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One of the main problems of the modern higher education system in the Russian Federation (RF) is underrepresen-
tation of knowledge in the educational process as a factor that determines not only the content of thinking but also the 
personality content. Hence, it updates the issue of providing pedagogical conditions for the development of students’ 
ability to refl ect, which causes quality changes in the self-awareness structure. Through expansion, its cognitive 
components ensure positive developments in self-formation of future specialists and their self-adjustment. Based on 
a literary review, the article analyzes and substantiates the refl ection concept content. By means of interviewing, the 
level of the refl ective competence in students in the process of solving problems was analyzed through the exam-
ple of mechanic engineering students of Russian universities. Based on multidimensional factor analysis, structural 
(constructive and situational-destructive) factors of students’ refl ection in the educational process were identifi ed. 
Student clusters were formed and substantiated by the growth rates of refl ective competence factors. The optimal 
development level of the situational-destructive factor in student refl ection in the process of solving problems was 
determined. Education technologies for developing refl ective competence in students were elaborated. Parameters 
of pedagogical refl ection development in the educational process were substantiated. A pedagogical experiment was 
conducted to assess the effectiveness of the proposed pedagogical conditions for the formation and development of 
refl ective competence in students in the Russian universities under study. The research of the problem of refl ection 
development in students in the higher education system of the Russian Federation makes a certain contribution to 
pedagogical science and teaching practice and opens up new opportunities for the student educational process.
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INTRODUCTION

The strategic goal of the modern higher education sys-
tem in Russia is the formation of a personality capable 
of creative thinking and independent action [1]. Conse-
quently, it requires a focused effort of a teacher on the 
development of refl ection in students as a necessary 
element of active educational and cognitive work. The 
development of refl ective skills helps to match the actual 
knowledge acquired in the higher education system with 
practical implementation [2]. The importance of interdis-
ciplinary research and interdisciplinary education has 
increased being focused not so much on formal qualifi -
cations as on obtaining modern key competences as the 
ability to make decisions in a dynamic environment, the 
ability not so much to reproduce academic knowledge 
as to create new knowledge through thinking and com-
munication and to act in accordance therewith. Obvious-
ly, the development of refl ective thinking in students as 
the intellectual potential of any country is a priority of the 
higher education system of the Russian Federation in 
the modern context [3]. The federal state higher educa-
tion standards, bachelor, specialist, and master degree 
programs as well as preparation of highly trained per-
sonnel provide for the application of innovative training 
session forms to ensure the implementation of educa-
tional activity in universities [4]. Meanwhile, the practical 

development and introduction of professional education-
al technologies that determine the development of re-
fl ective skills in students in the educational environment 
of Russian universities have not been suffi cient [3]. The 
result of the ongoing reforms aimed at the higher edu-
cation modernization has been insignifi cant because of 
incompleteness of the changes made [5]. The current sit-
uation is contingent on a number of factors. First, refl ec-
tive activity pedagogy seems to be a relatively new and 
insuffi ciently developed academic discipline [3]. Second, 
the majority of teaching staff in Russian universities do 
not possess refl ective activity technologies for working 
with students [6, 7]. Third, the infl uence of a destructive 
psychological factor associated with teachers’ opinion of 
on no need to intentionally develop refl ective abilities, 
competencies, and culture in broader terms in future pro-
fessionals [7]. They attribute it by these skills manifesting 
directly in the graduation process or as a secondary ed-
ucational effect or as a result of professional (quasi-pro-
fessional) experience accumulation. Such an approach 
poses professional training risks in the educational sys-
tem resulting in graduates not meeting the needs of the 
current volatile market conditions. In this regard, the 
purpose of the research was to elaborate conceptual 
recommendations on a pedagogical groundwork for the 
development of refl ective competence in students in the 
process of solving problems through the example of en-
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gineering specialty in Russian universities. In the course 
of the research, the following scientifi c search problems 
were solved: the formedness level of the refl ective com-
petence in solving problems in higher educational insti-
tutions of the Russian Federation was analyzed and its 
basic dynamic characteristics were determined; students 
were clustered according to the growth rates of refl ec-
tive competence factors; educational technologies were 
elaborated for proportional development of constructive 
and situational-destructive factors of students’ refl ection; 
areas for raising the level of professional refl ection in a 
teacher as a fundamental factor of pedagogical condi-
tions for the development of refl ection in students were 
substantiated.

MATERIALS AND METHODS

The study of Russian students’ refl ection in solving prob-
lems is based on the use of such scientifi c cognition 
methods a interviewing; factorial, cluster, correlation re-
gression analysis; a pedagogical experiment.
Interviewing is a method for investigating phenomena 
used in this article to diagnose the level of students’ re-
fl ection in solving problems. The interviewing was con-
ducted in the form of a questionnaire in person among 
mechanic engineering students of the Bauman Moscow 
State Technical University, the Gubkin Russian State 
University of Oil and Gas, the Moscow Automobile and 
Road Construction State Technical University in order to 
identify the development of refl ective abilities.
The suffi ciency of the interviewing sample was assessed 
according to the equation [8]: 

(1)

where s is the minimum size of selection suffi cient to en-
sure representativeness of the interviewing results;
Z(p) is a normalized deviation. An acceptable confi dence 
level whereby interviewing results are representative 
and statistically signifi cant is 90%. At this confi dence lev-
el, the standard deviation is 1.65;

p is a probability belief;
v is a sample variation;
e is an acceptable error level.

Variability of the student refl ection level testing results 
was estimated by the following formula [9]:

(2)

where v is the coeffi cient of variation of test results;
 Ϭ is the standard deviation of test results;
  is the arithmetic mean of test results.

When v ≤ 10%, the test results are poorly variable; when 
10 < v ≤ 20%, the results are moderately variable; when   
v > 20%, the results are highly variable.

The boundaries of students’ refl ection levels are defi ned 
by Fibonacci scale [10]:

(3)

where smin is the minimum possible score;
smax is the maximum possible score.

