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Abstract

Based on the studies of the daily work of teachers in educational institutions, it was noticed that the teacher in the learning
process makes decisions on average every minute. The primary school teacher interacts even more actively with their
students. Although most of such interactions are not planned. The teacher is constantly looking for new ideas, they
improvise, use innovations. And they always reflect on what they are doing. Many solutions are the product of teachers'
personal pedagogical experience and their intuition. These solutions are often not included in the research results. The
purpose of the study is to identify the main patterns of influence of the educational environment components on the
effectiveness of teachers' professional activities. The problem of teachers’ professional development is gaining
significance in scientific research. However, the educational environment itself contains a number of factors that
contribute to the professional success of a teacher. Factors can help, stimulate the teacher to the most effective and
efficient forms of work with students, or they can create obstacles, difficulties that lead to the teacher's failure to succeed.
The empirical study revealed a number of features of the educational environment that impact the success of the teacher's
professional activity based on the analysis of big data accumulated in the system “Electronic Education in the Republic
of Tatarstan” and statistical reports. Further, it is planned to use the identified features in the management (possibly
modification) of the professional development trajectory of the teacher.
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Introduction

Thanks to a large amount of data, organizations have additional opportunities to grow and improve the quality
of their services, including educational ones. However, the critical question is how to manage, analyze, and

extract value from raw data.

According to the studies of the everyday practice at educational organizations, the average teacher makes 0.7
decisions per minute during interactive learning (Borko et al., 1990), and the primary school teacher carries
out from 1,200 to 1,500 interactions with students during the day, most of which are not planned and require
on-the-spot decisions (Johnson & Jackson, 2019). Therefore, it is possible to assume that most of the
decisions made by teachers and administrators of educational organizations are based on intuition and
personal experience, that is, they cannot be justified by research results or reliable analytics (Coldwell et al.,
2017).

Purpose and objectives of the study

The purpose of this study is to identify the main patterns of influence of the educational environment
components (socio-economic and infrastructural characteristics, characteristics of the educational
organization, indicators of the educational process, socio-demographic and qualification characteristics of
teachers) on the effectiveness of the professional activities of teachers (primary school teachers and subject

teachers in general education organizations).
Literature review

At the present stage, the analysis of pedagogical theory and practice on the problem of the effectiveness and
efficiency of teachers' professional activity shows that it is necessary to move from the assessment of
individual pedagogical skills to a comprehensive assessment of the impact of various educational
environment components. Therefore, the professionalism of a teacher is a complex integral indicator that

includes the reflection of a whole set of factors.

The main factors of success are the personal qualities of the teacher, which, on the one hand, is obvious, and
on the other, is confirmed by a number of studies (e.g. Zhemukhova, 2009). For example, the effectiveness
of teachers' professional activities is influenced by the level of development of the value-semantic sphere of
the teacher's personality. Zorina and Dyshlyuk (2014) describe three groups of teachers at different stages of
career growth, highlight the specificity of value-semantic characteristics of teachers, which affects the
professional activities of teachers.
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Students, describing a modern teacher, give such characteristics as openness, friendliness and understanding
of the individual characteristics of students. They see the teacher as being creative, the one who has a wide

range of interests and hobbies, who knows the subject deeply with a relaxed manner of teaching.

Another factor in the success of a teacher's professional activity is the perception of them by students, which
depends on various characteristics. For example, Irving (2004) noted a high correlation between the
perception of mathematics teachers and the following characteristics: interesting tasks that are set for
students; systematic assessment and reflection; motivation to study mathematics, teaching mathematical

terminology.

A further factor in the success of a teacher is the level of their qualifications. Research examining the
influence of teachers on their students shows that teacher qualifications are reflected in student academic
performance. Depending on the effectiveness of teaching, the spread of academic performance can range
from 7 to 21 %. The results of teaching mathematics showed a greater impact, on average 11%, less in reading
- 7%. In schools with low socio-economic status, the teacher's influence on the student is higher. It is noted
that the degree of teacher influence on students practically does not depend on the teacher's educational
background and work experience (Nye et al., 2004). However, a meta-analysis by Druva and Anderson
(1983) revealed a relationship between the length of teaching experience and the effectiveness of teaching.
Based on 50% of studies, it was noted that the good academic skills of a teacher have a positive effect on the

academic performance of schoolchildren (Greenwald et al., 1996).

