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Abstract

The paper presents the efficiency assessment of regional scientific organizations based on
quantitative indices of their activity. The authors made an attempt to connect human and resource potentials
of scientific activity, current performance, as well as to consider regional development priorities. The need
for complex assessment of the activity of scientific organizations, including regional development
objectives, is caused by the requirements of the science management system to increase the contribution to
social and economic development of the region. The relation of science monitoring with regional
development will make it possible to coordinate research directions thus creating the research agenda
relevant for the region. To create the reasonable assessment system, the study defines the requirements to
indicators and highlights the levels of assessment of scientific activity: region-scientific organization-
division-scientist; and forms the structure of performance assessment by aggregation levels. The study was
based on 30 assessment indicators, their standard values, scaling methods and aggregation in the uniform
assessment system were defined. The aggregation of lower assessment indicators is made through additive
and multiplicative convolution using the importance coefficients of each indicator. The importance
coefficients of indicators are determined via the pair-wise comparison of indicators according to their
contribution to the improvement of the higher indicator. The suggested methodical approach will allow
performing the system assessment of efficiency of regional scientific organizations by authorities and other
stakeholders.
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1. Introduction

The relevance of the assessment system of scientific organizations are connected, inter alia, with
numerous attempts to increase the efficiency of scientific institutes. (Androsova, & Fadeyev, 2014;
Grinstein, 2013; Dosuzheva, & Lyamzin, 2012; Larin, 2015) A clear statement on the R&D potential of
any scientific organization and the result achieved by the scientific organization using this scientific
potential forms the basis for the assessment.

The specified potential is formed during a long period of time and includes research staff, equipment
and areas for research, cooperation agreements, management systems, including organizational structure
with divisions dealing with commercialization of obtained results. The bigger accumulated scientific

potential shall result in great scientific success.

2. Problem Statement

The performance result of a scientific organization is expressed by a set of recognized scientific
achievements, including training of research staff, financial performance of R&D results and their
contribution to the real sector of economy, publishing activity, patents, certificates and fulfillment of target
indicators within state research programs.

The following requirements shall be taken into account within the assessment system (Pronichkin,
& Tikhonov, 2013; Sinitsyn, Nikiforov, & Andreyev, 2014):

1) Integrity of the system. Coherence with performance assessment of a scientist, a division of
scientific organization and other estimates.

2) Measurability of assessment result. The system shall ensure the numerical value of performance
assessment of scientific organizations.

3) Unambiguity of performance assessment of scientific organizations.

4) Integrated approach to performance assessment of scientific organizations.

5) Assistance in development of scientific organizations (focus not on the control over scientific
organizations but on the assessment of development and management dynamics of scientific organizations).

6) Objectivity of assessment. Comprehensive accounting of factors influencing the performance of
scientific organizations.

The scientific organization acts as one of the key elements of the system of scientific activity. The
activity of scientific organizations is interrelated; however, certain research fellows or research groups

create the majority of performance results.

3. Research Questions

The management of regional scientific institutes includes a variety of issues: choice of priority
research fields relevant to the global research agenda, search of the best organizational forms, methods and
tools to implement the research projects and others. However, within the given study the authors focused
on the assessment system of scientific organizations.

The complexity of assessment is determined by the levels of scientific potential of the region as the
assembly of potentials of scientific organizations, certain divisions and scientists. Considering the above,

there are the following levels of scientific performance assessment in the region (Sharova, & Kotov, 2009):
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— level of the region in general;

— level of scientific organizations;

— level of laboratories, sectors and other divisions of a scientific organization;

— level of a scientist.

Each level of assessment is characterized by a set of performance indicators. The higher level of
assessment includes the indicators of the lower level and adds general indicators to the assessment, which
can only be formed at this level.

The scientific result created by certain scientists shall be considered in the sum of results of a division
within the scientific organization, as well as in the scientific organization as such. The joint work aimed at
scientific result shall indicate its accessory thus accurately defining the part of result to be considered in a

certain organization. This will avoid double accounting.

4. Purpose of the Study

The purpose of the study on performance efficiency of scientific organizations is to form the basis
for management decisions based on the following:

— enhancing the efficiency of using scientific and technical potential;

— increasing the contribution to the Russian and world science and ensuring priority of regional
scientific organizations in R&D areas;

— increasing the prestige of science in the society and its influence on public opinion;

— optimizing and structuring the network of scientific organizations to develop a complete and
effective system of scientific organizations;

— developing the infrastructure of scientific, research and technical activity and ensuring its efficient
use;

— developing scientific organizations and improving the quality of their management;

— improving the development and approval of state tasks and development programs of scientific
organizations, including for effective use of budgetary funds.

In terms of the efficiency of scientific organizations in the region, the suggested methodical
approach defines indicators and the performance assessment system of scientific organizations performing
research and R&D having commercial value approved by the Decree of the Government of the Russian
Federation No. 312 of 8 April 2009 (Resolution of the Government, 2009; Resolution of the Government,
2013).

5. Research Methods
According to the scientific approach to performance assessment of scientific organizations, two
groups of indicators are suggested as the assessment principles and requirements to the system of indicators.

