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ABSTRACT

One of the ways to improve the quality of math and natural science education is to
develop the pedagogical community of STEM education. On the one hand, according
to the forecasts, an increase in the number of students and teachers is expected by an
average of 20 % in both Russia and worldwide. On the other hand, there is definitely
some specificity in the pedagogical community as compared with any other labor
collective, since the pedagogical community develops alongside with the student one.
In this perspective, the age heterogeneity of the teaching staff is of particular relevance.
Consequently, the key point in the management of math and natural science education
is the analysis of the age structure of STEM educators. The following subjects are taken
to conduct a further analysis of STEM education: mathematics, handicraft, physics,
biology, and chemistry. Accordingly, the purpose of the article is to analyze and
forecast the heterogeneous development of the age structure of STEM teachers. The
authors of the article justify the necessity for changes in the personnel policy on the
basis of the assessment of the capacity of the teaching staff of STEM education in
schools of the European part of Russia. The leading research approach is the method
of the normal and natural distribution of age groups in the structure of the STEM
education pedagogical community. As a result of a study conducted in 569 schools of
the European part of Russia in 2016-2018, the authors of the article have found out the
following: the average age of STEM school teachers in the European part of Russia is
6.8 years higher than the average age of teachers in Russia; there is a significant
shortage of STEM teachers aged under 35; the average rate of the teaching load of a
STEM school teacher in an academic subject is 0.72, but the load is distributed very
unevenly, math teachers having the highest teaching load. The theoretical significance
of the research lies in its contribution to the development of scientific ideas concerning
the age heterogeneity of STEM school teachers. The research results can be used in
building development trajectories of STEM education teaching staff by implementing
a series of managerial and organizational measures to achieve the normal state of the
age structure of teachers.

Keywords: STEM education, age heterogeneity of teachers, age structure of the
pedagogical community, seniority of teachers, normal distribution of age groups

INTRODUCTION

The development of the regional pedagogical community largely determines the quality of education and the
success of graduates of educational institutions at all levels of education (Dmitrieva et al., 2015; Filatov et al., 2018;
Firsova et al., 2018; Novikova et al., 2018; Oborsky et al., 2018; Petrovskaya et al., 2016; Shcherbakov et al., 2017;
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Contribution of this paper to the literature

e  Thestudy defined the age structure of the STEM school teachers in the European part of Russia. The average
age of STEM teachers (teachers of mathematics, handicraft, physics, biology and chemistry) is 51.8. It should
be noted that the normal value of the average age is 45, and the average for the regions is 48.1 years. The
group of STEM teachers under the age of 35 makes up only 11 % against 33 % characteristic of the normal
distribution.

e It has been determined that the optimal age distribution of teachers should be close to the normal
distribution. The coefficient of deviation from the normal age distribution of STEM teachers reaches up to
50 % which is significantly higher than the average coefficient for all teachers which does not exceed 32 %.

e The analysis of the teaching load of STEM teachers with regard to the subject has shown that the load of
teachers of different subjects is uneven. Thus, the rate of the load of math teachers in the region averages
out at 1.0; the average load rate of teachers of handicraft, biology and physics is 0.65; the one of teachers of
chemistry is 0.56.

Zaitseva et al., 2017, 2018). The process of teacher training is multistage, but it should facilitate updating of
professional teaching activities at each stage. It is important that it is provided with a transparent mechanism of
interaction of all stakeholders (education authorities at various levels, teacher training institutions, general
education institutions and other stakeholders) (NGPU, 2016). This mechanism should mainly rely on the existing
age structure of teachers in each school subject (Faleeva et al., 2017; Lubnina et al., 2016; Rudenko et al., 2015). There
is a quite limited number of applicants who want to get pedagogical qualifications, and neglecting the current
situation concerning the age of teachers can lead to an inefficient allocation of state-financed places to teacher
training institutions, and, consequently, to an increased risk of a shortage of subject teachers in the relatively short
term. Math and natural science education is given special attention to when managing the school education. In this
regard, it is important to analyze the age structure of STEM educators. Thus, we have taken the following academic
subjects to conduct a further analysis of STEM education: mathematics, handicraft, physics, biology, and chemistry.