In a study by Sanders (2000), it was found that the average performance of students who were taught by
teachers with low efficiency increased by only 14% per year. For students who studied with teachers with
high effectiveness, the average performance increased by 52%. It is noticed that the counter-balance of
negative influence occurs weakly if the class earlier was taught by a teacher with zero efficiency, with
subsequent correction by effective teachers. Thus, the academic success of students also directly depends on

the relative effectiveness of the teacher.

A significant problem at present is the lack of empirical evidence to identify effective methods used for
teacher training (Walsh, 2006). Research on teacher training (Qu & Becker, 2003) shows that four-year
undergraduate studies and an alternative educational route through teacher education have little or no impact
on graduate teacher performance. Based on the analysis of a wide range of studies, it was shown that teacher

education only slightly affects the academic success of students.
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In studies aimed at analyzing the impact of teachers' academic program track taken in higher educational
institutions on the effectiveness of their professional activities (Sparks, 2004), it is noted that teachers who
are trained in their subject at a higher educational institution are more effective teachers than those who have
not completed this study.

It is believed that an important indicator of the successful professional activity of a teacher is a deep
knowledge of the content of the taught subject (Shulman, 1987). However, a meta-analysis performed by
Ahn and Choi (2004) showed that subject knowledge in mathematics among elementary and high school
teachers does not significantly affect the academic success of students. Another study by Darling-Hammond
(2006) notes that a certain level of subject competence is important for the teacher, which affects the quality

of teaching.

Another study (Glazerman et al., 2006) on a randomized sample of teachers with field-specific (56
respondents) and without field-specific (44 respondents) education did not reveal a difference between
teachers in literature and showed the correlations for mathematics teachers. It is also shown that practical
experience influences the successful professional performance of a teacher (Metcalf, 1995). Such experience

is gained by future teachers in the learning process and acting teachers in their professional activities.

On the other hand, studies of the impact of teacher certification procedures on the effectiveness of their
teaching revealed a number of contradictions. A study (Goldhaber & Anthony, 2004), based on a sample of
600,000 North Carolina schoolchildren, showed that there is no relationship between teacher certification
and the academic success of students in the disciplines of reading and mathematics. But another study
(Lustick & Sykes, 2006) showed that the presence of certification leads to the effective professional activity
of teachers. Also, some research (e.g. Sanders et al., 2005) showed that the academic success of students
increases if those teachers have passed the certification. High-quality training of certified teachers involves
the use of effective psychological and pedagogical methods and technologies, such teachers aim at forming
deep knowledge of the subject. But this does not always affect the results of students' work (Hattie & Clinton,
2008).

The importance of professional self-education of a teacher, their individual results are determined by their
demand for updating the educational system (Alieva, 2019). The problem of professional development of a
teacher is reduced to self-development, determining the appropriate ways to increase the level of pedagogical
competence and personality formation (Pereslavtseva, 2017). There is a need to identify criteria and

indicators of professional growth of a teacher taking into account modern realities.
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The influence of professional development on the effectiveness of teaching was shown in a meta-analysis of
seventy-two studies (Timperley et al., 2007). A positive correlation was observed in the disciplines of natural

science, writing, mathematics and literature.

Based on the analysis of the current state of research to identify significant factors that influence the academic
success of students as an indicator of the professional success of a teacher, the most effective approach is
proposed by Hattie (2008). The meta-analysis was based on a sample of more than 86 million students, the
results of more than 50,000 world studies were carried out. Hattie identified such factors as the quality of
education and the length of the teaching experience; indicators of teacher certification; teacher training; the

level of qualification of teachers based on the academic success of their students.

