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Abstract

Rocha, Wellington Luiz Leite da; Almeida, Maria Fatima Ludovico de
(Advisor); Measuring the Innovation Capacity and Performance of
Organizations: A Balanced Scorecard Approach combined with
Analytic Network Process. Rio de Janeiro, 2021. 99 p. Dissertacdo de
Mestrado — Programa de PoOs-Graduacdo em Metrologia, Pontificia
Universidade Catolica do Rio de Janeiro.

In the last decades, special attention has been paid to improving innovation
capacity and performance measurement and evaluation models, and researchers
have been defining new key indicators and factors behind the innovation
performance throughout the innovation process. In light of the previous works
carried out within the scope of Balanced Scorecard (BSC) theoretical framework
and the multicriteria decision-making (MCDM) methods, this dissertation aims to
propose a model for measuring and evaluating organizations' innovation capacity
and performance adhering to the following principles: multi-dimensional
structure, stakeholder goals orientation, cause-effect relationship analysis,
innovation process orientation, and easy implementation and use. In line with
these principles, the proposed model combines the BSC methodology with the
Analytic Network Process (ANP) method in a hybrid methodological approach. It
considers the interdependencies between the key innovation indicators classified
according to the four perspectives of the BSC to calculate the global innovation
capacity and innovation performance indexes. The applicability of this model
could be demonstrated in the context of an innovative electricity generation
company in Brazil. The conceptual model here proposed and the empirical results
concerning an application in a corporate context may contribute to improving
current innovation capacity and performance measurement practices. The
integration of the ANP method into the BSC framework can be considered a
differential in comparison to the current practices of measuring the innovation
capacity and performance in organizations.

Keywords
Metrology; strategic innovation management; balanced scorecard;
multicriteria decision-making methods; indicators and metrics.
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Resumo

Rocha, Wellington Luiz Leite da; Almeida, Maria Fatima Ludovico de;
Modelo de medicédo e avaliacdo da capacidade inovativa e desempenho
inovador de organizagdes: uma abordagem de Balanced Scorecard
combinada com o0 método Analytic Network Process. Rio de Janeiro, 2021.
99 p. Dissertacdo de Mestrado — Programa de P6s-Graduacdo em Metrologia,
Pontificia Universidade Catdlica do Rio de Janeiro.

Nas ultimas décadas, atencdo especial tem sido dada ao aprimoramento dos
modelos de medicg&o e avaliagdo da capacidade inovativa e de desempenho e novos
indicadores-chave e fatores que influenciam o desempenho inovador das
organizacdes tém sido objeto de pesquisa. A luz dos trabalhos anteriores realizados
sobre a abordagem metodoldgica de gerenciamento estratégico conhecido como
Balanced Scorecard (BSC) e métodos multicritério de tomada de decisdo
(MCDM), esta dissertacdo teve como objetivo propor um modelo de medicgédo e
avaliacdo da capacidade inovativa e desempenho inovador de organizacdes
estabelecidas, que seja aderente aos seguintes principios: estrutura
multidimensional; definicdo dos objetivos estratégicos com envolvimento dos
stakeholders; andlise das relagcdes de causa-efeito; orientacdo para o processo de
inovacdo; e facilidade de implementacdo. Alinhado a esses principios, 0 modelo
proposto combina a metodologia BSC com o método Analytic Network Process
(ANP) numa abordagem metodoldgica hibrida, que considera as interdependéncias
entre os indicadores-chave de inovacdo classificados segundo as quatro
perspectivas do BSC, para calcular os indices globais de capacidade inovativa
(ICI) e desempenho inovador (IPI). A aplicabilidade deste modelo pdde ser
demonstrada pela sua aplicacdo no contexto de uma empresa inovadora do setor
elétrico no Brasil. O modelo conceitual aqui proposto e os resultados empiricos
relativos a uma aplicacdo em um contexto corporativo podem contribuir para
melhorar a capacidade de inovacédo atual e as praticas de medi¢cdo de desempenho.
A integracdo do método ANP ao arcabouco do BSC pode ser considerada um
diferencial em comparacdo as praticas atuais de mensuracdo da capacidade de
inovacédo e desempenho nas organizagoes.

Palavras-chave
Metrologia; gestdo estratégica da inovagdo; Balanced Scorecard; métodos
multicritério de apoio a decisao; indicadores e métricas.
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1
Introduction

Measuring, evaluating, and benchmarking innovation capacity and
performance is a significant and complex issue for many organizations. Multiple
factors determine the capacity of organizations to innovate, and generating and
then converting new ideas into usable and marketable products requires a high
degree of inter-functional and even inter-organizational coordination and
integration (Adam et al., 2006). In this context, innovative organizations enhance
their general competence-base and stimulate learning processes, benefiting
themselves and organizations belonging to other economic sectors. The
innovation capacity refers to their ability to understand changes in business
environments, grasp market opportunities, and create new knowledge and
solutions internally or in collaboration with strategic partners.

Notwithstanding the well-known advantages of network relationships for
these organizations, it is indubitable that they strongly influence strategic
decisions concerning RD&I initiatives and innovation management operations.
From this perspective, appropriate managerial tools for innovation capacity and
performances are vital to innovative organizations working in RD&I networks,
mainly because they can ease information flows among the various actors
involved (Spano et al., 2016; Franco-Santos and Bourne, 2005).

According to the Oslo Manual (OECD, 2018), several organizational
capabilities can potentially support innovation activities and the successful
innovation introduction on the market or brought into use by the organization.
Options for measuring capabilities that are relevant for research on the
organizations' innovation performance are: (i) the resources controlled by the
organization; (ii) its general management capabilities, including capabilities
related to managing innovation activities; (iii) the human capital and how the
organization manages it; and (iv) the ability to develop and use technological tools
and data resources, with the latter providing an increasingly important source of

information for innovation.
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In this regard, special attention has been paid to improving innovation
capacity and performance measurement models. Researchers have been defining
new indicators and factors behind the innovation performance throughout the
innovation process (Dziallasa and Blind, 2019).

As posed by Dewangan and Godse (2014), in the last decades, several
multidimensional innovation performance measurement models have been
designed to address this need. Most of these models attempt to combine financial
and non-financial indicators to measure the organization's tangible and intangible
assets and value. Some outstanding examples are the balanced scorecard (Kaplan
and Norton, 1996; 2006) and the performance prism (Neely et al., 2002).

Balanced Scorecard (BSC) has been used by organizations for monitoring
and evaluating their performance strategically. It is a methodological approach to
determine business performance by means of lead and lag indicators aligned to
their vision, mission, and values statements. This approach is based on the
assumption that business performance should be evaluated considering both
financial and non-financial indicators.

To measure and evaluate the innovation capacity and performance at the
organization level, the BSC approach can be considered a proper measurement
and managerial framework, but only if there is a reasonable attempt to adapt the
original framework. The required methodological adjustments refer mainly to the
insertion of strategic innovation goals, key indicators, and metrics associated with
them within each of the BSC perspectives (Gama et al., 2007; Spano et al., 2016).

From the literature review, 28 empirical studies published from 1988 to
2020 were identified and summarized in Table 2.1. Of that total, 15 studies
employed the scorecard approach, adapting the original conceptual framework
conceived by Kaplan and Norton (1996; 2006) to include specific innovation
strategic goals and associated key innovation indicators and metrics, classified
according to four BSC perspectives. One can distinguish two streams in these
studies: (i) the first focuses on the innovation performance (Gama et al., 2007;
Spano et al., 2016; lvanov and Avasilcai, 2014; Dewangan and Godse, 2014;
Dudic et al., 2020); and (ii) the second emphasizes the measurement and
evaluation of R&D outcome and processes (Bremser and Barsky, 2004; Ojanen
and Vuola, 2006; Chiesa et al., 2009; Lazzarotti et al., 2011; and Bican and Brem,
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2020). Gama et al., 2007; Spano et al., 2016). These contributions will be
discussed in-depth in Chapter 2 to highlight the gaps in the literature on this field.

Although considerable efforts have been devoted to developing and
applying models for measuring and evaluating innovation capacity and innovation
performance based on the BSC framework, previous works have focused
essentially on the adaptation of the original BSC model. Innovation and R&D
indicators associated with BSC perspectives have also been proposed in these
works. However, integrating multicriteria decision-making approaches into the
BSC models, customized for strategic innovation management, has remained
unknown to researchers and managers. Particularly concerning this issue, there are
fundamental methodological differences between the results presented here and
the previous studies reviewed in Chapter 2.

In the Brazilian context, in June 2019, the National Electric Energy Agency
(ANEEL) opened a Public Consultation n. 017/2019, with the specific objective
of obtaining subsidies to incorporate new instruments to encourage innovation in
the electricity sector. In the Technical Note 227/2019 - SPE / ANEEL, three axes
of discussion were proposed to guide the contributions to improve the ANEEL
R&D Program. Specifically, the third axis focuses on the so-called 'regulatory
innovation' with questions addressed to new management and implementation of
solutions to increase the referred Program's effectiveness. In this regard, two
questions were raised in the item "Criteria for assessing innovation in the
electricity sector” of NT n. 227/2019 - SPE / ANEEL (2019, p.39):

* Question 33:How to assess the innovation capacity, and which indicators
should be used to measure the innovation capacity and performance of a
company in the electricity sector?

* Question 34: What are the most relevant results that companies in the
electricity sector should present as an output of the application of
compulsory investments in RD&I?

In view of the importance of the dynamics of technological and business
models within the Brazilian electricity sector, it is believed that the proposed
model can methodologically support the ongoing evolutionary process of the
ANEEL R&D Program.

