page. Each course can contain theory, exercises, tests 
and scheduled control works.

Traditional printed educational materials can be produced using GEnEXIS 
exercises. A range of printing options support the creation of take-home tests 
with answers, handouts of solution examples and question sheets for written tests 
and exams. Teachers themselves admit that printing is one of the most useful and 
frequently used applications of GEnEXIS content.

GEnEXIS includes a system of online knowledge evaluation based on scheduled, 
timed tests. Using exam creation wizard it is possible to create a test fast and easy. 
Tasks for the test are generated only at the moment when pupil chooses to run exam. 
It is not possible to somehow clarify the content of tasks in advance. 

After the test has been completed it is possible to see pupil statistics which 
contain score and time spent on tasks. If pupil was not present on the exam then it 
will be shown. Teachers are able to see each task, step-by-step solution and result. 
If it is required teacher could change particular question result and must leave the 
comment. When teacher has finished checking exam scores, tests are set as checked 
and results are available to pupils on WEB. Pupils can see personal scores, score 
corrections done by teacher and comments. 

GEnEXIS testing plus exercise generation feature is very useful when it is 
needed to assess individual progress of students in the group. By using this feature 
it is impossible to prepare exercise/exam results before the exam or copy them from 
other students. Also this feature can secure the creation of unique home works for 
each student.

It is possible to publish content to public library or copy content from it. That’s 
how the content can be spread among the teachers and schools. It is also possible 
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to send content from teacher to teacher in another school by using special transfer 
form. This way teachers lecturing on similar or related school subjects can develop 
their own community and interact with each other through GEnEXIS. 

GENEXIS introducing: preliminary results 
Approbation of the GEnEXIS system was performed as a part of Leonardo da 

Vinci Transfer of Innovation project “Computer based Exercise Generation and 
Evaluation System for Mathematics, Physics and Chemistry Subjects – GEnEXIS”. 
The testing and evaluation of GEnEXIS was carried out in vocational education and 
mainstream schools in 5 different countries – Latvia, Lithuania, Estonia, Slovakia and 
United Kingdom. 

With the help of partnership organizations – Business Innovation Center of 
Latvian Electronic Industry (Latvia), KTU Regional Science Park (Lithuania), Baltic 
Innovation Agency (Estonia), Elfa s.r.o. (Slovakia), Accent International Language 
Consultancy (UK) – 1 till 5 educational organizations were selected in each country 
to participate in the approbation of GEnEXIS. Altogether there were 21 educational 
organizations involved in the project.

The testing and evaluation of GEnEXIS was carried out in vocational education 
and mainstream schools in 5 different countries – Latvia, Slovakia, Lithuania, Estonia 
and the United Kingdom. 

Currently GEnEXIS is in the process of being adapted also in Italy, Spain, 
Greece, Sweden and Turkey as a part of another LdV project ‘E-learning Exercise  
GEnEXIS System – EEGS’, lead by the Italian company “Docusys srl”. Starting from 
2010 GEnEXIS is also being used in Slovakia as software for modernization of 
educational processes in schools within the framework of the project ‘MVP Slovenska’ 
(modernizaciavzdelivania.sk). The adaptation of GEnEXIS on wider European level 
is currently being done in five other countries as a part of Leonardo da Vinci Transfer 
of Innovation project “E-learning Exercise Genexis System – EEGS”. The translation 
of GEnEXIS has bee done by the project partners from 5 different countries – Italy 
(Docusys srl), Greece (SQLearn Ltd.), Spain (Fondo Fomacion Euskadi, S.L.L), 
Turkey (Gazi University) and Sweden (Swedish TelePedagogic Knowledge Centre 
AB). The approbation process in vocational education institutions and schools will 
be launched at the end of 2011 and finalized in the middle of 2012. It is planned to 
involve 50 institutions to test the systems functionality, educational content and user 
guidelines that are currently being developed. 

The main objectives of the project are: to introduce a management system of 
ICT content in the VET sector of partner countries; to create a network of VET 
institutions that are using one e-learning portal and share the library of content; 
to provide teachers and trainers with technical skills necessary for the usage of the 
system and content creation. The project supports the Leonardo da Vinci Programme’s 
operational objective to develop innovative ICT based content, services, pedagogies 
and practice for lifelong learning.

Based on the GEnEXIS platform, public educational portal “Uzdevumi.lv” (www.
uzdevumi.lv) was built and introduced at the beginning of 2009 in Latvia (uzdevumi.
lv). At the moment it is already used by 20% of Latvian schools. Portal is supported by 
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the Municipality of Riga City and it has been integrated with leading school e-journal 
system in Latvia – ‘E-klase’. 

GEnEXIS is used as a base platform for Ukrainian educational portal 
domashki.com.ua too. GEnEXIS exercise database and exercise generation engine is 
used to deliver educational content to the public WEB portal, so that any person can 
use it for self-training. 

In Latvia e-learning portal Uzdevumi.lv serves thousands of pupils every day, 
delivering practical exercises in more than 10 subjects from the school curricula for 
grades 1 till 12. All subjects are developed by teachers according to the Latvian State 
Education standards. In summer 2011 the size of educational database had reached 
10 000 (Fig. 3) exercises, and each exercise had at least 50 variations.

This is the biggest database of exercises in Latvia and one of the biggest in the 
world. During the study year 2010/2011 portal was actively used by 41 000 pupils, 
which makes up 20% of all pupils in Latvia. 2 818 000 exercises were solved during 
that study year.

Fig. 3. Growth of exercise database.

Starting from 2010 GEnEXIS is also being used in Slovakia as software for 
modernization of educational processes in schools within the framework of the 
project ‘MVP Slovenska’. During the four project years 7300 Slovakian teachers will 
undergo the GEnEXIS training courses. The specific objective of the project is to 
upgrade and modernize the content, methods and the outputs of the learning process 
in the modern school of the 21st century. It is also aimed at increasing the proportion 
of teachers participating in lifelong learning process in order to obtain and develop 
competencies needed for the modern knowledge-based society.

During the first 6 months in 2011 several groups of teachers have created 988 
exercises that have been used 4889 times. The WEB portal has been used by the 3 086 
unique users that have visited 39 376 pages. This shows good GEnEXIS application 
and interest amongst the teachers in using the software. 
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Conclusions and discussion
GEnEXIS is an e-learning solution based on exercise generation engine 

providing all of the traditional features and benefits of online learning as well as 
ensuring additional advantages of content generation and online platform. GEnEXIS 
helps making the learning process more efficient, by generating unlimited random 
variations of given exercises on any theme or subject.

Using GEnEXIS, teacher can produce core skills materials that can be delivered 
online or on paper. GEnEXIS is designed to help teachers engage students in the 
learning process so that they can achieve consistent and measurable improvements 
in their performance. GEnEXIS uses a methodology based on exercise generation 
which is stimulating, varied and relevant to the vocational interests of the learner.

The system has been created for teachers with the help of teachers to be easy to 
use whether the student is home-based, work-based or in the classroom. GEnEXIS 
helps making teaching and learning more productive and less frustrating, benefiting 
everyone involved in the education and training process.

GEnEXIS is an e-learning solution based on exercise generation engine that 
makes the learning process more efficient, attractive and engaging. It is based not 
only on „just-in-time” and „just-for-you” principles but also on „learning-by-doing” 
principle. The initial idea of GEnEXIS was to resolve two great problems of teaching 
and learning process: costs for development of the exercise database and support 
and inefficient consumption of teaching time on student knowledge evaluation and 
monitoring.

What can GEnEXIS offer right now? What are its advantages and benefits? 
	 Teachers can produce core skills materials that can be delivered online or on 

paper.
	 Teachers can use readymade materials created by other teachers.
	 An exercise created in GEnEXIS has hundreds of variations that give 

unlimited training opportunities to learners.
	 GEnEXIS platform can be integrated with Moodle or other web portal.
	The system has been created for teachers for user-friendliness and time 

economy. 
GEnEXIS system has been adopted and tested in nine European countries within 

the framework of two Leonardo da Vinci Transfer of Innovation projects. GEnEXIS 
system is already used by clients from private and public sectors in Latvia, United 
Kingdom and Slovakia. 

Everyday project work still continues on improving GEnEXIS functionality and 
design to make it even better. We have to thank our clients and partners in different 
countries for their support and feedback. Every opinion is taken into account and it 
only helps us to make right decisions for GEnEXIS future and to set forward new 
goals that need to be achieved. For more information, please visit our web site: http://
www.genexispro.com 
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Abstract
In this century education is one of the fundamentals of sustainable development of the society. 
Organic chemistry is one of the compulsory courses of the Bachelor program in chemistry. 
Very important skill is the capacity to apply knowledge in practice, in particular for problem 
solving, as well as ability of gathering and interpreting relevant scientific data and making 
judgments. To develop general and subject related skills the research project is introduced as 
part of organic chemistry laboratory. Students’ attitude and the gained results are analyzed. 

Key words: group work, organic chemistry, research projects.

Introduction
Organic chemistry is one of the basic courses of the Bachelor program in chemistry. 

This century is characterized by new approaches in teaching /learning process, which 
are brought in it by changes in life and development of science and technologies. The 
modern educational process is student centered and turned to achievement of the 
learning outcomes. There are a lot of textbooks of experimental organic chemistry. 
At the same time the methods offered for improving efficiency of organic chemistry 
laboratory are widely investigated. To enhance students’ ability to solve problems of 
organic synthesis, it is recommended to create the Functional Group Transformation 
note Book (Teixeira, 2008). To integrate the sustainability concepts in the laboratory 
of organic chemistry, a collection of laboratory experiments has been created (Ranke, 
2008). To let students participate in science process, question driven experiments and 
open–inquiry labs are recommended (Mohring, 2004). The development of new and 
diverse experiments and creative approaches has been summarized by Gail Horovits 
(Horovits, 2007). Different approaches are used also for the introduction of research-
based teaching in organic chemistry. For example, a research based course has 
been developed on the basis of a current research project of faculty members with 
elements of combinatorial methods (newton, 2006). Connection of undergraduate 
studies with graduate research labs at the semester midpoint has been shown to give 
innovative structure to the problem – solving and collaborative learning approach, 
which is usable with good results in introductory organic chemistry in multi sectional 
classes (Browne, 1999). Work on research projects has been successfully enclosed 
in the organic chemistry laboratory, where students learn how to implement their 
plan, solve problems, present their results, function as member of a team, and most 
importantly, think independently (Davis, 1999). 
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Current organization of the Organic chemistry laboratory is based on a three 
step approach: the first step – studies of traditional methodology of synthesis and 
analysis in organic chemistry, the second step – practical experience using typical 
methods of synthesis; the third step – a research project on an actual topic of organic 
synthesis (group work). Discussion of relevant laboratory safety issues, analysis of 
reaction mechanisms and identification of reaction products are used in all the steps. 
Students have to present the project in written form.  It consists of literature survey 
and analysis of appropriate methods of synthesis, experimental part, analysis of 
individual experimental results, conclusions and list of references. The same parts 
are also included in the Bachelor thesis. Students also make an oral presentation. The 
aim of the present research is to evaluate students’ results and attitude towards the 
research project worked out in a group during the second (final) semester of studies 
of the basic course of Organic chemistry. 

Methodology of research
The organization process of research project and students’ experience are 

analyzed on the basis of individual discussions and questioning students after the 
final assessment in Organic chemistry (at the beginning of next semester). The survey 
contained ten closed questions. The total number of participants was 48 chemistry 
Bachelor students. 

Results of research
During the first semester of Organic chemistry laboratory and in the beginning 

of the second semester students are working individually. Information about the 
research project is presented in the description of the course and the details are 
explained two months in advance. Discussions showed that a number of students 
had no experience of the group work. Survey results showed that this number is 
changing from year to year; in average it is 20% of all students. Therefore, general 
instructions about the tasks and principles of cooperation are quite necessary before 
the start of the work. The average group size is 3-5 students; rarely also big groups of 
up to 10 participants are formed. Students usually form groups by themselves, but the 
number of participants is recommended according to the predicted work load (the 
number of steps of the syntheses, availability of starting materials etc.). The research 
topics are offered by the teachers, and they are closely related to the faculty scientific 
projects. Students’ interest is rather high, and in the survey students identified that 
the research topics are interesting and also are considered significant (see Fig. 1). The 
topics concern synthesis of esters in ionic liquids, synthesis of ethers in acidic ionic 
liquids, environmentally benign synthetic methods etc.

To understand the problems of work organization students have to evaluate the 
following statements: I was a leader in the project, I was a performer in the project 
and I was a detached observer in the project. The groups formed by students either 
have one leader, several leaders, or no leader. The most successful results are usually 
achieved in groups with one leader, but survey results show that 24% of students 
identify themselves as leaders. It means that there is more than one leader in several 
groups. The main problems arise in groups without a leader. In the work of such 
groups teachers’ assistance is necessary, and the teacher sometimes has to undertake 
the role of a psychologist, as ethical and psychological problems have to be solved 
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more often than scientific. Other answers about the statements concerning students’ 
role in the group did not give significant and valuable information, as there was 
rather high dispersion of answers. 

Fig. 1. Students’ answers to the (statement) question No. 1 – The research project was 
interesting for me, question No. 2 – The research project is significant for the research in 

organic synthesis. 
The available answers (scale): 1 – completely agree, 2 – rather agree, 3 – neutral, 4 – rather 

disagree, 5 – completely disagree. 

The main problem in the cooperative work is adequate evaluation. An efficient 
evaluation system has been worked out during last years, and it is based on the 
individual work load, self-assessment and group assessment during the public 
presentation of results. Students’ answers identified some problems in the evaluation 
system (Fig. 2).

Fig. 2. Students’ answers to the (statement) question No. 3 – I accept evaluation system, 
question No. 4 – I can fully demonstrate my knowledge on the research project. 

The available answers (scale): 1 – completely agree, 2 – rather agree, 3 – neutral, 4 – rather 
disagree, 5 -completely disagree. 

More than 50% of students accept the evaluation system, but around 30% of 
students are not satisfied with the evaluation. Partially students’ answers correspond 
to the received grade, and from this point of view the answers are subjective. nearly 
40% of students identify that they can’t fully demonstrate their knowledge of the 
research topic. After discussions it has become clear that part of students think that 
they do not have enough time to study different aspects of the research topic, and 
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that their answers are based on self-evaluation rather than on evaluation of process 
organization. 

In students’ comments about the research project the dominating point of view is 
that the project gives new experience (knowledge, skills etc.) and clear understanding 
about the principles of research process.  In case of opportunity to choose the format 
of the research project, students would prefer some kind of group work (Fig. 3). 

Fig. 3. Students’ answers to the question: Which format would you choose for the research project? 
Answers available: 1 – individual work, 2 – work in a group, 3 – work in a group of friends. 

Conclusion
The research project is a significant and interesting approach in the organization 

of students’ laboratory activities in the organic chemistry of the Bachelor program. 
The topic of research project has to be not only interesting, but also scientifically 
significant, only then students are sure of gaining the real experience of research 
work necessary in future for their Bachelor thesis. 

If the research project is worked out in a group, then special attention has to 
be devoted to group formation and adequate evaluation of the results. An efficient 
evaluation system has been worked out during last years and it is based on estimating 
each student’s work load, self-assessment and group assessment during the public 
presentation of the results. 
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Abstract
The paper discusses two ongoing projects in Estonia: Science Bus Big Dipper (since 2005) and 
Learning Chambers (since 2010). The projects were aimed at popularizing sciences (biology, 
chemistry and physics) in basic and upper secondary schools. The Learning Chamber project, 
in particular, had the goal of achieving deep learning in students. The project itself was carried 
out last year in 17 schools for 450 students all around Estonia. It consisted of a series of 
experiments conducted once a month over a four hour period. The project was carried out 
by the Faculty of Science and Technology of the University of Tartu. The total benefit of the 
project is yet to be determined but the feedback from the first year of operation is positive. The 
authors of this paper would like to share their experience in organizing such a project, give an 
overview of how the experiments were carried out and point out obstacles that may arise in 
similar projects.

Key words: experiments, deep learning, Learning Chamber, motivation to learn Science.

Introduction
International studies have shown that the popularity of natural sciences has 

declined (Hewitt, 2004). Teaching natural sciences as something distant from real 
life will ultimately lead to impaired student motivation. Specific steps have been 
taken at various levels in Estonia to improve the situation. These include changing 
the national curriculum (Riigi Teataja, 2010, 2011), opening a website dedicated to 
physics (2008), events and exhibitions dedicated to science at AHHAA science centre 
(1997), popularization of the sciences by the Science Bus Big Dipper (2005) and 
Learning Chambers (2009).

Some studies (Gane and Driscoll, 1988) have shown that the motivation of 
students increases their learning outcomes. In natural sciences laboratory work 
and experiments are the most appealing for students (Ganina and Voolaid, 2007). 
McLaughlin and Tambet (2001) have described a teacher who left out all the learning 
materials and made his students learn through laboratory work. Learning outcomes 
became much higher after that. The students performed experiments and laboratory 
work in small groups or in pairs and the teacher’s help was available all the time. 
Some experiments even lacked exact instructions, the results were discussed in small 
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and large groups and then the conclusions were made. Investigators believe that this 
kind of the training method allows students to develop better and prepares them 
more properly for future problems or for finding solutions.

One goal of the Science Bus Big Dipper and Learning Chamber project is to raise 
students’ interest in science. Interest in the subject would change the student from 
a passive viewer-listener into an active participant in the learning process (Gagne 
and Driscoll, 1988). The objectives of the Science Bus Big Dipper and the Learning 
Chamber projects are to provide opportunities for students to actively engage in 
science to learn to explore nature, as well as to understand the phenomena taking 
place around them and explain them to others. All of these activities lead to deep 
learning (Arons, 1996).

Motivation for Research 
Science Bus Big Dipper, a project since 2005, is a “science on wheels” type of 

project, where a mobile science laboratory visits schools all around Estonia. The 
students are offered a 45 minute long show with intriguing experiments. The core team 
of the Science Bus Big Dipper consists of 15 people but usually 3 persons conduct one 
show. Today, almost all Estonian schools have been visited, i.e., 470 schools and tens 
of thousands of students have seen the show. On average the Science Bus Big Dipper 
is able to visit 100 schools in one year with 70 students as spectators per show. The 
project has comprised many different shows, such as Space show, Fire show, Movie 
show, Chemistry performance, Physics performance, Robotics performance. Despite 
these activities there has not been much improvement in student learning outcomes. 
To explain this situation, it has been suggested that even though such activities cause 
students to be temporarily interested in the subject, it does not involve deep learning 
[Biggs, 2001 and P. Ramsden et al., 1989]. Perhaps the students are involved in the 
shows for too short time to achieve long-term changes in their attitudes.

In order to achieve better results, a different approach was tried and the Learning 
Chamber project was initiated. The aim of the project was to offer talented and 
motivated students the opportunity to further engage in science learning. This is 
particularly true in rural areas, where students have very different backgrounds and 
therefore the teacher has not enough time to deal with more talented students in the 
classroom. The project work format was chosen for the experiment because due to 
the lack of time, implementing the theory often falls short. The project was aimed 
at engaging students throughout the school year to provide long-term supportive 
activities. It was also decided that the experiment sessions should have a fairly long 
duration in order to fully commit to the task. 

Methodology and Results
The goal was to achieve deep learning and therefore several guidelines were 

followed. At first, one workshop was planned to take four hours in order to have 
enough time for the students to achieve deep learning [Biggs, 2001 and P. Ramsden 
et al., 1989]. There were several experiments planned for one workshop, but it was not 
necessary to do them all. The emphasis was put on really understanding a problem 
before moving on and facing another. To achieve this goal, students had to plan the 
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experiment and formulate the conclusions themselves. The role of the instructor and 
the worksheets was to help students in that process. It is worth noting that in this 
setup it was easy to achieve differentiated instruction by providing different amount 
of help for different students. This was especially true for the planning and setup 
phases of the experiment. Discussions were the key to achieving deep learning. 
Experiments that resulted in counter-intuitive or interesting results were planned to 
be the topic for discussions with the group. There were also cases where discussions 
arose that were not planned. The active student participation was an indicator that 
deep learning was in fact occurring.

The Learning Chamber project was carried out in fields of biology, chemistry and 
physics. The field of physics contained two groups – one for primary school (students 
aged 14-16) and the other for high school (students aged 17-19). Each group had 
a mentor – an educationalist with prior experience and knowledge of conducting 
experiments. The mentor was in charge of preparing the worksheets for students and 
making a list of equipment needed for the experiments. The instructors conducting 
the workshops were mainly students from the University of Tartu without prior 
teaching experience. Each field had its own way of organizing the workshops so three 
different systems emerged.

Physics for primary and high school 
The team responsible for the workshops in primary school in the field of physics 

consisted of a mentor and 6-7 instructors of who two were not students. Most of 
the experiments were done using everyday household items. Each workshop had a 
specific topic and was chosen to follow the national curriculum. A demonstration 
workshop by the mentor was exercised and all the instructors had to participate in 
that. This was also considered as the opportunity for the instructors to perform the 
experiments themselves. During a period of one month all the schools participating 
in physics Learning Chamber were visited and the workshop was carried out.

The physics workshops in high schools were different from the others. Only one 
person was involved in preparing and organizing the workshops. He also performed 
all the workshops personally, which actually gave the warranty to the quality of the 
workshop, although the quality was not evaluated specifically.

Biology
The biology Learning Chamber was meant and prepared for all pupils of all 

grades in primary and high school. The topics chosen were universal enough and 
based on different biology workbooks. In biology the system was organized in such a 
way that a pair of students prepared one workshop. Then, the remaining difficulties 
were connected with the one’s ability to visit every school during the nine months 
of a school year. We also followed a rule according to which each school should 
organize a workshop once in a month. Soon it became apparent that every instructor 
had a very different approach and thus different topics appeared as not that much 
coherent. 
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Chemistry
The chemistry Learning Chamber, same as in biology, was organized for pupils 

of all grades in primary and high schools, whereas prior knowledge of the subject 
was not expected. The workshops were organized in a way that they formed a short 
and complete experimental overview of the subject. The national curriculum was not 
followed. The most notable aspect of the chemistry workshops was heavy reliance 
on the Vernier LabQuest sensors. There was a concern that the data acquired via a 
computer were not as convincing as the data obtained from actual measurements. It 
allowed doing quantitative experiments not that common and easily performed in 
chemistry classes.

Results
The project started with the planning phase during 2009-2010. Based on surveys 

and direct contact with students and teachers the need for such a special training was 
mapped. Measures were planned and implemented to truly reach all physics teachers 
and the children interested in physics. Information introducing the project as well as 
texts and materials for both teachers and students were prepared. During this stage 
the contact with all the schools was made in order to introduce the project and invite 
them to join the project as a participating school. Based on the size of the student 
groups and their geographic location further activities and logistics were planned.

Learning Chamber project was organized by Estonian Physical Society and 
the people who already have gained experience from the Science Bus Big Dipper 
project. Partners of significance were also the School of Science of the University of 
Tartu and the Faculty of nature and Technology with its institutes. The workshops 
were conducted by researchers from the University of Tartu and Tallinn University 
of Technology, assisted by a number of undergraduate and graduate students. The 
project involved altogether 35 students, 1 full time employee and 3 researchers. Most 
of the participating students had no earlier experience in teaching. nevertheless, the 
feedback from the pupils regarding the students involved was positive and many of 
them probably would continue as instructors.

