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The paper considers the indicators and multi-scale assessment of innovative activity of industrial companies. The research methodology
consistently includes the analysis of the factors of innovative activity; collection and analysis of information about the indicators for
assessing the innovative activity of industrial enterprises taking into account the defined factors of innovative activity; compiling of
the short and aggregated lists of indicators for assessing the innovation activity taking into account the determined factors; defining an
aggregate indicator of the innovative activity of an industrial enterprise. To define the aggregate indicator of the innovative activity we
analysed the published reports of 57 companies, which have been the leaders in the industrial sectors for the last 15 years. Moreover,
we analysed 40 scholarly publications focused on the assessment of the innovative activities and interviewed 16 experts, which are
heads of large industrial companies. In addition, we analysed key performance indicators (KPI) of innovative activity recommended
by the American Productivity & Quality Center (APQC). As a result of the research, we have proposed a methodology of the multi-
scale assessment of the innovative activity of industrial companies. We have selected 5 key performance indicators to calculate the
integral indicator. Furthermore, we have developed an algorithm to calculate the integral indicator of innovative activity. In addition
to the integral indicator, we recommend to use 3 indicative values, which influence the integral indicator: a) comprehensive indicator
of the development of scientific research, research institutes, academic organisations, technology platforms, per cent; b) number of
proposals to generate new technologies, technical and technological solutions from affiliated companies over the year; ¢) number of new
competences acquired by a company from innovative activities.

The production of this integral indicator of the innovative activity will allow to the industrial enterprises a more informative
assessment of their innovative activities and innovation behaviour transformations.
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INTRODUCTION

Industrial companies are a key element of the national
innovation system. The volume of their investments into
research and development (R&D), innovative projects is
significant enough to have a decisive influence on the tech-
nological development of the relevant industries. The mech-
anisms of such influence can be the transfer of technology
and commercialization of in-house developments, the order-
ing of R&D and innovative products (works, services), the
creation of competitive environment on the markets where
the company operates, making other entities carry out sim-
ilar innovations. The role of industrial companies as driv-
ers of innovative development should be taken into account
when developing their technological strategies, identifying
priority technological areas on which resources should be
concentrated.

However, in making strategic decisions it is necessary to
correctly assess the innovative activity of industrial compa-
nies.

There are many studies devoted to the measuring of com-
panies’ innovative activities. However, a unified approach
to understanding the assessment, which makes it possible to
fully assess the level of innovative activity, has not been de-
veloped. Most often the literature contains some approaches
based on the following indicators: R&D costs, number of
patents, citation of patents, the number of new products in-
troduced into the market, etc.

The purpose of this study is a deeper research of the in-
dicators of innovative activity of industrial companies and
the formation of multidimensional aggregate assessment of
innovative activities of industrial enterprises. The formation
of such an indicator will make it possible to carry out more
informative assessment of the companies’ innovative activi-
ty and the transformation of its innovative behavior.

1. EFFICIENCY OF INNOVATION PER-
FORMANCE: KEY METRICS AND THEIR
EVOLUTION

The studies devoted to the measurement of innovation

activity can be divided into three main areas:

— studies dedicated to the indicators measuring the re-
sources and the results of innovative activities of com-
panies;

— studies describing the metrics of innovative activities
and the methodology of their measurements;

— studies aimed at the formation of multidimensional in-
dicators for assessing various signs of innovation.

1.1 INDICATORS MEASURING THE RESOURCES
AND THE RESULTS OF INNOVATIVE
ACTIVITIES OF COMPANIES

There are many studies devoted to the measuring of in-
put resources and output results as effectiveness indicators
of innovative activities of companies in various industries

and fields of activity. Thus, based on the data of 3247 Span-
ish companies, the work of Potters (Potters, 2009) analyzes
the influence of innovative resources (inputs) on innovative
behavior. It is concluded that the same set of resources leads
to different results of innovative activity depending on what
innovative regime the company belongs to.

Muller et al. (Muller, A., Vilikangas, L., Merlyn, P.,
2005) identified three areas of assessment (resources, possi-
bilities and leadership), while Milbergs and Vonortas (Mil-
bergs and Vonortas, 2006) classified indicators according to
four stages (indicators of incoming flows, indicators of out-
going flows, indicators of processes and indicators of inno-
vation). Around the same time Adams et al. (Adams, R., Bes-
sant, J., Phelps, R., 2006) in their review of the literature on
innovation management identified six key aspects of assess-
ment: incoming flows, knowledge management, innovation
strategy, organization and organizational culture, portfolio
management, project management and commercialization.

The work of Spanish researchers Vega-Jurado et al.
(J. Vega-Jurado, A. Gutierrez-Gracia, I. Fernandez-de-Lu-
cio, and L. Manjarres-Henriquez, 2008) analyzed the activity
of 6094 manufacturing companies in Spain and concluded
that technological innovation is a key factor in the effective-
ness of innovations. Later these findings became the basis
for the Spanish innovation policy.

The report of the 21st Century Economy Advisory Com-
mittee (USA) devoted to innovations (M. Reffitt, C. So-
renson, N. Blodgett, R. Waclawek, and B. Weaver, 2007)
concludes that most studies are focused on input (resources)
for innovative activities, while there are not enough studies
devoted to the effectiveness of innovative activities. The key
conclusion of the report was about the need to improve the
measurement of innovative activities by analyzing as many
new indicators of innovation as possible, especially those
characterizing performance. This conclusion is also made in
the work of Gold (Gold, 1973) “The Impact of technologi-
cal innovations — concepts and measurement,” which finds
the research on innovative measurements unsatisfactory and
suggests that models are needed that link the inputs and out-
puts of innovative activities.

