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INTRODUCTION

Scientific relevance

The contemporary society has been experiencing transformations of the own
evolution — the technological progress is observed, which affects the creation of new aids
and their development for the improvement of the expression of Subjects as well as the
shift within consciousness of humanity from two dimensional realities of the surrounding
word towards three-dimensional and four-dimensional, where the new dimension of time
appears (Walker, 2009), perceived relatively and constructed according to heterogeneous
needs, indivisible, non-linear, but continuous and vital. Globalisation transforms time and
within its context — space, movement, places; it enables the change of information society
to the knowledge society, where the knowledge economy and their systemic management
are implemented by enabling the development of the Subject potencies within the context
of new imperatives. The whole culture has become public (Geertz, 2005), civilisationally
changing (Kavolis, 1996), transferring from the text to the image, occupying screens,
encouraging appearance of new thinking and reality perception forms (Andrijauskas,
2006), when elements are attributed multimodal reactivity towards irritants of the
perceiver, dual information coding and decoding, linking characteristics of dual models
within interrelation of homogenised polycentric derivatives for increase of operating on
Subject. The mass representational regress of information is taking place (the image is
returned instead of the ideal information) for the sake of the progress of cognitive processes
of the human being Ontogenetically, visual representations of the externalised objective
information return the consciousness of the Subject to the pre-conceptual level, where
images (are) manage(-d) (by) psychical processes and it affect the verified perception of
the verbalised reality. The excessive amount of the conceptual verbal information does
not reach even the smallest part of the human mind possibilities, ensuring the efficient
participation within the own development as well as the development of others, therefore
the visualisation opens and affects not only intuitive, but conscious activities for the
activation of cognitive processes, application of which contributes to the more easy
operation within processes of the knowledge construction. ICT support helps to realise the
transformation of the time dimensionality, covering constants of the common space, place
and movement — the consciousness regression for the sake of perception of innovative
and complicated phenomenon as well as for their transformation progress for epistemic
application is performed during the time, convenient for the Subject in his / her personal
space and place by forming favourable conditions to observe never-seen objects by aids of
multi-representation and therefore to recognise not only scientific, but also the everyday
reality deeper.

Representation of non-representativeness has been progressively happening in the
society in forms of visual information — invisible phenomenon become visible. During
cognitive and social construction (or deconstruction) of applying representation of
externalised visual representations as some kind of innovations, linked with verbal
information, the dual conception of the object or phenomenon, based on the dual synthesis
between the word and the image, is formed. Globalisation and post-modernism gave a
sense for the revelation of invisible phenomenon, ensuring more progressive development
of'the consciousness of every learner — subjects, which were difficult to understand, became
simpler, easier to understand. Visual externalised artefacts of the supposed reality for
members of society within heterogeneous sub-cultures transfer information which could
have been perceived by the minority and this enables the elimination of boundaries between
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the general and elite education, between education possibilities for gifted, average students
and students with learning difficulties in comprehensive schools (grades 8-12). During
implementation of the principle of visuality, differentiated and individualised conditions,
adapted to students with various needs, of the educational content can be homogenously
created. This would increase the possibility to encourage the consciousness regress of
students for the sake of the progress of cognitive processes, enabling the cognition of
represented complicated subjects in science education in the acceptable form.

Objectivised phenomenon in science education and their elements, revealed
for students in the homogenised visual form, stimulate development of the Subject
consciousness within the context of learning. By stressing this, the use of visualisation
during lessons of Biology, Physics, Geography and Mathematics becomes relevant not
only philosophically — culturally, but psychologically as well. The perceiver is given
especially simplified information of various dimensions, forms, colours, sizes and other
characteristics, which activates the perception of learners, better and easier understanding
of complex objects (Wu, Hsin-Kai., Shah, 2004; Jared, 2009; Chittleborough, Treagust,
2008; Donovan, Nakhleh, 2007; Penn el al., 2007; Melles, 2007; Ubuz, 2007; Williamson,
José, 2008; Booth et al., 2005; Rule, 2005; Casperson, Linn, 2006; Saprykina, 2008; Kim,
Olaciregui, 2008; McCaffrey et al., 2008; Amundsen et al., 2008; Qian, Tinker, 2006;
Bogner et al. 2006; Rogers, 2008; Tasker, Dalton, 2008; Ainsworth, 2008; Sengul et al.,
2010; Barat, 2007; Silen, 2008; Penn et al., 2007), imagination, which contributes in
imagining and restoring objects and their interactions, invisible by other means (Rule,
2005), attention, helping to concentrate deeper to follow and to remember the information
(Kim, Olaciregui, 2008; Velazquez-Marcano, et al. 2004; Mason, 2006; Mammino, 2008;
Tasker, Dalton, 2008), as well as memory (Cook, 2006; Card, 1999, Folorunso, Ogunseye,
2008), which is obligatory for epistemic application of the gained knowledge in practice.
The named psychological processes can be identified as cognitive, application of which
affects the construction of more versatile mental models (Tasker, Dalton, 2008) in the
memory, combining the verbal and visual schematic totality of codes, influencing the
more effective assimilation of information of educational purpose as well as the formation
of correct models in science education (Gilbert, 2008). It has been scientifically confirmed
that application of visualisation during lessons of Biology, Chemistry, Physics, Geography
and Mathematics leads to the higher interest of students in educational content (Wu, Shah,
2004; Cook, 2006, Oller, 2006; Hai-Ning Liang, Kamran Sedig, 2010) and phenomenon
of nature.

On the psycho-educational meaning, visualisation in some way enables the learners
to eliminate epistemic limitations and to form premises for the correct assimilation of
conceptions and phenomenon, linked with reality of our world of the nature of science
education. Researches have indicated (Sirhan, 2007; Tsitsipis et al., 2011) that children
experience learning difficulties, limiting their cognition possibilities, during lessons
of science education. Visualisation, as the artefact, could serve for participants of the
educational process in elimination of factors, limiting the effective education. Better
knowledge of complex subjects could increase the need for epistemic practice; the context
of independent operation could be projected; the learning paradigm expression in everyday
educational activity could be expanded.

The changing ontology of educational paradigm also gives a sense to the application
of the visualisation during lessons of science education: premises for cognitive and social
construction of the knowledge of students by their interaction with externalised visual



representations as well as for accumulation of the necessary experience for learning further
topics and self-development are supposed. Constructive paradigm states the necessity of
differentiation and individualisation of education as well as linking education content with
everyday attributes and the use of educational artefacts as the equivalent for really existing
life phenomenon. Knowledge in science education of the Subject should correlate with
knowledge in other spheres; in order for the current link to appear, complex phenomenon
should be presented by simple representations, which are easier to understand and
reclaimed, decoded by analogues in the real life. The constructive paradigm obliges
pedagogues to apply those aids, which are the most activating for cognitive and social
basics of recognition, motivating and contributing in the formation of skills of independent
learning with artefacts. Within this context the relevance of application of computer-
based visualisation is especially highlighted — multidimensional and multimodal visual
representation correspond to needs of the contemporary user and is more effective for
his / her consciousness than educational aids of the classical nature. Computer-based
technologies as well as visualisation, represented by them, within the context transformation
of educational paradigm, is treated as the innovation (Simmons, 2011), which changes
learning (teaching) possibilities and the surrounding environment. Technological process
has modernised educational content, ICT (computers, multimedia, interactive boards and
etc.) appeared in schools, and therefore the need for administrative staff, teachers and
software designers appeared to cooperate and learn to manage the new technologies by
the thorough analysis of peculiarities of their application. Visualisation, as the artefact of
externalised visual representations, reflecting the multidimensional and multimodal state
of objects, obliges to present the lesson content in a more innovative way, because for the
population of students is represented non-representative reality of the surrounding world.
Exposure of images through the more simple way of presenting complicated phenomenon
forms more favourable conditions, by aids of the innovative technologies, to construct
knowledge of students with educational affirmation of imperatives of the post-modern
paradigm — the teacher becomes advisor and consultant while artefacts — mediators.
Computer-based visualisation, as innovation, would encourage pedagogues to intercept
their new role — the learning content is linked with application of visualisation and its
interactivity guarantees new functions of the pedagogue, quality of his / her relations
with the student, giving a sense via revelation of representation of various levels of meta-
status and their identification by scientific conceptions within the context of the analysed
phenomenon. Mastering of technologies would lead to the strengthening of the role of
the pedagogue by the post-modern assessment of his / her work results and the process
— to teach, to learn and to recognise the world as the post-priory, when the knowledge,
accumulated in the memory by aids of visual artefacts is validated by practicing while
a-priory information is either corrected after internationalised visual representation or
adapted by mutual interaction between cognitive and social learning contexts.

Inthe near future education should guarantee the teaching equality forall ifthe education
is the factor, forming the society (Millar, 2012); this supposes the premise that on epistemic
meaning the science education in future should be accessible to every learner, and therefore
the educational sphere should be developed the way to form the best conditions for students
with heterogeneous needs in the constantly developing world, where the educated person
is to become the creator gradually. It is planned that ICT application for the teacher and the
student in future will be an important and interesting instrument to increase educational
achievements (Courville, 2011; Kennedy, 2011; Guerra et al., 2011) and therefore will be



widely integrated into the process of education (Belland, 2009; Trouche, Drijvers, 2010;
Selwyn, 2012; Reigeluth, Merrill, 2009; Polly et al., 2010); classical aids will be replaced
by new ones (Tugui, 2011) by encouraging teachers to give more time for analysis of aids
(Hicks, 2011). Computer technologies (especially visualisation) are not treated as the only
ones, that can contribute to the improvement of educational process — from scientific and
education meaning they are treated as culturally timely and favourable (Maddux, Johnson,
2011), contributing in the learning, but not transforming it basically (Sheehy, Bucknall,
2008) thus giving a sense to the student oriented paradigm (Smeureanu, Isaila, 2012)
in reality. Scientists state (Pence, MclIntosh, 2011; Klieger et al., 2010) that computer-
based technologies in education would contribute to the creation of new educational
environments, based on the domination of multidimensional and multimodal externalised
visual artefacts. Their representation by innovative aids would contribute to the fulfilment
of the life-long learning request (Lee, 2012), would possibly strengthen role of the school
(Robinson, 2012), because transformation of education system so that it would be oriented
towards the student, would enable the assurance of not only educationally, but also socially
valuable mastering of technologies (Facer, 2012).

Practical relevance

Practical relevance of the Dissertation is supposed by the complex assimilation of
knowledge in Biology, Chemistry, Physics, Geography and Mathematics in comprehensive
schools, which is affected by many factors, linked with conditions of the information
representation within educational reality. The problem of science education is the internal
unrepresentativeness of phenomenon, when Subjects cannot imagine verbal conceptions
and their correlations — if the visual thinking is weaker or less developed, knowledge is
assimilated only in the form of verbal mental models, it is not imagined in their thoughts
and therefore the wrong representation is formed and it affects unsuccessful activity
during practical tasks. Knowledge (conceptions) in science education is complex, abstract,
difficult (and / or especially difficult) to understand for students in 9-10 forms because of
their visual unrepresentativeness in the consciousness, lack of analogues for their inability,
as the externally observed phenomenon (Sirhan, 2007), for the objects in the real world. In
order to simplify the information of educational contents, so that the consciousness could
experience the cognitive revolution with the help of regressive codes, it is important to
externalise objects, unrepresentative inside the Subject, by clear representations bearing
some concrete meaning, that supplement the text, coded in words.

Students meet too large flows of the verbal information within educational
environment and therefore cannot select the most important elements; the cognitive load
(Haslam, Hamilton, 2010) leads to the diminished activity of cognitive processes, the
motivation becomes weaker, skills of the independent learning are becoming weaker. The
majority of manuals until the technological process were combining one-dimensional or
two-dimensional visual representations only, that restricted the versatile relevance of the
subject, close to the realistic one, and therefore often affected the formation of incomplete
mental models, inappropriate understanding and wrong knowledge, which is obtained
by attractive communication with the verbal information — words, sentences, complexes
of conceptions. Phenomenon of high abstracting, having no analogues in everyday
environment, are named in forms of conceptions and therefore aggravate the insufficiently
developed imagination of the student as well as his / her thinking operations. The amount
of new conceptions is growing with every lesson and failure to keep them in memory as
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well as lack of clear dual mental models leads to the fact that the psychics of the Subject
rejects incomprehensible verbalised codes and therefore they are not realised and are left
unidentified. The growing flow of the verbal information causes informational overload
and it may be reduced by multidimensional as well as multimodal visual representations
(Liu, Su, 2011; Yeh et al., 2012). Muller et al., 2008; Schwamborn et al., 2011; Leutner,
et al., 2009; Erlandson et al., 2010; Korakakis et al., 2009; Price, Lee, 2010) that include
learners into the process of interactive interrelation with the object thus enabling him / her
to know the science education subjects better. Visualisation can contribute in understanding
phenomenon of sub-micro level, which cannot be observed by the human eye (Ardac,
Akaygun, 2005), when models of science education are attracted closer to the reality and
students perceive them as significant (Schwarz et al., 2009).

Finally, next to reasons, named above, the problem defining their result exists — low
need to select subjects in science education in higher grades (Britner, 2008; Liu et al.,
2010), lack of specialists in the current sphere all over the world (Koul et al., 2011;
Blackburn, 2006). This phenomenon can be influenced by the complexity of subjects in
science education, lack of their interrelations with factors of the real world as well as
non-solid knowledge within the learning context of those subjects, what can be corrected
by aids of visualisation as representation of externalised scientific truths in the form,
acceptable for the perceiver and suggestively correlated with the verbal information — this
would lead to the construction of reliable knowledge, practice, based on the experience
and strengthening of the wish to deepen the knowledge in abstract things in school and
after graduation.

Scientific problem

One of the greatest problems within the reality of the science education is the
inappropriate understanding of conceptions, phenomenon, topics and other elements of
the content. Learners understand conceptions individually, constructing the own epistemic
experience on the base of the cognition practice, which often influences the misconception.
In such cases naive mental models dominate, as well as inadequate and not objective
description of factors of science education, incorrect assimilation of their peculiarities and
features. It is especially actualised in spheres, where the learning about features of micro
elements, not seen for the human eye, take place, without any special equipment and aids:
misunderstood chemical links (Calik, et al., 2005; Ozmen, 2004; Pmarbas, Canpolat, 2003;
Unal, et al. 2006; Sirhan, 2007; Duis, 2011; Gomez-Zwiep, 2008; DiSpezio, 2010; Herman
etal., 2011), various processes (Klassen, 2009) and features of phenomenon (16). Scientists
state that such situation is affected by the high abstractness level of conceptions in science
education (Ghassan, 2007), their inter-similarity; this limits the correct identification of
terms (Larrabee et al., 2006), identification of false conceptions (Ying-Shao Hsu, 2008).
Therefore premises follow that incorrect understanding of conceptions and processes lead
to wrong mental models formed (Park, Light, 2009), and their correction during lessons
lacks time as well as internal modelling competences of learners (Lopes, Costa, 2007).
The latter presumes that science education has a real existing problem — misunderstanding
of conceptions and processes, which could be eliminated or diminished by aids of modern
externalised visual representations.

Within the context of comprehensive education the attitude is observed that learners
should construct and interpret specific terms in science education as well as phenomenon,
processes, interrelate them and to have skills of recognising them in everyday reality
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(Freeman, Taylor, 2006; Alvermann, 2008; Hapgood, Palinscar, 2007; Gropen et al.,
2011; Guzzetti, Bang, 2011; Miller, 2006; Rannikmie et al. 2010; Holbrook, Rannikmie,
2009; Hapgood, Palincsar, 2006/2007; Yore et al., 2006, 2007, 2009). The Subject may
become literate in science education when he / she can correctly understand the content
of subjects of Biology, Chemistry, Physics, Mathematics and Geography, is capable to
remember it and apply it in practical work, to see links with the reality. However lack
of the correct knowledge and failure to assimilate it, leads to the low literacy in science
education and therefore the mentioned subjects are studied in higher grades at a low level;
comprehensive education becomes weaker and speaking from ecological point, relation
with nature is limited, what partially contributes to the development of the consumer
culture. Not understanding general laws of science education it is impossible to understand
the surrounding world and to create nature-favourable environment, stimulating the
evolution of the Subject, as the well-versed creator. As far as the science education literacy
is the scientific problem, widely analysed in the whole world, which matches previously
discussed ones, its elimination could be supported by aids of visualisation. Currently the
education of literacy by aids of various representations is actualised (Tytler et al., 2006,
2007; Anthony et al., 2010), because they contribute in revealing the objectivised and
homogenously confirmed truth, which is too complicated and too abstract for students
in the verbal form. According to Yore et al. (2006), learners must know artefacts of the
content of subject of natural education, must understand systems of codes, and therefore
the increase of literacy in science education is to be attained by visual (Lehrer, Schauble,
2009; Ainsworth, 2008), verbal (Weiss-Magasic, 2012; Hanharan, 2009; Manolas et
al., 2011) and multimodal representations (Waldrip et al., 2006). Externalised visual
representations are also applied as verbal artefacts, because their link influences the effect
of expression of multimodal aspects on cognitive and educational processes of Subjects.
Two and more coding systems can be joined by various aids; however it is important for
them to be interactive with the deeper inclusion of the Subject into the process of learning.
Computer technologies suit the best for them (Ng, 2011; 2010) and contribute to principles
of constructivism and therefore reduce the cognitive load experienced by students (Vogel-
Walcutt et al., 2011) to develop learning contexts via constant knowledge construction
(Chu, Ju, 2010) within interaction of cognitive and social factors (Powell, Kalina, 2009;
Stears, 2009; Harkness, 2009).

Successful science education requires development of literacy not only in this sphere
(Feinstein, 2011), but also in the exposure of theoretical links with life (Bennett et al.,
2007), because information about objects of nature is abstract, difficult to understand and
students often make epistemic mistakes, because they do not see analogues of knowledge
in the reality. This problem could also be reduced by application of visualisation
— externalised visual representations would be applied by anticipating the cognition of
phenomenon through artefacts, known for students and this would encourage the learning
motivation (Pugh et al., 2010), would deepen the critical thinking (Marques et al., 2011)
as well as skills of visual literacy (Metros, 2008), which are very important in the visual
culture. In this case, the visual literacy is important as much as strategies of the reading
perception (from NGSP, 2008 cit. Anthony, Tippett, Yore, 2010; Kordigel Abersek, Hus
2007; Kordigel Abersek, 2008; McTigue, Flowers, 2011, 2010), because general science
education requires both (verbal and visual) coding systems. If the qualitative multimodal
and multidimensional interactive visualisation would be applied during lessons, it would
be possible to expect elimination of the majority of previously identified problems.
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Identified problems of the science education, which could be eliminated or reduced
by aids of visualisation, gives a sense to the importance of researches on application of
externalised visual artefacts within educational reality. Within the worldwide context, the
priority is given to innovative projective aids of visualisation, which are tested during
experimental lessons and therefore methods of logical positivism dominate in schemes of
the research selection — experiments and observation; questionnaires for participants of
educational process are applied more rarely due to the existing attitude that experimental
data is more reliable. However, within the social construction of educational reality, the
teacher and the student, their positions in the context of applying all aids and representations
are the most important, because Subjects construct the cognition and experience and
their attitude is also an important source of information about the analysed object. The
attitude expression is formed by various social, educational, psychological and cultural
environments, individual as well as homogenised needs of members of population,
and therefore expression of the position of the listener evidences the impermanence of
the analysed phenomenon within some appropriate context, which, upon the change
of some essential conditions, may affect the change of the attitude. The attitude also
reveals awareness of attributes of the everyday reality, which is exposed as the formed
attitude, stereotype or vice-versa — latent image without any objective base, evidencing
reasons of the position. Within changes of educational paradigm atfitude of teachers and
students towards visualisation and its effect is not clear because gradual introduction
of technologies into educational process leads to the change in the understanding of the
conception. New experience within transformation of culture is created, gradual transition
to visual spaces is observed and therefore possible effect assessment of the visual object
from the point of Subjects is not analysed but relevant and important. Even though various
experiments identified that concrete externalised visualisations, applied in researches,
are useful for cognitive processes of children, there is a lack of information about the
possible effect of visualisation, as the artefact, on the Subject — especially on very
heterogenic aspect of gender. This would reveal psycho-educational specific features of
application of visualisation for girls and boys, which could give reliable and important
information for designers of the science education — scientists, authors of manuals and
innovative aids, teachers, students and their parents. It would also affect more cognitively
and socially constructive creation of the educational process, because homogenous and
heterogeneous peculiarities of the applied artefact during lessons of Biology, Chemistry,
Physics, Geography and Mathematics would be known. As far as the number of aids of
visualisation is about to grow in future it is important to have reliable instruments that
could be used by scientists and teachers in order to define previously mentioned. Due to the
existing variety of logical positiveness researches, there is a lack of research instruments,
based on the social paradigm, i. e. there are no questionnaires to identify attitudes of
teachers and students, which would combine the effect of externalised visual artefacts on
psycho-educational factors. Such scientifically approved instrument would contribute to
the efficiency of applying visual artefacts, because it would identify attitude of Subjects
about the strength of existence of the core factors that affect the application of aids.

Even it has already been revealed that currently the computer visualisation was the
mostly analysed because of its wider possibilities to represent various visual artefacts
in the interactive manners, though context of educational transformation evidences the
conversion — traditional visual aids are still applied in reality, which can also help in
solving various problems of science education. In scientific literature, the conception of
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visualisation is often linked with computer technology, because it responds to challenges of
science modernisation, application of innovations and etc., which socially and educationally
stimulate the implementation of researches. However, during lessons of Biology, Chemistry,
Physics, Geography and Mathematics, where educational paradigm has just been initiated
to transform, strives to cognitively and socially create as well as construct environment,
oriented towards the student, other aids of visualisation can be applied, the effect of which
on students is almost not analysed. This issue also lacks information — what aids are applied
in subjects of science education on the national level and have their application changed?
Attitude of teachers about application of visualisation, its change in the past as well as
potential change in future would expose socially and cognitively constructed homogenous
and heterogeneous experience, dependent upon the work experience, the presented subject
and the represented paradigm from the point of the consumed object. It is also important to
reveal really existing reasons that encourage and limit application of visual artefacts; this
would contribute in defining if the dominating reasons are characteristic in all disciplines
of science education. The analysed factors would identify facts, stated by Subjects, about
the need for visualisation within perspective of the projected and modelled educational
reality.

