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Abstract

Context and relevance. Mastering experimentation skills is one of the key
learning outcomes in elementary school. Studying the peculiarities of the pro-
cess of independent mastering of experimentation by elementary school stu-
dents and identifying an effective organization of instruction that contributes
to the successful mastery of the relevant skills is an important problem for
psychology and education. The theoretical and methodological framework of
the study was the D.B. Elkonin—V.V. Davydov system of developmental educa-
tion, within which the discovery of the simplest experimentation as a way of
action and thinking serves as the main learning task of “The World Around Us”
course. Objective. To determine whether second-graders are able to discover
a method of simple experimentation on their own during individual, independent
work in a digital lab, what difficulties they encounter during their research trials,
and what influences the success of discovering a new method of acting. Hy-
pothesis. Second-graders are able to discover a method of simple experimen-
tation on their own during individual, independent work in a digital lab, without
prior instruction in experimentation in the classroom. Additional hypothesis:
posing an experimental task is more effective in facilitating the transition to
experimentation than posing a practical task. Methods and materials. The
study involved 50 second-graders enrolled in the D.B. Elkonin—V.V. Davydov
system of education (ages 7-9, 54% female). The “Kolobok” digital lab was
used to observe the second-graders’ independent experimentation. A word
problem involving experimentation served as the final diagnostic task. Results.
The results showed that second-graders are unable to independently initiate
experimentation in a digital lab setting without adult participation and support.
Only a few attempts were made toward this discovery. Presenting children
with an experimental task rather than a practical one facilitates the transition
to experimentation. Conclusions. The results suggest that elementary school
students can surely master simple experimentation with adult participation and
support. The identified difficulties children encounter during task solving should
be taken into account when organizing experimentation training and develop-
ing virtual learning programs.

Keywords: simple experimentation, method of acting, learning task, explor-
ative task, practical task, developmental learning, elementary school, digital
laboratory
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Pestome

