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THE USE OF A DIGITAL MICROSCOPE FOR THE DEVELOPMENT OF YOUNG
SCHOOLCHILDREN'S IDEAS ABOUT PLANTS, ANIMALS AND FUNGI

Abstract. At present the use of technical teaching aids based on digital technologies in the educational
process in primary schools is gaining special relevance, and the digital microscope is indicated in a
number of syllabi for the course "Nature study" in primary schools in the section ‘“Material and
technical support”. The teacher is free to decide on what topics, in the study of what objects or natural
phenomena, with the use of what methods to use this teaching tool. The aim of the study is to identify
the influence of the use of the digital microscope on the development of children’s ideas about plants,
animals and fungi in primary school. The pedagogical experiment was carried out for 2 years on the
basis of two secondary schools in the city of Kirov, Russian Federation. 140 third grade students (72
students in the experimental group and 68 students in the control group) took part in the experiment.
For the development of ideas about plants, animals and fungi in primary school children at Nature
study lessons two methods were implemented: with the use of the digital microscope (in the
experimental group) and without its use (in the control group).

The results of testing third-graders before and after the teaching experiment showed that the use of the
digital microscope in the classroom contributed to students’ better assimilation of knowledge about the
diversity of plants, their respiration, nutrition, reproduction and development, the diversity of animals,
their reproduction and development, and the diversity of fungi than in the lessons which did not use the
microscope. This is proved by statistically significant differences in the test results of the experimental
and control groups after the experiment.

The findings of the study can provide a starting point for subject curriculum developers and teachers
interested in using the digital microscope in primary school education.

Keywords: digital microscope; ideas about plants, animals, fungi; Nature study lessons; primary
school children.

1. INTRODUCTION

Formulation of the problem. In the Russian Federation, the federal state educational standard
for primary general education (hereinafter referred to as the FSES PGE) establishes requirements for
the results of students who have mastered the basic educational program of primary general
education. Requirements for subject outcomes include “student’s experience gained in the course of
studying the subject of the given subject area on the acquisition of new knowledge, its transformation
and application, as well as the system of fundamental elements of scientific knowledge that underlie
the modern scientific picture of the world [1, p. 8]. To achieve the planned results of the FSES PGE,
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the requirements for the facilities involved in the educational process, including those providing
students with observation of micro-objects, have been determined.

The digital microscope is an innovative teaching tool, it is indicated in the Model Basic
Educational Program of Primary General Education [2], in a number of syllabi of the course
"Nature study" in the list of the equipment, and the teacher is free to decide on which topics and
in the study of what objects and natural phenomena to use the indicated equipment.

Thus, at present, the use of technical teaching aids based on digital technologies in the
educational process in primary school is of particular relevance.

A digital microscope is a type of traditional optical microscope that uses optics and a digital
camera to output a digital image to a personal computer monitor. Compared to an optical
microscope, the digital microscope has several advantages. Both transparent and opaque objects
may be used. To study objects of larger sizes than with a light microscope. To take photos or
make videos of microscopic objects. All data is automatically saved on the computer's hard drive.
You can sign photos, leave pointers, copy sections of the image, or print them on paper.

The use of the digital microscope in the learning process makes it possible: that both single
student and whole group may study simultaneously the researchable object, since the information
is displayed on a computer monitor and on a projection screen; to use images of objects as a
demonstration to explain the topic; to study the microscopic object in real time; to create
presentation photos and videos with respect to the topic being studied.

From the quotation above it follows that the FSES PGE defines the requirements for children's
acquisition of fundamental elements of scientific knowledge that underlie the modern scientific
worldview; the scientific ideas about plants, animals and fungi are certainly among them.