In this context, the dissertation was developed and supervised within the

research line ‘Strategic Management of Innovation and Sustainability’ of the
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Programa de Pds-graduacdo em Metrologia (P6sMQI) da Pontificia Universidade

Catdlica do Rio de Janeiro (PUC-Rio). This study was financed in part by the

Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior - Brasil (CAPES)
- Finance Code 001.

1.1

Research problem definition

Considering that:

An organization’s ability to integrate, build, and reconfigure internal and
external competences to address rapidly changing environments lies at
the center of its capacity to innovate (Teece et al., 1997);

Dynamic capabilities facilitate not only the ability of an organization to
recognize a potential technological shift, but also its ability to adapt to
change through innovation (Hill and Rothaermel 2003);

The concepts of innovation capacity and performance are second-order
constructions of innovation management, operationalized in the form of
cause-effect relationships;

The cause-effect relationships and feedback between elements of
innovation capacity and performance constructs have been neglected in
previous works;

The literature review on measurement and evaluation of innovation
capacity and performance reveals that previous works have focused
essentially on the adaptation of the original BSC model and the
identification of innovation and R&D indicators associated with BSC
perspectives;

Nowadays, the BSC approach is a methodological reference that guides
organizations to determine their business performance employing leading
and lagging indicators, aligned to their vision and business strategies;
Integrating multicriteria decision-making (MCDM) approaches into the
BSC models, designed for R&D and innovation management, has
remained unknown to researchers and managers; and

This combination (BSC and MCDM approaches) can contribute
significantly to improving current innovation performance measurement

practices;
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The main questions addressed in this research are:

* How to measure and evaluate established organizations' innovation
capacity and performance, adhering to the guiding principles of
multidimensional structure, innovation process orientation, stakeholder
goal orientation, cause-effect relationship analysis, and easy
implementation and use?

« What are the key innovation indicators that should be considered in the
BSC framework for modeling a process of measuring and evaluating
innovation performance at the organization level?

+ How to assign weights to the key innovation indicators, considering
cause-effect relationships between them?

» What measurement scales should be integrated into the model to evaluate
the organizations' innovation capacity and performance?

+ To what extent can the application of the Analytic Network Process
(ANP) method contribute to the efficiency of the innovation capacity and
performance measurement at the organization level?

« Can the results of applying the model in the context of the Brazilian
electric sector demonstrate the alignment of the model with the guiding
principles and the benefits of the BSC approach for companies in this
sector?

» Which are the main contributions of this research for the revision of the
regulatory framework of the ANEEL R&D Program, focusing on the
item ‘Criteria for assessing innovation in companies in the electric

sector’ according to the ANEEL Public Consultation n. 017/2019)?.

1.2.
General and specific objectives

With an attempt to answer these research questions, this dissertation aims to
propose and apply a strategic measurement model to monitor and evaluate the
innovation capacity (IC) and performance (IP) in established organizations, based
on an adapted BSC framework combined with multicriteria decision-making
(MCDM) approach.

In order to achieve the general objective, five specific objectives were
defined, as follows:
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» To discuss the importance of measuring and evaluating the innovation
capacity (IC) and performance (IP) of established organizations, adhering
to the guiding principles of multidimensional structure, innovation
process orientation, stakeholder goal orientation, cause-effect
relationship analysis, and easy implementation and use;

* To identify and analyze previous works on innovation capacity and
performance measurement to identify research gaps and guiding
principles for the modelling phase;

» To identify key innovation indicators that should be considered in the
BSC framework for modelling a process of measuring and evaluating
innovation capacity and performance at the organization level;

+ To define measurement scales that should be integrated into the model to
evaluate the organizations' innovation capacity and performance;

» To develop a conceptual model and a self-assessment instrument for
measuring and evaluating IC and IP in organizations, that will be applied
further in a real context —a company in the Brazilian electric sector;

» To develop an empirical study within a selected company in the Brazilian
electric sector, aiming to demonstrate the applicability of the conceptual
model and its benefits for this company and organizations in general;

+ To contribute with subsidies for the revision of the regulatory framework
of the ANEEL R&D Program, focusing on the item ‘Criteria for
assessing innovation in companies in the electric sector’, according to the
ANEEL Public Consultation n. 017/2019.

1.3.
Methodology

According to Vergara (2002), the research can be considered applied,
methodological and descriptive. The research adopted the following methodology:
(i) literature review and documentary analysis on the central themes of research —
innovation capacity and performance measurement; balanced scorecard approach;
and potential application of multicriteria decision-making methods in BSC
models; (ii) definition of the network analytical structure, according to the
Analytic Network Process (ANP) method, following the basic structure of the
BSC framework, adapted to strategic management systems within established

organizations; (iii) identification and classification of key innovation indicators
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and use of the ANP method for assigning weights to them, through consensus-
building sessions with specialists in innovation management and multicriteria
decision-making analysis; (iv) elaboration and application of a self-assessment
instrument in an innovative company operating in the Brazilian electric sector,
based on the conceptual model to demonstrate its applicability and benefits.

Figure 1.1 presents the research design in its three broader phases: (i)
exploratory and descriptive; (ii) applied research; (iii) conclusive. Next, the three

phases of this research are described according to this schematic representation.
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recomendations
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’ PHASE 1 - Exploratory and descriptive phase ‘ E ’ PHASE 2 - Applied research ‘ E ’ PHASE 3 - Conclusive

Figure 1.1 — Research design, its components, and methods
Source: Author’s elaboration.

1.3.1.
Exploratory and descriptive phase

This phase started with bibliographic research and documentary analysis
covering the period from 2000 to 2020 to raise conceptual works and reference
documents related to the central themes of this research — innovation performance
measurement, balanced scorecard approach, and multicriteria decision-making
analysis. For this, systematic searches were carried out in the main scientific
production databases (Scopus, WoS, Science Direct, and others), combining the
keywords "innovation performance measurement"; “multicriteria decision-making
method*” or “multiple criteria decision-making method*” or MCDM; and

“balanced scorecard” or BSC.
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These searches were complemented with subsequent searches on Google
Scholar and the Scielo database, aiming to identify previous works on this theme
carried out in the Brazilian context. Afterward, the bibliographic review was
deepened, analyzing the references cited in the most relevant articles (backward
search).

As a result, it was possible to identify 28 empirical studies which were
compared according to their objectives, analytical structures for proposing
innovation indicators and metrics, methodological approaches, and methods
adopted. Then, focusing more specifically on methodological issues, it can be
concluded that among the 28 studies, 15 adopted the scorecard approach
(Kerssens-van-Drongelen and Cook, 1997; Wong, 2001; Verhaeghe and Kfir,
2002; Godener and Soderquist, 2004; Bremser and Barsky, 2004; Ojanen and
Vuola, 2006; Gama et al., 2007; Chiesa and Frattini, 2009; Lazzarotti et al., 2011,
Mohamed, 2013; Dewangan and Godse, 2014; Spano et al., 2016; Zhang, 2016;
Bican and Brem, 2020; and Dudic et al., 2020).

Amongst the 15 studies that adopted the scorecard approach, one can
distinguish two streams in these studies: the first focuses on innovation
performance (Gama et al., 2007; Spand et al., 2016; Ivanov and Avasilcai, 2014;
Dewangan and Godse, 2014; Dudic et al., 2020), while the second emphasizes the
measurement and evaluation of R&D outcome and processes (Bremser and
Barsky, 2004; Ojanen and Vuola, 2006; Chiesa et al., 2009; Lazzarotti et al.,
2011; and Bican and Brem, 2020).

Similarly, the other 13 empirical studies listed in Table 2.2 can be aligned
with three general research streams: those focused on innovation performance
(Kuczmarski, 2000; Muller et al., 2005; Birchall et al., 2011; Cruz-Cézaresa et
al., 2013; and Ivanov and Avasilcai, 2014); others emphasized the measurement
and evaluation of R&D outcome and processes (Brown and Svenson, 1988;
Cooper and Kleinschmidt, 1995; Griffin and Page, 1996; Suomala, 2004; and
Adams et al., 2006). In a third stream, some studies combined measurement and
evaluation of R&D with innovation performance from a systemic perspective of
innovation management (Collins and Smith, 1999; Milbergs and Vonortas, 2005;
Dziallas and Blind, 2019). In contrast to the first group, the methodological
approaches and methods adopted were diverse, encompassing content analysis,
survey research, and case analysis.

The literature review allowed highlighting research gaps and the opportunity
to develop a model based on the Balanced Scorecard framework, combined with a
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multicriteria method decision-making approach, to measure and evaluate the
innovation capacity and performance of established organizations.

The theoretical framework served as a conceptual orientation for the
research, providing the specialized vocabulary and organizing the knowledge base
for the applied phase of the research.

In the next page, Figure 1.2 presents a general and schematic overview of
the results of this first phase, in the format of a conceptual map of the research,
with the main bibliographic references in each block of the map.

1.3.2.
Applied research phase

In this phase, a conceptual model for innovation capacity and performance
measurement and evaluation of organizations was developed based on the
findings of the first phase. This conceptual model comprises six stages, as
follows: (i) determination of the network model based on the BSC framework
adapted to strategic management processes within established organizations; (ii)
determination of the five-point scales for measuring innovation capacity and
performance of established organizations and design of the self-assessment
instrument by organizations; (iii) design and application of the questionnaire for
pairwise comparisons of the network elements (i.e., key innovation indicators)
and clusters (i.e., strategic innovation goals); (iv) determination of importance
weights of network elements and clusters; (v) calculation of the limit supermatrix
and resulting weights of the network elements; (vi) application of the self-
assessment instrument and calculation of the Innovation Capacity Index (ICI) and
Innovation Performance Index (IPI).

