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OPTIMISATION OF SELECTION OF ELECTRONIC LEARNING
RESOURCES ACCORDING TO STUDENT GROUP COMPOSITION

Abstract. The technology of integration of learning methods, forms and means of information and
communication technologies is described with due regards for psychological and pedagogical
characteristics of student groups. The results of theoretical and experimental research conducted
on the basis of two Ukrainian universities with the participation of 341 students in the "Chemistry"
training area and 18 lecturers of basic chemical disciplines are highlighted. Both students and
lecturers were polled in a specially designed questionnaire to show their attitude to the use of
various electronic learning resources in learning and teaching basic chemical disciplines. Students’
preferences in learning styles were estimated on the basis of a self-scoring questionnaire for
assessing preferences on four complementary dimensions, such as perception (sensitive or
intuitive), input (visual or verbal), processing (active or reflective) and understanding (sequential
or global) of chemical information. Such an approach is known as the method of Felder-Soloman,
and it allows one to calculate Indices of Learning Style which assess qualitatively available
preferences of all respondents in each of the four available directions. The developed technology
allows lecturers to qualify an optimal set of electronic learning resources for the teaching of
individual sections of chemistry, taking into account preferences in their use of students with
different learning styles. The technology under development is based on the calculation of average
resource scores as assessed by all students in the group, as well as on the expert evaluation of the
feasibility of their application in the teaching of basic chemical disciplines. The taxonomy of the
optimal selection of electronic learning resources and teaching methods is developed for each type
of students’ learning preferences. Advantages and disadvantages of all available variants of the
application of the developed technology are discussed for student groups of different
compositions. An example of the application is given for studying the discipline "Inorganic
Chemistry".
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communication technologies; electronic learning resources; optimisation of e-resource set.

1. INTRODUCTION

The problem setting. Several areas of application of information and communication
technologies (ICTs), which are used to solve the problems of training chemistry students, can
be currently identified: improving understanding of chemical concepts through the use of
visualisations; notation of chemical data at different levels of representations; and
establishment of connections between theoretical knowledge and its practical realisation [1] —
[8]. Such directions are actively developing, however, the issues of ensuring the effective
implementation of ICT in the educational process, still remain unresolved. The existing
contradictions mainly concern the following two problems:

— unclear conditions for the efficient use of dynamic visualisations and prevention of
situations when cognitive load is significantly increased during training with the
use of ICTs; and

— lack of clear guidance for lecturers in the optimal selection of electronic learning
resources (e-resources) on the base of learning preferences of individual students
and aggregate profiles of student groups.
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The analysis of recent studies and publications. The theoretical foundations of
teaching chemical disciplines with the use of ICT tools have been recently developed [9] to
solve the first aforementioned problem. The most important principles of the established
approach are the principles of balance of cognitive load and combination of presentations of
educational material at different levels of representation [10]. A set of generalised rules,
which should be guided to organise adequate training, is formulated, and it, in particular,
includes the following fundamental principles: prevention of attention splitting; taking into
account the double effect of the implementation of an action; taking into account the level of
preliminary training of students; as well as the principles of the design of dynamic
visualisations (semantic accents, colour coding, segmentation and management of dynamic
images, and use of different perception modalities) [1], [10].

Taking into account the individual learning styles of students, when organising ICT-
based training, involves the appropriate selection of e-resources and the implementation of
measures to prevent a "conflict of styles" between the lecturer’s and students’ learning styles.
However, methodological recommendations and criteria, according to which the lecturer can
deliberately organise the learning process and select the important e-resources to achieve the
required balance, are not practically available in the literature. The required balance includes
conditions for the development of students’ necessary learning styles in the group and does
not lead to cognitive overload, discomfort in learning, overwork, negative emotions, etc. In
most cases, choosing teaching methods and resources, lecturers can only rely on their own
experience and creative intuition.

The paper goal is to describe the proposed technology of integration of methods, forms
and means of ICT learning with due regard to students' cognitive style that allows lecturers to
select an optimal set of e-resources for the teaching of chemistry.

2. METHODOLOGY

The research was carried out at Oles Gonchar Dnipropetrovsk National University
(DNU) and M.P. Drahomanov National Pedagogical University (Kyiv). The experiment
involved 341 students of chemical specialities and 18 lecturers and consisted of an analysis of
the characteristics of students, the composition of student groups, and the real preferences of
students and lecturers in choosing e-resources.

Students' attitudes towards the use of various e-resources used in chemistry learning
were studied using a specially designed questionnaire. The respondents had the opportunity to
determine their preferences with a three-point (0-2 points) system. The indicator of O points
testified that the respondent did not mention the value of the specified type of resource,
considering it either unnecessary or not conducive to the process of teaching chemistry. One
point evidenced that the respondent liked the resource, appreciated its usage by a lecturer,
knowing that this could facilitate the study of the material and the execution of tasks.
However, in respondent’s opinion, such a resource did not have significant advantages over
others. Two points determine the resources that the student readily used for learning and
considered as necessary means for use. Also, such resources have an advantage over other
similar tools. The absence of a response testified to the impossibility or reluctance of the
respondent to determine their attitude to the resource. Questions without answers were not
taken into account when processing the results of the questionnaire. The estimates of all
students in a group were then averaged to calculate the values of resource average scores
(RASSs) for each e-resource under consideration [1], [11] — [13].