KoHTeKcT u akTyanbHocTb. OBnafeHne HaBblkamMn 3KCNEPUMEHTUPOBAHMUS
ABNAETCA OOHUM U3 KIOYEBBIX Pe3ynbTaToB 06yHEHUst B HaYasnbHOM LLKOMe.
M3yyeHne ocobeHHOCTeN npoLecca CaMOCTOATENIbHOMO OCBOEHNS MiaaLLnMm
LLIKOJIbHMKaMWN 3KCMEPUMEHTUPOBaHMSA U BbisiBNeHE 3(PdEKTUBHON OpraHu-
3auum 0byYeHus, CnocoOCTBYIOLLEN YCMELLIHOMY OBMafEHU0 COOTBETCTBY-
IOLLMMM HaBblKaMU, SIBISIETCSH aKTyaslbHOW Mpo6remMoit Ans nCUXonorun u
obpasoBaHns. TeopeTUKO-METOOONIONMYECKO OCHOBOW WCCNefoBaHWsA Bbl-
cTynuna cuctema passuatoLlero obydenus [O.B. OnbkoHnHa—B.B. OaBbl-
[OBa, B pamMkax KOTOPOW OTKPbITWME MPOCTEMLLErO 3KCMNEPUMEHTUPOBAHUS
Kak crocoba AEerCTBMSA U MbILLMIEHUS BbICTYMaeT rMaBHOM y4ebHOW 3apaden
Kypca «OkpyxatoLimin Mvp». Llenb. BbIsBUTb, MOrYT M YH4EHUKKN 2-TO Knac-
ca CaMOCTOATENIbHO OTKPbITb MPOCTENLLEEe IKCMEPMMEHTUPOBaHWE B Xode
VHOMBUAYANbHOM CaMOCTOATENbHON paboThl B LMGPOBOM nadopatopuu, C
KakKUMW TPYOHOCTAMM CTankMBalOTCA B XOAE UCCNefoBaTesibCKux npo6 n ot
Yero 3aBMCUT YCMELLHOCTb OTKPbITUS HOBOrO cnocoba aernctems. Mmnoresa.
YUeHUKN 2-ro Knacca MOryT CaMOCTOSITESNIbHO OTKPbITb NMPOCTENLLEE SKCNePU-
MEeHTUpoBaHve, paboTas B Lmdposor nabopatopun, 6€3 NpeaBapuTenbHoOro
00Yy4eHMs1 IKCMEPUMEHTUPOBAHMIO B Kracce. [JononHuTenbHas rmnoresa: no-
CTaHOBKa MccnegoBaTenibckor 3agaymn 6onee adpekTvBHA AN nepexoja K
3KCMEePMMEHTUPOBAHMIO, YeM MOCTaHOBKa npakTuyeckon 3apayv. MeTtoabl
n marepuansl. B nccnegoBaHum npuHanm yqactue 50 y4eHUKOB 2-ro Knac-
ca, obyyaroLLuMxca B cucteme passusaroero obydenus [O.6. OnbkoHnHa—
B.B. OaBbigoBa (7-9 net, 54% peso4yek). [ns HabnoaeHns 3a CaMOCTOATESb-
HbIM 3KCMEePMMEHTUPOBaHMEM BTOPOKITACCHUKOB MCMonb3oBaHa Ludposas
nabopartopus «Kono6ok». B ka4ecTBe NTOroBoro AMarHoCTU4eCKoro 3afaHns
NprYMeHeHa TeKCToBas 3ajada Ha SKCrnepumeHTMpoBaHue. Pesynbrathbl.
PesynbraThl nokasanu, YTO yHeHVKM 2-ro Kflacca He MOryT CamOCTOSTENbHO
OTKPbITb 3KCMEPUMEHTMPOBAHME B YCNOBUSX LMEPOBOK nabopaTtopum 6e€3
y4acTus 1 nogfepXky Bapocnoro. OTMeYarTCs NULb HEKOTOPbIE MOMbITKM
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LOBVXXEHWUS B HanpaefieHUn 3Toro oTKpbITUs. MNocTaHoBKa nepeq AeTbMU Uc-
cnepoBaTenbCKoM 3afayvn B 60nbLUEn CTENeHU, YeM MOCTaAHOBKA MpakTuye-
CKOW 3afa4n, cnocob6CTBYET Nepexody K 3KCNepUMEHTUPOBaHUO. BbiBoabl.
Mony4yeHHble pe3ynbTaTthbl FOBOPSAT B MOSIb3Y TOrO, YTO YYEHWKM HavanbHOM
LLKOJIbl MOTYT MOSIHOLEHHO OBJfIafeTh MPOCTENLLNM 3KCMEPUMEHTUPOBAHMEM
TONbKO MPU y4acTum 1 NoLAEPXKKe B3POCNOro. BbisBneHHble TPYAHOCTH, C KO-
TOPbIMW CTaNKMBaKTCA AETU B XOA4E MCCIeoBaTeNbCKUX Npo6, HEOOXOANUMO
YUUTBIBaTL MPU OpraHM3auum o6y4eHus aKCnepruMeHTMPOBaHUIO U pa3paboT-
Ke BMPTYasbHbIX 06yYatoLLmX NporpamMmm.

KnroyeBble cnoBa: npocTelillee 3KCNEPUMEHTMPOBAHUE, CNOcob OenNCcTBuUS,
yyebHas 3afada, nccnefgoeartenbckas 3ajada, npaktuyieckas 3ajada, passu-
BatoLLiee o6y4eHne, Ha4anbHas LuKona, umdposas naéoparopus
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Introduction

Experimentation is one of the most im-
portant and ancient methods of scientific
inquiry, a fundamental mode of scientific
thinking (Akhutin, 1976; Stepin, 2000; Oster-
haus, Koerber, Sodian, 2016). This modus
operandi includes hypothesizing, planning
a study, collecting data, interpreting re-
sults, and formulating conclusions (W rner,
Kuhn, Scheiter, 2022). Mastering simple
experimentation in childhood fosters an
understanding of causality and distinguish-
ing between cause-and-effect and temporal
sequences of events (Chudinova, Shishkina,
2025). By mastering this mode of action and
thinking, a growing person becomes capable
of solving problems in a wide variety of areas
of life and explaining how the world works
(Weisberg, Sobel, 2022).