To demonstrate the applicability of the conceptual model proposed in the
previous phase, an empirical study was developed within an innovative company
in the Brazilian electric sector. This study followed the same steps is focused on
Chapter 4.
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1.3.3.
Conclusive phase

In the third phase, conclusions were drawn in relation to each of the
objectives stated in Section 1.2, emphasizing the benefits of this research to
stakeholders, namely: (i) organizations in general and, in particular, the company
in the Brazilian electric sector that agreed to participate in the applied phase of
this research, during the development of the empirical study; (ii) the National
Electric Energy Agency (ANEEL), which is seeking subsidies for the revision of
the regulatory framework of its R&D Program, focusing on the item ‘Criteria for
assessing innovation in companies in the electric sector’, according to the ANEEL
Public Consultation n. 017/2019; and (iii) institutional actors, such as Science,
Technology and Innovation institutions (CT&I) and the Brazilian Association of
Electricity Distributors (ABRADEE), to name a few examples. Proposals for

future deployments of this research were also formulated at this stage.

1.4.
Structure of the dissertation

The dissertation is structured in five chapters. Following this introduction,
Chapter 2 briefly presents the research methodology.

In Chapter 2, innovation performance measurement models developed for
established organizations are analyzed and compared. To identify the gaps in the
literature on this topic, the results of the analysis of 28 empirical studies,
published between 1988 and 2020, are presented. This review allowed to highlight
the opportunity to develop a model based on the Balanced Scorecard framework,
combined with a multicriteria method decision-making approach, to measure and
evaluate the innovation capacity and performance of established organizations.

Chapter 3 introduces the conceptual model for measuring and evaluating
innovation capacity and performance in established organizations, aligned with
the guiding principles of multidimensional structure, innovation process
orientation, stakeholder goal orientation, cause-effect relationship analysis, and
easy implementation and use. The Analytic Network Process (ANP) method
(Saaty, 2004; 2005) was integrated into the conceptual model based on the BSC

framework (Kaplan and Norton, 1996; 2006) adapted to strategic management
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processes within established organizations.

In Chapter 4, the results of an empirical study carried out with one of the
companies in the Brazilian electric sector (SEB) are reported and discussed,
aiming to demonstrate the applicability of the proposed model within a real
organizational environment and to contribute with subsidies for the revision of the
regulatory framework of the ANEEL R&D Program, focusing on the item
‘Criteria for assessing innovation in companies in the electric sector’, according to
the ANEEL Public Consultation n. 017/2019.

Finally, Chapter 5 synthesizes the concluding remarks and future
deployments of this research.
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2
Measurement and evaluation of innovation capacity and
performance of organizations: a literature review

Initially, six established models for measuring and evaluating innovation
management in organizations, in general, were analyzed and compared. In the
sequence, 28 empirical studies on the theme were analyzed, aiming to identify the
methodological approaches adopted and to highlight the research gaps to be
considered in the modeling stage. The results of the analysis of 28 empirical
studies published between 1988 and 2020 are presented, allowing to highlight
opportunities to develop a model based on the Balanced Scorecard framework,
combined with a multicriteria method decision-making approach, to measure and
evaluate the innovation capacity and performance of established organizations. In
this review, the epistemological line adopted by Dewangan and Godse (2014) was
considered relevant to the modeling phase, particularly the five guiding principles
proposed by the authors, according to a systemic and strategic view for a
successful model for innovation management measurement. These principles are

presented and discussed in more detail in item 2.2.

2.1.
Innovation management measurement models

Within the literature on innovation management, measures of aspects of
innovation management are frequently proposed, responding to the needs of
organizations in general, academics and policy-makers to understand the
effectiveness of innovation actions. Table 2.1 presents six broadly used innovation
management measurement systems as the basis for further discussion on empirical
studies concerning innovation capacity and performance measurement. They are
Innovation Scoring (COTEC, Portugal); IMP3rove (European Community);
InnoScore (Fraunhofer Institute, Germany); Bussola da Inovagdo (FIEP, Brazil);
PW(C's Strategy Co; and McKinsey.


DBD
PUC-Rio - Certificação Digital Nº 1912695/CA


PUC-Rio- CertificacaoDigital N° 1912695/CA

Table 2.1 — Comparative analysis of six broadly used innovation management measurement models

Data collection Analysis - . . Data analysis and evaluation .
Model . . 4 Analysis dimensions and variables 4 Presentation of results

instrument unit of results
Innovation Questionnaire 43 questions classified in 13 subgroups | Analysis using a double scale Summary table, Innovation
Scoring structured in 5 sections Firm and 4 dimensions: conditions; (Approach and Application) and Scoring by dimension;
(COTEC, resources; processes; and innovation using the Likert scale (from 0 to positioning of Innovation
2021) output. 4). Scoring; and self-diagnosis

Structured online . R, Percentage of innovation

: : 47 questions classified in five -

questionnaires X A . X . . management capacity
IMP3rove dimensions: innovation strategy; Self assessment, comparison with ) . .

composed of four . . . o : . o (average); composite radial
(IMP3rove, dul Firm innovation organization and culture; industry average and with 10% raoh: horizontal bar
2021) modules innovation lifecycle processes; enabling | better, varying by module. grapn;

. : charts.
factors; and innovation output.
InnoScore
i Online form (in German i i
Ser\{lce ( ) . 31 questions classified in nine Self-assessment and benchmark Bar d|agram W.Ith data
(Freitag Firm ; : . . ) comparison with
innovation management dimensions comparison.
and Ganz, benchmark.
2018)
Bussola da Online self-assessment Self-assessment, on a scale of 0 Individual analysis report
Inovagao survey . Ten innovation management and 4, indicating the level of with tips and
Firm - . . . .
(FIEP, dimensions. development of each dimension. recommendations and
2021) Presented in radar format. Radar chart.
PWC's
Stratelgy Co | <elf-assessment Three a'uto-assessment Fools: . ' '
(PWC's questionnaire Innovation Strategy Profiler, Innovation | Each tool has its own form of Benchmark report with
Strategy Firm Accelerator Tool, Strategic Intuition analysis: scale from 1to 5, quantitative and practical
Co, 2021) Diagnostic Profiler. multiple choice and others. examples.
. Self-assessment Two self-assessment tools: Growth
?l(l/(l:glé?r?seg questionnaire Firm Decomposition Tool ?”d E.'ght ) Self-assessment and benchmark Report with
5091 Y, Es_sentlals of Innovation l_)lagnostlc Tool comparison. results of the diagnosis .
021) with a total of 104 questions.



DBD
PUC-Rio - Certificação Digital Nº 1912695/CA


PUC-Rio- CertificagaoDigital N° 1912695/CA

25

2.2.
Innovation capacity and performance measurement models:
empirical studies

To complement the comparative analysis of five established innovation
management models, a literature search was conducted, focusing more
specifically on previous studies that had employed the systematic literature review
(SLR) approach to investigate this research field. This search has yielded several
reviews, but only three were selected as an initial step of the literature review:
Adams et al., 2006; Dewangan and Godse, 2014; and Bican et al., 2020. An in-
depth analysis of these articles, including backward citation search and a new
search in the Scopus, Web of Science databases, made it possible to identify 28
empirical studies, presented in Table 2.2. They were compared according to their
analytical structures for proposing innovation indicators and metrics,
methodological approaches, and methods adopted.

Gama et al. (2007) proposed an Innovation Scorecard (ISC), based on the
traditional BSC, that measures the value created by innovation projects and
guarantees those projects are aligned with the organization strategy. Their model
is based on innovation metrics defined before the project is evaluated (and then
eventually approved) in order to help the project create the intended benefits.
When the project is implemented, the chosen metrics are used to measure the
value added by that innovation project to the organization's overall value.

Spano et al. (2016) developed an innovation-oriented BSC to show the
potential of this integrated theoretical approach to innovation, measurement, and
control. Their study defines specific key performance areas and indicators to
enrich each of the four BSC perspectives with the innovation elements that are
only implicitly considered in the original model. The authors show the potential of
the BSC to achieve a practical and effective interplay between innovation and
control. This rationale was considered for defining the analytical structure of the

conceptual model proposed in their paper.
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Table 2.2 — Summary of empirical studies on innovation capacity and performance measurement models

Author(s) . . . . .
Ref. (publication Objectives Analytical grid for measuring innovation Methodological approach and methods
performance adopted
year)
To propose an R&D productivity R&D productivity measurement: inputs, » Content analysis.
Brown and - - . .
RO1 S (1988) measurement model, avoiding the processing system, outputs, receipt system, + Research in secondary sources (data
venson errors identified in previous models. and results. gathering).
To analyze the results of a Performance measurement in two dimensions:
benchmarking study covering 135 impact of a new product program, and
Cooper and companies on the general performance profitability of a new product program. + Principal Component Analysis (PCA)
R0O2 Kleinschmidt of new products, highlighting success » Varimax Rotation
(1995) factors that are not readily apparent « Benchmarking analysis.
from the evaluation of specific RD&I
projects.
To test hypotheses about the most
- appropriate set of measures to assess Performance measurement: customer-based .
Griffin and Page ) . : « Survey research (data gathering).
RO3 (1996) product development success at the success; financial success; and technical . Sensitivity analvsis
RD&I projects and the new product performance success. ¥ ysIs.
program levels.
Assess the impact of R&D performance .
. lati h I f . fth + Research in secondary sources (data
Kerssens-van measurement in relation to the overa R&D performance measurement: use of the Eathering)
business performance within the balanced scorecard approach built according to ) .
RO4 Drongelen and . . : . + Survey research (data gathering).
Cook (199 context of global performance key dimensions and requirements for a basic . Interviews (data gathering)
ook (1997) evaluation and the theory of R&D performance measurement system. g &)
) » Scorecard approach.
independence.
Propose a balanced set of indicators Key indicators and learning indicators, lag and
ROS Collins and Smith | and metrics to be applied in a six-step real time indicators, classified in the Innovation management methodological
(1999) process, aiming to boost systemic dimensions: stakeholder strategies, processes, | approach as proposed by Arthur D’Little.
innovation in an organization. resources and culture for innovation.
Innovation performance measurement: metrics
To propose a system of innovation of innovation performance (to measure the » Research in secondary sources (data
Kuczmarski prop SYst . company's growth through innovation) and . v
RO6 performance indicators and metrics at - . . ) gathering).
(2000) metrics of innovation management (which

the corporate level.

allow measuring the management and control
of the innovation process).