At the same time, a comprehensive analysis of the components of the educational environment that affect
the effectiveness of teachers' professional activities in a general education organization causes difficulties.
These difficulties are associated with a large number of components of the educational environment, the
complexity of their structuring and simultaneous empirical verification, as well as the significance of these
components. There are also issues associated with the inclusion of a large number of educational institutions
in the study to reflect the full picture of the influence of the components of the educational environment on
the professional success of a teacher. It is also difficult to take into account the interrelationships between

the components themselves, based on an understanding of the entire education system.

The solution to these difficulties is possible if a digital educational environment is used. Educational
organizations actively use modern digital platforms for storing and processing data necessary for the
implementation of the educational process. It is possible to provide high-quality analytics using data sets
regarding the components of the educational environment that affect the effectiveness of teachers'
professional activities in a general education organization. Earlier, the authors conducted a study (Alishev,
Ustin, & Sabirova, 2020) which proposed a theoretical model. This model describes the main structural
components of the educational environment that affect the effectiveness of teachers' professional activities
(primary school teachers and subject teachers in a general education organization). These are socio-economic
and infrastructural characteristics, characteristics of the activity of an educational organization, indicators of

the educational process, socio-demographic and qualification characteristics of teachers.

The research presented in this article reflects one of the results of the empirical verification of the provisions
proposed in the theoretical model.

Methodology
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The research was carried out on the basis of big data structuring methods. The research of the available array
of educational information on all students and all teachers of organizations of general education of the
Republic of Tatarstan for the period from 2009 to 2020, collected in the information system "Electronic
Education in the Republic of Tatarstan", was carried out by specialists-humanitarians (in pedagogy,
psychology, sociology) and specialists in the field of information technologies. The results were based on
the analysis of big data (more than 1,000,000,000 digital traces, more than 120,000 teachers).

The following methods were used for statistical information processing: correlation analysis, variance
analysis, factor analysis, regression analysis, frequency analysis, and cluster analysis. The studied features
of the components of the educational environment were clustered into different groups, followed by the

allocation of common features.

A large-scale empirical study of the features of the educational environment parameters influence on the
success of the teacher's professional activity was conducted based on the analysis of big data accumulated in
the system “Electronic Education in the Republic of Tatarstan” and in the forms of statistical reporting since
2009. The system records depersonalized data on 121,902 teachers, information on 90,741,876 lessons
conducted, and 1,034,312,802 marks given. BigData technologies were used to perform high-performance
computing related to the intellectual and analytical processing of this data. As a result, algorithms for working

with big data in the digital educational environment have been developed and proposed.

Results

Based on the obtained empirical results and their theoretical understanding, the influence of various factors
of the educational environment on the success of the teacher's professional activity is shown (on the example
of the educational environment of the Republic of Tatarstan). The professional success of primary school

teachers (grades 1-4) and secondary and high school teachers (subject teachers) was studied.

As an indicator of the professional success of teachers, the features of the academic performance of the

students they teach were used.

The article shows the partial influence of the educational and methodological support of the educational
process on the success of the professional activity of a teacher of a secondary educational organization (on
the example of the Republic of Tatarstan). In primary school, it was revealed that students who study
according to certain textbooks (subjects: Russian, The world around us) give stable high statistically reliable
(p-value<0.05) results in academic performance. A study on the middle and senior level showed that

textbooks of several authors are used in a number of disciplines.
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The analysis of textbooks of such disciplines as Social studies, Physics, Biology, Chemistry in schools of the
Republic of Tatarstan did not reveal a direct impact of educational and methodological support on academic
performance, showing mixed results. At the same time, as in the primary level, textbooks (Mathematics,

Russian) are distinguished between the ones where the results of students' academic performance are higher.

Data from the electronic journal and electronic diary were also studied, which helped to classify thematic
lesson planning and homework texts based on the agglomeration clustering method. To compare texts, we
considered methods based on the Levenshtein distance and cosine similarity. For each cluster, the proposed
educational and methodological complex was selected. The most productive were three clusters of
educational and methodological complexes, one of which is in the Tatar language. Thus, a partial influence
of the educational and methodological support of the educational process on the success of students'

educational activities is shown.