Analysis of recent researches and publications. In the scientific literature, information on
the use of the microscope in primary school is scarce and very scattered. So, in the studies of
Baroni P., Cadenelli N., Caprara B. et al. on the use of the digital microscope, the analysis of the
user interface program is proposed, which allows the use of the digital microscope in
kindergartens and primary schools, the results of testing the use of the digital microscope in
primary schools are presented [3]. Oliver J., Garcia B. assess traditional and digital microscopy in
the school educational process, provide examples of the use of microscopes in classes of different
levels, including in primary schools, describe initiatives aimed at encouraging the use of
microscopes in teaching schoolchildren [4]. Gabdulinova K.G. gives examples of digital
microscope models that are used in Russian primary schools [5].

A number of studies are devoted to the problem of studying microbiology by younger
schoolchildren. In the study of Mafra P., Lima N., Carvalho G. S., fourth grade students (9-10 year-
olds) in the course of experimental activities examined dental plaque samples using the microscope
before and after brushing their teeth [6]. In the experiment of Pavan C., Santovito G., third grade
students observed bacteria and yeast [7]. In the work of Lago A., Masiero S., Bramuzzo S. et al. the
results of familiarizing primary school students with the use of yeast and bacteria in the food
industry are presented on the example of the production of bread and yoghurt [8].

Gaiotto A., Tonon S, Santovito G. give the results of the experiment on studying plants and
their seasonal changes using the stereoscope and the optical microscope in the first grade [9],
Toninato V., Santovit G. write about studying flowers and inflorescences using the experimental
method and the stereoscope in the second grade [10]. In the study of Rossi E., Santovito G., fifth
grade primary school students studied Mendel's genetics in the form adapted to their age, using
various genetic strains of the fruit fly (Drosophila melanogaster) [11]. The work of Allen J.,
Healy N. presents the results of the study on the use of the microscope when studying light in the
classroom in primary school [12].
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The general conclusion that can be traced in all of the works is as follows. According to the
researchers, the use of the microscope (optical or digital) in the primary school educational
process allows the use of teaching methods that promote the activation of children’s cognitive
activity, makes the studied material accessible for children's understanding, motivates them, and
this ensures development of the scientific culture and interest in science.

At the same time, as the analysis of the literature has shown, there is currently a lack of
research on studying the influence of the use of the digital microscope on the level of the
development of a whole range of ideas about plants, animals and fungi in primary school
children. For example, ideas about the diversity of plants, their respiration, nutrition,
reproduction and development; the diversity of animals, their reproduction and development;
diversity of fungi.

The purpose of the article is to highlight the effectiveness of the use of the digital
microscope as a means of developing ideas about plants, animals and fungi in primary school
children. The tasks were to give examples of objects of nature, as well as methods and means of
teaching in the process of developing ideas about plants, animals and fungi in younger
schoolchildren at "Nature study" lessons using the digital microscope; to compare the results of
assessment of students' knowledge obtained during the pedagogical experiment.

2. RESEARCH METHODS

Theoretical and empirical methods were used in the research to study the influence of the
use of the digital microscope on the formation of ideas about plants, animals and fungi in primary
school children. Systematization, comparison and generalization of scientific provisions were
used to identify the pedagogical conditions for the formation of natural science concepts in
younger students using the digital microscope. Empirical methods that were used are:
pedagogical experiment, testing, questioning, statistical method (Wilcoxon-Mann-Whitney test).

The pedagogical experiment to identify the influence of the use of the digital microscope on
the development of ideas about plants, animals and fungi in younger schoolchildren was
conducted by students of the Faculty of Pedagogy and Psychology of Vyatka State University
(Kirov, the Russian Federation) as a part of work on their master's thesis in 2016-2017 academic
year (pedagogical experiment # 1) and two bachelor's final qualifying works in 2017-2018
academic year (pedagogical experiments # 2 and 3).

In total, 140 third grade students of secondary schools # 16 and 58 in Kirov took part in the
experiment, of which 72 students made up the experimental group (Nature study lessons were
conducted using the digital microscope) and 68 students were in the control group (Nature study
lessons were conducted without using the digital microscope).