The first — to assess the potential of a scientific organization (Table 01) and the second — to assess the

achieved result (Table 02).
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Table 01. Assessment indicators of scientific organization potential

Field of assessment Assessment indicator Symbol
1 Staff potential of | Number of full-time doctors of science, people Py
scientific organization | Number of part-time doctors of science, people Py
(Ps) Number of full-time candidates of science, people Py3
Number of part-time candidates of science, people Pss
Number of PhD and doctorate students, people Ps.s
Number of full-time degreeless researchers, people Pss
2 Resource potential | Fixed assets value, mln.rub. Pr
of scientific | Fixed assets value of research and developments, mln.rub. P>
organization (P;) Floor area, sq.m. P
Average monthly salary of a candidate of science, th.rub. P4
Average monthly salary of a doctor of science, th.rub. Prs
Number of SIE, test facilities, specialized departments, production sites,
laboratories and other innovative structures where the organization acts as the | Pr¢
founder or co-founder, pcs
Number of domestic and foreign patents (certificates), right (or their part) of P
the organization, pcs 7

The corresponding symbols given in both tables are introduced to analyze the indicators. For
potential indicators generalizing the assessment fields these include the following:

Pis — staff potential of i-assessed organization as of January 01 of the year under assessment;

Pir — resource potential of i-assessed organization as of January 01 of the year under assessment.

For simplicity the symbol “7” defining the code of the corresponding organization is not further
specified. For indicators generalizing the results of scientific organization assessment the following
symbols are used:

Rir — research result of i-assessed organization of the year under assessment;

Rip — publishing result of i-assessed organization of the year under assessment;

Ris — staff result of i-assessed organization of the year under assessment;

Rir — result of attraction of financial resources or financial result of i-assessed organization of the
year under assessment.

For simplicity the symbol “7” defining the code of the corresponding organization is not further

specified.

Table 02. Assessment indicators of scientific organization results

Field of assessment Assessment indicator, measuring unit Symbol

1 Number of R&D performed by the order | Number of R&D completed in the reporting year and
of regional authorities to implement the | accepted by regional authorities for further | Ry,
strategy of the region (R;) implementation, pcs

2 Publishing result of a scientific | Number of publications in the Russian Science | R,
organization (Rp) Citation Index (RSCI), pcs
RSCI citation ratio (over 5 years, including the | Ry
reporting year), citations
Number of publications in the Web of Science, pcs | Ry

Citation ratio in the Web of Science (over 5 years, | Rp4
including the reporting year), citations

Number of reports presented at conferences, pcs Rp-s
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Number of scientific conferences where the | Ry
scientific organization acts as the organizer or the
co-organizer, pcs

Number of monographs by full-time staff of the | Ry
organization, pcs

Number of monographs (parts of monographs) | Rps
published jointly with employees of other
organizations, pcs

3 Staff result (Rs) Number of doctoral theses, pcs Rs1
Number of candidate’s theses, pcs Rs2

Number of domestic and foreign patents | Rq3
(certificates), rights (or their part) of the
organization, pcs

Number of SIE, test facilities, specialized | R4
departments, production sites, laboratories and other
innovative structures where the organization acts as
the founder or co-founder, pcs

4 Fundraising (R¢) R&D funds financed from federal or regional | Re
budgets (Federal Target Program, grants and other
sources), mln.rub.

R&D funds financed from international grants and | Rg.
competitions, mln.rub.

Funds from organizations for R&D, research and | Rgs
engineering and other services, mln.rub.

Funds from license agreements, min.rub. Res

* — publishing result of a scientific organization considers publications listing the assessed organization as the author’s
place of work.

The accumulation system of indicators’ based on the division theory of a set of alternatives into
several predetermined ordered groups (classes of solutions or indicators) is developed. The main objective
of the convolution is to reduce the size of the attribute space to simplify the solution of problems related to
assessment and comparison. The study proposes the approach to comparison and classification of scientific
organizations in terms of their properties expressed by numerical values of suggested indicators, where the
large number of initial indicators is consistently aggregated in a small number of criteria having small rating
scales. The procedure of features convolution uses various methods of verbal analysis of solutions and has
a block character thus reducing the labor input for decision procedures and the possibility of explaining the
obtained result. This also allows using the convolution system for its implementation in information
systems (Ivanov & Khripunova, 2012; Koroleva, Vasilyev, & Torzhkov, 2014).

Figure 02 shows the scheme of criteria and rating scales. The key indicator (zero level) allowing
assessing the efficiency of a scientific organization — Eso is a dimensionless value measured in points. The
calculation is based on P and R values characterizing the potential of a scientific organization at the
beginning of the reporting year and the result of its performance over the reporting year (first level). The
convolution of indicators (according to assessment fields) of the second level is made for the calculation of

the first level indicators, which are calculated through the convolution of initial indicators of the third level.
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Figure 01. Scheme of criteria and aggregation of estimates

As a result of additive convolution five values of the second level indicators were obtained. The idea

of this method is that the generalized criterion looks as follows:

f0 =Y AEX),

where Ai > 0 — weight coefficients that set the preference of i-criterion in comparison with other criteria. Ai
defines the importance of i-private criterion. At the same time, bigger weight is attributed to more important
criterion, and the general importance of all criteria is accepted equal 1.