A low level of refl ection corresponds to a range of scores 
[ smin; s1], the medium one is (s1; s2], the high one is (s2; 
smax].
To analyze the structure of student refl ectivity, the meth-
od of multidimensional factor analysis was used. The 
composition of factors is determined based on factor 
loadings. The factor loadings > |0.7| are statistically sig-
nifi cant for assigning a variable to the factor composition 
[11].
The values of factor loadings are calculated by equation 
(4) based on the principle of minimizing deviations of the 
covariance matrix obtained after estimating factor load-
ings of the covariance matrix of initial indications [11].

Zi=a1*F1+a2*F2+...+ai*Fi+ε

where Zi  is the standardized value of an indicator;
  ai is factor loadings;
  Fi is factor values;
  ε is model residuals.
The clustering method is used to group students by the 
growth rate of the development of refl ective competence 
in solving problems. Out of the cluster analysis varieties, 
Kohonen neural networks were used to make to improve 
the clustering accuracy based on a combination of lin-
ear and nonlinear relationships. Clustering is based on 
a minimization criterion of Euclidean distances between 
the objects of one cluster [12]:
where dij  is the distance between the i-th and j-th objects 

(4)

(5)

of the cluster;
  xik is the value of the k-th index of the i-th object;
  xjk is the value of the k-th index of the j-th object.
To assess the constraint force between the students’ 
refl ection index movement and their academic perfor-
mance, a pair correlation coeffi cient (Equation 6) was 
used [13]:
where rxy  is the correlation coeffi cient between the 

(6)

growth rates of students’ refl ectivity index and their aca-
demic performance;
  xi is the value of growth rates of students’ refl ectivity index;
 yi is the value of students’ academic performance indica-
tor expressed on a scale from 1 to 100;
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,  are the average values for the survey period of the 
growth rates of students’ refl ectivity index and academic 
performance, respectively;
m is the number of periods.
The value of the correlation coeffi cient |0.1| – |0.3| stands 
for a weak constraint force; |0.3| – |0.5| moderate; |0.5| 
– |0.7| – noticeable; |0.7| – |0.9| – high; |0.9| – |1| – very 
high.
A further stage of the study was to establish the character 
of the dependence of students’ academic performance 
on the development level of the situational-destructive 
refl ection factor that can have a positive and negative 
impact on academic performance. For this purpose, cor-
relation regression analysis was used, its model having 
the following form [14]:

Y=b0+b1*x
a1+b2*x

a2+...+bn*x
an

where Y is the academic performance level of students, 
expressed on a scale from 1 to 100;
 x is the development level of the situational-destructive 
factor in terms of scores;
 bo is an intercept term;
 b1,..,n are the independent variable coeffi cients;
 a1,...,n are polynomial degrees.
The regression model parameters (bo, b1,..,n, a1,...,n) are es-
timated by the least square method. Its summary is a se-
lection of model parameters whereby the sum of squares 
of deviations of the actual values of a dependent variable 
from the predicted ones is minimized [14]:

(8)

where Yi  is the actual value of the dependent variable in 
the i-th period;

 is the predicted value of the dependent variable in the 
i-th period;
To assess the effectiveness of assignments proposed 
in the work to improve the level of students’ refl ection, 
a pedagogical experiment was used. The experiment 
involved formation of a control and experimental group 
of students. The effectiveness is assessed through a 
comparison of the level of refl ection in the experimental 
group students trained according to the proposed meth-
od of refl ection development and the control group where 
assignments and trainings to improve the refl ection level 
were not used.
The statistical signifi cance of a pedagogical experiment, 
that is, the signifi cance of differences in the level of re-
fl ection development in the control and experimental 
group students is estimated by Student’s t-test calculat-
ed according to the following formula [9]:

(9)

where M1 is the average score that describes the refl ec-
tion level in the experimental group students;

M2 is the average score that describes the refl ection level 
in the control group students;
m1  is the mean experimental group error;
m2 is the mean control group error.
A hypothesis of statistical signifi cance of the pedagogical 
experiment results is validated if the calculated value of 
the Student’s t-test (Equation 9) exceeds the tabulated 
value [9].