The topics of the lessons: "Diversity of plants”, "The sun, plants and you and us",
"Reproduction and development of plants”, "Diversity of animals”, "Reproduction and development
of animals”, "In the kingdom of fungi" were determined taking into account the syllabus “Nature
study” by A.A. Pleshakova, which is one of the most popular syllabi in primary school.

For the experimental study six tests, which were developed for the above mentioned syllabus,
were selected and modified. Each test includes 10 test tasks that require choosing the correct answer
from the proposed. Tasks 1-8 allow checking the basic level of development of ideas on the topic.
Tasks 9-10 are complicated, formulated in such a way that the student can show how he/she is able to
apply the acquired knowledge in practice, see the main point, and establish cause-and-effect
relationships between man and nature, between individual objects of nature.
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Criteria for assessing the development of natural science ideas by topics:

"Diversity of plants": ideas about groups of plants: algae, mosses, conifers, flowering and
common essential characteristics of plants of each group; examples of plants of each group; the
ability to distinguish groups of plants by their characteristics.

"The sun, plants and you and us": ideas about respiration and nutrition of plants, substances
involved in these processes; the role of leaves in the respiration and nutrition of plants; the ability
to identify the organs involved in plant nutrition and characterize the role of light in this process.

"Reproduction and development of plants”: ideas about pollen and pollination of plants by
insects; ways of spreading fruits; stages of plant development; the ability to determine
adaptations of fruits to spread by wind and animals, to determine the role of flowers in the
formation of fruits.

"Diversity of animals™: ideas about groups of animals: mollusks, crustaceans, insects, fish,
amphibians, reptiles, birds and animals and general essential characteristics of animals of each
group; examples of animals of each group; the ability to attribute animal species to the
corresponding animal groups.

"Reproduction and development of animals": knowledge of the initial and subsequent
stages in the development of animals of each group; the ability to identify some of the
characteristics of animals at different stages of development.

"In the kingdom of fungi": knowledge of the parts of the fungi (for example, cap
mushrooms), the diversity of fungi, their role in nature; the ability to distinguish between edible
and poisonous mushrooms, to determine the role of fungi in nature.

Taking into account the selected criteria, there were determined four levels of development
of third-graders' concepts about plants, animals and fungi: high level, above-average level,
medium level and low level.

Lessons with and without the digital microscope were included in the educational process
in accordance with the calendar-thematic planning of Nature study lessons. In total, 28 lessons
were held on 6 topics (12 lessons in experiment # 1 and 8 lessons in experiments # 2 and # 3).
The type of the lesson was combined. The leading teaching methods were visual: demonstration
of the natural object and phenomenon, demonstration of the experiment. The choice of visual
teaching methods was associated with the provision of the primary classes of the city with
microscopes (no more than one or two microscopes per primary school).

Educational tools: Levenhuk-50 digital microscope with Levenhuk C-Series digital camera,
Digital Blue QX5 digital microscope, laptop, projector, screen; living objects of nature or their
parts (plants, animals, fungi), or finished specimens; auxiliary laboratory equipment (slides and
cover slides, beakers of thin glass with water, pipette, tweezers, microscopic needle, etc.).

3. RESULTS AND DISCUSSION

3.1. Justification of the teaching methodology with the use of the digital microscope

In the process of working on the development of ideas about plants, animals and fungi in third-
graders, the methodology for formation of natural science ideas by Klepinina Z.A., Akvileva G.N.
[13], Pakulova V.M., Kuznetsova V.I. [13], Usova A. .B. [14] and others was taken into account.
According to it, the conditions for formation of adequate perceptions are: observation of natural
objects, the accurate and vivid word of the teacher, exercises that clarify perception, practical work
involving all senses of children, increasing children’s activity, relying on their knowledge and life
experience. The conditions for formation of correct ideas are: formulation of questions and tasks that
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require reproduction of sensations, organization of exercises to recognize and distinguish between
objects of nature, a sketch from memory, filling in tables, diagrams.

