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Abstract. In the article the use of digital technologies for the educational
process in biology has been studied. The study has aimed at developing and
testing the methodology for developing a block of educational tasks in
biology by using digital educational resources. Surveys, testing, and the
pedagogical experiment have been used as research methods. It has been
determined that biology teachers need the methodology that allows the
competent use of digital educational resources in teaching activities. In the
article the methodology for developing educational tasks in biology by using
digital educational resources has been introduced. It is based on the
taxonomy of B. Bloom’s educational objectives. The efficiency of the
methodology has been confirmed by the results of testing students in the
control and experimental groups: the level of development of students’
universal learning activities (ULA) has considerably increased, and the rate
of students with project skills has grown.

1 Introduction

In the 21 century, it has become habitual to use numerous electronic devices. Younger
generations are also characterized by such peculiarities [1]. According to the theory of Neil
Howe, modern students are the “Z” generation. In their lives, digital technologies and the
virtual world are more important than the objective reality [2]. They are characterized by
high learning ability, flexibility, energy, the desire for self-development and self-expression,
and the tendency to form a teacher-student relationship that differs from the one older
generations got used to [3]. Taking into account the students’ peculiarities, it is also necessary
to change the educational system and more actively use the expanding capabilities of digital
technologies [4].

School education should be digitalized through the educational environment at its various
levels: the educational environment of the school, the subject environment, and the individual
environment of students. Further, the article contains materials of the study on the
digitalization of the subject environment through the example of the subject Biology that uses
digital technologies.

According to the well-known SAMR model, digital or information technologies can be
used to solve various problems: from primitive “substitution” to the “transformation” and the
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solution of educational problems that cannot be solved without digital technologies. For the
participants in the educational process to use digital resources at the level of
“transformation”, school biological education should considerably change [5, 6]. Currently
most biology teachers strive to provide students with a large amount of empirical knowledge.
Digital resources of the information search have become so accessible that they can be used
to find the required biological facts so quickly that it is not so important to remember large
amounts of these empirical data [7]. The most important results of biological education
include the ability to solve practical life problems, universal competencies, and creativity.

In order to do this, teachers will have to learn how to efficiently apply the capabilities of
digital technologies in the educational process in biology. There is a great variety of digital
educational resources in biology (electronic manuals, programs, simulators, virtual
simulations [8], etc.). It is rather problematic to navigate them, and, moreover, efficiently
apply digital technologies in the educational process without special auxiliary instruments
[2]. According to the studies, the use of digital technologies in the educational process
depends, first of all, on the teacher [9]. This challenges teachers to develop their own
competencies [10, 11].

The problem is related to the development of practice-oriented methodologies that enable
biology teachers to correctly use the capabilities of digital technologies in their pedagogical
activities. The study is dedicated to the creation of one of these methodologies. Its results are
presented in this article.

The study aims at developing and testing the methodology for developing a block of
educational tasks in biology by using digital educational resources.

The study hypothesis is as follows: the use of the methodology for developing a block of
educational tasks in biology by using digital educational resources will improve the quality
of biological education.

The objectives of the study included the following: 1. To identify the needs of biology
teachers in the methodology for developing biology tasks by using digital educational
resources. 2. To develop the methodology for developing a block of educational tasks in
biology by using digital educational resources. 3. To experimentally verify the efficiency of
using digital educational resources in teaching biology by using the developed methodology.

2 Methods

The methodology of the study included several scientific methods. Let us dwell on the
most important of them. Biology teachers were surveyed to assess their ability to navigate
digital resources, select, and apply them. Testing made it possible to determine the level of
students’ knowledge in biology and the level of development of universal educational
activities before and after the pedagogical experiment. The pedagogical experiment made it
possible to determine the efficiency of the methodology for developing a block of educational
tasks in biology by using digital educational resources and its impact on the quality of
biological education. The quality indicators included the level of mastering biological
knowledge, the level of ULA development, and the level of project skills (according to the
methodology of N.Yu. Pakhomova [12]).

The pedagogical experiment was based on the methodology for developing a block of
educational tasks in biology by using digital educational resources. It enables the teacher to
select digital educational resources that comply with each didactic unit in biology [13]. The
methodology was based on: 1. The work program in biology. 2. Methodology for developing
educational tasks offered by A.S. Ilyushina. 3. The taxonomy of B. Bloom’s educational
objectives. 4. The classification of digital educational resources made by S.V. Zenkina. 5.
The hierarchy of objectives: remember, understand, be able to apply, analyze, evaluate, and
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create [13]. The highest level — the ability to create — deserves special attention in this
hierarchy. In order to develop it, it is necessary to have special pedagogical environment [14,
15]. According to the authors, this skill incudes the ability of students to be creative, the
ability to create a “product” (thing or idea) characterized by originality, novelty, and other

criteria

of creativity.

The methodology for developing a block of educational tasks in biology by using digital
educational resources is based on the universal algorithm of actions a teacher must carry out
when planning a biology lesson (Table 1) [13]. Table 2 shows the example of a set of training
tasks made by using this methodology [16, 17].