As far as application of visualisation within disciplines of science education is
often analysed from the aspect of the aids effectiveness, the more consistent scientific
research, based on empiric strategy of mixed methods, would enable deeper and more
comprehensive explanation of psycho-educational factors of application of visualisation
as well as their expression in the populations of teachers and students within the context
of educational reality and the main reasons of heterogeneous differences from the point
of the analysed people as well as from the conceptual aspect of ontology. On the basis
of theoretical and empirical research data the well-grounded psycho-educational model
of application of visualisation within the science education could be constructed, which
would fully and efficiently represent application (realisation) of the analysed object
in educational environment. This is the foundation for the main problem issue of the
Dissertation — what are psycho-educational factors of applying visualisation, as the
ontologically revealed science education artefact, for students in 9—10 forms and reasons
for their heterogeneity.

Object of the research — psycho-educational factors of applying visualisation in
science education.

Research hypotheses:

e It is possible, that externalised visualised representations stimulate cognitive
processes, motivation and independent learning of students.

e [tis possible, that the positive effect of applying visualisation in the science education
on learners is heterogeneous from the aspect of the gender of students.

e Itispossible that application of the new externalised visual representations as well as
its prognosis in the science education differ from the aspect of the working experience
of teachers.

Research aim is to analyse psycho-educational factors of applying visualisation

during lessons of Biology, Chemistry, Physics, Geography and Mathematics in 9-10
forms, reasons for their heterogeneity, and the model of named factors.
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Theoretical objectives:

e  Toreveal the characteristics of visualisation within ontology of the image ontogenesis,
postmodernism, synergetics, globalisation, ontology of knowledge / information
society and educational innovation, by highlighting elements of applying artefact in
science education.

e  To characterise external visual representations on aspects of dimensionality and meta-
status within the variety of aids by stressing changes of the conception of visualisation,
as the mentioned object in scientific works of Biology, Chemistry, Physics, Geography
and Mathematics.

e  Toreveal premises of the constructivistic paradigm realisation on aspects of advantages
of externalised visual representations by applying them in science education as well
as the gender heterogeneity upon possible interaction between cognitive and social
factors.

e  Toanalyse theoretical psychological and educational context of applying visualisation
by identifying the effect on the students’ motivation and cognitive processes (for
perception, memory, attention and imagination).

Empirical objectives:

e To identify attitude of teachers of Biology, Chemistry, Physics, Geography and
Mathematics empirically towards programmes of visualisation, factors, limiting their
application in educational reality as well as attitude of students in 9-10 forms about
reasons for not understanding subjects in science education, factors, limiting learning,
effect of objectivised externalised visual representations, presented during lessons or
found during some free time in the internet on learners.

e To diagnose expression of factors, identified during the exploratory research by
revealing change of applying real, paper and computer-based visual externalised
representations, identified by some particular artefact aids and its prognosis for
lessons of Biology Chemistry, Physics, Geography and Mathematics, by defining
the effect of visualisation on cognitive processes of students, their motivation and
independent learning according to the gender of subjects and the form by comparing
attitude of educational subjects (pedagogues and learners) on the aspect of the
analysed phenomenon.

e  To verify results of researches with empirical substantiation of attitude of Subjects
of science education — teachers and students — towards reasons, affecting the higher
need for externalised visual representations and their effect on heterogeneous groups
of learners under aspects of gender and form.

e  To construct psychoeducational model of applying visualisation in science education
on the base of theoretical and empirical researches and to discuss its application
possibilities within the context of the methodological theoretical contexts and
perspective of future researches.

Ontological conceptions and provisions of the research

Within the context of cognitive constructivis (Piaget, 1983; Colliver, 2002; Nezvalova,
Lamanauskas, 2010; Raykova, 2008; Nezvalova, 2009) visualisation is given a sense as the
artefact, supporting by aids of assimilation and accommodation the construction of correct
mental models that determine correctness of the knowledge as well as the successful
epistemic their application in practice. Externalised visual representations help the Subject
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to construct visual mental models that within the process of learning verbal conceptions are
combined and therefore correct knowledge structures (visual and verbal) are constructed
in the consciousness. Students in 9—-10 forms have difficulties in understanding abstract,
invisible conceptions of science education as well as objects and phenomenon, therefore
visualisation helps in individual construction of correct mental models that determine full
understanding of the topic and its assimilation.

Theory of social construction (Vygotskis, 1978; Shek, 2002; 2007; Cottone, 2007)
gives a sense to the meaning of externalised visual representations due to their positive
effect on the development of the Subject. With the support of interactive visual artefacts,
the possibility to form educational environment, where the artefact would perform the
role of the more experienced partner and would transmit new information in the manner,
acceptable for the Subject therefore increasing the consciousness of the learner into
the higher level, increases. When the learner interacts with visualisation, especially
multimodal and multidimensional, intentionality of his / her consciousness increases as
well as reflection of the obtained information, the need for epistemic practice and social
construction of experience, when the artefact is the senior partner, helping to understand
the object of learning in a more rapid and deeper manner.

Visualisation ontology is revealed through the social reality construction theory
(Berger, Luckman, 1998), which explains links of the teacher with externalised visual
representations as attributes of the everyday life. The theory forms premises that
representatives of the classical paradigm possibly experience positive emotions and trust
in oneself when they apply traditional visual aids during lessons of Biology, Chemistry,
Physics, Geography and Mathematics. Teachers, who tend to work by responding
requirements of the post-modern paradigm, would more often apply computer-based
visualisation as the aid of innovation, which is to be managed in order to expand
traditional boundaries of everyday educational activities by saving time and varying the
routine. Application of interactive visual artefacts would be some challenge for teachers,
belonging to this group, which encourages the development, search for innovations, strive
to manage them and therefore to increase the own work quality within the context of newly
constructed educational reality. And vice-versa, representatives of the classical paradigm,
when applying the computer-based visualisation would experience negative emotions,
because this aid would misbalance the flow of everyday rituals as well as traditional
boundaries of educational activity, would disturb the routine and lead to the tension as well
as the sense of uncontrolled time. As the consequence, interactive visual artefacts would
encourage teachers of such group to avoid innovations as limiting their self-expression
and successful work during lessons, with strives to get back to application of traditional
aids, which was simple and effective. Application of computer-based visualisation for
students within limits of their understanding corresponds to the everyday reality, because
they often interact with artificial informational artefacts, virtual spaces. Construction of the
social reality gives a sense to the timeliness for applying externalised visual artefacts by
multimodal and multidimensional aids and possibly positive effect on the consciousness
of learners.

Visualisationisalso given a sense within the context of postmodernism (Jameson, 2002):
it contributes in revealing unrepresentativeness, the reconstructed image, disappearance of
limits between the hidden content and revealed truth is experienced, when the Subject
over goes the period of transition, educational transformation, progress of application
of artefacts, change within the relation with knowledge. In societies of knowledge and
information (Vaccaro, 2008; Serensen, Danielsen, Nielsen, 2007; Parada, 2009; Beck,
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2008), visualisation gains the value of the global aid, which becomes public, available in
various cultures for students with different needs by forming premises to experience the
learning success, revealing invisible objects that become close to the Subject, because are
attributed to the reality of his / her world. Visualisation, as innovation (Varma, Husic, Linn,
2008) also explains the necessity of artefacts within contexts of the constant learning,
transformation of the educational paradigm as well as the technological progress, where
the periodicity of application of aids is synergically (McNeill, Krajcik, 2009; Muniandy,
Mohammad, Soon, 2007) highlighted as well as systematics, vitality and changes during
lessons of science education. Externalised visual artefacts, exposing generalisations of
scientifically objectivised truths, homogenously given in the form of various models,
helps to develop the evolution of the consciousness of Subjects. When observing images,
the learner experiences the regress of consciousness, during which perceived images get
the thinking closer to some particular objects, help to create visual mental models and
join them by verbal (spoken) information. Regress of consciousness, caused by the visual
artefact, gradually causes the thinking progress, because correctly understood images help
to assimilate knowledge correctly and apply them in epistemic practice.

Application of visualisation is determined by psychological conceptions also.
Concept of visual thinking (Arnheim, 1997) states that the visual thinking is one of the
most important types of thinking in the human life — information, received by images is
more concrete, its perception is more rapid. According to the mentioned above, visual
artefacts help the consciousness of the Subject to identify complex and abstract objects for
the consciousness of the Subject as concrete, really seen and therefore facilitates not only
processes of perception, but other cognitive processes as well — attention and imagination.
Activeness of the latter forms necessary skills of imaging, necessary in subjects of science
education. Development of visual thinking by aids of visualisation gives a sense to the
theory of genetic structural intellect model by L. M. Vekker (1976), following which it
is possible to state that this kind of thinking is the base for the concept thinking — if the
Subject in own memory has correct and qualitative (perfect) visual representations of the
object accumulated, he / she can easier identify those images in verbal codes.

Thus not only the visual thinking and its development are important on the ontological
sense of visualisation; application of externalised visual representations during lessons
helps in creation of dual codes (Paivio, 1986, 2006; Hodes, 1994), merging visual and
verbal information. The latter determines the construction of correct dual mental models —
images simplify complex and abstract information and after their understanding, the verbal
description of objects expands the cognition of the object, therefore knowledge structures,
close to the student and linked with everyday reality of science education are created,
ensuring more effective education.

Epistemic conceptions and provisions of the research

Upon construction and implementation of researches, the strategy of mixed methods
was used, when qualitative and quantitative methods are linked, helping to gain more
comprehensive data (Lund, 2012; Teddlie, Tashakkori, 2009; Tashakkori, Creswell, 2008;
Creswell, Tashakkori, 2007; Symonds, Gorard, 2010; Abowitz, Toole, 2010; Creswell,
Plano Clark, 2007). These methods are intended not only for the substantiation of the
data thoroughness, but also for the analysis of not analysed or low analysed phenomenon
(Brannen, 2009), when after their application principles of interdisciplinarity (Kroos,
2012), social interactive research (Greene, 2007, 2008; Dellinger, Leech, 2007) as well as
paradigm of mixed results (Johnson, 2011; Wheeldon, 2010) are followed for the analysis
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of objects, close to our everyday reality (Fielding, 2010; Maxwell, Joseph, 2011). Two
types of mixed methods were selected for the research: exploratory and explanatory;
they enabled the identification of the analysed object, its expression in population as
well as verification of the obtained research data. Logics of researches, consistency of
stages, scopes and groups of analysed people, instruments of the research and methods are
presented in figure 1.

PILOT RESEARCHES

Instrument

Open ended
questionnaire

Exploring:
Aggravating factors of learning
and reasons, the need of
vizualisation, its” influence, usage,
change, limiting and stimulating

Qualitatz%lec%rtsd analysis

1
I
!
I
I
!
I
}

Exploratory L
fpe of ents
mixed ionandtesting [~ " T T T TTTT T =20, Teachers N=!

wsntlfnd

Exploring:
Visualization influence on psich-
eduational processes of students,
its” usage in the past, today and in

the future.
Homogeneity and heterogeneity
of factors depending on chosen
variables.

v ' ICcation and (S - - - - - ----me—
Explan.

Exploring:

The reasons of statistically
significant differences that were
diagnosed during 2 stage research
depending on gender and form
aspects

Qualitative data analysis

Instrument validation

Figure 1. Schema of research methodology (constructed by the author)

Strategy of mixed methods was selected as corresponding to the revelation of the
analysed object within the context of social reality the best, where it is also strived to
follow principles of the logical positivism (Chalmers, 2005) — to reveal exact data from
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epistemological approach about the analysed object, by identifying his / her factors by
expression of qualitative data, diagnosing their expression in population in quantitative
expression as well as defining reasons during verification researches, which would
explain statistically reliable differences, obtained during diagnostic research. In order
to attain the research importance on the national level, scopes were composed under
statistical requirements, and therefore results of the research represent the context of the
whole country. In order to realise the principle of the logical positivism more efficiently,
instrument of the diagnostic research was composed under anthropological EMIC / ETIC
strategy, which obliged, to define values, understandable for the analysed people during the
exploratory research (Ciubrinskas, 2007; Prost, 2007; Bandon, 2010), i. e. emic paradigm
helped to reveal the language used by students and teachers as the connotate, identifying
factors of the analysed object. Under connotates of separate analysed groups, variables of
the instrument were constructed the way their homogenisation would correspond etic idea,
i. e. meanings are to be easily decoded in the analysed population. Construction of factors
(diagnostic blocks) was performed by aids of objectivised scientific conceptual equivalents.
The instrument was approved for every analysed group separately by inspecting internal
compatibility of scales, possibilities to define statistically important differences under
generalised (representing the whole scale), dependable and undependable variables.
Possibilities of the instrument to measure the selected object where approved in scientific
journals.

Methods:

Theoretical: content analysis

Research data collection methods: Surveys that mostly useful for exploring opinions
of populations (Kilanowski-Press, et al., 2010; Theiss, et al., 2009; Tingoy, Gulluoglu,
2011).

Methods for the research data analysis: descriptive (indexes of popularity and
usefulness) and nonparametric statistics (Mann ‘o Whitney U-test was applied, which is
applied for two independent scopes when distribution of variables is abnormal (p < 0,05)
(Pukénas, 2005). It was applied for the verification of hypothesis about the parity of averages
of variables. Cronbach alpha coeficient was applied for the internal reliability of scales of
the instrument. It evidenced if questions are interrelated (Vaitkevicius, Saudargiené, 2006).
Content analysis was applied for the qualitative data analysis.

Theoretical Significance of the Dissertation

e  Analysed characteristics of the conception of visualisation is presented on aspects
of its dimensionality and variety of representing aids as well as differentiation
within the reality of education, by revealing peculiarities of visualised externalised
representations in the context of various level and defining ontogenetical features
within progress and regress of its evolution.

e  Philosophical and social ontological aspect of the discourse of visualisation is
revealed by analysing the meaning of externalised visual representations on aspects
of postmodernism, globalisation, synergetics and innovations by supplementing with
ontological importance for knowledge and information societies.

e  Visualisation is revealed in ontological — psychological meaning by giving a sense to
the application of visual representations on effecting cognitive processes of students
for the peculiarities of the thinking evolution in the consciousness of the Subject,
when visualisation contributes to form correct mental models, to internalise them
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and to externalise in learning subjects of the science education therefore reducing
amounts of the verbal information obtained within educational reality and forming
premises for the activation of visual thinking as the base for the effective formation of
concept thinking.

Change of application of visualisation during past 20 years in Biology, Chemistry,
Physics, Geography and Mathematics is presented as well as in school subjects of
these spheres and predicted substantiated theoretical progress.

Within boundaries of the constructivistic educational paradigm the visualisation is
conceptualised as the premise for realising cognitive and social factors within the
reality of science education on the heterogeneous aspect of gender by highlighting
learning differences between girls and boys on aspects of applying external visual
representations.

Advantages of visualisation in lessons of Biology, Chemistry, Physics, Geography
and Mathematics are analysed by revealing educational as well as psychological
peculiarities, evidencing when learners interact with externalised visual representations
and useful not only for students, but also for pedagogues.

The psychological aspect of applying visualisation within education is analysed —
discourse analysis of the cognitive psychology about peculiarities of visual
understanding, attention, memory, mental models and imagination processes,
by highlighting characteristics of motivation within the process of applying
visualisation.

The model of applying visualisation within educational reality is constructed on
psycho-educational aspect, representing various peculiarities of applying the aids,
affecting the more efficient educational results in science education as well as in
Geography and Mathematics.

Practical Significance of the Dissertation

Premises, concerning benefits of applying visualisation in science education on
psycho-educational aspect were gained during the empirically based theoretical
discourse analysis.

Representative attitude of students (9-10 forms) and teachers (Biology, Chemistry,
Physics, Geography and Mathematics) in the Republic of Lithuania concerning the
benefit of applying visualisation of psycho-educational aspects was analysed with
consistent deepening and supplementing of data, while the thorough and reliable
image about the analysed objects was gained; the latter enables the determination of
peculiarities of the attitude of mentioned populations in the whole country in subjects
of science education.

Object of the research is empirically revealed by applying the triangulation
methodological provision, under which the base features of the object are reflected
in all stages of the research and supplement each other: factors of the object were
identified during the exploratory research, while expression of factors within
heterogeneous populations of participants of education were diagnosed during the
diagnostic research and possible reasons that affected heterogonous peculiarities on
the diagnosed factors within education reality on the aspect of gender were defined
during the verification research.

The instrument (questionnaire) was created and scientifically approved, diagnosing
attitude of the population of students and teachers about the effect of applying
visualisation within science education, enabling the reliable measurement of the
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attitude homogeneity and heterogeneity on aspects of different scales, variables and
populations and it can be characterised by high compatibility of internal scales and
the whole instrument.

The constructed and reliable instrument can be applied not for the scientific purposes
only, but also in school with practical educational aims to define if the concrete
visualisation, according to attitude of students, activates psycho-educational processes
and therefore can be applied by all teachers of science education.

Empirically verified psycho-educational model of applying visualisation in science
education was constructed in theoretical part of the Dissertation; it was supplemented
on the base of results of all surveys and therefore guarantees theoretical and practical
consistency of the model on aspects of the scientific discourse and attitude of students
and teachers towards the analysed object.

Defended Statements of the Dissertation Research

Visualisation, as the artefact, ontologically is interdisciplinary, timely relevant and
essential within the process of science education, affecting regress of the consciousness
of Subjects for the sake of the progress of understanding, enabling possibilities for
individual and social construction of knowledge of learners through representations
of unrepresentativeness of objects within the totality of scientifically objectivised
and homogenised truths thereby contributing to the transformation of the educational
paradigm.

Visualisation eliminates existing learning difficulties, because it activates cognitive
processes of students (understanding, attention, imagination and memory), improves
the learning motivation and independent learning during lessons of Biology,
Chemistry, Physics, Geography and Mathematics.

The planned progress of applying computer-based visualisation in science education
and its stronger effect on the Subject neither objects nor denies efficiency of applying
traditional aids of visualisation.

Application of traditional and new externalised visual representations as well as
its prognosis within the science education differs from the aspect of the working
experience of teachers.

The positive effect of applying visualisation in the science education on learners is
heterogeneous form the aspect of the gender of students.

The positive effect of applying the computer-based visualisation on psycho-
educational factors can be empirically verified by analysis of the attitude of students.

Scientific Approbation of Research Results
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PSYCHOEDUCATIONAL MODEL OF APPLYING
VISUALISATION IN SCIENCE EDUCATION
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Figure 2. Psychoeducational model of applying visualisation in science education
(constructed by the author)

Under theoretical and empirical data analysis the model was formed (figure 2),
revealing psycho-educational factors of applying visualisation in the science education.
The picture scheme would ideally be suitable for multidimensional visualisation, which can
be characterised by the high interactivity and simulation possibilities. During application
of this model, the computer-based visualisation would activate cognitive processes of all
students - perception, attention, memory and imagination. The process of understanding,
if managed more actively, would contribute in understanding complex and invisible
information, which is in this case revealed as the visual and more easily decoded. Correct
mental models would be constructed within consciousness, which are to be assimilated
or adapted under the interaction of the Subject with artefact during the life-long learning.
Under such circumstances the correct information would remain in the memory, which
could be used by the learner in learning further topics.

Computer-based visualisation, as the interactive artefact, would positively affect the
learning motivation for students as well as their independent learning — then the complex
science education information becomes simpler and more understandable, revealed topics
become more interesting for students, encourage students to recognise objects deeper
and to link them with studied topics. It is also expected that the effect of computer-based
visualisation is to be noticed upon the reduction of cognitive learning load — if externalised
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visual representations activate cognitive processes and the verbal information is matched
to the visual, there is a big possibility that the learning load will be reduced. When the
student intensively interacts with verbal and visual information, visual and verbal thinking
will be developed and therefore the possibility that correct dual (visual and verbal) models,
ensuring better learning results, will be formed in the consciousness increases. It would
also possibly affect the greater learning motivation and positive emotions, helping to form
conditions, encouraging the content of science education.

The weaker learning motivation is characteristic to girls; they more rarely link
their future with complex disciplines and assess computer technologies as aids for the
implementing epistemic aims. For girls, on the contrary to boys, the social reality is the base
to recognise other things, therefore externalised visual representations could contribute in
revealing invisible phenomenon, which could be identified as parts of our world. There
is a great possibility, that girls, when observing the visualised information, will link it
with the real life, social reality and their own subtle world. Girls more than boys express
the need for innovative, interactive lessons of science education and therefore application
of computer-based visualisation would contribute in forming necessary conditions
therefore ensuring internalisation of external visual representations, useful for stimulation
of motivation and avoidance of epistemic limitedness. As far as boys more often than
girls are interested in computer technologies, and interact with them more often within
educational, home and free time environments, need for their virtual realities is obviously
higher and therefore externalised visual representations could motivate learners even more
to recognise subjects in science education more, to get concentrated during lessons and to
get ready for them at home.

Within the context of postmodern learning paradigm, where multimodal visual
artefacts would be applied the most efficiently, the role of the teacher could be realised
by applying visualisation during lessons: the pedagogue would reveal himself / herself as
the organiser of the educational process, manager, consultant, advisor, instructor and the
learner, not afraid of challenges and learning together with students. The teacher would
become freer from speaking — he / she would comment the exposed images, interpret texts
and link verbal information with visual one by revealing knowledge, relevant to the own
experience, supplementing externalised external representations by own interpretations.
The pedagogue would consult students, would activate, encourage and psychologically
prepare for the learning. The student could control the process of learning, because he /
she would be able to select the number of times the visualisation is invoked, the way of
learning as well as the amount of efforts. Hereby free conditions from the point of time
will be created — this is the brand new aspect of learning, because within the classical
paradigm the time is more limited and defined by the teacher’s control. Externalised visual
representations would help the student to learn complex issues more independently, to
repeat them by reviewing the material at home or after lessons at school therefore forming
conditions, activating the intentionality of consciousness that gradually form the feeling of
self-assurance. Under favourable conditions the learner would learn to find information,
e.g. within the free time environment, to memorise and review it for the consolidation of
knowledge — this all would enable the subject to feel the higher responsibility for own
achievements.