Additional risks of irrational allocation of state-financed places to higher education programs of STEM teacher
training are associated with the lack of a comprehensive analysis. The analysis of the shift in the schoolchildren
population with regard to the year of study and projecting the teaching load in STEM-subjects for several years in
advance may become a normative forecast method. But if we take into consideration that, by 2020, the number of
students in general education institutions only in one entity of the European part of Russia will reach up to 128.2
thousand people (according to the Center for Social Forecasting and Marketing, 2013 (Rosstat, 2016)) or 137.4
thousand people (according to the Institute of Sociology of the Russian Academy of Sciences, 2015 (TsSP and M,
2017)), then an increase in the number of students will be by 7 % as compared to 2016. It is necessary to check this
growth against the projected number of STEM subject school teachers by 2020. Thus, the assessment of the age
structure of the STEM education teaching staff of schools of the European part of Russia is a necessary condition to
optimize the teacher training process and identify the development trajectories for the STEM schools teachers in
the European part of Russia.

At the end of 2016, a similar study was conducted using the example of the Kirov region. The study results
contain an objective generalized assessment of the structure of the teaching staff of general education organizations
by age, education level, subject; the study also offers a projected estimate of the demand for teachers in the region
until 2022 (Pugach & Utemov, 2016).

The analytical report based on the study results contained the data justifying the fact that it was necessary to
take management decisions in the field of personnel policy in the sphere of education in the region (Kvon et al,,
2017, 2018). Thus, for example, the most critical age groups of teachers are teachers of physics, chemistry,
geography, biology, art and drawing, the Russian language and literature. On the other hand, there is a significant
shortage of male teachers. Only 11 % of all school teachers are male. The research conducted by McGrath and
Bergen (2017) shows that there is a decline in the share of male teachers worldwide, however, the development of
STEM education shows a particularly strong dependence on male teachers (Kraker-Pauw et al., 2016). It should also
be noted that one more reason for decreasing numbers of male teachers is that employers are more inclined to offer
administrative positions to them rather than women (Wagner, Rieger & Voorvelt, 2016).

The results of the study (Pugach & Utemov, 2016), however, did not contain any conclusions concerning the
STEM teachers, neither did they analyze the structure of the teaching load taking the subject into account.

In the summer of 2018, Minin University made a comparative analysis of the natural development of the age
structure of the pedagogical community and gave a forecast of its development for the regions of the Russian
Federation until 2050 in “Age structure of the pedagogical community: analysis and forecast of development: an
analytical report” (Fedorov et al., 2018). As the analysis is of a generalized nature, we carried out an additional
analysis in 2017-2018 the results of which are presented in the article.
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LITERATURE REVIEW

The domestic and foreign studies devoted to the development of pedagogical communities with respect to age
heterogeneity are rather sketchy and fragmented.

Kuo et al. (2011) carried out a prognostic analysis of the proportion of young and aged teachers at the beginning
of each school year. Oerke and Bogner (2010) describe in their study the importance of taking into account the age
characteristics of the teaching team and their influence on the education process. There are a few studies describing
ideas concerning the structural constraints (age, disability, ethnicity and gender) which hinder teaching careers
(Cau-Bareille, Teiger & Volkoff, 2019; Wilson et al., 2006). M. Sari (2012) writes in her article that female teachers
take on their gender role of “being a mother” in their teaching practice which can influence teaching both positively
and negatively. On the other hand, male primary teachers can have a greater educational effect on students
(Bullough, 2015). At the same time, having a female teacher improves girls” academic performance in math (Xu &
Li, 2018).

Taking into account the age characteristics of the teaching team is an important aspect in managing the teaching
staff. Thus, Zhou et al. (2011) make a conclusion that middle-aged teachers are more motivated to develop
professionally; as teachers become older, their motivation appears to be noticeably reduced. The phenomenon of
the teaching staff ageing is also characteristic of higher education. Thus, the average age of teachers in French
universities is over 49 years. Roschnik et al. (2004) argue that there is a need for young university teachers,
increasing their number may give a boost to educational and research activities. Some studies on the age structure
of the teaching team also describe the structure of working capacity in relation to the age of teachers. For instance,
only 4 % of Finnish teachers aged over 45 have poor working capacity. However, the lowest level of working
capacity among all teachers of this age is characteristic of teachers of vocational education institutions and teachers
of special education (remedial) schools (Kinnunen, Parkatti & Rasku, 1994).

Seibt et al. (2015) conducted a research on mental abilities of two groups of female teachers (the first group is
teachers aged under 45; the second group is teachers over 45 years old). The results showed slight differences in
favor of younger teachers. It is stated that there are some minor differences in respect to coherence, susceptibility
to stress and health complaints. This group of scientists concludes that some components of the mental ability of
teachers suffer age-related changes. At the same time, continuous training allows maintenance or an improvement
of mental ability at any age (Seibt et al., 2015). On the other hand, constant overload and stress characteristic of the
teaching activity can gradually lead to declining health of the nervous system of female teachers with age
(Burumbayeva et al., 2018). Age trends, although not clear cut, showed greater tension for older teachers (Powell
& Ferraro, 1960).

