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Abstract

Context and relevance. The ascent from the abstract to the concrete as a principle for developing theoreti-
cal concepts in teaching is an important principle of modern didactics. However, building courses on this 
basis requires logical-subject and logical-psychological analysis. Therefore, there are few examples and de-
scriptions of teaching based on the principle of ascent. Objective. A detailed description of the logic behind 
the structure and results of teaching 6th and 7th grade students, aimed at clarifying one of the key concepts 
in biology — the concept of an organism. Hypothesis. Teaching using the logic of progression from the ab-
stract to the concrete ensures the development of conceptual thinking and transforms students' everyday 
perceptions. Methods and materials. Logical-subject and logical-psychological analysis of the concept of 
an organism. Formative experiment. Comparative diagnostic examination of the development of the con-
cept of organism using the ‘Sparrow and Birch’ method: experimental classes (227 students, 104 girls and 
123 boys), control classes (a total of 199 students, including 86 girls and 113 boys). Results. An example is 
given of how to teach a key concept in school biology based on the principle of moving from the abstract to 
the concrete. A comparison between experimental and control classes using the Mann—Whitney criterion 
revealed significant differences in both the 6th and 7th grades, as well as in the combined analysis of all 
data (p < 0,001). Conclusions. Traditional biology teaching does not allow students to make significant 
progress in mastering theoretical concepts. Teaching key concepts in primary school should be structured 
according to a logic that moves from the abstract to the concrete. Teaching based on this principle not only 
forms scientific concepts that become the basis for solving various problems, but also transforms students' 
everyday ideas.

Keywords: ascent from the abstract to the concrete, cell, contradiction, conceptual thinking, scientific 
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Introduction

Within cultural-historical psychology, one of the 
most persistent and significant lines of inquiry has been 
the study of how scientific concepts develop through 
school-based education (Chapaev, 2015; Gennen, 2024; 
Romashchuk, 2024; Waermö, Broman, 2024; and others). 
A substantial breakthrough in this area became possible 
due to the work of the distinguished dialectical philos-
opher E. V. Ilyenkov (Ilyenkov, 1974; Ilyenkov 2017) 
and the founders of the theory of learning activity, D. B. 
Elkonin and V. V. Davydov (Davydov, 1996; Davydov, 
1999; Elkonin, 1989). Their analyses revealed a funda-

mental distinction between the acquisition of empirical 
generalizations and that of theoretical concepts. Cru-
cially, they showed that it is the appropriation of theo-
retical concepts that enables the development of reflec-
tive thinking and consciousness. As Ilyenkov insisted, 
“the specificity of ‘generalization’ in a concept lies not in 
identifying something abstractly common, but in identi-
fying the universal — the law that makes a thing precise-
ly the thing it is, and not another, in all its definiteness, 
particularity, and singularity” (Ilyenkov, 2017, p. 213).

Although these ideas were articulated more than 
fifty years ago, the content of basic school education 
has changed only marginally. Part of the reason is struc-
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Резюме

Контекст и актуальность. Восхождение от абстрактного к конкретному как принцип развития теоре-
тических понятий в обучении представляет собой важный принцип современной дидактики, однако 
построение курсов обучения на этой основе требует логико-предметного и логико-психологического 
анализа, поэтому примеров-описаний обучения в логике восхождения немного. Цель. Описать логи-
ку построения и результаты обучения школьников 6—7 классов, направленного на уяснение одного 
из ключевых понятий биологии — понятия организма. Гипотеза. Обучение в логике восхождения от 
абстрактного к конкретному обеспечивает развитие понятийного мышления и преобразует житей-
ские представления учеников. Методы и материалы. Логико-предметный и логико-психологический 
анализ понятия организма. Формирующий эксперимент. Сравнительное диагностическое обследо-
вание развития понятия организма с помощью методики «Воробей и береза»: экспериментальные 
классы (227 учеников, 104 девочки и 123 мальчика), контрольные классы (всего 199 учеников, из 
них 86 девочек и 113 мальчиков), обучавшиеся по традиционной методике. Результаты. Описан 
пример построения обучения ключевому понятию школьной биологии на принципе восхождения 
от абстрактного к конкретному. Сравнение между экспериментальными и контрольными классами 
с использованием критерия Манна—Уитни выявило значимые различия как в 6-м, так и в 7-м клас-
сах, а также при объединенном анализе всех данных (p < 0,001). Выводы. Традиционное обучение 
биологии не позволяет достигать существенного прогресса в освоении школьниками теоретического 
понятия, обучение ключевым понятиям основной школы должно быть выстроено в логике восхож-
дения от абстрактного к конкретному. Основанное на этом принципе обучение не только формирует 
научные понятия, становящиеся опорой в решении разнообразных задач, но и преобразует житей-
ские представления учеников.

