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INTRODUCTION

Relevance of the research. Declared goals of education are evolving according
to the needs of society. In the beginning of XXI century developed information and
communication technologies (ICT) have changed the teaching and learning objectives, as
well as the way of learning itself. All around the world, which is improving along with
technologies, it seems that important technological development, touching various
spheres of life, brings good, innovative changes to the education system. However,
today, in order to know something, one must first know the technologies, which are a
medium between people and information. Knowledge and ability to know nowadays
seem qualitatively different than 20 years ago, when ICT was not available to the general
public yet. Technologies dictate new ways of understanding, new learning standards and
aims.

In XXI century learning is often seen as a pragmatic activity oriented on
acquisition of competencies. The memorization of factual knowledge is a completely
obsolete learning strategy, since the information is easily accessible than ever before.
Therefore, the aim of education is becoming the ability to use information and learn
independently (Lithuanian Ministry of Education and Science. General secondary
education programs. Order No. V-269, 2011). In this way, the formation and
development of cognitive skills is becoming an important part of the educational process.

Cognitive skills education takes place during the lessons of all subjects, and
especially it is activated by combining theoretical and practical activities. These
activities are required to be tuned into chemistry lessons in secondary schools, so
chemistry can serve as an effective tool for cognitive skills education.

ICT opportunities are realized better in the natural sciences than in the
humanities, this is due to the empirical content of these sciences, which can be easily

presented and conveyed with the help of ICT. Therefore, there are and appear a lot of



new computer programs that allow monitoring and performing natural science
experiments virtually (computer simulation). The contribution of ICT is particularly
relevant for chemistry classes in secondary schools, as the Ministry of Health restriction
of chemical substances (order no. 532/742, 2003), the absence of appropriate conditions
and the lack of laboratory tools in schools sometimes do not allow to carry out the
necessary school chemistry course experiments. Furthermore, according to the strategy
of the Ministry of Education and Science of the Republic of Lithuania (The Strategy of
Implementation of Information and Communication Technologies into the General and
Professional Education for 2008-2012. Order No. 2530, 2007) a teacher of any subject
must use ICT in their lessons. During implementation of this strategy, schools were
provided with chemistry computer software, websites with interactive materials for
chemistry lessons were designed. As the opportunities to move natural science course
content and experiments to a virtual environment have been created, and the
performance of experiments in the reality requires much bigger human and material
resources, it is likely that in the future virtual experiments will be used in schools more
often than real, or will replace them completely. The problem arises — whether the
teaching methods supported by ICT develop cognitive skills as effectively as traditional
chemistry teaching methods?

Investigation of the problem. Modern scientists, investigating the use of ICT in
chemistry and other science classes, say that simulation of chemical experiments,
performed with the help of ICT, can serve as an effective teaching and learning tool
(Martinez-Jiménez et al., 2003; Farrokhnia, Esmailpour, 2010), computer animation
makes the understanding of chemical phenomena easier (Yang et al., 2003) and reduces
the cognitive load (Josephsen, Kristensen, 2006). However, there are few works that
examine the role of chemistry in developing cognitive skills. Among the others there is
USA scientist Josephsen (2003), who states in his works that the use of ICT within the
chemistry classes helps to develop lower-level cognitive skills. After analysis of
different theoretical schools, the works of Russian scientists were emphasized. Cognitive
skills education during chemistry classes was investigated by Usova and Bobrov (Vcoga,
Bobpos, 1988), however, these works were carried out before the spread of ICT. Since

the prevalence and integration of ICT in schools is an unstoppable process, and the



influence of technologies on the development of cognitive skills is not well known, it
was decided to fill this niche with a chemistry case and perform a scientific research.

Object of the research — education of cognitive skills during chemistry lessons
for ninth grade pupils.

The aim of the research — investigate the influence of virtual and real chemical
experiments on ninth grade pupils’ cognitive skills education.

At the start of the research the hypotheses were:

1. Pupils’ cognitive skills of factual knowledge acquisition are similarly developed
performing both real and virtual chemical experiments.

2. Pupils, performing only virtual chemical experiments, do not develop high-level
cognitive skills, which are developed by pupils, who perform real experiments.

3. Pupils, performing virtual chemical experiments, have stronger learning
motivation, because it is fast, convenient and easy to carry out chemical
experiments virtually.

To verify hypotheses it was planned to implement the following tasks:

1. To define cognitive skills, their levels and expression features in the mode of one
of the modern education taxonomy.

2. To create and reason the theoretical model of cognitive skills expression during
chemistry (9" grade) lessons.

3. To sample investigatory classes for the implementation of educational project
activities.

4. To examine the investigatory classes’ cognitive skills education effectiveness
dependency on real and virtual chemical experiments as well as psycho-
pedagogical and socio-demographical characteristics.

5. To analyse the reflection from investigatory pupils on educational project
activities.

The research was based on several theoretical concepts: the constructivist
learning theory emphasizing the learning process activation and targeting towards
pupil’s talents disclosure by creating his personal experience in the educational
environment (Papert, 1980, and Novak, 2000; Bsirorckuii, 2006); Anderson’s and
Krathwohl’s taxonomy of the educational goals (Anderson, Krathwohl, 2001,

Krathwohl, 2002); triangulation of data analysis methods, when quantitative and
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qualitative data is compared in order to analyze the results (Kardelis, 2002; Bitinas,
2006).

The logical scheme of the research required to disclose cognitive skills education
during chemistry lessons (9" grade) dependency on learning environment is presented in
Figure 1.

4 )

Analysis of Scientific literature
Definition of cognitive skills conception and its place in the psycho pedagogical
learning theory, opportunities for cognitive skills education during chemistry lessons,
the role of ICT in chemistry learning, creation of cognitive skills expression during
chemistry lessons theoretical model.
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General research methodological provisions, diagnostical research methodology and
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and virtual learning environments during chemistry lessons in the 9t grades,
collection of data through quantitative and qualitative research methods.
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Analysis and Interpretation ofthe Data ]
[ Discussion, Conclusions and Recommendations ]

Figure 1. The logical scheme of the research on cognitive skills education during

chemistry lessons (9" grade)

Research methods used in dissertation:

Theoretical. Analysis of educational sciences, cognitive psychology, educational
psychology scientific studies and approved doctoral dissertations, strategic documents of
Education and Science as well as Health ministries, general programmes of secondary
education. Theoretical methods were applied to emphasize the relevance and novelty of
the research, to define the research object and its expression features, to reason the
empirical base of the research.

Empirical. Quantitative research methods: a) surveys, which helped to define the
socio demographical status of respondents, examine the peculiarities of cognitive skills

formation during chemistry lessons; b) sociometric tests were applied during



diagnostical research and helped to identify research-suited 9" grade classes; c)
chemistry knowledge tests and laboratory tasks with double purpose — to measure the
chemistry intelligence and levels of cognitive skills formation. Qualitative research
methods: educational project, aiming to determine ninth grade pupils’ cognitive skills
education effectiveness dependency on real and virtual chemical experiments performed
during the lessons; general framework interview with chosen pupils.