In further studies this leads to the formation of models
that determine the relationship between productivity and in-
vestments of companies into innovation. For example, Grif-
fith et al. (R. Griffith, E. Huergo, J. Mairesse, and B. Peters,
2006) by using the statistical data of four countries (France,
Germany, Spain and the United Kingdom) determine that
the results of innovative activities, expressed in the share
of innovative products, depend on the size of the company’s
investments in research and development calculated per one
employee in the field of research and development.

1.2. METRICS AND METHODOLOGIES
FOR MEASURING INNOVATIONS

The second area of research is focused on metrics and
methodologies for measuring innovative activities of com-
panies.

For example, in the study of L. Morris (L. Morris, 2008)
the formation of metrics of innovation activities is tied to

109



risk
anagement

. strategic

t
decisio

Vol. 10, Ne 2/2019

each stage of the innovation process. In total Morris iden-
tified nine key processes for the emergence of innovations
— strategic thinking, portfolio management and indicators,
research, imagination, understanding, planning, innovative
development, market development and sales. At each stage
Morris identified some possible quantitative and qualitative
metrics. The possibilities of using the process approach to
assessing the effectiveness of innovative activities are de-
scribed in the work of Trachuk and Tarasov (Trachuk, Taras-
ov, 2015).

In his work 1. Pallister (Pallister 1., 2010) also identifies
the metrics for measuring innovations and divides them into
the metrics characterizing innovation processes and the met-
rics characterizing innovative activities of companies. At the
same time Pallister notes that different measurement mecha-
nisms, input indicators and performance indicators will differ
depending on the industry in which the company operates.
Indeed, there are many studies evaluating the effectiveness
of innovations in companies of various industries in which
different indicators are applied. For example, a study by
Hansen et al. (E. Hansen, H. Juslin, and C. Knowles, 2007)
interviewed forestry managers and identified indicators and
factors that stimulate innovative activities. The study of Iva-
nova (A. Ivanova, 2015) is also devoted to determining the
metrics of effectiveness of innovative activities of compa-
nies specializing in forest biotechnologies. The author pro-
posed a system that includes the following indicators: availa-
bility of production capacities to create innovations; the state
of preparatory processes; provision of material and technical
resources; personnel potential. B. Pozdnyakov (Pozdnyakov,
2009), analyzing the effectiveness of innovative activities in
the flaxseed complex, justified the need to take into account
an increase in costs of fiber contained in flaxseed. The au-
thor also proposed to take into account not only the direct ef-
fect of innovative activities, but also the indirect ones related
to environmental consequences.

These studies confirm the validity of the thesis put for-
ward by Pallister about the need to use different mechanisms
for measuring innovations and their effectiveness in com-
panies of various industries. B. Glassman (Glassman, 2009)
comes to the same conclusion. He identifies a single data
set for assessing innovative efficiency and concludes that
it cannot be used for all companies in different industries.
Therefore, Glassman proposes to use subjective measures
characterizing the peculiar features of the innovation process
of companies in specific industries and gives recommenda-
tions on how to choose metrics according to the needs of
companies.

A number of researchers suggest using not individual
indicators to assess the effectiveness of innovative activi-
ties, but models that make it possible to carry out a compre-
hensive analysis. Thus, P. Gupta (Gupta, 2007) in his study
concludes that most studies measure the effectiveness of
innovations by measuring the share of innovative products,
which makes it impossible to conduct a full analysis of the
company's innovative activity and its effectiveness. In this
regard the author proposes the SIPOC model (S — supplier,
I — input, P — process, O — output and C — customer), which
makes it possible to analyze the process of innovation.
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Coombs et al. (R. Coombs, P. Narandren, and A. Rich-
ards, 1996) have proposed a model called LBIOI for evaluat-
ing innovative activities. This model helps assess the degree
of novelty of products manufactured by companies, as well
as their technologies. At the same time, this model is not
applicable for evaluating process and organizational inno-
vations.

Cordero (Cordero, 1990) creates a model for measuring
the effectiveness of innovations by using resource and prod-
uct indicators. At the same time, he measures every stage of
the innovation process: designing, modeling and production
of a prototype, testing and commercialization. The results of
the study show that the most commonly used indicators for
assessment are the quality of technical products, the level of
achievement of goals and the amount of work completed on
time.

Verhaeghe and Kfir (Verhaeghe, A., Kfir, R., 2002) pre-
sented a management and evaluation model consisting of 10
separate aspects: leadership, resources’ provision of innova-
tions, systems and tools, proposals of innovations, proposals
of developments, transfer of technologies, absorption of tech-
nologies, market focus, innovate activity and networking.

Suomala (Suomala, P., 2004) substantiated a life cycle
approach to evaluation. In his opinion, at each phase of the
cycle specially selected performance indicators should be
used. Suomala identified the following phases of the life
cycle of an innovative product: (1) feasibility study/prepa-
ration; (2) product development; (3) launch on the market;
(4) active phase; (5) support, provision and further develop-
ment; (6) end of the cycle.

Ortiz et al. (Ortiz F.1., Brito E.E., and Ovalles M.L.,
2007) offers a system of measurement for technological
innovations of products and processes. They use sets of
indicators identified by experts to determine a system of
measurement. The system consists of tools, procedures and
methodologies for analyzing the effectiveness of innovative
activities and makes it possible to compare companies in dif-
ferent industries and fields of activity.

Finally, a number of researchers use econometric mod-
eling to analyze the relationship between innovations and
company performance. For example, Mairesse and Mohnen
[Mairesse J. and Mohnen P.A., 2004] by using econometric
modeling show that the company's investment into R&D has
a positive effect on the effectiveness of innovative activities
and the company’s productivity in general. They also main-
tain that an overall elasticity of investments in research and
development is higher in low-tech industries compared to
high-tech industries. Trachuk and Linder (Trachuk., Linder.,
2018) used econometric modeling based on the data of the
Russian industrial companies and concluded that the impact
of investments into innovations of productivity depends on
the “intensity” of investments in R&D; the relationship be-
tween investments in innovation and productivity growth is
non-linear and has a stable positive relationship only after
a certain critical mass of investments into R&D has been
achieved; the characteristics of industries in which compa-
nies operates have significant impact on the relationship be-
tween investments into innovations and productivity. Com-
panies operating in high-tech industries not only invest more
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in R&D and innovations, but also have higher productivity
due to research and development.