Ключевые слова: восхождение от абстрактного к конкретному, клеточка, противоречие, понятийное 
мышление, научные понятия, содержание обучения
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tural: a genuine transformation of curriculum content 
demands a deep logical-subject matter analysis capable 
of reconstructing the development of a concept from its 
“initial cell,” its initial abstraction, to its fully concrete 
articulation — that is, following the logic of ascent from 
the abstract to the concrete.

To date, examples of constructing curriculum con-
tent according to this logic remain scarce. Exemplary 
cases exist for primary school, notably the conceptual 
lines of number and phoneme (Davydov, 1998, and oth-
ers). Attempts have also been made to design learning 
activity—based courses for lower- and upper-secondary 
students, for university education, and for adult learning 
(Rubtsov, Elkonin, Zuckerman, Ulanovskaya, 2024; El-
konin, Vorontsov, Chudinova, 2004; Engeström, 2020). 
Yet these initiatives tend to focus primarily on meth-
odological dimensions of instruction rather than on the 
logical reconstruction of subject matter.

The purpose of this article is to demonstrate, through 
a concrete example, what a system of learning tasks looks 
like when organized as an ascent from the abstract to the 
concrete — the educational trajectory students under-
take and how their thinking and consciousness develop 
along the way.

The central hypothesis is that a concept jointly con-
structed by a class in accordance with the logic of ascent 
can become not only a tool for thinking within the spe-
cific school subject but also a means through which stu-
dents can become aware of, interrogate, and transform 
their everyday experience.

Materials and methods

The material for this study was drawn from biology 
instruction for 11—13-year-old students (the topic “The 
organism: its structure and functioning”). To develop 
new instructional content, we conducted a logical-sub-
ject matter analysis and a Logical-psychological analysis 
of the concept of an organism. This was followed by a 
formative experiment: instruction based on the course 
New Biology, module “Animals,” which extended over 
approximately one school year (60—70 instructional 
hours).

To test the research hypothesis, we used the diagnos-
tic method “Sparrow and Birch”. Using this instrument, 
we assessed 227 students in Grades 6 and 7 in the experi-
mental classes (104 girls and 123 boys) and 199 students 
in the control classes (86 girls and 113 boys). The control 
classes were drawn from the same school and two other 
schools with comparable location and social composition 
of the student body. Students in the control classes were 

taught using the most widely implemented biology cur-
riculum currently used in Russian schools1.

Students were asked to write five statements (“what 
I already know”) and five questions (“what I want to 
find out”) about two familiar organisms — the sparrow 
and the birch tree — in order to reveal their understand-
ing of how the organisms are structured and how they 
function. Each statement was evaluated by three inde-
pendent experts on a scale of content accuracy and sci-
entific quality (0 to 5 points). Comparisons between the 
experimental and control classes were carried out using 
the Mann—Whitney U test.