In 2010 – 2011 Learning Chamber workshops were held for the first time in 
Estonia to support the motivation of students to learn the research in science and to 
induce deep learning. Altogether, 16 primary and 17 high schools were chosen for 
the physics workshops to be carried out. Some of the schools were the same for other 
workshops as well. The first rule for rural areas was selecting schools from larger 
centres. While there were only 16 primary support schools, students from more than 
50 schools attended the workshops. The number of high schools officially supporting 
our project was 17, although pupils from over 40 high schools actually took part in 
the activities. 

There were seven Learning Chamber meetings during the year with the 
participation of over 450 students from all around Estonia. Teaching in Learning 
Chamber was organized according to the characteristics specific of a support school 
(time, rooms, and day of the week). It became evident rather quickly that the original 
idea to deal with talented and motivated students did not work for logistical reasons. 
The assumption that students were able to travel about 20 kilometres to the county 
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centre or to the nearest larger settlement, did not hold up. It was proven to be 
particularly difficult for the students trying to get back home in the evening after 
the workshops. In the light of this problem only the schools with interested pupils 
in the amounts large enough for the projects were chosen as the supporting schools. 
It is also worth mentioning that students took part of the project primarily due to 
the recommendations from their teachers, i.e., schools having an active teacher 
and enough students to form a group. Due to this fact, students who took part in 
the workshops were on a very uneven knowledge level and with different interests. 
Sometimes relatively complex problems were selected – such that would satisfy even 
the national level in the Olympiad. The concern was that parts of these tasks were too 
difficult for normal students. It was surprising, however, that this did not change the 
conducting of the workshop to be more difficult. All students were able to solve the 
problems after getting some help from the instructors.

Students’ participation was voluntary; therefore the number of students in 
different subjects (physics, chemistry and biology) as well as at different trainings 
(Figure 1) was not constant. As shown in Figure 1, most students attended the 
workshops in chemistry, but the number of participants decreased towards the end of 
the school year. The most stable participation was in physics and biology workshops. 
It can be seen that in spring, when the study load at school was greater and students 
were already tired, the number of participants decreased. 

Figure 1. The Learning Chambers were held 7 times and student participation varied over 
time and disciplines.

If we compare the number of students who participated in the project in primary 
and high school then it can be seen that primary school students approach their 
chosen extracurricular activities with more commitment than high school students 
do. The interest of the latter people in the topic decreased by 50% compared to the 
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number who started in autumn (Figure 2). This may be the indication that the choice 
in favour of science is made at primary school, in such a case it is vital to keep the 
interest through the Learning Chambers project.

Figure 2. High school and primary school students’ participation in each of the 
7 workshops.

Feedback
A feedback survey was carried out at the end of the year. Of 450 students who 

participated in the Learning Chamber project, 276 students completed the feedback 
form. More than 60% of them were high school students. Almost all students 
admitted that they had heard about the project from their teacher and therefore had 
decided to participate. It was particularly important to students that participation was 
voluntary and the experience in the same subjects Olympiads was not a prerequisite. 
The survey revealed that 60% of respondents did not find the time or the place of 
the workshops fitting. Students were also asked what was the most positive and the 
most negative experience of the project. Most of the students replied to this free 
form question that everything was positive and there were no negative experiences. 
It is worth mentioning that 65% of the respondents found it to be important that the 
instructors were young and cheerful undergraduates. 12% noted that for them it was 
important that experiments were done and that the test equipment was functioning. 
Some examples:

•	 It is very positive that the people are very friendly and they understand that we 
don't know as much as they do. Since there has been no case that would have 
left a negative impression I'm not able to point out anything negative.

•	 Actually everything is positive. The experiments are interesting and the company 
is splendid.

•	 The most positive thing – it was interesting associating mathematics with 
physics

•	 I think that it is definitely the most positive thing that the supervisors are open 
for communication. If the instructors explain everything thoroughly and help 
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out if needed, then all is well. For example, I remember the first instructors 
from the chemistry workshop; they were merry brothers, funny, and helpful, 
when necessary. The most negative can’t be pointed out, because all has been 
great. 

•	 It is great that a bit of humour is added.
•	 The crowd has been positive. Very friendly. It is interesting to really do 

something for yourself, not like the classes that make different assumptions and 
calculations, but do not see what really follows. 

•	 It is very positive that we have all the tools and they are also decent.
85% of the students who submitted the feedback are determined to continue the 

workshops in this academic year and 10% pointed out that they want to continue the 
workshops if the dates and the location are suitable. 

Conclusions
The Learning Chamber project can be considered a success. The goals of making 

primary and high school students motivated in studying natural sciences during a 
long period of time and attaining deep learning were achieved. Several organizational 
issues that hindered the work were resolved and can be avoided in similar projects in 
future. Several young students gained valuable teaching experience.
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Abstract
This theoretical paper aims at discussing some aspects of foundational bases of Cultural-
Historical Activity and Science Education Research. In our view, the challenge for science 
education research after the first decade of the 21st century is to find a consistent framework 
to broaden the understanding about its own issues as well as to bring new types of solutions 
and concrete initiatives. This work is structured in three parts: firstly, we did a brief review 
of the recent literature in order to outline how science education research and activity theory 
have been put together; secondly, we highlighted some principles and key concepts inside the 
activity theory to depict its roots; and at lastly, we presented how such versatile framework had 
been used in Brazil by the Group of Research on Science Education and Complexity (ECCo) 
bringing some results and potentialities.

Key words: activity theory, contradiction, historicity, praxis, science education.

Introduction
In the last 30 years science education research has devoted its attention to concept 

learning difficulties. Despite the recent research efforts made in science education, 
conceptual change models, alternative conceptions learning, Piagetian constructivism 
strategies, and the use of science as Truth (with capital T) are ghosts surrounding 
most of studies in this research area. Fortunately, new trends are continually coming 
through science education issues such as the role of emotion and motivation, inside 
or outside classroom, propositions of multicultural curriculum or studies about the 
effectiveness of new media in education. The challenge for science education research 
after the first decade of the 21st century is to find a consistent framework to enlarge 
understanding about its object as well as to bring new type of solutions and concrete 
initiatives to the problems of our contemporary society.

Whereas the traditional models of research have been declining, Roth and  Lee 
(2007, p. 188) have shown the swift increase in the number of researches related 
to cultural-historical approach (Fig. 1). Roth and Lee’s result indicates that science 
education should accompany the tendency to be based on more general theories, 
particularly on cultural-historical activity theory (CHAT) as a theoretical background. 
Therefore, we are addressing some relevant theoretical CHAT issues as tools to 
portray some of the trends and main tendencies in the 21st century for Science and 
Technology Education.

SCIENTIFIC PAPERS UNIVERSITY OF LATVIA. 2011. Vol. 778  
CHEMISTRY pp. 191– 200
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In the first part of our text we did a brief review of the recent literature in order 
to outline how science education research and activity theory have been woven 
together; in the second part we highlighted some principles and key concepts inside 
the activity theory attempting to depict its roots; and at last, we exposed how such 
framework had been used in Brazil by the Group of Research on Science Education 
and Complexity (ECCo) presenting some results and potentialities. Thus we have in 
this work a dual perspective: a) to take CHAT as an object of study to develop further 
some theoretical questions and b) to take CHAT as a tool to analyse science classroom 
showing some applications of this approach. Evidently these two perspectives cannot 
be looked upon separately, but as dimensions of the same object we differentiated in 
order to clarify the development of ideas in this work. 

Fig. 1. Indicators of the increasing interest shown in cultural-historical activity theory 
(CHAT) over the past three decades (Roth & Lee, 2007, p. 188).

Brief literature review
From 2005 to nowadays we could list almost 50 articles1 that put Activity 

Theory and Science Education to work together. In the first approach of this critical 
review we did an effort to evaluate how the activity theory had been used splitting 
the articles in two groups representing two different emphasis: (i) Activity Theory 
as a tool, an instrument in order to address issues constricted to science education 
field; or (ii) Activity Theory as an object, as a very particular issue used to change, 

1 Outcome from ERIC database search carried out in September, 2011 using the key words “science 
education” and “activity theory”.
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modify or improve the framework itself. We started our brief review considering two 
of the most prestigious science education journals as a sample: International Journal 
of Science Education (IJSE) and Cultural Studies of Science Education (CSSE). At the 
same time we looked at a period starting from the last year Roth and Lee did their 
study until nowadays.

DeWitt and Osborne (2007) and recently Barma (2011) are good examples 
of works taking Activity Theory as a tool. Even though the works have different 
approaches implying a variety of concerns, both illustrate the category of Activity 
Theory as a tool. Respectively, they used Activity Theory as a theoretical tool in order 
to extract some practical guidelines for teachers who would bring students to visit 
museums or science centres. On the order hand, Barma (2011) takes Activity Theory 
as a theoretical and methodological framework to data analyses, in his own words: 
“theoretical frameworks anchored in a socio cultural theory of learning can enrich 
how one considers a unit of analysis and thus allows him to interpret data in a systemic 
and contextual way” (p. 6). From our review, we found other articles following this 
same line (Hsu, van Eijck, & Roth, 2010; Kahveci, Gilmer, & Southerland, 2008; 
Prins, Bulte, van Driel, & Pilot, 2008).

The works composing the second category are rare and usually do not expose 
explicitly questions related to science education concerns. For instance, Stetsenko 
(2008) attempts to overcome the current fragmentation of socio cultural approaches 
to education and psychology. Clearly, this article does not address any particular issue 
within science education research. However, it provides a vast and fruitful ground for 
debate on educational bases of science teaching, science development and the role of 
knowledge in the human world. 

A step backward: fundamental principles
Although Activity Theory has an interesting history (Sannino, Daniels, & 

Gutiérrez, 2009) since Vygotsky, Luria and Leont’ev to the relatively recent Engeström’s 
works (Engeström & Sannino, 2010), we aim to depict their Marxist roots. Thus, some 
key concepts within the Activity Theory roots will be scrutinized in order to turn it 
into explicit principles. As discussed in the previous section, many works are taking 
Activity Theory as a tool and often they are not able to reach such deep discussion. 
However, this kind of incursion is necessary to consolidate this theory inside the 
science education field. 

From our point of view: Historicity, Contradiction, and Praxis cannot be 
understood out of the dialectic thinking (Ilyenkov, 1982).

Historicity – Engeström (2001, p. 136) himself has nominated historicity among 
five relevant principles for Activity Theory. “Activity systems take shape and get 
transformed over lengthy periods of time. Their problems and potentials can only 
be understood against their own history”. The inclusion of the historical aspect of 
human activity in the research practice overlaps with our own attempt to describe 
and take into account the teaching-learning process as a dynamic process (André 
Machado Rodrigues, Tavares, Ortega, & Mattos, 2010).

Even though many science philosophers, such as Popper, Kuhn and Bachelard 
(see also Matthews, 1994), have shown the historical conditions of science 



194 Chemistry

development, the historical aspect of science education comes across other levels, 
such as educational history, particularly, school history and individual’s life history. 
However, it is necessary to stress the Marxist conception of history. Heller’s (1982, p. 
37) understanding of history at the same time summarizes the role of history in the 
dialectical materialism and makes room for our next topic.

 The restlessness of our historicity is self-contradictory. If we knew our future 
we would not have a future, and if we could change our past we would not 
have a past (it would not be our past no longer). 

Hence, science teaching-learning process at large cannot be taken as a historical 
process, but it should be the active encounter among subjects – teachers and 
students – and science, as a human endeavour in the time.

Dialectical Contradiction – Different from metaphysical philosophical branch, 
which avoids any form of contradiction, to Dialectical Logic the notion of 
contradiction is a fundamental category to understand the world. Ilyenkov (1977) 
pointed out how formal logical tries to avoid contradictions.

 “to represent the internal contradiction, express thinking as a logical 
contradiction, as an external contradiction of two things, each of which was, 
in itself, non-contradictory, a procedure known as reducing the internal 
contradiction to a contradiction ‘in different relations or at a different 
time’”.). 

Marx (1978) developed the notion of commodity, which has drawn on the internal 
contradiction between use and exchange value, as a dialectical solution for the classical 
economy. Recently, Williams (2011) has discussed how this contradiction can be 
found embedded in the educational system and values of mathematics education. In 
the same way, science, science teaching and therefore the teaching-learning process 
keeps up these contradictions within the educational activities.

The notion of contradiction must be understood closely with transformation 
notion, in the sense of movement, transitional nature of activity’s object. “Dialectics 
deals with systems in movement through time. The elements of a dialectical 
contradiction relate to each other within the moving structure, historically”(Engeström 
& Sannino, 2011, p. 370).

Praxis – The last but not the least, the concept of praxis as a dialectical syntheses 
between theory and practice is central in dialectical materialism (Vazquez, 1977) and 
influenced Activity Theory in its constitution. The active engagement with the nature 
(labour), in which the human being changes the world and at the same time it is 
changed, i.e., the movement man-world – works as a substantive matter of the praxis 
(Leont’ev, 1978). Of course, that is not a principle constrict within Activity Theory, 
it is rather wider and present in Marxist thought as a whole (Freire, 1997). Lukács 
(1971, p. 3) clarifies this principle saying that:

 Dialectics, he [Engels] argues, is a continuous process of transition from 
one definition into the other. In consequence a one-side and rigid causality 
must be replaced by interaction. But he does not even mention the most vital 
interaction, namely the dialectical relation between the subject and object in 
the historical process, let alone give it the prominence it deserves. […] From 
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it implies a failure to recognize that in all metaphysics the object remains 
untouched and unaltered so that thought remains contemplative and fails to 
become practical; while for the dialectical method the central problem is to 
change the reality.

Hence, two sorts of challenges arise to science education. Firstly, the role of 
research in the educational reality should not be taken as a neutral and contemplative 
process. On the contrary, it is an active and creative process in the research-
reality relationship. Secondly, science is usually presented to students as a static 
and closed thing. Thus, the teacher prevents any form of agency, participation or 
transformation.

Possibilities and potentialities
In this section we present two works developed by Group of Research on Science 

Education and Complexity (ECCo). The first one exploring theoretical potentialities 
of the theory to deal with the generalization problem in science education and 
the second one that presents the theory as an instrument to understand dialogical 
interactions in science classrooms.

The problem of Generalization
The first important point is that in Activity Theory, as presented here, there is a 

specific and complex view about the human being, world, education, and knowledge. 
More than this, it proposes a complex way to think about world as a unity, as a 
complex system with several hierarchical levels that are highly interconnected.

Therefore, thinking about science education within Activity Theory implies 
thinking also about the nature of knowledge we produced in our relation to the world, 
particularly as praxis, through history. This dialectical reasoning allows overcoming 
the contradictions that emerge within the human activity.

From the perspective of dialectical materialism, the knowledge emerges from the 
movement between the concrete and the abstract. A movement, that is continuous, 
representing a reduction of the sensory concrete to an abstraction which rises to the 
real concrete. The concrete here is understood as the beginning and the end of the 
whole process, mediated by abstraction, an intermediate path seen as a reduction 
since it isolates elements of the primitive concrete to transform them through rational 
activity. The real ascension is the return to the real concrete, qualitatively different 
from the first concrete (sensory), in which all the complexities and contradictions 
inherent in reality are present.

It is this sense that Pazello (2011), based on Vygotsky, Davidov and Ilyenkov, 
argue that the actual process of concept formation is neither the construction of 
pure abstractions nor finding knowledge more decontextualized and independent of 
human activity, but an increasingly complex articulation with the real.The ideas give 
a hint that dialectic logic would be more appropriate to the study of the process of 
concept formation. The authors showed the importance of the notions of concrete 
and abstract on concept formation, emphasizing the critique about the idea of 
generalization as a process of decontextualization. They proposed that this process 
in fact should be characterized as deconceptualization, once it would remove from 
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the concept the very thing that makes it a concept: the multiple contexts in which 
they are embedded. The consequence is a critic to some commentators of Vygotsky´s 
work that had associated generalizing to deconceptualizing, since it would go against 
dialectic logic.

This leads the authors to associate the process of concept formation to a process 
of generalization, not as induction in the sense the logic empiricists understand, but 
as a process best characterized by a hipercontextualization, in which the concepts 
are more complex as more contexts (not less) it is articulated with, an increasingly 
intertwined between man and reality – human praxis. In this sense, the concepts 
are not entities devoid of reality, but are themselves builders/articulators of dynamic 
reality achieved within the human praxis. As stated by Leont’ev (1978), a concept did 
not lose its objectivity when becoming a concept to a person, once there was not a 
Platonic realm of meanings out of the real world. In this sense, the process of concept 
formation is much more complex than the simple transmission entities ontologically 
independent of human activity.

Activity Theory in Science classrooms
Rodrigues, et al, (2010) investigated physics teacher’s class planning and its 

consequences during implementation in the class, mainly focusing on the contradictions 
that emerged among teacher’s and students’ expectations of the class. This situation is 
analysed from a socio-cultural-historical point of view mainly supported by Activity 
Theory. The authors highlight the components of the activity and of the context in 
which they are reorganized exploring the complexity of the dialogical classroom 
situation. In the case studied, an experimental activity was prepared simulating 
an investigative situation in order that students could reflect about the modelling 
phenomena as a scientific practice (Hofstein & Lunetta, 2004). The subject of the 
case study was students aged 14-15 of a private Brazilian high school. All students 
were in the beginning of the first year of the three years’ Brazilian secondary level. 
The activity planned by the teacher aimed at investigating what the time functional 
dependent variables for a simple pendulum were in order to obtain the mathematical 
expression of the pendulum period. The task was done in three different class-groups 
of students each one with 25 students. And the same didactic sequence was used by 
the teacher in all classrooms. Each class-group had two meetings to develop the task 
in two lessons. The first lesson took place in the laboratory where students measured 
the relation of the period with different pendulum variables, and the second lesson 
was in a regular classroom to analyse data obtained in the laboratory and to propose 
an explicative model to the simple pendulum. Through the use of video recordings of 
the experimental task the authors showed students measuring and isolating relevant 
variables to characterize a simple pendulum.

The analysis indicates that the teacher’s planning before lessons is based on 
what he is expecting from students. When expectations confront live classroom 
contradictions, this demands changes in various time scales. It means transforming 
the activity and demanding adaptations to a new context. It was also spotted that 
Activity Theory could model the hierarchical dynamics that appears during the 
dialogical interactions. This dynamics presents turbulences that implicate in a change 
of the hierarchical levels of operations and actions that compose the activity. The 
teacher is required to deal with turbulences that show when his plans are tested in a 
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real interaction with students, whose expectations not always correspond to those of 
the teacher.

Moreover, they conclude that it is important that teachers know the complex 
dynamics in which are immersed in the classroom and how to deal with the frustration 
of failed expectations. This adaptability or improvisation could be considered only 
when the teacher comes to a dialogical position which includes the students and 
the dialogical dynamics into his planning. Only facing planning as an operation that 
must become an action, contradictions between teacher’s expectations and the actual 
class situation ensure teachers to have a chance to be successful in achieving fruitful 
and meaningful science education.

Among the works developed within the ECCo research group there are some 
that use Activity theory as an object, others as a tool, and others use Activity Theory 
in a dialectic relation that allows considering the tension of the coupled pair tool-
object, i.e., the theory is applied as a tool and it is necessary to evolve some aspects 
of the theory.

Camillo and Mattos (2010) analysed science experimental activities as tools for 
teaching and learning based on Activity Theory. The experimental activities have 
been pointed out by many teachers and researchers as responsible for reducing the 
difficulties and providing a more enjoyable learning. However, researches do not 
show clearly what the relationship between performing such activities and learning 
is. We highlighted problems that have been associated with the use of experiments 
and we explored them from the cultural-historical perspective.

Mattos and Mendes (2011) proposed a methodology for Physics teaching using 
internet chat as a learning tool. The main objective was the formation of a group 
of students that could contribute to the teacher’s role on the re-contextualization 
of Physics contents in formal classes. The dialogical activities when focused from 
the school point of view could be transformed as collaborative learning activities, 
implying to plan and organize collective meaningful problem solving activities with 
the students. Those activities could be organized hierarchically to engage each other 
creating new hierarchical levels of activities, and then it was possible to re-contextualize 
the object of the activity and the work division, transforming monological discursive 
practices into dialogical discursive practices facilitating intersubjective epistemological 
perspective where knowledge is collaboratively produced, distributed and consumed. 
nevertheless, the most important result is that chat students behaved as more capable 
peers in the classroom, helping the teacher and their classmates to re-contextualize 
physics through dialogues with proximal colleagues.

Tavares and Mattos (2010) research the role of science teachers in paediatric 
hospitalar classes. Contrasting to the context of mainstream schools, the planning in 
the context of hospitalar schools no longer drive and gain new meanings when we 
consider students-patients’ demand. The teacher’s planning in this context is not only 
preparing lesson plans, but also having constant negotiations with students about 
the contents he wants to teach that demands continuous re-planning. Tavares and 
Mattos (2010) use Activity Theory as an analytical tool focusing on action (teaching) 
acquiring meaning through the relationships established in the collective activity 
(hospital).
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Conclusions
Following the article sequence, our literature review showed that Activity 

Theory had been used in science education research, mainly as a framework in 
order to address a number of science education issues. Although Activity Theory in 
science education research is a growing phenomenon, articles bringing theoretical 
discussions are seldom found in science education journals. Those articles are spread 
in many others fields, such as education, organization studies, ergonomics, cognitive 
science, etc. In fact, we show such a lack of theoretical discussion and at the same 
time provide some elements that should be born in mind when working on Activity 
Theory, even if taking it as a tool. It leads us to the next topic of this article.

Secondly, in dialectic field Historicity, Contradiction and Praxis have been 
nominated as relevant key concepts to understand the dynamic process of activity 
development. Taking those three concepts into account entails with seeing the 
teaching-learning process avoiding historical and unproblematic models. Instead, 
negotiation, conflict, values and agency pervade science education issues in many 
levels. In this sense, students – and the teacher – are not mere observers of the human 
life and history. They are part of it, actually acting on the world.

Lastly, we introduced some of our on-going researches that are taking Activity 
Theory either as an object or as tool mixing up with science education questions. 
Respectively, we put some light on the well-known notion of generalization in 
science education. Although this notion was strongly associated with the concept 
of decontextualization, we discussed an alternative way to understand the teaching-
learning process increasing systematically the concept formation complexity. 
Furthermore, we presented the dialogical process of lesson planning that is re-fed 
by the teacher’s social experiences. The lesson planning process is not over when the 
class begins, it is rather a continuous and interactive process that is carried out along 
with the class.

To sum up, this article points out the necessary task to deepen the discussions in 
order to adapt, appropriate or improve this relatively new framework that is rising in 
the science education field.
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Abstract
The PhD research “The development of students’ enterprise in the study process” conducted 
by the author in the University of Latvia (defended in 2010) revealed principally new aspects 
of entrepreneurship and its development which lay clear accents on the role of science and 
technology for entrepreneurship. Based on the findings of the research it was concluded that 
entrepreneurship has more dimensions than what is defined as one of the lifelong learning key 
competences – a combination of entrepreneurial knowledge, skills and attitude.  The research 
showed that entrepreneurship is a dynamic system of nine components which function 
together as a whole. Hence the development of students’ entrepreneurship was considered in 
the holistic perspective which disclosed the didactic necessity for integrating the education of 
natural, social and human sciences in the interdisciplinary study environment for solving real 
life problems and creating new values. Qualitative content analysis and modelling made the 
research methods. 