Lo66f and Heshmati (L66f and Heshmati, 2002) conduct
econometric studies based on the data from Swedish manu-
facturing companies. This study is also focused on the rela-
tionship between innovations and productivity growth in in-
dustrial companies. They examine the existing econometric
methods, propose a new model and apply it to the generated
set of data. The results show that the level of effectiveness
of innovation activity significantly grows with an increase in
investments in R&D.

1.3. THE FORMATION OF MULTIDIMENSIONAL
INDICATORS TO ASSESS THE EFFECTIVENESS
OF INNOVATIONS

The third group of studies is devoted to the use of multi-
dimensional indicators that make it possible to evaluate vari-
ous aspects of the company's innovative activities.

Sood and Tellis (Sood and Tellis, 2009) study the growth
in the costs of innovations at each stage of the innovation
process. The result of the study was the conclusion that the
growth in the costs of innovations is affected more by the
phase of innovation development than by the phase of com-
mercialization. Therefore, in order to attract more market
attention, companies should advertise their research and de-
velopment as much as possible.

Choi and Ko (2010) have proposed an integrated as-
sessment of innovation activity, which makes it possible to
measure both the effectiveness of investments in R&D and
their impact on the results of innovation activities. The as-
sessment consists of four groups of innovative metrics meas-
uring all innovative processes of companies. An integrated
assessment of innovative activity was also proposed in the
work of Trachuk and Linder (Trachuk, Linder, 2016).

The study of Salomo et al. (S. Salomo, K. Talke, and
N. Strecker, 2008) for the first time defines the concept of
innovative orientations of companies, which are understood
as a strategy of managing the company's innovative activ-
ities. At the same time, such areas of management as joint
research and development, customer value, formation of
consumer groups, technological leadership and formation of
unique competencies of the company are highlighted. The
finding of this study is the conclusion that only those com-
panies that manage innovative areas are more successful and
have portfolios of more innovative products than others.

Rosaermeland Hess (Rothaermeland Hess, 2007) de-
velops a multi-level theoretical model to evaluate innova-
tiveness on three different levels: the level of an individual
company, the industry level and the level of networks. They
collect data from pharmaceutical companies and base the de-
pendence of the level of innovative products on independ-
ent variables (factors) — investments in R&D, company size,
number of employees, etc. This study shows that intellectual
human capital significantly influences the innovativeness of
companies.

In his writings Shapiro (A.R. Shapiro, 2006) concludes
that it is impossible to determine the innovativeness of a
company by any single measure. He proposes the use of

“fixed” and “variable” indicators in pairs in order to effec-
tively analyze the level of innovative activity.

The “fixed measure” refers to the percentage of income
from the sale of new products while variables include tech-
nologies, production, organizational innovation, etc., which
also demonstrates the degree of novelty and innovativeness.
The author believes that the level of innovative activity of
the company will be measured better by combining these in-
dicators.

Our study is focused on the study of factors contributing
to the improvement of innovation performance of industrial
companies and the formation of an aggregated assessment of
innovative activities.

2. RESEARCH METHODOLOGY

Innovations in industrial companies are a complex phe-
nomenon that is difficult to evaluate only from secondary
sources. Therefore, to form an aggregate indicator for the
assessment of innovative activity we used a consistent ap-
proach, which includes:

— analysis of the factors of effectiveness of innovative
activities;

— collection and analysis of information regarding
the indicators used to assess the innovative activity
of industrial companies taking into account the
identified factors of innovation activity;

— compilation of an aggregate and a short list of
indicators evaluating innovation activity taking into
account the identified factors of effectiveness of
innovative activity;

— formation of an aggregate indicator of innovative
activity of industrial companies.

The collection of information included:

— the analysis of domestic and foreign literature on
the measurement of innovative activity of industrial
companies;

— the analysis of published reports of consulting
companies on the indicators used to assess innovative
activities of large industrial companies;

— the analysis of data on the assessment of innovative
activity of large industrial companies of the
American Productivity and Quality center (APQC);

— the collection and analysis of materials of the
websites of large industrial companies, as well as
the analysis of innovative development strategies
and innovative development programs of state
corporations and companies with state participation
in terms of indicators used to evaluate innovative
activities;

— interviews with experts about the indicators
for assessing innovative activities of industrial
companies.

For the analysis of literary sources we selected the scien-
tific literature according to the following criteria: relevance,
reliability of the source (scientific validity of the work is
confirmed), peer-review of the published materials.
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An extended list of indicators based on the analysis of different sources is aggregated and reduced to a unified terminology,
taking into account minor differences in formulations and units of measurement. Further, on the basis of the aggregated list,

a short list of KP1s (Key performance indicators) is formed. The integrated indicator for holdings is based on the recommended

short list of indicators.

Aggragation of the KPI Hst:

1 i = Similarity of metrics

American Productivity
& Quality Center (APQC)
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Formation of a short Ust based on:
= The report aboul the study of the current KP1 Sysiem

Based on the discussions
wilh experts

: Repaorts of consulting ! Extended list Aggregated list Short list integral
F companies ! {all identified {on the basis [considering specific indicator
e indicatars) of indicators) features) +32
. indicative
. 103 KPis 39 KPls & KPIs KPls
Analysis of innovative : (3+2)

development programs
of industrial holdings [

i
i Publications :
i in the scientific i
' literature on innovation i
d 1

Figure. 1. Methodology for the formation of multivariate assessment of innovative activities."