The time limitedness to apply computer-based visualisation, as innovation, during
lessons causes the regression of the possible competencies’ development for some
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teachers as well as the tension of consciousness and ignorance of innovations as aids,
effecting the education. This is especially characteristic to teachers, who work under the
classical paradigm. In this case it is important that teachers want to apply innovations
and strive for them during lectures — this would not only increase the usefulness of the
lesson, but would contribute to the gradual transfer to the postmodern paradigm. Teachers
of Biology, Chemistry, Physics, Mathematics and Geography, after assimilation of the
realisation of postmodern paradigm, should strive to manage the technology of applying
visualisation more actively, which ensures the possibility to manage time and to perceive its
transformations as routine in everyday life. According to this, application of visualisation,
as innovation, needs endeavours and wish of teachers as well as good technological
conditions and generally formed provision that externalised visual artefacts will help to
realise aims for students and teachers.
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DISCUSSION

Presentation of the world of science education, as the objective one, for subjects
form premises by the externalised visual representation of various dimensionalities
and multimodalities for the elimination of epistemic limitedness by revealing complex,
invisible phenomenon and objects within educational process. Ontologically, visualisation
helps the teacher to realise the learning paradigm; educationally — multimodality helps
the educator to differentiate and individualise the educational content and to adapt it to
students with heterogonous needs by orienting not to the discursive only, but also to the
visual transmission of information; psychologically — externalised visual artefacts form
premises for the development of visual thinking by causing the regress of the Subject’s
consciousness for the sake of the process of cognition, when the understood images are
linked with the verbal information and therefore correct dual mental models are formed
in the consciousness. Theoretically it supposes ideal conditions for the life-long learning
of the Subject with success, for individual and social, or with the help of the artefact,
construction of the cognition of objects of science education. In such situation the teacher
become free from excessive speaking — he / she comments exposed multimodal images,
interprets texts and links the verbal information with the visual one, revealing knowledge,
characteristic to his / her experience, giving own interpretations.

Disciplines in science education have the logics of the consistent learning / teaching,
under which every student must thoroughly learn conceptions, facts and other things,
linked to the knowledge, in order to understand the lesson. In case the student does not
know conceptions or if their application is not correct, it means he / she would experience
learning difficulties in future topics, because failure to learn conceptions will influence
lack of concentration and understanding. When there is no information in the memory,
which could be used, knowledge, gained during the learning is a cursory acceptance of
information without any feedbacks. Often students learn information by heart, however
facts are placed in the short-term memory and therefore information is easily forgotten
without repetitions. This is confirmed by researches, which revealed factors, aggravating
the process of learning: problems of operation of psychical processes and topic assimilation,
lack of necessary skills. According to the conceptual ontology of visualisation, as the
artefact, analysed in the theoretical part of the Dissertation, it is possible to state that the
main problems of science education are linked with unrepresentativeness of objects, which
may be represented within the context of postmodernism by strengthening link of the
Subject with the object. Unclear presentation of invisible objects and phenomenon after
application of verbal representations or rarely applied real and paper visual representations
leads to the understanding of topics and on the base of theory of dual coding (Paivio, 1986;
2006) as well as the theory of mental models (Johnson-Laird, 1983; Adbo, Taber, 2009;
Park, Light, 2009) it affects the lack of the presented knowledge, work and epistemic
practice within the context of the cognitive constructivism as well as the poor learning
motivation and stereotypes, dominating the consciousness, that science education is
too complicated. On theoretical and empirical levels, after the main participants of the
educational process expressed their attitude, it was identified that visualisation for students
in 9—10 forms could help for the management of cognitive processes as well as the learning
motivation. Similar results are confirmed by works of other scientists: (Rogers, 2008;
Tasker, Dalton, 2008; Ainsworth, 2008; Sengul, Cansu, 2010; Hai-Ning Liang, Kamran
Sedig, 2010; Barat, 2007 and etc.). Images help forming visual mental models (Rapp,
2005; Franco, Colinvaux, 2000; Carmichael, 2000) combining them with verbal models
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(Hodes, 1994). Such changes in the consciousness help the student to understand complex
information, because it is possible to see objects in the mind, which are analysed on
theoretical level. Therefore the clearer image of the object is formed and the information
is perceived correctly. Within realisation of the principle of constructivism (Nezvalova,
2008; Papayannakos, 2008), the learning with visual artefacts would be consistent — by
assimilating or adapting the newly gained information gradually would help in formation
of correct mental models, cognitive processes would be activated and factors, limiting the
learning would be at least partially eliminated; the mentioned would influence the more
effective process of science education.

However, it is important, that premises of epistemic elimination are the most possible
by applying interactive multimodal — multidimensional visualisation, which performs
the role of the artefact, which encourages thinking and includes into the learning activity
more than other types. International context of researches in this sphere reveals (Al-
Balushi, 2009; Locatelli, Ferreira, Arroio, 2010; Homer, Plass, 2010 and etc.) that concrete
programmes of visualisation are especially effective and are assessed by teachers and
students as significant ones. However in the context of Lithuania teachers rarely apply
innovative educational technologies, because there is a lack of concrete data about the
effect of applying programmes of computer-based visualisation in 9—10 forms on the
learning. After applying the constructed research instrument, which analyses attitude of
teachers and students about effect of applying visualisation on the learner, it is possible
to verify the effect of concrete aids. Within gradual entrench of educational paradigm,
oriented towards the student and after schools source appropriate aids, experiments could
be implemented on scientific and practical levels, which would give information about
the effect of some concrete computer-based visualisation on the learner in the changed
environment. This would help defining not only the effect of some concrete aids, but also
in forming their ratings, presenting recommendations of authors of aids and therefore
developing the process of science education constructively.

According to the attitude of girls, they more than boys believe that visualisation
helps in activation of cognitive processes and encourages the learning motivation. Similar
differences on the aspect of gender are analysed and interpreted also in theoretical part of
the Dissertation: the learning motivation of girls as well as cognitive processes are poorer
exposed than in boys, they interact with computer technologies more rarely and therefore it
is important for them that visual artefacts should get the reality of science education closer
to the social reality. Meanwhile boys, even if more passive during lessons in 9-10 forms,
more often interact with ICT and like to get included into virtual environments. Such
differences between genders can be explained by the fact that girls choose professions in
science education more rarely in future (Page and etc., 2009; Koul and etc., 2011; Britner,
2008; Ceci Williams, 2007; Scantlebury, Baker, 2007) and therefore their wish to learn at
school is linked with the duty or other social and self-identification aspects that activate
processes of abstract and visual thinking weaker. It is also possible to state that due to
some appropriate attitude towards professions, the majority of girls do not choose subjects
in science education in higher grades, because they do not think that they would be useful
in future. The social attitude is formed that girls should better select professions in spheres
of humanities or some social professions, because subjects in science education are more
difficult for them than for boys (Quinn, Lyons, 2011). However such social attitude can be
based on stereotypes that are not scientifically based — it is possible that girls simply lack
experience to understand abstract things (e. g. the vehicle engine) that are well understood
by boys from the childhood, because they were interested in that, they were observing such
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objects and even tested them by performing different actions. Therefore visualisation, as it
have already been conceptualised in the theoretical part of the Dissertation, epistemically
can help girls to gain the visual experience that boys have due to historical factors of social
environment. Externalised visual representations would help to reveal invisible objects
and therefore would get them closer to reality, which is linked with the social reality
by girls. It is important to analyse philosophical, social, psychological and educational
reasons of similarities and differences of interaction of both genders with concrete visual
artefacts as well as consequences in concrete environments and situations with orientation
towards identification of features of cognitive processes and motivation management. It
is especially important to verify empirically if cognitive processes of girls under similar
conditions operate weaker if compared to boys, because results of the Dissertation
researches represent the attitude of respondents only, which may have been affected by
anthropological, social and psychological factors and would also reflect the result of self-
perception of girls as the weaker gender. It would give more thorough information about
individually and socially constructed aspects of educating different genders, under which
it would be possible to improve educational content and upon the need — to differentiate it
expecting respectively planned and scientifically modelled effect results.

Researches indicated that boys more than girls are looking for visualisations in
internet. It can be explained by scientific evidence — representatives of this gender more
often than the girls interact with ICT, have more necessary skills, gain them more rapidly,
have a greater trust in oneself, and prefer the free time of this type. Verification research
revealed that boys more often use internet and are looking for visual educational artefacts
there, because they try to realise their compensational function, i.e. to get the necessary
knowledge in a more fast way and to gain skills, they haven’t gotten in school due to
inappropriate behaviour and lack of attentiveness for the content of the lesson. It was also
defined that boys versus girls in the free time environment apply visualisation more often
due to the expressed consumer link with artefact — ritual / hedonistic function is realised
in such way, which is explained within boundaries of the constructing social reality — [CT
are the main attributes in everyday life that are liked, used and interested in. The research
results revealed interaction of boys from 9-10 forms with the visual artefact, notionally
appearing in the everyday reality. Interaction was defined in abstract, notional (apparent)
situations therefore it is not clear if implementation of additional surveys would reveal
similar results under concrete conditions. Within continuation of surveys it would be
worth defining what concrete visualisations are looked for in the internet by boys, what are
characteristics of such visualisations (colours, dimensionality, level of representativeness,
status, interactivity, level of abstractedness and etc.) and what are the concrete motives
of searches (are they linked with some concrete lesson, homework, personal issues and
etc.), how the interaction with visualisation affect processes of independent learning within
various educational environments. Response to these questions would allow more thorough
prognostication and modelling of effect of applying new computer-based visualisations on
boys within the context of realising paradigm, oriented towards the student.

Lithuanian teachers mostly apply real and paper visualisations of educational
paradigm within educational reality. Computer-based visualisation is applied the most
rarely and its application depends upon the working experience — teachers, who have been
working in schools for a shorter period of time apply visualisation more often if compared
to teachers, who have been working in school longer — they limit their usage. Pedagogues,
working under traditional methods are used to applying the real visualisation and do not seek
for the application of any innovations. Representatives of the latter group, when required
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to apply the computer-based visualisation, lack time during lessons. It was defined, that
the lack of time, experienced by teacher within the educational process limit application
of the computer-based visualisation and teachers are created regressive conditions for
the development of the time management competencies in the social reality. This can be
explained following the theory of social reality construction, positioning the structure, which
gives a sense to human life within the dimension of time, because many people experience
it differently, subjectively, according to various levels of timelines (Berger, Luckman,
1999). Structure of the lesson time forms different tensions of consciousness for educators
and therefore for those, who are following the classical paradigm of teaching, possibilities
of the computer-based visualisation are not relevant; they are treated as worthless or
harmful from the point of the time limiting, causing disorientation in operations of planned
activities during lessons. The latter influences destructive rejection of innovation as the
correct attribute of everyday life, protecting elements of the conventional time structure.
The forced (Berger, Luckman, 1999) nature of time within the context of the social reality
construction explains why pedagogues lacking the time management competences avoid
applying the computer-based visualisation: inability to apply ICT causes high tensions of
consciousness and effect rejection of artefacts as the only possible way for the elimination
of the negative irritant, limiting the effective operation within the traditional space of
time. Existence of the conventional reality without innovations eliminates possibilities of
progress by transition to the higher level of consciousness and lesson efficiency. It explains
the different perception of time of some pedagogues as well as their ability to manage
situation: for some of them computer-based visualisation is the obstacle for the effective
operation during lessons, because the lack of time and ICT management competences is
experienced; for others, the computer-based visualisation forms favourable conditions
of development and saving time for activities that make factors of the educational
process more effective and increasing their indicators. The subjective perception of time
differentiates pedagogues in their professional activity and, as it can be observed from the
survey, divides them into two groups.

Scientific literature states that the educational process will be especially modernised
(Anderson, Groulx, Maninger, 2010; Anderson, Maninger, 2007; Birch, Irvine, 2009; Chen,
2010; Niederhauser, Perkmen, 2008; Smarkola, 2007; Wu, Chang, Guo, 2008; Maddux,
2008; Maddux, Johnson, Willis, 2011; Maddux, Johnson, 2011; Maddux, Liu, Li, Sexton,
2011). According to this, it was defined that the questioned pedagogues also predict the
progress of applying computer-based visualisation in future, and it affects the advantage
of theoretical scientific and practical implications enabling the premise that researches of
applying externalised visual artefacts within science education are and will be relevant in
future. Considering the future, the Dissertation research results and the constructed model
application of concrete aids of visualisation should be verified during lessons by forming
questions if the similar positive factors exist in different classes, groups of students with
different skills as well as on heterogonous aspects of gender, learning needs, educational
environments and activities. Results of new researches would form the base following
the evidence for conceptual development of application of visualisation within science
education on scientific and practical levels by constructing educational process within the
context of the paradigm, oriented towards the student.
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CONCLUSIONS

Conclusions of the theoretical context of the Dissertation

Visualisation is indivisible from the image ontogenesis — the natural origin, which
encouraged appearance of multidimensional and multimodal externalised visual
artefacts. The image ontogenesis has been progressing by forming intentionality of the
human consciousness for the more complex future of meta-culture, where the Subject
understands and assimilates greater amounts of information in a more simple way
and also constructs own knowledge, eliminates epistemic limitations. Visualisation,
within the context of postmodernism, changes the traditional relation of the Subject
with the image, i. e. deconstructed and reconstructed limit between the object and
the Subject and therefore interaction of the learner with interactive externalised
visual representations is becoming stronger. Perfection of images, representing
unrepresentativeness (invisibility) encourages need to recognise them as the general
information, equal to the verbal one. Visual artefacts give possibility for the learner to
selectthe mostimportant elements from the information chaos and to combine them into
the unity, encourage understanding and managing of synergic process. Internalisation
of the external visualisation is performed cyclically by the gradual construction of
models and combining them with the verbal information and therefore synergic
explanation of the artefact substantiates its impermanence, variety of dimensions,
change within the context of educational transformation and progress of science.
Globalisation gives a sense to the homogenised revelation of externalised visual
representations as the simply understood for students with different skills, scientific
ideas about objects of science education to whom are transmitted in generalised form.
Globally systematised and easily accessed visualisation approaches learners from
various cultures and different learning levels towards homogenised understanding of
the world, where information and knowledge interacts with Subjects, are constantly
renewed and supplement each other. The idea of globalisation, holistically joining
factors of the educational process and its real expression form stimulus for teachers to
seek for development possibilities — to integrate various innovations, combined with
computer-based multimodal visualisation, to learn their management thus saving time
and changing the traditional role to the one of consultant, advisor, moderator upon
transformations of educational process.

Status of externalised visual representations can be divided into the real and meta
(supposed). The real status in various levels (Macro, sub-micro) reveals objects and
processes, existing in the natural environment that can be observed with a naked eye.
Meta-status in Macro level reveals artefacts, given as the really exiting ones (virtual,
supplemented reality, simulations) therefore their dimensionality is not lower than
2D. Visual representations of Sub-micro level of Meta-status are externalised by aids
of the generally objectivised 2D — 3D codes — graphs, diagrams, photos and etc.,
while in the symbolic level — by symbols (marks, abbreviations, equations). Various
representation visualisation for complex phenomenon and objects are applied in
educational reality and can be classified to real (real materials and things), paper
(posters, schemes, photos, pictures, printed maps) and computer-based (internet, virtual
spaces, simulations, interactive boards and etc.). The latter aids are characterised by
multidimensionality and multimodality, therefore their application forms favourable
premises for learning / teaching within construction of students’ knowledge and
deepening of their skills in lessons of Biology, Chemistry, Physics, Geography and
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Mathematics. The use of the conception of visualisation in scientific works during
the period 1990-2011 was rising every year by 15-30%, according to the concrete
aid and discipline (the conception was the most often used in publications within
the sphere of Mathematics, Geography, Physics while the least — Biology). The most
progressive stress was observed in multidimensional and multimodal computer-based
visualisation in the internet environment of the subject of Physics — the number of
using the conception during the mentioned period increased over 80 times.
Advantages of externalised visual representations are revealed by the effect on
cognitive processes of subjects, visual and verbal thinking, learning motivation and
positive emotions within premises of realising cognitive constructivism. Application
of multi-modal and multi-dimensional visualisation in lessons of Biology, Chemistry,
Physics, Geography and Mathematics form socially constructed premises for the
creation of knowledge and information in the consciousness of learners as well as
for confirmation of skills and knowledge and review, for the formation of verbal and
visual skills. Application of visualisation within educational reality forms premises for
activation of cognitive and social factors, which affect the more qualitative educational
process, more collegial relations between the teacher and the student, more free,
creative and interesting educational environment. The revealed advantages can be
homogenously used for the learning / teaching of all students, although heterogeneous
peculiarities exist: learning achievements and motivation girls versus boys in science
education are lower, the future is less often planned with Chemistry, Physics and
Mathematics, interaction with computer technologies is lower and the need for the
computer is oriented towards implementation of epistemic aims, what is controversy
for boys, seeking for the virtual space as the attribute of the everyday social life.
Within realisation of the constructivistic paradigm, computer-based visualisation may
be used for the development of cognitive skills and improvement of motivation of
both genders — socially interesting educational environments would be developed for
boys, while epistemically attractive — for girls.

Within the context of the psychological discourse, application of visualisation
could affect the management (stimulations) of cognitive processes of the Subject —
together with the artefact of external multimodal and multidimensional externalised
representations, linked with the verbal presentation of information, complex and
invisible phenomenon and objects could be understood easier and faster with more
concentration. Within this process, students would more precisely imagine the accepted
information in the form of correct mental models of the dual coding, would longer
keep it their minds. Visualisation as the mediator in eliminating epistemic limitedness,
by activation of understanding, memory, attention and imagination, should encourage
the learning motivation, because during interaction of the visual artefact with the
student interesting, timely educational activities and environments are created, having
an influence on the gaining correctly understood and deeply assimilated personal
experience and also expanding the possibility for the social reality construction.

Conclusions of empiric research of the Dissertation

Students in 9-10 forms experience learning difficulties in subjects of science
education due to limitedness of activity of cognitive processes (perception, attention,
memory and imagination), which are defined as reasons for not understanding things.
The latter include problems of presenting (revealing) topics of lessons — indefinite
exposition of invisible objects and things by aids of visual representations, there is a



lack of visualisations, facilitating activity of cognitive processes. Lack of the necessary
knowledge, experience and practice, low learning motivation and stereotypes
dominating within the consciousness that science education is too complicated also
limit the successful learning of students. Externalised visual representations are given
to students in an objectivised manner during lessons of science education, may serve
as aid for eliminating epistemic limitedness, necessary for badly assimilated and
/ or all topics to activate cognitive processes, to encourage the leaning motivation
and independent practice not only in classrooms, but also in the home environment
(especially when spending the free time in internet). Then complicated phenomenon
and objects would become clearer, more liked with the real life and forms of its
cognition.

According to results of the attitude of teachers experts, it is identified that in disciplines
of science education, classical visualisation methods and ways, presenting educational
information, dominate, the usage of which during the last five years had a tendency to
decrease and as it is planned — it is about to decrease in future. After the settlement of
constructivistic educational paradigm in the consciousness of Subjects, teachers will
apply more effective multidimensional externalised visual representations, the lack
of which in nowadays situation is influenced by the poor material base of schools,
incompetency of teachers to use computer technologies, lack of consultants in the
current sphere, negative attitude of representatives of the school towards innovations.
Pedagogues stress, that application of professionally prepared (perfect, differentiating
educational content, lowering the workload, adapted to independent learning of
students and corresponding to the content and topics of comprehensive schools)
visual artefacts in the Lithuanian language in educational process is relevant due to
possibilities to activate cognitive processes of students, their learning motivation, to
form the stronger feedback coupling and more favourable educational conditions.
According to attitude of students in 9-10 forms who homogeneously identified the
necessity of visualisation, as the artefact mediator in some particular subject, activity
of cognitive processes is becoming more active: complex and abstract information
is assimilated in a more easy and rapid manner, concentration is maintained for
a longer period of time as well as concentration towards the educational content,
unseen object, which have previously been represented by verbal codes and their
interrelations, are imagined, the learnt material is kept in the long-term memory.
Application of externalised visual representations in science education stimulate the
learning motivation of students in 9-10 forms (according to their opinion): the wish
to get deeper knowledge in the content of subject topics is growing, as well as to
look for additional information about objects of science education, to be more active
and to get included into activities of lessons more interactively. Visualisations would
possibly ease independent work processes of students, linked with the realisation of
practical knowledge — learners would easier adapt knowledge in various theoretical
and practical accountable activity.

According to the opinion of Lithuanian teachers, application of the rea/ visualisation
has not changed a lot during the last five years; it has become more often the most
in lessons of Mathematics, Physics and Biology; however frequency changes for the
period of next five years is not predictable. Real aids of visual representations within
the educational process are heterogonously applied by the population of teachers with
a solid teaching experience according to disciplines (the board by mathematicians,
prototypes by physics, experiments by chemists and biologists). Paper visualisation
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within the work practice is applied by half and less respondents heterogonously by
disciplines (schemes, graphs and geometric shapes by mathematicians, graphs by
biologists, maps by geographers). During the last five years change of applying this
externalised visual representation within educational reality has been observed for
some aids only by applying them in heterogonous groups of pedagogues, subject
to the working experience — teachers, working for the shorter period of time in
schools apply artefacts, represented in paper more often than their colleagues with
the greater working experience. The progress of using posters, photos, different
schemes in lessons of Biology, Chemistry, Physics, Geography and Mathematics is
planned in the nearest future. Computer-based visualisation is applied the most rarely
from all other types, however its application has been in the greatest progress for
the last five years if compared to others: teachers started using internet webpages,
experiments in the computer screen and various schemes during lessons of Biology,
Chemistry, Physics, Geography and Mathematics. On some aspects application of
multimodal and multidimensional externalised visual representations differs: teachers
with the greatest working experience limit their application; teachers of Biology and
Geography apply many types of these aids in educational process more than teachers
of Chemistry, Physics and Mathematics. Progressive application of computer-based
visualisation (especially internet webpages, interactive boards, slides) is planned in
the nearest future. The greatest approval for the mentioned above is observed from
teachers with a smaller working experience.

According to the homogenous attitude of pedagogues, visualisation would mostly
encourage the activeness of students, their conscious intentionality for concentration
and deepening of knowledge in the topic in science education. Teachers of Biology,
Geography and Chemistry more than teachers of Physics and Mathematics believe
that visual artefacts in almost all aspects positively affect the independent learning
and motivation of students also forming premises for the expression of postmodern
educational paradigm within educational reality. Teachers of Mathematics are the
least convinced in the effectiveness of visualisation for the activation of cognitive
processes. The pedagogues believe the least that application of externalised visual
representations in science education, Geography and Mathematics for students in
9-10 forms could have a crucial influence for the additional interest of learners in
subjects as well as collection of information in internet. Attitudes of students and
teachers are similar in assessing the effect of visualisation on cognitive processes and
motivation of learners in 9-10 forms when learning Biology, Chemistry, Geography
and Mathematics — externalised visual representations help in activating processes of
perception, memory, attention and imagination.