LITERATURE REVIEW

The defi nition of refl ection has become quite widespread 
in the pedagogical discourse. In addition, modern psy-
chological, philosophical, and sociological theories, as 
well as theories of social communication, public admin-
istration, management, etc., whereby the refl ection con-
cept is also widely used, infl uence pedagogical concep-
tualization of refl ection to a signifi cant extent [2, 15, 16]. 
In 1999 R. Holland made an attempt to unite approaches 
to the essence of refl ection as one type of personal re-
fl ection in various concepts of the humanities [3]. Based 
on integrated approach, the scientist distinguished four 
refl ection types. What he refers to as the fi rst type is 
refl ection as a phenomenon limited to only one area of 
scholarly knowledge studied within the following con-
cepts: refl ective sociology and refl ective prediction, the 
theory of personality constructs, and Mead’s concept 
[17]. The second approach considers refl ection as be-
ing integrated with other concepts from the standpoint 
of comparing approaches or as an eclectic integration 
without an in-depth analysis of the theoretical approach-
es: a descriptive theory and Morgan’s concept [18]. The 
understanding of refl ection considered in psychoanalyt-
ic concepts and social psychotherapy approaches as 
a process of self-cognition that allows an individual to 
develop understanding of their own actions is referred 
by R. Holland to the third type of refl ection [3]. The last, 
fourth type of refl ection was formulated by R. Holland 
as a human ability allowing an individual to understand 
and foresee the boundaries of their existence, whereby 
social units are formed [3].
A signifi cant contribution to the study of refl ection as a 
feature of an individual psychological reality has been 
made by G.P. Shchedrovitsky who views refl ection as a 
process of forming relations and interpersonal commu-
nications between individuals by means of a refl ective 
transcendence based on fi ve stages: stopping, fi xing, 
objectifying, discussing, and symbolizing [19]. Refl ective 
activity of a person occurs when they regard their activi-
ties as wrong. At the same time, while being motivated to 
obtain a desired result in the future, the individual begins 
to analyze meaningfully how to act differently to achieve 
the goal [2]. As a thinking process, refl ection has also 
been considered by such scientists as S. Atkins and K. 
Murphy. The scientists identifi ed three refl ective process 
components: awareness, critical analysis, and a new 
perspective of a situation [20].
One of the most famous modern refl ection concepts is 
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the concept of a refl ective practitioner, American philoso-
pher and teacher Donald Sean, that is extensively used 
by the world educational community [21], especially in 
the fi eld of professional training for such specialists as 
teachers, physicians, community development work-
ers, etc. [16, 20]. The concept results provided an un-
derstanding of the problem of nature of refl ection and 
the educational process organization, since the scholar 
substantiated differences between refl ection in action 
and refl ection on an action. Thus, refl ection on an action 
arises in a person after a certain outcome of events with 
the aim to form new hypotheses for the problem solution. 
Yet, refl ection can also arise in the process of a person 
thinking and understanding what they are doing at the 
time when they are doing it [22].
The scientifi c results of D. Sean laid the groundwork for 
the studies of J. Scanlan and W. Chernomas describ-
ing several stages of the refl ection development in the 
process of training nurses: self-awareness, description, 
critical analysis, synthesis, evaluation, and perspective 
[23]. It is the fi nal stage of refl ection that testifi es to its 
interpretation as individual aptitude of a person to real-
ize a situation, which causes future effective, cognitive, 
and behavioral changes. This theory also refl ected in the 
works of Yu. N. Kulyutkin, who has studied refl ection in 
the personality self-regulation structure [23].
Later concepts considered refl ection in the structure of 
general human abilities as a fl uid and adaptive process 
of the psychic system self-transcendence arising at the 
recursive consciousness level (R. Zelazo [24], A.V. Kar-
pov [25] and I. M. Skityaeva [26]).
These concepts represent a certain aspect of refl ection 
or its manifestation patterns, considering it as part of the 
cogitativity process or as thinking. Meanwhile, however, 
it should be noted that in the case of attributing refl ec-
tion to the process of thinking and cogitativity, it can be 
stated that refl ection is aware of the mental content and 
refl ects the entire thought content. This means that re-
fl ection is placed on the supersystem level in relation to 
the human consciousness and thinking. Only by under-
standing refl ection as a person’s ability to consciousness 
and thinking can one assert that there is a certain com-
ponent within the psychological system of an individual 
that contributes to a peculiar system operation. The form 
of self-awareness and thinking depends on the features 
of refl ection, that is, on an individual’s practical attitude 
to themselves and to their living environment. In other 
words, the form of reasoning and cognition is the result 
of the functioning or development of a certain refl ection 
type (comparing, considering, transcending or defi ning). 
This approach to understanding the refl ection essence 
is supported by the research of I.Ya. Berland, who ar-
gues that refl ection is not absorbed from culture, where-
as ways of human actions transmit through communi-
cation with other people [27]. Also, I.S. Kon in his works 
elaborated on the social nature of refl ectivity in relation 
to individual self-knowledge in concrete terms [28]. It is 
functional and refl ective components of self-awareness 

that contribute to a change in self-knowledge (J. Schnei-
der) [29].
Thus, within the framework of this research, refl ection is 
understood to mean an individual’s ability to rethink the 
content of personal self-awareness in a problem-confl ict 
situation in order to ensure a comprehensive identity.
The importance of personal refl ection in students in the 
higher education system should be noted, contributing 
not only to comprehending the integrity of a situation 
and all the implementation conditions, but also to com-
paring their own capabilities by irradiating knowledge 
about themselves without resorting to the trial and error 
method. However, the authors emphasize the insuffi cient 
degree of conceptual development of this phenomenon 
from the perspective of providing pedagogical conditions 
for the refl ection development in the educational pro-
cess.

RESULTS

Refl ection as a component of an active semantic cen-
ter of a personality helps to establish a link between the 
cognitive and emotional spheres in a personality, to unite 
the object-transforming activity with its universal target 
criteria (values-based attitude). Formed by the time of 
admission to university, students’ refl ective abilities are 
underdeveloped, and special knowledge acquired by 
students does not serve as a way to update the activi-
ty-based attitude to the world, to people, and to them-
selves as a whole.
Formation and development of the refl ective competence 
in students suggests that the knowledge acquired by stu-
dents in the process of university studies constitutes the 
basis for explaining and understanding its meaning as 
an event in the activity experience continuum [6]. This 
becomes a reality if the development of refl ection in stu-
dents does not only contribute to their self-conception in 
conjunction with the outside world and other people, but 
also provides a link between understanding the meaning 
of a text (a sign) and self-conception.
The current educational process in the system of high-
er education in Russia is not focused on the refl ection 
development, since there is a signifi cant separation of 
theoretical instruction from practical training with no con-
nection between the intellectual and emotional spheres. 
The educational process neutralizes the approach of 
multivariate, dialectical logic and divergent thinking and 
is primarily based on the principles of formal logic and 
the development of convergent thinking in students. To 
confi rm the research fi ndings through interviewing of 
engineering students, the level of refl ective competence 
formedness in students in terms of solving problems in 
Russian universities was determined.
The list of interviewing questions for assessing the level 
of students’ refl ection in solving problems was formed 
according to O.S. Anisimov’s methodology for determin
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ing the refl ection thinking [30] and A.V. Karpov’s meth-
odology for determining the level of personality refl ection 
development [25].
It was suggested that the level of student refl ection in 
solving problems should be assessed according to the 
following statements (interviewing questions), whereby 
the students were asked to give their estimates in the 
range from 0 to 5, where 0 stands for a complete nega-
tion of a statement, and 5 means an unconditional con-
sent:
1. Performing any work requires mental planning (No. 