A number of foreign and domestic edu-
cational approaches place particular empha-
sis on developing experimentation skills in
children. These include, in particular, STEM
(Larkin, Lowrie, 2023) and the system of de-
velopmental education of D.B. Elkonin and
V.V. Davydov (Chudinova, Bukvareva, 2019).

The publicly recognized importance of
mastering experimentation in school-age
children is reflected in state educational
standards: for instance, the meta-subject
learning outcomes at the elementary school
level include the actions of conducting simple
research, finding cause-and-effect relation-
ships, and formulating conclusions (Order
of the Ministry of Education of the Russian
Federation..., 2021). Lessons in the “World
Around Us” course (Federal Work Program...,
2022) are largely devoted to the development
of these cognitive universal learning activities.
Planning, comparison, and formulating con-
clusions, which are part of experimentation,
are assessed in one of the VPR (All-Russian
Assessment Test) assignments in the 4th
grade (Description of test materials..., 2025).

Nevertheless, a number of issues related
to the mastery of experimentation in elemen-
tary school remain insufficiently clarified: what
are the psychological grounds for including
experimentation in the educational programs
of elementary school students, to what extent
should it be mastered by them, what difficul-
ties and age-related capabilities should be
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taken into account, how to most effectively
organize the learning process.

J. Piaget believed that children under
twelve are incapable of hypothetical thinking
due to the immaturity of their logical think-
ing (Inhelder, Piaget, 1958), thus promoting
the belief that introducing new content into
education is futile until thinking has matured
to the necessary level. However, recent re-
search shows that elementary school age
is sensitive to the development of formal
logical operations (Veraksa et al., 2023). It
has been found that by facilitating children's
mastery of hypothetical thinking, supporting
and guiding them with “scaffolding”, the influ-
ence of underdeveloped logical thinking can
be neutralized (Grimm, Edelsbrunner, M ller,
2023). It has been shown that the age-related
capabilities of elementary school students are
highly dependent on the educational system
(Rubtsov et al., 2024).

From the perspective of developmental
learning theory, experimentation constitutes
a generalized mode of action and thinking,
a conscious and planned action. The main
learning objective in the “World Around Us”
course within the D.B. Elkonin-V.V. Davy-
dov system of developmental learning is the
discovery of simple experimentation (Chudi-
nova, 2022). Two objects, experimental and
control, are compared by changing one con-
dition while equating others. Important stages
include planning the experiment, obtaining
and describing the result, and drawing con-
clusions from the experimental data (Chudi-
nova, Shishkina, 2024).

Second-graders who have mastered this
mode of action through solving a learning
problem within the developmental learning
system demonstrate an understanding of the
differences between experimental and control
conditions and are able to plan experiments
at the level of fourth-graders studying in the
traditional curriculum (Chudinova, Shishkina,
2025). This supports the idea that experimen-
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tation in its simplest form can and should be
developed in younger students.

A key component of simple experimenta-
tion is the use of a strategy of varying one
condition while holding others constant to
determine whether a particular condition has
a causal effect on an object. In the English-
language literature, this action is called
“CVS” — control-of-variables strategy (Sch-
wichow, Brandenburger, Wilbers, 2022). The
premises of CVS are observed in preschool-
ers, although they do not spontaneously use
it until higher age (Weisberg, Sobel, 2022). By
age 6-7, many children demonstrate at least
an understanding of CVS (Osterhaus, Lin,
Koerber, 2023).

The literature presents conflicting data
on the acquisition of CVS in elementary
school. Some data suggest that teaching this
strategy, which is important for experimen-
tal design, is effective in elementary school
(Schwichow, Brandenburger, Wilbers, 2022).
However, other data indicate that while some
children demonstrate progress in CVS devel-
opment by the end of elementary school even
without special training, many do not show
significant improvement in their understand-
ing and application of CVS even after training
(Peteranderl et al., 2023). It is believed that
children lack knowledge about when and why
to use CVS (Schwichow, Brandenburger, Wil-
bers, 2022).

