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K  – ,  

,  

,  K  = 1; 

 ,  

 (  = 1–1,2). 

 

: 

=  

 T  – ; 

  = 1,1. 

    T  – ,  

,   

 

= =
365

365 52 10
= 1,205 

 T  –  (T  = 365); 
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INTRODUCTION 

XXI century is a time of instability and rapid social and economic 

environment changes so the classic formulation of the "modernization" (as a 

transition process from a traditional society to an industrial one) becomes 

considerable obsolete. The second wave of modernization expands and captures an 

increasing number of countries due to the rapid development of information 

technology and global competition. This is a transition process to an information 

society based on knowledge production. But the first (industrial) modernization 

process  continues  in  a  number  of  countries  at  the  same  time   (such  as  China's  

economic development or import substitution measures in the Russian Federation). 

This situation naturally raises the problem of monitoring both modernization process 

at the same time, their coordination and providing the most harmonious passage of 

these stages. 

The main modernization process functions are: in an economic sense - to 

ensure competitiveness (and therefore safety) of the country, and in the social - to 

increase the level and quality of life steadily. In the Russian Federation there are 

significant modernization process imbalances which entails a growing gap in living 

standards between the different regions (sometimes even neighboring ones), as well 

as the general 2-4 times living conditions backlog in Russia from the developed 

countries of the same region (in the UN terms Russian Federation is counted as a part 

of the European region). 

The problem of modernization become the challenge which is facing Russia 

in the conditions of large-scale economic crisis. This increases the significance of 

research in this field and needs in a wide range of such studies. But at the same time 

the difficult economic situation leads to a tightening of requirements for the terms 

and how to conduct such studies, restrictions in the research work, etc. Public funding 

reduction research projects is the most sad consequence for  research projects. 

All this statements require the research process restructuring in order to 

realize latent resources and opportunities to optimize the researching process. of 

Expansion of the sociological research information support seems to be a promising 
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optimization direction. Until now the practice shows that a considerable amount of 

social and economic research in Russia is carried out with a low level of information 

technology involvement and application. This results in significant costs and time 

lose (which can be avoided with a more efficient organization) as well as a large 

number of errors caused by human factor. 

Of  course,  this  problem  is  relevant  for  a  long  time,  and  quite  a  number  of  

materials were published on this subject, but even their authors often point out the 

fact that developed information technology and computer solving algorithms for 

sociological problems remains unknown to most sociologists and psychologists. 

"This  author  (approx.  Davydov  AA)  tried  to  draw  the  attention  of  sociologists  to  

them long and vainly"[1] Therefore they are not implemented in real research group's 

daily practice. Emphasis in most of these publications are biased towards sociological 

data analysis and processing tasks (such as Tolstova, Davydov and other's papers) 

which are important and significant, but not the only problems in the organization of 

social studies. 

Solving programming problems is not peculiar for sociologists and funding in 

grant RFBR and RFH projects is not enough for the software solutions development. 

Full-fledged and independent information system development for social studies 

support is almost impossible  for research groups acting in such circumstances. That 

is why the development and implementation of the relevant software package, as well 

as  a  demonstration  of  the  contribution  of  such  resources  to  the  growth  of  

effectiveness research is of sufficient practical importance. 

The  relevance  of  this  work  is  also  demonstrated  by  the  fact  of  its  

implementation in the framework of the "Social and cultural problems of Russia and 

its region's evolution" academic program  and in particular the RHF project 15-03-

00366 "Social and cultural factors of a new industrial modernization in the region (on 

materials of the Tomsk region studies) ". 

The objective of this paper is to use information technology for assessing the 

modernization indicators of the region. 
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On the methodological level this produces the task of an information system 

developing for supporting a comprehensive study of the region's innovation 

development which allows to create a toolkit for efficient work, interaction and 

communication between the different groups of participants. 

These tools should also contain supporting documentation, components for 

tasks assignment and specialist's performance monitoring. 