Results

Results of the logical-subject matter analysis: identi-
fying the subject content of instruction and the concep-
tual logic

For the developers of a learning course, the first task 
is to identify and understand what Ilyenkov calls the 
law that determines a given “thing” — in this case, the 
logical path by which thought arrives at a definition of 
the organism as a unity of structures and functions. This 
work, carried out by the course designers, is referred 
to as logical-subject matter analysis (Davydov, 1996). 
Such analysis reveals — and, when required for instruc-
tional purposes, reconstructs — the logic of the concept’s 
development, a logic often concealed within the long his-
torical trajectory of scientific thought.

Ilyenkov writes: “Human thinking proves capable of 
uncovering the objective ‘beginning’ of a process only 
through analysing its highest results” (Ilyenkov, 2017, 
p. 241). Accordingly, the initial work of the developers 
consisted in analysing contemporary scientific achieve-
ments together with the historical development of bio-
logical knowledge, in order to understand the structure 
and functioning of highly developed organisms (for ex-
ample, humans, higher animals, and plants). Examining 
the structure and functioning of such organisms made 
it necessary to identify an “initial cell,” whose develop-
mental potential could give rise to the past and presently 
existing biological diversity.

In our case, the logical-subject matter analysis of 
the scientific conception of the organism as a unity of 
structures and functions required identifying and re-
constructing this initial cell — the understanding of the 
body’s boundary as a relation between the internal and 
external environment2.

The boundary is a structural element that renders 
a living being discrete, separating its internal content 
from the surrounding environment. The concept of the 

1 Pasechnik, V.V., Sumatokhin, S.V., Gaponyuk, Z.G., Shvetsov, G.G. (2025). Biology. The Line of Life (Grades 5—9). Moscow: Prosvesh-
chenie.

2 We did not find, in the history of biology, any such simple abstraction that could serve as a prototype of the initial concept for the school 
subject.
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body’s boundary functions as the initial cell because it 
contains within itself the potential to develop into the 
full concept of the organism. The boundary is internally 
contradictory: it simultaneously separates and connects 
the inner and outer environment. This abstraction can 
therefore serve as the foundation for a developing in-
structional model — the future concept of the organism3. 
The contradiction inherent in the boundary is resolved 
across the diversity of structural solutions that nature 
has produced in living beings. The logic of the emer-
gence of this diversity can become the basis for a system 
of learning tasks within the course.

Thus, the content of the course was presented as a 
systemic body of theoretical knowledge in which the ini-
tial abstraction becomes progressively concrete in more 
specific cases logically derived from it (the ascent from 
the abstract to the concrete). The initial model form was 
a diagram capturing the unity of the principal vegeta-
tive processes of the organism (Figure 1) (Chudinova, 
Zaytseva, 2022).

This diagram shows the logical connection among 
the processes of respiration, nutrition, gas exchange, and 
excretion, as well as the “location” where these processes 
occur. Respiration4 — the acquisition of energy — takes 
place inside the body, whereas all other processes occur 
at the boundary between the internal and external en-
vironment. Through these processes, substances neces-
sary for respiration enter the body, while unnecessary or 
harmful substances are removed. Thus, the initial rela-
tion between the internal and external environment is 
represented, at the starting point, as a closed line desig-
nated by the term “boundary.”

Results of the logical-psychological analysis:
identifying deficits in students’ initial knowledge
and skills, and constructing the sequence
of learning tasks
Logical-psychological analysis makes it possible to 

embed the subject-matter logic that has been identified 
into a system of learning tasks appropriate for a given 
age group and level of schooling. As V. V. Davydov ob-
served, “it is often very difficult for the psychologist and 
the didactician to determine the concrete actions that 
open up the content of concepts” (Davydov, 2006, p. 42). 
This difficulty is real: it is necessary not only to assess 
the children’s existing concepts and representations but 
also to understand their developmental potential — the 
zone of proximal development of their biological think-
ing. Students beginning the study of biology hold cer-
tain initial ideas about living beings, but they lack many 
of the concepts in chemistry and physics that are essen-
tial for biological understanding.

The outcome of the Logical-psychological analysis 
was to determine how students could arrive at the first 
initial abstraction, and in what form and through which 
actions this abstraction could emerge in instruction. 
This required constructing a methodology through 
which students could analyse phenomena observable in 
simple experiments and transform their everyday rep-
resentations in such a way that the first learning task 
could be set.