+ Content analysis.
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Table 2.2 — Summary of empirical studies on innovation performance measurement models (cont.)

27

Authqr(s! N Analytical grid for measuring innovation Methodological approach and methods
Ref. (publication Objectives erformance adooted
year) P P
To propose a scorecard model for
innovation management comprising Scorecard model for innovation management
indicators and metrics associated based on the original BSC perspectives: .
RO7 Wong (2001) with knowledge exploration and financial, customers, internal processes, Scorecard approach.
exploitation as key processes for learning and growth.
innovation.
To propose an innovation Ten dimensions: leadership, resources for » Research in secondary sources (data
Verhaeghe and management measurement model innovation, systems, and tools, innovation gathering).
RO8 ) based on a scorecard approach, process, R&D activities, technology transfer, « Interviews with R&D managers (data
Kfir (2002) considering ten assessment technology acquisition, market factors, gathering).
dimensions. innovation performance, and networking. » Scorecard approach.
,;-\ccc:gglcnhg Eg thri nggegs ri(rjmovation Measurement system for innovation
Godener and mpapna en{entpmegsurement system management according to the scorecard + Research in secondary sources (data
RO9 | Sod ist demo%stratin the main areaZof ’ approach, covering the following dimensions: gathering).
Sl use and im agt of the resulte of financial performance; clients satisfaction; - Interviews (data gathering).
(2004) measurin % & R&D performance processes management; strategic technology | ¢ Scorecard approach.
g P management; innovation; knowledge
and new product development. management
;I'(t))rFr)]r:xosre(:)(ajurgfgsel:/reelyegzrs]}(/stem Measurement focuses vary depending on the
accordinp to the conce Rcof generation phase in the life cycle phase of a
'consciougs life cvele' inEc)roduced new product, namely: a feasibility study in the | « Research in secondary sources (data
R10 | Suomala (2004) throush a concg tual analvsis that preliminary phases; product development; gathering).
combignes the ' rF:)duct Iifeyc cle' launch on the market; production phase; » Case study.
thinking and th% new produZt maintenance and technical assistance; further
performance measurement. development and end of the life cycle.
;g(Brgg:ﬁﬁ%;Kizeﬂzggrggﬁziﬂgg Measurement of R&D per_form:cmce in
R11 Bremser and Stage-Gate® approach to R&D institutions, considering financial and non- « Scorecard approach

Barsky (2004)

management with a Balanced
scorecard.

financial aspects, combining the use of
resources in R&D initiatives with strategic
business goals.

» Stage-Gate® approach
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28

Ref ?u:;'ﬁ:gﬁon Obiectives Analytical grid for measuring innovation Methodological approach and
' y'?ear) ) performance methods adopted
R12 Milbergs and S According to four theoretical
Vonortas (2005) chgrrcé?:s?j@ﬁ:i;g%ﬂif%&ﬁ Indicator categories: input, output, processes and | innovation models, field research
categor gre resentin ga eneration of innovations (each category includes indicators and | (based on the analysis of the
inno%at?lon gqodels (frgomgthe 1st to the metrics representing models from the 1st to the innovation metrics' evolution,
4th generation) 4th generation of innovation models). according to four theoretical
& ) innovation models.
To bropose general princioles for the Measurement of innovation following a structure
def’ianitti)an ofginnovatFi)on mpetrics and a that combines three aspects: resources, innovation
R13 Muller et al. set of specific and customizable capacity, and leadership for innovation. The « Literature review.
(2005) metrics to track and promote selection of - Content analysis.
innovation performance indicators and metrics, as well as the ideal spot,
P ) will vary from company to company.
Measurement of R&D process performance
To bresent a summary with the most according to seven dimensions identified as typical | - Literature review.
Adams et al corgmon metrics for i\r/movation in the literature: inputs, knowledge management, | « Research in secondary sources
R14 (2006) ’ management at different stages of strategy, organization and culture, portfolio (data gathering)
innovgtion management matgurit management of RD&I, management of RD&I + Delphi technique
& & projects, and commercialization of innovative + E-mail survey (n=28)
solutions.
-\Ei(;?arl(i)feo;i; Sai\g r:)rr?zc:gﬁ:etool o Categorization of indicators and metrics according
. . ) gor! . to: (i) measurement perspective; (ii) measurement
Ojanen and Vuola dimensional aspects in the analysis of .
R15 (2006) R&D performance and selection of purpose; (iii) measurement level; (iv) type of R&D | < Scorecard approach.
indica?tors and metrics for R&D activity; and (v) stage of the innovation process
e (innovation funnel)
Gama et al. (2007) -sros"cjerr%pl:c)):ea(‘jnolzri]r?r\:it/l:t?osr?ci)rzz(i:s;fors Measurement of the added value of innovation in | « Literature review.
R16 ’ a\r/1d metrics. combined with the each implemented project while ensuring its » Scorecard approach.
traditional I?:SC alignment with the organization's strategic goals. | « Case study.
Toproposeiaisystemifar measuring Scorecard perspectives for innovation: financial © Sl plpllrendi,
. . . | the performance of R&D units, : . e TRor « Survey research (data
Chiesa and Frattini . performance; market orientation; efficiency of .
R17 according to the scorecard approach gathering)

(2009)

and based on literature review and
case studies.

R&D processes; innovation capacity.

» Research in secondary sources
(data gathering)
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29

Authc_pr(s? I Analytical grid for measuring innovation Methodological approach and
Ref. (publication Objectives
performance methods adopted
year)
Calculation of the performance of R&D
To propose a conceptual model for activities, on two levels: (i) each of the five
. measuring the performance of R&D activities perspectives of the BSC and the R&D « Literature review.
Lazzarotti et al. . "
R18 (2011) based on a systemic and balanced structure system as a whole; and (ii) performance of | « Scorecard approach.
of quantitative indicators grouped in five each indicator, measured on a scale of 1to | » Case study.
different performance perspectives. 5 (baseline and performance target to be
achieved).
To analyze the relationship between Measurement of innovation performance
Birchall et al. innovation pgrformapce metrics at different in three focyses: ||jst|tut|o_nal, evc_»lutlonary . Multicriteria decision-making
R19 (2011) stages of the innovation process and how the | and revolutionary innovation, which can aporoach
measurement system serves different also be divided in terms of the scope and PP ’
organizations. nature of the measurement.
. Measurement of the efficiency of the
To propose a new approach to deal with the L :
. . . : technological innovation process + Survey research (data
. relationship between innovation and L oo - . .
Cruz-Cazaresa et - . considering: inputs (intellectual capital gathering).
R20 performance, considering mixed and . - > . .
al. (2013) ; . . including highly qualified team) and » Data Envelopment Analysis
inconclusive results of studies that analyze - .
- > . output (number of product innovations (DEA)
this relationship.
and number of patents).
Correlation of the characteristics of the BSC . g
To determine the relationship between the and C,’f the DA AR R ? SEOREEETE SEEERL
R1 Moh d (2013) characteristics of the BSC methodology and considering: diversity in the use of + Survey research (data
ohame . - 8y performance measures; the balanced use gathering).
innovation measurement. of performance measures; and the strategic| . Statistical analysis.
link between performance metrics.
- - Measurement and evaluation of innovation
To propose a set of guiding principles for .
deli . A P performance according to the four . .
Dewangan and modeling an innovation performance barspactivasloftha BSCIfinance + Literature review.
R22 evaluation system and develop the model ) ’ + Scorecard approach.

Godse (2014)

based on the scorecard approach.

customers, internal processes and
innovation and learning. The indicators are
also grouped by stage of the RD&I cycle.

+ Case study.
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Author(s)

Analytical grid for measuring

Methodological approach and

publication year innovation performance methods adopte
Ref. (publicati ) Objectives . ti f thods adopted
To analyze the criteria of the four most Performance measurement of the
important performance measurement ; ; idar ;
Ivanov and Avasilcai models: BSC, Malcolm Baldrige, :jninmoev:;ilg:sPE?rcaetsesgi/ogifcir:sfsﬂve N .
R23 Performance Prism and EFQM and propose L r ’ + Qualitative content analysis.
(2014) a model for measuring innovation leadership, competencies and
performance based on the results of the organizational culture.
analysis.
To propose an innovation management Measuremer;t of lngpva'fclon .
measurement model based on the BSC management accoraing to an + Literature and documentary
daptat f th I d
approach to improve biotechnology adaptation ot the original scorecar review
R24 Spano et al. (2016) Al approach (BSC by Kaplan and Norton). - .
companies' measurement and performance Perspectives: economic and financial; + Interviews (data gathering).
ier:/t?elrﬁlsif/lgr;r?glsg%nngezagrinowedge- stakeholders; internal processes; and * Scorecard approach.
) growth and learning.
Loegngg:ei? Sln:tc;ﬁtkl)c;r;epdegf:f(::rég% to Measurement of innovation correlated
. vs facilitatine th with the results of the institution h(d heri
R25 Zhang (2016) promote innovation, facilitating the o EarEHETn T e DES PR e + Survey research (data gathering).
development of competencies and providing | . d hi | + Scorecard approach.
guidelines for using the strategic earning and growth, internal processes,
Fanagementieonioleystem business, and customer service.
Dziallas and Blind To define indicators for measuring the Measurement of innovation Multicriteria decision-makin
R26 5019 results in each stage of the innovation management performance considering aboroach J
( ) process based on Becheikh et al. (2006). 82 indicators and innovation factors. PP :
To survey the R&D performance measures 'Véer?gF’rrnear::cegi)g];géngr\]’alts'an&D
Bican and Brem in companies and propose the application of | P t ine 81 ] e :
R27 a mixed method composed of the main management measures, proposing iterature review.
(2020) g et St g oy key indicators for measuring the » Scorecard approach.
measuremen¥ P company's innovation performance.
To propose a model for assessing * gcorecard apprﬁaqhh Iti
Innovative activities of small- and medium- | Innovation assessment based on the = rgjgzsjtri%n\r,\valtirea(crigl:cjatl_
R28 Dudic et al. (2020) sized firms in the Republic of Slovakia and four BSC perspectives and 24 S ihering)

the Republic of Serbia.
To investigate the model’s applicability in
223 SMEs in that country.

innovation indicators associated to each
perspective.