According to the attitude of girls, visualisation helps them more than for boys to
activate cognitive processes and encourages the learning motivation. Verification
of the research results reveals that for girls more than for boys, externalised visual
representations form better conditions to assimilate information, which is more
difficult to understand if presented by other aids. Due to peculiarities of feminine
versus masculine gender — activity, receptivity, emotionality, creativity, higher
matureness, diligence, attentiveness, lack of practical skills and visual thinking
during lessons, visualisation helps within the construction of more efficient learning
/ teaching process for girls. Boys more often than girls are looking for visualisations
in internet. Upon verification of the mentioned differences, two main appearing
reasons (named by students and teachers) were named. Boys versus girls more often



speak to each other during lessons, less attentive, more often are lazy and are more
rarely interested in science education therefore they seek to realise the compensation
function by aids of search for externalised visual representations in internet, i.e. to
get the necessary knowledge and skills in a more rapid way. Due to the dominating
inactiveness of boys versus girls in 9—10 forms during lessons of Biology, Chemistry,
Physics, Geography and Mathematics, operation of their cognitive processes becomes
weaker therefore visualisation can be applied as stimulating and enabling / helping
artefact within educational environment where the increased need to assimilate
knowledge may also be observed. In the free time environment, boys versus girls
apply visualisation more often due to the expressed consumer factor with artefact —
they prefer, are interested in and use computer as well as internet in their everyday
activities therefore ritual / hedonistic function is realised in this way. The latter is
fortified for the more rapid, easier accessibility of information, reducing the learning
load as well as endeavours within the context of the time management. The higher
need for visualisation in writing tests in ninth form versus tenth form can be explained
by the lack of experience in this age; advantages and necessity of visualisation as
the aid stimulating the consciousness progress in appropriate educational contexts in
order to attain the effective education are once more revealed.
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RECOMMENDATIONS

Within usage of psycho-educational model of applying visualisation in science
education, it is recommended:

1. For authors of manuals, software, managers of publishing houses:

e To prepare qualitative, easily managed visualisation programmes in the Lithuanian
language, differentiating educational content, reducing the workload for teachers,
corresponding to the content and topics of comprehensive schools, which could be applied
during lessons of Biology, Chemistry, Physics, Geography and Mathematics in 9-10
forms. Visual artefacts should be matched with the verbal information so that they would
perform the exploratory functions, help learners to understand complex visualised objects
and processes, especially if they are not seen in the real environment.

e To prepare programmes of visualisation, which could be characterised by high
interactivity (simulations, virtual environment and etc.), adapted to the independent
learning of students at home. Students, using visual artefacts, could develop and deepen
own knowledge in science education, increase literacy in science education as well as over
go the sense of success in the interesting educational environment, where visualisation
could implement roles of mediator, “senior partner / teacher” while Subjects individually
construct own knowledge.

2. For scientists:

e To create qualitative programmes of visualisation under cooperation with authors
of manuals, software and representatives of publishing houses, application of which could
contribute to successful realisation of the psycho-educational model. To help Subjects of
mentioned or similar groups to implement scientific experiments of applying aids and
using the model, results of which would reveal the quality of artefacts by identifying
disadvantages that could possibly be eliminated until production of the aid.

¢ In cooperation with teachers, to apply the created aids in practice, to approve them
scientifically by assessing their development possibilities.

e Toorganise seminars/courses aboutapplication of visualisation for teachers together
with creators of aids, where educators could gain the most important information — how to
manage the aid, what are its advantages and disadvantages, for what topics it is intended
and how it would improve the quality of the teachers’ work and students’ learning.

3. For teachers:

e To look for innovative programmes of visualisation; to apply them in the process of
science education; to verify by aids of the recommended research instrument under attitude
of students if the usage of psycho-educational model is efficient therefore contributing to
the affirmation of postmodern educational paradigm, oriented towards the student.

e To cooperate with scientists, authors of manuals, software and representatives
of publishing houses in the process of creating and testing visualisation aids, to offer
methodological recommendations for the improvement of the aid.

o After assurance, that there are qualitative (perfect, masterly prepared) visualisation
programmes available, intended for the independent learning of students at home, to
encourage students to use them by stressing their importance as well as the positive
effect on cognitive processes of learners, motivation, knowledge and literacy in science
education.
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VIZUALIZACIJOS TAIKYMO GAMTAMOKSLINIAME UGDYME
PSICHOEDUKACINIAI VEIKSNIAI

SANTRAUKA

Mokslinis aktualumas

Siuolaiking visuomené isgyvena didziulius evoliucijos virsmus — regimas technologijos progre-
sas, darantis poveikj ne tik naujy priemoniy kiirimui ir tobulinimui, subjekty raiSkos gerinimui, bet ir
zmonijos samonés poslinkis nuo dvimatés supancio pasaulio realybés iki trimatés ir keturmates, kai
atsiranda nauja laiko dimensija (Walker, 2009), suvokiama reliatyviai ir konstruojama priklausomai
nuo heterogonisky poreikiy, nebedalijama, nelineari, bet iStgsiama ir vitaliSka. Globalizacija transfor-
muoja laika, o jo kontekste — erdve, judéjima, vieta, kas leidzia keisti informacijos visuomeng i Ziniy
visuomeng, kurioje vykdoma ziniy ekonomija ir sisteminis jy valdymas, igalinant subjekto galias
nuolat tobulinti(s) naujy imperatyvy kontekste. Visa kulttira tapo viesa (Geertz, 2005), civilizaciskai
besikeicianti (Kavolis, 1996), pereinanti nuo teksto prie vaizdo, okupuojanti ekranus, skatinanti naujy
mastymo ir tikrovés suvokimo formy atsiradima (Andrijauskas, 2006), kai elementams priskiriamas
multimodalinis reaktyvumas i suvokéjo dirgiklius, dualistinis informacijos kodavimas ir atkodavimas,
suliejantis dviguby modeliy charakteristikas per homogenizuoty policentristiniy dariniy saveika sub-
jekto paveikumui stiprinti. Vyksta masinis informacijos pateikties reprezentacinis regresas (nuo isto-
bulintos kalbos griztama prie vaizdo) dél zmogaus kognityviniy procesy progreso. Ontogeneziskai
eksternalizuotos objektyviosios informacijos vizualinés reprezentacijos sugrazina subjekto samong
i ikisavokinj lygi, kuriame vaizdiniai valdo(mi) psichikos procesus(-y) ir salygoja verifikuota ver-
balizuotos tikrovés supratima. Perteklinis Zodinés konceptualios informacijos kiekis nepasiekia net
mazos dalies zmogaus samonés galiy, laiduojanciy veiksminga dalyvavima tobulinant save ir kitus,
todél vizualizacija atveria ir salygoja ne vien intuityvias, bet ir samoningas kognityviniy procesy ak-
tyvinimo veiklas, kurias pasitelkiant lengviau operuojama ziniy konstravimo procesuose. Talkinant
IKT realizuojamas laiko dimensionalumo virsmas, aprépiantis jprastinés erdvés, vietos ir judéjimo
konstantas — samonés regresija dél inovatyviy ir sudétingy reiskiniy suvokimo ir jy transformavimo
i episteminj vartojima progreso vyksta subjektui patogiu laiku jo asmeningje erdvéje, sudarant pa-
lankias salygas multireprezentavimu regéti anksc¢iau nematytus objektus ir taip geriau pazinti ne tik
moksling, bet ir kasdieng realybg.

Visuomenéje progresyviai vyksta nereprezentuojamumo reprezentavimas vizualiaisiais infor-
macijos pavidalais — nematomi reiskiniai tampa regimi. Kognityviai ir socialiai konstruojant (arba
dekonstruojant) eksternalizuoty vizualiyjy reprezentacijy, kaip tam tikry inovacijy, panaudojima, sie-
jama su verbaline informacija, sukuriamas dualistinis zodZio ir vaizdo sinteze paremtas visapusiskes-
nis objekto ar reiskinio supratimas. Globalizacija ir postmodernizmas jprasmino neregimy reiskiniy
atskleidima, laiduojantj progresyvesni kiekvieno besimokanciojo samonés vystymasi — sunkiai suvo-
kiami dalykai tapo paprastesni, lengviau suprantami. Vizualieji eksternalizuoti tariamos tikroveés arte-
faktai visuomenés nariams heterogoniskose subkultiirose perteikia anks¢iau tik nedaugelio suvokta
informacija, kas leidzia eliminuoti riba tarp visuotinio ir elitinio i$silavinimo, tarp gabiy, vidutiniskai
besimokanciy ir mokymosi sutrikimy turin¢iy mokiniy ugdymo galimybiy bendrojo lavinimo mokyk-
lose (8—12 klasése). [gyvendinant vizualumo principa homogeniskai gali buiti kuriamos diferencijuo-
tos ir individualizuotos ugdymo turinio salygos, pritaikytos ivairiy poreikiy mokiniams. Taip biity
didinama galimybé skatinti besimokan¢iyjy samonés regresa dél kognityviniy procesy progreso, igali-
nancio pazinti reprezentuotus sudétingus gamtamokslinius dalykus suvokéjui priimtina forma.

Objektyvizuoti gamtamoksliniai reiSkiniai ir jy elementai, atskleidziami mokiniams homogeni-
zuotu vizualiu pavidalu, skatina subjekto samonés vystymasi mokymosi kontekste. Tai akcentuojant,
vizualizacijos vartojimas biologijos, chemijos, fizikos, geografijos ir matematikos pamokose tampa
aktualus ne vien tik filosofiskai, kulttriskai, bet ir psichologiskai. Suvokéjui perduodama ypac su-
paprastinta jvairiy dimensionalumy, formy, spalvy, dydziy ir kt. charakteristiky informacija, kuri ak-
tyvina besimokanciyjy suvokimq, geresnj ir lengvesnj sudétingy objekty supratimg (Wu, Hsin-Kai.,
Shah, 2004; Jared, 2009; Chittleborough, Treagust, 2008; Donovan, Nakhleh, 2007; Penn ir kt., 2007;
Melles, 2007; Ubuz, 2007; Williamson, José, 2008; Booth ir kt., 2005; Rule, 2005; Casperson, Linn,
2006; Saprykina, 2008; Kim, Olaciregui, 2008; McCaffrey ir kt., 2008; Amundsen ir kt., 2008; Qian,
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Tinker, 2006; Bogner ir kt. 2006; Rogers, 2008; Tasker, Dalton, 2008; Ainsworth, 2008; Sengul ir
kt., 2010; Barat, 2007; Silen, 2008; Penn ir kt., 2007), vaizduote, kuri talkina mintyse isivaizduojant
ir atgaminant kitais buidais neregimus objektus ir ju saveikas (Rule, 2005), démesi, padedant giliau
susikoncentruoti sekant informacija ir ja isimenant (Kim, Olaciregui, 2008; Velazquez-Marcano, ir
kt. 2004; Mason, 2006; Mammino, 2008; Tasker, Dalton, 2008) ir atminti (Cook, 2006; Card, 1999,
Folorunso, Ogunseye, 2008), kuri biitina, norint mokymosi metu jgytas zinias epistemiskai panaudoti
praktikoje. [vardytus psichinius procesus galima vadinti kognityviniais, kuriy veikdinimas salygoja
visapusiskesniy mentaliniy modeliy konstravima (Tasker, Dalton, 2008) atmintyje, siejantj verbaling
ir vizualing schemating kody visuma, salygojancia efektyvesni edukacinés paskirties informacijos
isisavinimg ir teisingy gamtamoksliniy modeliy susiformavima (Gilbert, 2008). Moksliskai jrodyta ir
tai, jog, taikant vizualizacija biologijos, chemijos, fizikos, geografijos ir matematikos disciplinose, mo-
kiniai labiau domisi mokomuoju turiniu (Wu, Shah, 2004; Cook, 2006, Oller, 2006., Hai-Ning Liang,
Kamran Sedig, 2010) ir gamtos reiskiniais.

Psichoedukacine prasme vizualizacija tarsi jgalina besimokanciuosius eliminuoti episteminius
ribotumus ir sudaryti salygas teisingam savokuy ir reiskiniy, susijusiy su gamtamokslinés kilmés miisy
pasaulio realybe, isisavinimui. Mokslininky tyrimai atskleidzia (Sirhan, 2007; Tsitsipis ir kt., 2011),
kad gamtamokslinése pamokose mokiniai patiria mokymosi sunkumus, ribojanc¢ius pazinimo galimy-
bes. Vizualizacija, kaip artefaktas, ugdymo proceso dalyviams galéty talkinti eliminuojant veiksminga
ugdyma ribojan¢ius veiksnius. Geriau iSmanant sudétingus dalykus, stipréty episteminés praktikos po-
reikis bty projektuojamas savarankisko veikimo kontekstas, ple¢iama mokymosi paradigmos raiska
kasdien¢je edukacingje veikloje.

Besikeicianti edukacinés paradigmos ontologija taip pat jprasmina vizualizacijos taikyma gam-
tos moksly pamokose: suponuojamos prielaidos kognityviai ir socialiai konstruoti ugdytiniy Zinias
jiems patiems saveikaujant su eksternalizuotomis vizualiomis reprezentacijomis ir kaupti sau reika-
linga patirtj naujesnéms temoms mokytis ir save tobulinti. Konstruktyvistiné paradigma konstatuoja
ugdymo diferencijavimo ir individualizavimo bitinuma, ugdymo turinio siejima su kasdienio gyve-
nimo atributais, o edukaciniy artefakty vartojima kaip atitikmenj realiai egzistuojantiems gyvenimo
fenomenams. Subjekto gamtamokslinés zinios turéty koreliuoti su kity sri¢iy ziniomis, o kad ta sasaja
ivykty, sudétingus reiskinius reikéty pateikti paprastomis reprezentacijomis, kurios lengviau supran-
tamos ir jsisavinamos, atkoduojamos analogijomis realiame gyvenime. Konstruktyvistiné paradigma
ipareigoja pedagogus naudoti tas priemones, kurios labiausiai aktyvina mokiniy kognityvinj ir sociali-
nj pazinimo pradus, motyvuoja ir talkina formuojant savarankisko mokymosi su artefaktais jgudzius.
Siame kontekste ypa¢ idry$kéja kompiuterinés vizualizacijos taikymo aktualumas — multidimensiné ir
multimodaliné vizualioji reprezentacija atitinka Siuolaikinio vartotojo poreikius ir yra paveikesné jo
samonei nei jprastos klasikinés mokymo priemonés. Kompiuterinés technologijos, todél ja ir reprezen-
tuojama viuzalizacija, edukacinés paradigmos virsmo kontekste traktuotina kaip inovacija (Simmons,
2011), kuri kei¢ia mokymo(si) galimybes ir supancia aplinka. Technologinis progresas moderniza-
vo ugdymo turini, mokyklose atsirado IKT (kompiuteriai, multimedijos, interaktyviosios lentos ir
kt.), todél atsirado poreikis administracijos darbuotojams, mokytojams ir programy kiiré¢jams bendra-
darbiauti ir mokytis jvaldyti naujasias technologijas, atidziai nagrin¢jant ju panaudojimo ypatumus.
Vizualizacija, kaip eskternaliyjy vizualiyjy reprezentacijy artefaktas, atspindintis multidimensinj ir
multimodalinj objekty biivi, jpareigoja inovatyviau déstyti pamokos turinj, nes mokiniy populiacijai
reprezentuojama nereprezentuotina supancio pasaulio tikroveé. Vaizdy demaskavimas per paprastenj
sudétingy reiskiniy pateikimo biida sukuria palankesnes salygas, talkinant inovatyvioms technologi-
joms, konstruoti mokiniy Zinias, edukaci$kai itvirtinant postmodernios paradigmos imperatyvus — mo-
kytojui tampant pataréju ir konsultantu, o artefaktui — mediatoriumi. Kompiuteriné vizualizacija,
kaip inovacija, paskatinty pedagogus perimti savo nauja vaidmenj — mokymosi turinys derinamas
su vizualizacijos vartojimu ir jos interaktyvumas laiduoja naujas pedagogo funkcijas, jo santykiy su
mokiniu kokybe, iprasminama per {vairiy metastatuso lygmeny reprezentacijy atskleidima ir jvardy-
nima mokslinémis sagvokomis nagrinéjamy fenomeny kontekste. [valdzius technologijas, pedagogo
vaidmuo sustipréty postmoderniai vertinant jo darbo rezultatus ir pati procesa — mokyti mokytis ir
pazinti pasauli kaip postpriorini, kai atmintyje vizualiyjy artefakty déka sukauptos zinios jtvirtinamos
praktikuojantis, o aprioriné informacija arba koreguojama po internalizuoty vizualiyjy reprezentaciju,
arba adaptuojama, kartu saveikaujant ir kognityviniam, ir socialiniam mokymosi kontekstams.
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Netolimoje ateityje ugdymas turéty garantuoti mokymo lygybe visiems, jei ugdymas yra visuo-
meng formuojantis veiksnys (Millar, 2012), kas suponuoja prielaida, kad epistemine prasme gamta-
mokslinis ugdymas ateityje turés biti prieinamas visiems besimokantiesiems, todél ugdymo sritis turi
bati taip plétojama, kad buty sukurtos pacios geriausios salygos heterogenisky poreikiy mokiniams
nuolat tobuléjanciame pasaulyje, kuriame ugdytinis palaipsniui taps kiiréju. Prognozuojama, kad IKT
taikymas mokytojui ir mokiniui ateityje bus kaip svarbus ir idomus instrumentas edukaciniams pasie-
kimams didinti (Courville, 2011; Kennedy, 2011; Guerra ir kt., 2011), todél jos bus itin placiai integ-
ruojamos i ugdymo procesa (Belland, 2009; Trouche, Drijvers, 2010; Selwyn, 2012; Reigeluth, Mer-
rill, 2009; Polly ir kt., 2010), klasikinés priemonés bus pakeistos naujomis (Tugui, 2011), o mokytojai
raginami skirti laiko priemonéms studijuoti (Hicks, 2011). Kompiuterinés technologijos (o ypac vizu-
aliosios) néra traktuojamos kaip vienintelés, padésianc¢ios tobulinti ugdymo procesa — jos moksline
ir edukacine prasme traktuojamos kaip kulttiriskai savalaikeés ir palankios (Maddux, Johnson, 2011),
padedancios mokymuisi, bet jo netransformuojancios i§ esmés (Sheehy, Bucknall, 2008), taip jprasmi-
nant { mokinj orientuota paradigma (Smeureanu, Isaila, 2012) realyb¢je. Mokslininkai argumentuoja
(Pence, Mclntosh, 2011; Klieger ir kt., 2010), kad kompiuterinés technologijos ugdant padés kurti
naujas edukacines aplinkas, gristas multidimensiniy ir multimodaliniy eksternalizuoty vizualiyjy ar-
tefakty dominavimu. Jy reprezentavimas inovatyviomis priemonés padés jgyvendinti mokymosi visa
gyvenima reikalavima (Lee, 2012), galimai sustiprins ir mokyklos vaidmeni (Robinson, 2012), nes
ugdymo sistema transformavus taip, kad ji bty orientuota { mokini, buity galima labiau uztikrinti ne
tik edukaciskai, bet ir socialiai vertinga technologiju ivaldyma (Facer, 2012).

Praktinis aktualumas

Disertacijos praktinj aktualuma suponuoja sudétingas biologijos, chemijos, fizikos, geografijos
ir matematikos ziniy jsisavinimas bendrojo lavinimo mokyklose, kurj salygoja daugybé veiksniuy, susi-
jusiy su informacijos reprezentavimo edukacingje realybéje salygomis. Gamtamokslinio ugdymo pro-
blema yra paciy fenomenuy vidinis nereprezentuojamumas, kai subjektai nejsivaizduoja verbalizuoty
savoky ir ju koreliacijy — jei vaizdinis mastymas silpnesnis ar maziau iSlavintas, Zinios jsisavinamos
tik verbaliniy mentaliniy modeliy pavidalu, mintyse jos nejsivaizduojamos, todél daznai sukuriama
klaidinga jy reprezentacija, kas salygoja nesékminga prakting veikla. Gamtamoksliniy (ir geografijos
ir matematikos) dalyky zinios (savokos) sudétingos, abstrak¢ios, sunkiau (ir/arba ypa¢ sunkiai) suvo-
kiamos 9-10 klasiy mokiniams dél ju vizualaus nereprezentuojamumo samonéje, ju neregéjimo kaip
iSoriskai patiriamo reginio (Sirhan, 2007), realiy pasaulio objekty analogy stokos. Siekiant supapras-
tinti edukacinio turinio informacija, kad samoné per regresyvius kodus patirty kognityving evoliucija,
butina subjekto vidujai nereprezentuojamus objektus eksternalizuoti aiskiomis ir konkrecia reikSme
turiniomis reprezentacijomis, kurios papildo zodziais uzkoduota teksta.

Mokiniai patiria per didelius verbalinés informacijos srautus ugdymo aplinkoje, todél nebe-
atrenka svarbiausiy elementy nuo vir§ krtivio (angl., cognitive load. Haslam, Hamilton, 2010), susil-
pnéja kognityviniy procesy veikimas, slopsta motyvacija, silpnéja geb¢jimai mokytis savarankiskai.
Daugumoje vadoveliy iki technologinio progreso buvo tik viendimensiné arba dvieju dimensijy vi-
zualiosios reprezentacijos, kurios ribojo visapusiska ir artima realistiniam objekto atskleidima, todél
daznai lemdavo nevisapusi$ka mentaliniy modeliy susidaryma, neteisinga supratima ir klaidingas zi-
nias, kurios igyjamos aktyviai kontaktuojant su verbaline informacija — zodziais, sakiniais, savoky
samplaikomis. Auksto abstraktumo fenomenai, neturintys analogijy kasdienio gyvenimo aplinkoje,
ivardinami savoky pavidalais dar labiau sunkina ir taip nepakankamai iSlavinta mokinio vaizduotg ir
jo mastymo operacijas. Kiekviena pamoka naujy savoky vis daugéja, o neislaikant jy atmintyje ir netu-
rint ai§kiy dviguby mentaliniy modeliy, subjekto psichika atmeta nesuprantamus verbalizuotus kodus,
todél jie nejsisamoninami ir lieka neatpazinti. Did¢jantis verbalinés informacijos srautas sukelia infor-
macing perkrova, todél ja redukuoti galima multidimensinémis ir mutimodalinémis vizualiomis repre-
zentacijomis (Liu, Su, 2011; Yeh ir kt., 2012; Muller ir kt., 2008; Schwamborn ir kt., 2011; Leutner,
ir kt., 2009; Erlandson ir kt., 2010; Korakakis ir kt., 2009; Price, Lee, 2010), kurios jtraukia besimo-
kanciuosius { interaktyvaus saveikavimo su objektu procesa, igalina jj geriau pazinti gamtamokslinius
dalykus. Vizualizacija gali padéti suprasti mikrolygmens reiskinius, kuriy {prastomis priemonémis
(salygomis) zmogaus akis nemato (Ardac, Akaygun, 2005), kai patys gamtamoksliniai modeliai priar-
tinami prie realybés ir mokinio suvokiami kaip reik§mingi (Schwarz ir kt., 2009).
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Galiausiai, dél auksciau jvardyty priezasciy, egzistuoja ir jy rezultata lemianti problema — mazas
gamtamoksliniy dalyky pasirinkimo poreikis aukstesnése klasése (Britner, 2008; Liu ir kt., 2010), tos
srities specialisty stoka visame pasaulyje (Koul ir kt., 2011; Blackburn, 2006). Sj reiskinj gali lemti
gamtamoksliniy dalyky sudétingumas, jy nesietinumas su realaus pasaulio veiksniais ir netvirtos $iy
dalyky zinios mokymosi kontekste, kas gali buiti koreguojama taikant vizualizacija, kaip eksternali-
zuoty moksliniy tiesy reprezentacija suvokéjui priimtina forma ir sugestyviai koreliuojama su zodine
informacija — taip buity konstruojamos patikimos zinios, patirtimi grista praktika, stiprinamas noras
gilintis | abstrak¢ius dalykus ir mokykloje, ir ja pabaigus.

