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EFFECTIVENESS OF E-LEARNING RESOURCES
IN PHYSICAL CHEMISTRY TEACHING

Abstract. Implementation of electronic learning resources into the teaching of chemical
disciplines in higher school does not always lead to an improvement in students' mastery of the
material. Therefore, the optimal choice of effective electronic resources for the teaching of basic
chemical disciplines is an urgent task. The purpose of the work was to identify the resources that
are relevant to the teaching of physical chemistry from the point of view of both teachers and
students. Specific questionnaires were developed to achieve the goal, and a survey of pedagogical
process participants (students and faculty members) was conducted, followed by statistical
processing of the survey results. The expediency of usage of 41 e-resources was investigated, and
21 resources were identified as suitable for the study of a university course in physical chemistry.
Among them, eight e-resources were found to be important for teaching most topics of the
discipline, and so are attributed to universal resources. Another thirteen resources are important for
teaching some topics and ineffective for others (specific resources). At the same time, only five
universal and eight specific resources are currently used in the practice of the Faculty of Chemistry
of Olesj Honchar Dnipropetrovsk National University. Some discrepancies have been identified
between teachers and students concerning resource preferences that create the preconditions for
the loss of effectiveness of the use of such resources. Since the use of some electronic resources is
sensitive to learning styles, existing styles for faculties and students were analysed. The main
differences consist in the explicit preferences of the faculty for reflective and global styles, while
students are characterised by predominantly active and sequential learning styles. The results
obtained regarding the effectiveness of e-resource usage are discussed from the viewpoint of
preferences in learning styles characteristic of students and teachers of natural sciences.

Keywords: chemistry teaching at universities; electronic learning resources; physical chemistry;
preferred learning styles of students and faculties; universal and specific resources.

1. INTRODUCTION

The problem setting. The impact of information and communication technologies
(ICT) has brought many changes in the education system. ICT, including computer
applications, mobile technology or recording and communication systems, have become
essential and highly relevant items in teaching [1, 2]. However, the efficient implementation
of ICT into all areas of educational activities is still of the critical priority [3, 4]. Despite the
undoubted advantages of ICT usage, such as visualisation of information, automation of
computing, facilitation of students’ independent work, etc., the issue of the efficiency of the
ICT-based teaching of chemistry-related disciplines remains unsettled. The introduction of
ICT into the teaching process at universities is complicated by both weak elaboration of the
didactic basis and lack of practical recommendations for its efficient use in teaching
chemistry [5].

An adequate, well-balanced and efficient selection of electronic learning resources
based on the ICT is an essential stage of embedding of novel electronic technologies into
traditional systems of teaching. The selected learning resources should match the content of
the curriculum and simultaneously be readily perceived by students. The term ‘“‘electronic
learning resource” (or in short form e-resource) includes the following aspects of the concept:
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a digital type of data registration, processing and presentation; computer hardware and
software for simulation, planning and control; and electronic environment for communication
including networks and communication facilities.

The analysis of recent studies and publications. Nowadays, the use of e-resources in
science education enhances and supports the learning process because a person can acquire
new knowledge in a more flexible and adaptable way than with the traditional method.

One can conclude from the literature data that lecturers are provided with a sufficiently
large number of e-resources to be used for teaching physical chemistry. However, their use is
often restricted to multimedia support of a lecture. Existing restrictions in the curricula, such
as the limited number of hours allocated for laboratory and seminar classes, availability of
computer equipment in chemical laboratories, etc., allow one only occasional using e-
resources in practical work. For this discipline, ICTs are generally used in the form of
penetrating technology which causes the most significant complications of material
perception due to the discrepancy between the dominant style of student learning and teaching
methods [6].

Application software packages (Table 1) are often nominated among the most effective
e-resources for teaching physical chemistry [7-13]. For example, the MathCAD Rro
environment is actively used in the educational process of the Department of Physical and
Inorganic Chemistry of Olesj Honchar Dnipropetrovsk National University (DNU) during the
teaching of special courses "Fundamentals of electrochemical kinetics", "Solving research
tasks in integrated software environments", etc. [8].

