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ABSTRACT

This article is the result of  a two-year-long experiment conducted by the authors. The purpose of  the research was 
to study the natural scientific thinking of  foreign students of  preparatory departments in the context of  integrative 
processes. The quantitative and qualitative analysis of  the regulatory framework governing the educational pro-
cess at the stage of  pre-university training, including syllabi and steering documents of  faculties of  pre-university 
training, formed the methodological basis of  the research. The modified criteria-focused TEM-11 test was used as 
a diagnostic tool. The method of  expert evaluations ensured the reliability and validity of  the research. The study 
provided evidence of  the feasibility of  including an integration course in “biophysics” along with biology, physics, 
and chemistry in the curricula of  preparatory departments that prepare foreign students for admission to medical, 
agricultural, veterinary, and biological faculties. It does not appear reasonable to include an online course in the 
training system for foreign students who are residents since they already developed the differential-synthetic and 
synthetic stages of  natural scientific thinking while they were learning the trade. It is concluded that the Biophys-
ics integrative online course studied by foreign students of  faculties of  pre-university training, develops a special 
type of  natural scientific thinking, which will be the basis for framing professional thinking in the future. A total 
of  374 people took part in the experiment (188 people were included in the experimental group and 186 people 
became part of  the control group). The comparative analysis of  the stages of  development of  natural scientific 
thinking in the control and experimental groups showed significant progress in the experimental group. After 
the experiment, the number of  respondents at the common empirical stage of  development of  natural scientific 
thinking was 11.2 % of  the entire sample; the number of  respondents at the scientific empirical stage was 32.8 %, 
at the synthetic differential stage – 44.7 % and at the synthetic stage – 27.6 %.
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INTRODUCTION

A radical revision of  the existing programs 
is required to integrate Russian education into 
the common European educational environ-
ment. The coronavirus pandemic that took over 
the entire world in early 2020, complicates the 
integrative processes. Amidst the coronavirus 
pandemic, the advancement of  e-learning and 

online technologies is becoming a distinctive fea-
ture of  the modern educational paradigm. Tra-
ditional approaches to education are not always 
applicable in the context of  the formation of  a 
multicultural personality, and new technologies 
are only developing. Their advancement in the 
field of  e-learning and online education results 
in transformation of  the structure and content of  
the Russian education system: new educational 
standards are being approved, a new system for 
assessing learning outcomes is being introduced.
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The Russian education system is designed 
to focus on the needs of  students and create opti-
mal conditions for the development and educati-
on of  highly qualified specialists who have mas-
tered their professional expertise perfectly. Under 
these circumstances, the system of  pre-university 
training of  foreign students of  natural and biolo-
gical faculties is of  particular importance. Online 
education of  future doctors, biologists, agrono-
mists, veterinarians are associated with a number 
of  difficulties related to the need to master the 
preparatory department program quickly, as well 
as the development of  a special way of  thinking 
among foreign students allowing them to success-
fully master the main educational program.

The conducted analysis of  scientific rese-
arch literature on the study topic shows that im-
portant steps have been taken in the study of  the 
aspects of  natural scientific thinking, but many of  
the proposed theses lack experimental data, and 
the available empirical research was carried out 
on a small number of  subjects. Pedagogical and 
organizational, representatives of  these appro-
aches proceed from the need to develop natural 
scientific thinking in the process of  educational 
and pedagogical activities, starting from kinder-
garten and ending with the period of  professional 
development (if  we are talking about teachers).

The works of  Broks (2014) and Das (2014) 
have contributed to the development of  stages 
and criteria of  scientific thinking in the process of  
educational activities, however, these works lack 
empirical data confirming the initial research hy-
potheses in practice. The crisis of  natural science 
education is related to the fact that its tasks, goals, 
and methods do not meet the needs of  the mo-
dern society characterized by a breakthrough of  
information technology in all spheres of  activity. 
The aspects of  the global landscape and the world 
view which have developed under the influence 
of  post-non-classical science, do not correlate 
with the theoretical and methodological princip-
les and attitudes of  post-non-classical science, 
with the new type of  rationality discovered by it. 
Accordingly, the modern education system is not 
able to train specialists capable of  solving current 
problems that are becoming ever more global and 
multidimensional. 

Speaking of  educational scientific research 
(ESR), Broks (2014) concludes that the educatio-
nal process must include studying the content and 
methodology of  fundamental and applied scien-
tific research. The disadvantage of  the pedagogi-
cal process is the focus on memorizing important 
knowledge and studying formal algorithms for 
their proper application in practice. Educators 
must pay attention to special studies of  scientific 

research methods. They should teach how to gain 
relevant knowledge (basic science) and apply it 
(applied science) to meet our needs. Das (2014) 
describes the need to develop scientific thinking 
in order to develop science resources and free so-
ciety from the plague of  superstitions, prejudices, 
inertia, and so forth. From the point of  view of  
the researcher, the result of  scientific thinking is 
the productivity of  something specific, which is 
achieved by a conscious synthesis of  facts. 

Taber (2012), Taber et al. (2016), and 
Klahr et al. (2019) see natural science education 
as a necessary condition for the development of  
natural scientific thinking. Natural science teach-
ing should describe the nature and status of  va-
rious ideas to help students fully appreciate the 
creative and rational aspects of  science. In order 
to improve natural science education, we must 
improve the quality and versatility of  answers to 
the two related questions: what is scientific thin-
king? how to teach it?  The NOS aspect focused 
on the role of  models and analogies in scientific 
research. The modules described offering a gene-
ral approach that can be used to develop a cur-
riculum based on the synergy between teaching 
NOS and specific scientific topics. 

Continuing the scientific research, Mur-
tonen & Salmento (2019) note that scientific 
thinking is formed during higher education com-
bining many important theoretical aspects of  
thinking skills. The components of  this broad 
scientific thinking are: 1) critical thinking and 
understanding of  the foundations of  science; 
2) epistemic understanding; 3) research skills; 
4) fact-based reasoning skills; and 5) contextual 
understanding. The undertaken research provides 
a basis for the development of  higher-order thin-
king skills during higher education.