Moksliné problema

Viena didziausiy praktiniy problemy gamtamokslinio ugdymo realybéje — neteisingas sqvoku,
reiskiniy, temy ir kt. turinio elementy supratimas. Besimokantieji supranta savokas individualiai, savo
episteming patirt] konstruodami remiantis pazinimo praktika, kuri daznai salygoja neteisinga suvo-
kima (angl. misconception). Tokiais atvejais dominuoja naiviis mentaliniai modeliai, neadekvatus ir
neobjektyvus gamtamoksliniy veiksniy apibiidinimas, klaidingas ju savybiy ir pozymiy jsisavinimas.
Tai ypa¢ aktualizuojama srityse, kuriose mokomasi apie mikroelementy savybes, be specialiy prietai-
sy ir priemoniy neregimas zmogaus akiai: neteisingai suprantami cheminiai rysiai (Calik, ir kt., 2005;
Ozmen, 2004; Pinarbas, Canpolat, 2003; Unal, ir kt. 2006; Sirhan, 2007; Duis, 2011; Gomez-Zwiep,
2008; DiSpezio, 2010; Herman ir kt., 2011), jvairtis procesai (Klassen, 2009) ir reiskiniy savybés
(Yin, 2012; Yin ir kt., 2008; Riemeier, Gropengiesser, 2008; Xiaobao, Yeping, 2008; Gericke, Hag-
berg, 2007; Sekercioglu, Kocakiilah, 2008; Yin, 2012; Yin, ir kt. 2008; Grove, Bretz, 2010). Moksli-
ninkai argumentuoja, kad tokia situacija lemia aukstas gamtamoksliniy savoky abstraktumo lygmuo
(Ghassan, 2007), ju panaSumas tarpusavyje, kas riboja teisinga terminy identifikavima (Larrabee ir
kt., 2006), klaidingy savoky identifikavima (Ying-Shao Hsu, 2008). Galima daryti prielaidas, kad, ne-
teisingai suvokiant sgvokas ir procesus, sukuriami klaidingi mentaliniai modeliai (Park, Light, 2009),
0 ju koregavimui pamokose stokojama laiko ir paciy besimokanciyjy vidinio modeliavimo kompeten-
ciju (Lopes, Costa, 2007). Tuo remiantis galima teigti, kad gamtamoksliniame ugdyme egzistuoja rea-
li praktiné problema — klaidingas savoky ir procesy suvokimas, kuris galéty biiti eliminuojamas arba
sumazinamas pasitelkiant modernias eksternalizuotas vizualiasias reprezentacijas.

Kalbant apie bendrojo i$silavinimo konteksta vyrauja pozitiris, kad besimokantieji turéty kon-
struoti ir interpretuoti specifinius gamtamokslinius terminus, reiskinius, procesus, sieti juos tarpusavy-
je ir gebéti kasdienéje realyb¢je juos atpazinti (Freeman, Taylor, 2006; Alvermann, 2008; Hapgood,
Palinscar, 2007; Gropen ir kt., 2011; Guzzetti, Bang, 2011; Miller, 2006; Rannikmde, ir kt. 2010;
Holbrook, Rannikmie, 2009; Hapgood, Palincsar, 2006 / 2007; Yore ir kt., 2006, 2007, 2009). Subjek-
tas gamtamoksliskai rastingas gali tapti tuomet, kai jis teisingai suvokia biologijos, chemijos, fizikos,
matematikos ir geografijos dalyky turinj, geba ji isiminti ir pritaikyti praktiniuose darbuose, regéti ju
sasajas su realybe. Taciau neturint teisingy ziniy ir jy nejsisavinus, gamtamokslinis rastingumas yra ze-
mas, todél taip mazai aukstesnése klasése mokomasi mineéty dalyky, silpnéja bendrasis iSsilavinimas,
o ekologine prasme ribojamas santykis su natliralia gamta ir jos elementais, kas i§ dalies prisideda
prie vartotojiskos kultliros plétros. Nesuvokiant bendryjy gamtamoksliniy désniy, neimanoma giliai
pazinti supancio pasaulio ir kurti gamtai palankios aplinkos, skatinancios subjekto, kaip iSmanancio
kiréjo, evoliucija. Kadangi gamtamokslinis rastingumas yra placiai visame pasaulyje nagrin¢jama
moksliné problema, deranti su anks¢iau aptartomis, ja eliminuojant taip pat bty galima pasitelkti vizu-
alizacija. Pastaruoju metu aktualizuojamas rastingumo ugdymas pasitelkiant jvairias reprezentacijas
(Tytler ir kt., 2006, 2007; Anthony ir kt., 2010), kadangi biitent jomis atskleidziama objektyvizuota ir
homogeniskai patvirtinta tiesa, kuri mokiniams verbaliniu pavidalu yra per sudétinga, per daug abst-
rakti. Pasak Yore ir kt. (2006), besimokantieji turi iSmanyti gamtamoksliniy dalyky turinio artefaktus,
suprasti kodines sistemas, todé¢l didiniant gamtamokslinj rastinguma taikomos ir vizualiosios (Lehrer,
Schauble, 2009; Ainsworth, 2008) ir verbalinés (Weiss-Magasic, 2012; Hanharan, 2009; Manolas ir
kt., 2011), ir multimodalinés reprezentacijos (Waldrip ir kt., 2006). Eksternalizuotos vizualinés repre-
zentacijos taip pat vartojamos Kaip ir zodiniai artefaktai, kadangi ju abiejy jungtis salygoja multimo-
daliniy aspekty iSraiskos poveikj subjekty kognityviniams ir edukaciniams procesams. Dvi ir daugiau
kodavimo sistemas gali sieti {vairios priemongs, svarbu, kad jos bty interaktyvios, labiau jtraukty
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subjekta | mokymosi procesa. Tam labiausiai tinka kompiuterinés technologijos (Ng, 2011; 2010),
kuriomis jgyvendinant konstruktyvizmo principus siekiama sumazinti mokiniy patiriama kognityving
apkrova (Vogel-Walcutt ir kt., 2011), plétoti mokymosi kontekstus per nuolatini ziniy konstravima
(Chu, Ju, 2010), pazintiniy ir socialiniy veiksniy saveika (Powell, Kalina, 2009; Stears, 2009; Har-
kness, 2009).

Sékmingam gamtamoksliniam ugdymui svarbus ne tik $ios srities rastingumo plétojimas (Feins-
tein, 2011), bet ir teoriniy sqsajy su gyvenimu atskleidimas (Bennett ir kt., 2007), kadangi informacija
apie gamtos objektus yra abstrakti, sunkiai suvokiama, o mokiniai daznai epistemiskai klysta, nes
nemato Ziniy analogijy realybéje. Sia problema vizualizacijos taikymas taip pat galéty sumazinti — eks-
ternalizuotos vizualiosios reprezentacijos biity taikomos priartinant rei$kiniy pazinima per mokiniams
suvokiamus artefaktus, o tai paskatinty mokymosi motyvacija (Pugh ir kt., 2010), pagilinty kritin{
mastyma (Marques ir kt., 2011) ir vizualinio rastingumo igtidzius (Metros, 2008), kurie vizualinéje
kultdiroje labai reik§mingi. Siuo atveju vizualinis rastingumas tiek pat svarbus kaip ir skaitymo suvo-
kimo strategijos (from NGSP, 2008 cit. Anthony, Tippett, Yore, 2010; Kordigel Abersek, Hus 2007;
Kordigel Abersek, 2008; McTigue, Flowers, 2011; 2010), kadangi bendram gamtamoksliniam rastin-
gumui bitinos abi (verbaliné ir vizualiné) kodavimo sistemos. Jei pamokose bty taikoma kokybiska
multimodaliné ir multidimensiné interaktyvi vizualizacija, biity galima tikétis daugumos auksciau
ivardyty problemy eliminavimo.

Ivardytos gamtamokslinio ugdymo problemos, kurias bty galima eliminuoti arba sumazinti
taikant vizualizacija, jprasmina eksternalizuoty vizualiyjy artefakty taikymo edukacingje realybéje
tyrimy svarba. Pasauliniame kontekste pirmenybé teikiama inovatyvioms, projektinéms vizualizaci-
jos priemonéms, kurios is$bandomos eksperimentinése pamokose, todél tyrimy pasirinkimo schemose
dominuoja loginio pozityvizmo metodai — eksperimentai ir stebéjimas, o ugdymo procesy dalyviy ap-
klausos taikomos re¢iau dél vyraujancio pozitrio, jog eksperimentiniai duomenys patikimesni. Taciau
socialiai konstruojant edukacing realybg mokytojas ir mokinys, juy abieju pozicijos visy priemoniy ir
reprezentacijy taikymo kontekste yra svarbiausios, nes biitent subjektai konstruoja savo pazinimg ir
patirt, o ju nuomong¢ taip pat yra reik§mingas informacijos $altinis apie tiriama objekta. Nuomonés
raiSka formuoja {vairios socialinés, edukacinés, psichologinés ir kultirinés aplinkos, individualas ir
homogenizuoti populiacijos nariy poreikiai, todél klausianciojo pozicijos iSsakymas rodo apie tiriamo
reiskinio laikinuma atitinkamame kontekste, kuris pasikeitus esminéms salygoms gali salygoti nuomo-
nés kaita. Nuomoneé taip pat atskleidzia ir kasdienés realybés atributy jsisamoninima, kuris pasireiskia
kaip susiformaves poziliris, stereotipas arba priesingai latentinis vaizdinys, neturintis objektyvaus pa-
grindo, jrodancio iSsakytos pozicijos priezastis. KeiCiantis edukacinei paradigmai, neaiski yra moky-
tojy ir mokiniy nuomoné apie vizualizacijq ir jos poveikj, kadangi palaipsniui diegiant technologijas
1 ugdymo procesa keiciasi Sios savokos supratimas. Kuriama nauja patirtis kultiiros virsme, palaips-
niui pereinama { vizualigsias erdves, todél netyrinétas, bet aktualus ir svarbus, vizualaus objekto po-
veikio jvertinimas paciy subjekty supratimu. Nors jvairiais eksperimentais nustatyta, kad tyrimuose
taikytos konkrecios eksternalizuotos vizualiosios reprezentacijos naudingos mokiniy kognityviniams
procesams, stokojama informacijos apie vizualizacijos, kaip artefakto, galimq poveiki subjektui — o
ypac heterogenisku lyties aspektu. Tai atskleisty vizualizacijos taikymo merginoms ir vaikinams psi-
cho-edukacinj specifiskuma, kuris suteikty patikimos ir reikSmingos informacijos gamtamokslinio
ugdymo projektuotojams — mokslininkams, vadovéliy ir inovatyviy priemoniy autoriams, mokyto-
jams, mokiniams, juy tévams. Tai taip pat salygoty kognityviai ir socialiai konstruktyvesni edukacinio
proceso kiirima, nes biity zinomos homogeniskos ir heterogeniskos artefakto taikymo ypatybés 9—10
klasiy mokiniy biologijos, chemijos, fizikos, geografijos ir matematikos pamokose. Kadangi vizuali-
zacijos priemoniy ateityje gali daugéti, buitina turéti patikimus instrumentus, kuriais mokslininkai ir
mokytojai galéty pasinaudoti, siekdami nustatyti auks¢iau {vardytus dalykus. Dél vyraujanéiy loginio
pozityvizmo tyrimy gausos, stokojama socialine paradigma gristy tyrimy instrumenty, t. y., néra mo-
kytoju ir mokiniy nuomonés klausimyny, kurie sujungty eksternalizuoty vizualiyjy artefakty poveiki
psichoedukaciniams veiksniams. Toks moksliskai aprobuotas instrumentas biity naudingas vizualiyjy
artefakty taikymo efektyvumui, kadangi juo bty galima nustatyti subjekty nuomong apie esminiy
veiksniy, dél kuriy priemonés ir taikomos, egzistavimo stipruma.

Nors jau atskleista, kad pastaruoju metu labiausiai tyrinéjama kompiuteriné vizualizacija dél jos
platesniy galimybiy reprezentuoti jvairius vizualiuvosius artefaktus interaktyviu budu, taciau edukaci-
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nio virsmo kontekstas atskleidzia prieStaravima — realybéje vis dar taikomos ir tradicinés vizualizaci-
jos priemonés, kurios taip pat gali padéti spresti jvairias gamtamokslinio ugdymo problemas. Moksli-
néje literatliroje vizualizacijos savoka dazniausiai sicjama su kompiuterine technologija, kadangi tai
atliepia mokslo modernizavimo, inovacijy taikymo ir kitus i§§tikius, kurie socialiai ir edukaciskai ska-
tina atlikti tyrimus. Taciau biologijos, chemijos, fizikos, geografijos ir matematikos pamokose, kurio-
se edukaciné paradigma tik pradéta transformuoti, méginant kognityviai ir socialiai kurti ir konstruoti
1 mokinj orientuota aplinka, gali buiti taikomos ir kitos vizualiosios priemonés, kuriy poveikis ugdyti-
niams pastaruoju metu beveik netyringjamas. Siuo klausimu taip pat stokojama informacijos — kokios
priemonés nacionaliniu lygmeniu yra taikomos gamtamoksliniuose dalykuose ir ar pasikeite ju taiky-
mas. Mokytojy nuomoné apie vizualizacijos taikymaq, jos kitimq praeityje ir potencialiq kaitq ateityje
rodyty ju socialiai ir kognityviai sukonstruota homogeniska ir heterogoniska patirtj, priklausoma nuo
darbo patirties, déstomo dalyko ir atstovaujamos edukacinés paradigmos naudojamo objekto atzvil-
giu. Taip pat butina atskleisti realybéje egzistuojancias priezastis, kurios skatina ir riboja vizualiyjuy
artefakty taikyma, kas leisty nustatyti, ar dominuojancios priezastys budingos visose gamtamoksliné-
se disciplinose. Istirti veiksniai atskleisty pac¢iy subjekty iSsakytus faktus apie vizualizacijos poreiki
projektuojamos ir modeliuojamos edukacinés realybés perspektyvoje.

Kadangi vizualizacijos taikymas gamtamokslinése disciplinose dazniausiai tiriamas priemonés
naudingumo aspektais, nuoseklesnis mokslinis tyrimas, gristas empirine misriy metody strategija, leis-
ty giliau ir i§samiau paaiskinti vizualizacijos taikymo psichoedukaciniy veiksnius, ju raiska mokytoju
ir mokiniy populiacijose edukacinés realybés kontekste, esminiy heterogenisky skirtumy priezastis ne
tik paciy tirilamuyjy pozitiriu, bet ir konceptualiuoju ontologijos aspektu. Remiantis teoriniais ir empiri-
niais tyrimy duomenimis biity galima sukonstruoti argumentuota vizualizacijos taikymo gamtamoks-
liniame ugdyme psichoedukacini model, kuris visapusiskiau ir veiksmingiau reprezentuoty tiriamo
objekto diegima (realizavima) edukacingje aplinkoje.

Tuo remiantis keliamas pagrindinis disertacijos probleminis klausimas — kokie yra vizualizaci-
Jjos, kaip ontologiskai atskleisto gamtamokslinio artefakto, taikymo 9—10 klasiy mokiniams psichoedu-
kaciniai veiksniai.

Tyrimo objektas — vizualizacijos taikymo gamtamoksliniame ugdyme psichoedukaciniai veiks-

niai.
Tyrimo hipotezés:

. Tikétina, kad eksternalizuotos vizualiosios reprezentacijos skatina mokiniy kognityvinius proce-
sus, motyvacija bei savarankiska mokymasi.

. Tikeétina, kad vizualizacijos taikymo gamtamoksliniame ugdyme teigiamas poveikis besimokan-
tiesiems heterogeniskas mokiniy lyties aspektu.

. Tikétina, kad tradiciniy ir naujujy eksternalizuoty vizualiyjy reprezentacijy taikymas ir jo prog-
nozés gamtamoksliniame ugdyme skiriasi mokytojy darbo patirties aspektu.

Tikslas — istirti vizualizacijos taikymo 9-10 klasiy mokiniams biologijos, chemijos, fizikos,
geografijos ir matematikos pamokose psichoedukacinius veiksnius, ju heterogeniskumo priezastis ir
sudaryti jvardyty veiksniy modelj.

Teoriniai uZdaviniai:

. Atskleisti vizualizacijos charakteristikg vaizdo ontogenezés, postmodernizmo, sinergetikos, glo-
balizacijos, ziniy/informacijos visuomenés ir edukacinés inovacijos ontologijoje, iSryskinant ar-
tefakto taikymo gamtamoksliniame ugdyme elementus.

. Charakterizuoti iSorines vaizdines reprezentacijas dimensionalumo ir metastatuso aspektais prie-
moniy jvairovéje, akcentuojant vizualizacijos savokos, kaip minimo objekto, vartojimo kitima
biologijos, chemijos, fizikos, geografijos ir matematikos sri¢iy moksliniuose darbuose.

. Atskleisti konstruktyvistinés paradigmos realizavimo prielaidas eksternalizuoty vizualiyjy repre-
zentacijy, jas taikant gamtamoksliniame ugdyme, privalumy ir ly¢iy heterogeniskumo aspektais
tariamai saveikaujant kognityviniams ir socialiniams veiksniams.

e  I3analizuoti teorinj vizualizacijos taikymo psichologinj ir edukacini konteksta, identifikuojant
poveiki mokiniy motyvacijai ir kognityviniams procesams (suvokimui, atmin¢iai, démesiui ir
vaizduotei).
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Empiriniai uZdaviniai:

. Empiriskai identifikuoti biologijos, chemijos, fizikos, geografijos ir matematikos mokytojy nuo-
mong apie vizualizacijos programas, jy taikyma edukacinéje realyb¢je skatinan¢ius ir ribojancius
veiksnius ir 9-10 klasiy mokiniy nuomong apie gamtamoksliniy dalyky nesupratimo priezastis,
mokymasi sunkinancius veiksnius, objektyvizuotai pateikiamy pamokose arba surandamy lais-
valaikiu internete eksternalizuoty vizualiyjy reprezentacijy poveiki besimokantiesiems.

e Diagnozuoti zvalgomojo tyrimo metu identifikuoty veiksniy raiska atskleidziant realiy, popieri-
niy ir kompiuteriniy vizualiyjy eksternalizuoty reprezentacijy, jvardijamy konkrec¢iomis artefak-
tinémis priemonémis, taikymo pokyti ir jo prognozg¢ biologijos, chemijos, fizikos, geografijos
ir matematikos pamokose, nustatant vizualizacijos poveiki mokiniy kognityviniams procesams,
motyvacijai ir savarankiSkam mokymuisi pagal subjekty lytj ir klasg ir sugretinant ugdymo sub-
jekty (pedagogy ir ugdytiniy) nuomong tiriamo reiskinio aspektu.

. Verifikuoti gauty tyrimy rezultatus, empiriskai pagrindziant gamtamokslinio ugdymo subjek-
ty — mokytoju ir mokiniy — nuomong apie priezastis, lemiancias didesni eskternalizuoty vizua-
liyjy reprezentacijy poreikj ir poveiki heterogeniskoms besimokanciujy grupéms lyties ir klasés
aspektais.

. Remiantis teoriniy ir empiriniy tyrimy rezultatais sukonstruoti vizualizacijos taikymo gamta-
moksliniame ugdyme psichoedukacini modelj ir aptarti jo taikymo galimybes metodologiniy
teoriju kontekste ir ateities tyrimy perspektyvoje.

Ontologinés tyrimo koncepcijos ir nuostatos

Kognityvinio konstruktyvizmo (Piaget, 1983; Colliver, 2002; Nezvalova, Lamanauskas, 2010;
Raykova, 2008; Nezvalova, 2009) kontekste vizualizacija jprasminama kaip artefaktas, asimiliacijos
ir akomodacijos btidu padedantis konstruoti teisingus mentalinius modelius, nuo kuriy priklauso ziniy
teisingumas ir sékmingas episteminis juy taikymas praktikoje. Eksternalizuotos vizualiosios reprezen-
tacijos talkina subjektui konstruojant vizualiuosius mentalinius modelius, kurie, mokantis Zodines
savokas, siejami, todél samonéje suformuojamos teisingos (vizualings ir verbalinés) ziniy struktiiros.
9-10 klasiy mokiniams sudétinga suprasti gamtamoksliniame ugdyme vyraujancias abstrak¢ias, plika
akimi nematomas savokas, objektus ir reiskinius, todél vizualizacija padeda individualiai konstruoti
teisingus mentalinius modelius, kurie ir lemia visapusi$ska temos supratima ir jos {sisavinima.

Socialinio konstravimo (Vygotskis, 1978; Shek, 2002; 2007; Cottone, 2007) teorija iprasmina
eksternalizuoty vizualiyjy reprezentacijy reiksme dél jy teigiamo poveikio subjekto vystymuisi. Talki-
nant interaktyviems vizualiesiems artefaktams padidéja tikimybé sukurti edukacing aplinka, kurioje
artefaktas atlikty labiau patyrusio partnerio vaidmeni ir transliuoty nauja informacija subjektui supran-
tamu budu, taip pakylédamas besimokanciojo samong { aukstesni lygmeni. Besimokanciajam savei-
kaujant su vizualizacija, ypa¢ multimodaline ir multidimensine, padidéja jo samonés intencionalumas
ir gaunamos informacijos refleksija, poreikis epistemiskai praktikuotis ir socialiai konstruoti savo paty-
rima, kai artefaktas yra vyresnis partneris, padedantis grei¢iau ir geriau_suvokti mokymosi objekta.