It is necessary to solve a number of tasks to achieve this goal: 

- to define a standard set of tasks to be solved by the social studies participants; 

- to plan the desired structure of the system components and functionality for 

main modules; 

- to design and implement data storage structure for storing and processing 

information about the project participants, project documentation, orders and 

assignments, the data collected by the interviewers and the results of their 

intermediate processing; 

- to develop interfaces that make up the workspace of different project 

participant's categories and determine the boundaries of the different access rights; 

- to develop decision-support system (expert system) for assessing the interview 

quality and to validating the collected data and to include it into the project as a 

subsystem; 

- to design a module for an initial sample quality assessment, checking its 

compliance with the general population in several key criteria and proving suitability 

for further processing by means of statistical software; 

- to carry out the module testing and to evaluate the possibilities of the available 

data processing; 

- to draw conclusions about the effectiveness of the subsystem implementation, 

its capabilities for further development and eliminate potential problems identified 

during the testing. 

On the substantive level this goal requires deep analysis and statistical 

processing of the research results collected in the Tomsk region. 
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Interim results were presented in a peer-reviewed journal "Modern high 

technologies" (Romanchukov S.V. "Problems of social research project's information 

support in tasks of  the social and cultural factors of a new industrial modernization 

evaluation"), at the XXI International Scientific and Technical conference 

"Information systems and technology" "ICT 2015", the VII International student e-

conference "Student scientific forum 2015", XII and XII All-Russian practical 

scientific conference of students, graduate students and young scientists "Youth and 

modern information technologies" and others. At present, the research operations are 

conducted to assess the performance of modernization in the Tomsk region. 
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1 SOURCES REVIEW 

1.1 Modernization's state and dynamics measurement  

The most extensive research devoted to various aspects of the modernization 

process are carried out in China, in particular in the Modernization Research Center, 

Chinese Academy of Sciences (CAS CIM). For example "Synthesis Report" was 

published in late 2010 in the Chinese and English languages (in 2011 Russian). This 

paper contains an analysis of statistical data for 131 countries (all states with a 

population of over a million people, which is about 97% of the world's population), 

based on the annual "Report on modernization in the world and China," published in 

2001-2010. 

The basis of the current modernization studies in countries and individual 

regions is the concept of secondary modernization, suggesting that in developed and 

most developing countries there are two simultaneously implemented modernization 

stages, namely the classical modernization (transition from a traditional society to an 

industrial one, which began with the industrial revolution of the XVIII century and 

finished  in  the  most  developed  countries  in  the  middle  of  the  XX  century  but  still  

continues  in other countries even in the XXI century) and secondary modernization 

(transition to an information society based on knowledge). It is assumed that the 

second stage has arisen on the basis of primary one upgrades and interacts with it. 

Methods of measuring PM indexes considers the three most important areas 

of industrial society: economic, social and cognitive. They are described with 10 

indicators, 9 of them are standard ones, derived from the experience of industrialized 

countries studying of the early 1960-ies. SM values are determined for the four areas: 

innovation in knowledge, knowledge transition, life quality and economy quality 

which are displayed in 16 indicators (Appendix 1). 

In each of these stages one can distinguish the same phases: preparation, 

beginning, growth, maturity, transition to the next stage. The phase indication is 

carried out with the help of structural indicators dedicated to the history of the 

industrialized countries. Initially it is possible to determine only the phase of the PM 

and after entering the transition phase the country or the region can be determined as 
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a society in SM phase. It uses indicators such as the ratio of value added in the 

material  sphere  of  the  GDP  and  the  share  of  employment  in  this  sector  to  total  

employment. 

There is also an integrated modernization index, comprising 12 indicators 

drawn from the measurement methods of these two stages. It describes the total level 

of both modernization stages. 

Regional is broadly consistent with the main national modernization laws, but 

do not copy them because the process of regional modernization is uneven and there 

are inter-regional gaps. Their depth is smaller in developed countries. This 

discontinuities are less pronounced within PM and more - in the SM [2]. 