After that we analyzed innovative development programs
of state corporations and companies with state participation
such as:

1. SC "Rosatom"
. JSC “RusHydro”
. JSC “FSK EAS”
. JSC “Gazprom”
. JSC “Russian Railways”
. OJSC “System Operator of the Unified Energy
System”
7. FSUE "Rosmorport"
8. FSUE Uralvagonzavod.

We also analyzed the strategies for innovative develop-
ment of large private industrial companies (a total of about
57 companies).

We studied the reports of big consulting agencies on in-
novative companies. Such reports combine the experience
of the leading world practices in all areas of innovative de-
velopment and describe the tools for the analysis of recom-
mendations for the development of innovative companies
containing aggregated information on the latest trends in
innovations and breakthrough technologies that have an im-
pact on the global economy.

We also analyzed the experience of the American non-
profit organization APQC (American Productivity & Qual-
ity Center) specializing in research in the field of business
process efficiency, conducting a comparative analysis of
the practices of various companies and determining the best
practices.

The research of APQC is based on information provided
by APQC member organizations. Currently, over 320 global

AN W AW N

companies are members of APQC. Therefore, the indicators
obtained by APQC in conducting research and interpreting the
results of innovative activities were also interesting for us.

Interviews with experts and data processing: for prelimi-
nary testing of the selected aspects of innovative activities of
companies in a small sample 16 interviews were conducted
with managers of companies working in various industrial
sectors. The sample includes both the Russian and foreign
companies operating on the Russian market. The materials of
interviews were analyzed using content analysis.

Selection of indicators: the selection of indicators was
carried out with reference to the factors that evaluate the key
factors of the effectiveness of innovative activities in indus-
trial companies.

Analysis and aggregation of indicators: the initial list,
including 103 indicators of innovative activities, was ag-
gregated and reduced to a single methodology taking into
account the minor differences in formulations and units of
measurement. Then, on the basis of the aggregated list, a
short list of indicators was formed, on the basis of which an
aggregated indicator of innovative activity was formed.

The research methodology is shown in Figure 1.

3. FACTORS, WHICH CONTRIBUTE
TO THE INCREASED EFFICIENCY OF
INNOVATIONS

The analysis of the existing literature identifies four
classic factors in the effectiveness of companies' innovative
activities: access to financial capital, qualified personnel, ef-

! Source: compiled by the authors

112



Vol. 10, N2 2/2019

. strategic ri

K
decisid Ranagement

fective organization of innovation processes and formation
of a corporate culture aimed at creativity (see, for example,
Calantone., Chan, Cui, 2012; Galende and de la Fuente,
2013; Gatignon, Tushman, Smith, and Anderson, 2012].

At the same time, based on in-depth interviews our study
makes it possible to supplement them with a number of fac-
tors that determine the success of innovative activities of in-
dustrial companies.

Focus on technological innovations. As a factor of suc-
cess most of the interviewed company executives noted
research, the development of scientific and technological
ideas, creation and development of new products (78 %). At
the same time, if additional investments were made in inno-
vative activities, 69 % would use them to develop new prod-
ucts; 61% — to introduce new technologies and to purchase
equipment. When analyzing the strategies of innovative de-
velopment 46% of enterprises prioritize innovations, 64 %
want to optimize innovations (cost reduction, customization,
and improvement of product quality), 31% are focused on
creating fundamentally new products or services.

Customer focus. 74% of company executives consider
customer satisfaction an important success factor, 69 % — the
company's ability to adapt a product or a service to customer
requirements; 58 % — creation of not just an innovative prod-

uct, but a combination of products, services and information
that can satisfy the needs of a particular client; 43 % — crea-
tion for the client the possibility to switch to a new product
of the company; 51% — development of a mechanism for
interaction with customers aimed at strengthening customer
loyalty and satisfaction.

Training of employees. 78 % of respondents consider the
presence of highly professional teams of developers and de-
sign engineers as well as the training of personnel in order
to form competencies for the development of new techno-
logical solutions and products as one of the most important
success factors.

Company size and competitiveness. 71 % of the surveyed
company executives consider the size of companies to be a
significant factor in increasing innovative activities as larger
sizes give more opportunities to access capital, greater mar-
ket share, etc. 88% of managers consider their companies
to be market leaders, of which 23% called their companies
indisputable leaders while 62 % admitted that their company
is one of 2—3 leaders on the market.

Access to international markets. 74% of companies op-
erate not only in Russia, but also on the foreign markets ex-
porting goods and services. An average export share among
the surveyed companies is 16 %.

Table 1
Examples of indicators for assessing innovative activities based on literature analysis

Key factors of effectiveness
of innovative activity

Examples of indicators to measure innovative activities

Customer focus * The share of patents that have value

Focus on technological innovations

Percentage of rejected patents

Percentage of patents for sale

Average number of prototypes of new products
Percentage of new patents in key research areas
Average time of patent application filing
Average time between an idea and a patent
Average cost of patent

Company size and competitiveness * The number of new patents compared to competitors
The key role of CEO * The share of procurement of non-raw- materials innovative products
» Total investments in non-key innovation projects
» Development costs
The volume of total investments in the » Percentage of R&D expenses for the development of new products and services
company’s activity (both current and capital) » Percentage of investments in non-key innovation projects
» Percentage of resources allocated for fundamentally new innovations

Percentage of invested capital

* Number of tools and methodologies aimed at stimulating innovations among

Qualified personnel and training of employees

employees engaged in innovative activities
* Number of new ideas

* Average time of development

Intercompany cooperation » Percentage of projects involving universities and research institutes
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The key role of CEOs. 87% of respondents consider
CEOs of companies to be the main initiator of development
programs for new products and services. In 58 % of compa-
nies a CEO oversaw the creation of at least one company
product, and in 31% of companies — the development of all
new products.