When testing an experimental hypothesis
about the influence of a factor on the outcome,
young school-age children do not always use
the strategy of holding all conditions equal
while changing one. Some authors believe
this is due not to a lack of knowledge, but to
children's adaptive preference for different
strategies depending on the experimental
context. Given the number of variables be-
lieved to influence the outcome, children may
choose to employ a CVS strategy or test the
influence of multiple variables at once. The
latter strategy is more often preferred when
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only one condition out of a set of variables is
believed to influence the outcome (Bramley et
al., 2022).

Contrasting one condition and equating
the others for experimental and control ob-
jects is a key difficulty for students mastering
simple experimentation in elementary school
(Chudinova, Shishkina, 2025). In practice,
children may fail to equate conditions, mis-
takenly concluding that one variable exerts
a causal effect. Difficulty in performing these
two opposing actions — equating conditions
and contrasting the experimental and control
situations for a single condition — may be
related to children's difficulty distinguishing
between the experimental task (testing a hy-
pothesis) and the goal of practical interven-
tion (obtaining a practical effect) (Osterhaus,
Koerber, Sodian, 2016). Of research interest
is the problem of children's acceptance and
retention of an experimental task without sub-
stituting its solution during experimentation
with the solution of a practical problem.

In addition to difficulties in equating ex-
perimental conditions, other problem areas
have been identified. Upon entering elemen-
tary school, children may possess the basics
of scientific thinking and experimentation,
but these concepts remain unconscious due
to their immature metacognitive ability to
clearly understand how they think, what they
can do, and explain the reasoning that led
them to a particular conclusion (Weisberg,
Sobel, 2022).

The experimental problem situation,
which requires varying degrees of contextu-
alization, also hinders younger students' suc-
cessful experimentation (Weisberg, Sobel,
2022). Experimental results, especially with
artificial objects in a virtual environment, of-
ten contradict students' existing knowledge of
the world around them. It is unclear whether
children are able to draw conclusions from an
experiment if the result contradicts their exist-
ing ideas.

The development of simple experimenta-
tion in elementary school can be organized
in different ways: one option encourages
children's initiative and independence, while
another involves clearly explaining to children
the strategy of equating and changing condi-
tions. Both approaches are used in practice
(Larkin, Lowrie, 2023), sometimes comple-
menting each other and each having its own
advantages (Peteranderl et al., 2023). It is
worth noting that both approaches require
a high level of methodological competence
from elementary school teachers, which not
all of them demonstrate (Isaev, Margolis, Saf-
ronova, 2023).

The development of simple experimenta-
tion through setting of a learning task and its
solution in class, which is typical of develop-
mental education, requires considerable ef-
forts from the teacher, which are not always
sufficiently effective (Chudinova, Shishkina,
2025). Observations of 11- to 12-year-old
schoolchildren working in a specially created
virtual laboratory revealed that they can in-
dependently discover this method of action
without the help of a teacher (Chudinova,
2022). There is also evidence that virtual ex-
perimentation can sometimes be even more
effective than real-life experiments (W rner,
Kuhn, Scheiter, 2022).

The questions of to what extent and for
which students such discovery is possible,
and how the nature of the task influences
the possibility of independently initiating ex-
perimentation, formed the basis of our study.
We hypothesized that second-grade students
(ages 7-9) can independently discover this
mode of action while operating in a digital lab,
without prior instruction in experimentation in
the classroom. The primary goal of the study
was to describe the phenomena of such dis-
covery. Furthermore, it was important to de-
termine the extent to which children accept
the experimental task, and if so, whether they
maintain it during experimentation, as well as
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what difficulties they encounter during inde-
pendent trials. An additional hypothesis was
that the possibility of initiating experimenta-
tion depends on the formulation of the task:
posing an experimental task should be more
effective in facilitating the transition to experi-
mentation than posing a practical task.

Materials and methods

In accordance with the hypotheses put
forward regarding the possibility of second-
graders independently discovering simple ex-
perimentation, the following study design was
planned and implemented.

Fifty second-grade students enrolled in
the D.B. Elkonin-V.V. Davydov system of
developmental education (ages 7-9, 54%
girls) participated in the study. The experi-
menter worked with each participant indi-
vidually.