« Confirmatory factor analysis (CFA)
« Structural equation modeling
(SEM).

Source: Based on Adams et al. (2006); Dewangan e Godse (2014); Bican e Brem (2020); and Dudic et al. (2020) and also on searches in Scopus, Web of
Science, and other databases. Note: Empirical studies that adopted a scorecard methodological approach are highlighted in gray.
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Ivanov and Awvasilcai (2014) identified key indicators within the
organization that can be used to measure its innovation processes. The main
contribution of this work is the analytical framework created by exploiting the key
indicators of the organization used to measure the performance of innovation
processes. The authors concluded that innovation indicators and metrics vary from
sector to sector. The innovation indicators considered in this work will be
considered in the empirical phase of this research.

Based on the BSC framework, Dudic et al. (2020) created and verified the
validity of a modified BSC model and its applicability for evaluating and
monitoring the innovative activities of small- and medium-sized enterprises in the
Republic of Slovakia and the Republic of Serbia. First, they create a hypothetical
model as a basis for designing a structural equation model (SEM model), using
the results of a survey conducted simultaneously in both countries on a similar
sample of enterprises (total of 223 enterprises). A set of 24 innovation indicators
identified by the authors will be considered in the empirical phase of this research.

Following the second stream of thought, Bremser and Barsky (2004)
explored integrated performance measurement systems that capture financial and
non-financial performance. The authors integrated the stage-gate approach to
R&D management with the BSC to present a framework to show how firms can
link resource commitments to these activities and the firm's strategic objectives.
They provided specific examples of how firms can apply this integrated
performance.

Ojanen and Vuola (2006) constructed and presented a new practical tool for
visualizing and categorizing the dimensional aspects in R&D performance
analysis and the selection process of R&D indicators. The tool was developed in
an iterative theory-building process with the help of a systematic literature review
and long-term collaboration with a network of companies representing different
industries. The emphasis of this study was on the necessary steps in the early
phase of the selection process of R&D performance indicators. The authors
pointed out that this phase includes recognition and careful consideration of the
measurement needs with the help of the main dimensions of R&D performance
analysis, such as: (i) the perspectives of the performance analysis; (ii) the purpose
of R&D performance analysis; (iii) the type of R&D; (iv) the level of the analysis;
and (v) the phase of the innovation process.
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Chiesa et al. (2009) adopted a systemic and contextual perspective to look
into the problem of measuring R&D performance. In particular, they explore the
interplay between measurement objectives, performance dimensions, and
contextual factors in the design of a performance measurement system (PMS) for
R&D activities. Their work relies on a multiple case study analysis that involved
15 Iltalian technology-intensive firms. The results indicate that firms measure
R&D performance with different purposes, i.e.,, motivate researchers and
engineers, monitor the progress of activities, evaluate the profitability of R&D
projects, favor coordination and communication and stimulate organizational
learning. These objectives are pursued in clusters, and the importance firms attach
to each cluster is influenced by the context (type of R&D, industry belonging,
size) in which measurement takes place. Moreover, a firm's choice to measure
R&D performance along a particular perspective (i.e., financial, customer,
business processes, or innovation and learning) is influenced by the classes of
objectives (diagnostic, motivational, or interactive) that are given higher priority.

Lazzarotti et al. (2011) proposed a formal model for measuring R&D
performance based upon an adaptation of the original BSC framework.
Accordingly, they defined a set of quantitative indicators concerning five
performance perspectives, as follows: (i) financial; (ii) customer; (iii) innovation
and learning; (iv) internal business processes; and (v) alliances and networks. The
model was built consistently with the theory of measurement in soft systems. As
stated in their work, this approach gave relevant guidelines for ensuring the
model's validity, objectivity, and inter-subjectivity. Additionally, an application in
a real R&D setting was described, which helps managers and academicians to
understand the model and enlighten its main benefits and limits.

Bican and Brem (2020) analyzed the performance measures focusing on the
level of R&D activities within the R&D department only. Through a mixed-
method, grounded in prior literature of innovation and R&D measurement and
evaluation systems, combined with text analysis, 154 R&D performance measures
were developed and further condensed to 81 performance measures. These
measures form a unique base to stimulate future research in performance measures
and innovation network performance effects. Additionally, through a descriptive
online expert survey and three independent focus group workshops with more

than 40 industry experts from more than ten industries, the authors could select
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the most relevant key measures. These findings will be considered in the
empirical phase of this research.

The study of Dewangan and Godse (2014) revealed some gaps in current
innovation performance measurement (IPM) models, which lead to difficulties for
organizations wanting to measure and evaluate their innovation performance.
From the analysis of these gaps, the authors established a set of guiding principles
for designing an IPM model, which addresses these obstacles and simplifies
measuring and evaluating innovation performance. The authors argue that the
PIM models must be multidimensional, process-based, stakeholders' goal-
oriented, following a cause-effect relationship between measures, and easy to
implement and use. They have demonstrated these principles' applicability in
designing an IPM model through a case study within a bank. From the results of
this empirical study, they concluded that the conceptual IPM model could be
implemented in any organization to measure and evaluate their innovation
performance effectively. Due to its importance for the modeling phase of the
present research, the guiding principles for designing a model from a strategic and
systemic perspective, as Dewangan and Godse (2014) proposed, are presented and
discussed in the next section.

2.3.
Guiding principles for designing a model from a strategic and
systemic perspective

Dewangan and Godse (2014) have defined a set of guiding principles
around which an effective innovation performance measurement model may be
designed. This section enlists these principles and discusses how each of these
was derived. These principles are:

* A multidimensional view should be provided by the performance
measurement model;

» The model should be innovation process-oriented, focusing on measuring
the performance of various stages within the innovation lifecycle;

» The model should effectively address stakeholders' organizational goals to
both internal and external stakeholders;

* The model should support cause-and-effect relationships among the
performance measures;

* The model should be easy to implement and use.
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2.3.1.
Multidimensional orientation

A model designed for measuring and evaluating organizations' innovation
capacity and performance should have a multidimensional orientation for
effectively accommodating a well-balanced combination of financial and non-
financial measures. In this context, several researchers agree that the balanced
scorecard provides a good foundation for designing an innovation capacity and
performance model, as noted in section 2.1. Leading and lagging indicators should
be considered aiming to account for past, present, and probably future
performance. The balanced scorecard takes care of past performance by including
a financial perspective and future one, thus covering ‘Customer’, ‘Internal
Processes', and ‘Learning and Growth’ perspectives (Bremser and Barsky, 2004;
Kaplan and Norton, 1996; 2006).

The balanced scorecard approach has been found to be useful for measuring
innovation capacity and performance by several researchers once these two
fundamental aspects have been confirmed in practice. For the purpose of the
present research, a balanced scorecard is the methodological approach of choice.
Given this backdrop, the balanced scorecard approach will be discussed further in
Section 2.3.

2.3.2.
Innovation process orientation

Dewangan and Godse (2014) argue that a rigorous focus on process
performance is an essential consideration for process-oriented organizations
nowadays, as they are focused on continuous improvement.

It may be worth mentioning here that the focus of internal processes in the
balanced scorecard is limited to those that affect either the customer value
proposition or efficiency improvements leading to financial benefits (Kaplan and
Norton, 1996; 2006). However, in the case of innovation management, to take an
example, a process concerned with ideation may need a stronger focus on creating
a unique or well-differentiated offering compared to predominantly financial
considerations.

Most of the previous works based entirely upon the balanced scorecard do

not adequately fulfill this guiding principle, despite there being instances of
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performance measurement for R&D (e.g., Brown and Svenson, 1988) and new
product development (e.g., Suomala, 2004), which advocate a process or
lifecycle-based innovation performance measurement. The process performance
aspect of innovation will be explored in more detail in the modeling phase of this

research.

2.3.3.
Stakeholder’s goals orientation

An innovation capacity and performance measurement model should
effectively address the achievement of the organization's strategic vision (Franco-
Santos et al., 2007), aligned to multiple stakeholders' interests like shareholders,
employees, customers, suppliers, regulators, and society (Bourne et al., 2003).

To deal with stakeholder's alignment, Clarkson (1995) defines corporate
stakeholders as persons or groups who have, or claim, ownership rights or
interests in a corporation and its activities, past, present, or future. Kaplan and
Norton (1996; 2006) posit that the balanced scorecard, when used along with
'strategy maps', can effectively address stakeholders' needs. To illustrate:
shareholders' needs can be addressed through financial perspective metrics,
customers’ through customer perspective metrics, and employees' through growth
and learning perspective metrics. Primary stakeholders are the participants
without whom the enterprise cannot survive (Clarkson, 1995).