In our case, it became clear that students could not 
be brought to the initial abstraction of the boundary 
without developing their initial ideas about respiration 
(Chudinova, Zaytseva, 2022), as well as their under-

3 A few years ago, it was discovered that the concept of the “body boundary” in the sense mentioned above had appeared in contemporary 
scientific reports (Vasilov, 2020). It is possible that earlier it had not been in demand in scientific research; however, once science began to address 
the problems of immunity — that is, the problems of the organism’s integrity — the introduction of this concept proved to be inevitable.

4 Here and throughout, the term “respiration” is used in the sense of “cellular respiration”; however, the pupils have yet to discover the very 
existence of cells.

Fig. 1. The diagram illustrating the relationship between the main vegetative processes in the body. In it, 
for the first time, students encounter the boundary of the body, which separates the internal content where respiration 

takes place from other processes that occur at the boundary
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standing of the composition of the internal and external 
environment. This implied the need for several months of 
preliminary work with the students (Chudinova, 2019). 
The joint investigative work of the class had to focus on 
changes in air during respiration, and on processes of nu-
trition, gas exchange, and excretion. Observations and 
experiments involving the students’ own bodies were to 
serve as the primary material for analysis. When such 
observations were impossible for physical or ethical rea-
sons, descriptions of observations of animal organisms 
could be used. Thus, the “reduction” to the initial rela-
tion also had to occur through the analysis of developed 
forms — complexly organized organisms.

The Logical-psychological analysis ultimately clari-
fied which specific steps of concretization would be ap-
propriate in this instructional sequence. Some interest-
ing logical—subject-matter insights had to be set aside 
because the expected learning outcomes needed to be 
aligned with the requirements of the educational stan-
dard. The sequence of learning tasks was determined by 
the fact that the results of solving earlier tasks were nec-
essary for solving those that followed.

Description of the formative experiment:
movement through content as the ascent from
the abstract to the concrete
As noted above, the body’s boundary initially ap-

peared to students in a maximally abstract form — as 
a line in the diagram, labelled by the teacher as “the 
boundary of a living being’s body.” Students understood 
only the most general fact: that this line limits the body 
and divides space into what is “inside” and what is “out-
side.” In this way, the boundary between the internal 
and external environment first emerged as a shared, gen-
eral representation for all students in the class. The term 
boundary entered the discussion as the class reasoned 
about where the processes already identified in earlier 

investigations — nutrition, gas exchange, respiration, 
and excretion — take place.

The first substantive step in understanding the 
boundary itself occurred as students discovered its 
central contradiction and attempted to resolve it. The 
body’s boundary must simultaneously maintain and pre-
serve the internal environment — distinct in both prop-
erties and composition from the external environment — 
and, at the same time, allow certain substances to pass 
through it. It must, for instance, let in air, water, and or-
ganic substances required for cellular respiration. Thus, 
the boundary must perform two tasks that are opposite 
in meaning. This contradiction is never made explicit at 
the moment when students collaboratively construct the 
initial diagram (Fig. 1).

When asked to draw a “molecular scheme” of the 
edge of a jellyfish’s body in seawater, based on the given 
diagrams showing the composition of the internal and 
external environments, students proposed two opposing 
versions (Fig. 2).

To ensure that students experienced this contradic-
tion in a vivid and grounded way, the teacher inten-
tionally amplified it. The class discussed which drawing 
corresponded more closely to reality. Because a mo-
lecular picture was required, no “non-molecular” lines 
were allowed — after all, both the jellyfish and seawater 
consist solely of molecules. This immediately ruled out 
version “B.”

To evaluate version “A,” the teacher invited several 
students to the board to reproduce version “A” using 
colored circular magnets. Unlike the static circles in the 
drawing, the magnets could be moved, and many stu-
dents immediately thought to demonstrate diffusion5.