Key words: entrepreneurship, holism, interdisciplinarity, science, technology. 

Introduction
The 21st century has put forward certain requirements to the contemporary 

education for making students able to get oriented and realize their potential in 
the dynamically changing world. That is the main reason why lifelong learning has 
become the crucial feature of the European education which is meant for overcoming 
the gaps between an individual’s knowledge, skills and attitudes on the one hand, and 
what the individual needs for his development and qualitative life in the changing 
reality on the other hand. For realizing that, eight domains and correspondingly eight 
lifelong learning key competences (LLKC) were defined; they are what all individuals 
need for personal fulfilment and development, active citizenship, social inclusion and 
employment (Commission of the European Communities, 2005). As part of the third 
LLKC, basic competences in science and technology are considered in the context of 
understanding the advances, limitations and risks of scientific theories, applications 
and technology in societies at large in relation to decision making, values, moral 
questions, culture, etc. (Commission of the European Communities, 2005, p. 15).  
Scientific competence refers to the ability and willingness to use body of knowledge 
and methodology to explain the natural world in order to identify questions and 
to draw evidence-based conclusions. Competence in technology is viewed as the 
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application of that knowledge and methodology in response to perceived human wants 
and needs. Scientific and technological progress is considered not only in relation to 
global issues, but as well to oneself, family and community. This makes science and 
technology a powerful tool for solving real life problems and creating new economic 
values, which is the key determinant of entrepreneurship – the seventh LLKC. 

Entrepreneurship has been widely researched within economics, management, 
business, psychology, sociology, and anthropology and education politics. However 
the pedagogical essence of entrepreneurship and the didactic means of its 
development in study process need spacious research. That is why the PhD research 
was undertaken. The analysis of scientific literature revealed that there were many 
contradictory theories and schools of entrepreneurship research which try to find out 
the most significant profiles of entrepreneurship in order to create concise theories. 
The author has systemized the approaches to the comprehension of the essence of 
entrepreneurship which show the categorical ambiguity of entrepreneurship; it has 
been defined as:   

– process (Schumpeter, 1934; Shane &  Venkataraman, 2000; Bygrave, 1993; 
Drucker, 1993; Virtanen, 1997; Curran & Stanworth, 1998); 

– individual’s different qualities & traits (Davies, 2004; Korunka et al, 2003; 
Faltin, 2001; Kearney, 1999; Wennekers & Thurik, 1999; Brockhaus, 1982; 
McClelland, 1961; Hornaday & Bunker, 1970);

– behaviour (Stevenson, 2000; Carton et al, 1998;  2007; Hébert & Link, 
1989);

– combination of individual’s behaviour and different qualities (Gibb, 2007, 
Hollenbeck & Whitener, 1988; Gartner, 1988; Herron & Robinson, 1993; 
UnESCO, 1994). 

The research disclosed a more complicated nature of entrepreneurship than a 
mere combination of entrepreneurial knowledge, skills and attitudes as it is defined 
as a LLKC. It shows that entrepreneurship is a dynamic system to be researched 
and developed holistically (Oganisjana, 2010). The research revealed as well the 
significance of the imbedding of science and technology education across broad 
interdisciplinary study contexts for the development of students’ entrepreneurship.

Research methodology
1. In order to determine the components of entrepreneurship, the text composed 

of fifty interpretations of “entrepreneurship”, “enterprise” and “entrepreneur”, 
given by acknowledged authorities in this field who represent different regions 
of the world and different sciences was created for qualitative content analysis. 
The coding was realized according to Phillip Mayring’s “Step model of inductive 
category development” (Mayring, 2000); the coded data were processed with 
AQUAD 6.0 (Huber & Gürtler, 2004). The nine metacodes presented the nine 
components of entrepreneurship: personality traits, abilities, skills, learning, 
motivation, emotions, needs, cognition, and behaviour (Oganisjana, 2010). 

2. In respect to the theory of holism, in order to comprehend a system, after 
determining its components, it is necessary to research and reveal the character 
of links among them and show in what way they function together as a whole 
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(Smuts, 1927). Based on the economic, management, psychological and 
pedagogical theories, the links between the components of entrepreneurship were 
determined and “The holistic structural-functional model of entrepreneurship” 
was elaborated (see fig. 1.) 

The holistic structural-functional model of entrepreneurship
Entrepreneurship with its nine components is located within the dashed lined 

box. The character of the links between the components of the model is briefly 
explained below. 

Link 1. The link among “Abilities”, “Learning” and “Skills” shows that by learning 
and practicing abilities as they arise from nature without training, turn into skills 
ready for use at any point of time (Herron & Robinson, 1993).

Links 2 & regulation point 3. The links among “Personality traits”, “Motivation”, 
“Behaviour” and “Skills” are built on the basis of “The causal impact of personality 
traits on performance, moderated by ability and mediated by motivation” (Hollenbeck 
& Whitener, 1988; Herron & Robinson, 1993). “Personality traits” have their effects 
on “Behaviour” mediated by “Motivation” (transition 2 → 3) and moderated by 
“Skills” (regulation point 3).

Fig. 1. The holistic structural-functional model of entrepreneurship  
(Oganisjana, 2010, p. 60)

Box of “Motivation” and link 4.  “Motivation” is depicted as a box together with 
“Cognition”, “needs” and “Emotions” which make motivation’s three internal sources 
according to Johnmarshall Reeve (2001), while motivation’s fourth source – external 
events are integrated in the “Environment” due to their meaning (link 4). 
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Link 5. Depending on the extent to which “Skills” are developed, a person gets 
certain “Motivation” to implement them in practice (Herron & Robinson, Jr., 1993).

Link 6. Entrepreneurial “Behaviour” which takes place in the interaction with 
the “Environment” brings to “Results”. Speaking of entrepreneurship the result must 
be a new economic value (Schumpeter, 1934; Shane & Venkataraman, 2000; Bygrave, 
1993; Gartner, 1988; Drucker, 1993; Singer & Bloch, 1990). 

Link 7. The “Results” and the new experience change the person provoking new 
“Emotions” (Reeve, 2001; Dewey, 1974).

Link 8. Abraham Maslow (1987) argues that “Results” achieved satisfy the 
person’s “needs” only partially or not at all. Even so it makes the person review his 
needs and formulate new needs.

Link 9. In its turn “Results” and experience gained stimulate the person to reflect 
on the course of things, review and evaluate, thus gaining “Cognition”, which in the 
future will serve as a basis for another experience and help to understand the world 
around better (Kolb, 1984; Jarvis, 2003; Dewey, 1974; Kearney, 1999).

Link 10. Even in cases of partial satisfaction of needs by the “Results” achieved, 
it causes new “Motivation” (Maslow, 1987; Dewey, 1974).

Link 11. “Results” achieved and the experience gained have active side which 
change to some degree the objective conditions under which experiences are had 
(Dewey, 1974, p.39). That means that the results and new experience are able to cause 
changes in the “Environment”. 

Links 12, 13 & 14. Taking into consideration the experiential character of 
“Learning” (see table 1), “Results” are connected with “Behaviour”, and both of them 
with “Learning”, as experiential learning is realized by reflecting and within close 
learning cycles (Kolb, 1984; Jarvis et al., 2003; O’Connor & McDermott, 1998).

“The holistic structural-functional model of entrepreneurship” shows not only the 
structure and links between the components of entrepreneurship but also reveals in 
what way the components interact and function together as a system bringing to the 
creation of a new economic value which is the key determinant of entrepreneurship 
(Schumpeter, 1934; Shane & Venkataraman, 2000; Bygrave, 1993; Gartner, 1988; 
Drucker, 1993; Singer & Bloch, 1990). This will be demonstrated on the example 
of its biggest learning cycle: “Environment” → “Motivation” (“Cognition”, “needs”, 
“Emotions”) → “Behaviour” → “Results” → “Environment”. 

−	 When the environment contains an opportunity, an individual may become 
motivated to realize it, first of all by evaluating the idea and all the aspects 
of the context using his power of cognition, then comparing the potential 
outcomes with his own needs and finally accepting it emotionally. 

−	 Then certain behaviour follows which, as mentioned above, is moderated by 
skills (see regulation point 3 in fig. 1); the latter like an adjuster may intensify 
behaviour if skills are appropriate for realizing the goal, or, on the contrary, 
hold back from active behaviour if skills aren’t sufficiently developed for 
it; in its turn skills are formed by learning and training of an individual’s 
abilities which he is gifted with by nature (see link 1). 

−	 Behaviour may bring to certain results, which ought to be a new economic 
value.
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−	 The results are tested and evaluated in real life conditions (environment), 
and the reflection of the course of the individual’s actions while creating 
that value may cause new motivation, cognition, needs and emotions, which 
change the person. 

While doing this, students become more entrepreneurial and for that it is not 
necessary to develop entrepreneurship components separately. This is what Peter 
Jarvis calls experiential reflective action learning, which, along with producing new 
skills and knowledge, can additionally be accompanied by other forms of learning 
involving attitudes, emotions and so on (Jarvis et al., 2003, p.64). Thus, learning for 
entrepreneurship should be reflective learning by doing, learning for solving real life 
problems and learning for creating new values (Fiet, 2000; Hjorth & Johannisson, 
2006; Gartner, 1988; Heinonen, 2007; Löbler, 2006; Wing Yan Man, 2006; Antonites 
& Van Vuuren, 2005).  

Based on the holistic model, entrepreneurship is defined as “a dynamic system 
of causally interrelated personality traits, motivation, cognition, needs, emotions, 
abilities, learning, skills and behaviour, on the basis of which an individual or a group 
of individuals interact with the environment for identifying, generating and realizing 
opportunities into new values (Oganisjana, 2010, p. 64). 

Science and technology for promoting students’ entrepreneurship
“The holistic structural-functional model of entrepreneurship” shows the 

important role of environment which gives the first impulse to students for starting 
to think over the solution of problems around them using knowledge and skills 
acquired in the course of education. In the model this corresponds to the link 
“Environment” → “Cognition” and regulation point 3 where the skills may finally 
let certain behaviours start or not. But as well the emotional aspects and the needs 
analysis play a crucial role in motivating students to start acting in an entrepreneurial 
manner. Only the integration of natural, social and human sciences into the process 
of solving real life problems can provide students with all the range of cognitive, 
emotional, motivational aspects which make the essential basis for entrepreneurial 
behaviour. 

“The holistic structural-functional model of entrepreneurship” has a universal 
character as it works for students of all ages. In order to demonstrate in what way 
teaching and learning can be organised according to this model, an interdisciplinary 
problem created by the author for secondary school students will be considered 
below.  

On a hot summer day (+30 OC) walking in Jurmala, Helen saw a plastic bubble 
with a man inside it who was trying to keep his balance and “walk” in the Baltic Sea. 

The problem starts with the attraction of students’ attention by a scene from real 
life, which any of the students could see in Jurmala this summer. The environment 
initiates cognitive processes which correspond to the Environment → “Cognition” 
link of the model.
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Question 1. How did the man feel inside the bubble? Wasn’t the air temperature 
inside the plastic ball higher than +30 OC due to the greenhouse effect? (Physics, 
environment). 

Question 2.  How long can a man “walk” in such a ball before he starts to feel 
lack of oxygen? (Biology, geometry, algebra, chemistry). 

Environment → “Emotions”

Question 3. Guess how that plastic bubble is called in English; for that use the 
riddle created by the author: 

 It’s a transparent sphere but it’s not a soap bubble,
 It may hold a child inside but it’s not a cradle, 
 People in it will laugh even when they fall.
 This funny plastic bubble is called a water…
Express your feelings and emotions and tell in different languages whether you 

would like to “walk” in such a waterball (Latvian, English, Russian, etc.). 

Environment → “needs”

Task 4. Conduct a research on the role of joy in human’s life. Make a conclusion 
whether people really need different sources of joy and analyze whether it is worth 
thinking over the creation of future businesses connected with it. Use proverbs of 
different nations.

Latvian
 Prieks ir vislabākais ārsts (Joy is the best doctor). 
Russian
 Кто людей веселит, за того весь свет стоит (He who makes people joyful 

will always be supported by the whole world). 
Japanese
 One moment of intense happiness prolongs life by a thousand years. 
Kurdish
 A fool dreams of wealth, a wise man – of happiness. 
Jewish
 Better an ounce of happiness than a pound of gold.
The task encompasses social learning, languages, cross-cultural learning. 

Environment → “Motivation”

Task 5. Conduct a research on the 35-century history of the development of the 
ball as a source of amusement, sports, joy and business.  In the end make a conclusion 
whether it is correct to say: “There is nothing left for me in this area. Everything has 
already been done before me” (History, sports, business and economics).  
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“Motivation” → “Skills” → “Behaviour”

Task 6. Create other means of amusements for moving in different environments 
being inside or on the “transportation equipment”. Draw the design and present it 
showing that it really will be wanted and used by people (Geometry, drawing, design 
and psychology).  

“Motivation” → “Skills” → “Behaviour”

Task 7. Study the imperfections and faults of waterballs and offer your solutions. 
Calculate the positive economic outcomes of the successful solution of these problems 
(Health, safety and economics).  

This interdisciplinary problem integrates physics, biology, geometry, algebra, 
chemistry, environment, economics, Latvian, English, Russian and other languages, 
social and cross-cultural learning, history, sports, design, psychology, health and safety 
for analyzing different aspects of the real life problem passing through the biggest 
learning cycle: “Environment” → “Motivation” (“Cognition”, “needs”, “Emotions”) → 
“Behaviour” → “Results” → “Environment” of the “The holistic structural-functional 
model of entrepreneurship”. The last link “Results” → “Environment” is covered when a 
group of teachers of different subjects and entrepreneurs evaluate the innovativeness, 
usefulness and attractiveness of the result of students’ work which ought to be a new 
economic value for judging about the growth of students’ entrepreneurship.  

Conclusions and discussion
The holistic approach to the comprehension and research of entrepreneurship 

maximally integrates contradictory theories. It discloses new perspectives for 
developing entrepreneurship in the study process as a whole instead of caring about 
the development of its components separately. 

In order to promote students’ entrepreneurship, they should be trained to 
identify opportunities via activating their attention towards real life problems from 
the environment. Then the development of students’ awareness of how to apply their 
knowledge and skills acquired in studies for solving these problems and creating new 
values needed for themselves and others should be of utmost importance. 

Science and technology imbedded in interdisciplinary multi-dimensional study 
process make an appropriate basis for the development of students’ entrepreneurship 
as such education encompasses all the scope of cognitive, emotional, needs, 
motivational, learning, skills and behavioural aspects of entrepreneurship in a natural 
and causally interconnected manner.

The holistic approach to the development of students’ entrepreneurship in the 
interdisciplinary study environment requires a higher level of organization of the 
overall study process and culture both in schools and higher educational institutions. 
Having certain experience in promoting entrepreneurship in the interdisciplinary 
study environment in six secondary schools of Latvia, the author would like to 
emphasize the great interest and enthusiasm of teachers involved in this process 
which opens entirely new perspectives of cooperation within groups of teachers of 
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subjects which are traditionally not connected with each other. However, it should be 
mentioned that there are certain difficulties in making such a practice a regular part 
of the entire study process due to the stable traditions of teaching separate subjects 
and rigid timetable.  

Acknowledgement
I would like to express my sincere gratitude to Tatjana Koke, Dr.habil.paed., 

professor of the University of Latvia for the scientific supervision of my PhD research 
and for cooperation and support in the implementation of the ideas of the thesis in 
the educational practice in schools of  Latvia.

REFEREnCES
Antonites, A. J., & Van Vuuren, J.J. (2005). Inducing entrepreneurial creativity, innovation and 

opportunity – finding skills.   SAJEMS NS, 8 (3), 255–271. 
Brockhaus R. (1982). The psychology of the entrepreneur. In: C.A. Kent, D.L. Sexton, & K.H. 

Vesper (Eds.) Encyclopaedia of Entrepreneurship. Englewood Cliffs/n.J.: Prentice- Hall.
Bygrave, W. (1993). Theory building in the entrepreneurship paradigm. Journal of Business 

Venturing, 8 (3), 225-280. 
Carton, R., Hofer, Ch., & Meeks, M. (1998). The Entrepreneur and entrepreneurship: 

operational definitions of their role in society. The University of Georgia Terry College of 
Business. Available on: http://www.sbaer.uca.edu/research/1998/ICSB/k004.htm

Commission of the European Communities (2005).  Recommendation of the European 
Parliament and of the Council on key competencies for lifelong learning. Available on: 
http://ec.europa.eu/education/policies/2010/doc/keyrec_en.pdf

Curran, J., & Stanworth, J. (1998). Education and training for enterprise: some problems of 
classification, evaluation, policy and research. International Small Business Journal, 7 (2), 
11-23.

Davies, H. (2004). Learning to be enterprising. An evaluation of enterprise learning at Key 
Stage 4. OFSTED. Gov. UK Document reference number: HMI 2148.  

Dewey, J. (1974). Experience and education. new York:  Macmillan Publ. Co., Inc.
Drucker, P. (1993). Innovation and entrepreneurship. new York: Harper Business.
Faltin, G. (2001). Creating a culture of innovative entrepreneurship. Journal of International 

Business and Economy, 2(1), 123-140.
Fiet, J.O. (2000). The pedagogical side of entrepreneurship theory. Journal of Business Venturing, 

16(2), 101-117.
Gartner, W. (1988). “Who is an Entrepreneur?” is the wrong question. AJSB. University of 

Baltimore Education Foundation, spring, 11-32.
Gibb, A.A. (2007). Enterprise in education. Educating tomorrow’s entrepreneurs. Available on:  

http://www.enorssi.fi/hankkeet/yrittajyyskasvatus/pdf/Gibb.pdf
Hébert, R., & Link, A. (1989). In search of the meaning of entrepreneurship. Small Business 

Economics, 1, 39-49.
Heinonen, J. (2007). An entrepreneurial-directed approach to teaching corporate 

entrepreneurship at university level. Education + Training, 49(4), 310-324.



209K. Oganisjana. Science and Technology for Entrepreneurship: the Holistic Perspective

Herron, L., & Robinson, R. (1993). A structural model of the effects of entrepreneurial 
characteristics of venture performance. Journal of Business Venturing, 8C, 281-294.

Hjorth, D., & Johannisson, B. (2007). Learning as an entrepreneurial process. In A. Fayolle (Ed.) 
Handbook of Research in Entrepreneurship Education, Vol 1. Edward Elgar, Cheltenham.

Hollenbeck, J., & Whitener, E. (1988). Reclaiming personality traits for personnel selection: 
self – esteem as an illustrative case. Journal of Management, 14 (1), 81-91.

Hornaday, J., & Bunker, C. (1970). The nature of the entrepreneur. Personnel Psychology, 23, 
47-54.

Huber, G., & Gürtler, L. (2004). AQUAD 6. Manual for the analysis of qualitative data. Tübingen, 
Germany: Ingeborg Huber Verlag.

Jarvis, P., Holford J., & Griffin, C. (2003). The theory & practice of learning. (2nd edition). 
London: Routledge Falmer.

Kearney, P. (1999). Enterprising ways to teach & learn. Book 1. Enterprise principles. Australia: 
Enterprise Design Associates Pty Ltd.

Kolb, D. (1984). Experiential learning: experience as the source of learning and development. 
Englewood Cliffs, n.J.: Prentice Hall.

Korunka, C., Frank H., Lueger, M., & Mugler, J. (2003). The entrepreneurial personality in the 
context of resources, environment, and the start up process – a configurational approach. 
Entrepreneurship Theory and Practice, 28 (1), 23-42.

Löbler, H. (2006). Learning entrepreneurship from a constructivist perspective. Technology, 
Analysis & Strategic Management, 18(1), 19-38.

Maslow, A. H. (1987). Motivation and personality (Third Edition). n.Y.: Harper & Row, Inc. 
Mayring, P (2000). Qualitative content analysis. Forum: Qualitative Social Research Theories, 

Methods, Applications, 1(2). Available on: http://www.utsc.utoronto.ca/~kmacd/IDSC10/
Readings/text%20analysis/CA.pdf

McClelland, D. (1961). The achieving society. Princeton: D. Van nostrand Company, Inc.
O’Connor, J., & McDermott, I. (1997) The art of systems thinking: essential skills for creativity 

and problem solving. London: Thorsons, Harper Collins Publisher.
Oganisjana, K. (2010).  The development of students’ enterprise in study process (Studentu 

uzņēmības veicināšana studiju procesā). PhD theses of the University of Latvia. Available 
on: http://luis.lanet.lv/pls/pub/luj.fprnt?l=1&fn= F1648681065/Karine Oganisjana 2010.
pdf

Oganisjana, K. (2006) Entrepreneurship or enterprising through schooling. In A. Krūze, 
I. Mortag & D. Schulz (Eds.) Globalisierung der Wirtschaft-Internationalisierung der 
Lehrerbildung 3. Leipzig: Leipziger Universitätsverlag.

Reeve, J. (2001). Understanding motivation and emotion. new York: John Wiley & Sons, Inc.
Schumpeter, J. (1934). The theory of economic development: an inquiry into profits, capital, 

credit, interest, and the business cycle. Mass.: Harvard University Press
Shane, S., & Venkataraman, S. (2000) The promise of entrepreneurship as a field of research. 

The Academy of Management Review, 25(1), 217-226.
Singer, J., & Bloch, H. (1990). Differenting the entrepreneur: a functional – personality theory. 

Small Business Institute Director’s Association (SBIDA). Available on: http://www.sbaer.
uca.edu/Research/sbida/1990/PDF/16.pdf

Smuts, J. (1927). Holism and evolution. London: Macmillan and Co., Limited.



210 Chemistry

Stevenson, H. (2000). Intellectual foundation of entrepreneurship. Proceedings of the USASBE/
SBIDA 2000: The Entrepreneurial Millennium. San Antonio.

UnESCO. (1994). Becoming enterprising – technical guidelines. Principal Regional Office for 
Asia and the Pacific. Bangkok.

Virtanen, M. (1997). The role of different theories in explaining entrepreneurship. Available 
on: www.usasbe.org/knowledge/proceedings /1997/P109Virtanen.PDF

Wennekers, S., & Thurik, R. (1999). Linking entrepreneurship and economic growth. Small 
Business Economics, 13, 27–55.

Wing Yan Man, T. (2006). Exploring the behavioural patterns of entrepreneurial learning. 
A competency approach. Education + Training, 48(5), 309-321.



Wacław Nałkowski as a Precursor of Constructivism in 
Polish Geography Education

Teresa Sadoń-osowiecka
University of Gdansk, Gdansk, Poland 

geotso@ug.edu.pl

Ever heard of Nalkowski?
The world knows nothing of many great Poles.