For realization of conditions for formation of correct ideas, after demonstration of each
specimen on the wide screen, children independently worked with task cards. The tasks on the
cards are aimed at recognizing and distinguishing the features of objects and phenomena being
studied. The use of this technique was also based on the study of Herrlinger S., Hoeffler T. N. on
the impact of work with images when studying biology in the fourth grade [16]. Sketches from
memory, according to Ainsworth Sh., Prain V. and Tytler R. contribute to visualization of objects
and phenomena, allow students to make discoveries, explain results, and arouse interest [17].

Teaching methods: demonstration of natural objects and demonstration of experiment were
implemented in accordance with the recommendations of Z.A. Klepinina and Akvileva G.N. [12].

In Nature study lessons in experimental classes, development of students' ideas about
plants, animals and fungi was carried out on the basis of the ideas, means and teaching methods
presented in Table 1

Table 1

Natural science ideas and objects, methods for their formation using the digital microscope
at Nature study lessons in the third grade with the use of the digital microscope

The topic of the Natural science Single ideas Learning tools, learning Teaching
lesson ideas objects methods
"Diversity of Algae Algae Final preparation of spirogyra | Demonstratio
plants" n of natural
objects
"The sun, plants Plant Stomata in the skin | Temporary preparation Demonstratio
and you and us" respiration of the leaf geranium leaf peels n of natural
objects
Plant nutrition Chloroplasts in leaf | Temporary preparation of
cells vallisneria leaf
Role of culm Starch granules Temporary preparation of Demonstratio
and leaves in starch granules of potato tuber | n of
plant nutrition (uncolored and colored with experiment
iodine solution)
"Reproduction and | Plant Blossom dust Geranium pollen, Demonstratio
development of reproduction Hamuluses of agrimony multiple fruit n of natural
plants" tenent multiple fruit objects
Plant Sprouts Radish sprouts, Demonstratio
development dry seeds and seeds in n of
conditions of experiment
humidification
The role of The role of water in | Radish sprout root Demonstratio
external plant development n of natural
conditions in objects
plant
development
"Diversity of Lower animal Paramecium Final preparation of Demonstratio
animals" caudatum Paramecium caudatum n of natural
objects
Crustaceans Small crustacean Temporary preparation of
daphnia
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Insects Compound Final preparation «Female
mosquito eyes mosquito head»,
Fly leg Final preparation «Fly leg»
"Reproduction and | Reproduction Eggs and larvae Artemia crustacean eggs and Demonstratio
development of and larvae n of natural
animals” development of objects
animals
Development of | Fish roe Keta roe and scales,
animals Fish scales contour feather,
Feather down feather
"In the kingdom of | Mushrooms Spores Temporary preparation of Demonstratio
fungi” champignon spores n of natural
Yeast Yeast Temporary yeast preparation, | objects
ready-made preparation of
Mold Mold mold mucor

3.2 Main results of the pedagogical experiment

At the ascertaining stage of the pedagogical experiment, the majority of students of the
experimental and control groups showed an average level of development of concepts about

plants, animals and fungi (59.72% and 57.45%, respectively) (Fig.1)

70% Ascertaining experiment
59.72% .
60% 57.45%
50%
40%
30% 25.38%
22.48%

Control experiment

54.67%

39.77%

34.09%

X

20% 17.80%
10%
0%
0

Experimental group

M High level

17.70%

Control group

36.49%
3.74%
0%

Experimental group

B Above average Medium H Low level

8.33%
2.919 .

Control group

Fig.1. Levels of development of third-graders' concepts about plants, animals and fungi at the

ascertaining and control stages of the pedagogical experiment

At the control stage of the pedagogical experiment conducted in the experimental group
(lessons were conducted using the digital microscope), number of students having a high level of
development of concepts about plants, animals and fungi were 12.5 times more than in the
control group, number of children with an above average level were up by 4.68%; children with
an average level of development of concepts about plants, animals and fungi were less by 2, 3
times than in the control group. No children with a low level has been observed. In the control

group, children with a low level of concepts were 8.33%.
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At the stage of the control experiment, the test results showed significant differences
between the groups in terms of the degree of acquisition of knowledge about plants, animals and
fungi by children.