Previously, these respondents participated in the tests by R. Felder and B. Soloman
(thereinafter — Felder-Soloman) [13] to identify preferred learning styles [14]. Indices of
Learning Style (ILS) were calculated in accordance with the method of Felder-Soloman.
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Learning styles were evaluated on a scale from O to 11 points so that the total score for each
of the 4 available directions, characterised by 4 pairs of style / anti-style (active / reflective,
sensitive / intuitive, visual / verbal, and sequential / global), was 11 points. This allowed one
to show results for only 4 learning styles (act, seq, vis, sen) from 8 possible because indicators
for 4 other learning styles (anti-styles) were the same but with the opposite sign.

Preliminary studies allowed identifying 45 individual e-resources which could be used
or are already used in teaching various chemical disciplines [1], [13], [15]. By their function,
some resources were combined into a few conditional groups. In the process of analysing the
results, the compositions of the groups were refined, taking into account the attitude of
respondents to them. The positive correlation between respondents' commitment to
comparable resources in the group was considered as evidence of a similar position of
respondents. If the relationship between the indicators of one resource and other resources in
the group was contrary, such a means was excluded from the group, and its characteristics
were further analysed separately.

An average resource score obtained in lecturers’ questionnaire in the "expediency"
column, which reflected the relative number of topics during the course in which this resource
should be used in training, was considered as the primary estimate of the resource demand
from the lecturers’ viewpoint.

3. RESULTS AND DISCUSSION

3.1. The technology of selection of e-resources optimal set

The choice of an optimal kit of e-resources takes into account students’ preferences and
is based on the calculation of RASs. The values of RASs regarding individual e-resources
used for the study of basic chemical disciplines are calculated for students with different
preferences in learning styles and shown in Table 1.

The diagrams of the expert assessment of the feasibility of using e-resources in the
teaching of basic chemical disciplines, such as inorganic, physical, analytical and organic
chemistry, for the training of future specialists in chemical sciences were plotted according to
the results of the survey of lecturers[11] — [13].

Table 1

Resource average scores that characterise the preference degree to a specific e-resource
for chemistry students with different learning styles

Type of ICT or e-resource Individual learning styles

act | sen | vis | seq | ref | int | vrb|glo

Pictures, photographs 1,311,315 1,3 (1,5 (1,5(15](|14

Graphs 1,2 11,3 11,2 1,1 (1,5 (1,5 |1,5]1,4

Static images Diagrams 0,9 {08 [1,0 [0,7 |1,5 1,3 [1,3]1,2
Charts 1,3 1,211,209 (1,513 |1,3|14

Tables 1,3 11,0 11,1 10,7 |1,5 [1,0 |1,0]1,2

3D models 0,9 10,9109 10,6 |1,3 |1,0 ]0,7]1,2

Animation: |Processes and phenomena on microlevel (0,8 (0,9 (1,0 {0,7 [1,3 |0,7 |0,7 [1,0
Processes and phenomena on macrolevel |0,6 {0,7 {0,9 10,6 |1,3 |0,7 |0,7 0,8

Dynamic

images experiment 0,9 10,9 (1,0 {0,7 |1,0 10,7 [0,7 10,6
) Natural processes 0,7 10,5 (0,6 {0,3 |0,7 10,7 {0,31]0,8

Videoof: g Cal-world examples 0,8 (0,6 [0,8 |04 [0,7 [0,7 [0,3]1,0

Excursions 0,7 10,8 (0,8 {0,7 0,3 11,0 {1,0]0,8

Audio recording of text 0,1 10,1 (0,1 {0,2 |0,0 10,0 {0,0]0,0
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Type of ICT or e-resource Individual learning styles
act | sen | vis | seq | ref | int |vrb|glo
Quantum chemical Molecule parameters and energy effects |0,3 |0,4 {0,6 |0,3 |1,5 [1,0 |1,0]0,6
simulation Molecule structure 1,0 (1,1 |1,1 |10 [1,5|1,5|1,5|14
Spectra L5 (1,511,515 (0 |0 |0 |0
Virtual chemical Laboratory works 1,0 11,0 |1,2 {1,0 |0,7 |1,0 [|1,0]1,2
laboratory to emulate: Work with equipment 0,5 ({0,510,9 (0,6 {0,7 |0,7 |10,7]0,8
Laboratory complex with measuring sensors 0,7 10,7 10,9 (0,6 |1,5 (1,3 {1,3]0,8
Simulation of chemical system kinetics 0,8 10,8 (0,8 {0,7 10,7 10,3 {0,7]0,6
Integrated software _ -
environment for: Thermodynamic calculations 0,9 10,9 (0,8 {0,9 |1,0 10,7 [0,7 10,6
Modelling of experiments 0,710,9 (1,1 {1,0 |1,0 |1,0 [|1,0]1,0
Webinar 0,1 /0,210,504 (0,7 {0,7 10,304
Wiki 0,304 105 /0,1 (1,3 (1,0 (0,7|0,6
Video and audio conferences 0,5 (0,7 10,8 {04 {0,7 1,3 |1,0|1,4
Internet and Forum 0,3 (0,5 [0,6 |06 |1,3 |1,3 [1,0]08
communication Chat 04 |04 (0.7 [0,7 [10 [1.3 [1.3]0.8
technologies -
E-mail 14 (14|12 |14 (1,3 (1,5 |1,3]|1,5
Search engine 141,511,515 (1,5|1,5(1,5]|1,5
Teaching databases 1,5 11,5 11,5 (1,5 (1,5 |1,3 {1,3]1,5
. . e-textbooks, encyclopaedia 1,5 (1,511,515 (1,5 |1,5(1,5]1,5
Teaching materials
Hypertext 0,7 10,7 109 {04 |1,3 1,3 [1,0]1,2
Teaching programs 1,5 (11,5 11,5 (1,5 (1,5 |1,3 {1,3]1,5
Educational software Manuals for self-tuition 0,5 10,7 10,8 {0,7 0,7 |1,0 {0,7 10,8
Training simulators 0,7 {09 |14 |1,1 {0,7 |{1,0 |1,0|1,0
C Lofk led Tests ready for use 1,5 (1,511,515 (1,510 |1,3|14
ontrot OLknowledge  r et shells 0,6 [0,6 |1,0 |04 [1,7 |07 [1,0 0.8