The innovation measurement model should offer an increased opportunity to
address diverse stakeholder groups. For example, the idea management stage may
involve innovation enthusiasts and intellectual property experts, incubation may
encompass special interest groups, and commercialization may include
downstream partners and innovation evangelists and secondary stakeholders like
the media. The key indicators can be determined so that they are aligned to these
goals once the stakeholders involved in each stage of the innovation process and

their corresponding goals can be identified.

2.3.4.
Cause-and-effect relationship orientation

The model should consider cause-and-effect relationships among the key

innovation indicators so that they are logically related to one another (Bremser
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and Barsky, 2004; Gama et al., 2007; Kaplan and Norton, 2006; Sandt et al.,
2001; Wong, 2001).

In fact, the cause-and-effect relationship orientation enables organizations to
determine the value of various activities performed by relating them to definite
results. The cause and effect relationship among the balanced scorecard
perspectives for an organization can be effectively represented by creating its own
‘strategy map’, which is a generic business model representing the organization’s
strategy showing linkages between specific elements within the BSC perspectives
(Bremser and Barsky, 2004; Bukh and Malmi, 2005; Bremser and Barsky, 2004;
Gama et al., 2007; Kaplan and Norton, 2006; Sandt et al., 2001; Wong, 2001).

For creating a strategic map, an organization will need to define the relevant
elements to its business within each perspective. Some examples of these
elements of perspective are: revenue growth and profits for the financial one, price
and satisfaction for the customer’s, operational efficiency and customer delivery
processes for the internal business, and employee competencies and asset
knowledge base for the innovation and learning perspective. Each organization
will have its own contextual relationship among the balanced scorecard
dimensions, its own unique elements, and vision and, therefore, a unique ‘strategy

b

map’.

2.35
Easy to implement and use

In this regard, a model based on the balanced scorecard framework provides
a notable advantage since organizations already using it will find it easier to
correlate innovation key indicators with their organizational key performance
indicators. Besides, cascading of strategic goals can be supported by the balanced
scorecard framework (Bremser and Barsky, 2004; Kaplan and Norton, 1996).

According to Dewangan and Godse (2014), it is assumed that a balanced
scorecard can be defined at the organization level based on the vision and
strategy, and relevant strategic goals can be cascaded down. For the purpose of
this research, the strategic innovation goals should be derived from the
organizational objectives across the balanced scorecard perspectives of
sustainability, market, internal process, and learning and growth (as further
described in Chapter 3).
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2.4.
The scorecard approach for measuring and evaluating innovation
management: from principles to action

Balanced Scorecard (BSC) has been used by organizations for monitoring
and evaluating their performance strategically. It is a methodological approach to
determine business performance through lead and lag indicators aligned to their
vision, mission, and values statements. This approach is based on the assumption
that business performance should be evaluated considering both financial and
non-financial indicators (Kaplan e Norton, 1996).

To measure the innovation and R&D performance at the organization level,
BSC can definitely be considered a helpful tool, but only if there is a reasonable
attempt to adapt the original framework. The required methodological adjustments
refer mainly to the insertion of strategic innovation objectives, indicators, and

metrics in each of the BSC perspectives (Gama et al., 2007; Spano et al., 2016).

2.4.1.
Balanced Scorecard (BSC) strategic management model:
fundamentals and concepts

As organizations invest in acquiring these new capabilities, their success (or
failure) cannot be motivated or measured by the traditional financial accounting
model in the short term. The Balanced Scorecard model complements financial
measures of past performance models with measures of the drivers of future ones.
The objectives and measures of the scorecard are derived from an organization's
vision and strategy. In addition, they view the organizational performance from
four perspectives: 'Financial'. ‘Customers’, ‘Internal processes’, and ‘Learning and
growth’. These four perspectives provide the framework for the Balanced
Scorecard strategic management model shown in Figure 2.1 (Kaplan e Norton,
1996).

Financial performance measures indicate whether an organization's strategy,
implementation, and execution are contributing to bottom-line improvement, in
the ‘Financial” perspective of the BSC framework. Financial objectives typically
relate to measured profitability, for example, by operating income, return on

capital employed, or, more recently, economic value added.
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Figure 2.1 — Graphical representation of the Balance Scorecard (BSC) model.
Source: Kaplan and Norton (1996, p.9).

In the ‘Customer’s perspective, the focus is on the customer and market
segments over which the organization will compete and measure its performance
in these targeted segments. This perspective typically includes several core or
generic measures of the successful outcomes from a well-formulated and
implemented strategy. The core outcome measures include Customer's:
satisfaction, retention, new acquisition, profitability, and market and account
share in targeted segments. However, the Customer's perspective should also
include specific measures of the value propositions which the company will
deliver to them in targeted market segments.

In the internal business process perspective, managers identify the critical
internal processes in which the organization must excel. These processes enable to
deliver of the value propositions which will attract and retain customers in
targeted market segments and satisfy shareholder's expectations of excellent
financial returns. The internal business process measures focus on the internal
processes, which will have the greatest impact on Customer's satisfaction and
achieving an organization's financial objectives. That perspective reveals two
fundamental differences between the traditional and the BSC approaches to

performance measurement. The first attempts to monitor and improve existing
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business processes, going beyond financial measures of performance by
incorporating quality and time-based metrics. Nevertheless, they still focus on the
improvement of existing processes. However, the scorecard approach will usually
identify entirely new processes at which an organization must excel to meet
Customer's and financial objectives.

The second differential of the BSC approach is to incorporate the innovation

process into the internal business process perspective (Figure 2.2).

Innovation Operations
Customer Customer
need Design Develop Make Market Service need
identified satisfied
Time-to-market Supply chain

Figure 2.2 — The internal- business- process value-chain perspective
Source: Kaplan and Norton (1996, p.27).

Traditional performance measurement systems focus on the processes of
delivering today's products and services to today's customers. They attempt to
control and improve existing operations, which represent the short wave of value
creation. This begins with the receipt of an order from an existing customer for an
existing product (or service).

The fourth perspective of the BSC framework, 'Learning and growth’,
identifies the infrastructure which the organization must build to create long-term
growth and improvement. The ‘Customer's’ and ‘Internal business process’
perspectives identify the most critical factors for current and future success.
Businesses are unlikely to be able to meet their long-term targets for customers
and internal processes using today's technologies and capabilities. Also, intense
global competition requires that organizations continually improve their
capabilities for delivering value to customers and shareholders. Organizational
learning and growth come from three principal sources: (i) people, (ii) systems,
and (ii1) organizational procedures. The ‘Financial’, ‘Customer's’, and ‘Internal-
business-process’ strategic objectives on the Balanced Scorecard model typically
will reveal large gaps among the existing capabilities of people, systems, and
organizational procedures and what will be required to achieve breakthrough

performance.
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In summary, the Balanced Scorecard expands the set of business unit
objectives beyond summary financial measures. This strategic management model
captures the critical value creation activities caused by lulled, motivated
organizational participants. While retaining, via the financial perspective, an
interest in short-term performance, the Balanced Scorecard reveals the value
drivers for superior long-term financial and competitive performance.

The Balanced Scorecard should translate a business unit mission and
strategy into tangible objectives and measures. The measures represent a balance
among external measures for shareholders and customers and internal measures of
critical business processes, innovation, and learning and growth. These measures
are balanced among the outcome ones-the results from past efforts-and the ones
which drive future performance. Besides, the scorecard is balanced between
strategic objectives, easily quantified outcome measures, and subjective,
somewhat judgmental, performance drivers of the outcome measures. The
Balanced Scorecard is more than a tactical or an operational measurement system.
Innovative organizations have been using the scorecard as a strategic management
system to direct their strategy over their long term (see Figure 2.2).

As posed by Kaplan and Norton (2006), innovative organizations have been
employing the measurement focus of the scorecard to accomplish critical
management processes, aiming at: (i) clarifying and translating future vision and
strategy; (ii) communicating and linking strategic goals and key performance
indicators; (iii) planning, setting targets, and aligning strategic initiatives; and (iv)

enhancing strategic feedback and learning.

2.4.2.
Adaptation of the BSC framework for measuring and evaluating
innovation capacity and performance

As mentioned before, amongst the 28 empirical studies summarized in
Table 2.2, 15 had employed the scorecard approach, adapting the original
conceptual framework to include specific innovation strategic objectives and
associated key indicators and metrics. One can distinguish two streams in these
studies: the first focuses on innovation performance (Gama et al., 2007; Spano et
al., 2016; lvanov and Avasilcai, 2014; Dewangan and Godse, 2014; Dudic et al.,

2020), while the second emphasizes the measurement and evaluation of R&D
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outcome and processes (Bremser and Barsky, 2004; Ojanen and Vuola, 2006;
Chiesa et al., 2009; Lazzarotti et al., 2011; and Bican and Brem, 2020).

As can be observed, considerable research has been devoted to models for
measuring and evaluating R&D and innovation performance based on the BSC
framework. Previous works have focused on adapting the original BSC model to
measure R&D and innovation performances at the organization level. Innovation
and R&D indicators associated with BSC perspectives have also been proposed in
these works. However, integrating multicriteria decision-making approaches into
BSC models designed for R&D and innovation management has remained
unknown to researchers and managers. Mainly, concerning this issue, a research
gap was identified to be explored in the modeling phase by integrating
multicriteria decision-making methods into BSC models designed for strategic
innovation management measurement.