1).
2. In the process of solving a problem, I weigh all the 

pros and cons (No. 2).
3. Before starting work, I think about its ramifi cations 

(No. 3).
4. I model the process of accomplishing a task in detail, 

considering alternate solutions (No. 4).
5. Having solved a problem, I need to discuss it (No. 5).
6. I often regret the results obtained when performing 

a task (No. 6).
7. I always have clear guidelines that allow me to con-

trol the process of accomplishing a task (No. 7).
8. I need a lot of time and energy to understand what I 

want (No. 8).
9. After solving a problem, it takes me a long time to 

question the decision (No. 9).
10. Having made a mistake, I fi nd it hard to switch to 

another task (No. 10).
11. Preparing to solve a diffi cult problem, I think about its 

solution even when I am engaged in other activities 
(No. 11).

12. While doing any work, I clearly see the tasks set for 
myself (No. 12).

13. It is hard for me to make an important decision (No. 
13).

14. I always deliberate and analyze the reasons for my 
failures (No.14).

15. I always fi nd the reasons for my failures (No. 15).
16. I always blame myself for failures in solving group 

problems (No.16).
17. All my decisions are calculated and carefully weighed 

(No.17).
A research to measure the level of refl ection in students 
was conducted in groups of the fi rst to fourth year me-
chanic engineering students majoring in “Machine-Build-
ing Technologies” at the Bauman Moscow State Tech-
nical University (Bauman MSTU), in “Mechanical 
Engineering” at the Gubkin Russian State University of 
Oil and Gas (Gubkin University); in “Handling, Transport, 
Construction, Road-Building Machinery and Equipment” 
at the Moscow Automobile and Road Construction State 
Technical University (MADI) throughout 2016-2017, 2017-
2018 academic years and at the end of each semester.
The real time refl ection level studies make it possible to 
assess its impact on performance in terms of students’ 
academic performance. In addition, the participation of 
fi rst to fourth year students as respondents have allowed 
the researchers to take into account the personality age 
factor in the process of refl ective competence formation, 
revealed in the studies of I.N. Semyonov and S.Yu. Ste-
panov. The scholars have demonstrated a direct correla-
tion between personality-refl ective manifestations and 
age rates [31].
The study involved 400 students. Exceeding the mini-
mum number of respondents required by equation 1 as 
well as coverage of all the instructional years at the un-
dergraduate level (1st-4th years) indicates the respon-
dent sampling representativeness to ensure the validity 
of interviewing results.

Figure 1: The testing results for students’ refl ection levels 
when solving problems (average for the universities included 

in the sample totality, %)
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Processing the interviewing results to determine the re-
fl ection level in students when solving problems involves 
a calculation of a fi nal grade (score) according to the stu-
dents’ answers and its grading by levels. Since all the 
questions were designed as stimulators in determining 
the level of refl ection (the higher the score is, the higher 
the level of refl ection is), the fi nal score was calculated 
by summing up the scores on all the questions.
To determine the quantitative limits of the refl ection lev-
els, the Fibonacci scale was used (Equation 3). The 
minimum possible score based on the test results was 
0 points, while the maximum possible was 85 points. 
Based on the minimum and maximum scores, the stu-
dent refl ection levels were determined:
low – [0; 32];
average – (32; 53];
high – (53; 85].
The mechanic engineering student refl ection level test-
ing results at the Bauman MSTU, the Gubkin University, 
and the MADI are shown in Figure 1.
According to the study, the number of students with a 
low level of refl ective competence formedness in solving 
problems ranged within 44.3% and 61.5% in the 2016-
2017 academic year. The medium level of refl ection was 
characteristic of 31.7% to 34.9% of students, while a high 
level was characteristic of 6.8% to 20.8%. In the 2017-
2018 academic year, a low level of refl ection has been 
determined in 43.9 to 60.6% of students. The medium 
refl ective competence level was characteristic of 35.3% 
to 36.6% of students, high – of 4.1% to 19.5% of stu-
dents. The highest index of refl ection is observed in the 
fourth year students in the second semester. The low-
est level of refl ective competence in solving problems is 
found in fi rst year students in the fi rst semester. In other 
words, one can testify based on the interviewing results 
that a preponderance of mechanic engineering students 

Value Eigen-
value

% Total 
variance

Cumu-
lative 
Eigen-
value

Cumula-
tive %

1 3.56 54.02 3.56 54.02

2 2.13 32.32 5.69 86.34

Table 1: The eigenvalues of refl ectivity factors in 
mechanic engineering students in solving problems 

Bauman MSTU, Gubkin University, and MADI

in Russian universities is characterized by a low level 
of refl ective competence in solving problems regardless 
of the instructional year. Meanwhile, there is an upward 
trend in the refl ection levels in the fi rst to fourth year stu-
dents.
The statistical signifi cance of the test results is confi rmed 
by the sample representativeness assessed with Equa-
tion (1), and a weak variability of individual test results 
within each course, assessed with Equation (2). A low 
level of variation in the test results made it possible to 
determine the average development level of student re-
fl ection in the context of academic curriculum.
To determine the structure of students’ refl ectivity, factor 
analysis was carried out based on the interviewing re-
sults. The objects (variables) for the factor analysis were 
scores of the fi rst to fourth year mechanic engineering 
students of the Bauman MSTU, the Gubkin University, 
and the MADI when answering the interviewing ques-
tions (No.1–17). SAP Statistica 10 was used for the anal-
ysis.
The number of factors is determined by Kaiser test, 
whereby those factors for which the eigenvalues are 
greater than 1.0 are considered statistically signifi cant 
(Table 1).