Table 1
Application software used in learning physical chemistry
Software type Examples Source
Multipurpose Microsoft Office [6]
Special purpose Chemical formula editors, visualizers, modelling [9, 10, 11]
programs, learning and training programs, etc.
Integrated programming environment MathCAD, Maple, Mathematica, MatLab [7, 8]
Software for quantum mechanical HyperChem, MOPAC, GAMESS, Gaussian [6, 12]
calculations

The allocation of sufficient time for practical work in a classroom equipped with
computer equipment, as well as for independent work of students is essential for mastering
the software packages listed above. Dialogical forms of training, a considerable amount of
time to perform tasks in a computer class, a step-by-step study of the functionality of
programs, and a gradual elevation of the complexity of tasks create conditions that reduce the
severity of the issue of harmonizing the styles of student learning with teaching methods.

However, most of these products are used for the in-depth study of some sections of
physical chemistry in the special courses of the unit of vocational training, when the
application of computer technology can be classified as the main or even the only
monotechnology. At the same time, available e-resources are weakly investigated in relation
to the completeness of the coverage of university curricula for physical chemistry.

There is a long-term debate on the relationship between teaching and learning styles and
their impact on students’ performance [6, 14]. A general problem of teaching-learning
mismatching is partly connected with possible differences in the attitude of both parties
involved in the learning process to the e-resources used. An essential difference between
learning styles of students and teachers is often observed [15, 16]. Since a teaching style is a
combination of teaching methods and techniques, that a lecturer/teacher prefers in his/her
teaching, the above difference can promote the difference in attitudes to the resources used.
Given that a level of preference consistency may affect learning effectiveness, this article
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focuses on the level of match/mismatch in students’ and lecturers’ attitudes to e-resources
within basic chemistry disciplines, an area not previously researched for these characteristics.

The paper goal. The primary objective of this research was to determine the true
potential for practical use of various e-resources in the teaching of a university course of
physical chemistry and evaluate the students’ and faculty’s attitudes to these resources. More
specifically the following questions will be considered:

v' What e-resources are the most relevant in physical chemistry teaching from the

viewpoints of both students and faculty members?
v Do the students’ preferences in e-resources match the faculty’s choice?

2. METHODOLOGY

Surveys of both students and faculty members were carried out at the Faculty of
Chemistry of DNU during 2012-2016. The teaching of four basic chemistry disciplines,
namely inorganic, organic, analytical and physical chemistry, was analysed from the
viewpoint of suitability and effectiveness of the implementation of e-resources in teaching
and learning practice. The results for physical chemistry are presented in the given paper.

Preliminary studies allowed the author to identify 41 e-resources which either can be
used or are already employed at the Faculty of Chemistry of DNU [17, 18]. All these
resources were included in a specially developed questionnaire. A total of 8 faculty members,
who were involved in teaching physical chemistry and considered as experts, and 94 graduate
students, who already took the physical chemistry course during their undergraduate studies,
have participated in the survey. The curriculum of physical chemistry was divided into 18
units in correspondence with the actual curriculum. All interviewees were asked to evaluate
their attitudes to the application of a given resource in the teaching of each unit from the
viewpoints of necessity and rationality.

A two-score system was used. If a resource is considered as unnecessary, it takes score
0. If a resource is readily applied and facilitates digestion of chemical knowledge, it makes
score 1. Faculties were asked an additional question to select only those resources which have
been actually used by an interviewee in his practice.

All individual questionnaires were treated with the use of statistical package SPSS.
Blank fields were not taken into account in a stage of data processing. The primary statistical
procedures used in this study were descriptive statistics for various samples, Pearson’s
correlation analysis and Kendall's non-parametric tests for rank variables. The significance
level of 0.05 was used in all hypothesis tests.

For each resource, the scores from the completed questionnaires were first averaged
over all units to calculate the mean resource scores for each interviewee. The values of either
students’ or faculty’s resource average score (RAS) were then calculated for each considered
resource.