Based on the results from Table 1 and the feasibility diagrams mentioned above, the
procedure for optimising the selection of e-resources for teaching in a particular group of
students can be summarised as follows:

1. Determining students’ preferred learning styles as a combination of preferences in
four dimensions (act/ref, sen/vent, visa/vrb, seq/glo). Analysis of group composition followed
by either construction of average group profile or group division into subgroups of students
with similar learning preferences.

2. Creation of a list of e-resources required for teaching a specific topic, based on an
expert evaluation table of discipline curriculum.

3. Calculation of specific indicators for each of the selected e-resources by students’
preferred learning styles in a group as a quantitative measure to justify the suitability of using
the resource in the class.

3.2. Example of e-resource selection for inorganic chemistry teaching

The experts identified the set of e-resources required for teaching inorganic chemistry.
The consistency of experts’ opinions on the feasibility of using resources was estimated by
Kendall’s criterion which showed a coefficient of concordance W= 0.837 at a significance
level of p <0.001.

An example of a possible algorithm for choosing an optimal set of e-resources is given
for the study of the topic "Basic Mechanisms of Chemical Reactions". The experts
preliminary identified 16 resources that should be used to teach this topic. Among them, only
nine e-resources have got RAS values RAS > 1 based on students' responses, and thus they
are desirable for the student audience (Fig. 1).
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The profile of a student group taken as an example is characterised by the domination of
act, sen, vis and seq styles, which is typical for students for chemical specialities [14]. The
value of RAS, which characterises the attitude of a group of students as a whole to a particular
e-resource, is calculated as the average arithmetic score for the four styles mentioned earlier
(Table 1) [11] — [13]. The resulting value of RAS = 1.05 > 1 (Table 2) indicates the positive
attitude of most students to this resource.

E-textbooks [1,5
Teaching programs T ]
Tests [1,5
Graphs T 11,2
Video of natural processes T |
Search engines 11,5
E-books [. 11,5
Media Iibrary--

Diagrams T

Schemes

|
|
|
Video of experiment | | @
Video of real-world examples T ] @
|
|
|
|
T

Virtual chemical laboratory

Encyclopeadia T

Manuals for self-tuition T

Training simulators

0 20 40 60 80 100
Relative number of teachers' voices, %

Fig. 1 Diagram illustrating experts’ evaluation of the suitability of the use of e-resources
in the learning of the topic ''Basic Mechanisms of Chemical Reactions''. RAS, calculated
by students' survey data, are indicated by numbers on the right: for RAS > 1 and
RAS < 1 (numbers in the circles)

Table 2

Calculation of the average effective RAS for a student group with specific preferred
learning styles on the example of the e-resource ''Virtual Chemical Laboratories''

Learning style dimensions act ref |sen |int |vis | vrb seq | glo
RAS for preferred learning style 1,0 0,7 1,0 1,0 1,2 1,0 1,0 1,0
Profile of a group of students act + sen + vis + seq

Average effective RAS for a group: (1+1+1,2+1)/4=1,05> 1

Thus, the considered resource may be recommended for use in a lecture room.
However, the lecturer needs to explain to students what educational purposes and benefits are
behind its usage.

3.3 Integration technology of learning methods and e-resources with due regard
for student group composition

3.3.1 Methods for chemical discipline teaching

The real variety of classifications of learning methods and the lack of developed
categorical apparatus describing the educational process create the most considerable
difficulties in the development of learning technology and its implementation. Various
approaches to the systematisation of learning methods in chemistry are analysed in [16]. In
our opinion, the use of classifications, which reflect the specific nature of studying at a high
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school [17] and the specifics of professional training have good prospects in solving the
problem of integration of learning methods and e-resources.

For chemistry teaching, the classification proposed by R.G. Ivanova [16] is the most
convenient for educational practice. Three essential components are identified as the most
important: the nature of the cognitive activity, the source of knowledge and the form of work
of both students and lecturers. Despite some disadvantages, this classification is convenient
for practical use because, in practice, the chemistry teaching methods are applied in a
complex and are mutually integrated. The selection of common, concrete and individual
methods allows one to understand the structure of how the techniques are combined and what
they are composed of.

It is of importance to define characteristics of the methods that should be used in the
teaching of chemical disciplines in professional training. First, it is a convergence of teaching
methods with scientific methods. In higher school, not only scientific facts are taught, but the
methodology and techniques of chemistry as a scientific field are also revealed. Problem-
based, heuristic and research learning takes a large part of educational process.

Second, all possible sources of knowledge, such as verbal, visual and practical, should
be combined in all variants of the organisation of students' activities. An important role
belongs to demonstrations and research experiments. The design of methods for chemical
discipline learning should allow students to observe, analyse, express their opinion, create
hypotheses, seek solutions and demonstrate knowledge during the study.