(J. Korczak, 2011 )

Abstract
Vaclav nalkowski was a Polish geographer living in the XIX/XX century. This paper aims 
to show that Vaclav nalkowski’s views on education of geography, with its constructivist 
features might be applied in today’s methods of geography teaching. In order to prove this, 
the author uses hermeneutic interpretation of nalkowski’s writings, placing them in the 
context of contemporary educational theory rooted in constructivism. nalkowski uses holistic, 
interdisciplinary approach to geography staying in reference to Kant’s ideas. This generalisation 
cannot be chaotic but should be based on the fundaments of other natural and social sciences. 
According to nalkowski, construction of the geography knowledge in students’ mind is not 
only about learning from school handbooks, but also, or even most, studying maps, travellers’ 
stories, scientific and other kinds of literature, as well as using students’ own experiences and 
observations,  in other words, using a wide variety of resources. Geography knowledge means 
understanding and joining together various phenomena (natural, social, cultural), basing on 
the fundamental question:”why?”. Geography education should aim at creating or inspiring 
„geographic sense” that helps to see diverse phenomena as a whole and constructing the world 
with them. nalkowski sees memorising mere facts and names as a „by-product of reasoning”, 
which cannot be applied in today’s world overloaded with information.

Key words: constructivism, geographical education, the geographic sense Vaclav nalkowski. 

Introduction
Vaclav nalkowski (1851-1911) was a Polish geographer who had changed the 

way of thinking about geography education in Poland. He was not supported by any 
university, he worked by himself. Although his name appears in the publications 
on the history of Polish geography, nowadays he seems to be nothing more but a 
forgotten shade. Few casual and modest statements regarding the change in approach 
to geography education do not give justice to the whole meaning of his concept. 
In fact, it covers a much wider field than just subject didactics. Careful reading 
of nalkowski’s writings in the context of today’s educational trends reveals how 
amazingly up-to-date are his almost 100-years old concepts.
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Therefore it is important not to present his works in the historical context, but 
rather place them on a contemporary background to arouse reflections and critical 
views on theory and applications in today’s,  (but not only geography) education. 

If we see nałkowski’s views only in a historical context, they might seem a little 
bit outdated. Analysing them from the modern point of view can revitalise them, 
which means reconstructing them in order to meet the needs of contemporary 
education. Hence, the author attempts to place these ideas in the context of modern 
constructivism. 

This research approach stays in accordance with hermeneutic assumptions. 
Hermeneutics, which is an explanatory method, describes and interprets the text in 
accordance with the historical conditions, language specificity, as well as the author’s 
situation. It aims at enhancing understanding based on references between the 
subjective experience and objective facts. 

The interpretation, compared to the original text, gives it a slightly different 
meaning. However, it is not unrestricted – it must involve existing systems and 
discourses (Pilch,  Bauman, 2001). As we see, this approach is based on constructivism, 
always present when considering the education system, which aims at emancipating 
the student – subject. 

The main assumptions of educational constructivism
Although constructivism is not a homogeneous theory, for the needs of this 

article it is necessary to remember its main varieties: educational, sociological and 
philosophical constructivism (Matthews, 1998, p. 3), divided internally depending 
on the epistemological assumptions. Its roots reach ancient philosophers – Socrates, 
Plato, Aristotle.

Therefore the concept of scientific knowledge describing the reality seen in 
the context of constructivism loses its validity. (Kuźma, 2006). The assumptions 
of educational constructivism are based mainly on J. Bruner’s (1978), J.Piaget’s 
(1993) (personal constructivism), and L. S. Vygotski’s concepts (1971) (social 
constructivism).

Its main objectives are the following:
•	 Cognitive development of human being is based on the individual 

constructing knowledge derived from various resources in one’s own way, 
which comes from a particular experience to organise the world;   

•	 Cognition involves the process of social negotiation of meanings (dialogue 
education); 

•	 not only the object of cognition, but also a social context (with who and 
in what relations it is being made; equal ways of thinking: paradigmatic 
(scientific – involving the right inference method and justifications of the 
statements) and narrative (colloquial – giving the individual sense basing on 
personal experience, pre-knowledge) are important.

(Stemplewska-Żakowicz, 1996) 
In practice of school education these result in:
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•	 Sensation of cognitive chaos in students’ minds (problematic opinions, 
insecure ways of conducting research, ambiguity of terms and objects) that 
motivates students to conduct their own research; 

•	 Constructing theories by the students basing on rational evidence rather 
than learning the ready ones

•	 Searching for the new ways of resolving the problem seen from different 
points of view; 

•	 Encouraging students to ask questions and research problems. 
(Klus-Stańska, 2002)
One of the foundations of constructivism is cognitive psychology, according to 

which process of understanding is constructive rather than reproductive. Knowledge 
already possessed by the individual determines the impulse on which he or she 
focuses, the attributed meanings and conditions on which they join into bigger 
entities. 

We call this world interpreted in a particular way the „objective” world. We do 
not see the participation of our knowledge, experience, emotions, values, culture in 
it. We cannot get to know the world other than we discover as the result of our 
own interpretations. (Trzebiński, 2002) These presumptions are the foundations of 
nalkowski’s concepts of geography education.

Geography knowledge according to Nalkowski
The concept of education is strictly connected with the views on epistemological 

assumptions on geography as the scientific discipline. Therefore before we start 
describing the main characteristics of the didactics of geography, we will focus on 
nalkowski’s concept of mere geography.

From nalkowski’s point of view, the most exciting feature of geography was a 
possibility of „reasoning”, the logical approach to it, being close to mathematical 
thinking: „It was always hard for me to learn the things which were not logically 
coherent. I liked geography because it was never about memorising for me. Everything 
I learned on this subject had reflection in my mind. I especially enjoyed reading 
maps, sometimes even for a few hours” (nalkowska, 1955, p. 20-21).

For nalkowski geography is a dynamic science which describes „all the earthly 
phenomena, their situation, mutual coherence, relations and constant development”, 
a synthesis „of all the sciences”, placed on the „background of the Earth surface” 
(nalkowski, 1920, p. 18).

Such a vast field of research needs bonding various kinds of phenomena. Hence, 
geography joins them into a kind of a structure – not just a simple summary of 
facts, but rather as the whole with qualities different to a single phenomena: „If we 
compare Earth to a machine, we can say that each science shows it deconstructed, 
describes each part separately – wheels, screws, modes; geography instead shows the 
Earth as the whole, in motion, in action” (nalkowski, 1968, p. 46). 

Similarly to Kant, according to nalkowski geography shows the world from the 
bird’s eye view, at the same time being conscious of subjectivity of this image. He 
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claims that geography „is a transitional step from the reality to philosophy; and for 
the latter it means the same as a map to description” (nalkowski, 1920, p. 21 ).

It suggests speculative (in a positive meaning), „reasonable”, so also constructivist, 
character of the geography and philosophy knowledge. At the same time nalkowski 
understands geography not as a description precisely reflecting the reality, but some 
kind of an abstract model, a symbol (as a map is not an exact reflection of Earth’s 
surface but its symbolic image). Hence it would be already a processed mental image, 
which might be elevated by philosophy to even a higher level of abstraction. The map 
is not used only for reading the names of geographic objects, but, in fact, it is more a 
symbolic „image rather for mind than an eye” (nalkowski, 1968, p. 55).

Geography uses the facts to construct the entity, showing other reference 
systems: „(...) an expert prevents the geographer from being shallow, from hasty 
generalisations, but the geographer prevents the expert from the bias, narrow–minded 
approach (underlining – Author); he prevents him from being overwhelmed by the 
details of one particular field, he teaches him to understand them as parts of one, 
coherent and harmonious structure – GEA” (nalkowski, 1968, p. 47-48). 

If the natural phenomena on Earth would be treated separately, „in isolation of 
its surroundings, relations, nature, motions, they become something artificial, invalid, 
rigid” (nalkowski, 1920, p. 18). Facts operate in a particular context given by the 
geographer. They are just the material from which knowledge is constructed. That is 
why nalkowski compares them to „bricks” from which the structure might be built. 

nalkowski was conscious that the same scientific phenomena might be seen from 
different points of view. He explains this using an example of differences between 
astronomical geography and astronomy: „Astronomy places its interest in celestial 
bodies; Earth is only a place of observations. Astronomical geography, in its turn, is 
interested in Earth, in the first place, and in celestial bodies only as the background 
for the representation of Earth” (nalkowski, 1968, p. 54).

Those two disciplines have similar factographic features but they construct a 
different type of knowledge (as the structure) for its own approaches and depending 
on the point of reference. 

Even a more complicated situation might be observed in case of humanistic 
geography. According to nalkowski, „the human life phenomena are far too 
complex to embrace them in strict rules – not always similar physics and geography 
phenomena induce the same phenomena of the human world; they depend not only 
on the external influence, but also on human nature. Even if the human nature was 
the effect of external conditions, we cannot make research on those influences from 
the past, so the effect must be seen as something very old and we can only combine it 
with the present external influences” (nalkowski, 1968, p. 59; underline – Author). 

nalkowski points out the important influence of the social system on human 
life, cultural degree „being for a human a kind of a cover, preventing or modifying 
the influence of physical – and geographical conditions. This cover, or a shield, 
assigns different values to the same physical and geographical conditions, suitable to 
particular times and a particular degree of cultural development”. 

Therefore, the phenomena are not seen as unchangeable in time and not the 
same in different places and conditions. This relativisation and un-obviousness 
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of knowledge depending on time and place induce the interpretative approach to 
humanistic geography, characteristic for contemporary constructivist trends.

This is the recognition of the modern humanistic geography: “participatory 
fieldwork help explain how people in particular places work and interpret the world 
around them – that is the reality with reference to which they function” and „The 
present day landscape represents an assemblage of relics of different periods in the 
past so that when we use the landscape as a text we are reading the outcome of a long 
sequence of selective representations of earlier forms, so that we learn about what 
parts of their history people wanted to build into their own presents and futures” 
(Dikshit, 2004, p. 152-153).

Learning geography according to Nalkowski
The approach to geography presented above had the influence on the way of 

thinking about teaching and learning this subject. nalkowski was against memorizing 
mere geographic facts. Education should not aim at making students remember 
names and terms, but teaching them geographic way of thinking, creating „geographic 
sense”, which enhances emancipation of students. „Geographic sense” involves the 
ability of observation and joining the facts together. To do so, the individual needs 
to use resources from one’s mind, not only single pieces of information referring to 
the particular school subjects. This concept stays in accordance with some of the 
modern ideas of humanistic geography. A geographer must perform the necessary 
work of human mind for connecting experiences with ideas of philosophy, sociology, 
psychology (Dikshit, 2006, p. 152). 

According to nalkowski, the goal geography education should be: „giving 
a student some general tools, which will help him to develop his reasoning and 
observing abilities. If the person has those two skills, he or she can manage in any 
conditions” (nalkowski, 1968, p. 71). nalkowski points out relativism of educational 
data. Therefore it is essential to teach the students reasoning: „In teaching geography 
we should not give the mere and dry facts, as we cannot predict which of them 
might occur useful; this depends on the student’s future way in life” (nalkowski, 
1968, p. 71). This statement is especially important when we take into consideration 
creating curriculum in school and teaching to prepare for long life learning. 

nalkowski’s views on the learning process using scientific research methods are 
close to Dewey’s theory of learning through acting. nalkowski stresses the natural 
way of acknowledging geography: starting from observing phenomena, when the 
student „values their usefulness or harmfulness, uses them for his/her own needs, 
makes the precise plan of his/her surrounding” (nalkowski, 1968, p. 107), to create 
generalised statements. He equals the knowledge gained from different resources – 
already mentioned observations, maps, other students’ stories, travellers’ tales or 
novels.  

It is also accepted in the beginning of the educational process to allow the 
student to create unbelievable hypothesis used for explaining phenomena, having 
presumption that later they will gain some scientific qualities. (Sadoń-Osowiecka, 
2009, p. 96). 



216 Chemistry

This „creating (and listening – Author) the stories in order to understand the 
world is not only enriching one’s mind (...) Understanding, contrary to explaining, 
is not definite (...) one interpretation cannot deny others”. (Bruner, 2006, p. 130). It 
creates the space for searching for authenticity of different theories and awareness 
of variety of approaches to one phenomenon. The didactics assumption based 
on constructivism might confirm the above statements: „before a teacher comes 
in with help, it is necessary to give a student time for independent – even if a bit 
clumsy – attempts to cope with the situation. This activizes pre-knowledge in new 
surroundings” (Klus-Stańska, 2006, p.19).

In the beginning of the education process nałkowski suggests „direct contact 
with the nature”, „with the world of concrete facts”, „enhancing children’s’ fantasy” 
(nałkowski, 1968, p. 105), because „curiosity caused by fantasy pushes us forward” 
(nałkowski, 1968, p. 106).  From the modern didactics point of view, we could call it 
arousing internal motivation to discovering, which lasts even when the education is 
finished, contrary to the one motivated by the external impulses (ex. marks), which 
is finished right after graduation.

At the same time nalkowski points out the process of removing pre-knowledge by 
observation and revealing children’s presumptions: „anyway, even on this level, if the 
cause – effect relation is visible, use it to remove children’s animistic theories, naive 
and folk theories, and place scientific theories instead”. (nalkowski, 1968, p. 105). 
It is not imposing the meanings, but rather using the Socrates dialogue, enhancing 
self-reflection.

It seems that nalkowski managed to join the individual knowledge with the 
external, scientific one. The concept of constructivist natural education noticed this 
problem:  „if knowledge cannot be imparted, and if knowledge must be a master 
of personal construction, then how can children come to knowledge of complex 
conceptual schemes that hale taken the best minus hundreds of years to build up?” 
and “if learners are to be given access to the knowledge systems of science, the process 
of knowledge construction must go beyond personal empirical enquiry. Learners 
need too be given access not only to physical experiences but also to the concepts 
and models of conventional science” (Driver at al., 1994). 

Similarly, the identical statements might be found in nalkowski’s writings: “The 
geography teaching system is natural, which means it is parallel to the development of 
human mind”, however, this happens only due to “its parallelness to general historical 
development of Earth science”. (nalkowski, 1968, p. 107). 

nalkowski agrees with some educators from his times, who found „analogy 
between onto- and filogenesis”, and who claim „teaching a single person should 
reflect the process of learning of whole humanity”. (nalkowski, 1968, p. 107).

In order to prevent geography to be a school subject consolidating only the 
common knowledge, nalkowski suggests dividing the science to the particular 
subjects on further stages of education so as to deepen knowledge about the elements 
of nature (mentioned before „expert knowledge”). He points out that „explaining the 
causes, which were previously shallow because of not being aware of the details, now 
are detailed due to the fact of losing view to the whole (…) so we need to synthesis on 
the higher level. This synthesis gives us two advantages: one static – economization, 
embracing the data of school disciplines and the second – dynamic – preparing 
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tools for research (underlining – Author), new sense, geographic sense. With the 
help of this tool we might research whole countries on further stage of education” 
(nalkowski, 1968, p. 108).

It seems that today’s school geography focuses mainly on terms and names 
(Klus-Stańska, 2002). For nalkowski they are not so important, he sees them rather 
as the „by-product” of students’ research. One of his books’ entitled is „Reason 
Geography”. Remembering data, according to nalkowski, is similar to modern 
approach to a mind as a structure: „even if we would agree that learning the facts is 
essential, reasoning geography would be still more effective, as the facts learnt as the 
by-product of reasoning are far more lasting than just memorised. Psychology agrees 
that we remember better facts that are somehow connected with other causes and 
effects” (nalkowski, 1968, p. 73).

He also stresses the motivational factor: „In fact we remember only the things 
we can remember, and this ability is not enhanced by „police” methods like bans or 
warrants, it is rather proportional to connections with one’s mind and having interest 
in them”. (nalkowski, 1968, p. 136).

Conclusion
Re-reading the concepts of forgotten educators reveals the usefulness of their 

thoughts in today’s world overloaded with information and acting procedures. 
Revitalisation of nałkowski’s concepts enables us to understand geography as an 
important subject, arousing holistic learning, which aims at internal, deep intellectual 
activity and reflections about the world. 

His principal assumptions about school knowledge and learning are:
- understanding knowledge (school subject knowledge too) as the connecting 

system  (the net) created from facts for different goals; the knowledge created 
from the same facts can be different for different peoples and in different 
places and times

- learning at school “the geographic sense” (“zmysł geograficzny”) – specific 
geographical way of seeing and thinking; the art of spatial connecting 
different facts

- learning not about facts but learning reasoning by facts; learning methods of 
cognition of the world; giving “the tools of research” 

- starting learning from individual pupil’s knowledge
nalkowski’s concepts of knowledge and education can be applied in schools 

for lifelong learning in our complex modern world overloaded different kinds of 
information.  
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Abstract
The discussion of environmental problems is a strategic factor in the process of natural science 
education. In this article the long-term experience of studying environmental aspects in 
polymer chemistry using ICT is summarized. The main results of joint research work of the 
teacher and students in the form of an intelligent database on the theme “Polymers and ecology” 
are presented. The choice of the theme is the reason for a key role of polymeric materials in the 
solution of environmental problems, including the ones caused by technogeneous catastrophes, 
for example the accident at Chernobyl atomic power station. The database represents a set of 
elements: original solutions of environmental problems, for example, recycling of polymeric 
materials. Each element of base is drawn up as an electronic record and animation. The 
record includes the urgency and the way of solving the environmental problem, based on the 
fundamental laws of natural science. The animation is a movie in Adobe® Flash format and 
illustrates the text description. Students’ work is performed within the limits of controllable 
self-dependent work. The results of the educational process in which over 1000 students have 
participated over the last 10 years are processed. The created database is actively used as the 
informative multimedia tutorial.

Key words: animation, ecology, IСT, intelligent database, multimedia tutorial, natural science 
education, polymers.

Introduction
The 20th century is marked by a booming growth of industry and application 

of artificial and synthetic polymeric materials: rubbers, vulcanizates, plastics, fibers, 
films, coatings, adhesives and composites. The 21st century can be characterized 
as the age of biotechnologies and nanotechnologies. At the same time polymeric 
compounds are the required component of biotechnologies and nanotechnologies. 
They are the foundation of the newest materials, for example, artificial organs and 
tissues, artificial muscles; micro- and nanocapsules for biologically active substances; 
and also nanostructured materials for electronics, robotics. Unfortunately, the 21st 
century is also called the «century of refuse». And, polymers make 60–70 % domestic 
waste matter. As polymers possess high chemical resistance they biodegrade in the 
course of centuries. As a result the used polymeric materials create huge dumps which 
pollute the earth, air and water resources. As a result, live organisms, in particular, the 
whales swallowing slices of polyethylene film, and also the sea turtles eating jellyfish 
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mistaking plastic packages for them, perish in large quantities. However, artificial 
and synthetic polymers cannot be viewed as exclusively hazardous compounds to our 
environment. Today polymers are produced purposefully to solve the environmental 
problems, including those that had been caused by technogeneous accidents.

Major factors on which the solution of environmental problems depends are 
concentrated in the article (Zezin, 1996) and they are legislation; political initiatives; 
public opinion; development of technologies; education. The key factor, in my 
opinion, is science education. namely, its results in many respects predetermine laws 
and policy, popular verdict and technologies, and also standards and educational 
programs at all levels of learning. Thus, the ecological training in the course of science 
education has a strategic position. Under such conditions the consolidation of the 
efforts of lecturers, students, undergraduates and post-graduate students, and also 
scientists, engineers, technologists is necessary. Such integration provides versatile, 
serious consideration of environmental problems and ways of their overcoming. 
In this paper some specific principles of using information and communication 
technologies in teaching of environmentally appropriate polymer technology are 
stated.

Methodology of Research
The methodology of creating an intelligent database on the theme “Polymers 

and ecology” is developed. The offered approach provides for joint research work 
of the lecturer and students, undergraduates on detection of acute environmental 
issues in polymer chemistry and technology as well as the newest, environmentally 
appropriate ways of synthesis, processing and recycling of polymers. The research 
includes development of skills in Internet search and the analysis of the scientific and 
technical literature: papers, patents (Shishonok, 2007). The result of the information 
processing is the creation of the electronic record and animation. The record includes 
the urgency and the way of solving the environmental problem, based on fundamental 
laws of natural science. The animation is a movie in Adobe® Flash format (Shishonok, 
2009) and illustrates the text description. A set of original solutions of ecological 
problems composes the electronic database.

The specified level of analytical search and information processing demands 
fundamental education. Accordingly, only senior students of chemical faculty 
participated in our research. The work of students and undergraduates has been 
performed within the limits of controllable self-dependent work.

The results of the educational process in which over 1000 students and 
undergraduates participated over the last 10 years are processed. The created database 
is actively used as the informative multimedia tutorial. It is has been approved at 
the Belarusian state university within last 6 years for reading the basic and special 
disciplines: “High-molecular compounds”, “Composition and structural modification 
of high-molecular compounds”, “Chemical modification of high-molecular 
compounds”, for the students of “chemistry” specialty, and also in the lecture course 
“Modern problems of chemistry” for undergraduates in national Academy of Sciences 
of Belarus. The stream lectures on the basic course “High-molecular compounds” are 
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delivered from 60 to 100 students; the lectures on special courses — up to 20 students 
or undergraduates. Besides, the database was shown at various lectures-presentations 
for the professional and teaching staff, for example, at Republican Institute of higher 
schools.

Results of Research
Mutual relations of polymers and ecology can conditionally be divided into two 

aspects:
•	 polymers create environmental problems;
•	 polymers solve environmental problems.
The results of the work on both aspects are presented in the form of examples 

from the created database “Polymers and ecology”. So, the first element of base 
contains ecologically comprehensible solution on recycling harmful polymeric 
waste of an explosive on the basis of nitrocellulose. Corresponding record has been 
composed as a result of the patent analysis (U.S. Patent 5414198).

The intelligent database element “Fungi combination degrades polymer wastes”
Urgency of the problem. nitrocellulose is an energetic ingredient of gun 

propellant compositions. When stored for a long time, nitrocellulose is destroyed by 
a dangerously auto-catalytic reaction. Therefore nitrocellulose has a limited shelf life, 
which presents a problem of the necessary annual elimination of these explosives. A 
known method for eliminating the nitrocellulose-containing materials includes their 
open burning. However, the burning products are toxic and pollute the air and soil. 
A method for environmentally friendly degradation of nitrocellulose is needed.

Decision of the problem. To degrade nitrocellulose, the use of a combination of 
two specific fungi (cellulolytic fungus and denitrifying fungus) is proposed. The fungi 
combination contacts a nitrocellulose suspension. nitrocellulose consists of long 
chain-shaped molecules. The nitrocellulose molecules comprise nitrogen-containing 
groups. The fungi use nitrocellulose as a nitrogen source. The fungi produce 
enzymes. The molecules of enzymes of the cellulolytic fungus catalyze (accelerate) 
lyses of the large cellulose molecules. The molecules of enzymes of the denitrifying 
fungus catalyze denitrification of nitrocellulose. The fungi convert nitrocellulose into 
innocuous products: ammonia, carbon dioxide, and water, and assimilate them. The 
fungi degrade nitrocellulose in an environmentally friendly way.

The proposed enzyme combination with its extremely specific and efficient 
catalytic effect provides nitrocellulose degradation that is impossible with the use 
of chemical or physical treatment. This method is efficient for degrading both the 
nitrocellulose and nitroglycerine. It provides environmentally friendly and cost-
effective demilitarization (i.e., elimination of nitrocellulose-containing gun propellant 
compositions) and bioremediation of soils contaminated with nitrocellulose waste.