2.4.3.
Opportunity to integrate multicriteria decision-making methods into

BSC models designed for strategic innovation management
measurement

An important aspect of any multiple criteria decision scheme is that the
appropriate weight must be placed on each measure or criterion. However, the
BSC framework does not provide guidance as to how these weights should be
computed. There are many ways or plans to distribute the reward. Some of these
plans allow bonuses to be paid even when performance is ‘unbalanced’ (i.e., when
there has been over-achievement in some areas but under-achievement in others).
Other plans require a minimum level (hurdle) to be attained in each perspective
before bonuses can be paid.

The relationships among the BSC perspectives also complicate the
determination of the weight of the key indicators. The BSC framework
acknowledges the presence of dynamic relationships among the perspectives,
which means that the importance of one of them cannot be determined without
knowing the effects of the relationships among them. It is important that the
proper weights be determined for both innovation capacity and performance
indicators to avoid situations in which a manager is inappropriately rewarded or

penalized.
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Following the taxonomy proposed by Vincke (1992), MCDM methods can
be classified into three categories: (i) multi-attribute utility theory, (ii)
overclassification methods, and (iii) interactive methods. In this research, the
option was to select one or more methods framed in the first category due to the
characteristics of the research problem, i.e., weighting key innovation indicators
considering the cause-and-effect relationships among them. This category comes
from the American School, considered a classic multicriteria approach, and
includes the most well-known models reported in the literature, such as AHP,
ANP, MAUT, PROMETHEE, DEMATEL, and TOPSIS. The Analytic Network
Process (ANP) method's option was because it allows structuring the criteria and
subcriteria in a network structure and analyzing the cause-effect relationships of
cross-influences, among the elements that the other methods do not allow. The
ANP also does not require that the problem has specific alternatives that need to
be compared or classified.

When the decision making process involves attributes that have a
dependency relationship, the problem should be modeled with the support of the
Analytic Network Process (ANP) method (Saaty, 2005). In this research, the BSC
problem is modeled as an ANP, as shown in Figure 3.1 (Chapter 3). A collection
of similar attributes is referred to as a cluster, and the perspectives themselves
form one. The attributes of each measure or sub-measure form one and there are K
such clusters, including the ratings. The dependency relationship among the
attributes within a cluster is called inner dependency, denoted by a directed loop
for the cluster. A two-way dependency relationship among attributes in two
different clusters is called interdependency, which is denoted by a two-way

directed arc among the clusters.

2.5.
Final remarks of this chapter

In this chapter, the BSC approach was examined within the context of
innovation capacity and performance measurement and evaluation. From a
broader perspective, the BSC has been viewed as a vehicle to articulate an
organization's strategies, communicate these strategies to employees and
stakeholders, and help align individual and organizational initiatives to realize its

strategic goals.
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Focusing more specifically on methodological issues, it can be concluded
that among the 28 studies, 15 adopted the scorecard approach (Kerssens-van-
Drongelen and Cook, 1997; Wong, 2001; Verhaeghe and Kfir, 2002; Godener and
Soderquist, 2004; Bremser and Barsky, 2004; Ojanen and Vuola, 2006; Gama et
al., 2007; Chiesa and Frattini, 2009; Lazzarotti et al., 2011, Mohamed, 2013;
Dewangan and Godse, 2014; Spano et al., 2016; Zhang, 2016; Bican and Brem,
2020; and Dudic et al., 2020).

As a matter of fact, the balanced scorecard approach differs from other
approaches designed to measure organizations' performance because it considers
cause-and-effect relationships between strategic goals, key indicators, targets, and
aligns initiatives with the strategic vision of organizations. In the field of strategic
innovation management, it is especially relevant due to the imperative of
organizations to innovate systematically with a long-term vision, thus enabling the
creation of a culture of innovation at all levels of the organization.

An in-depth analysis of these 15 studies reveals a research gap regarding the
use of a multicriteria decision-making approach which implements a networked
structure and allows analyzing cause-and-effect relationships and feedback among
strategic goals and key innovation indicators. Notably, the assignment of weights
to the key indicators which integrate the BSC framework analyzing the cause and
effect relationships among the mentioned elements should be considered in the

modeling phase of this research.
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Conceptual model for measuring and evaluating innovation
capacity and performance in organizations

This chapter introduces the conceptual model for measuring and evaluating
innovation capacity and performance in established organizations, aligned with
the guiding principles of multidimensional structure, innovation process
orientation, stakeholder's goal orientation, cause-effect relationship analysis, and
easy implementation and use. The Analytic Network Process (ANP) method
(Saaty, 2004; 2005) was integrated into the conceptual model based on the BSC
framework (Kaplan and Norton, 1996; 2006) for determining the importance
weights of key innovations indicators associated with the strategic innovation
goals of the organization.

In line with the methodology described in the introductory chapter and the
literature review covered in Chapter 2, Figure 3.1 schematically represents the
model comprising six stages, as follows:

» Determination of the network model based on the BSC framework;

* Design of a questionnaire for pairwise comparisons of the network
elements and clusters;

» Pairwise comparisons for determining the importance weights of network
elements and clusters;

» Calculation of the limit supermatrix and resulting weights of the network
elements;

» Determination of five-point scales for measuring the innovation capacity
(IC) and innovation performance (IP);

* Application of the self-assessment instrument and calculation of the IC

and IP indexes.
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Figure 3.1 — General view of the conceptual model for measuring and evaluating
innovation capacity and performance in organizations

Source: Author’s elaboration.
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3.1
Stage 1. Determination of the network model based on the BSC
framework

Based on the BSC framework (Kaplan and Norton, 1996; 2006) and the
principle of operability, the organizations’ innovation capacity and performance
can be measured and evaluated considering four assessment perspectives, namely,
sustainability (B1), market (B2), internal process (B3), and learning and growth
(B4). These perspectives were adapted from the original BSC perspectives (as
shown before in Chapter 2 - Figure 2.1) to be applied in strategic innovation
management processes at the organization level.

In addition, similarly to the BSC model proposed by Spano et al. (2016),
strategic innovation goals were associated with the four BSC perspectives, as
shown in Figure 3.2. Top managers within the organization should establish the
strategic innovation goals as part of the strategic planning, whose results can be
schematically represented in a ‘strategy map’. Based on the BSC methodological
approach presented in Chapter 2 (Section 2.3), a schematic 'strategy map' based
on the BSC framework and represented in Figure 3.2 highlights the cause-and-
effect relationships among the strategic innovation goals (G11 to G13, G21, G31,
G41, and G42).

G1l1
Sustainability /7 \

Perspective
(B1)

G12 «—> G13
A \ 7 T
Market
N G21

Perspective

(B2)
Internal \ A
Process _
Perspective /A
(B3) G31

= ,‘ \
Learningand
Growing G41 <> G42
Perspective
(B4)

Figure 3.2 — Schematic representation of a ‘strategy map’ based on the BSC framework
Note: B1 to B4 — BSC perspectives; G11 to G42 - Strategic innovation goals.
Source: Author’s elaboration.
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After establishing the strategic innovation goals associated with the four
BSC perspectives, RD&I managers and collaborators within the organization
should define key innovation indicators to integrate the conceptual model to
determine the network model based on the BSC framework. It is important to
mention that key innovation indicators and metrics must be chosen by each
organization and depend on its strategic innovation goals. Therefore,
organizations should have a well-defined innovation strategy before selecting the
key innovation indicators.

Accordingly, this set of key innovation indicators should be selected among
various indicators reported in previous works (e.g., Gama et al., 2007; Chiesa and
Frattini, 2009; Lazzarotti et al., 2011, Mohamed, 2013; Dewangan and Godse,
2014; Spano et al., 2016; Zhang, 2016; Bican and Brem, 2020; and Dudic et al.,
2020) and also in survey instruments adopted by regional and national initiatives
to measure innovation capacity and performance of companies. Examples of these
initiatives are the Community Innovation Survey (CIS) in Europe and the
National Innovation Survey (Pintec) in Brazil. This step can be conducted in light
of criteria usually adopted in the monitoring and evaluation field (USAID, 2010;
Gorgens and Kusek, 2009; Kusek and Rist, 2004).

A set of innovation indicators presented in appendix 1 results from a
literature review conducted in the exploratory phase of this research and should be
used during the empirical study to be developed in a company in the Brazilian
electric sector (Chapter 4). Table 3.1 shows a generic analytical structure since the
ultimate one must be defined by RD&I managers and collaborators involved in

this process within the organization under evaluation.

Table 3.1 - Generic analytical network structure based on the BSC framework

Control layer Innovation indicator
Target layer - — -
g y BSC perspective Strategic innovation goal layer
G1l1 1111tol 11n
N G12 1121to112n
Measurement Sustainability [B1]
and evaluation of G13 1131tol13n
the innovation Gln I1n1 to 11nn
erformance (IP
P (1P G21 1211 to121n
Market [B2]
G2n I12n1 to 12nn
Internal process G31 1311t0131n
and evaluation of G4l [411to [ 41N
innovation ;
capacity (IC) ij\;ﬂ?&i?d G42 1421 to | 42n
g G4n 1 4nl to I14Nn
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After selecting the key indicators, a network model based on the analytic
structure shown in Table 3.1 should be determined, comprising the control and
network layers.

In Figure 3.2, the total of seven strategic innovation goals (G11 to G13,
G21, G31, G41, and G42) is a mere suggestion. In practice, in the analytical
network structure, the number of strategic innovation goals (G11 to GNn) should
correspond to those that integrate the organization's strategy map. Therefore, they
also must be defined by top managers within the organization. It is essential to
mention that each corporate 'strategy map’, including the strategic innovation
goals and others, is unique for each organization.

The first layer consists of strategic innovation goals (G11 to GNn), and the
latter is composed of ‘n’ key innovation indicators, organized in clusters, as

shown in Figure 3.3.