Vizualizacijos ontologija atskleidziama ir per socialinés tikrovés konstravimo teorijq (Berger,
Luckman, 1998), kuri paaiskina mokytojo santyki su eksternalizuotomis vizualiosiomis reprezenta-
cijomis, kaip su kasdienés realybés atributais. Teorija sukuria prielaidas, kad klasikinés paradigmos
atstovai galimai jaucia teigiamas emocijas ir pasitikéjima savimi tuomet, kai taiko tradicines vizualig-
sias priemones biologijos, chemijos, fizikos, geografijos ir matematikos pamokose. Mokytojai, kurie
linke dirbti pagal postmodernios paradigmos reikalavimus, labiau taikyty kompiutering vizualizacija
kaip inovacijos priemong, kurig siekiama jvaldyti iSpleciant jprastas kasdienés edukacinés aplinkos
ribas, sutaupant laiko, pajvairinant rutina. Siai grupei priklausantiems mokytojams interaktyviy vizu-
ir taip didinti savo darbo kokybg vis naujai konstruojamos edukacinés realybés kontekste. Klasikinés
paradigmos atstovai prieSingai, taikydami kompiutering vizualizacija i§gyventy neigiamas emocijas,
kadangi $i priemoné sutrikdyty ju kasdieniy ritualy tékmeg, iSbalansuoty jprastas edukacinés veiklos
ribas, pazeisty ruting ir salygoty jtampa ir nevaldomo laiko pojtti. Kaip pasekmé, interaktyvis vizu-
alieji artefaktai skatinty tokios grupés mokytojus vengti inovaciju, kaip ribojanciy ju saviraiska ir
sékminga darba pamokose, siekti grizti prie tradiciniy priemoniy vartojimo, kurios jiems yra jprastos
ir veiksmingos. Kompiuterinés vizualizacijos taikymas mokiniams, ju pa¢iy suvokimo ribose, atitinka
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kasdieng tikrove, kadangi mokiniai itin daznai saveikauja su dirbtiniais informaciniais artefaktais,
virtualiomis erdvémis. Socialinés tikrovés konstravimas jprasmina taikymo eksternalizuoty vizualiy-
ju artefakty multimodalinémis ir multidimensinémis priemonés savalaikiskuma ir galimai teigiama
poveikj besimokanciyjy samonei.

Vizualizacija {prasminama ir postmodernizmo (Jameson, 2002) kontekste: ja atskleidziamas ne-
reprezentuojamumas, rekonstruotas vaizdas, patiriamas riby tarp paslépto turinio ir atskleistos tiesos
nykimas, kai subjektas i§gyvena pereinamumo laikotarpj, edukacini virsma, artefakty taikymo progre-
sa, santykio su ziniomis kaita. Ziniy ir informacijos (Vaccaro, 2008; Serensen, Danielsen, Nielsen,
2007; Parada, 2009; Beck, 2008) visuomenése vizualizacija jgauna globalios priemonés vertg, kuri
tampa vieSa, prieinama jvairiose kultiirose, skirtingy poreikiy mokiniams, sukuriant salygas patirti
mokymosi sékmg, atskleidziant plika akimi nematomus objektus, kurie subjektui tampa artimi, nes
priklauso jo pasaulio realyir. Vizualizacija, kaip inovacija (Varma, Husic, Linn, 2008), taip pat paaiski-
na artefakty biitinuma nuolatinio mokymosi, edukacinés paradigmos virsmo ir technologijy progreso
kontekstuose, kurivose sinergiskai (McNeill, Krajcik, 2009; Muniandy, Mohammad, Soon, 2007) i$-
rySkinamas priemoniy vartojimo cikliSkumas, sistemi$kumas, vitaliskumas ir kaita gamtamokslinése
pamokose. Eksternalizuoti vizualieji artefaktai, transliuojantys moksliskai objektyvizuoty tiesy api-
bendrinimus, homogeni$kai pateikiamus jvairiy sutartiniy modeliy pavidalu, padeda skatinti subjek-
ty samonés evoliucija. Regédamas vaizdus, besimokantysis i§gyvena samonés regresa, kurio metu
suvokiami vaizdiniai priartina mastyma prie konkre¢iy objekty, padeda sukurti vizualius mentalinius
modelius ir sujungia juos su verbaline (Zodine) informacija. Samonés regresas, kurj sukélé vizualusis
artefaktas, palaipsniui sukelia mastymo progresa, kadangi teisingai suvokti vaizdiniai padeda teisingai
isisavinti zinias, jas panaudoti episteminéje praktikoje.

Vizualizacijos taikyma apsprendzia ir psichologinés koncepcijos. Vaizdinio mgstymo koncepcija
(Arnheim, 1997) byloja, kad vaizdinis mastymas yra viena i§ svarbiausiy mastymo risiy zmogaus
gyvenime — vaizdiniais gaunama informacija yra tikslesné, jos suvokimas greitesnis. Tuo remiantis,
vizualieji artefaktai padeda subjekto samonei sudétingus ir abstrak¢ius objektus identifikuoti kaip kon-
krecius, realiai matomus, todel palengvinami ne tik suvokimo, bet ir kiti kognityviniai procesai — dé-
mesys ir vaizduoté. Pastarosios aktyvumas formuoja reikiamus jsivaizdavimo {gtdzius, kurie bitini
gamtamoksliniuose dalykuose. Vaizdinio mastymo lavinimas, talkinant vizualizacijai, jprasmina ir
L. M. Vekkerio (1976) genetinio struktiirinio intelekto modelio teorijq, kuria remiantis teigtina, jog
§i mastymo rusis yra pagrindas savokiniam mastymui — kuo subjektas savo atmintyje turi sukaupia
teisingy ir kokybisky objekto vizualiyjy atitikmeny, tuo jam lengviau tuos vaizdinius identifikuoti
zodiniuose koduose.

Taciau ne vien vaizdinis mastymas ir jo lavinimas yra svarbus ontologine vizualizacijos pras-
me, eksternalizuoty vizualiyjy reprezentacijy taikymas pamokose padeda sukurti dvigubus kodus
(Paivio, 1986, 2006; Hodes, 1994), suliejancius vizualiaja ir verbaling informacija. Nuo pastaryju
priklauso teisingy dviguby mentaliniy modeliy konstravimasis — vaizdai supaprastina sudétinga ir
abstrak¢ia informacija, o juos suvokus, zodinis objekty apibiidinimas praplecia paties objekto pazi-
nima, todél kuriamos mokiniui artimos ir su kasdiene gamtamoksline realybe siejamos ziniy strukti-
ros, laiduojancios veiksmingesnj ugdyma.

Episteminés tyrimo koncepcijos ir nuostatos

Konstruojant ir atliekant tyrimus buvo remiamasi misriy metody strategija, kai derinami kokybi-
niai ir kiekybiniai metodai, padedantys gauti i§samesnius duomenis (Lund, 2012; Teddlie, Tashakkori,
2009; Tashakkori, Creswell, 2008; Creswell, Tashakkori, 2007; Symonds, Gorard, 2010; Abowitz,
Toole, 2010; Creswell, Plano Clark, 2007). Sie metodai skirti ne tik duomeny i§samumui pagristi, bet
ir mazai arba vienpusiskai tirtiems reiSkiniams istirti (Brannen, 2009), kai juos pritaikius remiamasi
tarpdiscipliniskumo (Kroos, 2012), socialiai interaktyvaus tyrimo principais (Greene, 2007, 2008;
Dellinger, Leech, 2007), misriy rezultaty paradigma (Johnson, 2011; Wheeldon, 2010) ir stengiama-
si tirti objektus, artimus misy kasdienei realybei (Fielding, 2010; Maxwell, Joseph, 2011). Tyrimui
pasirinkti du misriy metody tipai: Zvalgomasis / tiriamasis (angl. Exploratory) ir aiskinamasis (angl.
Explanatory), kas leido tiriama objeka identifikuoti, atskleisti jo raiSka populiacijoje ir gauty tyrimy
rezultaty verifikavima. Tyrimy logika, etapy nuoseklumas, tiriamuyjy imtys ir grupés, tyrimo instrumen-
tai ir metodai pateikiami 1 pav.
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1
1

1

L Instrumento validumo
tvirtinimas

1 pav. Tyrimy metodologijos schema (sudaryta autorés)

Misriy metody strategija pasirinkta kaip labiausiai tinkanti tiriamam objektui atskleisti socia-
linés realybés kontekste, kuriame taip pat siekiama laikytis loginio pozityvizmo (Chalmers, 2005)
principy — epistemologine prasme atskleisti kaip imanoma tikslesnius duomenis apie tiriama objekta,
identifikuojant jo veiksnius kokybiniy duomeny israiska, diagnozuojant jy raiska populiacijoje kieky-
bine iSraiska ir verifikaciniy tyrimy metu nustatant priezastis, kurios paaiskinty diagnostinio tyrimo
metu gautus statistiskai patikimus skirtumus. Siekiant tyrimo reikSmeés nacionaliniu lygiu, tyrimo im-
tys sudarytos pagal statistinius reikalavimus, todél tyrimy rezultatai reprezentuoja visos Salies konteks-
ta. Kad patikimiau buty realizuotas loginio pozityvizmo principas, diagnostinio tyrimo instrumentas
buvo sudarytas remiantis antropologine EMIC / ETIC strategija, ipareigojancia, Zvalgomojo tyrimo
metu nustatyti reik§mes, kurios yra suprantamos tiriamiesiems (Ciubrinskas, 2007; Prost, 2007,
Bandon, 2010), t. y., emic paradigma pad¢jo atskleisti mokiniy ir mokytojy vartojama kalba kaip
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konotata, jvardijantj tiriamo objekto veiksnius. Remiantis atskiry tiriamyjy grupiy konotatais,
instrumento kintamieji buvo konstruojami taip, kad ju homogenizavimas atitikty etic idéja,
t.y., prasmés buty lengvai atkoduojamos tiriamoje populiacijoje. Faktoriy (diagnostiniy bloky)
konstravimui pasitelkti objektyvizuoti moksliniai koncepciniai atitikmenys. Instrumentas apro-
buotas kiekvienai tiriamyjy grupei atskirai, tikrinant vidinj skaliy suderinamuma, galimybes nustatyti
statistiskai reikSmingus skirtumus pagal apibendrintus (reprezentuojancius visa skalg), priklausomus
ir nepriklausomus kintamuosius. Instrumento galimybés matuoti pasirinkta objekta aprobuotos moks-
liniuose zurnaluose.

Metodai:

Teoriniai: turinio analizé

Tyrimo duomeny rinkimo metodai: apklausos, kurios dazniausiai pasirenkamos siekiant suzinoti
didelés apimties respondenty nuomong (Kilanowski-Press, ir kt., 2010; Theiss, ir kt., 2009; Tingoy,
Gulluoglu, 2011).

Tyrimo duomeny analizés metodai: aprasomoji (populiarumo ir naudingumo indeksai) ir nepa-
rametring¢ statistika (naudotas Mann‘o Whitney U-testas, kuris taikomas dviem nepriklausomoms im-
tims, kai kintamuyjy skirstiniai nenormaliis (p < 0,05) (Pukénas, 2005). Juo buvo tikrinamos hipotezés
apie kintamuyjy vidurkiy lygybe. Instrumento skaliy vidiniam patikimumui nustatyti naudotas Kronba-
cho alfa koeficientas (Cronbach alpha). Jis parodé¢, ar skalés elementai matuoja ta patj reiskini, kurj bu-
vo planuojama matuoti. Koeficientas atskleid¢ ir tai, ar klausimai yra tarpusavyje susij¢ (Vaitkevicius,
Saudargiené, 2006). Kokybinio pobiidzio duomenims analizuoti taikyta turinio analizé.

Disertacijos teorinis reik§mingumas

. Pateikiama iSanalizuota vizualizacijos savokos charakteristika jos dimensionalumo ir jai atsto-
vaujanciy priemoniy gausos ir ju diferenciacijos ugdymo realybéje aspektais, atskleidziant vizua-
liyjy eksternalizuoty reprezentacijy ypatybes sub-mikrolygmens kontekste ir iSgryninant prigim-
ties ontogenezines savybes jos evoliucijos progrese ir regrese.

. Atskleidziamas filosofinis ir socialinis ontologinis vizualizacijos diskurso aspektas, analizuojant
vizualiyjy eksternalizuoty reprezentacijy reikSme¢ postmodernizmo, globalizacijos, sinergetikos
ir inovacijy aspektais, papildant ontologiniu svarbumu ziniy ir informacijos visuomenéms.

. Vizualizacija atskleidziama ontologine-psichologine prasme, jprasminant vizualiyjy reprezenta-
ciju taikymo reik§meg mokiniy kognityviniy procesy veikdinimui dél mastymo evoliucijos sub-
jekto samonéje ypatybiy, kai vizualizacija padeda susikurti teisingus mentalinius modelius, juos
internalizuoti ir eksternalizuoti mokantis gamtamoksliniy dalyky ir taip sumazinant ugdymo
realybéje gaunamos verbalinés informacijos kiekius ir sukuriant salygas vaizdinio mastymo ak-
tyvumui, kaip pagrindui formavimuotis veiksmingam sgvokiniam mastymui.

. Pateikiamas iSanalizuotas vizualizacijos taikymo pokytis per pastaruosius 20 mety biologijos,
chemijos, fizikos, geografijos ir matematikos pamokose ir srityse bei numanomas jos teorinis
progresas.

. Remiantis konstruktyvistine edukacine paradigma, vizualizacija konceptualizuojama kaip kogni-
tyviniy ir socialiniy veiksniy realizavimo prielaida gamtamokslinio ugdymo realybéje heteroge-
nisku lyties aspektu, iSrySkinant vaikiny ir merginy mokymosi skirtumus ir panaSumus iSoriniy
vizualiyjy reprezentacijy taikymo aspektais.

e  I3analizuoti vizualizacijos privalumai biologijos, chemijos, fizikos, geografijos ir matematikos
pamokose, atskleidziant edukacinius ir psichologinius ypatumus, besireiSkian¢ius ugdytiniams
saveikaujant su eksternalizuotomis vizualiomis reprezentacijomis ir naudingus ne tik moki-
niams, bet ir pedagogams.

. Isanalizuotas psichologinis vizualizacijos taikymo ugdyme aspektas — pateikiama kognityvinés
psichologijos diskurso analizé apie vizualiojo suvokimo, démesio, atminties, mentaliniy mode-
liy ir vaizduotés procesy ypatumus, iSryskinant ir motyvacijos charakteristika taikant vizualiza-
cija.

. Sukonstruotas vizualizacijos taikymo edukacingje realybéje naudos modelis psichoedukaciniu
aspektu, reprezentuojantis jvairiapusius priemonés taikymo ypatumus, salygojancius veiksmin-
gesnius ugdymo rezultatus gamtamoksliniame ugdyme.
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Disertacijos praktinis reikSmingumas

. Empiriskai pagristos teorinio diskurso analizés metu gautos prielaidos apie vizualizacijos taiky-
mo nauda gamtamoksliniame ugdyme psichoedukaciniu aspektu.

. Istirta Lietuvos Respublikos reprezentatyvios imties mokiniy (9—10 klasiy) ir mokytoju (biolo-
gijos, chemijos, fizikos, geografijos ir matematikos dalyky) nuomoné apie vizualizacijos taiky-
mo nauda psciho-edukaciniu aspektu nuosekliai pagilinant ir papildant duomenis, ir sudarytas
i$samus ir patikimas vaizdas apie tiriama objekta, leidziantis spresti $iy populiaciju nuomonés
ypatumus apie gamtamokslinius dalykus visos Salies mastu.

. Tyrimo objektas empiriskai atskleidziamas taikant trianguliacing metodologing nuostata, kuria
remiantis, esminés objekto ypatybés atsispindi visuose tyrimo etapuose ir viena kita papildo: zva-
gomajame tyrime buvo nustatyti objekto veiksniai, konstatuojamajame — diagnozuota veiksniy
raiSka heterogeniskose ugdymo dalyviy populiacijose, verifikuojamajame — nustatytos galimos
priezatys, lémusios diagnozuoty veiksniy heterogeniskus ypatumus edukacingje realybéje lyties
aspektu.

. Sukurtas ir moksliskai aprobuotas instrumentas (anketa), diagnozuojantis mokiniy ir mokytoju
populiacijos nuomong apie vizualizacijos taikymo poveikj gamtamoksliniame ugdyme, leidzian-
tis patikimai matuoti nuomonés homoheniskuma ir heterogeniskuma skirtingy skaliy, kintamyjy
ir populiacijy aspektais, pasizymintis aukstu vidiniu skaliy ir viso instrumento suderinamumu.

. Sukonstruotas ir patikrintas instrumentas gali buiti naudojamas ne tik moksliniais tikslais, bet ir
mokykloje edukaciniais tikslais, siekiant praktiskai nustatyti, ar konkreti vizualizacija, remiantis
mokiniy nuomone, aktyvina psichoedukacinius procesus, tod¢l $i instrumenta gali taikyti visi
gamtos moksly, geografijos ir matematikos pedagogai.

. Empiriskai patikrintas teorin¢je disertacijos dalyje sukonstruotas vizualizacijos taikymo gam-
tamoksliniuose dalykuose (taip pat geografijos ir matematikos) psicho-edukacinis modelis, jis
papildytas remiantis visy tyrimy rezultatais, todél tai laiduoja modelio teorinj ir praktinj vientisu-
ma mokslinio diskurso ir mokiniy ir mokytoju nuomonés apie tiriama objekta aspektais.

Ginamieji teiginiai:

. Vizualizacija, kaip artefaktas, ontologiskai yra tarpdisciplininis, savalaikiskai reikSmingas ir bii-
tinas gamtamokslinio ugdymo procese, salygojantis subjekty samonés regresa vardan suvokimo
progreso, suteikiantis galimybg individualiai bei socialiai konstruoti besimokanéiyjy Zinias per
objekty nereprezentuojamumo reprezentavima moksliskai objektyvizuoty ir homogenizuoty tie-
sy visumoje, taip prisidedant prie edukacinés paradigmos virsmo.

. Vizualizacija eliminuoja egzistuojan¢ius mokymosi sunkumus, nes aktyvina mokiniy kognityvi-
nius procesus (suvokima, démesi, vaizduotg ir atminti), skatina mokymosi motyvacijq bei sava-
ranki$ka mokymasi biologijos, chemijos, fizikos, geografijos ir matematikos pamokose.

. Prognozuojamas kompiuterinés vizualizacijos taikymo gamtamoksliniame ugdyme progresas ir
stipresnis jo poveikis subjektui nepriestarauja ir nepaneigia tradicinés vizualizacijos priemoniy
taikymo veiksmingumo.

. Tradiciniy ir naujyjy eksternalizuoty vizualiyjy reprezentacijy taikymas ir jo prognozés gamta-
moksliniame ugdyme skiriasi mokytoju darbo patirties aspektu.

e Vizualizacijos taikymo gamtamoksliniame ugdyme teigiamas poveikis besimokantiesiems hete-
rogeniskas mokiniy lyties aspektu.

. Kompiuterinés vizualizacijos taikymo teigiamas poveikis psichoedukaciniams veiksniams empi-
riskai patikrinamas tiriant mokiniy nuomong.

Disertacijos struktiira ir apimtis

Disertacija sudaro savoky paaiskinimai, jvadas, trys dalys, diskusija, i8vados, rekomendacijos,
literattiros sarasas ir priedai.

Disertacinio tyrimo rezultatus iliustruoja 72 paveikslai ir 31 lentelés. Bendra disertacijos apim-
tis — 248 puslapiai (be priedu). Remtasi 756 literatiiros Saltiniais. Priedai kompaktin¢je plokstel¢je,
kuriuose pateikiami tyrimo instrumenty pavyzdziai, kiekybiniy tyrimy duomeny statistiniy skaiciavi-
my rezultatai.
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VIZUALIZACIJOS TAIKYMO GAMTAMOKSLINIAME UGDYME
PSIHOEDUKACINIS MODELIS
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2 pav. Vizualizacijos taikymo gamtamoksliniame ugdyme psichoedukacinis modelis
(sudaryta autorés)

Remiantis teorine ir empirine duomeny analize sudarytas modelis (2 pav.), atskleidziantis vizu-
alizacijos taikymo gamtamoksliniame ugdyme psichoedukacinius veiksnius. Paveikslo schema idea-
liausiai tikty multimodalinei multidimensinei vizualizacijai, pasizyminciai dideliu interaktyvumu ar
simuliacinémis galimybémis. Taikant §i modelj, kompiuteriné vizualizacija aktyvinty visy mokiniy
kognityvinius procesus — suvokima, démesi, atmintj ir vaizduotg. Labiau veikdinamas suvokimo pro-
cesas padeéty suvokti sudétinga ir plika akimi nematoma informacija, kuri $iuo atveju atskleidziama
kaip vizuali, todél lengviau atkoduojama. Samonéje buty konstruojami teisingi mentaliniai modeliai,
kurie nuolat besimokant biity asimiliuojami arba adaptuojami subjektui saveikaujant su artefaktu.
Taip atmintyje iSlikty teisinga informacija, kuria mokinys panaudoty besimokydamas tolesnes temas.

Kompiuteriné vizualizacija, kaip interaktyvus artefaktas, teigiamai veikty ir mokiniy mokymosi
motyvacija ir savaranki$ka mokymasi — kai sudétinga gamtamoksliné informacija tampa paprastesne
ir labiau suprantama, atskleisti dalykai sudomina mokinius, skatina giliau pazinti objektus, juos sieti
su iSeitomis temomis. Taip pat tikimasi, kad kompiuterinés vizualizacijos poveikis bus pastebimas
mazinant kognityving mokymosi apkrova — jei eksternalizuotos vizualiosios reprezentacijos veikdins
kognityvinius procesus, o verbalin¢ informacija bus derinama su vizualine, didelé tikimybé, kad mo-
kymosi kriivis sumazés. Mokiniui intensyviai saveikaujant su Zodine ir vaizdine informacija, lavés
vaizdinis ir verbalinis mastymas, todél didés tikimybeé, kad samonéje susidarys teisingi dvigubi (vizu-
aliniai ir verbaliniai) modeliai, laiduojantys geresnius mokymosi rezultatus. Tai taip pat galéty veikti
didesng mokymosi motyvacija ir teigiamas emocijas, padedancias sukurti gamtamokslinio ugdymo
turinio mokymasi skatinancias salygas.
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Merginos pasizymi silpnesne mokymosi motyvacija, reciau sieja savo ateitj su sudétingesnémis
disciplinomis, o kompiuterines technologijas vertina tik kaip priemones episteminiams tikslams igy-
vendinti. Merginoms, prie§ingai nei vaikinams, socialiné tikrové yra pagrindas pazinti kitus dalykus,
todel eksternalizuotos vizualiosios reprezentacijos padéty atskleisti neregimus fenomenus, kurie biity
identifikuoti kaip misy pasaulio dalys. Didelé tikimybé, kad regédamos vizualizuota informacija mer-
ginos susies tai su realiu gyvenimu, socialine tikrove ir jy paciy subtiliu pasauliu. Merginos labiau nei
vaikinai iSreiskia inovatyviy, interaktyviy gamtamoksliniy pamoky poreiki, todél taikant kompiuteri-
ng vizualizacija buty galima sukurti pageidaujamas salygas taip uztikrinant iSoriniy vizualiniy repre-
zentacijy internalizavima, naudingg motyvacijai skatinti ir episteminiam ribotumui i§vengti. Kadangi
vaikinai labiau nei merginos linke dométis kompiuterinémis technologijomis, dazniau su jomis sa-
veikauja edukacinéje, namuy, ir laisvalaikio aplinkose, ju virtualiy tikroviy poreikis yra akivaizdziai
didesnis, todél eksternalizuotos vizualiosios reprezentacijos galéty besimokanciuosius dar labiau mo-
tyvuoti pazinti gamtamokslinius dalykus, susikaupti pamokose, pasiruo$ti joms namuose.