Thus, according to CNNIC IFRAN for 2012, prepared in the framework of 

the program "Social and cultural portraits of Russian regions," the overall level of 

primary modernization of Russia is close to 100%, but the differences between the 

regions are in the range of 89 - 100 points. It is possible to distinguish three groups of 

regions: with a high PM level (97 - 100 points) - 40 regions, the average PM level (93 

- 96) - 33 regions and the low PM level (89 - 92) - 9 regions. Republic of Kalmykia is 

behind all with only 77 points  and refers to the pre-developed PM-level. The 

differences between the levels of secondary modernization in regions were significant 

and show changes from 47 to 107 points, which gave rise to a multi-level SM-

hierarchy of regions. In 2016 a new wave of similar studies acquired special urgency 

in connection with certain events. 

However, the objectives of the region's modernization process studies are not 

limited with calculating a dozen  of indices defined, generally speaking, on the basis 

of existing Federal State Statistics Service data (if we talk about the Russian 

Federation studies) but also based on population, fertility, GDP per capita, 

employment in the different sectors and etc. Uneven economic development of the 

regions has an impact on their population and can give a rise to negative reactions up 

to the protests or the outflow of population from the "lagging" regions to more 

successful. There is also an important question whether the conversion which are 

formally  similar  to  the  SM  development  real  and  organic  or  they  are  reduced  to  
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copying the inherent trappings from the more developed regions or countries, 

exogenous diffuse infiltration of SM elements (for example, personal computers) 

from  developed  countries,  which  may  not  improve  the  quality  of  the  region  of  

modernization only by itself. To solve these issues we need to spend a large amount 

of social studies, including both the  interview with the heads of large companies or 

government agencies and mass public opinion polls. 

 

1.2 Methods of sociological studies 

Studies of the regional modernization processes primarily implies a certain 

sequence of steps like any other large-scale research project, conducting sociological 

studies [3]: 

The first stage is the time of planning.  It includes the purpose of the study, its 

objectives, the plan, based on the relevance of the chosen perspective formulated a 

hypothesis, defines the methods of collecting information, methods of processing it, 

the timing of the survey, etc. The final product of this stage in the Russian system of 

social science research team becomes an application for the grant competition of 

RHF or Russian Federal Property Fund (in the current year, these structures have 

been merged) and receive funding. 

The second stage of sociological research is a direct collection of primary 

data. It can be provided with a variety of data collection methods: a sociological 

survey in the form of questionnaires or interviews; content analysis (recording of 

researchers, extracts of documents and other information obtained from various 

documental sources); observation, experiment, and others.  The door-poll is the 

most common, traditional and reliable method of gathering information in this 

case[4]. It is carried out by the interviewers according to a predetermined route in 

order to obtain information through interviews or questionnaires in living areas. High 

reliability  and  representativeness  of  the  sample  is  formed  due  to  the  possibility  of  

sample design on the basis  of  statistics  and census (ie,  the population of  the studied 

region) and a more detailed study of the sample structure, which makes this form 

preferred in conducting large-scale researches.  
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In the third stage the resulting data (gathered during the sociological research) 

are processed by special computer programs. 

In the fourth, analytical, step processed data analysis is conducted in order to 

prepare the scientific report on the studies' results and to state conclusions or 

recommendations. 

A typical set of documents is used during the polls. It includes (at least): the 

instructions for the interviewers, the "find-the-route-way" form, application forms 

with additional handouts (cards), verification form, a report on the case study, the 

report on the interviewer's work. 

A typical interviewer in this study takes briefing, receives a specially prepared 

form  and  specify  an  empty  questionnaire  form,  comes  to  the  route,  conducts  

interviews and fills forms [5]. Completed questionnaires are selectively checked by a 

person (expert), which decides on the obtained interview admission or non-admission 

for the further process. This supervisory personnel must determine during the 

monitoring process:  

• the fact and date of the interview,  

• observance of the respondent selection technique,  

• gender and age of the respondent,  

• answers to some key questions of the questionnaire,  

• the interview duration. 

If a selection procedure violation is found, each one requires additional 

verification of another interview made by the same interviewer. Finding of not held 

interview entails a further check on the three more interviews automatically. The 

expert is obliged to reject the entire batch of questionnaires provided by the 

interviewer in the case of a verdict of collected profile's non-compliance to 

respondent selection technique, leaving the route or falsification of research results. 