“The jellyfish is dissolving!!!” the students exclaimed 
as they saw what happened. It turned out that the sec-
ond version was also unsuccessful. The teacher further 
sharpened the contradiction, and the students began to 

Fig. 2. On the left is a diagram showing a ‘molecular picture’ of the internal and external environments of a jellyfish, 
between which there is essentially no boundary (option “A”). In the second diagram, the boundary between the internal 
and external environments is marked by a line (option “B”). Squares represent mineral salt6 molecules, circles represent 

water molecules, and triangles represent organic molecules

5 The fact that all molecules are in constant chaotic thermal motion has already been mastered by the pupils in a series of tasks at the previous 
stage.

6 At this initial stage of science education, the pupils hold such a not entirely accurate understanding; they will learn about substances with 
ionic bonds and about electrolytic dissociation later on.
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feel the real problem of the boundary — they no longer 
understood what it was or how it worked. Some even 
wondered whether it existed at all. As they became aware 
of the contradiction, students articulated it verbally, in 
ways such as: “But this is paradoxical! The boundary 
lets some molecules through but not others!” or “May-
be some parts of the boundary let things through, and 
some parts don’t…”. They recorded the contradiction in 
writing, after which they were assigned a series of tasks 
meant to help them approach a solution. These included 
experiments with boundaries made of polyethylene, cel-
lophane, and gauze; a home experiment with a represen-
tative of the living world — a carrot; and a virtual experi-
ment in the practical module Types of Boundaries7.

Through analysis of these tasks, the initial abstrac-
tion of the body’s boundary developed and became 
more concrete in the concept of a selectively permeable 
boundary. Later, when students studied a “simple” liv-
ing organism — the amoeba — they encountered the cell 
membrane as the concrete embodiment of such a “most 
elementary” boundary (as termed in the text)8.

The next step in the development of the concept 
involved overcoming the fixation on the boundary’s 
structural integrity and immobility. This began with 
examining amoeba movement, and then with analys-
ing its nutrition. In formulating hypotheses about how 
an amoeba feeds, students discovered that the size of 
the amoeba’s food creates a problem for the passage of 
necessary substances through the boundary of its body. 
The unicellular organisms eaten by the amoeba are too 
large to pass through the membrane into the internal en-
vironment. This prompted an examination of the stages 
of feeding (e.g., preliminary fragmentation of food) and 
shifted the notion of the body’s boundary — it was now 
understood as sufficiently mobile and active, capable of 
changing shape to capture food.

As the students continued studying unicellular or-
ganisms, the question arose: what prevents them from 
being large — for example, the size of a human? They 
conducted an investigation of the ratio between the 
surface area of the body’s boundary and the volume of 
that body. They identified one of the factors prevent-
ing unicellular organisms from surpassing a certain size 
threshold: as body volume increases (with shape held 
constant), the surface area available per unit of volume 
decreases. To overcome this size threshold, students 
“invented” a multicellular organism. The fundamental 
contradiction of the boundary reappeared, but on a new 
level. Students realized that the cells inside a multicel-
lular body would require oxygen and organic substances 
from the external environment, and would also need to 
dispose of unnecessary or harmful substances. However, 
the boundary of the organism was no longer the mem-

brane of a single cell, but layers of cells in contact with 
the external environment.

How, then, should the needs of the internal cells be 
met? Working on this new task led students to invent 
constructions involving cell specialization. Typically, at 
least one student group proposed a design with mobile 
cells — “carrier cells” — moving between the boundary 
and the internal cells. At this point, new potential path-
ways of conceptual movement emerged: towards the 
study of transport systems and the study of tissue types 
in living organisms.

The teacher then introduced a new phenomenon for 
investigation: a jellyfish washed ashore during a storm 
dies. Many students had seen this themselves. But why 
does it happen? Various explanations were discussed. 
The version “the jellyfish dissolves” was dismissed upon 
closer examination. Students concluded that the jelly-
fish dries out. But this contradicted the fact that other 
multicellular organisms — humans, for example — can 
remain in air without drying.