The second aspect — polymers solve environmental problems —is illustrated 
with the other record from our database and fig. 1. This record is executed as a result 
of the analysis of the scientific paper (Zezin, 1991).
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The intelligent database element “Chernobyl’ experience”
Urgency of the problem. In the first days of the accident at the Chernobyl atomic 

power station (1986) а method for reduced wind carrying of radionuclides from the 
most polluted, close to the nuclear reactor, soils was needed.

Decision of the problem. Polymeric acids and the bases as highly effective binders 
for soils, polluted with radionuclides, have been used. While spraying the solution 
of polyacrylic acid and polyvinylamine salt on the surface of the soil it forms the 
interpolymer complex according to reaction:

Interpolymer complex in the form of a gel film covers soil (Fig. 1).

Fig. 1. The scheme of the adsorption of interpolymer complex with soil.
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The soil contains uncharged hydrophobic fragments, negatively and positively 
charged sites. The interpolymer complexes have uncharged hydrophobic fragments, 
made of coupled segments of chains, and oppositely charged sites from the separated 
chains. As a result interpolymer complexes are perfectly adsorbed by soil with 
formation of the soil-polymeric crust. In such acrust soil particles are connected with 
each other by thin interlayers from interpolymer complexes. Soil-polymeric crusts 
do not collapse under the influence of hurricane wind and rain. Thus, interpolymer 
complexes have reduced the wind carrying radionuclides from the most polluted, 
close to the nuclear reactor, soils.

It is especially attractive to use the waste of large industrial productions as 
the polyacids and the polybases. For example, the waste of factories on cellulose 
manufacture — oxidized lignins — is the water-soluble polyacids polluting reservoirs. 
They can be taken from sewages of pulp and paper plants with the aid of polybase. 
The insoluble complex formed as a result can work as a binder for soil.

Discussions
Teaching experience in the higher educational institution has shown that the 

work on creating the intelligent database “Polymers and ecology” is an effective means 
for activating the interest to environmental problems in the learning process. The 
examinations of results reveal a positive tendency of involving the knowledge base of 
intellectual systems in the educational process (Shishonok, 2010): the decrease of the 
share of unsatisfactory marks and the growth of the share of excellent ones.

Obviously, the emphasis on environmental problems, their visualization by 
means of ICT in the course of creative teaching of science disciplines will facilitate 
the education of future teachers, scientists, technologists, engineers, politicians, 
legislators who are not indifferent to our environment.

Conclusion
1. The electronic intelligent database “Polymers and ecology” is created and 

approved as the informative multimedia tutorial.
2. The database materials will be replenished and improved on the basis of the 

analysis of the latest decisions in the area of environmentally appropriate polymer 
technology.
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Abstract
The article based on the theoretical analysis presents modern tendencies in the development of 
natural science education (nSE) in Russia. It is revealed that the orientation of all the discussed 
tendencies is directed to its cardinal updating, which is necessary to increase the efficiency of 
interaction of education, science, the individual, society and the state in the changing Russia.
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Modern natural science education (nSE) is constantly changing in Russia; 
it represents a complex integrated object with different stages, levels, steps and 
components as well as features, various aspects and factors of successful functioning. 
The success and cardinal updating of nSE in secondary and higher schools is possible 
on the account of modern tendencies of its development.

We understand the concept “tendency” (from Latin tendentia – orientation) 
on several semantic levels, as: 1) a direction of development of something; 2) an 
orientation in sights and actions; 3) aspirations, the propensities peculiar to someone 
or to something; 4) an idea, a plan of any work, a statement; 3) a prejudiced, 
unilateral thought imposed on a listener, a reader, a spectator. In the given work 
we will concentrate on 7 progressive tendencies leading to the development and 
updating of nSE. 

In our opinion, a new (axiological) philosophy of education (Гершунский, 2001) 
that looks upon education as the major spiritual value in human life promotes the 
development of modern nSE. B. S. Gershunsky considers education as the religion 
of the third millennium, i.e., the specific form of public consciousness which is based 
on harmony of knowledge and beliefs, and also on the corresponding behavior (relic) 
and action (cult). Education including nSE (which reflects by itself numerous sciences 
about various aspects of nature) should be considered as the major component of 
spiritual culture.

Essential tendencies in science and educational practice worldwide are connected 
with the maintenance of quality of education. Quality of education is raised to the 
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peak of a really civilized development of the nations (UnESCO) that reflects the 
importance of reconsidering the value of education as an investment into the future 
and as a life maintaining factor in the socio cultural and socio natural environment.

The essence of “quality” as a philosophical category was considered as a specific 
difference between subjects (Aristotle), as an identical definiteness with the life, 
continuously connected with concepts “quantity” and “measure”, with a certain 
degree of expressiveness which can be measured (Hegel), as an original system of 
properties which things possess as there are not qualities but the things possessing 
qualities (Engels), as a condition of the subject (Berkeley, Hume), etc.

On the pedagogical level the problem of quality of education was investigated in 
different directions: 

1) definition of essence of quality as an integrated property; 
2) disclosing of essence of the concept of quality as a result at the levels of 

educational systems and personal achievements; 
3) multilevel approach providing diagnostics of quality of erudition and 

education; 
4) criteria for estimating the efficiency of separate sides of education.
We understand the quality of nSE as external and internal definiteness of the 

process and the result of education, reflecting optimum conformity actually reached 
(embodied in the activity and the person) to certain criteria and found out through 
the properties in the course of its functioning. Therefore we define the quality of 
nSE as an integrated property of nSE to satisfy fully the existing and potential 
requirements of a person, expectations of the society and the state requirements 
during the preparation of natural science teachers.

The quality of modern nSE is provided by means of the change of a paradigm 
of “supporting” education into a paradigm of innovative education (Взятышев, 
Романкова, 1998). We allocate the following key signs of innovative education: 

1) the knowledge of the future world and the creation of the present, 
2) “the theory of practice”, 
3) the set of admissible decisions, 
4) a complex of criteria of estimation (utility, efficiency, harmlessness, etc.), 
5) the importance of spiritual factors when making decisions, 
6) methodology harmonious with the development of a person and the world. 
The change of the paradigm in nSE has caused a tendency of changing the 

traditional (subject-centred) educational model into the person-oriented model of 
nSE. There is not an educational subject in the centre of this model. The variety of 
content of nSE is a powerful tool of the spiritual formation of a creative person. The 
person-oriented model is based on three leading principles:

1. A principle of harmonious integrity (nature, society, culture and a person; 
teaching and learning; work, knowledge and dialogue);

2. A principle ITSELF (self-reflection, self-education, self-development, self-
checking, self-appraisal, self-value);
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3. The Love principle (to the world, the nature, a society, a person, work, 
material and spiritual culture, science, education, health).

The use of the nontraditional model of nSE demands an active use in natural 
science education humanitarian (designed for a person) technologies (Пак, 2007). 
The major feature of anthropoecological humanitarian technology, for example, is its 
orientation to the liquidation of that tearing away of a person from nature, society, 
culture, from similar and from itself which deprive the person of Pleasure, Thanks, 
Happiness. This educational technology is directed to the reception of guaranteed 
spiritual production connected with the understanding not only as a creator of his 
life, but also as a fateful part of the world, the nature, and not as its tsar. 

The major tendency of modern nSE is the integration of natural science and 
humanitarian approaches. Characteristics of natural science and humanitarian 
approaches, in our opinion, are most accurately investigated by V. A. Rybakov and 
A. L. Pokryshkin (Рыбаков, Покрышкин, 2005). Taking into account the results of 
these authors, we carry out the integration of considered methodological approaches, 
having isolated 9 key aspects: 

1) the main specificity of the knowledge system, 
2) features of scientific knowledge, 
3) subject of knowledge, 
4) essence of knowledge, 
5) specificity of knowledge, 
6) forms of knowledge, 
7) methods of knowledge, 
8) bases of informative activity, 
9) informative functions.
Studying different aspects of nature is the main task of nSE, and the priorities 

for humanitarian education are the aspects connected with the spiritual world of a 
person (values, senses, spiritual culture, stories of events, relations, requirements, 
interests). The following signs are the major features for natural science knowledge: 

1) orderliness with the accurate basis of their ordering; 
2) independence of the learning subject (objectivity of knowledge); 
3) logic demonstrability and validity, etc. 
For humanitarian knowledge, unlike natural science knowledge, can be ascribed 

the following features: 
1) amorphous space of interpretations and senses; 
2) dependence of knowledge on the point of view, a position of the learning 

subject (subjectivity of knowledge); 
3) inapplicability of laws of logic, etc. 
The essence of integration of natural science and humanitarian approaches 

consists in disclosing of valuable senses (relations and other humanitarian aspects), 
natural objects, phenomena, processes.
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natural science education in the conditions of the aggravated problems of 
relations between people in a modern polycultural, polyethnic and polyconfessional 
society of the changing Russia can count on updating and success, relying only on 
modern and perspective methodology – on integrative methodology. 

We understand the methodology of nSE as a system of approaches, where the 
general methods and principles are: 

1) natural science for schoolchildren and students; 
2) increase in the system of natural science knowledge, universal abilities and 

actions, competencies, valuable relations and educational experience in the 
subjects of education; 

3) rationalization of educational (teaching and educational) and research 
activity.

All methodological approaches (from A to Z) are valuable in the infrastructure of 
integrative methodology (Соломин, Пак, 20081): adaptive, axiological, acmeological, 
algorithmic, anthropoecological, safe, bilingual, valeological, humanitarian, humane, 
pragmatic, problematic, innovative, integrative, interactive, competence based, 
complex, criteria-estimated, modular, systematic, functional and others.

The integrative approach deserves special attention in this infrastructure (Пак, 
1991). Its essence (having the scientific-theoretical and practical importance) is in 
the integration representing the process of complete association of earlier separated, 
diverse or homogeneous components (the purposes, problems, the content, methods, 
forms, means, technologies, etc.). The subjects of education understand the pragmatic 
importance as “floors”, functioning levels of integrative approach and also the process 
of integration itself.

The “challenges” of the present demand another understanding of the result of 
nSE – not only system knowledge in natural science, integrative abilities, but also 
educational (universal, essential, basic, special) competencies, universal educational 
actions, valuable relations, experience of creative activity. It means the necessity 
of using the competence based approach in nSE. Assistance to the formation of a 
mentally creative and professionally (and preprofessionally) competent person in 
the process of nSE is based on humanitarian knowledge of the person, its mental 
abilities, culture, valuable relations, personal attitude to empathic interaction. At 
present humanitarian resources in nSE are not used sufficiently.

Continuous process of nSE assumes obtaining by learners systematic scientific 
knowledge of laws of safe physical, mental, spiritual existence and the development 
of a person (in natural and socio cultural life environment). Life safety (chemical, 
ecological, biological) (Соломин, Пак, 20082) became especially important in the 
International year of Chemistry. The safeguarding approach can become in the long 
term a backbone in the infrastructure of integrative methodology as the concepts of 
“life”, “formation”, “ability to live” are the eternal values, which need safety. 

Realizing the possibility of various methodological approaches in integrative 
methodology, it is necessary to understand all components of educational activity, its 
inseparable connection with the formation of competencies, mentally creative person 
in a new light.

Modern Federal state educational standard of the new generation represents an 
integrated object as a model, standard and a measuring instrument of education. 
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Therefore an integrated (block-modular) methodology is necessary for the analysis 
and the estimation of quality concerning independent and specific blocks of content 
of nSE (knowledge, universal abilities, competencies, experience of creative activity, 
relations). Integrity of this methodology is caused also by the fact that it realizes 
different criteria, quality indicators, quantitative parameters, and methods of 
componential and step by step analysis, questionnaires, tests of different type and 
others in a complex.

Conclusions
Thus, the major modern tendencies of development nSE in Russia are: 
1) axiological philosophy of education; 
2) maintenance of new quality of education;  
3) a paradigm of innovative education; 
4) person- oriented, instead of subject-centred model of education; 
5) humanitarian technologies; 
6) integration of natural science and humanitarian approaches; 
7) integrative methodology. 
The orientation of modern tendencies of development of nSE is directed to 

its cardinal updating, which is necessary to increase the efficiency of interaction of 
education, science, the individual, society and the state in the changing Russia.
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Abstract  
This paper deals with the analysis of mainstream viewpoints of students’ learning. The research 
of relationship of quality and assessment of learning with students’ approach to learning is 
presented. Students of natural Sciences Faculty of Siauliai University were questioned using 
special questionnaires with the purpose to clear what kinds of approaches to learning are 
obtained and how they are changed. The questionnaire of students’ approaches to learning 
has been constructed on basis of P. Ramsden methodology. The distribution and dynamics 
of evaluation of students’ learning outcomes and their approaches to learning is presented. 
The results of research show that academic results of students correlated with their approach 
to learning. It means that what students have learned is closely related with how they are 
learning. The deep approach to learning is associated with better results and higher grades.

Key words: approach to learning, cognitive activity, deep approach, learning effectiveness, 
learning outcomes, results of teaching, surface approach.

Introduction 
The quality of students’ learning in higher education can and must be improved. 

How can this be achieved? Quality of higher education can be improved only by 
investigating the impact of extended education for students and looking at the 
teaching and learning process through their eyes. The task for teachers from all parts 
of education is not only to teach (to transfer certain information), but also support 
and encourage (promote) the disposition to new knowledge. J. Uzdila (1998), J. 
Vaitkevičius (1998) called students’ activation at the cognitive process as the most 
valuable didactic teaching position. Teaching and learning of students is a unified 
(holistic) process. Wanting to teach effectively, one must understand how students 
think about the content of the subject. The way in which the student is involved in 
the study is the relationship of student and the subject he studies. It determines the 
activity level of education in this area. I. Šeščilienė and J. Vaitkevičius (2000) argue 
that the cognitive needs and cognitive activity are specific and mental processes 
focused less on the results of knowledge as on the process itself. The qualitative 
aspect of learning is defined by concept “approach to learning” (Ramsden, 2000). 
It is associated with how people perceive and organize the content of the subject, 
“what” and “how” they learn rather than “how much” stored. When a student learns, 
he does different tasks in different ways. To characterize the dimension of sense 
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approach to study two categories are used: “deep approach” and “surface approach.” 
The idea of   the approach to learning is very often wrongly understood. We can not 
say that students have an approach to learning. This approach reflects what a specific 
task or group of tasks are meant for the student (Marton, 1988) and determines the 
relationship between the student and his learning. It is very important for teachers 
to understand that students’ features differ completely from the nature of different 
approaches to learning. By trying to change the approach to learning, we aim not 
at changing the students themselves, but only some of their experiences, concepts 
or perceptions. As regards the teaching method, the teacher’s task is not to transmit 
correct understandings, but to help students construct understandings that are more 
rather than less acceptable. Content thus evolves cumulatively over the long term, 
having “horizontal” interconnections with other topics and subjects, and “vertical” 
interconnections with the previous and subsequent learning in the same topic. The 
process of teaching is to help the learner undertake activities that involve progressive 
understanding of the meanings. The process is multidimensional, not linear: it is to 
intrigue the gourmet, not to sate the glutton. Then teaching engages constructive 
learning in addition to receptive learning activities. Typically, these activities involve 
(Biggs, 2005): 

•	 a positive motivational context, hopefully intrinsic but at least one involving 
a felt need-to-know and emotional climate; 

•	 a high degree of learner activity, both task-related and reflective; 
•	 interaction with others, both at the peer level with other students, and 

hierarchically, within "scaffolding" provided by an expert tutor;
•	 a well-structured knowledge base that provides the longitude or depth for 

conceptual development and the breadth for conceptual enrichment. 
J. Bain identifies the following student learning models:
•	 Model I 'Disseminating knowledge': Teacher focused – practice procedures, 

produce correct answers, reproduce knowledge accurately. Infer methods of 
inquiry from knowledge organization and texts.

•	 Model II 'Making learning possible': Learner focused – responsibly regulate 
inquiry, construct personal understanding, and emulate experts’ methods. 
Abstract concepts and principles from experiences (Ramsden, 2005).

To achieve quality results deep approach is mandatory, although not a sufficient 
condition. The specific distinction between “deep”, and “surface” approaches 
is subsumed within a somewhat broader classification in terms of a “meaning 
orientation” – active questioning in learning (comprehension learning, inter-relating 
ideas, use of evidence and logic), and a “reproducing orientation” -preoccupation 
with memorization (surface approach, improvidence, fear of failure, syllabus-bound) 
(Pask, 1976).

Analysis of scientific literature showed that approach to learning is little explored 
in the science of Lithuania. Lithuanian scientists discuss the motivation of the 
choice and entering high schools (Leonavičius, 1997), differentiation of teaching 
(Šiaučiukėnienė, 1997), the development of student knowledge (Šeščilienė, 2000), 
the prerequisites for the formation of critical thinking (Visockienė, Šiaučiukėnienė, 
2000), unwillingness to learn (Rupšienė, 2000). It is obvious that there is not enough 
research that analyzes the problems of learning environment which stimulate 
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students’ deep approach to learning. The lack of research on this subject in education 
characterizes the scientific problem of our work. 

Making the precondition that good teaching means to engage students in learning 
so that to encourage deep approach to learning, we formulated the hypotheses of the 
research: knowing the opinion of students on the approach to learning easier, ways 
and means of stimulating students’ cognitive activity will be found, which, in their 
turn, will increase the efficiency of learning, i.e., will improve the quality of higher 
education. 

object of research: Approaches to learning of I-IV year students’ of Siauliai 
University Faculty of natural Sciences (SU FnS). 

Goal of research: To study aspects of the relationship: education quality of 
students with their approach to learning.

objectives of research: • Based on the generalized categories of approach to 
learning to make a questionnaire identifying the orientation of study. • To explore the 
distribution and dynamics of approach to learning by students of different specialties 
of Siauliai University Faculty of natural Sciences.  • To explore the relationship of 
quality and assessment of study with the approach to learning. 

Methods of research: the study of scientific and methodological literature, 
questionnaire survey, statistical data processing (descriptive data analysis, testing 
parametric hypotheses, factor analysis, correlation analysis). 

Research Methodology
Four-stage research was carried out in 2008-2010. The method of research was 

surveying (filling in questionnaire). The research involved first – fourth (I-IV) year’s 
students of Siauliai University Faculty of natural Sciences, specialties: Optometry, 
Applied ecology, Physics and computer science. 137 students participated in the 
survey in november 2008, 133 – in May 2009, 121 – in november 2009 and 110 
students in May 2010. The distribution of the respondents regarding the sex and year 
of study is presented in Table 1.

Table 1
Characteristics of the surveyed respondents (n/%)

Research 
stages

Research
period

Study year Sex Total
First-I Fourth-IV Male Female

1 2008 november 72/52.6 65/47.4 56/40.9 81/59.1 137/100
2 2009 May 70/52.6 63/47.4 53/39.8 80/60.2 133/100
3 2009 november 59/48.8 62/51.2 52/43.0 69/57.0 121/100
4 2010 May 51/46.4 59/53.6 47/42.7 63/57.3 110/100
Total 252/50.3 249/49.7 208/41.5 293/58.5 501/100

The questionnaire for identifying the students’ approach to learning was prepared 
on the basis of the logical structure of generalized categories applied for characterizing 
the approach to learning by P. Ramsden (2000) (Table 2). 
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Table 2
Different approaches to learning (Ramsden, 2000)

Deep approach Surface approach  
Goal – to understand.  
The student maintains the structure of the 
problem. 

Goal – only to do.  
Student distorts the structure of the problem. 

Accented “what expressed”  
(Proofs or concepts of the author  
are needed to solve the problem).

Accented “characters” (the words of the text 
and suggestions) or do not thinking about 
formulae that are needed to solve the problem.

The acquired knowledge associated  
with the previously acquired knowledge.

Accented fragmentary pieces of text.  

Integration of knowledge acquired at 
different years.

Information is stored for evaluation.

Theoretical ideas associated with everyday 
experience.

Unthinking relate facts and concepts.

Data and arguments are associated to each 
other and separated. 

not possible to distinguish principles between 
examples.

Content is organized and structuring 
into a coherent totality.                                           

Task is external, imposed.

Accenting the internal aspects. Accenting the external aspects.
Statements were coded and evaluated by Likert scale from 5 to 1: 5 – “strongly 

agree”, 4 – agree, “3 -” doubt “, 2 – disagree, 1 – “ strongly disagree “. For each 
statement was calculated popularity index (PI) as follows:
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where Z – evaluation of the response (ranged from 1 to 5), Zmin – minimum score 
of the scale, Zmax – maximum score of the scale, SZ – the number of respondents who 
indicated response Z, n – number of respondents to assess the statement. Popularity 
index can vary from 0 to 1. A statement is more important to respondents if the 
popularity index (PI) is closer to 1.

The data were processed by the computer program SPSS (Statistical Package 
for Social Sciences). Statistical methods were applied to analyze and interpret the 
survey results: the strength of links between particular statements was assessed by 
calculating the correlation coefficients; the difference of results between students’ 
groups and the genders was assessed by statistically testing the parametric hypothesis 
of equality of the two groups (T-test). For a more detailed assessment of results 
and a more obvious interpretation of them, factor analysis of the statements of the 
questionnaire was applied. It gave an opportunity to reveal the internal structure of 
the questionnaire. Factor analysis was performed by the main components. For the 
exclusion of significant factors VARIMAX rotation on the basis of the correlation 
matrix was used.
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Research Results 
The factor analysis of the questionnaire has reduced the number of primary 

statements, without losing the essence of information about the object under study. 
Thus, a part of statements have composed two interpretable major factors explaining 
65.3% information of questionnaire. Both of these factors describe different 
approaches to learning: 

•	 "meaning orientation" factor indexed by the subscales concerned with 
deep approach, inter-relating ideas, the use of evidence and logic, intrinsic 
motivation and comprehension learning; 

•	 "reproducing orientation” factor indexed by the subscales concerned with 
surface approach, syllabus-boundless, fear of failure, disorganized study 
methods, negative attitudes to studying, globetrotting and improvidence. 

The results of factor analysis are presented in Table 3.  

Table 3
The results of factor analysis of the statements of the questionnaire

Statement PI
Corre-
lation 
with 

factor

Power 
descri-

bed 
by the 
factor

First factor: deep approach to learning, PI = 0.47
Trying to associate new learned material with what I already knew 
or with the knowledge from other subjects.

0.58 0.79

31.7 %

I am trying to figure out the meaning of what I was asked to learn.  0.56 0.76
Studying by asking a friend and vice versa. 0.39 0.76
Often try to learn more about subjects of interest to me, raised in 
a lecture.

0.35 0.74

Trying to understand new material often associate it with life 
situations. 

0.47 0.72

Draw diagrams, charts, tables to more clearly understand the 
content of the subject. 

0.45 0.69

Second factor: surface approach to learning, PI = 0.67
I feel that I should be more focused, wanting to memorize new 
material.

0.75 0.77

33.6 %

Based on the textbook and notes, I try to learn by heart as much as 
possible.

0.52 0.75

I learn for the exam to get a good grade. 0.72 0.73
Regularly and consistently begin to learn when the exam is close. 0.77 0.70
Seems I remember facts and formulae, but a general picture out of 
them is hard for me. 