Postmoderniosios mokymosi paradigmos kontekste, kur multimodaliniai vizualieji artefaktai bt-
ty taikomi veiksmingiausiai, mokytojo vaidmuo galéty biti realizuojamas taikant vizualizacija pamo-
kose: pedagogas atsiskleisty kaip ugdymo proceso organizatorius, vadovas, pataréjas, konsultantas,
instruktorius ir besimokantysis, nebijantis i§§uikiy ir besimokantis kartu su mokiniais. Mokytojas tapty
laisvesnis nuo kalbéjimo — jis komentuoty rodomus vaizdus, interpretuoty tekstus ir siety verbaling
informacija su vizualiaja, atskleisdamas jo patir¢iai budingas zinias, papildydamas eksternalizuotas
iSorines reprezentacijas savo interpretacijomis. Pedagogas konsultuoty mokinius, juos aktyvinty, ra-
ginty ir psichologiskai nuteikty mokytis. Mokinys galéty kontroliuoti mokymosi procesa, nes pats
pasirinkty — kiek karty zitirés vizualizacija, kaip mokysis, kokiu tempu, kiek pastangy idés. Taip biity
sukuriamos laisvos salygos laiko atzvilgiu — tai visiskai naujas mokymosi aspektas, nes klasikinéje
paradigmoje laikas yra labai limituotas ir nustatomas mokytojo reguliuojama kontrole. Eksternali-
zuotos vizualiosios reprezentacijos padéty mokiniui savarankiskiau mokytis sudétingy reiskiniy, juos
pakartoti perzitirint medziaga namuose ar po pamoky mokykloje, sukuriant samonés intencionaluma
aktyvinancias salygas, kurios palaipsniui suformuoja pasitikéjimo savimi jausma. Esant salygoms,
besimokantysis pats mokytusi surasti informacija pvz., laisvalaikio aplinkoje, ja perzitiréti, isiminti
ir permastyti, kad jtvirtinty zinias — visa tai jgalinty subjekta jausti didesng atsakomybg uz savo pa-
siekimus.

Laiko ribotumas taikyti kompiutering vizualizacija, kaip inovacija, pamokose kai kuriems mo-
kytojams sukelia galimy kompetencijy plétojimo regresija, samongés jtampa ir inovaciju, kaip ugdy-
ma efektyvinan¢iy priemoniy, ignoravima. Tai ypa¢ buidinga klasikine paradigma besiremiantiems
mokytojams. Siuo atveju labai svarbu, kad mokytojai patys noréty taikyti inovacijas ir ju siekty savo
pamokose — tai ne tik padidinty pamokos rezultatyvuma, bet ir palaipsniui blity pereinama prie postmo-
dernios paradigmos igyvendinimo. Biologijos, chemijos, fizikos, matematikos ar geografijos dalyky
mokytojai, jsisaving postmodernios paradigmos realizavima, turéty aktyviai stengtis jvaldyti vizuali-
zacijos taikymo technika, laiduojancia galimybg valdyti laika ir jo transformacijas suvokti kaip jpras-
tas kasdieniame gyvenime. Tuo remiantis vizualizacijos, kaip inovacijos, taikymui reikia mokytoju
pastangy ir noro, gery technologiniy salyguy ir visuotinai formuojamos nuostatos, kad eksternalizuoti
vizualieji artefaktai ir mokiniams, ir mokytojams padés veiksmingiau realizuoti uzsibréztus tikslus.
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DISKUSIJA

Gamtamokslinio pasaulio, kaip objektyvaus, pristatymas subjektams per jvairiy dimensiona-
lumy ir multimodalumy eksternalizuota vizualing reprezentacija kuria prielaidas episteminiam ribo-
tumui eliminuoti, atskleidziant sudétingus, plika akimi nematomus reiskinius ir objektus ugdymo
procese. Ontologiskai, vizualizacija padeda mokytojui realizuoti mokymosi paradigma; edukaciskai
— multimodalumas padeda ugdytojui diferencijuoti ir individualizuoti ugdymo turinj ir ji adaptuoti
heterogenisky poreikiy mokiniams, orientuojantis ne tik i diskursyvuy, bet ir | vizualyji informacijos
transliavima; psichologiskai — eksternalizuoti vizualieji artefaktai sukuria salygas lavinti vaizdinj mas-
tyma, sukeliant subjekto samonés regresa dél pazinimo progreso, kai suvokiami vaizdai, derinami su
verbaline informacija, samongje sukuria teisingus dvigubus mentalinius modelius. Teoriskai tai supo-
nuoja idealias salygas subjektui nuolat mokytis patiriant sé¢kmeg, individualiai ir socialiai, tarpininkau-
jant artefaktui, konstruoti teisinga gamtamoksliniy objekty pazinima. Tokioje situacijoje mokytojui
nebereikia tiek daug kalbéti — jis komentuoja rodomus multimodalinius vaizdus, interpretuoja tekstus
ir sieja verbaling informacija su vizualigja, atskleisdamas jo patirCiai biidingas zinias, pateikdamas
savo interpretacijas.

Gamtamokslinéms disciplinoms biidinga nuoseklaus mokymo(si) logika, pagal kuria kieckvienas
mokinys turi atidziai mokytis savokuy, fakty ir kity su ziniomis susijusiy reiskiniy, kad galéty suprasti
kitas pamokas. Jei mokinys nezino sagvoky arba jy vartojimas néra teisingas, vadinasi, toliau moky-
damasis patirs mokymosi sunkumuy, nes savoky nemokeéjimas salygos nesusikaupima, blaskymasi ir
nesupratima. Kai atmintyje néra informacijos, kuria galima naudotis, mokymosi metu gautos Zinios
téra pavirSutiniskas informacijos pri¢mimas be griztamojo rysio. Daznai mokiniai iSmoksta informa-
cija atmintinai, taciau faktai patalpinami { trumpalaike¢ atminti, todél nekartojant informacijos ji labai
greitai pamir§tama. Tq patvirtina atlikti tyrimai, atskleid¢ mokymosi procesq sunkinancius veiksnius:
psichiniy procesy veikimo ir temos jsisavinimo problemas, reikiamy jgtidziy stoka. Remiantis diserta-
cijos teoringje dalyje iSanalizuota vizualizacijos, kaip artefakto, koncepcine ontologija galima teigti,
jog pagrindinés gamtamokslinio ugdymo problemos kyla dél objekty nereprezentuojamumo, kuris
gali biti reprezentuojamas postmodernizmo kontekste, stiprinant subjekto santykj su objektu. Neais-
kus plika akimi neregimy objekty ir reiskiniy iSdéstymas taikant verbalines reprezentacijas arba retai
taikomas realias ir popierines vizualias reprezentacijas sukelia vienpusé temy supratima, o remiantis
dvigubo kodavimo (Paivio, 1986; 2006) ir mentaliniy modeliy teorijomis (Johnson-Laird, 1983; Ad-
bo, Taber, 2009; Park, Light, 2009) kognityvinio konstruktyvizmo kontekste tai salygoja reikiamy
ziniy, idirbio ir episteminés praktikos stoka, silpna mokymosi motyvacija ir samonéje dominuojancius
stereotipus, kad gamtos mokslai — per daug sudétingi. Teoriniu ir empiriniu lygiais ireiSkus nuomong
pagrindiniams ugdymo proceso dalyviams, identifikuota, kad 9-10 klasiy mokiniams vizualizacija
galéty padéti veikdinti kognityvinius procesus ir mokymosi motyvacija. Pana$ius rezultatus patvirti-
na ir kity mokslininky atlikti darbai: (Rogers, 2008; Tasker, Dalton, 2008; Ainsworth, 2008; Sengul,
Cansu, 2010; Hai-Ning Liang, Kamran Sedig, 2010; Barat, 2007 ir kt. ). Vaizdai padeda suformuoti
vaizdinius mentalinius modelius (Rapp, 2005; Franco, Colinvaux, 2000; Carmichael, 2000) ir juos
sujungti su verbaliniais modeliais (Hodes, 1994). Tokie poky¢iai samongje padeda mokiniui suprasti
sudétinga informacija, nes mintyse galima regéti objektus, apie kuriuos mokomasi teoriskai. Taip
susidaro i§samesnis objekto vaizdas ir informacija suvokiama teisingai. Realizuojant konstruktyviz-
mo principa (Nezvalova, 2008; Papayannakos, 2008), mokymasis su vizualiaisiais artefaktais biity
nuoseklus — asimiliuojant arba adaptuojant naujai gauta informacija palaipsniui biity kuriami teisingi
mentaliniai modeliai, biity labiau aktyvinami kognityviniai procesai ir bent i§ dalies eliminuojami mo-
kymasi sunkinantys veiksniai, kas salygoty veiksmingesni gamtamokslinio ugdymo procesa.

Taciau pabréztina, kad episteminio eliminavimo prielaidos labiausiai jmanomos taikant interak-
tyviq multimodaline ir multidimensine vizualizacijq, kuri labiau nei kitos rasys atliecka mastyma ska-
tinancio ir { mokymosi veiklg jtraukiancio artefakto vaidmenj. Tarptautinis tyrimy kontekstas Sioje
srityje atskleidzia (Al-Balushi, 2009; Locatelli, Ferreira, Arroio, 2010; Homer, Plass, 2010 ir kt.), kad
konkrecios vizualizacijos programos ypa¢ paveikios ir mokytojy ir mokiniy vertinamos kaip reiks-
mingos. Ta¢iau Lietuvos kontekste mokytojai retai taiko inovatyvias edukacines technologijas, todél
konkre¢iy kompiuterinés vizualizacijos programy taikymo 9—10 mokiniy klasése poveikio mokymui-
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si duomeny tiriamuoju metu stokojama. Panaudojus sukonstruota tyrimo instrumenta, kuriuo tiriama
mokiniy ir mokytojy nuomone apie vizualizacijos taikymo poveiki besimokanciajam, galima tikrinti
konkreciy priemoniy poveikj. Palaipsniui jsigalint { mokinj orientuotai edukacinei paradigmai, o0 mo-
kykloms apsiripinus tinkamomis priemonémis, moksliniu ir praktiniu lygiais galéty bati atliekami
eksperimentai, kurie suteikty informacijos, koks yra konkre¢ios kompiuterinés vizualizacijos poveikis
besimokanciajam jau pakitusioje aplinkoje. Tai padéty nustatyti ne tik konkre¢iy priemoniy poveiki,
bet ir sudaryti jy reitingus, teikti rekomendacijas priemoniy autoriams ir taip konstruktyviai, jrody-
mais grindziant, tobulinti gamtamokslinio ugdymo procesa.

Merginy nuomone, joms labiau nei vaikinams vizualizacija padeda aktyvinti kognityvinius pro-
cesus ir skatina mokymosi motyvacijq. Panasus skirtumai ly¢iy aspektu iSanalizuoti ir interpretuoti
ir teorinéje disertacijos dalyje: merginy mokymosi motyvacija ir kognityviniai procesai pasireiskia
silpniau nei vaikiny, jos reCiau saveikauja su kompiuterinémis technologijomis, todél joms svarbu,
kad vizualieji artefaktai priartinty gamtamoksling realybg prie socialinés tikrovés. Vaikinai, nors ir
pasyvesni 9—10 klasiy pamokose, dazniau saveikauja su IKT ir mégsta jsitraukti { virtualias aplinkas.
Tokie ly¢iy skirtumai gali biiti paaiskinami tuo, jog merginos ateityje maziau renkasi gamtamokslines
profesijas (Page ir kt., 2009; Koul ir kt., 2011; Britner, 2008; Ceci Williams, 2007; Scantlebury, Ba-
ker, 2007), todél ju noras mokytis mokykloje susijgs su pareiga ar kitais socialiniais ir saves suvokimo
bei identifikavimo aspektais, kurie silpniau aktyvina abstraktaus ir vaizdinio mastymo procesus. Taip
pat galima manyti, jog dél tam tikro nusistovéjusio pozitirio | profesijas dauguma merginy nesirenka
gamtamoksliniy dalyky aukstesnése klasése, nes nemano, kad jie bus reikalingi ateityje. Susidaro
socialiné nuomoné, jog merginoms geriau rinktis humanitarines ir socialines profesijas, kadangi gam-
tamoksliniai dalykai joms sekasi sunkiau nei vaikinams (Quinn, Lyons, 2011). Taciau tokia socialiné
nuostata gali blti grindziama stereotipais, kurie néra moksliskai pagristi — gali biti, jog merginos
paprasciausiai stokoja patirties suvokti abstrak¢ius dalykus (pvz., masinos variklio turini), kuriuos
vaikinai i§mano pakankamai gerai jau nuo vaikystés, nes tuo doméjosi, tokius objektus regéjo ir dar
juos iSmeégino atlikdami jvairius veiksmus. Todél vizualizacija, kaip jau konceptualizuota teorinéje
disertacijos dalyje, epistemiskai gali padéti merginoms jgyti ta vizualiaja patirti, kurig vaikinai turi
del istoriskai susiklos¢iusiy socialinés aplinkos veiksniy. Eksternalizuotos vizualiosios reprezentaci-
jos padéty atskleisti nematomus objektus ir taip priartinty juos prie realybés, kuria merginos sieja su
socialine tikrove. Svarbu tirti filosofines, socialines, psichologines ir edukacines abiejy ly¢iy saveikos
su konkreciais vizualiaisiais artefaktais skirtumy ir panaSumy priezastis ir pasekmes konkreciose ap-
linkose ir situacijose, orientuojantis i kognityviniy procesy ir motyvacijos veikdinimo pozymiy nu-
statyma. Ypac vertéty empiriskai patikrinti, ar panaSiomis salygomis merginy kognityviniai procesai
veikia silpniau nei vaikiny, nes disertacijos tyrimy rezultatai reprezentuoja tik respondenty nuomong,
kuri gali buti paveikta antropologiniy, socialiniy ir psichologiniy veiksniy, taip pat gali atspindéti
merginy, kaip silpnesnés lyties saves suvokimo, rezultata. Tai suteikty tikslesnés informacijos apie
individualiai ir socialiai konstruojamo skirtingy ly¢iy ugdymo aspektus, kuriais remiantis biity galima
tobulinti ugdymo turinj, esant pagristam poreikiui — ji diferencijuoti, tikintis atitinkamai prognozuoty
ir moksliskai sumodeliuoty poveikio rezultaty.

Tyrimais nustatyta, kad vaikinai dazniau nei merginos iesko vizualizacijy internete. Tai paais-
kinama tuo,kad $ios lyties atstovai dazniau nei merginos saveikauja su IKT, turi daugiau tam batiny
igtdziy, grei¢iau juos igyja, labiau savimi pasitiki ir mégsta tokiu budu leisti laisvalaikj. Verifikacinis
tyrimas atkleid¢, kad vaikinai dazniau naudojasi internetu ir jame ie$ko vizualiyjuy edukaciniy arte-
fakty, nes siekia realizuoti kompensacing funkcija, t.y., greitesniu bidu gauti reikiamy ziniy ir igyti
igudziy, kuriy negavo mokykloje dél netinkamo elgesio ir démesingumo pamokos turiniui stokos.
Taip pat nustatyta, kad laisvalaikio aplinkoje vaikinai versus merginos vizualizacija taiko dazniau dél
iSreiksto vartotojisko santykio su artefaktu — taip realizuojama ritualiné/hedonistiné funkecija, kuria pa-
aiSkina socialinés tikrovés konstravimas — kasdieningje veikloje IKT yra pagrindiniai atributai, kurie
yra mégstami, vartojami, jais domimasi. Tyrimo rezultatai atskleidé 9-10 klasiy vaikiny saveika su
vizualiuoju artefaktu, tariamai pasireiskiancia kasdien¢je tikrovéje. Saveika nustatyta abstrakciose,
tariamose situacijose, todél néra aisku, ar, atlikus papildomus tyrimus, bity nustatyti tie patys rezulta-
tai konkreciose aplinkybés. Tgsiant tyrimus, vertéty dométis, kokiy konkreciai vizualizacijy vaikinai
mégsta ieSkoti internete, kokios ty vizualizacijy charakteristikos (spalvos, dimensionalumas, reprezen-
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tatyvumo lygmuo, statusas, interaktyvumas, abstraktumo lygis ir kt.) ir kokie yra konkretiis paiesky
motyvai (ar jie susij¢ su konkrecia pamoka, namy uzduotimis, asmeniniais poreikiai ir pan.), kaip
saveika su vizualizacija veikia savarankisko mokymosi procesus skirtingose edukacinése aplinkose.
Atsakius { §iuos klausimus, bty galima tiksliau prognozuoti ir modeliuoti naujy kompiuteriniy vizua-
lizacijy taikymo poveiki vaikinams { mokinj orientuotos paradigmos realizavimo kontekste.

Lietuvos mokytojai daugiausia taiko realias ir popierinés vizualizacijas, bylojancias apie klasi-
kinés paradigmos mokymo paradigmos dominavima ugdymo realyb¢je. Kompiuteriné vizualizacija
taikoma reciausiai ir jos vartojimas priklauso nuo darbo patirties — trumpesnj laika mokyklose dir-
bantys mokytojai inovacijas diegia dazniau, o ilgiausiai mokykloje dirbantys mokytojai ribojo(-a) ju
vartojima. Tie pedagogai, kurie dirba pagal tradicinius metodus, ipratg taikyti realia vizualizacija ir
nesiekia jokiy inovaciju diegimo. Biitent pastarosios grupés atstovams, jei reikia taikyti kompiuteri-
ne vizualizacija, pamokose pritriiksta laiko. Nustatyta, kad mokytojy patiriama laiko stoka ugdymo
procese riboja kompiuterinés vizualizacijos panaudojima ir mokytojams sukuria regresines salygas
laiko valdymo kompetencijoms plétoti socialinéje realybeje. Tq galima paaiskinti remiantis socialinés
tikrovés konstravimo teorija, pozicionuojancia struktiira, kuri jprasmina zmogaus gyvenima laiko di-
mensijose, kadangi daugelis jj iSgyvena skirtingai, subjektyviai, pagal jvairius laikisSkumo lygmenis
(Berger, Luckman, 1999). Pamokos laiko struktiira sukuria skirtingas samonés jtampas ugdytojams,
todél tiems, kurie remiasi klasikine mokymo paradigma, kompiuterinés vizualizacijos galimybés neak-
tualios, jos vertinamos kaip bevertés ar zalingos laiko ribojimo atzvilgiu, sukeliancios dezorientacija
pamokos planuoty veiksmy operacijose, kas ir salygoja destruktyvy inovacijos atmetima, kaip tei-
singa kasdieninio gyvenimo atributa, saugantj iprastos laiko struktiiros elementus. Prievartinis (Ber-
ger, Luckman, 1999) laiko pobiidis socialinés realybés konstravimo kontekste paaiskina pedagogu,
stokojanciy laiko valdymo kompetenciju, vengima taikyti kompiutering vizualizacija: nesugebéjimas
taikyti IKT sukelia per dideles samonés jtampas ir salygoja artefakty atmetima, kaip vieninteli buda
pasalinti neigiama dirgiklj, kliudantj efektyviai veikti tradicingje laiko erdvéje. [prastos tikrovés egzis-
tavimas be inovacijy nesuteikia galimybiy progresuoti pereiti | aukStesni samoningumo ir pamokos
efektyvinimo lygj. Tai paaiskina kai kuriy pedagogy skirtinga laiko suvokima ir gebéjimo jji valdyti
situacija: vieniems kompiuteriné vizualizacija yra klittis efektyviai dirbti pamokose, nes patiriama lai-
ko ir IKT valdymo kompetencijy stoka; kitiems kompiuteriné vizualizacija sukuria palankias salygas
tobuléti ir sutaupyti laiko veikloms, efektyvinan¢ioms ugdymo proceso veiksnius ir didinan¢ioms ju
rodiklius. Subjektyvus laiko pojitis diferencijuoja pedagogus profesingje veikloje ir, kaip matyti i§
tyrimo, suskaido i dvi grupes.