So, with respect to the topic "The Sun, plants and we are with you", the most difficult
questions for children were those related to the respiration and nutrition of plants. The number of
children who correctly stated that during respiration plants absorb oxygen from the air and emit
carbon dioxide, was 2.5 times higher in the experimental group than in the control one.

Questions about small and microscopic animals were difficult for children when studying
"Animal diversity" topic. The number of students who demonstrated knowledge about such
animals was 2 times higher in the experimental group than in the control one. These children
pointed out that animals include both unicellular (paramecium caudatum) and crustaceans
(artemia, daphnia).

While studying topic "In the kingdom of mushrooms", children had difficulties with
matters about the diversity of mushrooms. In the experimental group, number of children with a
good knowledge of the variety of fungi were 5.6 times more than children belonging to the
control group. Based on the results of studies with the use of the digital microscope, children
reliably attributed to mushrooms not only the champignon, but also yeast and mold.

Table 2 shows the results of testing the students of the experimental and control groups,

obtained in the course of the pedagogical experiments
Table 2

The number of correctly completed test tasks (on average out of 10 tasks) by third-graders
and empirical values of the Wilcoxon-Mann-Whitney criterion at the ascertaining and
control stages of the pedagogical experiment

Pedagogical experiments Overall
experimental
#1 #2 #3 results
(n1=24; m;=22) (n2=24; my=24) (n3=24; m3=22) #1-3
(N=72; M=68)
Indicators
gt _eg| 2g| _g| g | _g| 2| _%t
S e gE S e gE S e gE £ £ gE
2% 5| £5| 55| €5 | 5% | £5| 5%
2R OCL |l g8 | ©% 3 < OCg | g%| ©%
< [<5] [<5] < [<5] [<5] < [<5] (5] < (3] (3]
Experimental group 5,42 7,92 4,58 6,42 6,14 8,50 5,34 7,58
(number  of  correctly
completed test tasks)
Control group (number of 5,36 6,23 4,46 5,50 5,83 6,79 5,21 6,18
correctly completed test
tasks)
Empirical value of the | 0,2419 4,1671 | 0,4743 | 2,4125 | 0,8466 4,5299 0,3587 | 5,2266
Wilcoxon-Mann-Whitney
criterion(Wewmp)
Comparison of Wemp with | Wewme Wewmp Weme | Wewmp Wewmp Wewmp Weme | Wewmp
critical valueWo 05=1,96 <1,96 >1,96 <1,96 >1,96 <1,96 >1,96 <1,96 | >1,96

Note. nynz, n3N - number of students in the experimental group in pedagogical experiments
#1, 2 and 3; m1, mz, mz, M - number of students in the control group in pedagogical experiments
#1,2, and 3.
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The number of correctly completed test tasks (on average out of 10 tasks) in pedagogical
experiments # 1-3 in experimental classes at the stage of the control experiment, that is, after the
training experiment, was 1.2-1.3 times higher than in the control classes.

The overall results for the three pedagogical experiments showed similar results. In the
experimental group after the training experiment the number of correctly completed tasks was
2.24 higher than it was before, whereas it was only 0.97 in the control classes.

The empirical values of the Wilcoxon-Mann-Whitney criterion indicate that the use of the
digital microscope in the process of developing ideas about plants, animals and fungi in teaching
third-graders leads to statistically significant differences in the results in the experimental and
control groups.