To observe the children's independent ex-
perimentation, the “Kolobok” digital laboratory
(Chudinova, 2022) was used. It was originally
designed for students to independently ex-
plore the problem of energy expenditure as
part of their introductory biology course in
grades 5-6. The advantage of this digital re-
source is its simple and user-friendly interface,
as well as the object itself: a familiar fairy-tale
cartoon character, making the exploration
process engaging for today's children. The
workspace depicts Kolobok — gingerbread
man (Fig. 1). At the bottom is a panel of pa-
rameters, any of which can be changed from
three available options. The user can vary
Kolobok's color, activity level, fat layer, fur,
eye shape, and ambient temperature.

After adjusting Kolobok's parameters and
pressing the start button, the user can watch
Kolobok begin to move, gradually shrinking
in size, and finally disappearing completely
when the timer shown on the left, which be-
gan counting down when the start button was
pressed, stops. This tells the user how long
Kolobok survives, expending its resources,
under the given conditions. After pressing

26

the refresh button, Kolobok reappears on the
screen with the same parameters the user set
for it in the previous test. The parameters can
be changed or left unchanged and the start
button pressed again.

During the individual assessment, the
researcher read the instructions aloud and
asked the subject to retell them in their own
words to ensure understanding and accep-
tance. One group of subjects (n = 25) was
given an experimental task: to find out what
determines the lifespan of Kolobok. The other
group (n = 25) was given a practical task: to
ensure that kolobok lived as long as possible.
A card with the text of the task was placed
next to the computer screen where the stu-
dent solved the problem in the digital lab. The
written text was hoped to help the subject re-
tain the instructions.

After solving the Kolobok problem, each
group participant also completed a final diag-
nostic task. The final diagnostic task was a
word problem: “Seryozha hypothesized that
salt water evaporates faster than tap water.
He took two glasses of water. Describe what
needs to be done to test this hypothesis.”
Students read the problem aloud and were
asked to verbally complete the table (Fig. 2).
This task was the same as the diagnostic task
completed by students who discovered and
mastered experimentation in a classroom set-
ting (Chudinova, Shishkina, 2025). We used
it to compare the effectiveness of individual
student work in a virtual laboratory with the ef-
fectiveness of classroom learning in a setting
where experimentation with real objects was
organized and discussed.

When solving this task, the following an-
swer options were possible: 1) in the second
glass everything is the same as in the first,
but there is no salt (correct answer, demon-
strating an understanding of the method of
simple experimentation), 2) several condi-
tions change simultaneously (for example,
there is no salt, it is dark, cold), 3) not a single
condition changes/refusal to solve the task.
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KornoGok — BbIMBILLTIEHHOE TENMOKPOBHOE KMBOE CYLLECTBO.
OH He NMuTaeTcs, a XMBET Ha 3anacax GenkoB, XXMPOB U YINeBOOB, KOTOPLIE ECTb B €0 Tene.
Wccnepyi, kak fonro npoxve&T Kono6ok 6e3 nuLm B pasHbix ycroBusix. OT Yero 3aBuUCHT
NPOLOIMKUTENBHOCTb €rO0 CYLLECTBOBaHUS? Ha YTo 3aTpaunBaeTcs 3Heprus AbIXaHnsa?

0v.

£

(o

S
| —

Liget: «

@ AKTVUBHOCTb: | -

(»)

>XupoBoii crion: <«

1 @ Temnepatypa BHeLUHeil cpeabl:

1 LWepcTncTocTb: | «

+5@

Q0O v

1 ®opma mas: | «

Puc. 1. iHTepdeiic undposoin nabopatopun «Konobok»
Fig. 1. Interface of the digital laboratory “Kolobok”

First glass Second glass
full glass of water ?

add a spoonful of ?

salt

warm ?

light ?

Puc. 2. KapTouka ¢ MTOroBow AnarHoCTUHeCKon 3ajayen
Fig. 2. Additional task card

Results

The following characteristics of experi-
mentation were identified in second-graders
while solving experimental and practical prob-
lems in a virtual laboratory.