Table 2: Factor loadings of the interviewing indicators to determine the refl ection levels in the Bauman MGTU, the 
Gubkin State University, and the MADI students in solving problems

Factor Indicator (interviewing 
question) Factor loading Factor Indicator (interviewing 

question) Factor loading

No.1 0.85 No.6 0.88

No.2 0.79
No.8 0.79

No.3 0.84

No.4 0.86
No.9 0.71

No.5 0.78
No.7 0.92

No.10 0.81
No.11 0.76

No.12 0.81
No.13 0.76

No.14 0.92

No.15 0.73
No.16 0.83

No.17 0.77
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Figure 2: The mechanic engineering student clusters by the development trends in the levels of refl ective compe-
tence when solving problems

(10)

the higher the formedness level of the refl ective com-
petence is. Concerning the situational-constructive fac-
tor, an increase in the refl ection levels due to this fac-
tor stimulation will to a certain point help to improve the 
effi ciency of task accomplishment as a student realizes 
their mistakes, rethinks them, and carefully prepares for 
a decision making. However, a further development in 
this factor can adversely affect the problem solving effi -
ciency since the student’s uncertainty and the fear of in-
consistent solution to tasks increases. In this regard, the 
numerical value of the development level of the situation-
al-destructive refl ection factor is determined (Factor 2).
To determine the critical development level of the situa-
tional-destructive factor, which corresponds to the high-
est level of student academic performance, a regression 
model is developed using Equations (7)-(8). This is a 
model of the academic performance level (the average 
score of a student in all subjects per semester) depen-
dence on the development level of the situational-de-
structive factor. Since the Bauman MSTU, the Gubkin 
University, and the MADI use different grading scales to 
assess students’ knowledge (from 1 to 5 and from 1 to 
100), in order to present the data in commensurate terms, 
all the scores were converted to a scale from 1 to 100. 
The principle of converting the 1 to 5 scale to 1 to 100 
scale was as follows: an “adequate” rating corresponds 
to the score from 50 to 69 [32], therefore, the arithmetic 
mean value between 50 and 69 – 59.5 points – was used 
for the “adequate” rating; for the “good” rating, the arith-
metic mean between 70 and 84 – 77 points – was used; 
for the “excellent” rating, the arithmetic mean between 
85 and 100 – 92.5 points – was used.
The situational-destructive factor included interviewing 
questions No. 6, 8-10, 13, and 16; therefore, this factor 
development level was determined as the sum of a stu-
dent’s scores on the listed questions.
The model of student performance dependence on the 
development level of the situational-destructive factor is 
written as:

Y=-0.04*x2+2.08*x+63.01

where Y is the level of student academic performance (in 
points on a scale from 1 to 100);
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identifi ed according to the development trends in the re-
fl ection levels when solving problems (Figure 2).
Three clusters is the optimum number selected. This is 
due to the fact that for this number of clusters, the per-
centage of recognized objects is maximized (90.48%), 
while the model bug is minimized. The percentage of 
recognized objects means that for two out of the 21 
observation objects, a cluster characterizing the devel-
opment trends in the refl ection levels was not uniquely 
determined. For the other 19 objects, the results were 
unambiguously interpreted. The error level for the learn-
ing and test sets, determined by the program at the ratio 
of 90×10% in a random manner, does not exceed 5%. 
This indicates the adequacy of student grouping results 
by the trends in the level of refl ective competence in 
solving problems. The composition of clusters and their 
statistical characteristics are presented in Table 3.
As the study for the survey period has shown, Cluster 1 
has the highest rates of refl ection development factors: 
Factor 1: + 16% and Factor 2: + 10%. Cluster 2 is char-
acterized by different trends in the refl ection factors de-
velopment. Thus, Factor 1 is characterized by the growth 
rate of + 8%, which is two times as low as the growth rate 
of the constructive factor in the Cluster 1 students. Factor 
2 refl ects a downward development trend: - 6%. Cluster 
3 students are characterized by the lowest growth rates 
of refl ection factors, while the growth rate of Factor 1 is 
4%, and the growth rate of Factor 2 is + 7%.
Based on the fi ndings of trend studies in the refl ective 
competence development level in mechanic engineering 
students, it can be concluded that the highest rates of 
growth in the refl ection levels are observed in the fourth 
year students (7th and 8th semesters) and in those 
years where sociological and psychological subjects are 
taught: “Sociology” at the Bauman MSTU (2nd semes-
ter), “Social Psychology” in the Gubkin University (2nd 
semester), “Sociology” in the Gubkin University (6th se-
mester). In the MADI where sociological and psycholog-
ical subjects are not taught the lowest level of refl ection 
and the lowest growth rates were observed.
It should be noted that the constructive factor has no lim-
itations in the development of refl ective problem solving 
skills in students. The higher the level of this factor is, 
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x is the development level of the situational-destructive 
factor (in points).
The critical value of the development level of the situa-
tional-destructive factor is determined by fi nding the ex-
tremum of Function (10) through its derivative. The func-
tion extremum corresponds to the value of independent 
variable x, for which the derivative of function Y'=0  or 
does not exist (Equation 11). The coeffi cient for x2 has a 
negative value (-0.04), therefore, the function extremum 
is its maximum value.

Figure 3

Figure 4

3)?
4) Adding together the projections of forces acting on the 
bar and on the OX axis;
5)?
6)?
Task 2. The task aims to develop the ability to model 
the process of task accomplishment, to consider various 
case scenarios, to weigh all pros and cons.
At the top of a wedge located perpendicular to the base, 
a block is fi xed (Figure 3), through which a system of 
two bodies is suspended (1 and 2), with a mass of 5 and 
10 kg, connected by a thread. The length of the wedge 
base is 0.3 m, the height is 0.2 m. Consider possible 
motion options for the wedge and the bodies on it, tak-
ing into account different parameter options of the block, 
the thread, and the wedge not specifi ed in the problem 
situation.