Intercompany cooperation. 76 % of top managers of in-
dustrial companies recognized the factor of intercompany
cooperation as important for the success of innovative activ-
ities, while 68% considered cooperation between company
divisions or within the holding more important, 44 % — coop-
eration with external organizations.

The ability to receive external financing was not named
among the main success factors for innovative activities of
companies. State support also did not play a key role in the
development of innovations of the companies we studied.
82% of executives replied that at least once they received
some state support, but only for 13% the received state
support significantly influenced business development and
innovative activities. 52% of companies received grant fi-
nancing from the state. The survey data also show that 49%
of companies do not encounter significant administrative
barriers in the process of developing and commercializing
innovations, while 23 % believe that there are such barriers,
but they have already learned to overcome them.

We have identified the following key factors that contrib-
ute to improving the effectiveness of innovations:

— customer focus;

— focus on technological innovations;

— company size and competitiveness;

— the key role of CEO;

— the volume of total investments in the company’s
activity (both current and capital);

— qualified personnel and training of employees;

— intercompany cooperation.

We will consider the formation of an aggregate indicator
for the assessment of innovative activity taking into account
the identified performance factors.

4. RESEARCH RESULTS

4.1. ANALYSIS OF SCIENTIFIC PUBLICATIONS,
EXPERT OPINIONS AND RECOMMENDATIONS
OF THE LEADING PRACTITIONERS

According to the results of the literature review, the fol-
lowing indicators can be distinguished for assessing the in-
novative activity of companies (Table 1).

We also analyzed indicators with median values recom-
mended by the American Productivity and Quality Center?
(Table 2).

Table 3 presents the results of the analysis of indicators
for assessing innovative activities reflected in innovative

Table 2
Examples of indicators to assess innovative activities recommended by the American Productivity and Quality Center

Key factors of effectiveness
of innovative activity

Examples of indicators to assess innovative activities

Median
values

» Percentage of innovative expenditures on new categories of products/processes/
business models in relation to the total innovative costs on products/processes/

business models 30
» Percentage of innovative expenditures to expand the existing products/processes/
Customer focus business models in relation to the total innovative costs on products/processes/ i
business models
 Percentage of innovative expenditures to modernize the existing products/processes/
business models in relation to the total innovative costs on products/processes/ 40
business models
* Increase in R&D costs over the past three reporting periods, % 15,6
Focus on technological + Total expenses on R&D for 1 thousand dollars of revenues
innovations in the current reporting period $21,70
Company size and * The share of the company’s own innovations in the total volume of innovations 80
competitiveness
* The share of borrowed (purchased) innovations
The key role of CEO in the total volume of innovations, % 20
The volume of total » Percentage of other expenditures on products/processes/business models in relation
investments in the company’s to the total innovative costs on products/processes/business models 0
activity (both current and
capital)
Qualified personnel and . . . .
training of employees Total expenses on R&D per 1 employee in the current reporting period $15 222

2 urrl: http://www.apqc.org
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Table 3

Examples of indicators for assessing innovative activities based on the analysis
of the Programs and Strategies for the innovative development of industrial companies

Key factors of effectiveness
of innovative activity

Customer focus

Focus on technological innovations

Company size and competitiveness

The key role of CEO

The volume of total investments
in the company’s activity (both
current and capital)

Qualified personnel
and training of employees

Intercompany cooperation

Examples of indicators to assess innovative activities

The share of products and services developed and put into production over the past 5 years
The share of products certified according to international standards in their total volume

Changes in the relative volumes of production wastes and the level of their disposal

» Changes in the number of malfunctions and accidents during the operation of equipment
* The share of modern equipment in the company’s technological park (considering the

technological peculiarities of industries)

Changes in the company’s energy efficiency

» Changes in the level of labor productivity in companies

The presence of breakthrough projects in PIR
The number of technologies, which are developed and proposed for use

The number of patents and other intangible assets put on the balance sheet according to the
results of R&D

The number of technologies and products developed and implemented into production based on
the results of R&D

Total expenditures on R&D

Cost structure for research and development

The volume of R&D financing from own funds

The volume of costs for the development of new technologies licensed by the company

Company employees involved in teaching

Joint research programs with universities, programs to improve the quality of education and
traiming

Students, graduate students and teaching staff of universities undergoing practical training and
internships in the company

Company participation in technology forecasting and activities of technology platforms

Scope of joint research work with universities

Development of innovative interaction with small and medium-sized businesses

Table 4

Examples of indicators for the assessment of innovative activities used by consulting companies

Key factors of effectiveness of innovative activity Examples of indicators to assess innovative activities

Customer focus

Focus on technological innovations

Company size and competitiveness

The volume of total investments in the company’s

activity (both current and capital)

Intercompany cooperation

» The number of new categories of products and services introduced in the
reporting year

» The process of improvements carried out during the improvement process
 The share of implemented patents

* The number of patents

» The number of patent applications

* Increase in patents

» Economic effect from the use of R&D and innovations
* Reduction of costs from the introduction of technologies

e R&D costs

» The number of personnel employed in the field of innovation

* The number of proposals for the creation of new technologies, technical and
technological solutions received from subsidiaries in the accounting year
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Table 5

Aggregated list of indicators for assessing innovative activities of industrial companies

Key factors of effectiveness
of innovative activity

Customer focus

Focus on technological innovations

Company size and competitiveness

The key role of CEO

The volume of total investments in
the company’s activity (both current
and capital)

Qualified personnel and training of
employees

Intercompany cooperation

116

Examples of indicators to assess innovative activities

The number of new categories of products or services introduced in the reporting year
The share of products certified according to international standards in the total production
volume of the company

The share of modern equipment in the technological park of the company (taking into account
technological peculiarities of industries)

Percentage of defects, irregularities and deviations detected during the control process, %
The average number of quality controls compared to the target one