3.3.2. Taxonomy of selection of e-resources and learning methods for each type of
students

For the development of methods for chemical discipline teaching, the taxonomy of the
selection of appropriate e-resources and teaching methods is compiled for each type of
students. Taxonomy is based on four dimensions of learning styles ILS. Based on the
accepted notation, the expression can be written as follows:

Combination ILS = {ILS1, ILS2, ILS3, ILS4},
where ILS1 represents data processing and corresponds to dimension active/reflective, ILS2
describes the perception of information in sensitive/intuitive dimension, ILS3 shows
preferences in perception channels (visual/verbal), and ILS4 corresponds to learning patterns
(sequential/global).

Entirely there are 16 combinations of styles, for example (sen, visa, act, seq), (sen, visa,
act, glo), (sen, visa, ref, seq), etc. The choice of optimal learning methods, depending on
students' learning styles, is based on the following components: a pedagogical approach to the
organisation of learning; most suitable learning methods; and characteristics of the
corresponding e-resources.

For each type of student, there are one or more learning methods that can be
implemented using one or more e-resources which are most relevant to their preferred
learning styles. For example, a student, who has a clear sensitive style of study, prefers
teaching material and methods to solve problems. When selecting teaching methods for him,
one must pay particular attention to practical work, such as study based on solving problems,
practical exercises, etc.). The following e-resources assist in implementing learning methods
based on the solving problems: animation, simulation, teamwork in forums, etc.

The integration elements for ILS1 (act/ref dimension) are illustrated in Table 4. The
selection of appropriate e-resources is carried out in accordance with [11], [12] and Table 1.
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Table 4

Taxonomy of methods and e-resources for active/reflective dimension (ILS1)

Active

Reflective

Characteristics
of student style

Prefer experimentation, and active and
collective work with learning data with the
possibility of practical application of results

Prefer thinking and observation, as well as
prefer to work alone. Working with text is
well perceived.

A pedagogical
approach to the
organisation of

Students need to take active action: discuss
or apply data, and explain the material to
others. It is difficult for them to listen to
lectures without performing any activities

During training, it is necessary to arrange
periodic stops to understand the material,
write short stories, and think about
possible applications of the studied.

learning other than annotation. It is better to organize | Without such activity, students experience
training in groups discomfort
Learning Problem-searching Presentations

methods that are
best suited

Practical

Modelling

Creating game situations

Study based on solving problems

Expert discussion group (discussion panel)
Brainstorm

Method of projects

Case method

Method of questions and answers
Individual work with text

It may be helpful to write a short resume
paraphrased with own words. It can take
longer, but it will allow students to
remember the material more efficiently.

E-resources
qualified for use

Static visualisation

Program package

E-mail

Search engines, teaching database
E-textbooks

Teaching programs

Tests ready for use

Static and dynamic visualizations
Quantum chemical simulation

Lab complex with measuring sensors
Wiki, Forum, Chat, E-mail

Search engines, teaching database
E-textbooks, hypertext

Teaching programs

Tests ready for use

Test shells

For sen-int dimension (ILS2), the integration elements, including pedagogical approach,
learning methods and suitable e-resources, are shown in Table 5. The appropriate e-resources

were selected in accordance with [11], [12] and Table 1.

Table 5

Taxonomy of methods and e-resources for sensitive/intuitive dimension (ILS2)

Sensitive

Intuitive

Characteristics of
student style

Prefer the courses that are directly related to
the real world, studying facts and
experimenting. Pay attention to the details,
work well practically, often solve problems
by known methods; they are cautious and do
not like surprises and difficulties.

They are innovators, hate tedious work and
repetition. It is pleasant to work with abstract
problems, formulation of concepts and
mathematical dependencies. They do not
enjoy courses that contain a lot of material
for memorizing and routine calculations, are
bored studying details and more inventive

A pedagogical
approach to the
organisation of
learning

Teaching material with specific examples of
the implementation of theories and their
practical application. Solving tasks with a
particular order, implementation of
procedures-actions. Work in the laboratory

Teaching material with a guide to the theory
and conceptual examination. It is necessary to|
provide theories that connect the facts being
studied. Recommended lectures, exercises,
and innovative methods.

Learning methods
that are best
suited

Verbal, visual, practical

Simulation, problem-searching

Experiment, execution of exercises; question
and answer method; a study based on solving
problems

Modelling

Role games, games and simulations
The case method, project method
Discussion panel

E-resources
qualified for use

Static visualisation
Program package

Static visualisation, 3D models
Quantum chemical simulation
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Sensitive

Intuitive

Virtual labs for laboratory work
E-textbooks

Teaching programs

It is advisable to provide students with
resources that allow them to independently
find the facts: E-mail, search engines,
teaching database

Tests ready for use

E-textbooks, Encyclopaedia

All types of communications are best suited
for learning: forum, video-, audio-conference,)
chat, e-mail

Search engines, teaching database

Ready tests are of little use for learning

Table 6 illustrates the results of selection of the integration elements, such as optimal
learning methods, pedagogical approach and e-resources, which are qualified for the use in
teaching students with preferred visual and verbal learning styles (ILS3). As before, the
selection of appropriate e-resources is fulfiled in accordance with [11], [12] and Table 1.

Table 6

Taxonomy of methods and e-resources for visual/verbal dimension (ILS3)

Visual

Verbal

Characteristics
of student style

Well perceived and better-memorized
images: drawings, diagrams, charts, graphs,
etc.