The reliability of the calculated value for each indicator of the second level is reached by the
introduction reasonable weight coefficients Ai. The method of pair-wise comparison is recognized as
sufficient and admissible to define the weight coefficients for the assessment of indicators in the course of
aggregation. At the same time, some private indicators of the third level in each assessment field are
compared among themselves. The obtained relations make sense >, ~, <, i.e. it is more important (equals
2), is equivalent (equals 1) or is less important (equals 0). These relations are identified based on the analysis
of performance assessment of scientific institutions taking into account the assessment trends of scientific
efficiency determined by the development of science and technology in the Russian Federation.

The indicators having various dimension require aggregation for their comparison. For this purpose,
the scales of comparability measured in points were introduced for each indicator. Considering the need for
aggregation of indicators the scales were selected for the first and second level according to the order of
numerical values of indicators of personnel potential of a scientific organization. Table 03 shows an

example of the scale of transfer of resource potential indicators to uniform size.
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Table 03. Transfer of resource potential indicators of a scientific organization into points (example)

. Point on a Standard value of initial indicator for .
Indicator Calculation procedure
transfer scale transfer
Py 1 per 10 min.rub. actual value/10
P> 1 per 1 min.rub. actual value
| 1 per 100 sq.m. actual value/100
P 5 per every 1 (one) average salary in the (actual value/(average
M region in the total salary, th.rub. monthly salary*2))*5
Prs 10 actual value/cost of living*10
Prs 10 per 1 unit actual value*10
Py 5 per 1 actual value*5

The total point is determined for each indicator of assessment by assigning points for the
corresponding numerical value of initial indicators. Further calculations consider the values of each
indicator in points. The calculated values shall be rounded to thousands for scaling. The weight coefficients
are defined for additive convolution of indicators and calculation of P: (indicator of the second level).
Indicators of research result of the scientific organization are measured in units. One research work (RW)
is recognized as a result of the scientific organization and is considered in the assessment in case the
obtained result is used in the current governmental activity of the Republic of Bashkortostan. (Kotov, 2016;
Kotov et al, 2016))

The second level of indicators represents two massifs, one of which has three indicators, and the
other only two. As a result of convolution of two massifs two values of indicators of the first level shall be
obtained. The method of multiplicative convolution is justified at this level. The approach to the
multiplicative method is similar, only the criterion function looks as follows:

K K
F(X)=T1*(x), where ¥ a, =1, «, 0.
k=1 k=1

This method will allow receiving the indicators of potential and result of a scientific organization
comparable in size.

It is necessary to prove the choice of ax coefficients for this method. The method of pair-wise
comparison reduces the reliability of quantitative assessment at a small number of compared indicators.
However, the arising mistakes can be considered insignificant in the unified method for further comparison
of scientific organizations.

The potential of a scientific organization characterizes its possibility to achieve certain indicators in
the future. The value and duration of staff potential development of the scientific organization is more
complex. At the same time, the accumulation of resource potential can take 10 times less. The contribution
to the achievement of a scientific result is first of all caused by the activity of a researcher, but the existence
of special equipment, materials, software products is still important. The coefficients for convolution
(degrees) can be accepted as 0.7 — for staff potential of a scientific organization and 0.3 — for resource
potential of a scientific organization (Varshavsky, 2015).

The formula for the calculation of the potential P (IT) of a scientific organization is as follows:

P=+(n)"+(r)"

s r
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The performance assessment of a scientific organization is carried out through the calculation of an
indicator — Eso (zero level). The indicator is defined by the comparison of the first level indicators. The

following formula is used to assess the result of using the potential of a scientific organization:

E, =% .100.
P

S

The obtained value, in items, characterizes the efficiency of a scientific organization. The bigger

value shows higher efficiency and vice versa, smaller — the smaller.

6. Findings

To make the conclusion on sufficient or insufficient efficiency of a scientific organization there is a
need to set the criterial (standard) values of such indicators as AEso, AP, AR, etc.

Within the pilot study it is suggested to accept the standard values for Eso only, considering the

assessment of variable indicators within data from performance reports of scientific organizations for 2017,

Table 04.

Table 04. Transfer of resource potential indicators of a scientific organization into points

. Standard values

Indicator - - -
Poor efficiency | Poor efficiency | Poor efficiency

Scientific organizations doing R&D in natural sciences
Eso | less than 12 | 12-15 | more than 15
Scientific organizations doing R&D in technical sciences
Eso | less than 15 | 15-20 | more than 15
Scientific organizations doing R&D in social sciences and humanities
Eso | less than 10 | 10-14 | more than 10
Scientific organizations doing R&D in all fields of science
Eso | less than 12 | 1215 | more than 12

7. Conclusion

The study reflects the results on the system of complex performance assessment of scientific
organizations in the region that makes it possible to monitor scientific organizations, analyze the structure
of resulting indicators and reveal the surpassing and lagging behind indicators. Unlike earlier proposed
assessment systems, the indicators considering the importance of scientific activity in social and economic

development of the region were suggested for the first time.
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