The individual responses of faculty members were additionally treated by calculation of
Kendall's coefficient of concordance W to assess the agreement level among the participated
experts.

Index of Learning Style (ILS) instrument developed by R. Felder and B. Soloman
(Felder-Soloman method) [19] was used to find the LSs. The technique allows one to assess
preferences on four complementary dimensions: active-reflective (act-ref), visual-verbal (vis-
vrb), global-sequential (glo-seq) and sensitive-intuitive (sen-int). ILS categorizes individuals’
choices regarding type and mode of information perception, approaches for the information
processing and the progress rate towards understanding. The results obtained allow one to
determine fractions of respondents which demonstrate preferences to certain LSs for each
dimension.
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3. RESULTS AND DISCUSSION

The practical value of particular resources was assessed on the base of faculty’s
responses. The value of Kendall's coefficient of concordance between their responses was
calculated to be W=0.84 evidencing a very high level (p < 0.001) of unanimity among the
experts’ opinions. Therefore, the results of survey fairly and objectively represent the current
state-of-the-art of implementation of e-resources in chemistry teaching at DNU.

Faculty’s RAS was considered as the main indicator of resource relevance. A sample
histogram in coordinates “number of resources versus faculties’ RAS” plotted on the base of
individual surveys exhibits bimodal behaviour with two peaks at RAS=0.22 and RAS=0.55
and a relative border between them at RAS=0.4. Both maxima obey the normal distribution.
Similar distributions were observed for other basic chemical disciplines [18]. Bimodal
distributions of e-resources allowed the authors to divide all e-resources into a group of
universal resources, which are pertinent in the teaching of most topics, and a group of specific
means, which are valuable for the learning of some themes but are unnecessary for others.
Details of such a division were described elsewhere [18].

Non-zero scores were recorded for 27 resources among 41 e-resources listed in the
questionnaires. The analysis of score distributions concerning individual course units allows
one to identify 14 resources of universal type and 13 specific resources. The values of RAS
for eight universal resources exceed the threshold RAS=0.4 so that all they are essential
means for physical chemistry teaching. The rest of universal means with an average RAS~0.2
have a rather low practical value.

In contrast to the optimal kit, only five amid eight universal and eight amid 13 specific
resources have been already introduced into the physical chemistry teaching at the Faculty of
Chemistry of DNU. For example, the faculty members appreciate the importance of usage of
educational software products and dynamic visualisations but in fact, do not use them. In
reality, the use of static images, test control programs and data search engines dominate over
other e-resources. Insufficient amount of educational software is offset by the extensive use of
integrated software environments (Mathcad), the share of which is slightly higher than the
optimal level defined by experts.

The map, illustrating relationships between students’ and faculty’s scores, is shown in
Fig. 1. Resources with similar students’ and faculty’s RASs are located in a vicinity of the
diagonal line which is symbolically depicted by a shaded belt. They are evidence of similar
attitude to a given resource by both students and faculty, which creates the necessary
prerequisites for its effective introduction into the teaching process.

Lack of conformity complicates the process of learning. A part of e-resources is located
below the diagonal line and marked by a dashed curve. They have somewhat limited chances
to be used because the faculties value them less compared with the students. The faculty
members more appreciate resources located above the diagonal line and ringed by another
dashed curve. For this reason, they can be used more frequently than others. University
teachers of science disciplines typically have personal experience in the use of a limited
number of electronic resources. At the same time, they consider themselves as experts in the
usage of these resources. For this reason, they tend to use just these habitual and known
resources. However, the aids located above the diagonal in Fig. 1 are not popular among
students. Such a situation may complicate their perception by the audience and reduce the
effectiveness of their use in the teaching process.