Triangulation method is used to compare the quantitative and qualitative research
results and to evaluate cognitive skills education from a teacher, pupil and investigator
positions.

The statistical analysis was applied to quantitative research data processing and
evaluation. Fisher's F-test and ANOVA factorial analysis methods, Pearson's correlation
coefficient, Student's t-test, Cronbach Alpha and Chi-square criteria were applied. The
statistical data were processed using SPSS package version 20.0 and Microsoft Office
Excel 2007 software.

Scientific novelty of the data and its theoretical significance is revealed while
summarizing educational project research results, which can be considered as
contribution to the Lithuanian educational science. In order to perform the research the
cognitive skills concept, which is almost not used by modern Lithuanian educologists,
was purified and used. Having described cognitive skills characteristics, the theoretical
model of cognitive skills expression during chemistry lessons was constructed. The
theoretical model enables the researcher to select or create diagnostic tools to measure
cognitive skills during chemistry lessons.

This work revealed theoretical and practical insights of the 9" grade pupils’
cognitive skills education, enriching chemistry and natural science education didactics
with new findings.

Practical significance of the work is a completed theoretical model which allows
setting the ninth grade pupils' cognitive skills, to highlight the factors affecting these
skills education, to develop strategies to optimize and improve the learning process. The
theoretical model can be applied not only for ninth grade pupils, but also for evaluation
of cognitive skills education during chemistry lessons in higher grades classes. Also the

model can be used for testing cognitive skills through other subjects.

10



The results open up the possibility to identify the application limitations of virtual
learning environment during chemistry and other natural science subjects’ lessons. Data
can encourage teachers and education organizers to pay attention not only to the
innovation of methods, but also on their impact on students' cognitive skills, meaningful
learning and education in a broad sense.

Approval of the dissertation statements

The research results were presented in conferences:

Chemistry in the school — 2012. The conference was held in Kaunas
Technological University, Faculty of Chemical Technologies on 2 April, 2012. The title
of presentation: “The Opinion of 9" Grade Pupils on Virtual Chemical Experiments”.

Chemistry Education — 2011. The conference was held in Latvia University,
Faculty of Chemistry (Riga, Latvia) on 14-15 November, 2011. The title of presentation:
“The Influence of Real and Virtual Experiments on Pupils’ Achievements and Attitude
towards Chemistry”.

Transformations of Education Policy: national, transnational and supranational
discourse. The conference was held in Vilnius University, Faculty of Philosophy, 11-12
November, 2011. The title of presentation: “The Suitability of ICT Based Learning
Methods for Chemistry Teaching”.

Information & Communication Technology in Natural Science Education-2009.
The conference was held in Siauliai University, 27-28 November, 2009. The title of
presentation: “Understanding the Value of ICT in Chemistry Teaching”.

Social Educational Role of the Teacher: Reality and Expectations. The conference
was held in Vilnius Pedagogical University (now the Lithuanian University of
Educational Sciences) on 22 October, 2009. The title of presentation: “ICT Value in
Chemistry Teaching: Analytical Review of Advantages and Disadvantages”.

Interdisciplinary Discourse in the Social Sciences-2. The conference was held in
Kaunas Technological University, on 9 October, 2009. The title of presentation: “Pupils’
Cognitive Skills Formation by Application of ICT during Chemistry Lessons”.

The structure of the dissertation. The dissertation consists of introduction, main
terms glossary, three parts, conclusions, discussion, recommendations, list of literature
and appendixes. There are 25 pictures, 37 tables, 16 appendixes in the dissertation. The

work volume is 164 pages (without appendixes). 156 literature sources were used.
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BRIEF REVIEW OF DISSERTATION CHAPTERS

1 chapter. Theoretical Analysis of Cognitive Skills Education during
Chemistry Lessons

This chapter defines the concept of cognitive skills, analyses its points of contact
with such concepts as proficiency, abilities and competences. In the chapter scientific
works of Lithuanian (JovaiSa, 2007; MartiSauskiené, 2010; Pukelis, 2009 ir kt.), USA
(Eraut, 1990; Barnett, 1993 ir kt.), Russian (Ycosa, bo6pos, 1988; Wabun, 2004;
Xonoxanasi, 2004 ir kt.) and other authors are investigated in order to determine cognitive
skills concept. Here the features of learning theories and the place of cognitive skills in
learning theories are discussed. After survey on taxonomies of educational objectives
(Bloom, 1956; Anderson, Krathwohl, 2001; Marzano, 2005) Anderson‘s and
Krathwohl‘s taxonomy of cognitive process thinking skills was applied to describe the
expression of cognitive skills during chemistry lessons.

In the chapter Lithuanian chemistry didactics development is discussed: programs
of natural science education and textbooks are analysed, contribution of foreign
countries to Lithuanian chemistry didactics is emphasized. Possibilities of cognitive
skills education during chemistry lessons and the ICT input into chemistry teaching
effectiveness are discussed. The exceptional benefits of ICT application are: the
distribution of cognitive load (Baxtuna, Boctpyxun, 2008; Farrokhnia, Esmailpour,
2010 ir kt.), the facilitation of formation of chemical objects visualizations (Cook, 2006;
Slekien¢, Raguliené, 2006; Burewicz, Miranowicz, 2005 ir kt.), the education of
cognitive skills on reproductive level (Josephsen, Kristensen, 2006). After analysis of
computer training software (Crocodile Chemistry, VLab, ChemLab, Yenka ir kt.),
Crocodile Chemistry (Crocodile Clips Ltd.) was chosen as a tool for chemistry
experiments demonstration and virtual laboratory works organization during the
dissertation research.

After the analysis of various sections of cognitive skills education on chemistry
lessons the theoretical model of cognitive skills expression during chemistry lessons was
constructed (Table 1).

12



Table 1. The guideline for theoretical model of cognitive skills expression

during chemistry teaching

Empiric cognitive skills features
Cognitive a. b. c. d.
skills levels Factual knowledge | Conceptual knowledge Procedural Metacognitive
dimension dimension knowledge dimension | knowledge dimension
1. Remem_ber Name Recognize Reproduce Relate
(reproductive)
2. Understand - . .
(reproductive) Describe Classify Explain Select
3. Apply
(reproductive) Answer Suppose Perform Apply
4. Analyze Choose Exclude Combine Deconstruct
(productive)
. Evalu_ate Check Solve Determine Reflect
(productive)
6. Crgate Plan Collect Generate Create
(creative)

The structure of the theoretical model allows assigning cognitive skills to a certain
cognitive level and the knowledge dimension, in which cognitive skills express. The
theoretical model is then implemented in the dissertation empiric research.

Conclusions and generalizations of the first dissertation’s chapter:

1. After the comparison of scientific practice of different countries it became clear
that the essence of skills term differs from ability or proficiency terms. The cognitive
skills term was chosen as the object of the dissertation because it is more appropriate for
the educational sciences than cognitive abilities term, which is used in psychological
sciences.