Percentage of improvements made during the improvement process,%

Average time to adapt the acquired innovative product, days

Increase in the number of used patents,%

The number of patents received in the qualifying year and the previous two years

The share of introduced patents in the total number of patents received by the company,%
The share of rejected patents,%

Average time interval between the emergence of an idea and the obtaining of a patent,%
The number of ongoing innovation projects

The share of R&D with delays from the project implementation schedule,%

Economic effect from the use of R&D and innovation, million rubles
Growth of labor productivity, %
Cost reduction from technology implementation,%

The number of new competencies in the company due to the results of innovative activities
Percentage of time spent by top management on the growth of innovations, %

The share of the company’s own innovations in the total volume of innovations, %

The share of procurements of non-raw-materials innovative products from Russian
enterprises, %

Cost structure of research and development

The share of R&D expenditures in revenues, %

Expenditures on R&D in the reporting year, million rubles

R&D expenditures per 1 employee in the current reporting period, rubles

Rates of growth of expenditures on R&D in relation to the previous three years,%

The share of expenditures on R&D for the development of fundamentally new technologies/
products, %

The share of R&D expenditures that yielded positive results in the total amount of R&D
expenditures for works, which were completed in the reporting period, %

The share of R&D expenditures in non-key innovative projects, %

The share of R&D expenditures on modernization of the existing technologies/products, %
An average cost of a patent, million rubles

R&D costs to the number of obtained patents, million rubles

The number of tools and methodologies available to the employees engaged in innovative
activities

The share of employees trained in the field of innovative activities,%

The number of personnel engaged in research and development, people

The number of R&D topics introduced into production activities in the billing period and the
previous three years.

The share of candidates and doctors of sciences involved in the project,%

The financing of the scientific base and ongoing research of universities and research
institutes, million rubles

The number of proposals for the creation of new technologies, technical and technological
solutions received from subsidiaries in the accounting year
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development programs of state corporations and companies
with state participation, as well as innovative development
strategies of private industrial companies.

The analysis of reports of consulting companies makes it
possible to use the best international practices in the analysis
of innovations and identification of indicators for assessing
innovative activities. Examples of the key KPIs used for
evaluation by consulting companies are shown in Table 4.

On the basis of the conducted analysis and identification
of indicators for assessing innovative activities an extended
list of indicators of 103 KPIs was made up.

The analysis resulted in an extended list of indicators that
are potentially suitable for inclusion into the integral indi-
cator for assessing innovative activities of industrial com-
panies.

4.2.FORMATION OF AN AGGREGATE
INDICATOR FOR ASSESSING INNOVATION
ACTIVITIES OF INDUSTRIAL COMPANIES

103 indicators selected during the previous stage went
through the aggregation process with the aim of eliminating

the double counting of indicators and combining similar in-
dicators. We analyzed the indicators for their thematic con-
tent, purpose, wording and units of measurement in accord-
ance with the factors of innovative activities.

As a result, an aggregated list of indicators was obtained
(Table 5).

Then the indicators of the aggregated list were analyzed
by factors:

— availability of input data and transparency of the cal-
culation methodology;

— mentioned more than once in information sources;

— the indicator corresponds to the factors of innovation
performance we have identified (Fig. 2).

For the formation of an aggregate indicator 5 key indica-
tors were selected that correspond to such performance fac-
tors as customer focus, focus on technological innovations,
company size and competitiveness, total investments into
the company’s activities, qualified personnel and employee
training, as well as three indicative indicators consistent with
the innovative development strategy of an industrial compa-
ny (the key role for top management), and an indicator char-
acterizing the degree of intercompany cooperation.

Assessment of aggregated indicators for a short list

: The volume of financing of innovative projects,
I including RED by using own
I resources, % of revenues

Expendilares on RED
in the reporting year, million rubles

1
1 RED expenditures per 1 employes
: i the current repodting period, rubles

Rates of growth of R&D expenditures
in relztion to the previows three years,%

The share of expenditures on R&D

' [
| ' |
i for the development : H i
I of fundamentally new technologies) products, i '
i

Avallability of input data and transparency E mr:tnanmﬁmmlumi‘ls Comespondence of KPIs to the Factors of effectiveness
of innovalive activities

of the calcolation methodology In watlous soences

______________________ N 1
The share of RED expenditures that yielded -
positive resulls in the total amourt of RED expendifures 1 :'
Tor works, which were completed in the reporting period, % ' 5

)

I
: I
The share of R&D expenditures 1
in non-key Inrovative projects, % i

[

...................... ;

The share of R&D expenditures i

on modernization of the existing :
technologies products, % i

RA&D costs to the number
of obtained patents, million rubles

Fig. 2. Assessment of indicators of the aggregated list for the formation
of an integral indicator for the assessment of innovative activities®

3 WICTOYHHMK: COCTABICHO aBTopaMu
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Table 6
The key and indicative indicators of innovation activities

Factors of effectiveness . .

Key indicators

KPI=YHII +YV,

The number of new categories of products or

R services introduced in the reporting year

where HIT — is the number of new types of products
introduced in the new year,

V — the number of new services in the reporting year

The number of patents and other intangible KPL=Ynp +Ymp +3xp,

Focus on technological assets based on the results of R&D received
innovations during the reporting period and the previous  where n, m, k — the number of patents and other
two years, units intangible assets (p) based on the results of R&D
KPL=YAP+YAC,
Company size and The economic effect from the use of R&D where AC — savings from the reduction of production
competitiveness and innovations, million rubles Costs,
AP — profits received from the sales of new goods
and services
KPIL, = (Ps,,,,/11) * 100%
Qualified personnel and The share of employees trained in the field of where Ps — is the actual number of employees trained
training of employees innovations, % in the current year in the field of innovative activities;
I1 — an average number of employees for the
reporting year
KPL= (Ks,,../R) * 100%
The volume of total The volume of financing of innovative g ]
investments in the company’s  projects, including R&D by using own funds, Xlgf)?agi; lrsotv}éi;ctil:lilljé?gulﬁ gt;)ﬁil:la?hcel?% O(f rtin
activity (both current and as a percentage of the company's revenues for car projects, g P g
capital) services (according to RAS) year