One of the most noticeable features of lessons using the digital microscope was the students’
consistently high cognitive interest in the material being studied. This was evidenced by the
children’s desire to take seats closer to the microscope and the screen, their questions addressed to the
teacher, the desire to participate in activities on their own initiative, and active use of the acquired
knowledge. A joyful atmosphere reigned in the lesson, children were expecting new “discoveries”
related to the microcosm. The students’ cognitive interest in studying nature using the digital
microscope is proved, in particular, by their answers in the questionnaire. When asked if they wanted
to learn more about nature, all the children answered affirmatively, for example, they wrote: “I really
want to learn all about nature. | understand better with the microscope.” The obtained results of
children’s observations are consistent with the conclusions of Siry C., Brendel M. about the
inseparable role of emotions in teaching science in primary school [18].

4. CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

The purpose of this research work was to present the results of using the digital microscope
as a means of developing ideas about plants, animals, and fungi in primary school children.

At the stage of children's perception of the observed object using the digital microscope it is
required to strive to create the following conditions: observation of the object by schoolchildren
should be accompanied by special tasks aimed at clarifying perception; the teacher needs to
express thoughts briefly, accurately, logically, so that the verbal description of the object
coincides with what children observe. At the stage of forming representations it is necessary to
formulate questions and tasks that require reproduction of sensations, sketches from memory,
filling in tables, diagrams. During such work sensory experience is recreated. The teacher is to
lead children to the knowledge of the general through the study of the singular, the particular.
This approach is extremely important in relation to younger students, whose psychophysiological
feature of thinking is concreteness and figurativeness. Consequently, if in the process of forming
natural science ideas teachers use the digital microscope, they should select objects reflecting a
single idea or containing it as an element.

The conducted pedagogical experiments showed that the use of the digital microscope in
the Nature study lessons in the process of developing ideas about plants, animals and fungi in
younger schoolchildren leads to statistically significant improvement in students’ performance
compared to traditional lessons. Students demonstrated a higher level of knowledge about
diversity of plants, their respiration, nutrition, reproduction and development; diversity of
animals, their reproduction and development; diversity of fungi.

According to the researches of Pentin A.Yu., Kovaleva G.N., Davydova E.l. and
Smirnova E.S., and the results of international studies TIMSS-2015, Russian primary school

26



DOI: 10.33407/itlt.v86i6.4320 ISSN: 2076-8184. Information Technologies and Learning Tools, 2021, Vol 86, Ne6.

graduates were more successful in natural science tasks for reproducing knowledge
("knowledge™) and use ("use"), they were to a lesser extent successful in explaining phenomena
or describing observations (“reasoning™). According to the authors, in order for the natural
science curriculum for the Russian primary school to meet modern requirements for the
preparation of younger schoolchildren in the field of natural science, the changes should to a
greater extent affect the methods of teaching natural science, which should be aimed at
maintaining and stimulating the curiosity of younger students, their natural desire to explore
nature [19]. We are convinced that such teaching methods should be associated with the use of
the digital microscope.