2. Analysis of scientific literature has shown that there is a small amount of
researches on the effectiveness of ICT application in chemical education; furthermore
there are few researches on ICT application for cognitive skills education.

3. In order to investigate the influence of real and virtual chemical experiments on
cognitive skills and the effectiveness of these skills levels formation, the theoretical
model of pupils’ cognitive skills expression during chemistry lessons is offered.

4. According to the developed theoretical model cognitive skills are defined by
four types of knowledge dimensions, highlighting the six cognitive skills levels. The
constructed cognitive skills expression theoretical model enables the researcher to select
or create cognitive skills testing tools, for that reason it is used to construct and perform

dissertation research.
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2 chapter. Cognitive Skills Research Methodology

The chapter describes aims, objectives, organizational features, methodological
provisions and design of the diagnostic research and of the educational project.

Diagnostic research and educational project were based on these methodological
provisions (Bitinas, 2006, 2006; Siau¢iukéniené, Visockien¢, Talijiniené, 2006; Jovaisa,
2002; Kardelis, 2002; Papert, 1980): 1) systematics and consistency of educational
process; 2) compatibility with the curriculum, and 3) activity and creativity of
educational process. The organization of chemistry lessons during the educational
project was followed by these principles (ITak, 2012; MBanosa, Ilak, 2008; Jovaisa,
2002; YepnooOenbckas, 2000): cohesion with life, problem-based learning, engaged
learning, visualization of teaching material and promotion of cognitive activity.

In the chapter detailed description is given to the application methodology of
cognitive skills expression theoretical model, examples of the chemical tasks are given.

Conclusions and generalizations of the second dissertation’s chapter:

1. The presentation of main provisions and principles of diagnostic research and
educational project coherently showed that plans of diagnostic research and educational
project meet the requirements of scientific researches, and are reasoned both in theory
and practice.

2. When diagnostic research and educational project were completed the
parameters of the research tools, which were used for the first time, were evaluated.
Statistical analysis of the tests results shows that the chemical knowledge tests and the
laboratory work tasks, applied for the pupils’ cognitive skills proficiency measurements,
meet the requirements of reliability and validity.

3 chapter. The Data of the Research on Cognitive Skills Education through
Application of Real and Virtual Experiments during Chemistry Lessons in the 9th Grade

The chapter describes the diagnostic research results, which were used to select
four investigatory classes for the educational project: two equal classes, one of which
carried out only virtual chemistry experiments, and the other — only real ones; two mixed
classes, which worked in both the virtual and the real environments. Educational project
research data described in the chapter is directed to find a significant relationship

between the four main components:
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e pupils’ cognitive skills education in virtual and real environment outcomes
(measured by data of laboratory, tests and final test tasks);

e pupils’ psycho pedagogical characteristics (measured during diagnostic
research through general intelligence, mechanical and verbal perception,
information perception tests);

e pupils’ socio demographical data (measured using the close-ended questions in
questionnaire);

e pupils’ inner changes: learning motivation, interest, understanding of chemistry
subject and learning obstacles (measured at semi structured interviews and
through surveys).

A comparison of cognitive skills education results showed that for some pupils it
is harder to remember (9.2% of the pupils) and to apply (10.3% of the pupils)
educational materials studied in virtual environments (p <0.000). Class test-retests data
analysis confirms that the cognitive skills are better educated in the real environment (p
= 0.001). The assessment of cognitive skills changes during entire educational project
showed that cognitive skills of understanding, application, analysis and creation of
students who performed real chemical experiments are higher by 9.5-12.3% (p <0,05).

The analysis of investigatory classes’ survey data showed that the virtual
laboratory work stimulated interest in the chemistry subject less for the part (48.4%) of
the pupils. Real laboratory work, in contrast, resulted in interest in the subject for the
majority of school children (93.6%). Real and virtual laboratory works similarly exposed
the pupils’ skills to work accurately, consistently and well organized, but the
performance of the virtual laboratory work gave the pupils opportunity to guess the
result of the work, because they had the ability to repeat chemical experiments with
different chemical reagents for many times. This reduced the effectiveness of learning.

Evaluation of classes’ cognitive skills education outcomes and correlation with
the psycho-pedagogical, socio-demographic parameters, learning motivation and interest

in the subject led to the final conclusions of the dissertation.
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CONCLUSIONS

1. Analysis of scientific literature and Lithuanian strategic education documents
has shown that:

- Cognitive skill concept is more typical of educational sciences and cognitive
ability — of the science of psychology, for that reason cognitive skills were chosen as the
object of the dissertation;

- Recent Lithuanian educators rarely use the cognitive skills concept, because of
that in the dissertation the concept and the consistent hierarchy of cognitive skills are
presented;

- Cognitive skills — are the skills needed to acquire theoretical and practical
knowledge in a process of cognition. Cognitive skills determine efficiency and
effectiveness of cognitive process;

- Cognitive skills education intensifies when chemical experiments are performed,
because during them theoretical knowledge is verified and substantiated in practice.

2. Scientific literature analysis has shown that there is no approved theoretical
model, which allows to measure the effectiveness of ICT based teaching methods for
cognitive skills education during chemistry lessons. For this reason the cognitive skills
expression during chemistry lessons model was constructed. The model was based on
Anderson’s and Krathwohl’s taxonomy and Usovo’s and Bobrovo’s insights on
cognitive skills. Cognitive skills expression theoretical model is defined by four types of
knowledge dimensions, distinguishing six cognitive skills levels.

3. The constructed cognitive skills expression theoretical model enables the
researcher to select or create cognitive skills research tools. The research results
presented in the dissertation were obtained with cognitive skills research tools used for
the first time. These results show good statistical estimates of validity and reliability, and
correlate with each other.

4. After four months lasting educational project, it was determined that cognitive
skills results in the class where chemical experiments were performed virtually were on
average 8.4% (p<0,000) lower than in the class which performed real chemical
experiments. This difference is very slight comparing cognitive skills of reproductive

level between classes, however, the difference increases comparing cognitive skills of
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productive and creative levels. The obtained results confirm the first and second
hypotheses of the dissertation — pupils’ cognitive factual knowledge acquisition skills are
similarly developed performing both real and virtual chemical experiments, but the
results of higher level cognitive skills education are better when the chemical
experiments are performed in reality.

5. It was found that when chemical experiments are performed in the reality, the
developed cognitive skills and knowledge are remembered for a longer period of time.
Test-retest results of the class which performed chemical experiments virtually are
statistically significantly smaller by 8.8% (p=0,017). Results collected with same test-
retest in the class that performed real chemical experiments did not show statistically
significant difference. Data collected through pupils survey and interview showed that
these results were due to three main reasons:

- Most of the students who performed virtual chemical experiments have made a
little use of their theoretical knowledge and have mostly tried to guess what reagents
should be mixed in order to get a good work result. This way of performing the task
cannot form long-term knowledge about chemical phenomena.