Practical experience in scientific thinking 
development during educational activities is desc-
ribed in the works of  Klahr et al. (2019); Koerber 
& Osterhaus (2019); and Purnami et al. (2021). 
Koerber & Osterhaus (2019) chose early scientific 
thinking in children attending preschool institu-
tions as the object of  scientific research. Based 
on the developed 30-element tool (Science-K 
inventory), it was examined whether the indivi-
dual differences between the three components 
of  scientific thinking (experimentation, data in-
terpretation, and understanding of  the nature of  
science) in children are stable, whether informati-
on processing skills (intelligence, language skills) 
in children and the development of  an advanced 
theory of  mind are increased, and whether indi-
vidual differences in scientific thinking predict 
individual differences in knowledge about the 
scientific content.
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The works of  Klahr et al. (2019) focus on 
the aspects of  scientific thinking development in 
students. Scientific thinking has been shown to 
include skills related to research, experimentati-
on, evidence evaluation, and deduction. In the 
provided empirical data, the object of  scientific 
research is the thinking and reasoning skills re-
lated to the development of  concepts and theo-
ries about the natural and social world. Moreo-
ver, Kang et al. (2016) believe that the process of  
the development of  natural scientific thinking is 
influenced by various components of  the tasks. 
We selected 57 science lessons taught by 19 te-
achers in the first year of  study as empirical ma-
terial.  The obtained data show the importance 
of  high-quality educational tasks, which carry 
an adequate level of  epistemic uncertainty for a 
specific group of  students. Scientists have proven 
that learning opportunities of  higher quality have 
been observed in lessons where: 1) the tasks were 
formulated as a process of  understanding contex-
tualized phenomena; 2) specific disciplinary con-
cepts in a task were associated with large scien-
tific ideas going beyond the scope of  the activity 
itself; 3) student were performing these tasks in a 
structured manner using tools that support chan-
ges in thinking.  

In a study by Faikhamta (2013), the focus 
was shifted to examine the extent to which the 
Nature of  Science Course (NOSC) developed in 
accordance with the Conceptualization of  Peda-
gogical Content Knowledge (PCK) impacts un-
derstanding and teaching of  science teachers on 
the job. The study results indicate that, at the be-
ginning of  the course, most natural science teach-
ers had a naive understanding of  NOS, especially 
with regard to the definition of  science, scientific 
research, and differences between laws and theo-
ries. Shamina (2011) connects the need to diag-
nose natural scientific thinking of  students with 
increased requirements for the quality of  training 
of  graduates of  higher professional education 
institutions. The object of  scientific understan-
ding was the educational process in physics and 
biophysics at a veterinary university. The resear-
cher identified three options for integrating the 
content of  education in physics and biophysics: 
factual, conceptual, and theoretical.

Modeling, the works based on this appro-
ach are associated with the development and 
description of  specific education models aimed 
at developing natural scientific thinking in the 
process of  educational activities. The researches 
of  Kubaisi (2011), Akanwa & Ovute (2014), and 
Qarareh (2016) are focused on the study of  deve-
lopment of  systematic scientific thinking in the 

process of  teaching natural sciences based on a 
constructionist education model. Scientists also 
propose a project method as a basis for develo-
ping natural scientific thinking. Students who 
took part in the “Summer Talent School” pro-
gram improved their scientific thinking skills in 
the course of  three-day workshops. The average 
score based on the test results is 74.2% of  correct 
answers for the individual assessment of  each 
question and 62.5% of  correct answers for the 
coupled assessment method.

Of  particular note is the theory of  threshold 
concepts serving as the key to a deep understan-
ding of  specific disciplines (Kiley, 2019). Syner-
getic, an interdisciplinary approach explaining 
the development of  natural scientific thinking as 
a process of  integrating objects of  the natural bio-
logical cycle (Dorfner et al., 2014; Kremer et al., 
2014; Ivan and Šulcová, 2017; Özden & Yenice, 
2021). It has been shown that the use of  combin-
ed knowledge in mathematics, chemistry, biolo-
gy, geography, etc., increases the efficiency of  the 
development of  natural scientific thinking.

At the stage of  the educational experiment, 
Ivan & Šulcová (2017) used dedicated integrative 
educational materials as diagnostic tools. Inter-
views with high school mathematics, chemistry 
and science teachers were used to qualitatively 
diagnose knowledge (Ivan & Šulcová, 2017). The 
studies of  Kremer et al. (2014) are focused on the 
relation between students’ research skills in biolo-
gy and their beliefs in the nature of  science. IRT 
modeling of  students research skills showed that 
high school students demonstrate more advanced 
research skills in biology and more complex be-
liefs regarding NOS. Scientists have proven that 
the problems of  development of  natural scienti-
fic thinking are closely related to the study of  the 
relationship between thinking and educational 
achievements. The works have the following in 
common: diagnosing the level of  development 
of  knowledge, skills and activities in the subject-
oriented education system and focusing on the 
mechanisms of  their creation.

The analysis of  the scientific works showed 
that the development of  natural scientific thin-
king in the process of  educational activities is an 
urgent issue. The scientists focus on preschoolers, 
junior schoolchildren, students, and teachers. 
The issues related to the study of  the aspects of  
the development of  natural scientific thinking in 
foreign students of  preparatory departments who 
come to Russia for education are beyond the field 
of  view of  scientists. By reviewing scientific-met-
hodical and psychological-pedagogical literature, 
we can single out the existing contradictions bet-
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ween: 1) the need for evidence-based data on the 
quality of  education of  foreign students studying 
in Russian universities at the stage of  pre-univer-
sity training and the impossibility to assess the 
effectiveness of  the educational process with ac-
curacy; 2) the need for an objective assessment of  
the mental activity of  foreign students studying in 
Russian universities at the stage of  pre-university 
training and the lack of  well-developed approach-
es that would allow us to diagnose the develop-
ment of  natural scientific thinking.

The starting point of  pre-university trai-
ning for foreign students is preparation of  a 
broad-minded, well-rounded personality who 
has developed the competencies needed for their 
education, on-the-job training and professional 
activities, as well as competencies that allow 
them to establish intercultural contacts with rep-
resentatives of  other ethnic groups. The quality 
of  development of  educational and professional 
competence of  doctors, biologists, agronomists, 
veterinarians is determined by the degree of  de-
velopment of  their natural scientific thinking.

Up to now, natural science education has 
not been clearly defined. Here are the most com-
mon definitions: 1) a focused process and result 
of  a person’s developing a system of  natural 
science knowledge, skills, cognitive and prac-
tical experience, values-based orientations and 
relationships (Vasilyeva, 2008; Gunstone, 2015; 
Lehrer & Schauble, 2015); 2) designed to prepare 
specialists in natural sciences: biology, geology, 
geography, physics, astronomy, chemistry, mat-
hematics, etc (Great Soviet Encyclopedia, 1972; 
Zimmerman & Klahr, 2018). Thus, natural scien-
ce education is a multi-level process developing 
a personality with a system of  scientific know-
ledge in the field of  biology, physics, chemistry, 
etc. Most existing definitions explain the specific 
features of  natural science education through the 
content of  natural science. 