The thought occurred to many: “Maybe some parts 
of the boundary let things through, and some do not…” 
Returning to the model “Body size / surface area” al-
lowed students to understand that the exchange-ac-
tive part of the body’s boundary must be much more 
extensive than its protective part. The teacher sug-
gested modelling this using strings of different thick-
nesses.

By tying together two strings — one long and thin, 
the other short and thick — students obtained a movable 
model of the body’s boundary consisting of two parts: an 
exchange-active part and a protective part9.

The task was to strengthen the protection of the in-
ternal environment without losing the ability to carry 
out exchange with the external environment (Fig. 3). 
All possible solutions involved “folding” the exchange-
active part of the boundary and hiding it — fully or par-
tially — under the protective part. The resulting vari-
ants later turned out to correspond to different types 
of gas exchange in multicellular animals. Over several 
lessons, students studied concrete material on these 
types of gas exchange, including in humans, by reading 
scientific texts.

Next, the structural variants they had constructed 
were tested for their suitability for carrying out the 
function of nutrition. It became clear that, for vari-
ous reasons, these designs were not particularly effec-
tive for the new task. Analysing their shortcomings 
led to the discovery of the through (complete) diges-
tive system. All structural “inventions” supported the 
emergence of a new way of seeing— a new approach to 
considering the structure of multicellular animals, to 
“reading” diagrams of their structure by distinguish-

7 https://urok.1c.ru/library/biology/virtualnaya_laboratoriya_po_biologii_dykhanie_i_obmen_veshchestv_4_11_klass/tipy_granits/
8 It is clear that at this point the pupils’ notions of fat-like substances and proteins were highly abstract, but the development of these concepts 

follows other disciplinary trajectories and depends on how and when this material will be studied in chemistry lessons.
9 The idea of modelling with threads emerged during a discussion of the course with S. Yu. Kurganov.
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ing between internal and external environments and 
between exchange-active and protective parts of the 
body’s boundary.

The concept of the boundary became increasingly 
concrete through analysis of the diverse structures of 
multicellular animals. Students could now see that as the 
boundary transforms, so too do the structures and forms 
of living beings, altering the spatial relationship between 
the internal and external. An “external environment” be-
gins to appear inside the body — for example, air in the 
lungs or the contents of the digestive tract.

The more concretely students understood the bound-
ary, and the more deeply they explored the possible de-
tails of its structure, the broader and more comprehen-
sible the diversity of possible organismal structures and 
functions became to them. The concept gradually turned 
into a set of “lenses” through which they began to view 
the material presented for study: descriptive texts about 
living beings, schematic drawings of their structure, and 
video fragments of their lives (Fig. 4).

As students continued into Grade 7 with the study 
of the human excretory system, they discovered the 
phenomenon of active transport — that is, the exchange-
related “work” of the boundary carried out with an ex-
penditure of energy.

By the end of Grade 6, having completed their study 
of the major vegetative functions of animals and the 
structural features supporting these functions, the stu-
dents had, in effect, constructed the concept of the or-
ganism. Only at this point did the teacher introduce the 
term organism. Prior to this, the term had not been used; 
and if a student mentioned it, the teacher asked: “Do you 
know what an organism is? Not exactly? Then let’s not 
use this word yet.”

Showing the students’ jointly constructed diagram, 
which represented the connections among major vegeta-
tive functions in animals, the teacher would say: “This is 
what we call an organism. Try to formulate what it is.” 
Students read their definitions aloud, and by selecting 
the most precise formulations, they composed a shared 
class definition, typically something along the lines of: 
“An organism is a set of interconnected structures (or-
gans) that perform different functions.”