- Virtual laboratory tasks are not attractive to pupils; they provide information
only in visual encoding, so in the long run there is the reduction of concentration,
attention weakens. Actual laboratory work, on the contrary, is the most interesting
chemistry classroom activity for pupils; their attention concentration is maximum, so the
acquired knowledge is remembered for a longer period of time. This is also affected by
different information codes: scents, colors, tactile sensations.

- Pupils who performed virtual experiments often could not see their benefits, so
this method of learning was not taken seriously.

6. Pupils survey has shown that performance of chemical experiments in virtual
learning environment is convenient and safe, but on the other hand, it does not inspire
learning interest and can become a reason of decreased learning motivation. Virtual
laboratory works lead to little pupils’ interest; therefore, concentration maintenance
difficulties might appear and lead to lower educational achievements. Survey data belies
the third hypothesis — the learning motivation of pupils performing virtual chemical

experiments is not increasing.
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Tyrimo problemos aktualumas. Deklaruojami S$vietimo tikslai vystosi
priklausomai nuo visuomenés poreikio. XXI a. pradZioje iSsivys¢iusios informacinés
komunikacinés technologijos (IKT) pakeit¢ mokymo ir mokymosi tikslus, o taip pat ir
pat; mokymosi biidg. Pasaulyje, tobul¢jan¢iame kartu su technologijomis, atrodo, kad
svarbus, jvairias gyvenimo sferas palieciantis technologinis vystymasis atneSa tik gerus,
inovatyvius pokycius ir  Svietimo sistemg. Taciau Siomis dienomis, prie§ norint kazka
pazinti, pirmiausiai reikia paZzinti technologijas, kurios yra kaip mediumas tarp zmoniy ir
informacijos. Pazinimas ir moké¢jimas pazinti atrodo kokybiskai kitaip, negu prie§ 20
mety, kai IKT dar nebuvo prieinamos placiai visuomenei. Technologijos diktuoja naujus
pazinimo biidus, naujus mokymosi standartus ir tikslus.

XXI a. mokymasis neretai yra suprantamas, kaip pragmatin¢ veikla, orientuota |
kompetencijy jgijimg. Faktiniy ziniy jsiminimas yra visiSkai atgyvenusi mokymosi
strategija, kadangi informacija yra prieinama lengviau, negu bet kada iki Siol. Todél
reglamentuotu ugdymo siekiu tampa mokéjimas pasinaudoti informacija ir mokytis
savarankiSkai (Lietuvos Respublikos Svietimo ir mokslo ministerija. Vidurinio ugdymo
bendrosios programos. Jsakymo Nr. V-269, 2011). Tokiu biidu paZzintiniy mokéjimy
formavimas ir lavinimas tampa svarbia ugdymo proceso dalimi.

Pazintiniy mokeéjimy ugdymas vyksta per visy dalyky pamokas, taciau ypatingai
jis suaktyvéja sugretinant teorine ir praktine veiklas. Siy veikly dermé yra reikalaujama
per chemijos pamokas vidurinése mokyklose, todé¢l chemijos dalykas gali tarnauti
efektyviu pazintiniy mokéjimy ugdymo jrankiu.

Plac¢iau negu humanitariniuose moksluose IKT galimybés realizuojamos gamtos
moksluose, tai lemia §iy moksly empirinis turinys, kurj néra sunku atvaizduoti ir
perteikti IKT pagalba. Todél egzistuoja ir naujai pasirodo gausybé kompiuteriniy
programy, leidzian¢iy stebéti ir virtualiai, kompiuterine simuliacija, atlikti
gamtamokslinius bandymus. Toks IKT jnasas yra ypa¢ aktualus chemijos pamokoms
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vidurinése mokyklose, kadangi sveikatos apsaugos ministerijos apribojimas cheminéms
medziagoms (jsakymo Nr. 532/742, 2003), tinkamy saglygy nebuvimas ir laboratoriniy
jrankiy trikumas mokyklose kartais neleidzia gyvai atlikti reikalingy mokyklinio Kurso
chemijos bandymy. Be to pagal Lietuvos respublikos Svietimo ir mokslo ministerijos
strategija (Informaciniy ir komunikaciniy technologijy diegimo j bendrajj lavinimg ir
profesinj mokyma 2008-2012 mety strategija. ISAK Nr. 2530, 2007) kiekvienos
disciplinos mokytojas privalo taikyti IKT savo pamokose. Igyvendinant $ig strategija,
mokyklos buvo apriipinamos chemijos dalyko kompiuterine programine jranga,
kuriamos internetinés svetainés su interaktyvia medziaga chemijos pamokoms. Kadangi
yra sukurtos galimybés gamtamokslinio kurso turinj ir bandymus perkelti j virtualig
aplinkg, o realiy bandymy atlikimas reikalauja Zymiai didesniy ZmogisSkyjy ir
medziaginiy iStekliy; atsiranda tikimybe, kad virtualiis bandymai ateityje bus taikomi
mokyklose dazniau negu reallis arba juos visiS8kai pakeis. ISkyla problema — ar IKT
naudojimu paremti mokymo metodai taip pat efektyviai ugdo pazintinius moké&jimus,
kaip ir tradiciniai chemijos mokymo metodai?

Problemos itirtumas. Siuolaikiniai mokslininkai tiriantys IKT pritaikyma
chemijos ir kity gamtos moksly pamokose teigia, kad cheminiy eksperimenty simuliacija
atlikta IKT pagalba gali tarnauti kaip efektyvus mokymo ir mokymosi jrankis (Martinez-
Jiménez ir kt., 2003; Farrokhnia, Esmailpour, 2010), kompiuteriné animacija palengvina
erdviniy reiSkiniy suvokimg (Yang ir kt., 2003) ir sumaZina kognityving apkrova
(Josephsen, Kristensen, 2006). Taciau sutinkama mazai darby, kuriuose biity
nagrinéjamas chemijos dalyko vaidmuo ugdant paZintinius mokéjimus. Salia jvairiy
Pasaulio teoretiky pabréziami JAV mokslininko Josephseno (2003) darbai, kuriose
tyréjas teigia, kad IKT taikymas per chemijos pamokas padeda iSvystyti Zemesnio lygio
paZintinius mokeéjimus. Tiriant jvairias teorines mokyklas, didesnis démesys buvo skirtas
rusy mokslininkams. Pazintiniy mokéjimy ugdymas per chemijos pamokas buvo tiriamas
Usovos ir Bobrovo (YcoBa, bo6pos, 1988), taciau jy darbai buvo atlikti prie§ IKT
paplitimg. Kadangi IKT integracija ; mokyklas yra nesustabdoma, o §iy technologijy
jtaka pazintiniy mok¢jimy ugdymui néra gerai Zinoma, nuspresta uzpildyti $ig nisg

chemijos dalyko atveju ir atlikti mokslinj tyrima.
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Tyrimo objektas — devintos klasés mokiniy pazintiniy mokéjimy ugdymas
chemijos pamokose.

Tyrimo tikslas — istirti virtualiy ir realiy chemijos bandymy jtaka devintos klasés
mokiniy paZintiniy mok¢jimy ugdymui.