The most interesting result, which re-
futes our hypothesis, was the absence of
children who independently discovered
experimentation in the virtual laboratory.

We did not record a single instance of the
“A-ha” reaction occasionally observed in
similar situations among older students
(11— 12 years old). However, we did record
some attempts by students to initiate ex-
perimentation. The results of the solutions
to the experimental (research) and practi-
cal problems by the respective groups of
study participants, as well as their solutions
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to the final diagnostic task, are presented
in the table.

As the table shows, more than half of the
children in the experimental task group and
almost three-quarters of the children in the
practical task group did not equate the con-
ditions when solving the “Kolobok” task. Fur-
thermore, none of the second-graders who
changed one condition at a time in each trial
returned the changed parameter to the initial
value before testing the next condition.

When presented with the experimental
“Kolobok” problem, children were statistically
insignificantly more likely to experiment with
changing only one condition at a time in this
problem (Fisher's angular transformation, ¢
criterion = 1,188). However, they were sig-
nificantly more likely to change one condition
and equate the others when solving the sub-
sequent diagnostic problem about salt water

(¢ criterion = 1,913) than children who initially
solved the practical “Kolobok” problem.

When solving both the experimental and
practical problems, children who changed
only one condition at a time rarely began to
do so immediately. The children's assump-
tions were chaotic and often conditioned by
their own ideas about the possible influence
of various conditions on Kolobok's lifespan,
including those not represented as parame-
ters on the work surface. They often switched
to changing only one condition when, while
solving the experimental problem, their own
ideas ran out, leaving untested parameters
on the work surface. When solving the practi-
cal problem, such a transition occurred when,
after several trials of varying conditions, Kolo-
bok's maximum possible lifespan (17 hours),
as reported by the experimenter, was still not
reached.

Table
Solution of the problems “Kolobok” and “Salt water” by different groups of subjects
Parameters Group Group
with an experimental task with a practical task
(n =25) (n=25)
Task “Kolobok”
Solution | Changes one condition at a time, 0 0
equates the others, and solves the
problem correctly
Gradually reaches the point where 11 (44%) 7 (28%)
he can change only one condition
In all trials, changes more than one 14 (56%) 18 (72%)
condition at a time
Mode of | Initiates reasoning about the mode 1 (4%) 1 (4%)
action of action
Answers the experimenter's ques- 6 (24%) 0
tions about the method of action
Reasoning only about the condi- 18 (72%) 24 (96%)
tions, not the mode
Final task (salt water)
Solution | Changes one condition, equates 7 (28%) 2 (8%)
the others
Changes more than one condition 12 (48%) 10 (40%)
The problem is not solved (rejec- 6 (24%) 13 (562%)
tion / all conditions changed)
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When solving the problem, most children
in both groups discussed only Kolobok, tem-
perature, body fat, and other parameters
that could influence his lifespan, without dis-
cussing the actual mode of action. A small
proportion of children in the experimental
task group (24%) were able to answer the
experimenter's questions: “How do we know
what affects and what doesn't?”, “How did
we know that temperature affects?”, and
“Why did you only change one condition at a
time?” Only two children (one in each group)
independently began to discuss the mode of
action, plan their actions, and analyze their
consequences.

The most common incorrect solutions to
the experimental problem included changing
and testing several conditions at once, alter-
nately testing one or several conditions at a
time in different combinations, and, possibly
related to the errors already mentioned, incor-
rect conclusions about the presence or ab-
sence of an effect of a certain condition on the
gingerbread man's life. Often, children, hav-
ing correctly or incorrectly concluded that one
or more factors influence Kolobok's lifespan,
assumed the problem was solved (“I've tried
everything”) and only after the experimenter's
suggestion did they continue to investigate
whether other, untested factors had an effect.
Sometimes, children mentioned conditions
not mentioned in the problem (“It seems to
depend on location. There's a damp place, a
place with insects”).

Both when making their assumptions and
when facing the results of their experiments,
the overwhelming majority of subjects tried to
rely on their everyday understanding, despite
Kolobok's description indicating that he is a
fictitious creature. Second-graders said, for
example, that “skin color affects burns”, “if he
jumps too quickly, he might get tired”, “wool
only helps against the cold, it doesn't help him
live long”, and “l would first try adding fruits,
berries, and vegetables to his diet”.