Task 3. The task aims to develop the ability to set a goal 
and to foresee the problem solution results.
Body A is thrown with velocity v parallel to OX axis. The 
trajectory of the body movement is shown in Figure 4. 
Describe the applied modeling objectives of this situation 
(the practical application possibility). What values are to 
be found for the task to be of practical importance and in 
what cases?
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(11)

The adequacy of the model developed for the depen-
dence of student academic performance level on the 
development level of the situational-destructive factor is 
substantiated by the values of multiple correlation and 
determination coeffi cients that tend to 1 (0.91 and 0.83, 
respectively), and the calculated value of Fisher test that 
exceeds the tabulated one (1.07).
As a result of fi nding the derivative, it is determined that 
the students’ performance is maximized with the value 
of the situational-destructive factor of 26 points. A further 
increase in the refl ection of students due to this factor will 
reduce their performance.
Out of the students who took part in the interviewing, the 
maximum value of the situational-destructive factor cor-
responds to 17 points, which is signifi cantly lower than 
the optimum value (26 points). This means that an in-
crease in the refl ection levels in general and in the situ-
ational-destructive factor in particular will have a positive 
impact on the quality of problem solving and student ac-
ademic performance.
Within the framework of the research, in order to ensure 
the refl ective competence development, students are 
encouraged to use a case study technology as a method 
of analysis by means of providing information and ways 
to solve problems. A teacher forms cases on a topic with 
a description of a situation that is to be analyzed, with 
refl ective problems to be solved. What is meant by re-
fl ective is assignments aimed at forming students’ skills 
in independent analysis of task solutions, as well as skills 
of applying their own algorithms and actions (refl ection).
Some examples of refl ective assignments for students 
are given below.
Task 1. This task aims to develop the ability to determine 
benchmarks that allow one to monitor the task perform-
ing process.
A bar with mass m slides on an inclined plane that makes 
an angle α with the base. Without solving the problem, 
determine the control points (execution steps) aimed at 
fi nding the bar acceleration relative to the slide plane 
(OX). Complete the missing steps:
1) Graphic representation of the problem model;
2)?

Task 4. The task aims to develop the self-analysis and 
critical thinking abilities.
Part 1. Body A with mass m is located on a horizontal 
plane with coeffi cient of friction k. The bar is pulled by 
a thread at a constant speed v. Find angle α between 
the thread and horizontal axis OX, whereby the thread 
tension is minimal (Figure 5). What is the thread tension 
in this case?
Part 2. Analyze the possibility of applying the solution 
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Figure 5

Figure 6

you have obtained if it has been found that body A to-
gether with plane OX have been immersed in water.

everything they know on the problem in their note-
book.

3. There is a common discussion organized among the
students on the identifi ed problems resulting in af-
fi nity groups formed based on like-mindedness. At
the same time students identify the nuances of the

Figure 7: An example of Venn diagram

similarity of views on problems and the debatable 
aspects of disagreements;

4. By agreeing on a shared vision of the problematic
aspects of the training session topic, each group of
students articulates a general fact of the problem in
turn, without reiterating those already mentioned.

5. The teacher records the ideas about the given topic
problems, articulated and commented upon, in the
“suggestion box” without further commenting on
them, even in case of errors of judgment made by
students;

6. Through a common discussion by the students and
the teacher, the given views, facts, etc. related to the
subject matter of the training session and uncom-
piled in the perception of students are linked into a
logical chain.

1. The existing challeng-
es. The reality:

3. How should it be?

2. Why do these prob-
lems exist? (Causes). 
Why is it not actually the 
way it should be?

4. Suggestions: how
to change the situation 
and to solve the existing 
problems?

Table 4: An example of how to draw up a Metaplan

7. The teacher presents the topic with a particular fo-
cus on the right and wrong ideas in the “suggestion
box” generated by the students as they absorb and
process new material and information;

8. At the end of the session, the students perform indi-
vidual and group refl ection of the performance.

Exercise Venn Diagram

This is a training technique that facilitates comparative 
analysis of terms, objects, and phenomena. It is aimed at 
development of the skills to summarize learning material 
and to refl ect a student’s own vision and perception of 
information. A chart consists of two or more intersecting 
circles. The part of the chart at the intersection of circles 
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Task 5. The task aims to develop the ability for mental 
planning and for deliberate and calculated decision mak-
ing.
Without solving the problem, prove possible situations 
whereby body A, which is in the position shown in Figure 
6, does not slip from the top of a sphere with radius R.

Refl ective assignments are normally aimed at increasing 
the development level of the constructive factor of the 
refl ective competence.
Along with refl ective assignments in the educational pro-
cess, it is advisable to use refl ective-innovative methods 
and create a refl ective educational environment that 
would ensure motivation for refl ection and development 
of refl ective skills in a person as an actor. It is application 
of these methods that would determine the development 
of the situational-destructive factor of the refl ective com-
petence.
One of the main refl ective-innovative methods in edu-
cation is various kinds of teacher training. Examples of 
training assignments for students are given below.

Exercise Suggestion Box

This is a training method for organizing group and indi-
vidual work of students. It helps to assess the students’ 
current knowledge and experience on a topic of discus-
sion.
The procedure. The teacher draws a box on the board 
as a structure fi guratively accumulating the background 
knowledge of students on the topic under consideration. 
Information is exchanged as follows:
1. The teacher asks a question to the audience about

what the students know about the training subject,
having formulated the main problematic issues on
the subject;

2. Individual work begins. Each student summarizes
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contains common features of concepts and phenomena 
of the topic under consideration, and the parts that do not 
intersect contain a list of differences (Figure 7).
The procedure.
1. The teacher provides information on the training 

subject and invites students to form a Venn diagram;
2. The students are split into pairs and fi ll only those 

parts of the circles that refl ect differences of the phe-
nomena and concepts under consideration on the 
given subject;

3. The participants organize themselves into small 
groups of four people to compare and supplement 
their diagrams;

4. Each small group compiles a list of characteristics 
that the students consider to be shared by the two 
phenomena under consideration.