The use of e-resources in the process of teaching a university inorganic chemistry
course was studied in our previous work [20]. Some conclusions can be drawn on the base of
comparison of results for these two disciplines. In general, the numbers of requested resources
are close to both subjects: 24 resources were defined for teaching inorganic chemistry and 21
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for physical chemistry. However, the qualitative characteristics of these resources are

significantly different.
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Fig. 1 Relationships between students’ and faculty’s RASs used in physical chemistry
teaching. Universal and specific resources are marked with diamonds and circles respectively

More universal resources and half as many specific resources are nominated for
teaching inorganic chemistry (Fig. 2). In contrast, specific resources dominate among those
selected for physical chemistry. It should be noted that the course of inorganic chemistry is
taught in the first year of study, while physical chemistry is learned in the third year. The
content of disciplines taught at senior courses, in general, and physical chemistry, in
particular, is devoted to a greater extent to the in-depth study of specific issues, whereas
students study mostly more general topics in junior courses. Accordingly, the need for
specific resources is increasing with study years, as is seen from Fig. 2.
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Fig. 2 Number of universal and specific e-resources which are used
in teaching inorganic and physical chemistry
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Another difference relates to the different structure of e-resources by purpose. If you
allocate all resources to 4 groups according to their mission (visualisation, modelling,
communication, and control and support means), the distribution of the number of resources
by groups is shown in Fig. 3. The amount of e-resources for teaching inorganic and physical
chemistry is approximately the same for three groups except for control and support means.
For the latter case, the number of resources to learn inorganic chemistry is twice as many as
those for physical chemistry.

Fig. 3 In-purpose distribution of e-resources used in teaching of inorganic and
physical chemistry

One of the possible reasons for the discovered difference in students’ and faculty’s
attitudes to e-resources can be connected with the difference in their learning styles. Learning
style is usually considered as typical, cognitive, emotional and psychological behaviour which
serves as a stable indicator of the nature of the interaction of a student with the learning
environment. More than 70 models are known characterising learning styles [21]. Various
models concern various combinations of human activity and characteristics, such as thinking
styles, comprehension type, intelligence structure, approaches to learning, decision-making
methods, career type, etc. Only some of the available models focus on the educational
applications, such as, e.g., identification and control of the potential problems that could
appear during learning. In particular, the Index of Learning Style by Felder-Soloman is
widely used in the context of engineering education [19]. This model categorises individuals’
preferences in the following four dimensions: type (sensitive or intuitive) and mode (visual or
verbal) of information perception, approaches to the information processing (active or
reflective) and the progress rate towards understanding (sequential or global) [19, 22].

Students of different specialities were found to demonstrate fundamentally different
preferences regarding the ILS [23, 24]. Moreover, the learning preferences of students and
lecturers can also differ. For example, the learning preferences of the survey participants were
averaged over all students and faculties respectively. As is seen from Fig. 4, the faculty
members are much more reflective and also they are more inclined to global and intuitive
modes compared with more active, sensitive and sequential students. The preferences in the
learning styles depend strongly on the speciality. Approximately the same learning styles are
observed for students of the same specialities in different universities and different countries
[23, 24].
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The revealed difference in students’ and faculty’s attitudes to various e-resources places

in the forefront the question of matching teaching and learning styles. As mentioned before, a

preferred learning style is a rather stable characteristic. However, it can be corrected under
certain conditions [25, 26].
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Fig. 4 Learning profiles for students and faculty members by Felder-Soloman ILS:
a — act, sen, vis and seq dimensions, b — matching ref, int, vrb, glo dimensions

In our opinion, the optimal teaching style is a balanced one in which all students are
sometimes taught in a manner that matches their learning preferences and sometimes in the
opposite way. The optimal conditions can be achieved by incorporating a variety of teaching
styles that, one the one hand, ensures the highest comfort of students and, on the other hand,
allows the teacher to alleviate potential learning style conflicts. Preliminary diagnostics of
students' learning styles in the group can provide additional support for the development of
the efficient educational environment. For example, knowing that a vast majority of students
are visual individuals motivates a teacher to enter visual ways of presenting material that
would typically be given abstractly or verbally [27].