In many cases, the children gave uncer-
tain answers: ‘1 think...”, “l guess...”, even
though they had previously tested their hy-
pothesis in the virtual lab. Their opinions were
often unstable: even after correctly answering
the question about the influence of a certain
condition on Kolobok's lifespan, a child might
change their answer to the wrong one after
being asked a follow-up question by the ex-
perimenter (for example, “How do you know
that eye shape doesn't matter?”).

When changing several conditions simul-
taneously, some subjects suggested that the
conditions might not only influence Kolobok's
lifespan on their own, but also depend on
each other (“color influences the weather”,
“he feels more comfortable in long fur in the
heat than in short fur”).

Despite the presence of a card with the
experimental task text next to the computer
screen where they were solving the problem,
second-graders often “lost” the instructions
and, instead of figuring out what influences
Kolobok's lifespan, solved the practical prob-
lem, striving for Kolobok to live as long as
possible.

When solving the final diagnostic task,
even fewer children than when solving
the “Kolobok” task equated the conditions
(light, warm, a full glass of water) while
changing one (water salinity). Children
primarily demonstrated an understanding
that to test the hypothesis that salt water
evaporates more quickly, the experimental
test should be conducted on salt water and
the control on unsalted water, but they did
not consider the need to equate the other
conditions.

Among all the second-graders solving
the problems, nine students, although they
had incorrectly solved the “Kolobok” prob-
lem, nevertheless partially solved the salt
water problem (at least they mentioned that
they needed to put salt water in one glass
and unsalted water in the other).
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Notable were attempts to make as-
sumptions and draw a priori conclusions,
dismissing the need for empirical testing of
the hypothesis (“salt won't evaporate”, “salt
water, in my opinion, doesn't evaporate at
all”, “this is tap water — it might take longer
to evaporate”), as well as isolated attempts
to introduce an additional variable — not
simply comparing salt water and tap water,
but salt water, unsalted lake water, and un-
salted tap water.

When solving the diagnostic problem,
some children “lost” the instructions and,
instead of testing the hypothesis of whether
salt water evaporates faster than tap water,
solved the problem as if it required conducting
an experiment on water evaporation (regard-
less of whether it's salty or not) and creating
conditions for the water to evaporate (for ex-
ample, pouring a glass of water and placing
it in a warm place, since “water evaporates
from heat”).

Overall, the children have an under-
standing of the purpose of experimentation.
One subject responded, “To understand, if
you've formulated something incorrectly in
your head, you need to test how it actually
happens.” However, in response to the ex-
perimenter's questions about the method of
action (for example, “How do we test what in-
fluences it?”), the second-graders responded
with both meaningful answers (“we need to
test the conditions... each one in turn... try
each one in turn”) and also with “I don't know.”
“l was thinking while | was talking, but now
I've forgotten”, and instead of explaining the
mode of action that led them to the answer,
they offered explanations of why their answer
was correct.

One of the second-graders formulated pre-
dictions and conclusions aloud in accordance
with the experimental task (“temperature in-
fluences Kolobok's life”), as if demonstrating
mastery of basic experimentation. However,
after testing one condition at a time, he began
changing two. To the experimenter's ques-
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tion, “Before, we were changing one condi-
tion at a time, and now we're changing two. Is
that important?” he replied, “Well, | don't think
s0.” And one of the second-graders, solving a
practical problem, whose task was not to de-
termine what Kolobok's lifespan depends on,
began talking about the influence of factors
("it turns out that temperature has an effect")
and tried to change one condition at a time,
but he switched to trials in which he varied
several conditions at once.

Discussion

The findings refute the study's hypoth-
esis that 7- to 9-year-old children can in-
dependently discover experimentation as a
mode of action while working in a digital lab.
When students say the words “experiment”
and “research”, they fail to understand the
essence of experimentation (the juxtaposi-
tion of one condition while maintaining the
same conditions for the experimental and
control objects).