After this, the class moved on to the study of plants. 
The teacher displayed an image of a spruce — a tree fa-
miliar to all as a New Year symbol — and said: “You can 
look at a spruce with different eyes. A gardener will be 
pleased by how lush, green, and fast-growing it is. An 
artist will see how it fits into the landscape, how it is lit… 
Try to look at the spruce as an organism. Write down 

Fig. 3. Students are modelling the boundary of a multicellular living organism, which consists 
of two parts: the ‘exchange’ part and the ‘protective’ part

Fig. 4. Working in pairs, students analyse an image of a dog's internal organs, trying to figure out on their own where 
(at which boundaries) gas exchange, absorption of organic substances, and excretion occur. Understanding the general 

principles of the structure of multicellular animals allows them to do this
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what you can claim about it and what questions you 
would like answered.” This marked the beginning of the 
next major stage in the concretization of the concept of 
the boundary and of other concepts whose development 
had begun in the previous stage.

Results of the diagnostic assessment of concept
development in traditional instruction
and in the New Biology course
We can speak of genuine scientific understanding 

only when the concepts students have mastered exist not 
merely as verbal formulations reproduced when prompt-
ed, but when these concepts transform the way students 
view the objects around them — including those that 
were never explicitly discussed in class.

The study involved Moscow schoolchildren who had 
studied for one or two years in the traditional program 
(199 students in total) and students who had studied for 
one or two years in the New Biology course (227 students 
in total). Sixth- and seventh-grade students wrote what 
they knew and what they wanted to know about the 
structure and functioning of the birch and the sparrow 
— two organisms familiar to everyone since childhood. 
Each statement was evaluated by three independent ex-
perts according to agreed-upon criteria, on a scale from 
0 to 5 points, depending on its level of substance and 
proximity to scientific understanding. The substance 
and scientific quality of the questions and statements 
produced by students taught through the developmen-
tal approach described above were substantially higher 
(Fig. 5). Comparison between the experimental and con-
trol classes using the Mann—Whitney U test revealed 
significant differences in both Grade 6 and Grade 7, as 
well as in the combined analysis of all data (p < ,001).

Evidence of reliance on scientific understanding 
of the organism appeared in the way students applied 
general principles to familiar but school-unexamined 
organisms — the bird and the tree. For example: “Res-
piration in the sparrow occurs in every cell,” “The 
sparrow contains inorganic substances,” “The birch is 
a multicellular organism.” Indeed, it is precisely these 
“conceptual lenses” that sharpen students’ vision of 
the object and allow them to detect something new or 
puzzling in it: “What type of boundary does the spar-
row have?”, “Are contractile vacuoles possible in the 
birch?”, “Where does the birch obtain water and min-
eral salts?”, “Is the sparrow’s transport system closed 
or open?”

The overwhelming majority of questions and state-
ments formulated by students taught in the traditional 
way were everyday in character. They remained tied to 
personal impressions, direct observations, and familiar 
representations, and often had no relation at all to what 
an organism is. For example: “My mother loves birches,” 
“Why is birch bark white?”, “Birch pollen causes aller-
gies,” “A sparrow has two legs and two wings.”

Thus, the differences between the groups are quali-
tative in nature: students in the developmental-instruc-
tion setting show a clear increase in the number of sub-
stantive statements as their learning progresses, whereas 
traditional instruction does not lead to any substantial 
progress.

Discussion

The importance of transforming the content of tra-
ditional education and designing instructional courses 

Fig. 5. The diagram shows the average number of statements rated by experts (≥ 3 points out of 5) in the experimental and 
control classes (1 and 2 years of learning biology). It is clear that in the experimental group, by the end of the 6th grade, 

students on average write down about four meaningful statements, while for seventh-graders this number increases to six or 
more (out of 10 possible). In the control group, the indicators remain extremely low: less than one statement in the 6th grade 

and about one in the 7th grade
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on the basis of the principle of ascent from the abstract 
to the concrete is emphasized in contemporary research 
(Chapaev, 2022; Engeström, 2020; Gennen, 2024). Yet 
the core difficulty lies in moving from an understand-
ing of this general philosophical principle to a concrete 
methodology of instruction — a transition that necessar-
ily relies on both logical—subject-matter and Logical-
psychological analysis (Davydov, 1998). The instruc-
tional trajectory described above provides an example of 
such a transition.