0.66 0.69

Enjoyable to learn the material with more facts than the theory. 0.57 0.68

Results of the research show that in the group of respondents the surface approach 
to learning is more expressed than the deep approach. Total popularity index of deep 
approach to learning is PI (DA) = 0.47, and of surface approach – PI (SA) = 0.67.
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Conducting T – test analysis, we have obtained a significant statistical difference 
between male and female in expression of deep approach to learning of (zero 
hypothesis Н0 of equality of the average rejected; the significance level p < 0.001; 
t = -4.38). Deep approach to learning of males (PI (DA) = 0.51) is stronger than 
females (PI (SA) = 0.38).  Significant statistical difference in the expression of surface 
approach to learning between males and females is not observed.

Determining the effect of age (study year) of students on approach to learning, 
statistically significant difference was obtained between the expressions of approaches 
to learning on the first and fourth years (zero hypothesis Н0 of equality of the average 
rejected with p  <  0.001, t = -7.51 for first year students, t = -3.82 for fourth year 
students). These data are illustrated in Figure 1.

0,51

0,41

0,62

0,73

0 0,2 0,4 0,6 0,8

IV

I

Surface approach

Deep approach

Figure 1. Approaches to learning of I and IV study year students.

Figure 1 shows that among first year students surface approach to learning (IP 
(SA, 1st year) = 0.73) dominated, while the deep approach is expressed rather weakly 
(PI (DA, 1st year)  = 0.41).  Among fourth-year students the difference between 
the approaches is reduced (IP (SA 4th  year) = 0.62) and PI (DA 4th year) = 0.51),  
although the surface approach is more expressed. This means that the age of students 
(study year) has influence on the approach to learning. During studies students gain 
experience in learning, master the skills of conscious learning, understand better and 
interpret the value of new knowledge.

To determine the relationship between learning outcomes and the approach to 
learning, the correlation coefficients were calculated. It was obtained that between 
students’ learning outcomes and approach to learning there is a statistically 
significant relationship (Spearmen rank correlation coefficient is 0.52, significance 
level p =	0.01).  

The group of investigated respondents was divided into three different groups of 
achievement: high, medium and low. This was done in order to gain more detailed 
analysis of the approach to learning on aspects of academic results. T – test analysis 
showed a significant statistical difference in the expression of an approach to learning 
between the groups with high and low achievement (zero hypothesis Н0 of equality 
of the average rejected with p  <  0.001, t = -3.62 for deep approach, t = 4.47 for 
surface approach). Deep approach to learning is most clearly expressed in the group 
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of respondents with high-achievers, and the surface approach – with low achievers 
(Figure 2). A statistically significant difference in the approach to learning between 
groups of medium and high achievement is not received. 
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0,75

0,62

0,58

0 0,2 0,4 0,6 0,8

Low
achievement

Medium
achievement

High
achievement

Surface approach

Deep approach

Figure 2. Approach to learning in different groups of students.

It can be said that between the approach to learning and learning outcomes 
is a direct relationship. Students, who express a deep approach, get better grades. 
Conversely, students with a superficial approach to learning get worse grades. 

Correlation analysis showed that students, who express a deep approach to 
learning, purposefully chose the specialty (correlation coefficient 0.749, significance 
level p = 0.01), but not because of low competition (- 0.676, p  = 0.01), they have their 
own vision of the future (0.448, p  = 0.01), are more motivated for learning (0.492, 
p = 0.01), hoping for more interesting work (0.448, p  = 0.01) and a higher position 
in society (0.373, p = 0.05).

Students expressing surface approach to learning tend to have fun student years 
(0.423, p = 0.05), they often think that they are unable to complete studies (0.675, 
p = 0.01), they worry during the exam and forget even what they knew well (0.425, 
p = 0.01), but the dominant reasons of studies – to receive the diploma of university 
(0.561, p = 0.01), and high requirements of educators (0.428, p = 0.01).

Conclusions: 
•	 It is necessary to have criteria and indicators for research of cognitive activities in 

order to assess the effectiveness of teaching/learning and to identify strategy for 
improving it. Compiled questionnaires can be used as an evaluation tool because 
it gives direct information about the reaction of students to specific curricula and 
their methods of teaching.

•	 Research shows that in the studied group of students deep approach to learning 
is expressed weakly. This is most evident for first-year students. The difference 
between the approaches to learning is reduced for graduate students, although 
the surface approach is more expressed. So, the age of students (study year) 
affects the approach to learning. Studying students gain their experience, master 
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the skills of conscious learning, better understand and comprehend the value of 
new knowledge. 

•	 There is a statistically significant difference in the expression of deep approach 
to learning between males and females in the study group of respondents (SU 
Faculty of natural Sciences). The young men more than the young women 
expressed deep approach to learning. Statistically significant difference in the 
expression of surface approach to learning between the young men and young 
women is not observed.

•	 It was found that there was a direct connection between the approach to the 
studies and its results. Students, who have deep approach, get higher grades. 
Conversely, students with surface approach to learning get worse results. This 
means that what students learn is closely linked with how they are learning. The 
deep approach is associated with better results and higher grades.
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Abstract
The general secondary education standard of the chemistry subject stipulating that students 
would also acquire scientific inquiry skills has been in effect in Latvia for three years. For the 
purpose of identifying students who have acquired the modernised curriculum in compliance 
with the new standard, as well as the achieved level and problems of acquiring the scientific 
inquiry skills, results of 891 students in the centralised examination (СE) in Chemistry in 2011 
were analysed. The students’ success in carrying out separate steps of the scientific inquiry and 
the differences between schools with different experience in applying the scientific inquiry 
were assessed. 
The examination results prove that student research activity is being implemented in schools 
of Latvia. However, the scientific inquiry skills of students are not sufficient, as students 
experience difficulties, for instance, in describing the process of an experiment. The results of 
students prove that organisation and management of the scientific inquiry in the teaching and 
learning process should be improved, and development of the teacher professional competence 
is required for the purpose of ensuring implementation of the national Standard requirements 
in chemistry.

Key words: centralised examination, scientific inquiry skills, scientific laboratory work, 
teacher’s professional competence.

Introduction
A rapid change of educational paradigm is taking place over the last decades. 

From “knowledge-oriented” education it is transforming into the education aimed at 
formation of a competent individual with the characteristic functional comprehension 
(Trowbridge, & Bybee, 1996). 

One of the purposes for changes is to alter the approach for the process of 
acquiring chemistry in a way that makes the student a more active participant of 
the study process (Osborne, & Dillon, 2008). One of the ways for active involvement 
of students in the teaching and learning process, in its turn, is the scientific inquiry 
when students employ the scientific world research model adapted according to the 
current didactical requirements for acquiring a subject. That means that a student is 
provided with the possibility to work as a scientist (Atkinson, 1990), to develop the 
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scientific inquiry skills, i.e., asking, planning, creating an experiment,  formulating 
hypotheses, observation, making experiments, drawing conclusions, etc. This changes 
essentially both the content and its methodological provision.

Since 2005, under the educational reform in Latvia, the new chemistry subject 
standards were devised both in elementary and general education (Regulations no 
1027, 2006 and no 715, 2008 of the Ministry Cabinet of the Republic of Latvia). The 
new subject standards contain a curriculum component “Scientific Inquiry” which 
implies the requirement of developing the following student skills in the teaching 
process of chemistry:

•	 formulation of the research problem and work planning,
•	 data obtaining and registration,
•	 data processing,
•	 data analysis and evaluation,
•	 communicative activity and cooperation.
With the financial support from the European Union for the project "Curriculum 

Development and In-service Training of Teachers in Science, Mathematics and 
Technology" (2005-2008) a countrywide work has been performed in 50 schools of 
Latvia (pilot schools) for the teachers to acquire the competence in research based 
management of the teaching and learning process. Student study materials and 
teaching aids for teachers have also been devised and piloted in order to introduce a 
common approach for developing the scientific inquiry skills of the secondary school 
students in all scientific subjects and mathematics (Project "Curriculum Development 
and In-service Training of Teachers in Science, Mathematics and Technology", 
2008). 

In 2011, the centralised examination in chemistry was taken by 891 students who 
had acquired the modernised curriculum under the new educational standard (The 
centralised examination in chemistry, 2011), demonstrating, inter alia, the acquired 
scientific inquiry skills. We are going to analyse the students' performance in solving 
scientific inquiry tasks in the centralised examination in chemistry, the examination 
results, and problems in acquiring the scientific inquiry skills and – in our view – 
their solution possibilities.

Methodology of Research
The study provides a summary and analysis of the results of scientific inquiry 

tasks in the state centralised examination in chemistry.
The following scientific inquiry tasks were included in Parts 2, 3 and 4 of the 

centralised examination:
Task 1 of Part 2 contained several test questions where the variable (1_1), the 

research problem appropriate to the situation description (1_3) and the hypothesis 
appropriate to the situation description (1_5) had to be selected as the correct 
answer; 

Task 3 of Part 3 (3_3) – a completely open task (see Table 1), and
Part 4 (4) consisted of protocols of two laboratory works carried out individually, 

in pairs or small groups during the study year. In addition, the assessment of 
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students’ practical work and protocols (see Table 2) filled out by teachers according 
to certain criteria (from 4_1 to 4_12) was submitted. This part was reassessed by the 
CE assessors – experts. note that only the highest assessment was considered by the 
experts when assessing the same skill in both protocols of laboratory work.

Table 1 
Fragment of task 3_3 of the CE in chemistry 

Task content Points

Read the text and do what is required.  
Situation description. 
Milk is a mixture containing many different substances, including, protein, amino acids and 
lactic acid. The concentration of amino acids varies in fresh milk and cultured products because 
it is gradually changing during the acidification process.
1. Formulate the research problem using the information provided in the situation 

description!
1

2. Formulate the hypothesis, including the independent variable, dependent 
variable and justification!

3. Independent variable 
Dependent variable 
Hypothesis with justification

2

4. Plan an experiment for proving your hypothesis in a laboratory!
Substances and materials
Working process 

2
2

According to the system of open study levels in science subjects proposed by E. 
Hegarty-Hazel,  task 3_3 falls within the third level of discovery – the aim, ways and 
means, methods and the result are open (Hegarty-Hazel, 1990).

Table 2
Scientific inquiry steps of laboratory work under part 4 of the CE in chemistry  

Scientific action steps Points

Experimental action 4_1 Following the working process
4_2 Use of work accessories and substances 
4_3 Regulations and safety

2
2
2

Formulation of the research 
problem and work planning

4_4 Research problem/hypothesis and variables 
4_5 Work materials and substances 
4_6 Working process

2
2
2

Data obtaining,  registration and 
processing

4_7 Choice of the type of data registration 
4_8 Data registration
4_9 Data processing

2
2
2

Data and result analysis and 
evaluation

4_10 Analysis of the results
4_11 Experiment assessment
4_12 Conclusions

2
2
2

Tasks under Parts 3 and 4 of the CE in chemistry were assessed in levels 
according to certain assessment criteria, for instance, the experiment working process 
(see Table 3) was assessed in three levels. 
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Table 3
Assessment criteria for the scientific inquiry step “Working process” of task 3_3

Assessment criteria Points

Describing the sequence of activities for identification of variables using the 
chosen work materials and substances. 
The working process provides for a detailed description of the way of identifying 
the dependent variable (e.g., titrating, pH measuring).
 The sequence of activities is described in such a way that another person would be 
able to repeat the complete experiment).

2

Describing the sequence of activities incompletely (a step is missed, the sequence 
is not logical, the chosen accessories and substances have not been used).

1

Individual steps of the working process are written down or the described working 
process is not suitable for obtaining the data.

0

The data obtained from the CE in chemistry were processed by the Statistical 
Package for the Social Sciences (SPSS), Item and Test Analysis Program – ITEMAn, 
and data processing programme Microsoft Office Excel. 

Results of Research
Tasks under Part 3 of the CE measured the application of students’ knowledge 

and skills in nonstandard situations; one of them (3_3) is a scientific inquiry task. 
The results prove that the task created difficulties for students (performance 28.46%), 
although the students of the project pilot schools demonstrated higher results 
(performance 34.46%), if compared with the results of students from other schools 
(performance 25.58%).

A more detailed analysis of the task 3_3 results proves that students have 
acquired the scientific inquiry skills unevenly. For instance, 89% of the students 
succeeded in formulation of the research problem, and the skill of describing the 
experiment working process, on its turn, has been acquired at a very low level – only 
5.5% performance (Figure 1).

Figure 1. Results of the scientific inquiry task 3_3 of the CE in chemistry.  
(Volkinšteine, Logins, & Švirksts, 2011). 
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Students demonstrated very high results in Part 4 (laboratory work) of the 
CE – the general countrywide performance varied from 61% to 91% (Figure 2). The 
students of pilot schools demonstrated higher results, comparing with the students 
from other schools (Figure 2), also in this part of the CE.  

Figure 2. Results of part 4 of the CE in chemistry. 

The assessment of students’ scientific inquiry skills is varying dramatically 
(Figure 3) – depending on whether students demonstrated their scientific inquiry 
skills by carrying out a laboratory work or solving the scientific inquiry task (3_3) 
during the examination. 

Figure 3. Comparison of the results of part 4 and task 3_3 of the CE in chemistry. 
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Students’ Ability of Formulating the Research Problem 
The research problem identification and formulation skill has been acquired at 

a high level. This is proven by the CE results: – 81 % of students chose correctly the 
research problem appropriate to the situation description (task 1_5), 89 % of students 
successfully formulated the research problem (task 3_3) (Figure 1). 

Some student formulations of the research problem under task 3_3:
•	 How does the concentration of amino acids change during milk acidification 

process?
•	 How does the concentration of amino acids depend from the concentration of 

lactic acid in milk?
•	 How will the concentration of amino acids change depending on the acidity of 

the environment?
•	 Does the concentration of amino acids in cultured products depend on 

temperature? 
Students also offered such formulations of the research problem that are difficult 

to prove experimentally: 
•	 Why does the concentration of amino acids differ in fresh milk and cultured 

products?
•	 How to determine the concentration of amino acids in a dairy product?
•	 How do different substances which are present in milk mixture affect the 

environment of the substance?

Students’ Skill of Choosing Variables and Formulating a Hypothesis 
The CE results prove that 81 % of students chose variables skilfully (1_1) and 80 

% of students chose the appropriate hypothesis correctly (1_7). Assessment of the 
scientific laboratory works (4_4) shows that 79% of the students have formulated 
the hypothesis correctly. Although the results of task 3_3 indicate on difficulties in 
hypothesis formulation – the students’ performance of 44% indicates that students 
are only capable of formulating a hypothesis sufficiently (Figure 1). 

Only 3% of students could formulate precisely the hypothesis in task 3_3, also 
indicating the justification, i.e., including the independent and dependent variable 
quantities, and thus achieving the maximum score. 

 note that the difficulty level of Part 2 tasks 1_1 and 1_7 and Part 3 task 3_3 
differs: the test questions are easier in comparison to the open task 3_3.

Some task 3_3 hypothesis examples from students’ answers:
•	 The longer time milk acidizes, the higher the concentration of amino acids will 

be therein, because proteins will hydrolyse more.
•	 The higher the concentration of lactic acid, the higher the concentration of 

amino acids, because protein denatures and peptide bonds disintegrate in acid 
environment – the more free amino acids are in the solution.

•	 The longer time a dairy product is acidized, the lower pH of its environment 
gets, the more increases the concentration of amino acids therein.

Let’s highlight some problems arising when students formulate a hypothesis. 



244 Chemistry

Such notions as “acidification process”, “bacteria”, “milk”, “milk content”, “degree 
of acidification process”, and “intensity of acidification process” have been mistakenly 
denoted as quantities.

More than 50% of students have not included justification in the hypothesis 
formulation, thus acquiring only 1 point from 2 possible, for example:

•	 The concentration of amino acids in milk will be higher in a warm room than 
in refrigerator.

•	 The more acidic the environment, the higher the concentration of amino 
acids. 

•	 If the concentration of amino acids is increasing in a milk mixture, the pH level 
decreases.

A part of students have not understood that a hypothesis is a prognosis providing 
an answer to the research problem. Some students have formulated a hypothesis not 
conforming to the research problem, e.g., the research problem is defined as: “How 
to identify the concentration of amino acids in a dairy product?” and the hypothesis: 
“Under equal circumstances, the concentration of amino acids in one product depends 
on time.”

Students’ Ability of Choosing the Required Accessories and Substances for Work 
Task 3_3 indicates that students experience difficulties in choosing the required 

accessories and substances for work – the performance is 11%, and only 4 % of the 
students chose suitable accessories and substances for work for examination of the 
proposed hypothesis, thus achieving the maximum score. The students’ performance 
in carrying out task 4_5 was 86%.

The most frequent faults made by students in this task were incompletely chosen 
accessories and substances for work, or identification of the dependent variable 
quantity was impossible with the accessories and substances for work chosen by the 
students. For instance, students propose use of a non-existing device “amino acid 
sensor” without explaining in the working process, how it should be handled and 
what is measured by it. When planning the performance of titration, choosing the 
indicator is often forgotten, and when planning employment of the pH-meter, the 
use of distilled water and filter paper is not envisaged. Only few students indicate 
the volume and quantity of containers to be used, as well as the concentration of 
solutions.

Students’ Ability to Describe the Working Progress of the Planned Experiment 
Task 3_3 appeared to be very difficult for students – writing down the working 

process of the experiment for examination of the proposed hypothesis, where the 
students’ performance is only 5.5 %. Only 3 % of students received the maximum 
score for this task.

Problems observed: students do not describe in details how the independent 
variable can be identified, instead limiting the description with an indication, for 
instance “Concentration of amino acids must be identified”, or list separate steps of 
working process, or describe a working process inappropriate for obtaining the 
required data.
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A part of students describe the plan of actions very generally, for example, “...I 
am going to record and analyse data, and make conclusions on...” Very few students 
indicate precisely the volume of solutions to be used and envisage repetition of the 
experiment.

Conclusions and Discussion 
The analysis of the results of the CE in chemistry shows that in general the 

national standard requirement on developing students’ skills of carrying out scientific 
inquiry is being implemented in the schools of Latvia.

nevertheless, it can be concluded that students experience difficulties in 
formulating a hypothesis with justification, choosing accessories and substances 
required for the experiment and writing down the experiment working process, what 
indicates on the insufficient competence of the chemistry teachers in developing the 
students’ scientific inquiry skills. 

The results of the open scientific inquiry task and scientific laboratory works of 
the examination differ considerably. 

There might be several reasons for a higher assessment of the laboratory works – 
students carry out laboratory works during the teaching and learning process, when 
the knowledge required in the scientific inquiry work has been acquired recently. 
The work cannot be considered as carried out individually because students work 
in a classroom next to each other, in pairs or groups at the presence of the teacher. 
Usually students next to each other carry out the same laboratory work. Different 
versions of the work are not offered. The question whether a laboratory work 
should be considered as scientific inquiry is disputable because students have had 
the opportunity of familiarising with the blank protocol of the laboratory work a 
long time before carrying out the work, or in case particular steps of the work have 
already been discussed with the teacher. 

When solving a scientific inquiry task during the examination, students work 
individually and independently. Although this is not carried out in practice, when 
solving a task, a student must have a clear understanding about the practical 
performance of the work and follow the sequence for carrying out the steps of the 
scientific inquiry work.

It is possible that neither the reassessment procedure of the laboratory work 
protocols carried out by the CE experts is perfect. Other approaches should also 
be devised and piloted for more efficient and reliable measurement of the scientific 
inquiry skills of students when carrying out a laboratory work.

The higher results achieved by the students from the pilot schools indicate that 
the pilot school teachers can organise and manage the scientific inquiry of students 
in the most skilful way. This might be related to the close cooperation of the project 
experts with the pilot school teachers, which was oriented towards the development 
of appropriate competence, and to bigger experience of the pilot school teachers in 
organisation of the scientific inquiry.

The results of the CE in 2011 indicate that the scientific inquiry skills of the 
students of pilot schools are worse than at the end of the modernised curriculum 
approbation process in 2008, when the students demonstrated very good scientific 
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inquiry skills. For example, diagnostic tasks carried out in grade 12 proved that more 
than 70 % of the students had completely acquired the planning, projecting and 
experimental action skills (Volkinšteine, & namsone, 2010). That was achieved in 
2005-2008 by ensuring a systematic and diverse cooperation of the project employees 
with teachers from 50 pilot schools, and by professional development workshops, 
individual consultations, discussions, lesson observation and analysis, as well as in 
other ways, ensuring acquiring professional competence for managing the teaching 
and learning process based on scientific inquiry, and did not permit ‘working the old 
way’. After 2008, only 12 pilot schools continued their participation in the project 
“Science and Mathematics” as approbation schools, and the teachers from these 
schools continued intensive development of their professional competence, including 
the competence of managing the teaching and learning process based on scientific 
inquiry. After 2008, the respective competence, developed during 3 approbation years, 
of the teachers from the rest 38 pilot schools, has not been sufficiently consistent. 

Practically all chemistry teachers of secondary schools in Latvia have attended 
professional development courses in 2006-2008, also involving classes on organisation, 
management and assessment of students’ scientific inquiry. However, the teachers 
mainly acquired knowledge about the essence of students’ scientific inquiry, its 
organisation and assessment at the courses. Adequate skills in organisation and 
management of students’ scientific inquiry work can only be acquired by actual 
planning of the teaching and learning process, by implementing and analysing the 
success and imperfections of the activities performed. 

The analysis of the CE results proves that a longer time is required for 
improvement of this competence in order to make these changes irreversible.  
Innovative professional development models should be found, ensuring systematic, 
permanent, and successive professional development based on teacher cooperation 
and self-reflexion. Besides, such student study materials and methodological teaching 
aids designated for teachers should be devised that are useful in the scientific inquiry 
based teaching and learning process. 

The analysis of the study results shows only trends in acquiring the scientific 
inquiry skills by the students because the CE in chemistry is not mandatory and is 
mainly taken by students for whom the examination is a precondition for starting 
their studies in a university. For the purpose of making conclusions on acquiring 
these skills in all secondary schools of Latvia, a wider study should be carried out, 
e.g., by organising a monitoring system for the scientific inquiry skills.
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«I concern to those who are convinced of great beauty of a science: the 
scientist in the laboratory, not only the expert. It as well as the child facing 
natural phenomena which amaze it as a magic fairytale. We should manage 
to tell others about these feelings. We should not be reconciled with the opinion 
that all scientific progress is reduced to mechanisms, cars, tooth gearings 
though they themselves are beautiful. 

The Science is a basis of any progress facilitating life of mankind and 
reducing suffering» 

Maria Sklodowska-Curie

Abstract
On the one hand, women are actively involved in various fields of activity, including science. 
However, the position of women in the society, the presence of displays of a gender inequality 
in it, leaves traces on the possibility of the woman to realize herself in science. Thereby one 
of the problems of the 2011 proclaimed by the United nations as A Year of Chemistry is the 
necessity of creating conditions for more active attraction of women in science taking into 
account the specificity of women‘s life experience and «women‘s culture» as a whole. 
On the other hand, increasing the representation of women in science at various levels of 
its implementation contributes to the transformation of scientific activity. Due to women’s 
involvement in science such qualities as emotionality, sensuality, intuition, orientation to the 
usefulness, desire to preserve nature and others appear in science. There are authors who, in 
response to this kind of transformation, talk about the possibility of «women’s science».

Keywords: chemistry, gender, science, «women‘s culture», women‘s life experience, «women‘s 
science».