All test results are recorded in a special form. 

Thereafter, the content profiles translated into a form suitable for computer 

processing. Sampling is checked with the representativeness based on the available 

data on the entire population (in Russia for this purpose one use Rosstat data on the 
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population age and sex structure, ethnic and confessional structure, etc.) after 

collecting sufficient number of questionnaires. 

  One  can  identify  the  main  IT  trends  which  can  bring  a  significant  effect  

already from the present sociological research process description. But current 

information support processes in social and economic studies are largely in its 

infancy. In the next section we will take look at this issue in more details. 

 

1.3 Information systems application in support of the Russian region's 

modernization research projects  

Of course, information technology has infiltrated the social science long time 

ago. Currently the social studies uses various mathematical and statistical methods of 

data processing implemented in software applications using modern information 

technologies widely. The packages of statistical data analysis, such as SPSS, 

Statistica, STATGRPHICS are the most popular at the stage of the survey results 

processing [6]. 

In  particular   the  framework  (of  the  "Social  and  cultural  problems  of  the  

evolution  of  Russia  and  its  regions"  project)  give  to  research  teams  on  the  ground  

plain text prescribes[7] for the SPSS statistical package and all aspects of its use and 

the data structure development for describing the study results. Every single issue is 

strictly regulated by job descriptions done in the same type for all regions (in order to 

ensure the comparability of the results). However in fact that's all. The IT-

implementation sphere in project of the modernization processes dynamics studies in 

Russia ends here. Data exchange between research groups and project management is 

carried out by e-mail (and it is substantially time-consuming) and the bulk of the 

work on the ground is still carried out with the minimal use of information 

technology of any kind was. This problem entails (at the current stage) for a dramatic 

time required to perform even the simplest data collection and verification 

procedures, coordination of interviewers, etc. 

Information system "Modernization" (Figure 1) was developed in 2012-2013 

on  the  ISEDT  RAS  resources.  It  leaves  much  to  be  desired,  all  the  functionality  
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comes down to user authentication and possibility for an authorized user to select 

from the shortcut menu and download on personal computer one of the so-called 

"reports" (Excel spreadsheet containing the relevant indices) or index graphs 

modernization [8]. This "system" does not provide a feedback form and the most 

current data are dated year 2012. 

 
Fig. 1. ISEDT RAS information system "Modernization"  

It is obvious that this kind of "information system" cannot be used to facilitate 

and automate tasks in the field of the research process.  Its effectiveness is also highly 

questionable in providing interaction between research teams in different regions. So 

it  is  necessary  to  develop  a  new  information  system  to  fill  the  gaps.  Even  the  

sociologists say it, including drawing on foreign experience [2]. However, the most 

daring of the aforementioned assumptions include literally [9]: 

6. authorization (with differentiated data access); 

7. the authorization delegation mechanism;  

8. the possibility to publish the authorized participant's results and to 

connect the feedback forms; 

9. categorical apparatus of the "social-cultural portrait"; 

10. other languages. 
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Staff of the Russian region's modernization studies noted that the existing 

(based on CNNIC IF RAN server) resource[10] is also not suitable for the target 

audience, but it can still serve as the core of a new website providing information for 

the project's target audience: the standard documentation defining the common 

regulations, links to regional centers and research groups in other countries, a single 

database, passed the examination. 

It is easy to notice that most of these constructions are dedicated to the 

problems of sharing the conducted research results from different regions and the 

shortcomings noted in the existing system's operation to ensure such an exchange. 

This often flatly ignore the question of the research process information support at the 

regional level and in fact some groups show the field work's organization level  

which is not far removed from sociological studies 60-80th. This situation seems very 

ironic taking into account the research topics devoted to modernization and 

innovative development of the region. Of course, this work does not aim to create 

from scratch a comprehensive information system to support social research on all 

levels innovative assessment of regions but the author hopes that its development and 

successful introduction into service in the Tomsk region territory will allow at least to 

move the debate on this issues raised off the ground, to show the benefits of a wider 

research process information support compared with the traditional approach, which 

will be more fully discussed below. 