Unfolding the conceptual logic through a system of 
learning tasks reveals the transformation of the initial 
abstraction of the body’s boundary into the concept of 
the organism — one of the central concepts in the school 
biology curriculum. This example clearly demonstrates 
the evolution of models and the role of the class’s col-
lective cognitive movement in their construction. The 
path of abstraction, the forms of modelling, and the logic 
of concretization are determined by the very object of 
thought, as other researchers also note (Waermö, Bro-
man, 2024). Along this path, constructive critique of 
prior representations and concepts — their sublation — 
is essential (Romashchuk, 2023). Emphasizing the role 
of such constructive critique, A.N. Romashchuk writes: 
“This type of critique sets a particular form of transition 
from one theory to another, from one concept to another. 
But the question remains as to whether this form is rel-
evant not only for transitions within science itself, but 
also for transitions between everyday and scientific the-
ories in the learning process.”

In the present case we see that the students’ initial, 
shared abstract representation of the body’s boundary 
is first transformed into a more elaborated understand-
ing of different types of boundaries through experi-
ments and virtual practical work. It is then subjected 
to constructive critique through model-based analysis 
— for example, the “invention” of a multicellular body 
with a boundary formed by layers of cells is the result of 
students’ constructive critique of unicellular structure 
and of overcoming the size limitations inherent in uni-
cellular organisms. In this way, the developing system 
of scientific knowledge formed in the students’ minds 
preserves earlier representations, continuing to need 
them as its foundation. The partial incongruence of a 
concept with reality, the unsettling inexhaustibility of 
the object that resists full comprehension — the non-
conceptual dimension described by L. Radford (Rad-
ford, 2020) — may become especially tangible in the 
process of concretization and because of it. This is man-
ifested in the substantive questions that arise about fa-
miliar, childhood objects.

G.G. Mikulina and O.V. Savelyeva demonstrated that 
the capacity for concretization is a decisive distinguish-
ing criterion of theoretical thinking and, consequently, 
of fully formed knowledge (Mikulina, Savelyeva, 1997). 
The study conducted with the diagnostic method Spar-
row and Birch revealed substantial differences in the 
mastery of the concept organism between the experimen-
tal and control groups. These differences concern, above 
all, students’ ability to use the conceptual tools they 
have mastered as instruments for interpreting concrete 
examples drawn from their prior experience — that is, to 
move in their understanding of organismal structure and 
functioning from general principles to particular cases. 
This allows us to speak of the development of biologi-
cal thinking and of fully formed biological knowledge in 
these students.

Conclusion

A school subject under development should not be a 
direct projection of scientific knowledge into the space of 
instruction. If a course for schoolchildren is created as a 
simplified version of university-level material, most stu-
dents will acquire the knowledge only formally, without 
understanding. Introducing the term organism by listing 
examples of living beings to which it applies — for in-
stance: “A rose, a herring, a crocodile, and a mouse are liv-
ing organisms” — produces an empirical generalization, a 
common representation, but not a concept. For a student, 
the word organism will mean something like: “something 
that exists separately and is alive, like me or my cat.” It 
is no coincidence that this term is often used by teachers 
and students as a full synonym for living being.

Developing instructional content according to the 
logic of ascent from the abstract to the concrete requires 
not only examining the history of science but, at times, 
constructing for educational purposes a special model—
schematic representation of an “initial cell,” an initial re-
lation that contains the potential for development into a 
key concept of the subject. This process is clearly visible 
in the example of how the representation of the body’s 
boundary develops into the concept of the organism.

Key disciplinary concepts formed through the as-
cent from the abstract to the concrete, as demonstrated 
in this example, become genuine supports for thinking. 
They serve as tools for solving a wide range of tasks and 
gradually transform a learner’s everyday experience. A 
person gains grounds for meaningful questions and sub-
stantive assertions about the objects they encounter in 
daily life.
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