Exercise Metaplan

This is a method to structure group discussions, to an-
alyze a situation, to exchange opinions, to gather infor-
mation on a specifi c issue, and to elaborate effective col-
lective solutions. Metaplan is based on the principle of 
complete visualization of the process and discussion at 
all stages. When applying the method, students interact 
more, which makes the discussion more effective. The 
process occurs according to certain rules bringing the 
discussion to a required result.
The procedure.
1. The teacher announces a problem on a particular 

training session subject and writes it on the board 
divided into four sectors labeled by a post-it note of a 
certain color. In each sector, they write questions to 
be discussed by the students (Table 4);

2. All students are given post-it notes of four different 
colors (one of each color but additional notes are al-
lowed if necessary). The participants are invited to 
individually jot down their ideas on each issue on 
the notes and add them in the sector of the respec-
tive color. The students are not supposed to discuss 
when doing the work;

3. The students are grouped by 2-5 people. Each group 
receives a task to work through the notes from a cer-
tain sector of the “metaplan”: to sort out the notes, 
to group similar ones, to sort and rank the ideas in 
order of importance. For this purpose, the groups 
discuss the issue. After processing the notes, the 
participants elaborate on the wording of ideas and 
determine what other ideas can be added thereto;

4. The notes are then placed on the “metaplan” in a 
new order indicated by a group of students. For this, 
the suggestions can be copied from the notes to an 
A4 sheet, or the notes already written can be num-
bered. Each group is preparing to present the results 
of their work on the notes in its sector;

5. Presentation of the group works. During the dis-

cussion and presentation of the work results by the 
groups of students, the entry of the last 4th table col-
umn can be presented in two columns, as follows: 
a) what can be done using the university’s own re-
sources at its level; b) what should be addressed to 
higher authorities, sponsors, etc.

6. Discussion, summarizing the work done.

DISCUSSION

Thus, based on the empirical research it has been 
identifi ed that the majority of engineering students 
in the Russian universities under study have a low 
formedness level of the refl ective competence. The 
level of refl ection development in students increases 
with the training. The average number of fi rst to fourth 
year students with a low level of refl ection was 55.7% 
in the 2016-2017 academic year against 55.2% in 
2017-2018 academic year.
The formation of student clusters by growth rates of re-
fl ection factors for the period under study has made it 
possible to conclude that the constructive and situation-
al-destructive factors of refl ective competence exhibit a 
proportional upward trend only in senior students and 
students studying psychological subjects. The dynamics 
of these factors in the fi rst and third year students is ob-
served to be inversely proportional. Given the fact that 
the number of students with a low level of refl ection in 
course of the fi rst to fourth years has not changed signifi -
cantly over time, it can be attested that it is the age factor 
that has contributed to the refl ection growth, while the 
educational process in Russia’s modern traditional edu-
cation system has not contributed to the development of 
refl ective competence in students.
The importance of increasing the development level of 
refl ection in students is evidenced by a direct substan-
tial connection between the growth rates in the level of 
refl ection and of academic performance of students at 
the universities under study: the correlation coeffi cient of 
these indicators calculated by Equation (6) is 0.71. At a 
low and medium level of refl ection in mechanic engineer-
ing students, revealed as a result of the interviewing, its 
increase would have a positive impact on the quality of 
problem solving and student academic performance. In 
this regard, the study has developed examples of train-
ing techniques for the fi rst year mechanic engineering 
students of the second semester in the subject area of 
“Physics”, aimed at developing the constructive and situ-
ational-destructive factors of refl ection.
Refl ective skills cannot be developed by conventional 
teaching methods, especially when solving problems. 
Thus, it is not a type of information to be transferred from 
the teacher to the student. The refl ective competence 
develops by forming enabling refl ective-developing con-
ditions in the educational process. In this regard, refl ec-
tive techniques should be integrated and adapted to the 
methods and content of the educational process in the 
higher education [6]. Therewith, a student’s refl ection on 
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Table 5: The average values of fi rst year students’ refl ection indices (2nd semester) as a result
of the pedagogical experiment

University Factor 1
(max 55 points)
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(max 30 points)

Refl ection index 
(max 85 points)

Fa
ct

or
 s

co
re

 fo
r 

C
G

, p
oi

nt
s

Fa
ct

or
 s

co
re

 fo
r 

E
G

, p
oi

nt
s

S
co

re
 d

ev
ia

tio
n 

of
 

E
G

 fr
om

 C
G

,  
as

 %

Fa
ct

or
 s

co
re

 fo
r 

C
G

, p
oi

nt
s

Fa
ct

or
 s

co
re

 fo
r 

E
G

, p
oi

nt
s

S
co

re
 d

ev
ia

tio
n 

of
 

E
G

 fr
om

 C
G

,  
as

 %

Fa
ct

or
 s

co
re

 fo
r 

C
G

, p
oi

nt
s

Fa
ct

or
 s

co
re

 fo
r 

E
G

, p
oi

nt
s

S
co

re
 d

ev
ia

tio
n 

of
 

E
G

 fr
om

 C
G

,  
as

 %

Bauman MSTU 18.5 22.2 20.0 9.1 13.6 49.5 27.6 35.8 29.7

Gubkin University 14.6 18.9 29.5 10 14.1 41.0 24.6 33 34.1

MADI 12.3 19.6 59.3 7.1 12.9 81.7 19.4 32.5 67.5

their individual mental activity should become the focus 
of the teacher’s attention. In this regard, the refl ective 
assignments developed in the research, when practically 
implemented in the educational process, determine the 
formation of such pedagogical learning environment that 
would contribute to the development of skills to recog-
nize, comprehend, and rethink the reality in students, 
lead to formedness of intellectual operations and to a 
student’s self-concept as an active participant in the re-
fl ection process.
The training assignments developed for students have 
proved their effectiveness in pedagogical practice in the 
process of personal and professional identity evolution, 
formation of independent organization and control skills, 
development of the self-organization ability. Since the 
trainings are primarily focused on collective cooperation 
of students among themselves and with the teacher, 
their active implementation in the educational process 
would promote students’ confi dence in making their 
own decisions or a less critical view when problems are 
solved incorrectly. The trainings are aimed at developing 
the self-knowledge and self-identifi cation skills, so that in 
case of incorrect actions an individual is motivated to fi nd 