This study supports the notion that ele-
mentary school students can master experi-
mentation with the participation and support
of an adult (Grimm, Edelsbrunner, Moller,
2023). In our case, this adult served as the
experimenter; without additional questions,
many subjects did not complete the task.
The experimenter reminded the children of
the task conditions when they “lost” it and
asked questions about the method of ac-
tion. This not only allowed the experimenter
to understand how the children reasoned
while solving problems, but also enabled
them to better plan, evaluate, and reflect on
their actions.

We were unable to record a single in-
stance of independent discovery of a method
of action with an “A-ha” reaction and verbal-
ization of the discovered method. With the
experimenter's assistance, some students
reflected on their actions and correctly solved
the diagnostic task (18% of solutions in the
sample). However, this is lower than the 33%
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of solutions to this problem after the very first
lesson with the formulation and solution of a
learning problem on discovering this method
in class (Chudinova, Shishkina, 2025).

The results obtained in our study confirm
the findings of other researchers that experi-
mental results, especially with artificial objects
in a virtual environment, often contradict stu-
dents' existing knowledge of the world around
them (Weisberg and Sobel, 2022). This raises
questions for developers of virtual learning
programs related to the contextualization of
the virtual experiment situation.

An additional hypothesis was that the pos-
sibility of initiating experimentation depends
on the formulation of the task. Indeed, posing
an experimental task proved more effective
in facilitating the transition to experimentation
than posing a practical task, which was evi-
dent in the solution of the task following the
experimental one. However, the task of iden-
tifying the conditions was often “lost” by stu-
dents without adult support or was replaced
by the practical task of prolonging the life of
the gingerbread man as much as possible.

This study allows us to clarify the conclu-
sions about the role of children's independent
work and adult explanations in teaching ex-
perimentation, previously discussed in stud-
ies (Larkin and Lowrie, 2023; Peteranderl et
al., 2023). The independence of elementary
school students in virtual experimentation un-
doubtedly increases their interest in the work
and its results; however, only adult comments
create reflective space in which it is possible
and necessary to discuss the method of ac-
tion, the student's understanding of the goals
and objectives of the work, and a shift away
from “trial and error” actions to an analysis of
the principles of simple experimentation.

Conclusions

The main conclusion of our study is that
a virtual laboratory is an effective means of
developing simple experimentation in young
schoolchildren, but only when an adult guides

it, initiating cognitive motivation and engaging
with their zone of proximal development.

The study's results demonstrate that sec-
ond-grade students (ages 7—9) are unable
to discover such a mode of action as simple
experimentation during independent research
trials in a digital laboratory, although this is
possible for some children at a slightly older
age. This suggests the need for targeted in-
struction in experimentation in school settings
or through individual work between an adult
and a young school-age child.

Individual work in a digital laboratory in-
creases a child's interest in learning, ensur-
ing high engagement and positive emotions
during the problem-solving process. It can be
useful at various stages of learning experi-
mentation. However, in any case, it requires
subsequent class discussion and the record-
ing of the results of this discussion in a sym-
bolic form outside the digital resource.

When teaching simple experimentation as
a way of acting and thinking that fosters un-
derstanding of cause-and-effect relationships
and successful learning of science subjects
in high school, it's important to consider the
challenges students face in mastering it. In
the early stages of learning experimentation,
children struggle to maintain an experimental
goal without substituting it for the goal of prac-
tical intervention. Without adult support, most
students fail to apply the strategy of leveling
the playing field when one variable changes
and fail to consistently adhere to this strategy
when solving the problem. They often attempt
to substitute their own everyday ideas for ex-
perimental testing of their assumptions, dem-
onstrating insufficient metacognitive support
for problem solving (planning, monitoring,
and reflecting on their own approach).

In our study, second-grade students
solved a simple experimentation problem in
a virtual laboratory without first discovering
this method of action in class under teacher
guidance. The question of whether prelimi-
nary independent work in a virtual laboratory
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influences the effectiveness of subsequent
experimentation training remains open and is
a goal for future research.

Limitations. Limitations of the study in-

clude the small sample size and its specific
nature: second-graders enrolled in the EIl-
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