The content of  the natural science cycle 
subjects and aspects of  their teaching are defined 
in national standards. For example, a distinguis-
hing feature of  the National Science Education 
Standards (NSES) developed in the United Sta-
tes is that the natural science education process 
is oriented towards positive learners (students) 
and their activities; integrative nature of  studying 
various subjects; stimulating interest in scientific 
activities and laboratory research; promotion of  
scientific thinking in the process of  solving prac-
tical problems; teaching research methods; corre-
lation with the needs and interests of  the society; 
the use of  technical advances in natural science 
education (McComas, 2013). It means that na-
tural science teaching should focus on applying 

knowledge to new situations and developing 
intellectual abilities to face and solve everyday 
problems (Qarareh, 2016).

In Russia, national standards on natu-
ral science education have been developed for 
schools, colleges, and universities. No natural 
science education programs as such have been de-
veloped for the pre-university stage. This is due to 
the propaedeutic nature of  courses in chemistry, 
biology and physics at the pre-university educati-
on stage. However, for many training areas, the 
natural science cycle subjects are the main ones. 
It should be noted that a significant drawback of  
the definitions of  natural science education is that 
they fail to point out the personal aspect, accor-
ding to which the result of  natural science edu-
cation is not only the total of  the developed kno-
wledge, skills and abilities, but also the personal 
properties of  students, such as critical thinking, 
the ability to think outside the box, scientific view 
of  life, and so forth. The basis for world percepti-
on of  a modern human is predetermined by natu-
ral science education. The main achievements of  
material and spiritual culture are made due to the 
achievements of  such natural science disciplines 
as chemistry, physics, biology, etc. (Alekseyev & 
Cherednichenko, 2012).

As complex structured education, natural 
science education includes two levels of  fami-
liarization with the world: general and special. 
General science education includes systematic 
mastering of  the foundations of  natural sciences 
and general laws of  nature. Generally, foreign 
students who come to Russia to study in a univer-
sity already have general natural science training.
Foreign students receive special natural science 
education in universities, regardless of  their futu-
re specialty, in medical, agricultural, and pedago-
gical universities, as well as technical educational 
institutions.

In philosophy, thinking is understood 
as an active process of  reflecting the objective 
world, which is related to solving a number of  
problems and the methods of  mediated percep-
tion of  reality (Philosophical Dictionary, 1991; 
Koerber et al., 2015). Holzkamp & Sloan (2013) 
defines thinking from the standpoint of  psycholo-
gical processes. Thinking is a special reality that 
delivers indirect or direct knowledge of  another, 
hidden reality unavailable for direct observation.
The complexity and ambiguity of  the concept 
of  “thinking” led to the recognition of  the fact 
that there are various types of  thinking, and they 
all coexist in each person’s consciousness. Pre-
university training of  foreign students is aimed 
at preparation of  future students with developed 
thinking.
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The degree of  a person’s mental develop-
ment is the most important factor behind which 
underlays the level of  training of  students and the 
quality of  acquisition of  knowledge, skills, abi-
lities and key competencies (Artemenko, 2011; 
Rastopchina, 2015). It should be noted that aca-
demic grades neither give an idea of  specific kno-
wledge of  foreign students nor allow assessment 
of  development processes. The development of  
the educational process subject is not linear, but 
stepwise. For convenience, we can divide it into 
two stages. The first stage is related to accumula-
tion of  quantitative changes. It is followed by the 
second stage, a leap, i.e., a sharp transition from 
quantitative changes to qualitative ones. The se-
cond stage begins after the quantitative changes 
reach the threshold value. Thus, the development 
of  education subjects is a complex process of  de-
velopment of  new qualitative and quantitative 
formations.

Starchenko & Starchenko (2005) describe 
such basic new mental formations as educational 
and research activities, theoretical natural scienti-
fic thinking, and scientifically-oriented behavior. 
The initial concept is the statement of  need for a 
differentiated approach to thinking. The subject 
content material is a means of  developing thin-
king and a single process that acts as a linguistic, 
scientific, mathematical or technical process, if  
implemented based on the relevant subject ma-
terial (Berulava, 1993). Improving the quality of  
education is associated with the level of  acqui-
sition of  knowledge, development of  skills and 
natural scientific thinking. It means that natural 
scientific thinking is viewed by researchers as the 
main new mental formation (Starchenko & Star-
chenko, 2005).

The key didactics problem is the develop-
ment of  natural scientific thinking during the 
educational process. In our view, the key didactics 
problem is the development of  natural scientific 
thinking during the educational process. When 
learning, students develop a scientific worldview 
and shape their vision of  physical, chemical and 
biological processes. A factor of  thinking deve-
lopment is the education content which determi-
nes the focus of  the educational process. It means 
that the education content is the experience of  
cognitive activity, the ability to act according to a 
model, find unconventional solutions in difficult 
situations, a system of  the person’s norms and at-
titudes towards the world and self. At the stage 
of  pre-university training, natural sciences are of  
practical importance for preparation of  students 
enrolling in medical faculties and starting resi-
dency as they reveal the mechanisms of  interacti-
on between humans and the environment.

Physics and chemistry influence the qua-
lity of  the development of  natural scientific 
thinking. Physics is the building material, while 
biology is the architect and designer. While the 
inductive method of  obtaining knowledge dis-
tinguishes biological education, physical educa-
tion is characterized by the deductive method of  
obtaining knowledge which means learning the 
subject from simple to complicated. The content 
of  biological and physical education is a sym-
biosis of  theoretical and empirical knowledge 
accumulated by the educational process subjects 
because of  their training. The continuity and in-
terconnection of  academic subjects at the stage of  
pre-university training ensures the systematizati-
on of  knowledge at the factual level. Inter-subject 
relations between physics and biology are based 
on studying the influence of  physical phenomena 
on living organisms. This means that the starting 
point is understanding of  physical phenomena as 
biological processes.

Natural scientific thinking based on Suro-
vikina (2005) is thinking that is formed and deve-
loped on the basis of  the dialectical connection of  
structural components of  physical, chemical and 
biological knowledge, characterized by transfor-
mation of  objective reality into all kinds of  mo-
dels (figurative, sign, logical, etc.). Starchenko & 
Starchenko (2005) understand natural scientific 
thinking as the process of  reflecting the objecti-
ve world in judgments, theories, concepts, and 
facts, where the cognitive process is based on the 
idea of  unity of  the material world, rising from 
the abstract to the concrete. It restores dialectical 
interconnections that eliminate contradictions 
between the mental representation and personal 
vision of  the world. In a narrow sense, natural 
scientific thinking means integrative thinking de-
veloped in students as chemical, physical, biolo-
gical thinking as a result of  interconnection bet-
ween subject-specific knowledge and methods of  
activity. 