Pradedant tyrima, buvo keliamos hipotezés:

1. Mokiniy pazintiniai faktiniy Ziniy jgijimo mokéjimai yra panaSiai ugdomi
mokiniams atliekant tiek realius, tiek virtualius chemijos bandymus.

2. Mokiniai atliekantys tik virtualius chemijos bandymus neiSlavina auks$tesniy lygiy
pazintiniy mokeéjimy, kuriuos islavina mokiniai, atliekantys realius bandymus.

3. Mokiniy atliekanciy virtualius chemijos bandymus mokymosi motyvacija didéja,
kadangi virtualioje aplinkoje chemijos bandymus atlikti yra greita, patogu ir
paprasta.

Tikrinant hipotezes, numatyta jgyvendinti Siuos uzdavinius:
1. Apibrézti pazintinius mokéjimus, jy lygius ir raiSkos poZymius vienos iS$
Siuolaikiniy ugdymo taksonomijy derméje.
2. Sudaryti ir pagrjsti pazintiniy mokéjimy raiSkos chemijos (9 klasés) pamokose
teorinj model;.
3. Atrinkti tiriamasias klases ugdymo projekto veikloms jgyvendinti.
4. TIstirti tirlamyjy klasiy pazintiniy mokéjimy ugdymo efektyvumo priklausomybe
nuo realiy ir virtualiy chemijos bandymy bei klasiy psichopedagoginiy ir
sociodemografiniy charakteristiky.
5. ISanalizuoti tiriamyjy klasiy mokiniy refleksija i ugdymo projekto veiklas.
Disertacinio tyrimo teorinj-metodologinj pagrinda sudaro: Konstruktyvistiné
mokymo teorija pabrézianti mokymosi proceso aktyvavima ir nukreipima j mokinio
gabumy atskleidimg, jam konstruojant asmening patirtj ugdomojoje aplinkoje (Papert,
1980; Novak, 2000; Beirorckuii, 2006); Andersono ir Krathwohlo ugdymo tiksly
taksonomija (Anderson, Krathwohl, 2001; Krathwohl, 2002); tyrimo duomeny analizés
metody trianguliacija, kai tyrimo rezultatai nagrinéjami, pasitelkiant kiekybiniais ir
kokybiniais metodais gautus duomenis (Kardelis, 2002; Bitinas, 2006).

Tyrimo, reikalingo atskleisti pazintiniy mokéjimy ugdymo per chemijos pamokas

(9 Kl.) priklausomybe nuo mokymo(si) aplinkos, loginé schema pateikiama 1 paveiksle.
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Pazintiniy mokéjimy sampratos apibrézimas ir vieta psichopedagoginése mokymo
teorijose, pazintiniy mokéjimy ugdymo per chemijos pamokas galimybés, IKT
reik$mé chemijos mokyme, paZintiniy mokéjinm raiskos per chemijos pamokas
\_ teorinio modelio kirimas.

~

Mokslines literatiiros analize

< L g
' ™
Tyrimo metodologija
Bendrosios tyrimo metodologinés nuostatos, diagnostinio tyrimo metodika ir
organizavimas, ugdymo projekto tyrimometodika ir organizavimas
. v
4 Ugdymo projektas D

Veikly skirty paZintiniy mokéjimy ugdymui realioje ir virtualioje mokymo aplinkose
organizavimas ir jgyvendinimas per 9 klasés chemijos pamokas, duomeny rinkimas
\ kiekybiniais ir kokybiniais tyrimo metodais.

~ =

e .

Tyrimo duomeny analizé ir interpretacija

~ =~

Diskusija, iSvados ir rekomendacijos

J/

1 pav. PaZintiniy mokéjimy ugdymo per chemijos pamokas (9 kl.) tyrimo loginé

schema

Disertacijos tyrimo metodai:

Teoriniai. Edukologijos, kognityvinés psichologijos, edukacinés psichologijos
moksliniy studijy bei apginty daktaro disertacijy analizé, Svietimo ir mokslo bei
sveikatos ministerijy strateginiy dokumenty analizé, vidurinio ugdymo bendryjy
programy analizé. Teoriniai metodai taikyti tyrimo aktualumui ir naujumui pabrézti,
tirlamajam objektui ir jo raiSkos poZymiams apibrézti bei empirinei tyrimo bazei
pagristi.

Empiriniai. Kiekybinio tyrimo metodai: a) anketinés apklausos, padéjusios
nustatyti respondenty sociodemografing padétj, iStirti pazintiniy mokéjimy formavimosi
chemijos pamokose ypatumus; b) sociometriniai testai taikyti diagnostinio tyrimo metu
ir pad¢je diferencijuoti tinkamas tyrimui devintas klases; c¢) chemijos ziniy testai,
kontroliniai ir laboratoriniai darbai turintys dviguba paskirtj — nustatyti cheminio
i§prusimo ir pazintiniy mokéjimy ugdymo lygius. Kokybinio tyrimo metodai: ugdymo
projektas, kurio esmé — nustatyti devintos klasés mokiniy pazintiniy mokejimy ugdymo
efektyvumo priklausomyb¢ nuo pamokose naudojamy realiy ir virtualiy chemijos
bandymy; bendryjy gairiy interviu su atrinktais mokiniais.
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Trianguliacijos metodas naudotas siekiant sugretinti kiekybiniy ir kokybiniy
tyrimy rezultatus ir jvertinti paZintiniy moké¢jimy ugdyma i§ mokytojo, mokinio ir tyré¢jo
pozicijy.

Statistiné duomeny analizé taikyta kiekybiniy tyrimy duomeny apdorojimui ir
jvertinimui. Taikyti Fisherio F-testo ir ANOVA faktorinés analizés metodai, Pearsono
koreliacijos koeficientas, Studento t-testas, Cronbach Alpha ir Chi-kvadratu kriterijai.
Tyrimo statistiniai duomenys apdoroti naudojant SPSS paketo 20.0 versija bei Microsoft
Office Excel 2007 programing jrangg.

Tyrimo rezultaty mokslinis naujumas ir teorinis reik§mingumas atsiskleidzia
apibendrinant ugdymo projekto metu atlikty tyrimy rezultatus, kuriuos galima laikyti
indéliu j Lietuvos edukologijos moksla. Tyrimo realizavimui iSgryninta ir panaudota
pazintiniy mokéjimy savoka, kuri yra mazai taikoma Siuolaikiniy Lietuvos edukology.
Aprasius pazintiniy mokéjimy charakteristikas, parengtas teorinis pazintiniy mokéjimy
raiSkos per chemijos pamokas modelis. Teorinis modelis jgalina tyréja parinkti arba
sukurti pazintiniy mokeéjimy matavimo chemijos pamokose diagnostinius jrankius.

Siame darbe atskleistos 9 klasés mokiniy paZintiniy mokéjimy ugdymo teorinés ir
praktinés jzvalgos, kurios praturtina chemijos ir gamtamokslinio ugdymo didaktika
naujomis iSvadomis.