R — the actual revenues of the company for the
services in the reporting year

Indicative indicators

The number of new competencies in the KPI=YK,
The key role of CEO organization due to the results of innovative
activities where K — is the number of new competencies

KPL=Hbs o \Ks

2 Financing of the scientific base and ongoing ~ where Hbs — is the actual amount of funding for the
External intercompany

p———— research of universities and research scientific base and ongoing research by universities
P institutes, %. in the reporting year;
Ks — the actual amount of financing of innovative
projects, including R&D in the reporting year
KPL=Y AT+ ATP,
The number of proposals for the creation of g
Internal intercompany new technologies, technical and technological Zﬁ;grlzlﬁggs I;fl\g ;%Elﬁg?éggles developed by
cooperation solutions received from subsidiaries in the

ATP — technological solutions developed by
subsidiaries and affiliates and transferred to the
parent company

accounting year
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Table 6 shows five key indicators for assessing the inno-
vative activity of industrial companies, which are included
in the calculation of the integrated indicator of innovative
activity, and three indicative indicators that are not included
in the aggregate indicator, but which reflect the company's
innovative development strategy and the level of intercom-
pany cooperation, both external and internal.

Based on the conducted analysis we propose to calculate
the integral indicator of innovative activity of an industrial
company according to the following model:

KPI, = X * ((KPI, (fm)/KPII (plan)) *100%) + X* ( (KPI,
(fw)/KPIZ (plan)) *100%) + X,* ( (KPIL, (fm)/KPI3 (plan)) *100%)
+ X4* ( (KPI4 (facl)/KPI4 (plan)) *100 %) +

X* (KPI (fm)/KPIS (plan)) *100%), (12)

where: X, X,, X, X,, X, are shares in the integral indica-
tor KPI, KPL, KPI,, KPI,, KPI, respectively;
X, + X, + X, +X, + X, = 100%.

The choice of weighting factors X should be determined
by the company’s innovative strategy and the priority of the
set tasks.

5. CONCLUSIONS AND APPLICATION
OF THE OBTAINED RESULTS

In order to form an integral indicator of innovative ac-
tivities of industrial companies we analyzed the published
reports of 57 leading companies in industrial sectors over the
past 5 years and more than 40 scientific publications evaluat-
ing the innovative activity of companies. We also conducted
16 interviews with experts of big industrial companies to as-
sess their innovative activities and analyzed KPIs of innova-
tive activities recommended by the American Productivity
and Quality Center (APQC).

The research proposed a methodology for multivariate
assessment of innovative activities of industrial companies
recommending 5 key efficiency indicators for calculating the
integral indicator and 3 indicative indicators not included in
the integral indicator. An algorithm for calculating the inte-
gral indicator of innovative activities was proposed.

The proposed algorithm for calculating the integral in-
dicator of innovative activities makes it possible to com-
pensate for insufficient achievement of target values for one
indicator by overfulfillment of target values for other indi-
cators. In Russian practice the value of the integral indicator
can be considered satisfactory if it deviates downward by no
more than 10 %.

In addition to the integral indicator it is recommended to
calculate three indicative indicators, the values of which do
not affect the integral indicator:

1) the comprehensive indicator for the development of
the scientific base and ongoing research of universities, re-
search institutes, scientific organizations, R&D and technol-
ogy platforms, percent;

2) the number of proposals for the creation of new tech-
nologies, technical and technological solutions received from
subsidiaries, affiliates and external organizations — partners
in the accounting year;

3) the number of new competencies in the company due
to the results of innovations.

Indicative indicators should be consistent with the com-
pany's innovation program and policy, as well as with the
strategic development priorities of industrial companies.

REFERENCES

1. Potters L. (2009) Innovation Input and Output: Differences
among Sectors // IPTS Working Paper on Corporate R&D
and Innovation. No. 10/2009, 38.

2. Milbergs E., Vonortas N. (2006) Innovation Metrics :
Measurement to Insight.

3.  Vega-Jurado J., Gutierrez-Gracia A., Fernandez-de-Lucio
I., and Manjarres-Henriquez L. The Effect of External and
Internal Factors on Firms’ Product Innovation // Research
Policy, 37 (4), 616-632.

4. Reffitt M., Sorenson C., Blodgett N., Waclawek R., and
Weaver B. (2007) Innovation Indicators: Report to the
Council for Labor and Economic Growth.

5. Gold B. (1973). The Impact of Technological Innovation —
Concepts and Measurement / Omega, 1 (2), 181-191.

6. Griffith R., Huergo E., Mairesse J., and Peters B. (2006).
Innovation and Productivity across Four European Countries
// Oxford Review of Economic Policy, 22 (4), 483—498.

7. Morris L. (2008). Innovation Metrics: The Innovation
Process and How to Measure It, An InnovationLabs White
Paper, InnovationLabs LLC, 20 P.

8. Trachuk A., Tarasov 1. (2015). Issledovanie effektivnosti
innovacionnoj  deyatel'nosti  organizacij na osnove
processnogo podhoda [The research on the efficiency
of innovative activity of organizations via the process
approach] // Problemy teorii i praktiki upravleniya [Problems
of management theory and practice], 9, 52 — 61.

9. Pallister 1. (2010) Innovation Update 08-10: Measuring
Innovation.

10. Hansen E., Juslin H., Knowles C. (2007). Innovativeness in
the global forest products industry: exploring new insights //
Canadian Journal of Forest Research, 37 (8), 1324-1335.