Mokslingje literatiroje projektuojama, kad edukacinis procesas bus itin modernizuotas (Ander-
son, Groulx, Maninger, 2010; Anderson, Maninger, 2007; Birch, Irvine, 2009; Chen, 2010; Nieder-
hauser, Perkmen, 2008; Smarkola, 2007; Wu, Chang, Guo, 2008; Maddux, 2008; Maddux, Johnson,
Willis, 2011; Maddux, Johnson, 2011; Maddux, Liu, Li, Sexton, 2011). Tuo remiantis nustatyta, kad
apklausti mokytojai taip pat numano kompiuterinés vizualizacijos taikymo progresa ateityje, kas sa-
lygoja teoriniy moksliniy ir praktiniy implikacijy panasuma, leidziantj manyti, kad eksternalizuoty
vizualiyjy artefakty taikymo gamtamoksliniame ugdymo tyrimai yra ir ateityje tikrai bus aktualGs.
Remiantis tyrimo rezultatais, sukonstruotu modeliu ateityje vertéty tikrinti konkreciy vizualizacijos
priemoniy taikyma pamokose, keliant klausimus — ar egzistuoja tie patys teigiami veiksniai skirtingo-
se klasése, skirtingy gabumy mokiniy grupése, heterogeniskais lyties, mokymosi poreikiy, edukaciniy
aplinky ir veikly aspektais. Naujy tyrimy rezultatai sudaryty jrodymais grista pagrinda konceptualiai
pletoti vizualizacijos taikymo gamtamoksliniame ugdyme raiska ir moksliniu, ir praktiniu lygiu, kon-
struojant edukacinj procesa | mokinj orientuotos paradigmos kontekste.
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ISVADOS

Disertacijos teorinio konteksto iSvados ir apibendrinimai

Vizualizacija neatsiejama nuo vaizdo ontogenezés — pamatinés kilmés, paskatinusios multidi-
mensiniy ir multimodaliniy eksternalizuoty vizualiyjy artefakty atsiradima. Vaizdo ontogenezé
progresuoja formuodama zmogaus samongés intencionaluma sudétingesnei metakultiiros atei-
¢iai, kurioje subjektas paprasc¢iau suvokia ir jsisavina didesnius informacijos kiekius, konstruoja
savo zinias, eliminuoja episteminius ribotumus. Vizualizacija postmodernizmo kontekste kei¢ia
tradicini subjekto santyki su vaizdu, t. y., dekonstruojama ir rekonstruojama riba tarp objekto ir
subjekto, todeél stipréja besimokanciojo saveika su interaktyviomis eksternalizuotomis vizualio-
siomis reprezentacijomis. Vaizdy tobulumas, reprezentuojantis nereprezentuojamuma (nemato-
mybg) skatina poreikj juos pazinti, kaip visuoting kalba, lygiavertg zodinei. Vizualieji artefaktai
suteikia besimokanciajam galimybg atrinkti svarbiausius elementus i§ informacijos chaoso ir
sujungti juos | visuma, skatina suprasti ir valdyti sinergetinius procesus. ISorinés vizualizacijos
internalizavimas vyksta cikliskai, palaipsniui konstruojant modelius ir juos siejant su verbaline
informacija, todél sinergetinis artefakto aiSkinimas pagrindzia jo laikinuma, dimensijy jvairove,
kaita edukacinio virsmo ir mokslo progreso kontekste. Globalizacija jprasmina homogenizuota
eksternalizuoty vizualiyjy reprezentacijy atskleidima kaip paprastai suvokiama skirtingy porei-
kiy ir gebéjimy mokiniams, kuriems mokslinés idéjos apie gamtos moksly objektus transliuo-
jamos generalizuotu pavidalu. Globaliai susisteminta ir laisvai kompiuterinémis technikomis
prieinama vizualizacija priartina jvairiy kultiiry ir skirtingy mokymosi lygiy besimokanciuosius
homogenizuotam pasaulio supratimui, kuriame informacija ir zinios saveikauja su subjektais,
nuolat atnaujinamos ir papildydamos viena kita. Holistiskai edukacinio proceso veiksnius sie-
janti globalizacijos idéja ir reali jos raiska sukuria stimula pedagogams ieskoti tobuléjimo gali-
mybiy — integruoti jvairias inovacijas, susijusias su kompiuterine multimodaline vizualizacija,
mokytis jas jvaldyti, taip taupant laika ir kei¢iant tradicini vaidmeni { konsultanto, patar¢jo,
moderatoriaus, vykstant edukacinio proceso virsmams.

Eksternalizuoty vizualiyjy reprezentacijy statusas gali buti skirstomas | realyjj ir metarealyji
(menama). Realusis statusas jvairiais lygmenimis (Makro—, sub-mikro—) atskleidzia nattiralioje
gamtoje egzistuojancius objektus ir procesus, kuriuos galima pamatyti plika akimi. Metastatu-
sas makrolygmenyje atskleidzia artefaktus, perteikiamus kaip realiai egzistuojancius (virtuali,
papildyta realybé, simuliacijos), todél ju dimensionalumas biina ne mazesnis nei 2D. Metasta-
tuso sub-mikrolygmens vizualiosios reprezentacijos eksternalizuojamos talkinant visuotinai
objektyvizuotiems 2D-3D kodams — grafikams, diagramoms, fotografijoms ir kt., simbolinio
lygmens —simboliais (zenklai, trumpiniai, lygtys). Edukacingje realybéje taikomos jvairios sude-
tingy reiskiniy ir objekty reprezentavimo vizualizacijos, kurios gali buti klasifikuojamos i realias
(tikros medziagos ir daiktai), popierines (plakatai, schemos, nuotraukos, paveikslai, zemélapiai,
atspausdinti popieriuje) ir kompiuterines (internetas, virtualios erdvés, simuliacijos, interakty-
viosios lentos ir kt.). Pastarosios priemonés pasizymi multidimensionalumu ir multimodalumu,
todél ju taikymas sukuria palankias salygas mokymui(si) konstruojant mokiniy zinias ir gilinant
ju gebéjimus biologijos, chemijos, fizikos, geografijos ir matematikos pamokose. Vizualizacijos
savokos, minimos moksliniuose darbuose, vartojimas 1990-2011 m. laikotarpiu kiekvienais me-
tais padidédavo 15-30 proc., priklausomai nuo konkrecios priemonés ir disciplinos (daugiausiai
savoka vartota matematikos, geografijos, fizikos, o maziausiai — biologijos sri¢iy publikacijose).
Progresyviausiai akcentuota multidimensin¢ ir multimodaliné kompiuteriné vizualizacija fizikos
dalyko internetingje aplinkoje — savokos vartojimo skaicius minétu laikotarpiu iSaugo daugiau
kaip astuoniasdesimt karty.

Eksternalizuoty vizualiyjy reprezentacijy privalumai atskleidziami poveikiu subjekty kognityvi-
niams procesams, vaizdiniam ir verbaliniam mastymui, mokymosi motyvacijai ir teigiamoms
emocijoms kognityvinio konstruktyvizmo realizavimo prielaidose. Multimodalinés ir multidi-
mensinés vizualizacijos taikymas biologijos, chemijos, fizikos, geografijos ir matematikos pa-
mokose sukuria socialiai konstruojamas prielaidas besimokanciyjy ziniy ir informacijos ktirimui
samonéje, ziniy ir gebéjimy jtvirtinimui, tikrinimui, verbaliniy ir vizualiniy {gidziy formavimui.



Vizualizacijos taikymas edukacinéje realybéje sukuria prielaidas kognityviniy ir socialiniy veiks-
niy aktyvavimui, salygojanc¢iam kokybiSkesnj ugdymo procesa, kolegialesnius mokytojo ir mo-
kinio santykius, laisvesng, kurybiskesng ir jdomesng mokymosi aplinka. Atskleisti privalumai
gali buti homogeniskai panaudojami visy mokiniy mokymui(si), nors egzistuoja ir heteregeniski
ypatumai: merginy versus vaikiny mokymosi pasiekimai ir motyvacija gamtamoksliniame ugdy-
me zemesni, ateitis reciau siejama su chemija, fizika ir matematika, saveikavimas su kompiute-
rinémis technologijos silpnesnis, o kompiuterio poreikis orientuotas i episteminiy tiksly jgyven-
dinima — tai kontroversiska vaikinams, siekiantiems virtualios erdvés kaip kasdienio socialinio
gyvenimo atributo. Realizuojant konstruktyvisting paradigma kompiuteriné vizualizacija gali
buti pasitelkta abiejy ly¢iy kognityviniams gebéjimams tobulinti ir motyvacijai stiprinti — bty
sukurtos vaikinams socialiai idomios, 0 merginoms epistemiskai patrauklios edukacinés aplin-
kos.

Psichologinio diskurso kontekste vizualizacijos taikymas galéty salygoti subjekto kognityviniy
procesy veikdinima (stimuliavima) — talkinant iSoriniy multimodaliniy ir multidimensiniy ekster-
nalizuoty reprezentacijy artefaktui, deran¢iam su verbaline informacijos pateiktimi, sudétingi ir
plika akimi nematomi reiskiniai bei objektai biity suvokiami lengviau ir greiciau, labiau susitel-
kus. Siame procese mokiniai tiksliau isivaizduoty priimama informacija teisingy dvigubo koda-
vimo mentaliniy modeliy pavidalu, ilgiau ja i$laikyty atmintyje. Vizualizacija, kaip episteminio
ribotumo eliminavimo tarpininké, aktyvindama suvokima, atminti, démesj ir vaizduote, turéty
skatinti ir mokymosi motyvacija, nes vaizdinio artefakto saveikavimo su mokiniu metu suku-
riamos idomios, savalaikés edukacinés veiklos ir aplinkos, salygojancios teisingai suvoktos ir
[sisavintos asmeninés patirties igijima ir pleciancios socialinés realybés konstravimo galimybeg.

Disertacijos empiriniy tyrimy rezultaty iSvados

9-10 klasiy mokiniai patiria mokymosi sunkumy gamtamoksliniuose dalykuose dél kognity-
viniy procesy (suvokimo, démesio, atminties ir vaizduotés) veikimo ribotumo, kurie taip pat
nustatyti ir kaip dalyky nesupratimo priezastys. Pastarosioms priskiriamos pamoky temy atsklei-
dimo (perteikimo) problemos — neaiskus plika akimi neregimy objekty ir reiskiniy isdéstymas
taikant verbalines reprezentacijas, vizualizacijy, palengvinanéiy kognityviniy procesuy veikla,
stoka. Reikiamy ziniy, idirbio bei praktikos stoka, silpna mokymosi motyvacija ir samonéje
dominuojantys stereotipai, kad gamtos mokslai — per daug sudétingi, taip pat sunkina mokiniy
s¢kminga mokymasi. Eksternalizuotos vizualiosios reprezentacijos, objektyvizuotai pateikia-
mos mokiniams gamtos moksly pamokose, gali buti kaip episteminio ribotumo eliminavimo
priemoné, reikalinga sunkiai jsisavinamoms ir / arba visoms temoms, kad aktyvinty kognityvi-
nius procesus, skatinty mokymosi motyvacija ir savarankiska praktikavimasi ne tik klaséje, bet
ir namy aplinkoje (ypac leidziant laisvalaikj internete). Tuomet sudétingi reiskiniai ir objektai
tapty aiSkesni, labiau sietini su realiu gyvenimu ir jo pazinimo formomis.

Remiantis mokytojy eksperty nuomonés rezultatais identifikuojama, kad gamtos moksly discipli-
nose dominuoja klasikiniai mokomaja informacija perteikiantys vizualizavimo metodai ir biidai,
kuriy vartojimas per pastaruosius penkerius metus tendencingai mazéjo ir prognozuojama — ma-
z¢s ateityje. [sivyravus konstruktyvistinei edukacinei paradigmai subjekty samong¢je, pedagogai
taikys paveikesnes multidimensines eksternalizuotas vizualiasias reprezentacijas, kuriy troku-
ma Siandieninéje situacijoje lemia silpna mokykly materialiné bazé, mokytoju nekompetencija
naudotis kompiuterinémis technologijomis, konsultanty Sioje srityje stoka, negatyvus mokyklos
atstovy pozitris | inovacijas. Pedagogai akcentuoja, kad profesionaliai (kokybisky, diferencijuo-
janc¢iy ugdymo turinj, mazinanéiy darbo apkrova, pritaikyty savarankiskam mokiniy mokymuisi
ir atitinkanc¢iy bendrojo lavinimo mokyklos turinj ir temas) lietuviy kalba parengty vizualiyjy
artefakty taikymas ugdymo procese reikSmingas dél galimybiy aktyvinti mokiniy kognityvinius
procesus, ju mokymosi motyvacija, sukurti stipresni griztamaji rysi ir palankesnes edukacines
salygas.

Remiantis 9-10 klasiy mokiniy nuomone, homogeniskai jvardijusiems vizualizacijos, kaip arte-
fakto mediatoriaus biitinuma konkrec¢iame dalyke, aktyvéja kognityviniy procesy veikla: leng-
viau ir grei¢iau suvokiama sudétinga bei abstrakti informacija, ilgiau i$laikomas susikaupimas
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ir koncentravimasis { mokomajj turinj, teisingiau sivaizduojami neregéti ir anksciau tik verbali-
niais kodais reprezentuoti objektai bei jy tarpusavio saveikos, iSmokta medziaga islieka ilgalai-
kéje atmintyje. Eksternalizuoty vizualiyjy reprezentacijy taikymas gamtamoksliniame ugdyme
skatina 9-10 klasiy mokiniy, remiantis jy nuomone, mokymosi motyvacija: didéja noras gilintis
i to dalyko temuy turini, papildomai dométis gamtamoksliniais objektais, buti aktyvesniems ir in-
teraktyviau jsitraukti | pamokos veiklas. Vizualizacijos lengvinty ir mokiniy savarankisko darbo
procesus, susijusius su praktiniu ziniy realizavimu — ugdytiniams bty lengviau pritaikyti zinias
ivairioje teoringje ir praktinéje atsiskaitomojoje veikloje.

Remiantis Lietuvos mokytojy nuomone, realios vizualizacijos taikymas per pastaruosius pen-
kerius metus pasikeité nezymiai, labiausiai padaznéjo matematikos, fizikos ir biologijos pamo-
kose, taciau per artimiausius penkerius metus daznéjimas neprognozuojamas. Ugdymo procese
realias vizualiyjy reprezentacijy priemones heterogeniskai taiko pagal disciplinas (matematikai
— lenta, fizikai — prototipus, chemikai ir biologai — bandymus) ilgametés mokymo patirties turin-
ti pedagogu populiacija. Popierine vizualizacija darbo praktikoje taiko pusé ir maziau nei pusé
respondenty heterogoniskai pagal disciplinas (matematikai — schemas, grafikus ir geometrines fi-
giiras, biologai — grafikus, geografai — zemélapius). Per pastaruosius penkerius metus Sios ekster-
nalizuotos vizualiosios reprezentacijos taikymo pokytis edukacinéje realybéje pastebimas tik kai
kurioms priemonéms jas naudojant heterogoniskose pedagogu grupése, priklausomai nuo darbo
patirties — trumpesnj laika mokyklose dirbantys pedagogai popieriuje reprezentuotus artefaktus
taiko dazniau nei didelg darbo patirtj turintys kolegos. Artimiausioje ateityje prognozuojamas
plakaty, nuotrauky ir jvairiy schemy vartojimo progresas biologijos, chemijos, fizikos, geografi-
jos ir matematikos pamokose. Kompiuteriné vizualizacija taikoma reciausiai i§ visy kity rasiy,
taciau per pastaruosius penkerius metus jos vartojimas progresavo daugiau nei kity: mokytojai
pradéjo dazniau naudoti interneto tinklalapius, kompiuterio ekrane rodomus bandymus ir jvai-
raus pobiidzio schemas biologijos, chemijos, fizikos, geografijos ir matematikos pamokose. Kai
kuriais aspektais multimodaliniy ir multidimensiniy eksternalizuoty vizualiyjy reprezentaciju
taikymas skiriasi: ilgiausiai mokykloje dirbantys mokytojai ribojo(-a) ju vartojima; biologijos
ir geografijos pedagogai daugelj Sios riisies priemoniy ugdymo procese taiko daugiau nei chemi-
jos, fizikos ir matematikos mokytojai. Prognozuojamas progresinis kompiuterinés vizualizacijos
(ypac interneto tinklalapiy, interaktyviyju lenty, skaidriy) taikymas artimiausioje ateityje. La-
biausiai tam pritaria mazesng darbo praktika mokykloje turintys mokytojai.

Remiantis homogeniska pedagogy nuomone, labiausiai vizualizacija skatinty mokiniy aktyvu-
ma, samoninga intencionaluma susikaupti ir gilintis { tema gamtos moksluose. Biologijos, geog-
rafijos ir chemijos mokytojai daugiau nei fizikai ir matematikai sitiking, kad vizualieji artefaktai
beveik visais aspektais teigiamai veikia mokiniy savaranki$ka mokymasi ir motyvacija — taip
sukuriamos salygos postmodernios edukacinés paradigmos raiskai ugdymo realybéje. Matemati-
kos mokytojai maziausiai isitiking vizualizacijos paveikumu aktyvinant kognityvinius procesus.
Maziausiai pedagogai tikisi, kad eksternalizuoty vizualiujuy reprezentacijy taikymas gamtamoks-
liniame ugdyme 9—10 klasiy mokiniams galéty turéti lemiama poveiki papildomai ugdytiniams
dométis dalykais ir jvairios informacijos apie dalykus paieskai internete. Mokytojy ir mokiniy
nuomongés sutampa vertinant vizualizacijos poveiki kognityviniams procesams ir motyvacijai
9-10 klasiy ugdytiniams mokantis biologijos, chemijos, fizikos, geografijos ir matematikos —
eksternalizuotos vizualiosios reprezentacijos talkina aktyvinant suvokimo, atminties, démesio ir
vaizduotés procesus.

Merginy nuomone, joms labiau nei vaikinams vizualizacija padeda aktyvinti kognityvinius
procesus ir skatina mokymosi motyvacija. Tyrimo rezultaty verifikacija atskleidzia, kad mergi-
noms, labiau nei vaikinams, eksternalizuotos vizualios reprezentacijos sukuria geresnes salygas
isisavinti kitomis priemonés sunkiau suprantama informacija. D¢l moteriskos versus vyriskos
lyties ypatumy — veiklumo, imlumo, emocionalumo, kiirybingumo, didesnio brandumo, stropu-
mo, darbStumo, démesingumo, aktyvumo, praktiniy jglidziy bei vaizdinio mastymo stokos pa-
mokose, vizualizacija padeda konstruoti veiksmingesnj merginy mokymo(si) procesa. Vaikinai
dazniau nei merginos iesko vizualizacijy internete. Verifikuojant minéta skirtuma nustatytos dvi
pagrindinés (mokytojy ir mokiniy jvardijamos) priezastys, pasireiSkian¢ios aplinkose. Vaikinai



versus merginos per pamokas dazniau kalba tarpusavyje, yra maziau démesingi, dazniau tingi
ir re¢iau domisi gamtamoksliniais dalykais, todél mokymosi aplinkoje, pasitelkdami eksternali-
zuoty vizualiyjy reprezentacijy paieskas internete, jie siekia realizuoti kompensacing funkcijq,
t.y., greitesniu budu gauti reikiamas zinias ir jgyti igudzius. Dél dominuojanéio 9-10 klasiy
vaikiny versus merginy neveiklumo biologijos, chemijos, fizikos, geografijos ir matematikos
pamokose silpnéja ir ju kognityviniy procesy veikimas, todél vizualizacija pasitelkiama kaip
stimuliuojantis ir jgalinantis veikti artefaktas mokymosi aplinkoje, kurioje taip pat gali reikstis
padidéjes poreikis isisavinti zinias. Laisvalaikio aplinkoje vaikinai versus merginos vizualizaci-
ja taiko dazniau dél iSreiksto vartotojisko santykio su artefaktu — kasdienéje veikloje jie domisi,
naudojasi kompiuteriu ir internetu, todél taip realizuojama ritualiné / hedonistiné funkcija. Pas-
taroji stiprinama ir dél greitesnio, lengvesnio informacijos pricinamumo, mazinan¢io mokymosi
apkrova ir pastangas laiko valdymo kontekste. Didesnis devinty versus deSimty klasiy mokiniy
poreikis vizualizacijai raSant atsiskaitomuosius darbus paaiSkinamas patirties stygiumi Siame
amziuje, kas dar kartg atskleidzia vizualizacijos, kaip samonés progresa skatinan¢ios priemonés
atitinkamuose ugdymo kontekstuose, privalumus ir btinuma siekiant veiksmingo ugdymo.
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REKOMENDACIJOS

Diegiant vizualizacijos taikymo gamtamoksliniame ugdyme psichoedukacini modeli, rekomen-

duojama:

60

1. Vadovéliy autoriams, kompiuteriniy priemoniy rengéjams, leidykly vadovams:
Parengti lietuviy kalba kokybiskas, lengvai valdomas, diferencijuojancias ugdymo turini, ma-
zinan¢ias mokytoju darbo kraivi, atitinkancias bendrojo lavinimo mokyklos turinj ir tematikas
vizualizacijos programas, kurias biity galima taikyti 9-10 klasiy biologijos, chemijos, fizikos,
geografijos ir matematikos pamokose. Vizualiuosius artefaktus vertéty derinti su Zodine infor-
macija, kad jie atlikty aiSkinamaja funkcija, padéty besimokantiesiems suprasti vizualizuotus
sudétingus objektus ir procesus, ypac jei jie nematomi realioje aplinkoje.

Parengti vizualizacijos programas, pasizymincias aukstu interaktyvumu (simuliacijos, virtuali
aplinka ir pan.) ir pritaikytas savarankiskam mokiniy mokymuisi namuose. Naudodamiesi vizu-
aliaisiais artefaktais mokiniai galéty tobulinti ir gilinti savo gamtamokslines Zinias, didinti gam-
tamokslinj rastinguma, iSgyventi sékmés pojuti jiems idomioje edukacingje aplinkoje, kurioje
vizualizacija atlikty tarpininko, ,,vyresniojo partnerio/mokytojo* vaidmenis subjektams individu-
aliai konstruojant savo zinias.

2. Mokslininkams:

Bendradarbiaujant su vadovéliy autoriais, kompiuteriniy priemoniy rengg¢jais ir leidykly vado-
vais kurti kokybiskas vizualizacijos programas, kurias taikant biity galima sékmingai realizuoti
psichoedukacini modelj. Padéti minéty ar panasiy grupiy subjektams atlikti mokslinius priemo-
niy taikymo ir modelio diegimo eksperimentus, kuriy rezultatai atskleisty artefakty kokybe, nu-
rodanti jy trikumus, kuriuos bty eliminuoti iki priemonés gamybos pradzios.
Bendradarbiaujant su mokytojais, praktikoje isbandyti sukurtas priemones, moksliskai jas apro-
buoti, {vertinanti ju tobulinimo galimybes.

Kartu su priemoniy kiiréjais organizuoti mokytojams vizualizacijos taikymo seminarus/kursus,
kuriuose ugdytojai gauty esming informacija — kaip valdyti priemong, kokios yra jos galimybés
ir trikumai, kokioms temoms ji skirta ir kaip ji pagerinty mokytojy darbo ir mokiniy mokymosi
kokybg.

3. Mokytojams:

Ieskoti inovatyviy vizualizacijos programuy, taikyti jas gamtamokslinio ugdymo procese, iver-
tinti mokiniy nuomong pasitelkus rekomenduojama tyrimo instrumenta, patikrinti, ar psichoe-
dukacinio modelio diegimas yra veiksmingas, ir taip prisidéti prie postmodernios edukacinés
paradigmos, orientuotos | mokinj, jtvirtinimo.

Bendradarbiauti su mokslininkais, vadovéliy ir kompiuteriniy programy kiiréjais, leidykly vado-
vais eksperimentiniame vizualizacijos priemoniy kiirimo ir iSbandymo procese, teikti metodines
priemonés tobulinimo rekomendacijas.

Isitikinus, kad esama kokybisky vizualizacijos programuy, skirty mokiniy savarankiskam moky-
muisi namuose, skatinti mokinius jas naudoti, akcentuojant ju svarba ir teigiama poveiki besimo-
kan¢iyjy kognityviniams procesams, motyvacijai, zinioms ir gamtamoksliniam rastingumui.
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