Darbui praktinj reik§mingumg suteikia sudarytas teorinis modelis, kuris leido
nustatyti devintos klasés mokiniy paZintiniy mokéejimy lygi, iSrySkinti veiksnius
darancius poveikj Siy mokéjimy ugdymui, sukurti strategijas, kaip optimizuoti ir
tobulinti mokymo proces3. Pazintiniy moké&jimy raiSkos teorinis modelis gali biiti
pritaikytas jvertinant pazintinius mokéjimus netik devintos, bet ir vyresniy klasiy
mokiniy. Taip pat modelis gali buti panaudotas tiriant pazintinius mokéjimus per kity
dalyky pamokas.

Tyrimo rezultatai atveria galimybes nustatyti virtualios mokymo(si) aplinkos
taikymo ribotumus per chemijos ir kity gamtamoksliniy dalyky pamokas. Duomenys gali
paskatinti pedagogus ir Svietimo organizatorius kreipti démes] ne vien | metody
inovatyvumg, bet ir | jy jtaka mokiniy pazintiniams moke¢jimams, prasmingam

mokymuisi ir ugdymui placigja prasme.
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Disertacijos teiginiy aprobavimas

Tyrimo rezultatai pateikti konferencijose:

Chemija mokykloje — 2012. Konferencija vyko Kauno technologijos universitete,
cheminés technologijos fakultete 2012 m. balandZio 2 d. Skaityto praneSimo tema:
,Devinty klasiy mokiniy nuomoné apie virtualiuosius chemijos bandymus*‘.

Chemistry Education — 2011. Konferencija vyko Latvijos universitete, chemijos
fakultete (Riga, Latvia) 2011 m. lapkri¢io 14-15 d. d. Skaityto pranesimo tema: ,,The
Influence of Real and Virtual Experiments on Pupils’ Achievements and Attitude
towards Chemistry”.

Svietimo ~ politikos  transformacijos:  nacionalinis, transnacionalinis ir
supranacionalinis diskursas. Konferencija vyko Vilniaus universitete, filosofijos
fakultete 2011 m. lapkri¢io 11-12 d. d. Skaityto praneSimo tema: ,,Mokymo(si) metody
paremty IKT naudojimu tinkamumas chemijos mokymui®.

Information & Communication Technology in Natural Science Education-2009.
Konferencija vyko Siauliy universitete 2009 m. lapkri¢io 27-28 d. d. Skaityto pranesimo
tema: ,,Understanding the Value of ICT in Chemistry Teaching“.

Socialinis edukacinis pedagogo vaidmuo: realybé ir litkesciai. Konferencija vyko
Vilniaus pedagoginiame universitete (dabar Lietuvos edukologijos universitetas) 2009
m. spalio 22 d. Skaityto praneSimo tema: ,,IKT reik§mé mokant chemijos: privalumy ir
trikumy analitin¢ apzvalga®.

Tarpdisciplininis diskursas socialiniuose moksluose-2. Konferencija vyko Kauno
technologijos universitete 2009 m. spalio 9 d. Skaityto praneSimo tema: ,,Mokiniy
kognityviniy jgidziy formavimas panaudojant IKT chemijos pamokose®.

Disertacinio darbo struktiira ir apimtis. Disertacinj darbg sudaro jvadas,
vartojamy sgvoky zodynas, trys dalys, iSvados, diskusija, rekomendacijos, literatiiros
sarasas bei priedai. Disertacijoje pateikti 25 paveikslai, 37 lentelés, 16 priedy. Darbo
apimtis — 164 puslapiai (be priedy). Panaudoti 156 literattiros Saltiniai.
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TRUMPA DISERTACIJOS SKYRIU APZVALGA

1 skyrius. PaZintiniy mokéjimy ugdymo chemijos pamokose teoriné analizé

Skyriuje apibréziama pazintiniy mokéjimy savoka, nagrinéjami jos salycio taSkai
su jgudziy, gebéjimy ir kompetencijos sgvokomis. Nagrin¢jami Lietuvos (Jovaisa, 2007,
Martisauskiené, 2010; Pukelis, 2009 ir kt.), JAV (Eraut, 1990; Barnett, 1993 ir kt.),
Rusijos (YcoBa, bo6pos, 1988; Mnbun, 2004; Xomomnas, 2004 ir kt.) ir kity Saliy
mokslininky darbai bei Lietuvos $vietimo strateginiai dokumentai, siekiant apibrézti
pazintiniy mokéjimy sgvoka. Aptariami mokymosi teorijy bruozai ir pazintiniy
mokéjimy vieta mokymosi teorijose. ISnagrinéjus ugdymo tiksly taksonomijas (Bloom,
1956; Anderson, Krathwohl, 2001; Marzano, 2005) pazintiniy mokéjimy raiskai
chemijos pamokose apraSyti pritaikyta Andersono ir Krathwohlo paZinimo proceso
mastymo mokéjimus apibréZianti taksonomija.

Skyriuje aptariama Lietuvos chemijos didaktikos raida: analizuojamos
gamtamokslinio ugdymo programos, chemijos vadovéliai, pabréziamas kity Saliy indélis
1 Lietuvos chemijos didaktikos vystymasi. Nagrinéjamos paZzintiniy mokeéjimy ugdymo
per chemijos pamokas galimybés ir IKT indélis j chemijos mokymo efektyvuma.
PabréZiami IKT taikymo privalumai: kognityvinés apkrovos paskirstymas (Baxtuna,
Boctpyxun, 2008; Farrokhnia, Esmailpour, 2010 ir kt.), cheminiy objekty vaizdiniy
formavimo palengvinimas (Cook, 2006; Slekiené, Ragulien¢, 2006; Burewicz,
Miranowicz, 2005 ir kt.), reproduktyvaus lygio pazintiniy mokéjimy ugdymas
(Josephsen, Kristensen, 2006) ir kt. IS nagrinéty chemijos mokomyjy kompiuteriniy
priemoniy (Crocodile Chemistry, VLab, ChemLab, Yenka ir kt.), demonstraciniy
bandymy ir laboratoriniy darby atlikimo jrankiu disertacinio tyrimo metu pasirinkta
Crocodile Chemistry (Crocodile Clips Ltd.) programa.

Po atliktos jvairiais pjiiviais pazintiniy mokejimy ugdymo chemijos pamokose
analizés skyriuje pristatomas ir aprasomas pazintiniy moké¢jimy raiSkos per chemijos

pamokas teorinis modelis (1 lentelé).
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1 lentele. Mokiniy paZintiniy mokéjimy raiskos mokant chemijos teorinio

modelio gairés

Pazintiniy i Pazmtmll;; mokéjimi emplrlmalC pozymiai -
m(:ke{;linq Faktiniy Ziniy Koncepciniy Ziniy Procediiriniy Ziniy Metakognityviy
Y dimensija dimensija dimensija Ziniy dimensija
1. Prisiminimas . v _ -
(reproduktyvus) Ivardyti Atpazinti Atgaminti Susieti
2. Supratimas o - . s A
(reproduktyvus) Apibudinti Klasifikuoti Paaiskinti Parinkti
3. Taikymas . . A T
(reproduktyvus) Atsakyti Numatyti Atlikti Pritaikyti
4. Analizé Pasirinkti 18skirti Suderinti Dekonstruoti
(produktyvus)
5. Vertinimas A . . .
(produktyvus) Patikrinti Spresti Nustatyti Reflektuoti
6. E‘““.“?as Planuoti Surinkti Generuoti Kurti
(kiirybinis)

Teorinio modelio struktiira leidzia pagal empirinius poZymius priskirti pazintinius
mokéjimus tam tikram paZintiniy mokéjimy lygiui ir Ziniy dimensijai, kurioje paZintinis
mokéjimas pasireiskia. Teorinis modelis naudojamas jgyvendinant disertacijos empirinj
tyrima.