4. CONCLUSIONS AND OUTLOOK FOR FURTHER RESEARCH

Both expediency and the-state-of-the-art in the use of 41 electronic learning resources to
teach university course of physical chemistry have been studied using an expert survey of
Faculty of Chemistry of DNU. The utilisation of 8 universal electronic means, which cover
more than 40% of all discipline themes, and 13 specific resources, which are of principal
importance to teach a limited number of topics, were found to compose an optimal resource
kit. The rest 20 resources have limited influence on the teaching. In contrast to the optimal
package, only five universal and eight specific resources have been already introduced into
the practice of chemistry teaching in DNU.

An essential difference exists between students and faculty members in their attitudes to
individual e-resources. Some resources underestimated by faculty members but highly
appreciated by students have limited chances to be implemented into educational practice.
Other resources rate high by faculty members but are of a low value among students. Such a
situation threatens with loss of effectiveness of the use of such resources in chemistry
teaching.

A limited amount of e-resources is well perceived by both students and faculty. Those
of the recognised e-resources, which are necessary for application from the viewpoint of
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faculty members, must be undoubtedly used in the pedagogical process. The following
resources, although they do not constitute an exclusive list of compulsory teaching aids, can
be recommended for use in the study of physical chemistry: integrated software environments
(MathCad) for thermodynamic calculations; visualisation tools, such as graphs, tables and
charts; e-books; search engines, and communication means.

One of the reasons for different attitudes towards e-resources is the differences in the
learning styles that exist between faculties and students. Faculty's learning styles have distinct
preferences towards reflectivity in active-reflective dimension and towards globality
regarding global-sequential preference. On the contrary, students of chemical specialities are
characterised by pronounced active and sequential learning styles.