Well perceived language and text elements,
more information is obtained from words -
written and oral explanations

A pedagogical
approach to the
organisation of

Both types study better when the teaching material is presented both visually and verbally

Students better remember what they see

They quicker perceive spoken or audio
information. It is better to remember what

methods that are
best suited

learning they read or hear
Visual, practical Verbal, visual
Problem-searching Problem-searching
Modelling Lecture, Exercises
Experiment Method of questions and answers
. Games and simulations Discussion panel
Learning

Independent work with training programs
and simulators

Brainstorm

Individual work with text

Work in the group can be particularly
useful: students achieve an understanding
of the material, hearing the explanations of
the groupmates and learn even more when
they themselves explain the material

E-resources
qualified for use

Static and dynamic visualizations
Quantum chemical simulation of spectra
Modelling of experiments

Virtual labs are best suited for learning

Teaching programs
Teaching database
Tests ready for use

Static visualisation

Quantum chemical simulation of spectra
Lab complex with measuring sensors
E-textbooks

Chat, E-mail

Teaching programs

Search engines,

The methods and e-resources selected with the use of data from Table 1 and results of
works [11], [12] are listed for seq-glo dimension (ILS4) in Table 7.

Analysis of the results collected in Tables 1, 4-7 allows lecturers to design the teaching
methodology which is best suited to the course material. Different approaches can be used for
such a goal. The first approach is to group students into subgroups with similar learning styles
and use different teaching methods and materials for each of the subgroups. Typically, the
lecturer is not able to implement such an approach because of time constraints, inaccessibility
of technical support, etc. Another similar method is based on the identification of a "group
average type" and selection of appropriate learning materials. The third alternative approach,

141




ISSN: 2076-8184. Information Technologies and Learning Tools, 2018, Vol 67, Ne5.

perhaps, the most realistic, consists in using learning materials of different types, which take
into account the needs of different kinds of students, for particular units of study.

Table 7

Taxonomy of methods and e-resources for sequential/global dimension (ILS 4)

Sequential

Global

Characteristics of
student style

Convergent thinking prevails. Achieve an
understanding using step-by-step study of the
material, when each new step logically
follows from the previous

System thinking prevails. Seeing
everything in general, studying with high
jumps, mastering the material almost by
accident, not seeing the connections, and
then suddenly "understand them", can
combine things in an innovative way.

A pedagogical
approach to the
organisation of

Students learn better through small, orderly,
and logically related sequential steps to solve
problems. It is necessary to teach the material
in a logical order, to try to link each new

Students can study through high jumps,
suddenly and almost in any order. Such
students may find it more useful to consider
subjects in large blocks. Lecturers need to

learning topic with those studied earlier for a broad help students to see the links of the material
and holistic understanding. with other topics and disciplines
Learning Verbal-dialogical Case method

methods that are
best suited

Visible - manuals

Reproductive exercises

Method of questions and answers
Modelling

Problem-searching work with reference
books

Method of projects

Role games

Brainstorm

Independent work

Creative activities on systematisation

E-resources
qualified for use

Static and dynamic visualizations are of little
use for learning
Quantum chemical simulation of spectra

E-mail, search engines, teaching database
E-textbooks, teaching programs
Tests ready for use

Static visualisation, 3D models

Quantum chemical simulation of molecule
structure

The following e-resources are best suited
for learning: virtual labs for laboratory
work; video-, audio-conferences

E-mail, search engines, teaching database
E-textbooks, hypertext, teaching programs
Tests ready for use

Integrating aspects of styles, and selecting e-resources and teaching methods allow one

to change the teaching methodology, focusing on the characteristics of students. The optimal
methodology seeks to balance teaching and learning styles rather than to achieve absolute
consistency between each lecturer’s action and students’ learning preferences. The
discomfort, when students work according to a method that does not fit their learning styles,
should not be significant, but it is necessary for the formation of knowledge and qualifications
of a future specialist. Completely consistent with student's learning preferences, teaching
methods do not create conditions for their progress. Our approach allows one to apply an
indicative quantitative characteristic that helps in determining the balance mentioned above.
The main stages of the developed approach are as follows (Fig. 2):

— methodological work on the content of a discipline, the development of a training
and work program, and the establishment of goals and objectives of the study;

— investigation of the composition of a student group using Felder-Soloman
questionnaire. When a lecturer works in a traditional group, it is impossible to make
the whole material convenient for all types of students. Therefore, it is necessary to
take into account the dominant category of students that will be the basis for
selecting methods and means of learning;
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— selection of teaching methods and essential electronic resources according to
taxonomy illustrated in Tables 1, 4-7.
Not all considered teaching methods with corresponding e-resources should be used
for each type of student. You can select the most convenient and affordable.

Application of Selection of
Felder-Soloman Curriculum learning

method for E> E> method and
questionnaire survey e-resources

Fig. 2 Stages of integrating learning styles with teaching methods and learning e-resources in
the course of development of instructional technology

3.4 Example of application of the developed technology for inorganic chemistry
learning

At the first stage, 63 students of the first year of Faculty of Chemistry at DNU
completed a questionnaire based on the method of Felder-Soloman. The results are shown in
Table 8.

A large average difference was found to connect with the channels of perception where
70% of students pointed out as the prevailing visual style, and only 30% preferred the verbal
style. The most significant difference is observed for the aspects of processing and perception
of data: most students work actively (77% versus 23% of reflective students) and are more
sensitive and practical than intuitive (78.3% and 21.9% respectively). Finally, in the aspect of
comprehension, students mainly prefer a consistent style. As a result, the dominant
combination of the styles for each dimension in the studied group is {act, sen, vis, seq}.