Pirmojo disertacijos skyriaus i§vados ir apibendrinimai:

1. Palyginus skirtingy Saliy moksling praktika, paaiskéjo, kad mokejimy sgvokos
esm¢ skiriasi nuo geb¢jimy ir jgudziy sgvoky. Disertacijos objekta pasirinkta vadinti
pazintiniais moké&jimais, o ne pazintiniais gebéjimais, nes pazintiniy mokéjimy sagvoka
yra labiau buidinga edukaciniams mokslams.

2. Mokslinés literatiiros analizé atskleide, kad yra atlikta mazai tyrimy apie IKT
pritaikymo efektyvuma chemijos ugdymui, taip pat nedaug tyrimy nagrin¢ja IKT jtaka
pazintiniy mokéjimy ugdymui.

3. Siekiant tirti realiy ir virtualiy chemijos bandymy jtaka paZintiniams
mokéjimams ir Siy mokéjimy ugdymo skirtingose mokymo aplinkose efektyvuma,
Andersono ir Krathwohlo taksonomijos pagrindu buvo sukurtas mokiniy pazintiniy
mokeéjimy raiskos chemijos pamokose teorinis modelis.

4. Pagal sukurtg teorinj modelj pazintiniy mokéjimy raiska yra apibréziama 4
Ziniy tipy dimensijose, iSskiriant 6 paZintiniy mokéjimy lygius. Teorinis modelis jgalina
sukurti pazintiniy mokéjimy lygiy matavimo chemijos pamokose jrankius, todél yra

taikomas kuriant ir atliekant empirinj disertacijos tyrima.
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2 skyrius. PaZintiniy mokéjimy tyrimo metodologija

Skyriuje aprasomi diagnostinio tyrimo ir ugdymo projekto tyrimo tikslai ir
uzdaviniai, organizavimo ypatumai, metodologinés nuostatos ir dizainas.

Diagnostinis tyrimas ir ugdymo projektas gristi tokiomis metodologinémis
nuostatomis (Bitinas, 2006, 2006; Siau¢iukéniené, Visockiene, Talijiiniené, 2006;
Jovaisa, 2002; Kardelis, 2002; Papert, 1980): 1) ugdymo proceso sistemingumo ir
nuoseklumo; 2) ugdymo turinio suderinamumo; 3) ugdymo proceso aktyvumo ir
kairybiSkumo. Organizuojant chemijos pamokas ugdymo projekto tyrimo metu laikomasi
Siy principy (Ilak, 2012; MBanosa, [lak, 2008; Jovaisa, 2002; UepHoOennsckas, 2000):
SarySio su gyvenimy, probleminio mokymosi, sudominimo mokymusi, mokomosios
medziagos vaizdumo ir pazintinés veiklos skatinimo.

Skyriuje smulkiai aprasoma pazintiniy mokéjimy raiskos teorinio modelio
panaudojimo metodika, pateikiant chemijos uzduoc¢iy pavyzdzius. Pagrindziamas tyrimo
jrankiy validumas ir patikimumas.

Antrojo disertacijos skyriaus i§vados ir apibendrinimai:

1. Pristatant diagnostinio tyrimo ir ugdymo projekto pedagoginius principus ir
nuostatas, nuosekliai parodyta, kad sudaryti diagnostinio tyrimo ir ugdymo projekto
planai atitinka moksliniams tyrimams keliamus reikalavimus, yra teoriskai ir praktiskai
pagristi.

2. Atlikus diagnostin} ir ugdymo projekto tyrimus buvo jvertinti pirmag karta
taikyty pazintiniy mokéjimy matavimo jrankiy parametrai. Statistin¢ rezultaty analizé
rodo, kad chemijos Zziniy testy, kontroliniy ir laboratoriniy darby, taikyty mokiniy
pazintiniy mokéjimy lygiy matavimui, patikimumo ir validumo jverciai atitinka keliamus
reikalavimus.

3 skyrius. PazZintiniy mokéjimy ugdymo panaudojant realy ir virtualy
eksperimenta chemijos (9 kl.) pamokose tyrimy duomenys

Skyriuje aprasomi diagnostinio tyrimo rezultatai, remiantis kuriais ugdymo
projektui buvo atrinktos 4 tiriamosios klasés: dvi lygiavertés klasés, viena i$ kuriy
chemijos eksperimentus atliko virtualioje, o kita — realioje aplinkoje; dvi misrios klasés,
kuriy pamokos vyko tiek virtualioje, tiek realioje aplinkose. Skyriuje apraSyty ugdymo
projekto tyrimy duomenys nukreipti j reikSmingy rysiy radimg tarp keturiy pagrindiniy

komponenty:
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e mokiniy pazintiniy mokéjimy ugdymo virtualioje ir realioje aplinkose rezultaty
(matuojami pagal laboratoriniy, kontroliniy darby ir galutinio testo duomenis);

e mokiniy psichopedagoginiy charakteristiky (matuotos diagnostinio tyrimo metu
bendrojo iSprusimo, mechaninio ir verbalinio suvokimo, informacijos
priémimo budy testais);

e mokiniy sociodemografiniy duomeny (matuojami naudojant uzdaro tipo
klausimy anketg);

e mokiniy vidiniy poky¢iy: mokymosi motyvacijos, susidoméjimo, chemijos
dalyko supratimo ir mokymosi sunkumy (matuojami pusiau struktiruoto
interviu metu ir taikant anketing apklausg).

Palyginus tiriamyjy klasiy pazintiniy mokéjimy ugdymo rezultatus, nustatyta, kad
daliai mokiniy yra sunkiau prisiminti (9,2% mokiniy) ir pritaikyti (10,3% mokiniy)
virtualioje aplinkoje nagrinéta mokomaja medziagg (p<0,000). Klasiy testo-retesto
duomeny analizé patvirtina, kad paZintiniai prisiminimo mokéjimai yra ugdomi geriau
realioje aplinkoje (p=0,001). Jvertinus pazintiniy mokéjimy pokyc€ius per visg ugdymo
projekta, nustatyta, kad pazintiniy supratimo, taikymo, analizés ir kiirimo mokejimy
jverCiai mokiniy, chemijos eksperimentus atlikusiy realiai, yra didesni 9,5-12,3%
(p<0,05).