Introduction
It is possible to consider the XX century as a century of a women’s exit beyond 

the limits of «the house world» and break in various spheres of public life.  What the 
women as a half of mankind throughout history could dream only has come true. 
More recently, in the end of the XVIII century, the known French feminist of the 
times of Great French revolution Olympia de Gouges presents ideas about women’s 
rights in the «Declaration of the Rights of Woman and of the Citizen» (Gouges O. 
de) shocking the man’s community and the English writer Mary Wollstonecraft in 
the work «A Vindication of the Rights of Woman», written in 1792 (Wollstonecraft, 
1992), presents the first feministic project in the history of philosophy. Without them 
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the success of eminent women of the XX century would be impossible. Thereby in the 
end of the XVIII century owing to the circumstances which have developed to that 
moment the occurrence of feminism both as a new social movement in protection 
of the rights of women, and as a new direction in philosophy and humanities was 
possible. Carrying out the scale criticism of culture, the feminism influences not only 
public consciousness, but also the various social institutes providing the organization 
of public relations. Much from this innovation that has entered the life experience 
of the modern women became possible thanks to feminism. However, the problems 
connected with the representation of women in the public sphere of relations, having 
ceased to be obvious, still remain today. 

Theoretical analysis
Public systems can be differentiated in many ways: all depends on the classification 

basis. If to put the representation in public system the interests of people depending 
on their sex as a starting principle it is possible to speak about the matriarchic and 
patriarchic types of a society. Matriarchy was historically first and remained in the far 
history. The majority of modern societies are carried till now by lines of patriarchy, 
and the women’s culture remains «in the shade». Cases when the woman entered the 
public life under a man’s name are known: the French writer George Sand (Amandine 
Aurore Lucile Dupin), the English writer George Eliot (Mary Ann Evans) to name 
just some. 

However, the women’s role in the history of human community is great. Russian 
doctor n.I. Pirogov  wrote about this: «…Let them realize that they (women – 
E.I. Yanchuk), caring for the cradle of man, in establishing the game of his childhood, 
teaching his mouth to chatter and the first words and the first prayer, are the principal 
architects of the society. Cornerstones are placed by their hands ...» (Pirogov, 1985, 
p. 51). 

Women provide important making of human lives: life, economy, education, 
examination. Thus is in science, too. It’s impossible to consider this cultural 
phenomenon irrespectively of women’s presence in it. Degree of women’s participation 
in science, certainly, can be various. They are mothers, sisters, girlfriends and the wives 
of scientists involved in the decision of household problems and by that providing 
«backs» of research activity of their loved ones. Without their invisible at first sight 
participation a destiny of men-scientists could develop differently.

Quite often women took an active part in scientific researches, became faithful 
companions of their husbands, and rendered active help and support in their scientific 
activity, growing in this field as quite independent researchers. Marie Sklodowska-
Curie shows such an example. But she has predecessors. That is, for example, Marie 
Anne Lavoisier, the spouse and the colleague of the well-known French scientist who 
has lain the basis of modern chemistry in the XVIII century. If to look at his scientific 
activity from a modern perspective it is easy to notice that Maria Lavoisier took not 
simply a keen interest in scientific work of the eminent spouse, but was also his 
active assistant, the translator, the secretary and the assistant in laboratory practice, 
the designer of the books written by him in chemistry. Being «the right hand» of 
Lavoisier, «the father of modern chemistry», Marie became, according to a number 
of authors, «the mother of modern chemistry» (Eagle & Sloan, 1998).
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«The women’s image» of chemistry is a question about chemistry, instead of about 
natural sciences or science as a whole. Chemistry occupies a special position among 
natural science disciplines. Being empirically loaded, it relies on the theoretical 
foundation of modern physics and mathematics. Thereby in chemical research various 
ways of studying substances and their transformations that demand a complex use 
of various cognitive abilities of the person strongly intertwine. Some of them are 
rational and traditionally associated with men’s cognitive practices. Others, based on 
sensuality, – with women’s… As a result the men’s model of cognition is characterized 
by analytics, rationality, abstractness, objectivity. They are well-known as «cogito» 
in Descartes’s sense and make the epistemological basis of classical and modern 
science. The women’s model is an irrational field of senses; it is the emotionality 
and empathetic participation that is added to nature, to the object of the scientific 
analysis. Quite often such a position served as the identification of male and scientific 
thinking: they see in scientific abstractedness the manifestation of men’s alienation 
from nature and the main tool of alienation from women. The women’s culture and 
science according to it is cooperative rather than competitive, bringing up, instead of 
maintaining, focused on the general survival, instead of on a particular interest.

«The women’s image» of chemistry can be looked upon in a double way. On the 
one hand, the contribution of the well-known women-chemists to the development 
of the given branch of the knowledge, awarding of nobel Prize represents interests. 
On the other hand, the so called, “women’s nature” can be found in the tools of 
chemical knowledge and practices that are ambivalent by nature.

1903 … only two years have passed from the moment of nobel Prize award, 
and a woman became the winner of this honorable award: Marie Sklodowska-Curie 
together with her husband Pierre Curie receive the award for their achievements in 
physics.

1911 … Maria Sklodowska-Curie is once again acknowledged by a high award, 
this time for achievements in the field of chemistry. The internet archive of nobel 
Prize winners (All nobel Prizes, 2011) gives us the list of names of women who have 
received this high award for achievements in various fields of knowledge and kinds 
of activity. It is worth mentioning that spheres where women’s abilities have been 
applied and noted by the nobel Committee, are various and nontrivial. These are 
physics, chemistry, medicine and physiology, literature, economy, and also activities 
in defense of peace. In different years, 41 times the Prize was awarded to women, and 
twice – to Maria Sklodowska-Curie. Thereby she became the first twice: both the first 
woman-scientist, and the first woman-scientist-chemist among the nobel winners.  

Her name opens an important page in the history of chemistry. Maria Sklodowska-
Curie is awarded the high award in recognition of her services to the advancement 
of chemistry by the discovery of elements- radium and polonium, by the isolation 
of radium and the study of the nature and compounds of this remarkable element. 
In 2011 the mankind has crossed the centenary boundary separating it from this 
event that is significant not only for science. 2011 is declared by General Assembly of 
the United nations as the International Year of Chemistry. Maria Sklodowska-Curie’s 
merit in it is doubtless.

After Marie Curie the name of her daughter – Irene Joliot-Curie – should be 
named. In 1935 she was awarded the nobel Prize for her research in recognition 
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of the synthesis of new radioactive elements. Among the nobel Prize winners in 
chemistry there are names of two women-researchers. One is Dorothy Crowfoot 
Hodgkin, who received the award in 1964 for her determinations by X-ray techniques 
of the structures of important biochemical substances; in particular, it is the structure 
of a molecule of vitamin В12. The other one is Ada E. Yonath who received the nobel 
Prize in 2009 for her studies of the structure and function of the ribosome. 

It is worth mentioning that among five women-scientists winners of the XIII 
Annual Award of the program «L’Oreal UnESCO»-2011 «For Women in Science» 
two are the representatives of the chemical science: professor Faizah Al-Kharafi 
(Kuwait) for her researches in the field of corrosion, a priority problem for water 
purification and petroleum industry systems, and professor Vivian Ving-Vah Yam 
(the People’s Republic of China) for her activities in the area of light emitting materials 
and innovative ways of reception of solar energy (Outstanding women scientists…, 
2011).

Conclusion
The subjects of research projects show that the sphere of interests of women-

scientists-chemists is wide. Both fundamental and applied subjects are presented. 
Thereby women bring the powerful contribution both to the construction of modern 
chemical theories and to perfection of research, including their involvement in 
deciding important socially significant problems. They are organically twisted in the 
vital world and women’s life experience. And to whom if not to women should we 
address their consideration? It’s both foodstuff for mankind, and prospects of the 
development of public health services, and the creation of new materials for various 
needs, and preservation of the environment, and a sustainable development problem 
as a whole. 
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Abstract
The article describes the beginnings of teaching natural sciences in schools and how they 
gave a decisive push to the foundation of the Riga Polytechnic. It shows the extent of the 
influence of contacts with famous scientists. In the 19th century scientific developments and 
tendencies reached the Baltic Provinces quite fast. Many schools and the Riga Polytechnic used 
the German language, so it was a natural consequence to be in a regular contact and under the 
steady influence of Western European scientific developments. The explorations and scientific 
publications of natural scientists like Alexander and Wilhelm von Humboldt, Karl August von 
Baer, August Toepler, Karl August Möbius, Wilhelm Ostwald and others were known in the 
Baltic Provinces, some were personally known, the books of others were found in the libraries. 
Scientists in Riga were not only interested in their scientific subjects but also in the methods of 
teaching them. Without being in the main focus of interest theories and methods of didactics 
played an important role. 

Key words: 19th century, natural sciences in Riga, Riga Polytechnic.

The natural sciences in Latvia in the first half of 19th century 
If we speak about the beginning of teaching natural sciences at Riga Polytechnic 

we must remind ourselves what the situation of education in those days was in 
Courland and Livonia up to 1918 when Latvia became an independent state. The 
high schools (klassische Gymnasien) in the Baltic Provinces were focused on old 
languages as Latin, Greek and Hebrew but with the start of the industrialization in 
Riga there was an ever growing need for engineers whom you could educate only 
in polytechnic schools. natural sciences have an important role in the studies of 
engineers. In 1794 the first technical university was created in France under the name 
of “Ecole Central des Travaux Publics” (Central school for public works). One year 
later its name was changed to: “Ecole Polytechnique” (It still exists under this name).  
As until the middle of the 19th century there was no polytechnic school in Riga in the 
Baltic States, young students from Courland and Livonia had to go to study abroad. 
One of these students was Theodor Grothus (1785–1822) who went to Paris. He 
studied electrochemical phenomena. He became famous for his experimentations 
with electricity, electrolysis and photochemistry. A scientist is still regarded with 
respect for his achievements (Stradiņš, 1982, p. 23). Another contemporary scientist 
was David Hieronymus Grindel (1776–1836). He had studied natural sciences in Jena, 
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was professor of chemistry and pharmacy, for some years he was the rector of the 
university of Dorpat/Tartu. He was very successful in organizing natural Sciences. 
In 1803 he founded the first “Chemical Society” in Russia, to which Courland and 
Livonia belonged in those days (Vīksna, 1986, p. 56). There existed only one university 
in the Baltic Provinces where natural sciences were taught, it was the University of 
Dorpat. Outside this university only few scientists were interested in natural sciences. 
In 1815 in Mitau “The Courland Society for Literature and Arts” was founded. Many 
natural scientists participated in this Society and one can look at this society as a 
precursor for the actual “Latvian Academy of Sciences”. In 1845 the “Association 
of Researchers in natural Sciences in Riga” (naturforscher Verein zu Riga) and in 
1858 the “Technical Association in Riga” (Technischer Verein in Riga) were founded. 
These associations had their own periodicals where articles popularizing matters of 
natural sciences and some real scientific articles were published. As there was no 
polytechnic school in Riga at that time, these associations gave the organizational 
frame for the occupation with natural sciences at that time (Stradiņš, 1982, p. 28–
29). With the beginning of the industrialization in the regional center of Livonia, 
Riga, the engineers who worked there came from other parts of Europe where they 
had got their education, so the City Council of Riga decided to found a polytechnic 
school that would provide them with students with all the qualifications they needed 
for the benefit of the development of their city. They wanted to have engineers, 
architects, chemical engineers, machine builders, agricultural specialists, geometers 
and specialists in commerce.  They wanted them to study in Riga and they wanted 
to have them for the purposes of Riga, the Baltic States and the Russian empire. This 
polytechnic school was founded 150 years ago and this research has been done to 
clear the field for the jubilee.  

Riga Polytechnic in the 19th century
We analyze today the work and teaching of natural sciences at Riga Polytechnic 

(Polytechnikum zu Riga) from a historic point of view.  The activities of the oldest 
university in the territory of Latvia and the oldest Technical University in the Baltic 
States are analyzed with hermeneutic methods.  150 years ago scientists began to 
prepare educational programs for lectures to be given at the Riga Polytechnic and as 
the University is preparing for this important anniversary we want to speak about 
this more in detail. 

In 1861 the Tsar Alexander II signed the statutes of founding Riga Polytechnic; 
however, some problems had to be solved. There were no students who had the 
necessary qualifications to be enlisted in the Polytechnic School; they lacked advanced 
knowledge in mathematics, physics and chemistry, so the polytechnic started with 
a preparatory school in natural sciences. There was a private school (Bornhaupt-
Schule) which organized special courses which prepared future students and the 
Riga Cathedral School (Domschule) in 1861 changed its courses to concentrate on 
natural sciences, so that those who finished this type of school (Real gymnasium) 
were prepared to enroll in the Riga Polytechnic. 

The process of learning was structured in a way that it came nearer to praxis 
and reality. The school department of the town of Riga which was open to new 
developments and modernization had taken the decision to found a polytechnic 
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school called (Riga Polytechnic), which had been founded to provide qualified 
specialists as architects and engineers for the building activities which started in 
Riga and its suburbs, especially the construction of roads, bridges, railroads, train 
stations and industrial centers which sprung up everywhere.  To enroll at the Riga 
Polytechnic the students had to show what qualification they brought with them 
in subjects like mathematics, physics, and chemistry. So the Riga Cathedral School 
had to be changed into a “Real gymnasium”. This was decided even to the strong 
resistance of the “philological monopolists” as they were called but it was necessary 
to compromise with them (Ostwald, 2002, p. 15–16).

When the Riga Polytechnic started its activities in 1862 natural sciences and 
mathematics were the most important subjects. As the “Real gymnasium” could only 
provide pupils with enforced natural sciences as early as 1863 the question arose what 
to do in the meantime. So to get the pupils qualified who were interested in studying 
at the Riga Polytechnic a preparatory school was founded which gave them in a short 
period of time the necessary knowledge to start their studies. Only students who 
came from the Real gymnasium or from the private gymnasium who had learned 
these subjects were able to be admitted directly. So the Riga Polytechnic started with 
quite a small number of students (16 in 1863). The Riga Polytechnic needed qualified 
teachers / professors for the start of its activities. They came from Dorpat which was 
part of the same Livonia Province and had a university which was founded in 1632 
by Gustav Adolf, King of Sweden, or they came from abroad where they had studied 
natural sciences. As the language of studies was German at these times, there was no 
difficulty to get German speaking and qualified teachers and professors to come to 
Riga.

The first rector of the Riga Polytechnic – his function was called “Director” at 
that time – was Ernst nauck (1819–1875). He came from Germany and became 
professor of physics, chemistry and mineralogy. His occupation with students, his 
administrative activities and his participation at sessions with scientific associations 
left little time to be invested into research in the real sense of the word. He came 
to Riga with quite much experience in research and pedagogy. He had studied 
at the University of Berlin and had been prized for his geologic and geognostic 
research by the German scientist Alexander von Humboldt (1769–1859) (Frooben, 
1884, p. 272). As A. von Humboldt was very well known all over Europe and even 
beyond, so he was well known in the Baltic provinces, too. The professor of the 
Riga Polytechnic, the natural scientist Jegor von Sievers (1823–1879) knew A. von 
Humboldt personally and had worked with his publications (Sivers, 1860, p. 356). His 
brother, Wilhelm von Humboldt had developed a conception for universities which 
consisted of combining research and teaching (Einheit von Forschung und Lehre) in 
one institution, so that education could profit from the high standard and practical 
orientation of the researchers. His ideas had a great impact on the development 
and structure of the Riga Polytechnic. Further influence was exerted by the good 
model of the Karlsruhe and Zurich Polytechnic, founded in 1855, which became 
the models for the Riga Polytechnic (Briedis, 2002, p. 5, 36).  Programs, textbooks 
and even teachers and professors came from these Universities to Riga. Chemistry 
was influenced by the professor Pompejus Alexander Bolley (1812–1870) who had 
organized the department of technical chemistry at the Zürich Polytechnic. natural 
sciences at Riga Polytechnic were formed by such important professors as August 
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Toepler (1836–1912) who cared about the theoretical and experimental physics and 
by the professor of chemistry, Wilhelm Ostwald (1853–1932) who was born in Riga, 
was the pupil at the Cathedral School, studied in Dorpat, came back to Riga as a 
professor and later became a professor in Leipzig/Germany where in 1909 he got the 
nobel Prize for his research.

The first rector of the Riga Polytechnic Ernst nauck has explained in 1869 in his 
speech at the inauguration of the new building of the Riga Polytechnic (now the main 
building of the University of Latvia) the importance of the natural sciences and the 
need to teach them. “The polytechnic schools are creations of our present time; they 
are caused by the progress of the scientific knowledge about nature and by the use of 
this knowledge about these forces of nature in the service of mankind. The success 
of natural sciences has to do with the application of the right methods. A century 
has not passed yet that natural sciences have completely taken the direction that has 
been shown by this great man Galileo Galilei, who 300 years ago dared to stand up 
against the belief into (religious) authorities and who erected his theories on the solid 
ground of observation and experiment. By the ever broader application of mechanics 
on the observed facts, a thorough understanding, an intellectual perception, a logical 
connection of the observed matters has become possible. It is the mechanics reposing 
on a strict mathematical method by which the observation of nature became natural 
sciences and this youngest science was able to step with full self-confidence into the 
circle of its older sisters. Due to the progressive knowledge about nature the quantity 
of the scientific material has grown enormously in the last half of the century which 
closes in these days and which will be called in future centuries, the century of the 
great Humboldt, the quantity has grown to that amount in width and in depth that an 
ever ongoing diversification of scientific work had to take place. This separation into 
working teams became necessary because of the growing importance of the natural 
sciences. Independently from universities the necessity for polytechnic schools arose. 
The successes of natural sciences became so important for our real life, yes, they have 
created such a change in the real life situation of every one of us that we could not 
have imagined in our most daring dreams. Through our diverse machinery which 
is in a state of permanent development it has become possible, to maximize the 
production and the gifts of nature. Hard work is now given to machines which are 
working with the forces of nature, so that humans are free to do more intellectual 
work, which is now posing higher demands than before. Since the humanity took 
into service vapor and lightning to ease our life, a spiritual and material progress, a 
change in all our ways of live has taken place, as it never had happened in the lifetime 
of  mankind before” (Lecture, 1869).

It is interesting to mention that some of those, who were teachers or professors at 
the Riga Polytechnic were teachers at the Cathedral School or the Stadtgymnasium in 
Riga, too. Thus the teachers knew better what the pupils had to know if they wanted 
to study at the Riga Polytechnic and they were able to prepare them better. Teachers 
at the Stadtgymnasium had their own publications and made their own research. 
So the teacher in physics Herrmann Pflaum (1862–1912) had experimented with x 
– rays (Röntgenstrahlen) for the first time in this Russian Province just three weeks 
after W.K. Röntgen did so. He was aided in his experiments by a former pupil, H. 
Rautenfeld (Stradiņš, 1982, p. 219). Mr. Pflaum taught at the Riga Polytechnic, too.
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 All possibilities were given then for good teaching, though it is always possible to 
imagine better laboratories and illustrative material. In 1885 the Riga Stadtgymnasium, 
for instance,  had a collection of apparatus for physics and a rich collection of natural 
history specimen (Schweder, 1885, 100–101). The Riga Polytechnic had laboratories 
which were very well equipped and collections of natural history specimen. On the 
roof of the main building they had an astronomic observatory, which had been 
built following the example of the Zürich Polytechnic School and on the front of 
the building one can see the symbols of arts that were taught and among them the 
natural sciences – physics, chemistry, astronomy and geodesy. In 1896 when the Riga 
Polytechnic was reorganized into the Polytechnic Institute, a special building was 
erected in 1900 for the faculty of chemistry, experimental station, the collections for 
zoology, botany and mineralogy on Puschkin Boulevard 4 (now Kronwalda Boulvd. 
4). There was much more space for laboratory activities. The Riga Polytechnic was 
one of the first buildings in Riga which in the second half of the 19th century was 
connected to gas, which was very important because with gas it became easier to 
work in the laboratories. 

All instruments and the equipment of the laboratories were bought or given as 
gifts but sometimes the professors themselves produced them. So Wilhelm Ostwald, 
who later got the nobel Prize, made some instruments and apparatus himself. 
Among them, we can mention “Oswald’s oven”, “Oswald’s viscosity meter” and other 
instruments. As these instruments were produced to be used in experiments or for the 
teaching process they were more useful for the intended application, they made the 
teaching process more productive and more understandable. The aim of his lectures 
was to be logical, understandable, delivered in a clear voice and in a not too fast 
tempo (Grosvalds, 2001, p. 26–27). Other professors were also working on inventions. 
So the professor of astronomy and geodesy in the Riga Polytechnic Alexander Beck 
constructed some astronomic instruments on his own, for instance, the so called 
“nadir instruments” (Briedis, 2002, 190). At the Riga Polytechnic students had to 
learn much and with practical application. Education at the Riga Polytechnic was 
comprehensive. The former student of chemistry Jānis Dāvis described the situation 
at the start of the 20th century by calling the studies of engineering “encyclopedic”. 
The goal of the studies was that once the engineer had his diploma he should be able 
to solve all the problems and complications that could arise in a factory by himself 
(Dāvis, 1962, p. 9–10). The situation in the 19th century was like this and so it had 
become a tradition in the 20th century. The teacher Jānis Andrejs Burtnieks, who 
worked in the 20s of the 20th century in different schools in Riga and in the institute 
for the education of teachers, indicated that education followed too much the system 
of “encyclopedism”, a characteristic trend in Russia and that it was more important 
to work for a better understanding (Metuzala-Zuzena, 1990, p. 129). Teachers at the 
Stadtgymnasium (Real gymnasium) as well as the professors of the Riga Polytechnic 
read the latest literature on methods and didactics of teaching. They were in contact 
with some recognized scientists, among them the rector and professor of the 
university in Kiel/Germany, Karl August Möbius (1825–1908) (Correspondence). 
The German zoologist and ecologist K. A. Möbius asked for the education in natural 
sciences to be given in a clear and understandable language and the explication of 
the objects should be in all their complexity. His teachings in biology differed very 
much from the taxonomic method that had been practiced before. It was oriented 
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to the description and understanding of the biologic phenomena. The U.S historian 
Dr. Lynn nyhard of the University of Wisconsin calls Möbius a decisive motor of 
teaching natural sciences in the 19th century. His courses did not only take place in 
classrooms but also in the open air, in nature. Students at the Riga Polytechnic had 
many practically oriented lessons in the open nature, in the industries, in agriculture, 
at the astronomic observatory and elsewhere. Practical insights played a big role; 
there was no theory without practice and graphicness. The publications of Möbius 
were known in Riga. His books were in the library of the Polytechnic (Katalog, 1895, 
p. 160, 165). They are still in Riga, now in the library of the University of Latvia which 
inherited them when natural sciences became part of the courses of the university 
when it was founded in 1919 in the building of the Riga Polytechnic, which had been 
closed at the end of the First World War and they stayed there when Riga Polytechnic 
restarted its activities later.