Table 1. Universal Algorithm of Actions

No. | Actions Explanations
1 Goal To understand the objective of the relevant chapter of the biology course
2 Tasks To determine the tasks of a certain theme (a didactic unit)
3 Content To study the basic content of the theme
4 ULA To understand what ULA will be developed when studying the theme
5 Results To define the project results when studying the theme
6 Digital resources | To select digital educational resources in accordance with the above five
points
7 Tasks To develop tasks by using digital educational resources
Table 2. Complex of Activities in Biology (Fragment)
Chapter “Animals”. Theme “Habitats and Migrations”
ULA Goals Digital Tasks Expectations
resources
Retrieval and | To remember Film Great | See the film and | Students know
systematization Migrations by | answer the questions | what migrations
of information | To understand National are, understand
Geographic, part their causes,
1 remember
examples of
migrants
General To analyze Google  Earth | Find the habitats of | Students can
educational software one of the migratory | evaluate and
and logical | To evaluate animal species. Map | analyze the
activities migration routes, | peculiarities  of
stops, obstacles to | animal migration,
overcome. Make | taking into
illustrations account the
geographical
location, terrain
and seasonality
Group work To create Yandex search Find out the impact | Students create
Moral and QR code | of anthropogenic | their own unique
ethical generator factors on animal | creative projects
assessment Photo editor migration. Create a | in groups. There
Project skills Software for | flash animation about | is a QR
creating  flash | one of the identified | exhibition of
animation problems in the | students’ works
group. Make a QR
code to the work.
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The experimental and control groups (EG and CG) took part in the pedagogical
experiment. In total, there were 200 students from grades 7 and 9. Working with the EG
students, the teachers used the methodology of developing a block of educational tasks in
biology by using digital educational resources. When planning their sessions, they used a
variety of digital resources in each lesson. Working with the CG students, the teachers used
traditional methods, while digital resources were used occasionally.

3 Results

According to the teachers’ survey, 82 % of the respondents use digital technologies in their
work, 40 % of them most often use a PC for typing, 19 % of them have been using digital
technologies for over 15 years, 37 % of them are not sure that other teachers correctly use
digital technologies, and only 22 % of them believe that they easily navigate in digital
educational resources. Table 3 shows the changes in two important indicators — subject results
in biology and the level of students’ ULA formation before and after the pedagogical
experiment. Table 4 presents the changes in the level of development of project skills in two
groups of students (EG and CG) before and after the pedagogical experiment.

Table 3. Results of testing the students

Levels of students’ | Number of students (%)

results Results at the beginning Results at the end
CG | EG cG | EG

Particular results

Optimal 7.4 7.2 7.3 29.3

Admissible 39.1 41.5 439 48.8

Critical 46.1 41.5 43.9 17.1

Inadmissible 7.4 9.8 4.9 4.8

Universal learning activities

High 0 0 4.8 58.5

Medium 29.3 27.9 34.1 33.9

Low 70.7 72.1 61.1 7.6

Table 4. Development of project skills

Levels of project skills | Number of students (%)

development Results at the beginning Results at the end
cG EG CcG EG

High 0 0 5 48

Medium 29 28 49 41

Low 71 72 46 11

4 Discussion

Let us analyze the results of the study. According to the survey, a considerable share of
teachers use digital technologies to replace outdated means for recording information. These
data correlate with the corresponding indicators presented by the NAFI Analytical Center in
2019 [18]. The authors have determined the following problem: less than a quarter of the
surveyed teachers believe that they can navigate in the variety of digital resources and apply
them when teaching.
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The results of testing the students before and after the experiment confirmed the
efficiency of the methodology for developing a block of educational tasks in biology by using
digital educational resources. In the EG, the number of students with the optimal level of
subject results in biology increased, the level of ULA development grew considerably, and
the rate of students with project skills increased. The impact of digital educational resources
on the ULA development is confirmed by the studies organized by the Russian Foundation
for Basic Research as part of the Digital School Transformation project [19].

Let us note the limitations of the results of this study and the areas to develop it in the
future. Since the use of generalization in pedagogical studies is problematic [20], the authors
consider the primary school age and possible inapplicability to humanitarian subjects as the
limitations for applying the study results. The promising areas for the further study include:
1. The impact of digitalizing the educational process on the development of creative abilities
of students of different ages. 2. The efficiency of distance forms to teach biology. 3. The
development of a system for regulating the amount of time spent by students online. 4.
Prospects for using VR technologies in the biological education.

5 Conclusion

The study has resulted in the creation of the practice-oriented methodology that allows
biology teachers to correctly use digital educational resources in their pedagogical activities.
The methodology for developing a block of educational tasks in biology by using digital
educational resources has been tested. The assumption that this methodology improves the
quality of biological education has been confirmed. The methodology is used by biology
teachers in a number of schools where this study has been carried out. In the future, it is
planned to study the impact of digitalization of the educational process in biology on a
number of important aspects, for example, the development of students’ creative abilities.