11. Ivanova A.V. (2015). Sistema metrik rezul'tativnosti
vyvedeniya na rynok innovacionnyh produktov lesnyh
biotekhnologij [System of Metrics of Productivity of
Removal at the Market of Innovative Products of Forest
Biotechnologies] // Social'no — ekonomicheskie yavleniya
i process [Social and Economic Phenomena and Processes],
10 (6), 30 -35.

12. Pozdnyakov B.A. (2009). Metodicheskie podhody k
ocenke effektivnosti innovacij v I'nyanom podkomplekse
[Methodological approaches to the assessment of
innovations in flax industry]/ APK: Ekonomika i
upravlenie[Agroindustry: economy and management], 6,
20-22.

13. Glassman B. (2009) Metrics for Idea Generation / White
Paper Series on Idea Generation, 7.

119



t
decisio

risk
anagement

. strategic

Vol. 10, Ne 2/2019

14.

16.

17.

18.

19.

20.

21.

22.

24,

Gupta P. (2007 ) Firm Specific Measures of Innovation,
Chicago: Illinois Institute of Technology.

. Coombs R., Narandren P., and Richards A. (1996).

Literature-based Innovation Output Indicator / Research
Policy, 25, 403—413.

Cordero R. (1990). The Measurement of Innovation
Performance in the Firm: An Overview // Research Policy,
19 (2), 185-192.

Verhaeghe, A., Kfir, R. (2002). Managing innovation in
a knowledge intensive technology organisation / R&D
Manage, 32 (5), 409—417.

Suomala, P. (2004). The life cycle dimension of new product
development performance measurement // Int. J. Innov.
Manage, 8 (2), 193-221.

Muller, A., Vilikangas, L., Merlyn, P. (2005). Metrics for
innovation: guidelines for developing a customized suite of
innovation metrics // Strategy Leadership, 33 (1), 37-45.
Adams, R., Bessant, J., Phelps, R. (2006). Innovation
Management measurement: a review // Int. J. Manage. Rev,
8 (1),21-47.

Ortiz F. 1, Brito E. E., and Ovalles M. L. (2007). System
Approach for Measuring Innovation Technology Capacity
in Developing Countries / PICMET 07 - 2007 Portland
International Conference on Management of Engineering
& TechnologyPortland International Conference on
Management of Engineering & Technology, 611-616.
Mairesse J. and Mohnen P. A. (2004). The Importance of
R&D for Innovation: A Reassessment Using French Survey
Data // Journal of Technology Transfer, 30 (1-2), 183-197.

. Trachuk A., Linder N. (2018). Innovation and Performance:

An Empirical Study of Russian Industrial Companies
/I International Journal of Innovation and Technology
Management, 15(3).

Lo6f H. and Hesmati A. (2002) Knowledge Capital and
Performance Heterogeneity: A Firm-level Innovation Study
// International Journal of Production Economics, 76(1),
61-85.

120

26.

27.

28.

29.

31.

32.

|5
@

. Sood A. and Tellis G. J. (2009) Innovation Does Pay

Off — If You Measure Correctly // Research-Technology
Management, August, 13—-16.

Choi G. and Ko S.-S. (2010) An Integrated Metric for R & D
Innovation Measurement, Integration The Vlsi Journal.
Trachuk A.V., Linder N.V. (2016). Metodika mnogofaktornoj
ocenkiinnovacionnojaktivnostiholdingovvpromyshlennosti
[Technique of the Multiple-Factor Assessment of Innovative
Activity of Holdings in the Industry]/ Nauchnye trudy
Vol'nogo ekonomicheskogo obshchestva Rossii [Academic
writings of the Free Economic Society of Russia], 198 (2),
298-308.

Salomo S., Talke K., Strecker N. (2008) Innovation Field
Orientation and Its Effect on Innovativeness and Firm
Performance // Journal of Product Innovation Management,
25 (6), 560-576.

Rothaermel F. T. and Hess A. M. (2007) Building Dynamic
Capabilities: Innovation Driven by Individual-, Firm-, and
Network-Level Effects // Organization Science, 18 (6), 898—
921.

Shapiro A. R. (2006) Measuring Innovation: Beyond
Revenue from New Products // Research Technology
Management, November, 42—51.

Calantone, R. J., Chan, K., Cui, A. S. (2012). Decomposing
Product Innovativeness and Its Effects on New Product
Success // Journal of Product Innovation Management, 23
(5),408-421.

Galende, J. de la Fuente, J.M. (2013). Internal factors
determining a firm’s innovative Behaviour // Research
Policy, 32: 715-736.

. Gatignon, H., Tushman, M.L., Smith, W. and Anderson,

P. (2012) A structural approach to assessing innovation:
construct development of innovation locus, type, and
characteristics / Management Science, 48 (9): 1103—1122.



Vol. 10, N2 2/2019

. strategic

decisio

rl

sk
anagement

ABOUT THE AUTHORS

Arkady V. Trachuk,

Dr. Sci. (Econ.), Professor, Head of the Department of Man-
agement, Financial University under the Government of the
Russian Federation; General Director of JSC "Goznak"
Research interests: strategy and management of a company,
innovations, entrepreneurship and modern business-models
in finance and real economy, dynamics and development of
e-business, experience and perspectives of natural monop-
olies.

E-mail: atrachuk@fa.ru

Nataliya V. Linder

PhD (Econ.), Associate Professor, First Deputy Head of the
Department of Management, Financial University under the
Government of the Russian Federation

Research interests: strategy and management of a company,
development of industrial company strategy in the condi-
tions of the Fourth industrial revolution, innovations, busi-
ness-models transformations, dynamics and development of
e-business, development of energy company’s strategy in
the conditions of the Fourth industrial revolution, Russian
company’s strategy for enter the global markets

E-mail: nvlinder@fa.ru

121