In the library of the Riga Polytechnic all of the most recent and important 
scientific publications and journals on subjects of natural sciences were present. 
The library was already in the 19th century the largest scientific library in the Baltic 
Provinces though other libraries had a larger quantity of books and journals, but 
the library of the Polytechnic was more important for its scientific publications. The 
library of the Riga Polytechnic had many publications in all important languages of 
the world; there were many anthologies and even journals that were older than the 
Riga Polytechnic itself, for instance, “Les Annales de la chimie” (Paris 1789), “Annalen 
der Physik” (Leipzig 1824), Justus Liebig “Annalen der Chemie” (1832-1914), „Journal 
of American Chemical Society” (since 1863). The authors of textbooks and other 
scientific books were well known scientists, for instance, Svante August Arrhenius in 
1886 worked under Wilhelm Ostwald in the laboratory at the Riga Polytechnic. He 
got the nobel Prize in 1903. In the library of the Riga Polytechnic one could read the 
books of Marcellin Pierre Eugene Berthelot, Friedrich August Kekule von Stradonitz, 
Justus von Liebig, Dimitri Iwanovitsch Mendelejew and many others (Katalog, 1895, 
p. 27, 577).  One can also speak of Karl August Bear, the professor in Dorpat/Tartu 
known as a natural scientist, zoologist, embryologist, anthropologist, geographer, 
explorer and discoverer of the human egg cell. He had been called the „Alexander 
Humboldt of the north”.  There were also very famous books, like, “lower geodesy” 
(niedere Geodäsie) of the Austrian Professor Friedrich Hartner. Published for the 
first time in 1850, it became a textbook for engineers for the last quarter of the 19th 
and the beginning of the 20th century (Briedis, 2002, p. 185).

Since 1868 students could study at the Riga Polytechnic to become teachers 
(Programm, 1868). Although at their exams they did not get formal diplomas as 
teachers, a large number of alumni of the Riga Polytechnic later worked as pedagogues. 
The Faculty of Technical Chemistry educated teachers in natural sciences. A part of 
them later worked at the Riga Polytechnic and other universities in Russia, Germany 
and in other countries.

As natural sciences progressed, the learning programs at the Riga Polytechnic 
were adapted. new laboratories were developed. In 1862 only one chemistry 
laboratory and one small physics laboratory were installed, in 1864/65 a new building 
was erected to house some bigger laboratories for chemical experimentation and an 
agronomic experimentation station. In 1889 they got another laboratory for applied 
chemistry (technologische Chemie). In 1888 a new electro-technical laboratory was 
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installed by Engelbert Arnold (1856-1911). He was a famous Swiss electro-technician 
(Jubiläumsfestschrift, 1912, p. VI-IX). 

Every pedagogue has his own style of teaching. As teachers say, there is no 
universal method for teaching. In 1940 the teacher from Riga Mārtiņš Sliede wrote 
the following:”It is not enough that the teacher understands the matters he is speaking 
about, he must know teaching methods too,…, which make learning easier and reduce 
the time to reach the goal, but history of didactics shows that nobody has found an 
ideal and absolute method of learning yet, which would be useful for all matters. This 
is why I have not kept systematically to one method, instead I reflected on different 
methods and have then decided on methods and techniques which seemed more fit 
to the substance of the matter to teach, to the class and the faculties of the pupils in 
front of me and of their level of development” (Personal, p. 27). 

The swift development of natural sciences at the Riga Polytechnic
Before the final decision was taken to found a polytechnic school in Riga a group 

from Riga set out on a journey to visit the most important Polytechnic schools in 
Western Europe. They finally found out that the Polytechnic in Karlsruhe and Zurich 
corresponded best to the goals they had set. When the Riga Polytechnic finally started 
to work, studies were organized on a high level, experimentations in laboratories were 
provided and students were provided practical knowledge about the reality in the life 
of an engineer through organized visits to production sites near Riga. The progress 
in the teaching plans followed the progress of natural sciences as sciences. Taking 
chemistry as an example: If we look at the development of the courses in chemistry 
in the years 1862 to 1892 the development was as follows: In 1862 it started with 
common chemistry, in 1892 there were already the following subjects: experimental 
chemistry, theoretical chemistry, organic colours, encyclopaedic chemistry, physical 
chemistry, chemical technology, analytic chemistry (Program, 1892, p. 30-33).
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Abstract
The article is aimed at development of science process skills via implementation of inquiry 
based activities into primary science education. Particularly the article deals a problem of 
proper development of measuring skills at primary age. Measuring activities are used in inquiry 
based science education (IBSE) activities as a tool for making the constructed conclusion 
objective one. By proper use of measuring skills pupils can obtain data which can be used 
for constructing conclusion; the property of objectivity makes the conclusion the scientific 
one. The article is based on long-term observation of pupils while they have been trying to 
use measurement for testing their predictions in Fibonacci (www.fibonacci-project.eu) IBSE 
activities and suggests the ways of measuring skills development.

Key words: inquiry based science education, measuring, primary science education, science 
process skills.

Measuring skill development at primary science education
Measuring skills (in terms of inquiry oriented activities) can be successfully 

developed already in preschool age. In this age measuring skills development means 
mainly explanation of difference between a numerical value and an object property 
(Goldston, Marlette, Pennington, 2001). Pupils should implicitly understand that 
a numerical value represents measure of the object property; a numerical value is 
not an object property). A number has three different forms (Hejný, 1990): number 
as a quantum; number as an operator and number as an address. While preschool 
pupils perceive a number mainly as an address (i. e. number represents ordering or 
sequence), to use measuring in inquiry activities the children should understand 
a number in the form of quantum (Dray, 2001). 

The described imperfectness of pupils understanding of numbers is naturally 
flowing out of the way how the pupils observe, classify and think. Preschool children 
dedicate quite a lot of time to objects description by using different kinds of properties, 
i. e. variables (Tomkins, Tunnicliffe, 2001). In a case we offer preschool child many 
different objects and chose out of them a red cube, the child is able to describe 
the object by using the two mentioned properties (shape and color); moreover the 
preschool child is able to compare the cube with other objects and speaks about the 
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cube in terms of size (the cube is big; the cube is small). On the basis of this judgment 
we can reason that the pupil can use a comparative measurement. As a matter of fact, 
the pupil does not use a comparative measurement; the pupil has simply assigned 
another property to the red cube (Sterling, 1999; property of „largeness“; better said 
a presence or an absence of the „largeness“). The preschool pupils are able to assign 
the property of „largeness“ not only to actually observed and compared objects; they 
are able to compare an actually observed object and compare its size with previous 
experience with the same kind of objects (for example, in a case a pupil has previous 
experience with paper clips and its use and we offer him/her much larger paperclip, 
the pupil is able to describe the paper clip as big without actual comparison with 
other objects; even most of the actually observed objects are smaller than the giant 
paperclip). 

We can speak about two problems flowing out of the mentioned facts: 
p1 The preschool pupil perceives specification of the object size as an assignment 

of qualitative property (presence or absence of the property – e.g. object is 
red, object is not red; object is big, object is not big).

p2 The preschool pupils create subjective judgments based on the previous 
experience (e.g. about “largeness” of the observed object).

Add the first problem (p1)
In science we recognize qualitative and quantitative measurement. While the 

qualitative measurement means an identification of presence or absence of chosen 
variable (substance, property, etc.); the quantitative measurement is aimed at 
assignment of quantity of chosen variable – that is assignment of the variable value 
(Sterling, 1999; substance, property, etc.). In the already described case with the red 
cube, most of preschool pupils would create their judgments about the cube size 
by using qualitative measurement (indeed improperly), because they are not able to 
identify possibility of quantitative measurement yet. 

The development of qualitative measurement is dependent on pupils 
understanding of numerical value of a number. We can support the proper 
understanding by confronting the pupils’ qualitative judgments (Sterling, 1999). For 
example, we create two groups of objects. In the first group only small objects are 
assigned and the second group is created by objects expressly larger in comparison 
with objects in the first group. Further we take two objects of the same size (ideal 
identical objects – for example two red cubes) which are bigger than object in the 
first group and at the same time smaller than objects in the second group. One object 
is assigned to the first group and the second object of the same size to the second 
group of objects. In a case we ask pupils to speak about size of the red cube inserted 
into group of small objects, they compare the size and say the cube is big. With the 
same sized cube inserted into group of bigger objects the pupils again compare the 
size and say the cube is small. Further we can ask the pupils to compare the red cubes 
chosen from both groups of object and they are able to say that the cubes are the same 
size. The particular comparisons are particular situations and the pupils perceive it 
as particular judgments. That is why they do not feel any contradiction. Even they 
cannot feel any contradiction, by directing the pupils this way we can change the 
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imperfect qualitative measuring (the “largeness” is present; the “largeness” absents) 
to more accurate ordinal quantitative measuring. In a case we ask the pupils why they 
have been speaking about the red cube one time that it is big and the second time it 
is small, they are able to explain it the way how they think about it (for example, the 
red cube is bigger than a coin from the first group of objects, but on the same time it 
is smaller than book from the second group of objects). 

Further we can ask the pupils following question: What is the size of the red 
cubes? Are they small or big? In this case we make the contradiction explicit and 
we direct the pupils to use relational quantitative measurement. In this case we 
have to be careful to tend the pupils thinking process to become objective one. The 
judgments should stand not only on vague feeling or imperfect perception, but on 
the real quantitative measurement (Kahn, 2011; Rommel-Esham, 2007; Dray, 2001).

We can recognize few types of quantitative measurement, for example frequency 
measurement, sequential and relative (proportional) measurement. In preschool 
age we often speak about development of measurement in terms of development of 
comparison skills. It is like that because in preschool age you use to be aimed mainly 
at sequential quantitative measurement, which is called comparison or matching 
(Sterling, 1999; Colvill, Pattie, 2002). The sequential qualitative measurement 
designates which sample contains higher value of measured variable; eventually it 
can sequence samples according to increasing value of measured variable. To master 
this kind of measurement, the pupils need to recognize the variable and sequence the 
samples in order via using simple comparison without identification of variable value 
in particular samples. For example, the pupils do not need to measure color intensity 
and they are able to sequence red colored papers of different intensity in order. It 
means, the pupils do not need to understand number as quantum to use sequential 
quantitative measurement, even it depends on nature of the measured variable. 

Add the second problem (p2)
While preschool and primary pupils create judgments in inquiry activities, they 

usually use their previous knowledge without objective measurement. The result 
is that the judgments could become partly or completely subjective. Development 
of measuring skills in terms of inquiry based activities means mainly approaching 
toward objectivization of created judgments. For example, pupils are directed to 
understand meaning of universal measurement instruments (Bellamy, 1996; Buntod, 
Suksringam, Singseevo, 2010; Sterling, 1999). To develop the understanding we can 
use standardized measurement instruments, but better understanding can be reached 
by directing pupils to develop their own measuring instruments for specific variables. 
Sometimes this kind of inquiry task is quite easy for the pupils, sometimes it is too 
difficult; it depends mainly on:

• experience the pupils have with the variable they are going to measure; 
• how “tactile” the measured variable is;
• how the pupils understand the variable they are going to measure. 
It means that much easier the pupils create measurement instrument for 

measuring how long sprouts the germinated beans have in comparison to measuring 
how intense the voices of different birds are. It is like that because the pupils can 
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touch the measured sprouts, but they cannot touch the voice. They also already 
have previous experience with measuring the length, but they usually do not have 
previous experience with measurement of voice intensity. And at the last, concept of 
size is better interiorized in comparison to concept of sound (the results flow out of 
experimentally verified inquiry based activities aimed at development of preconcepts 
about germination and about sound in Fibonacci project in Slovakia). 

By “Fibonacci” experience we know that primary pupils are, for example, able 
to design measuring instrument for time measuring in a form of a pendulum or 
sand-glasses; some of them have been able to measure longer periods of time by 
using measurement of a sun-shadows length. The mentioned examples of measuring 
instruments have been created on basis of pupils’ previous experience obtained by 
attentive observation of everyday phenomena. It also means that precise observation 
in preschool age can help the pupils to handle inquiry based activities better. The 
pupils should be intensively directed to create own measuring instruments, as it is 
not so spontaneous process (Black, 2006). However, before this kind of activities we 
should lead the pupils into inquiry activities aimed at clarification of preconcept; 
which is going to become the measured variable (Wilke, Straits, 2005; Long, Kamii, 
2001). 

To stay in a form of inquiry activities and at the same time to ensure the pupils 
are going to pay enough attention to the process of measurement, we should direct 
the pupils to use measurement as a tool for verification of explicit predictions or 
hypotheses, i.e. the measuring process should not be self-purposed (Wilke, Straits, 
2005; Sevgi, 2006). 

Measurement is scientific in a case it is as much objective as is possible and at 
the same time it is research-aim oriented. This property can be perceived as evidence 
of developed measuring skill (Sterling, 1999; Colvill, Pattie, 2002). At first sight many 
phenomena look like running the same way until we try to compare them objective 
way by using measurement. Without using measurement, we often perceive specific 
situation as some kind of exception or we have tendency to speak about luck. For 
example, pupils are directed to set an experiment with germinative activity of corn 
seeds. They use 10 corn seeds immersed in tap water for one day and 10 corn seeds 
immersed in salt water for one day. Through measurement of germinative activity of 
the seeds they can obtain different results, even the teacher ensure the conditions of 
the experiment have been set appropriately. Pupils should measure:

• Results of the experiment (qualitative measurement: whether the seeds 
germinated or not; qualitative measurement by frequency: how many seed 
germinated; sequential quantitative measurement: which seeds germinated 
first; relative quantitative measurement: how long are spouts of seeds in two 
different groups of seeds after 10 days)

• Conditions of the experiment (for example air temperature)
• Conditions before the experiment (how much salt and how much water we 

have to use to prepare solution for corn seeds influenced by salt)
Only in a case the pupils have properly developed measuring skills they can 

approach to proper work with variables, which is inevitable condition for development 
of skill to set fair testing (Sevgi, 2006) in the real scientific experiment. 
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Interpretation as an essential part of appropriate scientific work 
with data 

When we speak about measurement skills in terms of IBSE activities, we 
should also mention particular skills of data interpretation, data explication and 
data inference. Even the mentioned skills are more about scientific communication 
(Tomkins, Tunnicliffe, 2001) than about the measurement as such; by discussing the 
topic we can better explain the meaning of measuring skills for successful development 
of scientific literacy through implementation of IBSE activities. 

Using graphs, tables, diagrams and other schematic figures represents typical 
forms of scientific expressions – all the mentioned forms are brief, bright, clear and 
systematic and they lead the researcher to identify a principle or create a generalization. 
Even the measurement provides essential data for the result construction, the quality 
of the final research result depends mainly on way how we are able to work with raw 
data (Sevgi, 2006; for example, how we are able to systematize the data and how we 
are able to search for variables relations in the data). It means that we can exclude data 
interpretation out of the measurement skill only on theoretical level (Colvill, Pattie, 
2002; Eshach, 2006). Practically they have to be developed together. We can illustrate 
it on an example of simple research task set for primary pupils. The research question 
is aimed at comparison of germinative activity of two different samples of corn seeds 
– one not influenced and one influenced by specific chemical substance (salt, alcohol, 
etc.). During the research pupils can find out that in both samples of seeds the same 
amount of seeds finally germinated. We can construct simple verbal conclusion based 
in this statement, but we are losing important data about germination process. By 
graph construction we can analyze the relation between time and amount of already 
germinated seeds. The research result can be further enriched by new particularities. 
For example we can read in the graph that most of the seeds in the first seed sample 
germinated in the 3rd day and most of seed in the second seed sample germinated 
later – on the sixth and seventh day. This can be interesting result, which can speak 
something about effect of chemical substances on the seed germination. Out of the 
graph we can find out how the process of germination proceeds in time. 

According to process of number conceptualization, we should start to direct 
pupils to create simple diagrams representing frequencies and their relations in a 
simple graphic form. They should further understand, that the graphic form of the 
results helps them create conclusion based on the measured data. They also develop 
their ability to read diagrams and graphs presented in books or by their teacher on 
science lessons. According to our experience with IBSE activities, pupils who were 
not directed to create own graphs were not so successful with reading data from 
diagrams and graphs from books. 

Further after mastering work with diagrams, pupils can start to work with 
correlation graphs which represent relation between two variables. Understanding 
relation of two variables is according to primary pupils’ cognitive level quite a difficult 
task. Concerning our experience with IBSE activities, only pupils of 3rd and 4th grade 
(9 – 10 years old) were able to work with data this way and only under the condition 
the teacher intensively directed the pupils to use and develop inferring skills.  
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Fig. 1. Example of graph.

To make the understanding of the variables relation easier, we suggest starting 
to work with inquiry activities where one of the measured variables is time. Time 
flows constantly and in many cases we do not need to search for specific way of 
its measurement. For example, pupils can measure the time in day’s unit. At the 
beginning, pupils perceive the days as “categories”. Even it is a naive understanding; 
we do not need to correct it for this moment. We can have a look on the graph 
example (Fig. 1). The graph represents relation between two variables while one 
of the variables is time. In the inquiry task, the pupils had to measure amount of 
germinated seeds every second day to find out whether all seeds germinate in the 
same time or not. 

They created the graph and on its basis we can start to think that the pupils 
understand relation of two variables – time and amount of germinated seeds. 
However, the pupils usually do not understand it this way. If we would like the pupils 
really understand relation between variables we should further ask questions which 
directs pupils’ attention to reading data from the graph. For example we can use 
questions: How many seeds have been germinated in the fifth day from beginning of 
the measurement? In which day the most of the seeds germinated? You can notice 
that fifth day was not measured; they have to infer using data from fourth and sixth 
day of measurement.

Even primary pupils are able to create graph of this type, the result of their 
inferring process does not need to be correct. Inquiry based instruction should guide 
the pupil to create logical judgment flowing out of fully understood relation between 
variables. For example, a pupil can express this kind of judgment: Every day more 
and more seeds germinated. The data were not correctly read from the graph in this 
case. The correct information is that most of the seeds germinated on the fourth day 
and few of them germinated later. 

Practical example of measurement skills development
In most of inquiry based activities we need to use measurement; particularly 

because pupils need to ground their results on exact empirical data. In a case the 
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pupils handle a simple scientific problem, the measurement is reduced to a simple 
comparison or en exact description (for example in a case the research problem is 
set as follows: How to make a sinking object floating?). However, in a case the pupils 
are directed to handle a research problem based on identification of relation between 
variables (e.g. Does germination rate depend on size of germinating seeds?), usually 
they need to use measurement in really scientific way. Based on experience with IBSE 
activities in Fibonacci project we assure the pupils should deal this kind of scientific 
problems as soon as possible due to appropriate development of measurement skills 
(as currently the pupils are not accustomed to work with numbers exact way). 

In the following text we explain an inquiry based activity used in Fibonacci project 
divided into 8 tasks aimed at magnetism and we try to explain way of measuring skill 
development and its meaning for whole science process skills development.  

Task No1: Pupils get various objects made of different kinds of materials. The task 
for the pupils is to divide the objects into two groups – magnetic and non-magnetic 
materials according to their previous knowledge. They are also asked to discuss it in 
their group and the result of the discussion note down in a form of their predictions. 
During this activity, the teacher can recognize pupils’ preconceptions about magnetic 
and non-magnetic materials and he/she can accommodate the further investigation 
to discovered imperfections in the preconceptions.

Task No2: The pupils are asked to verify their preconceptions by using magnets 
and observed objects. Further they have to note down the results and highlight those 
objects which behaved different way they have predicted before verification. The 
revision of the preconceptions helps the pupils to start discussion about reasons of 
magnetic behavior of different kinds of objects (materials). After that they are asked 
to formulate results which should be supported by data obtained in the previous 
observation and by previous knowledge reasoned in the discussion. 

Task No3: In the next task the teacher asks the pupils to describe the results. 
He/she direct the pupils to generalize findings about magnetic and non-magnetic 
materials (it means that the pupils are not speaking about magnetic and non-magnetic 
objects, but about magnetic and non-magnetic materials). Further the teacher pays 
pupils attention on the objects which have behaved different way except as they have 
predicted. The teacher can use supporting questions like: try to explain; why some 
of the materials have been attracted by magnet even you predicted they should not 
be attracted. 

Task No4: Propose a procedure for finding out which of two chosen magnets 
is the stronger one (the research problem is formulated). Find out whether your 
proposal is working or not; find out if you can measure “power” of magnets by using 
your proposed procedure. In a case we would like to develop the measuring skills we 
should direct the research problem to measuring activities – the research problem is 
aimed at quantification or exact comparison. According to pupils’ abilities, different 
kinds of ideas can occur. To create better idea about pupils thinking process in IBSE 
activities we will describe some of the pupils’ ideas. For example: 

• Pupils proposed to use a book as a measurement tool. They simply compared 
amount of the book pages which can be inserted between a magnet and a 
magnetic object (for example paper clip) to be still attracted. If the magnet 
is “stronger”, we can insert more book pages between the magnet and the 
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object. They have also been able to explain, that we need to use book, because 
the particular pages in the book are of the same thickness. 

 • Other group of pupils proposed to use big sheet of paper. They compared 
how large paper of the same thickness can be attached by the “measured” 
magnet to the magnetic board. If the paper has been too heavy, they cut 
away a piece of the paper and try again. At the end they have compared 
the size of two papers held by two different magnets, alternatively they have 
measured their weights.

• Pupils also proposed to measure the “strength” of the magnets by using small 
magnetic objects of the same size; for example paper clips, pins or washers. 
They have inserted the “measured” magnet into a jar full of the chosen 
magnetic objects and then slowly taken it out. Further they simply counted 
all attached objects and compared it with the second magnet. 

Table 1
Table elaborated by pupils

object

Distance of object and magnet in the moment of its attraction

magnet 1 magnet 2

No1 No2 No3 No4 No1 No2 No3 No4

paper clip

key

coin

spoon

• The most elaborated proposal is based on measurement of distance from 
which the magnet is able to attract a magnetic object. The pupils elaborated 
table to note down the results (Table 1). We perceive it as the most elaborated 
proposal mainly because of more precise work with variables. Pupils have 
proposed that they need to use different kinds of objects which are going to 
be approached to the magnet to get valuable results. They explained that they 
will believe the results only when they will get similarly different distances in 
the all measured cases. They have used ruler. The magnetic object has been 
put on zero position and they slowly moved the magnet toward the object. 
They repeated the measurement 4 times (no1 – no4).

Task No5: The last task has been aimed at presentation of the results. The pupils 
presented the way how they were finding out which of two magnets is the “stronger” 
one, they presented the result and the data in which the results are grounded in. They 
need to argue for their results, that is why they perceive the exact measurement as 
very important part of their investigation. The teacher can help the pupils to discuss 
about the results and potentially direct them to the further investigation by using 
specific questions. For example: Would it be possible to increase or decrease the 
distance from which the magnet attracts the magnetic objects? Try to explain how 
and why you think so. And the inquiry process can start again. 
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Conclusions
According to explained procedure of measurement skills development we can 

say that we are trying to develop specific scientific skills which can help the pupils 
to get more objective results. It means, by proper use of measuring skills the pupils 
can conceptualise reality much effective way. The measurement skills development 
cannot be separated out of development of other science process skills. It is quite 
clear that by using a proper measure process the pupils can gather evidence and 
further they can argue much better for their results and interpretations. Inquiry 
based activities (in proper way of use) in science narurally offer an excelent posibility 
for the mentioned development of science process skills (including measuring skills) 
while pupils do not perceive the inquiry activities as the “boring maths” they already 
experience in the school. 
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