From the viewpoint of  scientists, natural 
scientific thinking is a construct with the follo-
wing characteristics: a) symbiosis of  figurative, 
abstract, and logical components; b) quantitative 
and qualitative process of  compiling knowledge 
from various subject areas; c) reliance on figura-
tive modeling, mathematical transformation of  
the model and subsequent analysis in the process 
of  logical construction; d) representation of  rea-
lity confirmed empirically; e) mental activity as 
a process of  transforming objective reality into 
figurative reality and changing it to a sign model; 
f) behavior of  the mental activity process in the 
form of  the following chain: sensory and visu-
al perception of  an object-transformation into a 
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thought experiment-transformation of  an object 
into integrity-logical generalization at a qualita-
tively new level.

Das (2014) discusses the need to identify 
the following elements of  scientific thinking de-
velopment: 1) Associative observation of  natural 
elements and matter; 2) Thinking about natural 
growth processes; 3) Finding stages of  natural 
phenomena and processes; 4) Critical thinking 
about the developed scientific theories; 5) Con-
tinuity, regularity, and direction of  thinking: 
clockwise and counterclockwise;vertically up and 
down and from left to right; peripherally toward 
and away from the center; diagonal and transver-
se; linear and circular; from top to bottom and 
vice versa; 6) Searching for clarity against doubt; 
7) Openness and prejudice; 8) Listening and in-
terpreting statements; 9) Finding reasons for any 
event; 10) Finding consequences of  conditions; 
11) Logical operation of  statements; 12) Diver-
gent thinking, on the path of  synthesis, a scientific-
thinking mind controls the waves of  thought and 
often deviates in different directions; 13) Multi-
factorial convergent thinking; 14) Reflective thin-
king; 15) Inductive thinking; 16) Deductive thin-
king; 17) Science content concept; 18) Procedural 
actions as scientific methods.

Scientific thinking develops by influencing 
its components in the process of  educational 
activity. Pedagogical solutions helping teach-
ers understand and overcome students’ learning 
challenges are useful (Kiley, 2019). The concept 
developed by Berulava (1993) is very close to our 
understanding of  natural scientific thinking. Be-
rulava discusses the need to identify four stages 
of  development of  natural scientific thinking. 

The structure of  natural scientific thinking deve-
loped by Berulava is shown in Figure 1. We be-
lieve that natural scientific thinking is a multile-
vel life-long mental formation. The low level of  
the development of  natural scientific thinking is 
based on pre-scientific everyday ideas not related 
to attempts at scientific analysis of  the task con-
ditions. The everyday empirical stage is charac-
terized by an empirical type of  thinking. At this 
stage, students do not have scientific knowledge; 
they rely on pre-scientific ideas about the pheno-
mena that occur in nature or living organisms in 
their logical judgments.

The average level of  development of  natu-
ral scientific thinking is characterized by the fact 
that subjects perform a scientific analysis of  the 
task focusing on the specific conditions of  inte-
raction between material objects. However, they 
are not always able to apply knowledge to real 
conditions. This level corresponds to the scientific 
empirical stage of  thinking development. Having 
reached the moderate level of  thinking develop-
ment, the student has a certain system of  biophy-
sical knowledge. However, students cannot apply 
this knowledge in their mental activity to solve 
tasks from other academic subjects. They cannot 
establish causal relationships between subjects.

The above-average level is characteristic of  
the differential synthetic stage, where educational 
activity subjects can identify causal relationships. 
They can identify intra-subject theoretical genera-
lizations, finding it difficult to do so at the inter-
subject level. Students are well informed about 
the material, are able to analyze the patterns in 
the subject of  study in question, but cannot do 
this at the inter-subject level.

The high level of  thinking development 
is described as the synthetic stage. At this stage, 
students can navigate the interconnections and 
relationships between the material world objects. 
They have a high level of  theoretical generalizati-
on and a high level of  acquired knowledge. They 

Figure 1. Natural Scientific Thinking Structure According to Berulava

can navigate the universal interconnections and 
relationships between material objects, as well as 
carry out inter-subject theoretical generalizations, 
and have a holistic view of  the object of  cogniti-
on.
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Thus, natural scientific thinking is a pro-
cess of  reflecting the world which is spasmodic in 
nature, associated with the accumulation of  quan-
titative changes and qualitative changes reaching 
the threshold value. Natural scientific thinking is 
formed during educational and research activities 
and is integrative in nature. Berulava’s structu-
re of  natural scientific thinking will be studied 
in further research using criteria-focused tests, 
which will help to expand its understanding.

Furthermore, the objectives of  the research 
were: 1) to examine the stages of  the develop-
ment of  natural scientific thinking in the context 
of  the system of  professional training of  foreign 
students in Russian universities at the pre-univer-
sity education stage; 2) to prove that we can over-
come the crisis of  modern education associated 
with the impoverishment of  natural science ideas 
about the natural world by including an integrati-
ve online “biophysics” course in the curriculum; 
3) synergy of  the educational process, integration 
of  physical and biological education contribute to 
the formation of  a competency-based professio-
nal education model for future doctors, agrono-
mists, veterinarians, and pharmacists.

METHODS

This theoretical and experimental research 
focuses on practical challenges of  exploring the 
stages of  development of  natural scientific thin-
king of  foreigners studying at Russian universities 
in an integrating educational environment of  the 
Russian Federation through fundamental stu-
dies. The significance of  the conducted research 
is determined by its practical focus. The control 
and experimental groups were trained under dif-
ferent curricula. The control group followed the 
conventional curriculum. The students studied 
chemistry, physics and biology according to the 
school curriculum of  the Russian Federation. 
The experimental group studied an innovative in-
tegrative online course in biophysics.

The research included several stages. At 
the first stage (from January to June 2019), we 
analyzed the structure and content of  the curricu-
la, the regulations governing the educational pro-
cess for foreign biomedical students at the stage 
of  pre-university training, and psychological and 
pedagogical literature on the study topic. At this 
stage, the research was based on the principles of  
theoretical analysis (Jasso, 1988). Information 
analysis was carried out using the information 
content, information volume and information ca-
pacity criteria. An analysis of  information sour-
ces was used as the main method. The informa-

tion analysis of  sources included the search for 
the original sources of  information along with a 
preliminary review of  their content. The methods 
of  terminological analysis, and context analysis 
were also used.