References

1. S.E. Forgie, O. Yonge, R. Luth, The Canadian Journal for the Scholarship of Teaching
and Learning 9(1), (2018)

2. S. V. Sumatokhin, F. E. Chistiakov, Biology at the school of the future, Ecology and
biodiversity conservation: international research and practical conference, Kasakh
National Pedagogical University named after Abai, 23-24 October, Almaty, Kazakhstan
(2019)

3.  O. McGarr, Journal of Education for Teaching. International research and pedagogy
46(2), 159-169 (2020)

4. L.M. Andryukhina, N.O. Sadovnikova, S.N. Utkina, A.M. Mirzaahmedov, The
Education and science journal 22(3), 116-147 (2020)

5. M. Hyypid, E.Sointu , L.Hirsto , T. Valtonen, Teaching and Educational Research
18(13), 61-85 (2019)

6. A. Langeloo ,M.M. Lara , M.I. Deunk, N. F. Klitzing, J-W. Strijbos, Review of
Educational Research 89(4), 536-568 (2019).

F.E. Chistiakov, S.V. Sumatokhin, Biology at school 8, 12-17 (2018)

8. ILA. Vinogradova, E.V. Ivanova, O.V. Nesterova, The Education and science journal
20(6), 118-138 (2018)

9. J. Wang, E.H. Dineke, Tigelaar, W. Admiraal, Computers in Human Behavior 101, 68-
76 (2019)



https://journals.sagepub.com/doi/full/10.3102/0034654319855619
https://journals.sagepub.com/doi/full/10.3102/0034654319855619
https://journals.sagepub.com/doi/full/10.3102/0034654319855619
https://journals.sagepub.com/doi/full/10.3102/0034654319855619
https://journals.sagepub.com/doi/full/10.3102/0034654319855619
https://www.sciencedirect.com/science/article/pii/S0747563219302523#!
https://www.sciencedirect.com/science/article/pii/S0747563219302523#!
https://www.sciencedirect.com/science/journal/07475632
https://www.sciencedirect.com/science/journal/07475632/101/supp/C

SHS Web of Conferences 79, 01016 (2020)

Theory and Practice of Project Management in Education: Horizons and Risks 2020

10

11.

12.

13.
14.
15.

16.
17.

18.

19.

20

. LM. Brevik, G.B. Gudmundsdottir, A.Lund, T.A. Stremme, Teaching and Teacher
Education 86, (2019)

M.M. Cumming, E. Bettini, A.V. Pham, J. Park, Review of Educational Research 90(1),
47-94 (2020)

N. Yu. Pakhomova, Educational project method in an educational institution: A manual
for teachers and students of pedagogical universities (ARKTI, Moscow, 2003)

O.G. Petrova, Biology at school 6, 35 —39 (2011)
N.C. Jackson, Business Horizons 62(6), 761-772 (2019)

J. Wang, E.H. Dineke, Tigelaar, W. Admiraal, Computers in Human Behavior 101, 68-
76 (2019)

D. E. Serovayskaya, Biology at school 8, 73—80 (2013)

D. E. Serovayskaya, A collection of creative assignments in biology for students in
grades 5-6: guidelines for teachers (FLINTA, Moscow, 2020).

T.A. Aymaletdinov, L.R. Baimuratova, O.A. Zaitseva, G.R. Imaeva L.V. Spiridonova,
Digital literacy of Russian educators, Readiness for the use of digital technologies in the
educational process, Analytical Center NAFI (NAFI Publishing House, Moscow, 2019)

V. V. Mironov, The development of regulatory and communicative learning activities of
students in the context of digitalization of general and additional education, Interview,
(2020) Available at: www.youtube.com/watch?v=DOI9_gaXjYk

. M. Bassey, Oxford Review of Education 27(1), 5-22 (2010)

https://doi.org/10.1051/shsconf/20207901016


https://www.sciencedirect.com/science/article/pii/S0742051X18314100#!
https://www.sciencedirect.com/science/article/pii/S0742051X18314100#!
https://www.sciencedirect.com/science/article/pii/S0742051X18314100#!
https://www.sciencedirect.com/science/article/pii/S0742051X18314100#!
https://www.sciencedirect.com/science/journal/0742051X
https://www.sciencedirect.com/science/journal/0742051X
https://www.sciencedirect.com/science/journal/0742051X/86/supp/C
https://journals.sagepub.com/toc/rera/90/1
https://journals.sagepub.com/toc/rera/90/1
https://journals.sagepub.com/toc/rera/90/1
https://journals.sagepub.com/toc/rera/90/1
https://www.sciencedirect.com/science/article/pii/S0007681319301144#!
https://www.sciencedirect.com/science/journal/00076813
https://www.sciencedirect.com/science/journal/00076813/62/6
https://www.sciencedirect.com/science/article/pii/S0747563219302523#!
https://www.sciencedirect.com/science/article/pii/S0747563219302523#!
https://www.sciencedirect.com/science/journal/07475632
https://www.sciencedirect.com/science/journal/07475632/101/supp/C
http://www.youtube.com/watch?v=DOl9_gaXjYk