The conducted research does not solve all the problems of ensuring the efficient
application of ICT to teaching physical chemistry. However, it can assist teachers to optimise
the choice of e-resources, taking into account student's learning preferences in a group. The
outlook for further scientific research is seen in the development of educational technology
for teaching physical chemistry using the means of ICT, as well as the appropriate teaching
and methodological support for training of students of chemical specialities.
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AHoTaniss. BrpoBalpkeHHS Tix 4Yac HaBYAHHA XIMIYHUM JHCUUIUIIHAM Yy BWIIIA IIKOJI
CJIEKTPOHHHUX HABYaJIBbHUX PECYpCiB HE 3aBXKIU MPHU3BOAUTH [0 MOKPALICHHS T[OKA3HUKIB
3aCBOEHHSI MaTepialy CTyJeHTamMH. ToMy ONTUMaldbHUH BHOIp €(PEKTUBHUX eJICKTPOHHUX
pecypciB [UIsl BUKIANaHHS 0a30BHX XIMIYHUX JUCHUILUTIH € aKTyaJbHAM 3aBIaHHIM. MeToro
poboTH OyJI0 BUZHAUEHHS PECYPCiB, IO € PEICBAHTHUMU I BUKIaNaHHs (Pi3UdHOT XiMii 3 TOUKH
30py SK BUKJIAAadiB, Tak 1 CTYACHTIB. J[J1s1 JOCATHEHHS MeTH OyJi0 pO3pO0JICHO CIelialbHI aHKETH
Ta TPOBEACHO OINUTYBAaHHS YYAaCHHKIB I€JaroridyHoro mpouecy (CTyIEHTIB Ta BHKIAnadiB) 3
HACTYITHOIO CTaTHCTHYHOIO 0OpOOKOIO pe3ysbTaTiB ONMTYBaHHA. Bylo MOCHIIKEHO AOUIIBHICTD
BUKOPHCTAHHS COpPOKa OJHOTO EJIEKTPOHHOI'O PEcypcy, Ta BU3HAYECHO ABAALSTH OJHUH pecypc y
SKOCTI JOLUIBHMUX JUIS BHKJIAJIaHHS YHIBEPCHUTETCHKOro Kypey ¢isuunoi ximii. Cepen HUX BiciM
pecypciB € BOXIIMBIUMU U1l BUKJIAAAHHS OLIBIIOCTI TEM KypCy TUCLUILIIHM, 1 TOMY BiJTHECEHO JI0
VHiBepCabHUX pecypciB. [HIII TPHHAALATE PECYPCIB € BAXIIUBUMH JIJIsl BUKJIAJAHHS IEBHUX TEM,
Ta MayoedeKTUBHI Uil iHMUX (cnerudiaai pecypcu). Y TOH ke 9ac y NpaKTHIl XIMi4HOTO
(dakynpTeTy JIHIIPOMETPOBCHKOTO HAIIOHANBHOTO yHiBepcuTery iMmeHi Omecs ['oHuapa
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BUKOPHCTOBYETHCS JIMIIIE II'ATh YHIBEpCAIbHUX Ta BICIM crielin(pivHUX pecypciB. Y psii BUIAIKIB
BUHAWJICHO HEBIAMOBIAHICT, y BIJHONMICHHI JO MAESIKHX PECypCiB MiX BHKJIaJadyaMu Ta
CTYJIEHTaMH, L0 CTBOPIOE MEPEIyMOBHU JUIsi BTPATH €(pEKTUBHOCTI 3aCTOCYBAHHS TAKUX PECYPCIB.
OCKiNTbKM BUKOPHCTAHHS JESIKUX EIEKTPOHHHX PECYpCiB € YYTJIMBUM [0 CTHIJIIO HaBYAHHS,
MpOaHaTi30BaHO HAasSBHI CTHIII JJIS BUKJIQAadiB Ta cTyAeHTiB. OCHOBHI BiIIMiHHOCTI MOJISITAIOTh Y
SIBHO BUPKEHUX IepeBarax BHUKIANAdiB 10 pehICKTUBHOTO Ta TI00ANTBHOTO CTHIIIB, TOMi SIK
CTyJIeHTaM TIpUTaMaHHI TMepeBaKalodi aKTUBHUU Ta TOCTIMOBHUN CTHI. OTpHMaHi pe3ynbTaTh
moa0 e(EeKTHBHOCTI 3aCTOCYBaHHS CIEKTPOHHHUX pPECypCiB OOTOBOPIOIOTHCS 3  TMO3MWINIH
OCOOJMBOCTEH IMEPEeBa)XKAFOUMX CTUIIIB HABYAHHS, XapaKTCPHUX Ul CTYICHTIB Ta BUKIANAYiB
OPUPOAHUYIOTO HAMIPSIMY HABYAHHSI.

KarouoBi cioBa: BUKIagaHHS XiMil B yHIBEPCUTETaX; €JIEKTPOHHI HaBYAIBHI pecypcH; ¢i3uyHa
XiMisl; TIepeBakalodi CTWJII HaBYaHHS CTYACHTIB Ta BUKJIAJadyiB, yHIBEpCaJbHI Ta crenudivHi