At the second stage (from May to June 
2019), diagnostic tests were selected to determine 
the degree of  development of  natural scientific 
thinking among foreign students of  preparatory 
departments in the context of  integration into the 
Russian educational environment, and the expert 
group was surveyed. The methodological basis 
for the study consisted of  criterion-oriented tests. 
Criterion-based tests are used to evaluate the final 
level of  learning; to select the students who have 
achieved the required level of  training; to evalu-
ate the training program effectiveness in a parti-
cular educational institution. These tests are very 
common. Thus, in a study by Lasch et al. (2020), 
criterion tests were used to study the quantita-
tive characteristics of  the behavior of  children 
of  early toddler age.  Pechnikov & Pechnikov 
(2015) use criterion-oriented testing of  students 
to implement current pedagogical control based 
on the analysis of  results. The proposed method 
for analyzing test results provides an evaluation 
of  the effectiveness of  training influences imple-
mented in relation to the cognitive objects that 
appear in the corresponding test tasks, as well as 
an evaluation of  the actual manifestation of  the 
learning capacity.

The study of  Shamina (2018) who uses 
criterion-oriented tests to diagnose the developed 
didactic model aimed at the development of  na-
tural scientific thinking is particularly important 
for our research. The content of  diagnostics is 
revealed through a series of  consecutive actions: 
indicative and constructive, organizational and 
corrective, evaluative and effective, as well as ana-
lytical and prognostic. An experimental study by 
Shamina was based on studying the processes of  
natural scientific thinking development in school-
children. High school graduates, i.e., people who 
essentially should have already developed a high 
level of  natural scientific thinking is beyond the 
researcher’s field of  view. Also beyond the scien-
tists’ field of  view are foreign students studying at 
the preparatory departments.

A criterion-oriented test was used as a 
diagnostic tool to assess the development of  na-
tural scientific thinking. One of  the first attempts 
to use criterion-oriented tests to assess the degree 
of  development of  natural scientific thinking 
among pedagogical college students was made by 
Alekseev & Cherednichenko (2012). Criterion-
oriented tests are represented by tasks aimed at 
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assessing the achievements according to specific 
stages on the basis of  which the process is orga-
nized. Grigoryeva (2015) identified the following 
assessment criteria: “space”, “time”, “field”, 
“substance”, “energy”. This study methods were 
based on Shamina’s article “Diagnosing Natural 
Scientific Thinking of  Students in the Context of  
Integration of  Physical and Biological Education 
Content (the Case of  a Veterinary University)” 
(2011).

The TEM-11 test (developed by Starchen-
ko & Starchenko, 2005) was used as the diagnos-
tic tool; it was originally developed to assess the 
level of  development of  thinking of  11th grade 
students of  a natural science school who have 
already mastered the system of  scientific kno-
wledge in biology, chemistry and physics. The 
criteria-focused test involved the monitoring of  
education throughout the training period based 
on three criteria. The first criterion, knowledge 
quality monitoring, is based on the assessment of  
achievement level among foreign students of  fa-
culties of  pre-university training. The assessment 
of  knowledge they gained was treated as a quali-
tative indicator of  natural scientific thinking. The 
second criterion is called the influence of  natural 
scientific education on the stage of  development 
of  natural scientific thinking. Foreign students’ 
natural scientific knowledge is assessed to keep 
up with science developments, the ability to in-
tegrate and systematize physical, biological, che-
mical and humanities knowledge. The third crite-
rion, natural scientific focus of  students, is related 
to students’ attitude to natural scientific cognitive 
activity, recognition of  its necessity, ability to use 
natural scientific knowledge in learning cogniti-
ve and professional activities. Criterion-oriented 
tests are distinguished by the criterion-based ap-
proach to diagnosing the achievements of  the 
student’s personality, as well as recognition of  the 
fact that results are achieved on an individual ba-
sis and the success of  an individual student does 
not depend on achievements of  the others.

The main requirements for tests are reli-
ability and validity. Internal and external validi-
ty are distinguished. Internal validity means that 
the research results are justified depending on 
the criteria for selecting a group, recording expe-
riment data. External validity is associated with 
the transfer of  the obtained results to other refe-
rence groups (Lasch et al., 2020). To meet the-
se requirements, we used the method of  expert 
assessments. There were 2 expert groups. The 
first group consisted of  subject teachers and se-

nior students. They were offered a questionnaire 
that required a detailed answer (judgment). The 
second group consisted of  subject teachers who 
excluded non-scientific (trivial) statements from 
the forms for possible judgments. The qualitative 
approach was used as a scientific toolkit (Faik-
hamta, 2013).

The degree of  difficulty of  tasks is calcula-
ted by the formula:

P  : degree of  difficulty of  the task,
Ns : number of  students who chose the cor-
rect judgment,
N  : total number of  students who complet-
ed the test.
The task difficulty value ranges from 0.3 to 0.7 
(Berulava, 1993).

At the third stage (from September to 
November 2019), we conducted an ascertaining 
experiment. Two groups of  respondents partici-
pated in the ascertaining experiment: the control 
group, 186 students (n = 186) of  the preparatory 
faculty, including residents (n = 17), first-year stu-
dents enrolling in medical (n = 148) and agrarian 
faculties (n = 21), experimental group, 188 stu-
dents (n = 188) of  the preparatory faculty, inclu-
ding residents (n = 21), first-year students enrol-
ling in medical (n = 140) and agrarian faculties 
(n = 27). The training groups had approximately 
the same composition. The homogeneity of  the 
control and experimental groups determined the 
accuracy of  the experiment.

The results were processed using the follo-
wing formula:
If   Ne > Nn, natural scientific thinking is at the 
empirical stage,
If   Ne > 0, natural scientific thinking is at the ev-
eryday empirical stage,
If   Ne = 0, 0.83>K.0.65, natural scientific think-
ing is at the differential synthetic stage,
If   Ne = 0,  Ks ≥0.83, natural scientific thinking is 
at the synthetic stage, where
Ne : number of  everyday judgments,
Nn : number of  subject-specific judgments,
Ks : rate of  solving tasks based on the syn-
thesized solution,

The results of  the ascertaining experiment 
for development of  natural scientific thinking 
among students of  a preparatory department are 
shown in Table 1.
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Table 1. Stages of  Natural Scientific Thinking Development in Control and Experimental Sample 
Groups at the Ascertaining Experiment Stage

Sample 
Group

Natural Scientific Thinking Development Stages

Everyday Empirical Scientific Empirical Differential Synthetic Synthetic

n % n % n % n %

Experimental 
group

53 28.2 % 75 39.9 % 44 23.4 % 16 8.5 %

Control group 58 31.2 % 75 40.3 % 39 21 % 14 7.5 %

The ascertaining experiment materials 
show that natural scientific thinking of  prepara-
tory department students mainly corresponds to 
the empirical stage. Thus, out of  186 respondents 
in the control group, the everyday empirical sta-
ge of  natural scientific thinking is observed in 
31.2 % of  the respondents, scientific empirical in 
40.3 %, differential synthetic in 21 %, synthetic 
in 7.5 %. Among 188 respondents in the experi-
mental group, 28.2 % of  the respondents are at 
the everyday empirical stage and 39.9 % are at 
the scientific empirical stage. Only 8.5 % of  the 
respondents have developed the synthetic stage of  
natural scientific thinking. The differential synt-
hetic stage is observed in 23.4 % of  respondents.