Some research is devoted to how teachers respond emotionally to educational change at different ages
(Hargreaves, 2018). According to Etherington (2011), the attitude of older teachers to change depends on how well
established their careers are. Tumova (2012) makes a similar conclusion, stating that the effects of age and length
of professional experience on teachers’ attitudes to the curricular reform and its implementation are not as strong
as they might be expected. Some research has shown that experienced teachers have noticeably lower levels of
anxiety (Aslrasouli, Saadat & Vahid, 2014). It is worth mentioning that there are also critical reviews stating that
the introduction of innovations into the educational process can lead to decreasing quality of education. In this
regard, an adequate response to innovation could be useful (Pedro et al., 2018). Undoubtedly, it is necessary for
teachers who have different seniority to implement changes in teaching from time to time (Dare, Ellis & Roehrig,
2018; Lynch, 2018). Some research proves that the practice of sport and physical activities and leisures can have a
protective effect against burnout syndrome (Moueleu Ngalagou et al., 2018). Hildebrandt and Eom (2011) make a
conclusion that teachers of different ages have different motivators for teacher professionalization and it should be
taken into account.

Gampel and Ferreira (2017) analyzed adolescent evaluations of ageing teachers’ voices. For example, teenagers
showed a friendlier attitude to teachers whose voices were more expressive. Ahlander, Rydell and Lofqvist (2011),
analyzing the influence of the age of math teachers on the quality of their performance, come to the conclusion that
teachers who experience problems with voice also face problems in teaching. Ageing teachers suffering from the
burnout syndrome often experience voice disorders (Mota et al., 2018).

Some studies analyze work ability and vitality of teachers of different age groups. It is found out that 24 % of
teachers of the younger age group and 49 % of the elderly teachers show a poor/moderate work ability, which
indicates an urgent need for measures for improving work ability (Freude et al., 2005). On the other hand, the length
of experience of some teachers (special education programs, vocational training institutions, pre-school education,
etc.) has a significant effect on the quality of their performance (Selzer King et al., 2018; Sheridan et al., 2018). The
study conducted by Sasa, Borosb and Bonchisc (2011) reveals the dependence of the professional burnout of the
teacher on the level of education where the teaching activity is performed.
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Figure 1. Age distribution of the RF teachers

Although knowledge is an integral part of the professional competence of teachers, it is not limited to
knowledge only. Skills, relations and motivational incentives also contribute to mastering educational technologies.
Blomeke and Delaney (2012) developed a model that identifies cognitive abilities and affective-motivational
competencies as the two main components of the professional teacher knowledge. The first component contains
professional knowledge, methodological knowledge (methods for teaching a particular subject) and general
pedagogical knowledge. This component can be analyzed by assessing the students’ opinions (Gargallo et al., 2018;
Moe et al., 2019). The second component includes motivation, self-regulation and professional beliefs about
teaching, and the content of the subject. It should be noted that the issue of the professional attitude to and methods
for teaching a particular subject by various teachers is a separate area of research (Demonty, Vlassis & Fagnant,
2018; Lingo et al., 2018).

MATERIALS AND METHODS

Theoretical Framework

The study of the heterogeneity of the age structure of STEM educators is based on the method of the normal
and natural distribution of age groups.

The normal distribution contributes to the stable functioning of the education system, retaining the balance and
offering a possibility for an educational institution to both develop and preserve traditions at the same time. The
natural distribution is based on the invariant nature of the development of the pedagogical community where each
age group is represented by an equal number of members.

In the study, the optimal distribution of teachers by age in any pedagogical community should approach the
normal distribution (Gauss distribution) having properties characteristic of the range from 25 to 65 with the spacing
equal to 5. Thus, the distribution of the Russian Federation teachers by age is presented in Figure 1.

The red line is the normal distribution (Gauss distribution); the blue line is the natural distribution.

The analysis of the distribution of age groups in the structure of the pedagogical communities of the regions as
of 2016-2017 has shown the deviation of the distribution of age groups in the direction of the middle and senior
age groups.

By comparison, the age distribution of STEM teachers is presented in Figure 2.
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Figure 2. Age distribution of STEM teachers

It is evident that:

— the average age of STEM teachers of the European part of Russia (the peak of the natural distribution) is 6.8
years higher than the average age of the teachers in the Russian Federation;

- there is a significant shortage of teachers aged 30-45 in the region;
— the number of teachers in the region who are over 45 exceeds the norm dramatically.

Thus, the age structure of STEM teachers in the regions should be brought closer to the normal distribution.