The influence of the experience of teachers' pedagogical activity on the success of students' education in the
Republic of Tatarstan is shown. To solve the problem, we considered data groups: teaching experience,
experience in the current position, general experience, and the teacher's qualifications category. Data on
primary school teachers (grades 1-4) and subject teachers (grades 5-11) were considered separately. The use
of mathematical statistics methods, i.e. Pearson, Spearman, and Kendall correlation coefficients (Kobzar,
2012) showed that primary school teachers (grades 1-4) there is a positive correlation in terms of teaching
experience, experience in the current position, general experience, and qualifications category - the longer
the experience of teaching primary school teachers in the Republic of Tatarstan, the higher the quality of

students' education.

Subject teachers, on the contrary, showed negative correlations of the average grade with an increase in
teaching experience and the total work experience of the teacher. The indicator of experience in this position
found a weak positive and weak negative correlation depending on the subject being taught. The indicator of

the qualifications category revealed positive correlations with academic performance.

The influence of demographic differences among school teachers (primary classes and subject teachers) on
the success of school students' education has been revealed. Primary school teachers (grades 1-4) showed a
weak positive correlation in Physical education and Literature reading. Female teachers in these disciplines
have a higher success rate of students' learning activities compared to male teachers. Subject teachers (grades
5-11) showed a weak negative correlation in Mathematics, Physical education, Biology, Geography, Social
studies, Physics, English, Chemistry, Computer science and information and Communication technologies,

Technology and Health and wellness.
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Male teachers in these academic disciplines have higher learning success than female teachers. Based on a
comparative analysis of the average grades given by male and female teachers (using the Student's t-test), it
is shown that in primary school, male Physical education teachers have a lower success rate than female

teachers. In the case of subject teachers, men are more successful than women.

The influence of the age characteristics of school teachers (primary classes and subject teachers) on the
success of their professional activities has been shown. Russian primary school teachers were found to have
weak positive correlations in Mathematics, Russian language, and English, and weak negative correlations
in Technology and Music. Therefore, in Mathematics, Russian language, and English, the scores were higher
for older teachers, and in Music and Technology for younger teachers — based on the methods of correlation
analysis comparative analysis (Student's t-test), and the k-means method (age was divided into 5 clusters).
Primary school teachers showed weak positive correlations in Mathematics, Russian language, and English,
and weak negative correlations in Technology and Music-that is, in Mathematics, Russian language, and
English, the scores were higher for older teachers, and in Music and Technology for younger teachers. For
subject teachers weak negative correlations were found in Mathematics, Physical education, Geography,
History, Social studies, Physics, Computer science and information and Communication technologies,
Health and wellness, Technology, and Fine arts. Therefore, younger subject teachers have higher average
scores compared to their older counterparts.

Based on comparative analysis, it was revealed that in primary school, teachers under 50 years of age have
lower grades in English and higher grades in Physical education, Technology, and Music than older teachers.
Subject teachers under the age of 50 have higher grades in subjects than teachers over the age of 50. The

exception is English. In English, young teachers have a lower level of student grades than older teachers.

Correlation analysis (Spearman) after dividing the age into 5 clusters showed that in primary school, older
teachers in Mathematics, Russian and English have higher success rates. Younger subject teachers are more
successful than older teachers in Mathematics, Physical education, Geography, History, Social studies,
Physics, Computer science and information and Communication technologies, Health and wellness and Fine
arts.

The influence of the peculiarities of teachers' education on their professional success has been shown.
Previously, based on the collected data in the personal accounts of teachers, a "Unified directory of

universities" was developed.
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Based on the heterogeneity of teachers’ references to their universities and, accordingly, the heterogeneity
of the source data, the Levenshtein distance method was used, which allowed us to correlate the names by
similarity and develop a single reference book for universities in the Republic of Tatarstan. Next, a two-stage
analysis of the impact of education on the professional success of the teacher was carried out. At the first
stage, the analysis was carried out using comparative analysis (Student's t-test). For the analysis, we took
three universities in each discipline with the largest number of teachers who studied at these universities.