The experiment results show that natural 
scientific thinking among students who have be-
gun to study Biophysics are characterized by a 
low level of  development of  the theoretical type. 
Although the traditional program of  corrective 
courses in Physics and Biology taught to foreig-
ners at the preparatory department starting from 
the 5th week of  study implies that the students 
have already mastered the system of  scientific 
knowledge, and their thinking is at or approa-
ching the differential synthetic stage.

At the third stage (from October 2019 to 
May 2020), we conducted an educational expe-
riment. At this stage, we analyzed the impact of  
the contents of  an integrative online course in 
biophysical education on development of  natu-
ral scientific thinking of  foreign students at the 
stage of  pre-university training. The students 
who took part in the experiment were relatively 
homogeneous. The initial hypothesis of  the expe-
riment was that the innovative biophysics online 
course contributes to the development of  natural 
scientific thinking in foreign students of  pre-uni-
versity courses in the context of  integration into 
the Russian educational environment. A distin-
ctive feature of  this course is the study of  physi-
cal phenomena and processes, as well as physical 
and chemical mechanisms underlying biological 
processes that occur at various levels of  organiza-
tion of  living matter.

The educational experiment involved trai-
ning the experimental group on the innovative 
course in biophysics required for medical stu-
dents, pharmacists, veterinarians, agronomists, 
etc. Foreign students study biophysics via online 
classes, as well as distance lectures and practical 
materials. Unlike the physics and biology courses 
taught at preparatory departments, the innovative 
course is propaedeutic, integrating with physics, 
biology courses and subsequent academic discip-
lines.

The online course in biophysics consists 
of  an invariable and a variable part. Let us con-
sider the main modules of  practical training of  
foreign students of  the preparatory departments.
Membrane biophysics: elementary living system, 
barrier, matrix, mechanical, energetic, receptor 
and generative functions of  biological membra-
nes, biological membranes, electrical parame-
ters of  biological membranes, freeze-fracture-et-
ching method, fluid mosaic model of  biological 
membrane structure, phospholipid molecules in 
membranes, membrane mobility and dynamics, 
fluorescence analysis, electron paramagnetic re-
sonance, nuclear magnetic resonance, flip-flop, li-
pid phase transitions in membranes, lipid bilayer 
membranes, single-layer liposome structure, pla-
nar bilayer lipid membrane, passive transport of  
substances across the membrane, active transport 
of  substances, Ussing’s experiment, membrane 
stability and permeability, membrane potential, 
and resting potential.

Cell and organ biophysics: single equi-
valent generator model, fundamental physical 
principles of  electrocardiography, vector electro-
cardiography, electroencephalography, autowave 
processes, autowaves in organs and tissues, free 
oscillation, forced oscillation and self-oscillation, 
active medium, autowaves in homogeneous me-
dia, excitation, “refractory” tail and rest as the 
basic states of  cells in an active medium, proper-
ties of  reverberators, muscle activity, muscle cell, 
sliding filament model, muscle biomechanics, 
Hill’s equation, single contraction power, muscle 
contraction modeling, and electromechanical 



553
O. Fisenko, V. Nikitina, T. Satina / JPII 10 (4) (2021) 544-559

coupling. Biophysical processes: modeling of  
biophysical processes, modeling stages, physical 
model, biological model, mathematical model, 
natural population growth model (Malthusian 
model), population dynamics model with intra-
specific competition (Verhulst model), predator-
prey model (Volterra model), pharmacokinetic 
model, biophysics of  the circulatory system, fluid 
viscosity (internal friction), non-Newtonian fluid, 
hemodynamics, pressure, linear velocity, hydrau-
lic resistance, linear velocity of  blood flow, mean 
pressure distribution, biophysical functions of  
cardiovascular system elements, kinetics of  blood 
flow in elastic vessels, pulse wave, Funk model, 
blood flow dynamics in capillaries, filtration and 
reabsorption processes, specific aspects of  blood 
flow during local vasoconstriction, resistive mod-
el, biological cybernetics, principle of  automatic 

regulation in living systems, and information 
flows in living systems.

Biosphere and physical fields: matter and 
field as components of  a single material world, 
natural sources of  electromagnetic radiation, in-
teraction between electromagnetic radiation and 
matter, types and properties of  radioactive radia-
tion, ionizing radiation, the natural background 
radiation of  the Earth, and electromagnetic and 
radioactive radiation in medicine. Physical fields 
of  the human body: sources of  physical fields, 
electromagnetic fields, acoustic fields, infrared 
radiation, mechanisms of  temperature change in 
the human body, optical radiation of  the human 
body, and acoustic fields of  a human.

At the fourth stage (the second semester of  
the 2019/2020 academic year), we conducted an 
ascertaining experiment (Table 2).

Table 2. Stages of  Natural Scientific Thinking Development in Control and Experimental Sample 
Groups at the Ascertaining Experiment Stage

Sample Group

Natural Scientific Thinking Development Stages

Everyday Empirical Scientific Empirical Differential Synthetic Synthetic

n % n % n % n %

Experimental 
group (n = 188)

21 11.2 % 31 16.5 % 84 44.7 % 52 27.6 %

Control group 
(n = 186)

56 30.1 % 61 32.8 % 50 26.9 % 19 10.2 %

After studying each module, a control secti-
on was made. Each module (“membrane biophy-
sics”, “cell and organ biophysics”, “biophysical 
processes”, “biosphere and physical fields”, 
“physical fields of  the human body”) requires ac-
quisition of  a certain set of  knowledge. We assess 
the development of  natural scientific thinking 
based on the problem-solving skills foreign stu-
dents have. The compiled problems do not requi-
re complex calculations, since they make foreign 
students appeal to the knowledge they acquired 
during the education process. The tasks are based 
on inter-subject generalizations, some kind of  
synthesis of  physical, biological and other know-
ledge and are of  formalized nature, since they in-
clude a set of  formalized judgments from which 
students need to choose the correct answer. 