Table 8

The results of a survey of the first year students of Faculty of Chemistry at DNU
by Felder-Soloman method

The relative number of students, %
Subgroup - -
act |ref |sen |int |vis | vrb | seq | glo

1 77,8 | 22,2 | 88,9 | 11,1 | 55,6 | 44,4 | 77,8 | 22,2
2 88,9 | 11,1 | 66,7 | 33,3 | 66,7 | 33,3 | 22,2 | 77,8
3 63,6 | 36,4 1 90,9 | 9,1 |909 | 9,1 |54,5|455
4 77,8 | 22,2 | 66,7 | 33,3 | 66,7 | 33,3 | 77,8 | 22,2
Total: 77,0 | 23,0 | 78,3 | 21,7 | 70,0 | 30,0 | 58,1 | 41,9

Lecture course of the discipline is supplemented by four-hour practice in a laboratory,
where the group is divided into subgroups. During the organisation of laboratory classes by
subgroups, lecturers will need to take into account the specific characteristics of each
subgroup because, e.g., subgroup 1 has more verbal students while subgroup 2 differs from
others by higher relative numbers of global and intuitive students (Table 8).

Based on the consideration of general characteristics of this course, students are
recommended to carry out the largest number of tasks in the form of possible problems to be
solved. Practising and repeating the material, while they are solving problems, is what will
allow students to understand the theory entirely.
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At the third stage, the selection of optimal teaching methods and e-resources is
performed on the basis of the taxonomy of Tables 1, 4-7 and according to the results of the
student's educational preferences survey (Table 8). The results of optimisation are shown in
Table 9. A lecturer can select a type of e-resources that better matches the content of the
material and the category of students. Table 9 allows one to compare learning methods that
are better perceived by students of these types, and select the most expedient one.

For example, most students in a group with the profile {act, sen, vis, seq} are better
trained in the problem-searching method in its different versions, and quickly comprehend
modelling. The computer simulation method, which is rarely currently used, however, shows
promise in the development of teaching methods for basic chemical disciplines.

Table 9
Taxonomy of integration of learning methods and e-resources for {act, sen, vis, seq}
Active Sensitive Visual Sequential
Prefer the courses
that are directly
related to the real Convergent
Prefer . . .
. . world, studying facts . thinking prevails.
experimentation, and . . Well perceived .
. . and experimenting. Achieve an
. active and collective . and better- . .
Characteristics . . Pay attention to the . understanding using
work with learning . memorized
of student . details, work well . . step-by-step study
data with the . images: drawings, .
style B practically, often . of the material,
possibility of diagrams, charts,
ractical application solve problems by graphs, etc when each new step
P known methods; they B logically follows
of results . .
are cautious and do from the previous
not like surprises and
difficulties.
Students learn
Students need to take | Teaching material better through
active action: discuss | with specific Study better when smgll, orderly, and
or apply data, and examples of the the teachin logically related
. explain the material implementation of Aching sequential steps to
A pedagogical material is

approach to
the

to others. It is
difficult for them to
listen to lectures

theories and their
practical application.
Solving tasks with a

presented both
visually and

solve problems. It is
necessary to teach
the material in a

E-textbooks

textbooks

laboratory work
Quantum

organlsa}tlon without performing particular order, verbally. logical order, to try
of learning . . . Students better .
any activities other implementation of to link each new
. . . remember what R
than annotation. Itis | procedures-actions. thev see topic with those
better to organize Work in the y studied earlier for a
training in groups laboratory broad and holistic
understanding.
Practical Verbal, visual V1s1b.1 N Verbal, visual
Problem-search . Practical .
. . Practical I Problem-searching
(brainstorming, . Problem-Finding .
. Problem-searching . (work with
project method) Modellin Modelling reference books)
Methods Modelling L ng Experiment .
ualified for Creating game Experiment Games and Modelling
q o Method of questions . . Method of
use situations simulations .
and answers questions and
Study based on Independent work
. Study based on . . answers
solving problems . with training .
solving problems Reproductive
Expert Group . programs and .
. . Exercise . exercises
Discussion simulators
Static visualisation Static visualisation Static and Quantum chemical
E-resources Program package Prlogram package dynanyc . simulation of
walified for Virtual labs for visualisations spectra
gse laboratory work E- Virtual labs for E-textbooks

Teaching programs
E-mail, search
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Active Sensitive Visual Sequential
Teaching programs Teaching programs chemical engines
E-mail, search E-mail , search simulation of Teaching database
engines engines spectra Tests ready for use
Teaching database Teaching database Teaching
Tests ready for use programs

Teaching
Tests ready for use database

Tests ready for

use

4. CONCLUSIONS AND OUTLOOK FOR FURTHER RESEARCH

When selecting and combining teaching methods, it is necessary to provide the
conformity of the chosen methods with the following aspects of the educational process:
teaching principles; goals and tasks of training; content of a specific topic; educational
characteristics of students, such as age, psychology and qualification level; methods of
chemical science; available conditions and time of training; performance of training aids; and
capabilities of lecturers themselves. The proposed approach takes into account several of the
factors mentioned above and allows one to select the methods in a well thought-out and
balanced manner.

Application of the approach described in the article shows promise not only for learning
with due account for psychological and pedagogical peculiarities of both students and student
groups in traditional education. The proposed technology can be used to organise effective
interaction of users with the interface of electronic learning resources when creating adaptive
educational products and distance learning platforms [18], which, under conditions of the
information society, is one of the critical tasks of educational development.