The results showed the following:

For primary school teachers, education does not affect their success in such subjects as Physical Education,
Technology, Art and English. At the same time, qualifications significantly affect the professional success
of a teacher in such subjects as Mathematics, Literary reading, Music, the World around us, and the Russian

language.

For secondary and high school teachers, qualifications do not affect their success in such subjects as English,
Fine arts, Computer science, Music, Health and wellness, Physical Education, Music, Technology, Biology
and Geography. At the same time, qualifications significantly affect the professional success of a teacher in

language disciplines (Native language, Native literature, Literature, Russian).

In the second stage, the impact results were specificated through data clustering and analysis using the
Pearson consensus test (the analysis was conducted separately for each academic year). Based on the k-
means clustering method, the average grades of teachers in different disciplines were divided into 5 clusters.
Next, a conjugacy matrix was constructed that characterizes the number of hits of the average grade in a
certain cluster for each university. Based on the conjugacy matrix, the Pearson agreement criterion was
calculated, which showed that with an increase in the number of universities involved in the analysis, the
group of subjects for which the teacher's qualifications is a significant factor increases. As a result, groups
of subjects are identified according to the peculiarities of the influence of the teacher's qualifications on their

professional success.

For junior level (grades 1-4): subjects that depend on the teacher's qualifications: Mathematics, Russian
language, Literary reading, the World around us, Fine arts, Technology. They do not depend on the teacher's

qualifications: Physical Education, Music, English.

For senior level (grades 5-11): subjects that depend on the teacher's qualifications: Russian language,
Literature, History, Social studies, Geography. The following subjects do not depend on the teacher's
qualifications: Mathematics, Physical Education, Biology, Physics, English, Chemistry, Computer science,

Tatar language, Technology, Health and wellness, Tatar literature, Fine arts, Music, Art.
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The heterogeneous nature of the impact of advanced training courses is shown (data containing information
about the name of the course, the number of hours, the subject of the course and the institution where these
courses were held are used). The analysis showed that the average score can change both upward and
downward, but these changes are insignificant. The results obtained show the insufficiency of using
traditional methods of statistical processing in processing large volumes of high-quality data. It is assumed
that the changes will be highlighted at the second stage of the project when the methods of neural network

analysis of big data shall be connected.

The mechanisms and regularities of the influence of the educational load on the success of the teacher's
professional activity have been shown. The number of lessons conducted by the teacher during the school
year was taken as a value that characterizes the load. Based on the Pearson correlation and regression
analysis, the following results were obtained. In primary school, a weak negative correlation was found in
all disciplines — if the teacher's workload is high, then this negatively affects the success of students. The
strongest negative correlations were found in Mathematics, Russian, and Literary reading. The weakest
correlations are in Physical education, Technology, Music, and English.

In secondary and high school, weak negative correlations were also found in all subjects. The strongest
negative correlations were found in Mathematics, Geography, Physics, Chemistry, and Music. The weakest

correlations were found in Physical education, English, Technology, and Health and wellness.

The regularities and mechanisms of the influence of the features of the content of classes on the professional
success of the teacher have been revealed. A more complete solution to this problem is assumed during the
implementation of the second stage of the study. As part of the first stage, a pilot analysis was carried out -
based on the texts of lesson planning in Mathematics. In the texts of lesson planning, an automatic search for
keywords describing the topic of classes was carried out. In the course of the study, the use of project
activities in the classroom was studied. The analysis of the impact of the content of classes (project activities
included/not included) on the Mathematics lessons in primary school (grades 1-4) showed unexpected
results. The average score of students who had classes with the use of project activities was lower than that
of students who did not have project activities. Perhaps this is due to the specifics of the discipline
"Mathematics" or to the fact that project activities are mainly used by young teachers, whose professional

success is lower compared to more experienced ones (according to the results of the study).

Features of formation of probable vectors of development of educational activity of students on the basis of

their previous educational activity are shown.
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In general, students who did not continue their studies in the 10th grade, in the primary and secondary levels,

showed a lower level of academic performance by 10-15% than their peers who moved on to high school.