the right decision rather than halt in the process.
The effectiveness of the assignments proposed to in-
crease the level of refl ection in students has been sub-
stantiated through a pedagogical experiment.
The experiment involved fi rst year students majoring in 
“Machine-Building Technologies” at the Bauman MSTU; 
in “Mechanical Engineering” at the Gubkin University; in 
“Handling, Transport, Construction, Road-Building Ma-
chinery and Equipment” at the MADI, that were divided 
into two groups: control (CG) and experimental (EG) 
groups. The students in the groups formed Clusters 2 
and 3. The proposed refl ective assignments and training 
for the development of professional and personal refl ec-
tion in students in the process of solving problems were 
introduced in the educational process for the experimen-
tal group students, in the study of Physics. The control 
group of students was trained according to the regular 
discipline syllabus, without the use of additional assign-
ments and trainings. At the end of the second semester, 
during which Physics was studied, students were asked 
to answer questions 1-17. Interviewing was carried out 
using these questions to determine the level of refl ection 

Table 6: Student’s t-test values for the pedagogical experiment

University

Calculated Student’s t-test values Tabulated Student’s t-test 
values at error level 
р = 0.05By Factor 1 By Factor 2 By refl ection index

Bauman MSTU 4.35 5.28 9.63 1.9759

Gubkin University 5.05 4.82 9.87 1.9719

MADI 8.57 6.81 15.39 1.9731
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in engineering students in solving problems, its results 
being presented in the “Result” section. The pedagogical 
experiment results are presented in Table 5.
According to the outcome of the experiment, the refl ec-
tion factor scores and the aggregate refl ection index 
values for all the universities increased by an average 
of 43.8% for the experimental group of students. At the 
same time, as a result of the introduction of assignments 
and trainings aimed at the refl ection development in stu-
dents, the average level of refl ection for each instruction-
al year will increase from a low level, which falls within 
the range [0; 32], to an average of (32; 53] points. The 
development level of refl ection Factor 1 increased by 
36.3%, of refl ection Factor 2 – by 57.4%.
To assess the statistical signifi cance of the pedagogical 
experiment results, the Student’s t-test values were cal-
culated using Equation (9). The calculation results per 
university are presented in Table 6.
The calculated Student’s t-test values for Factors 1 and 
2 and for the total refl ection index for all the universities 
exceed the tabulated ones, which indicates the statistical 
signifi cance of the pedagogical experiment at the 95% 
credible level.
It should be emphasized that the teacher’s work tech-
nique in the system of higher education based on a re-
fl ective management approach is not so much that they 
teach and educate in the traditional sense as how much 
they update, inspire the desire and motivation of stu-
dents for personal and professional development, further 
growth and self-improvement.
Refl ective techniques for teaching students can be used 
at various stages of organization and control of students’ 
classroom and independent work. In addition, the learn-
ing environment should be supplemented by the peda-
gogical refl ection based on:
• A specially organized refl ective activity character-

ized by purposefulness, objectivity, and awareness 
of a teacher, the transforming character and com-
monality in the construction of teaching techniques, 
the process of activity and its deliverables;

• Formation of a refl ective environment as conditions 
for personality development in self-research and 
self-correction of professional and social-psycho-
logical resources of a teacher. The key direction is 
working with the teacher’s existential phenomena, 
meanings, values in their individual activity; imple-
mentation of psychologically safe diagnostic assess-
ment of professional competence and use of the 
results obtained for their professional development; 
development of creative uniqueness in the teacher;

• Inspiring relationship among the participants in re-
fl ective activities. In this case, the teacher acts as a 
subject of the refl ective activity when the common 
activity takes place in a synchronous mode and all 
the participants enrich each other’s activities while 
maintaining the individuality of their own actions. The 

result of such relationship in the refl ective activity is 
mutual understanding, cooperation, co-creation, 
which, in turn, ensures the teacher’s refl ection de-
velopment.

CONCLUSION

The following conclusions have been drawn based on 
the empirical study:
1. The interviewing among engineering students in 

Russian universities has attested to the fact that 
over 55% of the student population is characterized 
by a low level of the refl ective competence. It has 
been identifi ed that the student population dynam-
ics with low refl ection levels in course of the fi rst to 
fourth instructional years is characterized by a slight 
increase, which is determined by the age factor. At 
the same time, the traditional national system of 
higher education in Russia does not contribute to the 
formation and development of the refl ective compe-
tence in students.

2. Clusterization of students by the growth rate in the 
development of the constructive and situational-de-
structive factors of refl ection determined their in-
versely proportional dynamics among the fi rst and 
third year students at Russian universities. The re-
fl ective assignments elaborated to develop the con-
structive refl ection factor would promote the develop-
ment of self-regulation, self-esteem, and self-control 
in students through the formation of feedback in 
learning activities and establishing logical links be-
tween the educational material elements. Practical 
implementation of the proposed refl ective trainings 
in the educational process would ensure the level 
development of the situational-destructive factor of 
students’ refl ection by forming skills to assess the re-
sults achieved and understanding their own actions, 
behaviors, and mental activity.

3. The substantiated criteria for the pedagogical re-
fl ection development as one of the main factors in 
the pedagogical conditions for the refl ective com-
petence development in students in the system of 
higher education in Russia are based on the orga-
nization of refl ective activity and environment in the 
educational process, on inspiring and deepening the 
refl ective relations. Such an approach would ensure 
an updated refl ection in the teacher and would al-
low them to overcome pedagogical egocentrism, to 
gain personal self-consciousness that would lay the 
groundwork for internal changes, to transform obso-
lete professional stereotypes, and open the way for 
further professional growth.

The research fi ndings presented in the paper will con-
tribute to the formation of a mechanism for refl ective 
management of the educational process and the devel-
opment of refl ectivity both in educators and in students. 
This, in turn, will allow the system of higher education 
in Russia to train competitive future professionals that 
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would meet the current labor market requirements.
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