RESULTS AND DISCUSSION

Foreigners enrolled at faculties of  pre-uni-
versity training of  Russian biological universities 
differ in their level of  natural scientific thinking. 
However, it is natural-scientific thinking that pre-

determines the foreigners’ achievements in dis-
ciplines, attitude to natural scientific cognitive 
activities, etc. Traditional training programs for 
foreign students at the pre-university stage clear-
ly contribute to increasing the level of  develop-
ment of  natural scientific thinking. However, the 
analysis of  syllabi and curricula of  faculties of  
pre-university training showed that the existing 
system of  training of  foreigners at faculties of  
pre-university training is focused on improving 
knowledge of  chemistry, physics, and biology. Its 
obvious disadvantage is the lack of  interdiscipli-
nary knowledge integration. Knowledge gained 
is often superficial. Students barely have generali-
zed universal knowledge about the essence of  the 
world around them. That is, despite knowledge 
generation, natural scientific thinking is still at the 
common empirical and scientific empirical stages 
(Fig. 2). The formative experiment findings show 
that including the academic subject “biophysics” 
in the educational process at the pre-university 
training stage accelerates the pace of  natural de-
velopment of  scientific thinking.
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Figure 2. Results of  Natural Scientific Thinking Development Assessment in Respondents Depend-
ing on Their Training Profile at the Ascertaining and Control Experiment Stages

The control experiment results demonstra-
te progress in the experimental group. It should 
be noted that, when foreign students begin to stu-
dy an academic subject, have subject-specific kno-
wledge, but they are not systematized. As they 
study the online course in biophysics, the number 
of  foreign students with the scientific empirical 
stage of  natural scientific thinking increases. The 
number of  respondents at the everyday empirical 
(11.2 %) and scientific empirical (32.8 %) stages 
has decreased significantly. The number of  res-
pondents with the differential synthetic (44.7 %) 
and synthetic (27.6 %) stages of  natural scientific 
thinking development increased. Progress in the 

control group was insignificant: 30.1 % of  the 
respondents had the everyday empirical stage, 
32.8 % had the scientific empirical stage, 19 % 
had the differential synthetic stage, 10.2 % had 
the synthetic stage.

The degree of  natural scientific thinking 
development was further evaluated on the basis 
of  the identified profile groups (Figure 3). The 
most important condition for development of  na-
tural scientific thinking is an integrated course in 
biophysics containing a high cognitive and con-
tent potential. However, the extent to which the 
biophysics course affects students depends on the 
level of  their initial training.

Figure 3. Results of  Natural Scientific Thinking Development Assessment in Respondent Groups at 
the Ascertaining and Control Experiment Stages
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A comparative analysis of  the ascertaining 
and control experiment results showed that resi-
dents, as they have already passed professional 
training, have a higher level of  development of  
natural scientific thinking. All residents have na-
tural scientific thinking at the stage of  synthetic 
thinking, meaning that they have theoretical ge-
neralization and synthesis skills. Having comp-
leted the course in biophysics, foreign students 
enrolling to the first year of  a medical faculty 
demonstrate noticeable progress in the level of  
natural scientific thinking development. The 
number of  foreign students who have the empi-
rical stage of  the natural scientific thinking deve-
lopment decreased. The number of  students with 
the differential synthetic (52.9 %) and synthetic 
(22.2 %) stages increased.

Moreover, progress is observed in the 
group of  foreign students enrolling in an agrari-
an faculty. Before the experiment, the empirical 
stage of  natural scientific thinking development 
prevailed among the students, whereas the dif-
ferential synthetic and synthetic stages prevai-
led after. Further analysis was conducted for the 
“membrane biophysics”, “cell and organ biophy-
sics”, “biophysical processes”, “biosphere and 
physical fields”, “physical fields of  the human 
body” modules. Here we established that the qua-
lity of  development of  natural scientific thinking 

depends on the extent of  intra-subject synthesis 
implemented during the educational process via 
scientifically developed modules and courses. 
The modular integrative course in biophysics at 
the pre-university training stage contributes to the 
development of  theoretical thinking in foreigners.

A certain percentage of  the planned volu-
me of  retention of  the required material was used 
as the assessment criteria. After completing each 
module, foreign students wrote a control test on 
the basis of  which we evaluated the degree of  de-
velopment of  natural scientific thinking. A com-
parative analysis of  these results of  the TEM-11 
ascertaining experiment in the control and expe-
rimental groups of  residents shows that residents 
of  both groups have a high level of  development 
of  natural scientific thinking (Table 3). This is 
explained by the fact that the knowledge they ac-
quired previously contributes to the professional 
growth of  residents and facilitates the process of  
forming professional competence.

As for students receiving language and sub-
ject training at preparatory departments of  Rus-
sian universities for admission to residency, we 
initially assumed that they should already have 
a high level of  natural scientific thinking. The 
experimental data confirmed our assumptions. 
Initially, residents have levels 3 and 4 of  natural 
scientific thinking development.

Table 3. Comparative Analysis of  the TEM-11 Control and Ascertaining Experiment Results in the 
Experimental Group of  Residents

Test (Modules)

Natural Scientific Thinking Development Stages

Everyday Empirical Scientific Empirical Differential Synthetic Synthetic
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Membrane 
biophysics

– – – – 7 % 3 % 21 % 19 %

Cell and organ 
biophysics

– – – – 3 % 3.3 % 15 % 17.5 %

Biophysical 
processes

– – – – 4 % 3 % 12 % 11.7 %

Biosphere and 
physical fields

– – – – 8 % 3 % 18 % 18 %

Physical fields 
of  the human 
body

– – – – 2 % 2 % 10 % 19.5 %

The level of  natural scientific thinking de-
velopment among residents is at a fairly high le-
vel and corresponds to levels 3 and 4 of  scientific 
thinking development. Studying the integrative 
course in biophysics has not changed the indi-

cators significantly. This allows us to conclude 
that it is not reasonable to include the biophysics 
integrative course in the curriculum of  residents 
studying at the preparatory courses. 
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In the case of  foreign students studying at 
the preparatory departments of  Russian universi-
ties in order to enroll in the main courses of  medi-
cal (Table 4) or agricultural faculties (Table 5), we 
are talking about people with secondary educati-
on or non-major higher education. Their low le-
vel of  development of  natural scientific thinking 

is associated with a low level of  formation of  the 
cognitive potential of  the students. They have 
poorly developed skills of  systematizing the kno-
wledge they gained while studying physics, che-
mistry and biology at the previous school stage 
of  education, which are the basis for the natural 
scientific thinking development.