The academic performance of students in grades 7 to 9 in Mathematics, Russian, Physics and Social studies
is 6-10% lower than that in grades 10-11. There was also a significant decrease in academic performance in
the 9th grade by 6-12% — this is a common indicator, typical for both students who finished school after the
9th grade, and for those who moved to the 10th grade.

The first explanation for the results is due to the fact that after the 9th grade, the least academically successful
students leave school, which leads to an average increase in academic performance. The second explanation
is that teachers underestimate grades in grade 9 and further overestimate them by grade 11, which is indirectly
confirmed by a visible increase in the average grade from grade 10 to grade 11, as well as a drop in the

average score of grades 9 relative to the average score for grades 7-8 in almost all subjects.

The features of the influence of the characteristics of educational institutions on the average grade of students
are shown. Based on a comparative analysis, significant differences in the professional success of a high
school teacher and ordinary school teacher are identified. It is shown that primary, secondary and high school
teachers are more successful in all subjects in high schools compared to regular schools. The exceptions are

such subjects as Physical education, Technology, Art.

Significant differences in the professional success of teachers in urban and rural schools have been
highlighted. It is shown that primary, secondary and high school teachers in urban schools are more
successful than in rural schools. The most significant differences among primary school teachers were found
in such subjects as Literary reading, the world around us and Music. The most significant differences among
secondary and high school teachers were found in Mathematics, Physical Education, Russian, Literature,
Physics, Chemistry, Computer science and Technology. At the same time, no differences were found in

Health and wellness and Social studies.

The influence of the number of school shifts on the professional success of a teacher has been highlighted.
For primary classes, higher teacher success was found in schools with two shifts in all subjects. In the
secondary and high school classes, a statistically significant decrease in the professional success of teachers

in schools with two shifts in the following subjects was found: Mathematics, Russian, Physics, Chemistry.

The influence of the school age on the average grades (with the date of foundation before 1980 and after
1980) is analyzed. It is shown that the professional success of teachers in new schools is significantly higher

than in older schools in all subjects.
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The influence of the number of students studying at the school on the professional success of the teacher has
been shown. It is pointed out that in primary school, the number of students directly affects the professional
success of teachers in all subjects. In secondary and high school, an increase in the number of students leads
to a decrease in academic performance in such subjects as Mathematics, Physical education, Physics,

Chemistry and Technology.
Discussions

Based on the conducted research, a pilot version of the theoretical and empirical model is proposed, which
reflects a number of mechanisms and patterns of influence of the educational environment components on
the success of the teacher's professional activity. This version of the model is preliminary and will be refined
and specified at the second stage of the project when testing the methods of neural network analysis of big

data accumulated and structured in the created database.

The empirical and theoretical foundations of constructing a digital model of an individual trajectory of a
teacher's professional development using neural networks are proposed. Based on the results of theoretical
and empirical research, the mechanisms and patterns of influence of the educational environment factors
have been identified, which partially allows us to predict the features of the teacher's professional trajectory.
At the same time, the use of various traditional methods of mathematical statistics (correlations, comparative
analysis, regression analysis, clustering) and the construction of a linear model of multiple regression showed
an insufficient level of forecasting the professional success of the teacher and the need to use nonlinear

models with the inclusion of neural network analysis methods to increase predictive accuracy.
Conclusion

The implementation of the first stage allowed us to establish the mechanisms and patterns of influence of
certain factors on the professional success of primary school teachers and subject teachers. The discovered
mechanisms and patterns will serve as the basis for the second stage of the project when teaching the neural
network module to analyze, interpret and predict the trajectory of the teacher's professional success. At the
same time, it was found that when working with big data, when huge arrays of digital traces are involved,
the use of traditional methods of statistical processing of big data (correlations, comparative analysis, factor
analysis, regression analysis, etc.) allows us to identify the main trends. A more accurate calibration of the
influence of various factors and their synergy on the professional success of the teacher will be carried out

with the inclusion of neural network methods in the study.
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