 

1.4 Sociological survey's results analysis 

The multidimensionality of the results is one of the main problems in the 

mathematical description and formalization of sociological research outcomes.  There are 

a lot of situations when a full description of the responses to a single question occupies in 

the so-called "field" more than 15 variables, and a complete description of all profiles can 

easily occupy 200-300 variables or even more. This naturally leads us to the task of 

reducing the dimension and search for hidden (so-called "latent") variables that reflect the 

internal relationships and dependencies between the different indicators. It should be noted 

that the very concept of latent variable is applied to the mathematical description of social 
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phenomena with a large number of interpretations. Often, it is treated as "hypothetical", 

"anticipated" variable.  So, Mr. Harman's work in "Modern factor analysis" defines it as 

"alleged construct"[11], Mr. Nunnaly in his work "Psychometric theory" formulated the 

definition of latent variable as something that scientists have formed in his mind. From 

this point of view, the latent variable is an abstraction, engineered by the observed 

symptoms.  

There is a somewhat different interpretation of the "latent variable" concept 

according to which, it is a sign or the presence suggested by researchers but that cannot be 

directly measured and defined as the resultant of observed variables.  

K. Bollin offers a more intuitive definition of latent variable as a variable from the 

values,  which  it  is  impossible  to  carry  out  directly  from a  sample  of  respondents.  From 

this point of view, any variable can be considered to latent until its sample values are not 

available for observation [12]. 

In summary, it can be concluded that the latent variable is a hypothetical construct 

that is not measured directly, but may influence the links between variables. It is obvious 

that factor analysis originated from sociological studies and tasks of latent variables 

definition but it should be noted that the classical methods of factor analysis does not fit 

well to the current problems due to the processed data nature. The fact is that the 

applicability of specific mathematical methods depends on the forms of data 

representation since they are all designed to input the data measured on the scale of a 

certain type. 

The use of a mathematical method which does not meet the formal adequacy  

("method is called formally adequate, if the results of its application does not depend on 

the acceptable data source transformation" [13]) may lead to negative consequences: 

firstly to loss of the information contained in the data, and secondly to a fictitious receipt 

of information that does not correspond to reality. A special case of such consequences are 

called Type I and Type II errors in the problems of statistical hypotheses evidence. 

In our case most of the variables that describe the questionnaire in the study of the 

region's modernization potential are  measured in rank and nominal scales. It makes 

traditional factor analysis inadequate because it uses the correlation matrix based on the 
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Pearson correlation coefficient  (formally adequate only for interval scales). Thus the 

factor analysis is designed to work with the scales of the "high" type and its application to 

the ordinal and nominal scales may entail obtaining information that is not contained in 

the original data. Due to these applicability restrictions scientists developed analysis 

metods called qualitative factor analysis [14], the development of which contributed 

significantly to Russian scientists. At present the most advanced techniques in this area are 

the categorical principal component analysis and latent-structural analysis. The first of 

these is largely similar to the classic factor analysis (specifically - the principal component 

analysis), but allows one to operate with variables expressed in categorical scales, while 

the latter is essentially an alternative to the method of principal component analysis and is 

based on different algorithms. 

Sociologist P. Lazarsfeld is considered to be the founder of the latent structure 

analysis. In this model units values are determined by a measure of order brought by 

them into the data.  It introduces on this basis the concept of latent classes, sets of 

respondents with the same values of latent variable. Initially latent variable and latent 

classes are not known. It is necessary for their determination to establish their 

relationship with the observed values. The essence of the latent structure analysis in 

this case is reduced to search the grounds for latent variables withdrawal in order to 

build the space of classifications. The LSA does not impose any restriction on the 

nature of the input data - it was originally designed to work with nominal (categorical 

or qualitative) variables. 