The outlook of further scientific research is seen in the development of new pedagogical
teaching technologies, which take into account different models of student behaviour, and the
creation of appropriate educational programs, teaching manuals and instructions, and
electronic learning resources.
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OIITUMIBALIA BUBOPY EJIEKTPOHHUX OCBITHIX PECYPCIB BIAITIOBIIHO
A0 CRUIALY CTYAEHTCBKUX I'PYII

Jepkau Tersina MuxaiiiBHa

JIOKTOp TIeNaroriqHuX HayK, 3aBiayBad kadeapy npodeciiiHoi OCBITH B cepi TEXHOIOTIH Ta qu3aiHy
KuiBchkuii HallioHABHUN YHIBEPCUTET TEXHOJIOTIH Ta nu3ainy, M. Kuis, Ykpaina

ORCID ID 0000-0003-1087-8274

derkach.tm@knutd.edu.ua

Anotanis. OnucaHo TEXHOJIOTiIO iHTerpanii MeToiB HaB4aHHs, (OpM i 3acobiB iHpopManiiHO-
KOMYHIKAI[IfHUX TEXHOJOTiH, MI0 CTBOPCHA 3 YPaxXyBaHHSIM IICHXOJIOTIYHHX Bl IEHArOTIYHUX
XapaKTEePUCTUK CTYACHTCHKUX IPyIl. BUCBITIEHO pPe3ylbTaTH TEOPETUYHHX 1 EKCIIEPUMEHTAIbHUX
JOCITI/KEeHb, TIPOBEACHUX Ha 0a3i JBOX YKpaiHCHKHX BWIIIB 3a ydacTio 341 cTyaeHTa HampsMmy
MATOTOBKU «XiMis» Ta 18 BHKIagadiB 0a30BUX XIMIYHMX IUCHUIUTIH. SIK CTyIEHTH, Tak i
BHKJIa[a4di OyJIM OMUTaHi 3a JOMOMOTO0 CHEIialIbHO PO3POOICHOT aHKETH 00 CBOTO CTaBICHHS
JI0 BUKOPHUCTaHHS PI3HUX €IEKTPOHHUX HABUAIBHHUX PECYPCiB Y BUBUEHHI Ta BHKJIaJaHHI 0a30BUX
XIMIYHUX TUCHUIUTIH. [lepeBaru CTyIEHTIB y CTHIISIX HaBYAHHS OIIHIOBAJIMCS HAa OCHOBI aHKETH
JUISL CAMOOIIIHKH HasIBHUX MEPEBAr y YOTUPHOX KOMIUTIMCHTAPHHUX BUMIpaX, TAKUX SK CIIPUAHATTS
(ceHcuTHBHE 200 IHTYITUBHE), KaHAJI BXOAY (Bi3yansHUH 4M BepOasibHHI), 00poOKka (akTHBHA abo
peduiekcuBHA) Ta po3yMiHHA (mociimoBHe abo riobankHe) XiMiyHOI iH(popMarlii. Takuii migxin,
Binomuil sk Meton Pennepa-Conoman, T03BOJSE PO3paxyBaTH iHIACKCH CTHIIIB HABYaHHS, SIKi, Y
CBOIO Yepry, OLIHIOIOTh HAsBHI NEpeBaru BCIX PECHOHAEHTIB y KOXKHOMY 3 YOTHPBOX JIOCTYIHHX
BuMipiB. Po3poOrneHa TexHOOris [103BOJIIE BHMKJIaJadyaM BHM3HAuaTH ONTHMAIBHUHA HaOip
EJICKTPOHHUX HAaBYAIBLHUX PECYPCiB Ui BHKJIATAHHSI OKPEMHUX PO3IUTB XiMii 3 ypaxyBaHHSIM
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mepeBar y iX BUKOPUCTAHHI CTYICHTAMHU 3 PI3HUMHU CTHJISIMH HaBYaHHS. Po3poOiieHa TEXHOJIOTis
0azyeTbCcsl Ha MiPaxyHKY CepelHiX 3HAueHb PECypcCiB, OLIHEHHMX yCiMa CTyIEHTaMH TpyIH, a
TaKOX Ha EKCIEePTHIN OIIHII JOMIIBHOCTI iX 3aCTOCYBaHHS Yy HaBYaHHI 0a30BUX XIMIYHHX
TUCITUILTIH. PO3p0o06IeHO TAKCOHOMIIO ONITHMAaIbHOTO BUOOPY €JIEKTPOHHUX HAaBYAIBHHUX PECYPCIB
1 METO/IiB HABYAHHS JIJISl KO)KHOT'O THUITY HABYAJIBHUX YIOI00aHb CTyAeHTIB. [lepeBaru it HemomiKku
BCIX JIOCTYIIHHX BapiaHTiB 3aCTOCYBaHHS pPO3POOJEHOI TEXHOJOTii OOTOBOPIOIOTHCS IS
CTYJIEHTCHKUX TPYIl Pi3HOTO CKiIany. HaBemeno mpHKIIA] 3aCTOCYBaHHS PO3POOJIEHOI TEXHOJOTIT
JUTS BUNIAJIKy BUBUCHHS OUcHUIUTiHN «Heopraniuna ximis».

Krouogi ciioBa: Buila ocBita; HaBUYaHHS XiMil; Mi3HABaJIbHI CTWII; iHpOpMaLiiHO-KOMYHIKaLiiHi
TEXHOJIOTI1; eJICKTPOHHI OCBITHI PECYPCH.