Research Methods

To analyze and forecast the development of heterogeneity of the age structure of STEM school teachers in the
European part of Russia, we employed the following methods: collecting empirical evidence by questioning the
administrative personnel of the educational institutions; modeling the normal and natural distribution of age
groups in the structure of the pedagogical community of STEM education; statistical processing of the experimental
data.

Experimental Infrastructure

The research data to analyze and forecast the development of heterogeneity of the age structure of STEM
teachers were collected, analyzed and generalized on the basis of 569 Russian schools (2016-2018):

—  Theresearch data were collected by means of questioning the administrative personnel of the educational
institutions. The general education organizations of all educational districts of the regions were included in the
study. The questionnaire consisted of 5 sections.

—  The expert analytical assessment of the teaching load of the teaching staff of the educational institutions
was conducted by means of the statistical processing of the experimental data. The results of the assessment were
discussed with teachers of mathematics, handicraft, physics, biology and chemistry at seminars and round table
discussions held within the framework of scientific and methodological workshops at the Vyatka State University
(more than 200 participants annually).

—  The results have been presented in the form of reports and presentations at scientific conferences and
seminars of various levels, including international ones; they have also been published in collections of scientific
articles and scientific journals.

Stages of the Research

The research consisted of four stages.

At the first stage, the state of the research problem in the theory and practice of teaching STEM subjects at school
was investigated. The review of psychological, pedagogical and methodical literature on the problem of the
research was carried out; conversations with teachers and the administrative personnel were held; the experience
of teachers and the administrative personnel was examined and analyzed in order to predict the development of
heterogeneity of the age structure of STEM teachers.
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Figure 3. Coefficient of deviation from the ideal state for each group of STEM teachers in percentage

The methodological approach to how to analyze and forecast the development of heterogeneity of the age
structure of STEM teachers was developed at the second stage of the research. The working laws were determined
and the distribution of age groups in the structure of the pedagogical community was identified. The results of this
stage were reported and discussed at conferences of various levels and seminars devoted to teaching school
subjects.

The third stage of the research was carried out along with the second one. The administrative staff of 569
educational institutions were surveyed. They were asked to fill in a questionnaire consisting of 5 sections.

At the fourth stage, the expert analytical assessment of the capacity of the teaching staff of the educational
institutions was carried out by means of the statistical processing of the experimental data. The research data on
STEM teachers were generalized to form the grounds for justifying the need for management decisions in the
personnel policy in the sphere of STEM education.

RESULTS

Differences in Distribution of STEM Teachers by Age with Regard to the Subject Taught

To identify the distribution of STEM teachers by age with respect to the subject taught, we have built the
respective graphs. In order to compare the deviation, we calculated the coefficient of deviation from the ideal state
for each group of teachers. The list of groups of teachers ranked by deviation is presented in Figure 3.

It is evident that there are significant differences in the age distribution of STEM teachers with respect to the

subject taught. The deviation exceeds 50%, which is significantly higher than the average coefficient for all teachers,
which is usually not higher than 32%.

Differences in the Distribution of STEM Teachers by the Structure of the Teaching Load
with Regard to the Subject Taught

The collected data also make it possible to analyze the structure of the teaching load for the teachers in the
region. Our calculations show that the average rate of the load for a school teacher in one subject is 0.70. But the
rate of the load for teachers of mathematics is 1.0 on an average, the rate for teachers of handicraft, biology, physics
is 0.65, for teachers of chemistry - 0.56.

The total share of teachers in the structure of the load is presented in Figure 4: it shows the percentage of teachers
having the rate of the teaching load over 1 (> 1), less than 0.5 (<0.5) and in the range from 0.5 to 1.0 (<1).
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Figure 4. Structure of the teaching load for STEM teachers
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Figure 5. Teaching load for STEM teachers

The analysis of the structure of the teaching load with respect to the subject taught shows that the shares of
STEM teachers having the rate of the load over 1.0, from 0.5 to 1.0 and less than 0.5 are approximately equal.

Another value that was calculated is the weighted average of the rate of the teaching load with respect to the
subject taught (Figure 5).

It is seen that math teachers have the highest teaching load. Thus, the data obtained should be taken into
consideration when combining the major subjects to train teachers at educational institutions.

Differences in the Average Age Distribution of STEM Teachers with Regard to the
Subject Taught

The weighted average age of STEM teachers with regard to the subject taught is presented in Figure 6. The
normal value of the average age is 45 years, and the average for the region is 48.1 years.
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The situation seems to be the most problematic with the teachers of physics.