pecypcH.
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AnHOTauusa. BHenpeHne B mporecc oOydeHHs] XUMHYSCKHM JWCIHMIIMHAM B BBICIIEH MIIKOJIE
3JIEKTPOHHBIX Y4eOHBIX PECypCcOB HE BCET/Ia MPHUBOAWT K YIYYIICHHIO IOKa3aTelel YCBOCHHS
MaTepHuaja CTyZeHTamH. 1103ToMy ONTHMaNbHBIA BEIOOP A(PQPEKTHBHBIX 3JIEKTPOHHBIX PECYpPCOB
JUIL TIpenojaBaHus 0a30BBIX XMMHYCCKUX IUCIMIUIMH SIBISCTCS aKTyalbHON 3amadei. llenbro
paboThl OBUIO OMPENIEICHUE PECYPCOB, KOTOPBIC SIBISIOTCS PEICBAHTHBIMHU JUIS INPEIOIaBaHUS
(hu3KMYecKoil XMMHUHU ¢ TOYKH 3pEHHS KaK MPENoAaBaTelici, TaKk M CTYACHTOB. s HOCTHXeHHS
1eNnu ObUTH pa3paboTaHbl CHCIUATBHBIC aHKETHI U MPOBECH ONPOC YYACTHUKOB I1EJArOTUYECKOTO
nporecca (CTYICHTOB M MpPEMOJAaBaTelicil) ¢ TMOCHEAYIOMCH CTaTUCTHYCCKOW 00paboTKOM
pe3ynpTaToB ompoca. beuta uccienoBaHa II€IECOO0Pa3HOCTh HCIIONB30BAHUS COPOKA OJJHOTO
3JIEKTPOHHOTO pecypca, W OIpeleNieH IBAALATh OJWH pecypc B KadecTBE IeNIeCOOOPasHBIX ISt
TPENoIaBaHusd YHUBEPCHUTETCKOTO Kypca Qu3mueckod xumun. Cpeom HHUX BOCEMb PECYpPCOB
BaXHBI U1 TIpENOfaBaHWs OOJBIIMHCTBA TEM Kypca AWUCIUILIMHBI W TI03TOMY OTHECEHBI K
YHHBEPCAIBHBIM pecypcaM. OcTajbHBIE TpPHWHAALATH PECYPCOB SBISIOTCA Ba)XKHBIMH  JUTS
TPENoJaBaHuA HEKOTOPBIX TeM B MaJod(EeKTHBHEI I ApyTrux (cremududaeckue pecypesl). B to
)K€ BpeMs B TIIPakTHKE XHMHUEcKoro (Qakynprera JIHENpOMETPOBCKOTO HAIMOHAIBHOTO
yauBepcuteTra uMeHu Onecs [oHuapa B HacTosee BpEMsl HCIOIB3YEeTCS TONBKO TSTh
VHHBEPCAJIbHBIX W BOCEMb CIEIU(PHUYSCKUX pecypcoB. B psame cinyyaeB 0OHapyXKeHO
HECOOTBETCTBHE B OTHOIICHHH K HEKOTOPHIM pecypcaM MEXIy MpernoJaBaTe/sIMH U CTYJCHTAMHU,
YTO CO3MaeT NPEANOCHUIKH s motepu S(P(HEKTUBHOCTH NPUMCHECHHS TaKUX PECypCOB.
ITocKkOJBKY HMCIOJIB30BAaHHE HEKOTOPBIX 3JCKTPOHHBIX PECYPCOB SIBISETCS YYBCTBUTCIBHBIM K
CTHITIO OOy4YeHHMs, MpOaHaJIM3HUPOBAHEl OOHAPY)KEHHBIE CTIIIM Yy IIperojaBaTelieil W CTYICHTOB.
OCHOBHBIE OTIMYHS 3aKITIOYAIOTCS B SBHO BBIPAKCHHBIX MNPEANIOYTEHISX IIperojaBaTeneii K
pedieKTHBHOMY ¥ TJI00aJbHOMY CTHJISIM OOydYeHHs, TOrJa Kak CTyACHTaM MPHUCYIH
MPEUMYIIECTBEHHBIE AaKTWBHBIA W IIOCIIEAOBATEeNbHBIN cTin. [lomydeHHBIE pe3yabTaThl
OTHOCHTENFHO 3((PEKTUBHOCTH MPUMEHEHHS IICKTPOHHBIX PECYpCOB OOCYKTAIOTCS C TTO3WITHHA
OCOOCHHOCTEH mpeoOiamaImuX CTUJIeH OOydeHWs, XapaKTepHBIX JJS CTYACHTOB U
MperoaBaTescii ECTeCTBCHHOTO HAMIPABICHUS O0YYCHHUS.

KaoueBble coBa: npernojaBaHue XMMUU B YHUBEPCHUTETAX; DJICKTPOHHbBIC y4eOHbBIC pecypchbl;
¢usnyeckass XuMUS;, TpeoOiajalomMe CTHIM OOy4eHHs CTYICHTOB M IpEerojaBaTeliei;
YHUBEpCaJIbHbIE M CHIELUPHUYESCKIE PECYPCHI.
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