The basic LSA equation is: 

dxxxfp ii )()( , 

where pi is the number of respondents positively answered the i-th point of the 

questionnaire;  – the investigated latent trait; fi(x) – function that describes the 

probability of a positive response of the respondent on the i-th point; (x) – function 

describing the distribution of respondents on the latent continuum. For the totality of 

items compiled system design equations.  

LSA is based on several assumptions: 
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1) the existence of a latent continuum;  

2)there are a number of dichotomous questions;  

3) the  principle of local independence.  

This assumption of the local variables independence creates its own 

limitations, i.e., if a fixation of the latent factors of statistical relationships between 

variables does not disappear the resulting model is incorrect. 

There are several  dozens of  algorithms that  allow a variety of  ways to solve 

the problem of finding latent variables based on the Lazarsfeld's approach to analysis 

of categorical data. Binary factor analysis (discrete factor analysis, D-FA) is one of 

these approaches. D-FA implementation does not require a linear dependence of the 

observed variables, does not impose requirements for the distribution character (in 

contrast to the methods valid only in relation to the normally distributed random 

variables) or the data homogeneity, which expands the range of data that are suitable 

for D-FA application to them and makes it less "subjective". Furthermore, D-FA can 

simultaneously analyze the variables measured at different levels, and, unlike many 

other methods, does not require rotation. Factors produced by D-FA may be either 

orthogonal or non-orthogonal). 

However, this method has its drawbacks, D-FA does not offer "optimal" 

number of factors with k gradations. D-FA procedure must be applied to the same 

data few times, changing the number of factors and categories, and then compare the 

resulting models in order to get the best model. 

CATPCA (Categorical Principle Component Analysis) is an alternative to D-

FA  It is a latent variables search technique applicable to the data presented in 

categorical scales. CATPCA algorithm is implemented in several statistical packages 

including SPSS. 

This method has much in common with the method of principal component 

analysis (PCA), differing from it incoming variable type (it can be applied to data 

measured on any scale, however, various preparatory procedures are used to capture 

different types of scales).  
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Is possible to use two ideologically digitizing algorithms to rank variables 

prevailing as input when processing the results of sociological research.  

The first way is the digitization by using the least squares method. For its 

implementation we calculate rates for each ordinal variable category and then select 

the category with the highest frequency which is taken as a reference point. It 

attributed a value close to zero, and the values of the other categories are recalculated 

in accordance with it. This gives values for the interpolation function construction 

that would describe the new variable values in the best way, minimizing residues. 

Values of variable categories projected to this function will became digitized values 

of variables. 

The second method of digitizing categorical variables is a spline digitization. 

Its difference is in considering only certain categories of the variable. The resulting 

function describes the given number of categories with the best precision, and the rest 

are projected on the resulting line in the same way. If the predetermined number of 

categories is equal to the number of variable categories, the method will yield results 

that are identical to the results of the least squares method. 

After variables digitizing CATPCA builds correlation matrix based on the 

Pearson coefficient and calculates its own values for each component. Thus, unlike 

the classical factor analysis, the variables may be in the nonlinear interdependence, 

their linearization occurs during digitization. 

CATPCA has very developed graphical representation of information (in 

contrast to the D-FA methods). The SPSS statistical package, for example, allows to 

construct  the  "biplots"  and  "triplots".  Biplot  is  a  graph  showing  the  placement  of  

vectors (principal components) and objects. Triplot displays vectors, objects and 

groups of objects. 

There is another important distinction for the researcher, the existence and 

availability of the algorithm for the optimal components number determining referred 

to as the Kaiser criterion. Using this criteria we consider only those factors whose 

eigenvalues are greater than 1, i.e. factors are ignored if they do not explain the 

dispersion equivalent to at least one variable dispersion. 
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Conclusion of section 1.  Describing modernization indicators of individual 

regions or entire countries is a massive and urgent problem to be solved in parallel by a 

number of research teams in different countries (and different regions of the Russian 

Federation). It generating a number of issues both at the level of tools development and 

improvement and the level of data analysis and processing. Russian scientific units are in 

driven position and mostly only reproduce the experience of foreign colleagues, thus this 

situation increases the value of the own  researches based on the Russian realities. 

 