Table 4. Comparative Analysis of  the TEM-11 Control and Ascertaining Experiment Results in the 
Experimental Group of  Medical Faculty Students

Test (Modules)

Natural Scientific Thinking Development Stages

Everyday Empirical Scientific Empirical Differential Synthetic Synthetic

A
as

ce
rt

ai
ni

ng
E

xp
er

im
en

t

C
co

nt
ro

l 
E

xp
er

im
en

t

A
as

ce
rt

ai
ni

ng
ex

pe
ri

m
en

t

C
co

nt
ro

l 
E

xp
er

im
en

t

A
as

ce
rt

ai
ni

ng
ex

pe
ri

m
en

t

C
co

nt
ro

l 
E

xp
er

im
en

t

A
as

ce
rt

ai
ni

ng
ex

pe
ri

m
en

t

C
co

nt
ro

l 
E

xp
er

im
en

t

Membrane bio-
physics

6 % 3.3 % 7 % 3 % 7 % 10.6 % – 6.7 %

Cell and organ 
biophysics

4 % 0.7 % 6 % 2.1 % 4 % 11.3 % – 3.3 %

Biophysical pro-
cesses

10 % 3.3 % 7 % 2.6 % 3 % 12.5 % – 0.7 %

Biosphere and 
physical fields

6 % 2.7 % 12 % 4 % 5 % 12.5 % – 5.1 %

Physical fields of  
the human body

5.3 % 2.1 % 11.7 % 3.3 % 6 % 6 % – 4.2 %

The results of  the ascertaining and control 
experiments show that the integrative course in 
biophysics contributes to development of  diffe-
rential synthetic and synthetic levels of  thinking.
While foreign students studying at a preparatory 
department of  the medical profile initially failed 
to demonstrate a synthetic level of  natural scienti-
fic thinking development, after completing all the 
modules of  the biophysics course, the synthetic 

level was observed. The highest percentage of  
6.7% was obtained for the “membrane biophy-
sics” module. It is followed by the “biosphere and 
physical fields” module at 5.1%, “physical fields 
of  the human body” at 4.2%, “cell and organ 
biophysics” at 3.3%, “biophysical processes” at 
0.7%. Similar data were recorded in the group of  
foreign students of  an agrarian profile (Table 5).

Table 5. Comparative Analysis of  the TEM-11 Control and Ascertaining Experiment Results in the 
Experimental Group of  Agrarian Faculty Students

Test (Modules)

Natural Scientific Thinking Development Stages

Everyday Empirical Scientific Empirical Differential Synthetic Synthetic
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Membrane bio-
physics

8 % 4.9 % 16 % 8.6 % 2 % 6.5 % – 8.7 %

Cell and organ 
biophysics

7 % 3.3 % 8 % 6 % 4 % 5.3 % – 4.2 %

Biophysical pro-
cesses

6 % 3.3 % 8 % 8.5 % 2 % 6.9 % – 5.3 %

Biosphere and 
physical fields

6.3 % 2.1 % 7 % 6.4 % 3.8 % 4.2 % – 0.7 %

Physical fields of  
the human body

6 % 1.3 % 12.9 % 7.5 % 3 % 3 % – 3.3 %
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The data obtained show that future agrari-
ans also demonstrated major changes while stu-
dying the integrative course. The IV (synthetic) 
level of  scientific thinking has developed. The 
highest percentage of  8.7% was obtained for the 
“membrane biophysics” module. It is followed 
by the “biophysical processes” module at 5.3%, 
“cell and organ biophysics” at 4.2%, “physical 
fields of  the human body” at 3.3%, “biosphere 
and physical fields” at 0.7%. To sum up the abo-
ve, the conducted comparative analysis showed 
that foreign students enrolling in medical and 
agricultural faculties show qualitative and quan-
titative changes in the stages of  natural scientific 
thinking development while studying the online 
course in biophysics. Before starting the biophy-
sics course, the overwhelming majority of  foreign 
students enrolling in medical and agrarian facul-
ties have formed an everyday empirical, scientific 
empirical stage. This indicates that foreign stu-
dents have certain subject knowledge, are in the 
process of  accumulating it, but they do not have 
inter-subject generalization skills. The differential 
synthetic stage of  natural scientific thinking in fo-
reign students enrolling in medical and agrarian 
faculties has developed partially, while the synt-
hetic stage has not developed. While studying the 
“membrane biophysics”, “cell and organ biophy-
sics”, “biophysical processes”, “biosphere and 
physical fields”, “physical fields of  the human 
body” modules, foreign students undergo signifi-
cant changes in the levels of  development of  their 
natural scientific thinking.

Qualitative changes associated with deve-
lopment of  the synthetic stage of  natural scienti-
fic thinking confirm the hypothesis that the inclu-
sion of  the biophysics integration course in the 
curricula of  the preparatory department forms 
the skills of  establishing inter-subject connections 
in foreign students. Thus, studying the biophysics 
course reveals specific aspects of  interaction bet-
ween the individual and the environment, which 
provides the basis for development of  professio-
nal thinking in the future. Accordingly, we can 
speak of  the applied nature of  natural scientific 
thinking ensuring the integration of  Russian edu-
cation into the common European environment.

CONCLUSION

The experiment findings show that the 
cycle of  natural scientific disciplines has a gre-
at influence on the natural scientific thinking of  
foreigners studying at faculties of  pre-university 
training of  Russian universities. Physics, che-
mistry and biology are integral components of  

biomedical training of  foreigners. However, in 
spite of  the labor- and energy-intensive nature 
of  these courses, the post-raining level of  deve-
lopment of  natural thinking in most foreigners 
remains rather low and corresponds to the empi-
rical type of  thinking. The formative experiment 
in the experimental group as well as the ascertai-
ning experiments in the control and experimental 
groups show that the Biophysics integrative on-
line course contributes to improving the quality 
of  natural scientific education and, consequently, 
switching natural scientific thinking to the theore-
tical type. When studying the Biophysics integra-
tive online course, foreign students generate uni-
versal knowledge and scientific forms of  thinking, 
which provide the best possible conditions for 
the integration of  foreign students into the new 
educational environment. The experimental data 
suggest that the experimental groups of  future 
medical and agricultural students studying under 
the innovative curriculum have strong dynamics 
of  natural scientific thinking evolving to the synt-
hetic differential stage. The dynamics of  natural 
scientific thinking evolving to the synthetic stage 
as the top level of  development of  natural scien-
tific thinking, which will be further enhanced in 
basic courses of  universities, is also evident. Fo-
reign medical residents show slow improvements 
in forming the synthetic type of  thinking. They 
have already completed their specialist programs 
and have the necessary level of  natural scientific 
thinking.
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