The data obtained in the study can be used to develop syllabi in the subject and by primary
school teachers interested in using the digital microscope in the process of developing students'
ideas about plants, animals and fungi. The prospects for our further research are associated with
identifying the influence of teaching methods, first of all practical methods of using the digital
microscope, on development of ideas about plants, animals and fungi in primary schoolchildren.
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AHoranisa. ChOroJHi 3aCTOCYBaHHS B OCBITHbOMY IPOIIECI MOYATKOBOI IIKOJM TEXHIYHUX 3aC001B
HaBYaHHS Ha OCHOBI HU(POBUX TEXHOJOrii HaOyBae OCOOJIMBOI aKTyalbHOCTi, a B HHU3II POOOYMX
IporpaM MOYaTKOBOI INKOIH 3 Kypcy «HaBKOJMIIHIA CBIT» Yy PO3ALIL NPO MaTepiajJbHO-TEXHIYHE
3abe3neueHHs BkazaHuil 1udpoBuii Mikpockor. [lexaror Moxke cam BHpIIIYyBaTH, MPH BUBUCHHI SKUX
TeM, 00'€KTiB a00 SBHII TMPUPOIH, 3 BUKOPHCTAHHAM KX METOIIB BiH OyJe 3aCTOCOBYBATU TaHHMA
3aci® HaB4aHHI. METOI0 JOCIIHKEHHS € BUABICHHS BIUTUBY 3aCTOCYBaHHS HU(PPOBOrO MIKpOCKOIA Ha
PO3BUTOK y MOJIOJNIMX UIKOJSIPIB YABIEHb IPO POCIMHM, TBapuH Ta rpuOu. Ilemaroriunuii
eKCIIEPIMEHT MPOBOAMBCS TPOTATOM 2-X POKIB Ha 0a3i JBOX 3aralbHOOCBITHIX IIKi MicTa Kipoa
(Pociiiceka @epnepamist). Y HboMy B3smH ydactb 140 yuniB 3 kiacy (72 y4Hi eKCHEepHMEHTAIBHOI
rpynu i 68 ydHIB KOHTpONBHOI Tpymu). Bymm peamizoBani IBi METOIUKHA PO3BUTKY B MOJOIIIAX
IIKOJISIPIB  yABJICHbP TIPO DPOCIMHM, TBAPMHH Ta TPHOM Ha YpOKAaxX TMPO HABKOIWIIHIA CBIT: i3
3aCTOCYBaHHSAM IM(POBOrO MIKpOcKoma (B €KCIepUMEHTANbHIA Tpymi) i 6e3 foro 3acrocyBaHHS (B
KOHTPOJIBHIN Tpyti). Pe3ynbraT TeCTyBaHb TPETHOKIIACHUKIB 10 1 MICIIST HABYAIBHOTO EKCIIEPUMEHTY
MOKa3ald, MI0 3aCTOCYBaHHS LU(POBOr0 MIKPOCKONA HAa YPOKaX CIPHSIIO KPallOMy 3aCBOEHHIO
YYHSMHU 3HaHb MPO Pi3HOMAHITHICTh POCIHH, iX NUXaHHS], Xap4dyBaHHA, PO3MHOXEHHS 1 PO3BHTOK;
PI3HOMAHITHICTh TBapHWH, X POSMHOXKEHHS 1 PO3BHUTOK, PI3HOMAHITTS TpuOIB, HIK HA ypOKax 0Oe3
BUKOPUCTaHHSA Mikpockoma. IIpo mie cBim4aTh CTATUCTHYHO 3HAUYYII BiAMIHHOCTI pe3yIbTATiB
TECTYBaHHA B CKCIICPUMEHTANbHI 1 KOHTPONBHIM TIpymax micias HAaBYAILHOTO EKCIIePUMEHTY.
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OtpuMaHi i Yac JOCHIPKEHHS JTaHI MOXKYTh CTAaTH BiJNPABHOIO TOUYKOMO IS yKiIaJgadiB poOOUYMX
mporpam 3 IIpeAMeTa Ta Ul BUMTENIB, SIKi 3alliKaBlIeHI Y BUKOPHCTaHHI HU(QPOBOTO MIKpOCKOINa y
OCBITHROMY IIPOILIECI ITOYATKOBOI IITKOJIH.