[Sanalizavus tiriamyjy klasiy apklausos duomenis, paaiskéjo, kad virtualis
laboratoriniai darbai silpniau stimuliavo dalies mokiniy (48,4%) susidoméjimg chemijos
dalyku. Realts laboratoriniai darbai, priesingai, 1émé daugumos klasiy mokiniy (93,6%)
susidoméjimg mokomuoju dalyku. Realts ir virtualiis laboratoriniai darbai vienodai
atskleidzia mokiniy mokéjimus dirbti tvarkingai, nuosekliai ir organizuotai, taciau
atlikdami virtualius laboratorinius darbus mokiniai turi galimybe¢ gauti rezultatg spéjimo
btudu, nes gali daug karty pakartoti cheminius bandymus su jvairiais reagentais. Tai
sumazina mokymosi efektyvuma.

Ivertinus klasiy pazintiniy mokejimy ugdymo rezultatus, jy koreliacija su klasiy
psichopedagoginiais, sociodemgrafiniais parametrais bei mokymosi motyvacijos ir

susidoméjimo dalyku poky¢iais, padarytos galutinés disertacinio darbo iSvados.
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ISVADOS

1. ISanalizavus jvairiy Saliy mokslinius straipsnius bei Lietuvos strateginius
Svietimo dokumentus, nustatyta, kad:

- pazintiniy moke¢jimy sgvoka labiau biidinga edukaciniams mokslams, o
pazintiniy geb¢jimy — psichologijos mokslams, todél disertacijos objektu pasirinkti
pazintiniai mokéjimai;

- pastaruoju metu Lietuvos edukologai re¢iau vartoja pazintiniy mokéjimy sgvoka,
todél disertacijoje iSdéstoma jos samprata ir pateikiama nuosekli pazintiniy mokéjimy
lygiy hierarchija;

- pazZintiniai mokéjimai — tai mokéjimai jgyti teorines ir praktines Zinias,
pasireiSkiantys pazinimo procese ir lemiantys jo efektyvumag ir rezultatyvuma;

- pazintiniy mokéjimy ugdymas suintensyvéja atliekant chemijos eksperimentus,
nes jy metu teorinés Zinios yra praktiSkai patikrinamos ir pagrindZiamos.

2. Mokslinés literatiiros analizé parodé, kad neegzistuoja aprobuoto teorinio
modelio, leidZianc¢io atlikti IKT paremty mokymo(si) metody efektyvumo paZintiniy
mokéjimy ugdymui per chemijos pamokas tyrimus. Siuo tikslu Andersono ir Krathwohlo
taksonomijos pagrindu, pasinaudojant Usovos ir Bobrovo jzvalgomis, buvo
sukonstruotas pazintiniy mokéjimy raiSkos per chemijos pamokas modelis. Pazintiniy
mokéejimy raiSka modelyje yra apibréziama 4 Ziniy tipy dimensijose, iSskiriant 6
pazintiniy mokéjimy lygius.

3. Sukonstruotas pazintiniy mokéjimy raiSkos teorinis modelis jgalina tyréja
parinkti arba sukurti pazintiniy mokéjimy tyrimo jrankius. Disertacijoje pateikti tyrimy
rezultatai, gauti sukonstruotais pazintiniy mokéjimy vertinimo per chemijos pamokas
jrankiais, rodo gerus validumo ir patikimumo statistinius jverCius ir koreliuoja
tarpusavyje.

4. Po keturis ménesius vykusio ugdymo projekto nustatyta, kad klaséje, kurioje
demonstraciniai chemijos bandymai ir laboratoriniai darbai buvo atliekami virtualiali,
pazintiniy mokéjimy ugdymo rezultatai yra vidutiniskai 8,4% (p<0,000) mazesni uz
realius chemijos bandymus atlikusios klasés. Sis skirtumas nestipriai pasireiskia lyginant
klasiy reproduktyvaus lygio pazintinius mokéjimus, taCiau iSrySkéja lyginant

produktyvaus ir kirybinio lygiy pazintinius mokéjimus. Gauti rezultatai patvirtina
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pirmgja ir antrgja disertacijoje iSkeltas hipotezes — mokiniy pazintiniai faktiniy ziniy
igijimo mokéjimai yra panasiai ugdomi mokiniams atliekant tiek realius, tiek virtualius
chemijos bandymus, bet aukstesniy lygiy pazintiniy mokéjimy ugdymo rezultatai yra
geresni, kai chemijos bandymai yra atliekami realiai.

5. Nustatyta, kad per chemijos pamokas bandymus atliekant realiai, suformuoti
pazintiniai mokéjimai ir jgytos zinios iSlieka ilgesnj laika. Virtualiai chemijos bandymus
atlikusios klasés testo-retesto rezultaty skirtumas buvo statistiSkai reikSmingai mazesnis
ir siek¢ 8,8% (p=0,017). Realiai bandymus atlikusios klasés to paties testo-retesto
rezultatuose statistiSkai reik§mingo skirtumo aptikta nebuvo. Mokiniy anketinés
apklausos ir interviu duomenys rodo, kad Siuos rezultatus nulémé trys pagrindinés
priezastys:

- Dauguma virtualiai bandymus atlikusiy mokiniy per chemijos laboratorinius
darbus maZzai naudojosi turimomis teorinémis Ziniomis, labiau bandé atspéti, kokius
reagentus reikia sumaiSyti, siekiant gauti gerg darbo rezultatg. Toks darbo atlikimo
biidas negali suformuoti ilgalaikiy Ziniy apie nagrinéjamus chemijos reiskinius.

- Virtualts laboratoriniai darbai mokiniams néra patrauklds, jy teikiama
informacija turi tik vaizdinj kodavima, todél ilgainiui juos atliekant sumazéja démesio
koncentracija, silpn¢ja susikaupimas. Realtis laboratoriniai darbai, atvirksciai,
mokiniams yra jdomiausia chemijos pamoky veikla, per kurig jy démesio koncentracija
yra maksimali, todél jgytos Zinios iSlieka ilgesn; laikg. Tam jtakos turi ir skirtingi
informacijos kodai: kvapai, spalvos, lytéjimo pojticiai.

- Virtualius bandymus atlike mokiniai daznai negaléjo jzvelgti jy teikiamos
naudos, tod¢l 1 §§ mokymo metoda zZvelgé nerimtai.

6. Mokiniy apklausa parodé, kad chemijos bandymy atlikimas virtualioje
mokymosi aplinkoje yra patogus ir saugus, ta¢iau jis nesuzadina mokymosi intereso ir
gali biiti sumaz¢jusios mokymosi motyvacijos priezastimi. Virtuallis laboratoriniai
darbai sukelia nedidel] mokiniy susidome¢jima, todél atsiranda démesio koncentracijos
iSlaikymo sunkumai, galintys nulemti zemesnius mokymosi pasiekimus. Apklausy metu
gauti duomenys paneigia tre€igjag hipoteze — mokiniy atlickan¢iy virtualius chemijos

bandymus mokymosi motyvacija nedidéja.
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