Currently, the only quality characteristic of the age structure of the pedagogical community is the relative share
of the number of teachers aged under 35. Thus, the indicator “the share of the number of teachers aged under 35”
is established as a monitoring indicator for educational institutions by Order of the Ministry of Education and
Science of the Russian Federation No. 955 of September 22, 2017 (the Ministry of Education and Science of Russia,
2017). The results of the analysis of these indicators are given in Figure 7.

It should be noted that the indicator of 33% of teachers under 35 years old in the total number of the teaching
staff is considered to be normal in the natural distribution (a blue curve in the figure). Thus, it is evident that the
most critical situation is in the sample of teachers of handicraft, physics, and mathematics.

Age Structure of STEM Teachers

The age structure of the pedagogical community in this study is presented as nine age groups integrated into
three larger age groups:

— young teachers - under 25, 25-30, 30-35 years;
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— middle-aged teachers - 35-40, 40-45,45-50 years;
— older teachers - 50-55, 55-60, 60 years and older.

The share of each age group of STEM teachers is shown in Figure 8. The analysis of age groups presented in
Figure 8 confirms the previously stated conclusion, namely: the groups of teachers of biology, mathematics, physics
and handicraft demonstrate the most worrying situation in the age structure of the pedagogical community.

DISCUSSIONS

The results of the study conducted in 2016-2018 in 569 schools of the European part of Russia demonstrate the
following: the average age of STEM teachers is 6.8 years higher than the average age of teachers in Russia; there is
a significant shortage of STEM educators aged under 35; the average rate of the teaching load of a STEM school
teacher in one subject is 0.72, but the load is distributed very unevenly. The teacher of mathematics has the highest
teaching load. The results of the research make it possible to build the trajectory of development for the STEM-
education teaching personnel by means of implementation of a set of managerial and organizational measures to
achieve the normal condition of the age structure of teachers.

On the one hand, the method of the normal and natural distribution of age groups in the structure of the STEM
pedagogical community allows us to analyze the heterogeneous development of the age structure of STEM teachers
in the region. On the other hand, it may become a key point in the management of mathematical and natural science
education by means of modeling the projected development of the age structure of STEM educators.

Another important aspect is identifying the factors negatively affecting the age structure of STEM teachers and
minimizing their influence. This issue can be considered separately.

CONCLUSION

Having made the correlation analysis of the data on the teaching load and age structure, having made
calculations to determine the degree of dependence, we have come to the conclusion that middle-aged teachers
have the most of the teaching load while younger teachers most often have a smaller volume of the teaching load.
With regard to older teachers, it has been revealed that the volume of their teaching load is minimal. This fact
highlights the critical character of growth of the share of older STEM teachers in the pedagogical community of the
regions.
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The research results combined with the data of the Rosstat demographic forecast, for example, for the Kirov
region for the period up to 2036, allow us to make a few more generalizations. (the Rosstat’s demographic forecast
for the Kirov region, 2018): reduced numbers of middle-aged teachers affect the volume of the teaching load most
critically (teachers of the middle-aged group have on average a 30 % higher teaching load than the teachers of the
younger age group); the number of middle-aged teachers is decreasing at a faster rate than the number of children
in the region which may exacerbate the problem of teacher shortage.

To sum up the analysis and forecast of the development of heterogeneity of the age structure of STEM teachers,
it should be stated that there is a need for building a trajectory of development for STEM teachers by means of
implementation of a set of measures aimed at achieving the normal condition of the age structure of the pedagogical
community in the region.

The main trajectories of the development of the pedagogical community with respect to age heterogeneity may
include the activities along the following lines:

1) managerial:

— open contests held by the regional educational authorities giving the right to conduct advanced teacher
training courses;

— implementing the Mobile Teacher project;

— creating educational clusters;

— a transition from employer-sponsored admission to targeted education;

— setting the region’s order for the teacher training places financed by the federal budget;
— setting the region’s order for personnel training financed by the regional budget;

2) organisational:

— creating educational consortia;

— creating the regional guidance programs and services;

- creating “pedagogical classes” in secondary general education schools;

- developing training and retraining programs for those who have a non-major education (up to one year);
3) content:

— creating an education network based on hub schools;

— integrating the schoolchildren of the region into the system of distance learning provided by a professional
educator;

— updating the list and content of advanced training and retraining programs for subject teachers;

— creating pedagogical teams consisting of students learning different subjects to work at educational
institutions;

— creating pedagogical e-communities.

The authorities of the RF entities and the Vyatka State University are working at the development and
implementation of the above trajectories to develop the pedagogical community. Possible effects, risks, barriers are
also investigated by the scientists.
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