Karouosi cioBa: nudpoBuii MiKpOCKOM; YSIBICHHS PO POCIHHY, TBAPUH; YPOKHU IPO HABKOJMIIHIN
CBIT; MOJIO/III IIKOJISIPI.
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AHHoTanus. B HacTosmiee BpeMs NMpUMEHEHHE B 00pa30BaTEbHOM IPOLIECCEe HAYAILHOW IITKOJBI
TEXHUYECKUX CPEICTB OOyueHHss Ha OCHOBE IM(POBBIX TEXHOJIOIMH MpUoOpeTaeT 0co0yIo
aKTyaJIbHOCTh U B psAAe paboduux mporpaMm o Kypcy «OKpyxKaroluid MHp» HadajbHOH IIKOJNBI B
paszene o MaTepHaJbHO-TEXHHYECKOM OOecCliedyeHUH yKazaH IU(poBoil MHUKpockoll. Ilemaror BoieH
caM pemaTth, MO0 KAaKUM TeMaM, NPU M3Yy4YeHHH KaKUX OOBEKTOB WIIM SBICHUH NPHPOIBI, C
HCIOJIB30BAaHUEM KaKMX METONOB OH OyHeT NpUMEHATh MAaHHOe CcpelncTtBo oOydenus. llensio
HCCIICIOBaHUS SBIISCTCS BBIABICHHE BIMSAHUS NPUMEHEHUS LU(POBOrO MHUKPOCKONA HA Pa3BUTHE Y
MJIQIINX [IKOJbHUKOB MPEICTaBICHUII O pacTeHWsX, JKUBOTHBIX M TIpubax. Ilemarormueckuit
9KCIIEPUMEHT MPOBOIMWICA B TEUeHHE 2-X JIeT Ha 0a3ze ABYyX 0O0IeoOpa3oBaTeNbHBIX MIKOJI Iopoja
Kuposa (Poccuiickas ®@enepauust). B sem npunsnu ygactue 140 yuamwmxces 3 kmacca (72 ydeHHKa
9KCIIEPUMEHTANIBHOM Ipynnbl M 68 YUCHHKOB KOHTPONBHOW TIpymnmel). beiim peanuzoBaHbl Be
METOJUKH Pa3BUTHs y MIAAIINX HIKOIHUKOB IPEACTABICHUI O PaCTEHUSX, XKHUBOTHBIX U Ipudax Ha
YPOKax OKPYXKAIOIIEro MHpa: C NPUMEHEHHEM IM(POBOr0 MHKPOCKOMNa (B HSKCIEPHMEHTAJIBHON
rpynmne) u 0e3 ero mnpuMeHeHUs (B KOHTPONBbHOHM rpymme). Pe3ynbTaTel  TeCTHPOBaHUN
TPETHEKIACCHUKOB 10 U IOCNIE 00YJaloIIero 3KCIepUMEHTa MOKa3all, YTo MpUMEHEeHHe IU(ppPOBOro
MHKPOCKOIIa Ha YPOKax CIIOCOOCTBOBAJIO JydIIEMY YCBOCHHIO YYaLIUMHCS 3HAaHHH O pa3sHOOOpa3uu
pacTeHuil, WX MAbIXaHWH, IUTAHWM, Pa3MHOXKEHHM M pa3BUTHH; Pa3HOOOpa3HM >KUBOTHBIX, WX
Pa3MHOKEHUH M PAa3BUTHH; MHOI000pa3uy TpHOOB, YeEM Ha ypoKax 0e3 MCIIOIb30BaHMS MUKPOCKOIA.
OO0 3TOM CBHIETEIBCTBYIOT CTATUCTHUECKM 3HAYMMBIE pa3IM4MsA pPE3yabTaTOB TECTUPOBAHHUS B
9KCTIEPUMEHTAIBHOM U KOHTPOJIBHOH IpyIIax 1mocie 00ydaroIiero KCIeprMeHTa.

[lonmy4ueHHbIe B MiCCIEOBAHNH JaHHBIE MOTYT CTaTh OTIIPABHOM TOYKOHM IJISI COCTaBUTENEH pabodmx
IporpamMM IO TpPEAMETY M JUId YUIWTENeH, 3aWHTEPEeCOBAHHBIX B HCIOIB30BAaHUM IM(POBOTO
MHKpPOCKOIIa B 00pa30BaTEIbHOM IIPOLIECCE HAYATBHON IIKOJIBI.

Knrouesble c1oBa: nudpoBoii MUKPOCKOI; MPEICTABICHUSI O PACTEHHSX, )KUBOTHBIX, TPHOax; YpOKH
OKPY’KaIOIIEro MUpa; MJIa (IINe MIKOJIbHUKH.
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