ONITUMM3ALIIUA BBIBOPA 3JIEKTPOHHBIX OBPA3OBATEJIBHBIX
PECYPCOB COI'TACHO COCTABY CTYAEHYECKUX I'PYIIII

Jepkau Tarbsina MuxailioBHa

JIOKTOp Iearorn4eckux Hayk, JOLEHT,

3aBeayromas kadenpoi npodeccrnoHanbHOr0 00pa3oBaHus B chepe TEXHOJIOTHH 1 Au3aiiHa
KueBckuii HaMOHAIbHBIN YHUBEPCUTET TEXHOJIOTHI U Au3aiiHa, r. Kues, Ykpauna
ORCID ID 0000-0003-1087-8274

derkach.tm@knutd.edu.ua

AnHoranusi. OmmcaHa TEXHOJOTHS WHTCTPALMU METOIOB O0OyueHHs, (OpPM H CPEICTB
MHPOPMAITMOHHO-KOMMYHHUKAIIHOHHBIX TEXHOJIOTHH, KOTOpast co3gana c y4eTOM
TICUXOJIOTHYECKUX M TIENarorudecKuX XapaKTePUCTHK CTYACHUECKHX Tpymi. IIpencraBicHbI
PE3YNIBTAThl TEOPETHUECKUX W IKCIIEPUMEHTAIBHBIX HCCIIEIOBAHUHN, IPOBEICHHBIX Ha 0a3e IBYX
YKpauHCKUX BY30B C ydacTHeM 341 cTyneHTa HampaBiCHHS ITOATOTOBKH «XUMHUs» H 18
npernogaBaTeniell 0a30BbIX XUMHUYECKUX JUCHUIUIMH. C IMOMOMIBIO CIEIHAILHO pa3paboTaHHON
AHKETBI, KaK CTYACHTBHI, TaK M MPEIOJABaTCIN OBUIM OIPOIICHBI O CBOEM OTHOIICHHH K
UCIIOJIb30BAHUIO PA3IMYHBIX JJICKTPOHHBIX YYCOHBIX PECYPCOB MPH M3YYCHHU M MPEIOJABAHUH
0a30BbIX XMMUYECKHUX JAUCHUILTUH. [IpenoyYTeHus: CTYACHTOB B CTHJISX OOYUYCHUs OLCHHBAIUCH
HA OCHOBE aHKETHI JJIi CAMOOILICHKH MMECIONIUXCS MPEANMOYTCHUI B YCTHIPEX KOMIUTMMEHTAPHBIX
U3MEPEHUSX, TAKHX KaK BOCIPHUATUE (CCHCUTUBHOE MU HHTYUTHUBHOE), KaHAJ BBOJIA (BH3YaIbHBIN
Wi BepOaJIbHBIN), 00paboTKa (akTUBHAs WU pedICKCHBHAS) M MOHUMAaHUE (IIOCICIOBATEIEHOEC
WM TJI00AIbHOE) XUMHUYeCcKkord WH(popManuu. Takoi MOAX0M, W3BECTHBIM Kak Meton denmepa-
ConoMaH, MO3BOJIIET PACCYUTATh HMHICKCHl CTHJIEH OOydYeHHWs, KOTOpbhle, B CBOIO OYepelb,
OIICHUBAIOT WMEIONTUECS TPEANOYTCHUS BCEX PECIMOHACHTOB B KaXKIOM M3 YETBHIPEX MOCTYITHBIX
n3MepeHuii. PazpaboTanHass TEXHOJOTHS MO3BOJISET MPETOJaBATENSIM ONPENSISITh ONTHMATbHBIN
HA0OP JEKTPOHHBIX 00pa30BaTENLHBIX PECYPCOB TSl MPEMOIaBaHUs OTIEIBHBIX pa3/iejiOB XUMUHU
C Y4YeTOM CKJIOHHOCTH K WX HCIOJb30BAHUIO CTYJCHTOB C Pa3HBIMU CTHISAMH OOYYCHHS.
PaspaboTannas TexHONOTHS 0a3UpyeTCs Ha pacueTe CPEJIHUX IOKa3aTesiel PecypCcoB, OIICHEHHBIX
BCEMH CTYJICHTAMHU TPYINbI, a TAKXKEC Ha IKCIICPTHOW OICHKE IIEJICCOO0Pa3HOCTH MPUMCHCHHUS
pecypca Tpu H3y4YeHUH O0a30BBIX XMMHYECKHX JUCHUIUIMH. Pa3paboTaHa cucTemaruka
ONTUMAIILHOTO BBIOOPA JICKTPOHHBIX YYEOHBIX PECYPCOB M METOIOB O0YUYCHHS ISl KQXKIOTO THIIA
YYeOHBIX MPEANOYTCHUI cTyIeHTOB. [IpenmyIecTBa ¥ HEOCTATKH BCEX JAOCTYIHBIX BapHUAHTOB
MIPUMEHEHUS pa3paboTaHHONH TEXHOJIOTHH OO0CYXAAIOTCS ISl CTYACHUECKHUX TPYIIT Pa3IudHOTO
cocraBa. [IpuBeseH mpuMmep TpHUMEHEHUS pa3pabOTAHHON TEXHOJIOTHH IS CIIydas H3ydeHUs
TUCIUTUTAHEI «Heopranudaeckass XUMusI».

KaloueBble ciaoBa: Bwicimee o0Opa3oBaHHe; OOy4YeHHE XHMHHW; II03HABATEIBHBIN CTHIIB;
MHPOPMAINOHHO-KOMMYHHKAIIMOHHEIE TEXHOJIOTHH; JJIEKTPOHHBIE 00pa30BaTeNbHBIE PECYPCHI.
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