Control layer Network layer

ClusterG11

ClusterG12 ClusterG13

Innovation G12

Performance —
Index

G13

G21

o) o

N

: 3l

Innovation > G41

Capacity Index [~
>[>]

Cluster G42
G42

Notation: —> Influence <—> Interaction and interdependence _jlnternaldependence

Figure 3.3 The BSC-ANP model for measuring and evaluating the organizations’
innovation capacity and performance

Note: The number of strategic innovation goals here is a mere suggestion, consistently with Figure
3.2.

Source: Author’s elaboration.

Subsequently, to determine the influences among the key innovation
indicators, a zero-one interfactorial dominance matrix is built, whose elements

take the value 1 or 0 depending on whether there is or there is not some influence
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of one element on another one. The matrix's rows and columns are formed by ‘n’
key innovation indicators grouped into clusters, corresponding to the set of
strategic innovation goals.

Before going any further, it is essential to emphasize that the four BSC
perspectives are equally important in this conceptual model, from the perspective
of measuring and evaluating the organization's innovation capacity and
performance. Thus, in this network model, the pairwise comparisons will be
restricted to the strategic innovation goals (clusters) and respective innovation

indicators (assessment factors).

3.2.
Stage 2: Design of a questionnaire for pairwise comparisons of the
network elements and clusters

The design of a questionnaire for pairwise comparisons should consider the
key innovation indicators and the strategic innovation goals that integrate the
BSC-ANP model and Saaty’s nine-point scale (Table 3.2).

In this stage, a pretesting of the questionnaire must be undertaken to
evaluate its clarity, suitability to the respondents, the required time to answer the
questions, and also the possible obstacles that could arise during its application. In
its final version, the questionnaire must contain objective instructions for proper
completion. The judgments in the paired comparisons consist of answering two
questions: (i) which of the two elements is the most important concerning the
desired objective and with what intensity. For this, the nine-point scale proposed
by Saaty (1980; 1990) must be adopted, as shown in Table 3.2 below.

Table 3.2 — Saaty’s nine-point scale for paired comparisons

Level of importance Definition

1 Same importance

Preference between the same and moderate

Moderate preference

Preference between moderate and strong
Strong preference

Preference between strong and very strong
Very strong preference

Preference between very strong and absolute
9 Absolute preference

Source: Saaty (1980; 1990).

[ocB BN o>l &) | BN HOVH I (V)
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After being validated, the questionnaire is ready to be applied to managers
and collaborators engaged in RD&I activities within the organization in focus. If
there are a number of experts involved in this evaluation, consensus can be
achieved in a consensus-building meeting (Saaty, 1980; 1990) or by employing
fuzzy logic to compute the collective weightings (Zadeh, 1965).

3.3.
Stage 3: Pairwise comparisons for determining the importance
weights of network elements and clusters

In this stage, Saaty’s nine-point scale (Table 3.2) should be used for the
pairwise comparisons on the elements conducted by RD&I managers and
collaborators involved with the innovation measurement process within the
organization.

When adopting the ANP method (Saaty, 2004; 2005), the managers or panel
experts who make judgments or preferences must go through the consistency test
conducted based on the consistency ratios (C.R.) of the pairwise comparison
matrixes. This is the ratio of its consistency index to the corresponding random
value. The details can be found in Saaty (1980; 1990). The corresponding
pairwise comparison matrices are generated in order to obtain the corresponding
eigenvectors (unweighted supermatrix).

The value corresponding to the priority associated with a specific cluster
determines the importance of its elements on which it acts (in the unweighted
supermatrix). Thus the weighted supermatrix can be generated. So, the weighted
supermatrix comes from combining the unweighted supermatrix and the control
hierarchy matrix (i.e., pairwise comparison of the strategic innovation goals). The
latter scores a cluster weight in comparison to all others to which it is connected.
An n*n matrix should be built, where ‘n’ is the number of network clusters. To
establish the control hierarchy matrix, first of all, a cluster Ci is chosen. Then, all
others connected with Ci are pairwise compared (with the AHP method) to
determine their impact on Ci. In this way, a weighted supermatrix can be
obtained. Afterward, the matrix will be limited, and gradually the consolidation of
the interdependency and relative weights will be derived (Saaty, 2004; 2005).
Accordingly, a weighted supermatrix can be obtained.
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The weights of the selected key innovation indicators can be calculated with
support of the Super Decisions® software (Creative Decision Foundation, 2019),
following these two last steps, as follows:

(i) Use of design-cluster-new order to set up clusters;

(if) Use of design-node-new order to set up element nodes;

(iii) Use of do-connections-order to set up the internal connections (internal
dependency) within the same cluster as well as connections (external
dependency) among different clusters;

(iv) Use of assess/compare-pairwise comparison order to compare the
relations between clusters and element nodes according to Saaty's nine-
point scale (table 3.2), and to generate a comparison matrix;

(v) Use of computations-unweighted supermatrix order to calculate the
unweighted supermatrix of the ANP model, aligned to the comparison
matrix;

(vi) Use of computations-weighted supermatrix order to calculate the
weighted supermatrix, which represents the degree of the global
dominance of the corresponding element nodes, and the sum of
elements in columns is 1.

3.4.

Stage 4: Calculation of the limit supermatrix and resulting weights of
the network elements

With the support of Super Decisions® software (Creative Decision
Foundation, 2019), a computations-limit matrix can be used to calculate the limit
supermatrix, which is derived from doing power operation on the weighted
supermatrix, and its weighted value tends towards stability. Gradually the
consolidation of the interdependency and relative importance weights will be

obtained.

3.5.
Stage 5: Determination of five-point scales for measuring the
innovation capacity (IC) and innovation performance (IP)

The objective of this stage is to propose two five-point scales based on the
common characteristics of previous works (Weerawardena, 2003; Alegre et al.,
2006; Calik et al., 2017). Weerawardena (2003) examined the role of marketing
capabilities in competitive innovation-based strategy. The research helps to refine

and validate measures of entrepreneurship, marketing skills, organizational
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innovation, and sustained competitive advantage. Alegre et al. (2006), in turn,
proposed scales for valid measures concerning two key dimensions of
performance - effectiveness, and efficiency of product innovation. Calik et al.
(2017) developed a scale for innovation capability measurement, based on the
results of a survey conducted with enterprises in Turkey.

As can be observed in Tables 3.3 and 3.4, both scales range from level 5
(high innovation capacity or performance) to level 1 (low innovation capacity or
performance). The two scales should be adopted during the self-assessment
conducted by RD&I managers and experts within the organization, whose
innovation capacity and performance are being measured and evaluated (see
Section 3.6).

Table 3.3 - Five-point scale for measuring innovation capacity (IC) at the organization level

Innovation capacity level Description
Low degree of achievement of targets associated with innovation
1. Low innovation capacity indicators linked to strategic innovation objectives from ‘Internal

Processes’ and ‘Learning and Growth’ BSC Perspectives

Low-medium degree of achievement of targets associated with
innovation indicators linked to strategic innovation objectives from
‘Internal Processes’ and ‘Learning and Growth’ BSC Perspectives

Medium degree of achievement of targets associated with
innovation indicators linked to strategic innovation objectives from
‘Internal Processes’ and ‘Learning and Growth’ BSC Perspectives

Medium-high degree of achievement of targets associated with
innovation indicators linked to strategic innovation objectives from
‘Internal Processes’ and ‘Learning and Growth’ BSC Perspectives

High degree of achievement of targets associated with innovation
indicators linked to strategic innovation objectives from ‘Internal
Processes’ and ‘Learning and Growth’ BSC Perspectives

2. Low-medium innovation
capacity

3. Medium level innovation
capacity

4. Medium-high innovation
capacity

5. High-level innovation
capacity

Source: Author’s elaboration.

Table 3.4 - Five-point scale for measuring innovation performance (IP) at the organization
level

Innovation performance level Description

1. Low innovation performance Low degree of achievement of targets associated with innovation
indicators linked to strategic innovation objectives from ‘Market’
and ‘Sustainability’ BSC Perspectives

2. Low-medium innovation Low-medium degree of achievement of targets associated with

performance innovation indicators linked to strategic innovation objectives from
‘Market’ and ‘Sustainability’ BSC Perspectives

3. Medium level innovation Medium degree of achievement of targets associated with

performance innovation indicators linked to strategic innovation objectives from
‘Market’ and ‘Sustainability’ BSC Perspectives

4. Medium-high innovation Medium-high degree of achievement of targets associated with

performance innovation indicators linked to strategic innovation objectives from
‘Market’ and ‘Sustainability’ BSC Perspectives

5. High-level innovation High degree of achievement of targets associated with innovation

performance indicators linked to strategic innovation objectives from ‘Market’
and ‘Sustainability’ BSC Perspectives

Source: Author’s elaboration.


DBD
PUC-Rio - Certificação Digital Nº 1912695/CA


PUC-Rio- CertificagaoDigital N° 1912695/CA

53

3.6.
Stage 6: Application of the self-assessment instrument and
calculation of the IC and IP indexes

In this stage, the design of the self-assessment instrument should take into
account the network elements, i.e., the ‘n’ clusters (strategic innovation goals), the
‘n” key innovation indicators associated with them, and the five-point scales
proposed in stage 2 of the model (Tables 3.3 and 3.4). As performed in the case of
the first questionnaire designed for pairwise comparisons, a pretesting must be
undertaken in this stage to evaluate the instrument's clarity, suitability to the
respondents, and the required time to answer the questions.

After being validated, the self-assessment instrument is ready to be applied
to managers and collaborators engaged in RD&I activities within the organization
in focus. Considering that complexity, multidimensionality and uncertainty are
characteristics inherent to innovation capacity and performance measurement,
fuzzy logic (Zadeh, 1965) is strongly recommended in this stage since various
managers and collaborators will undoubtedly be involved.

The next step in this stage is to calculate the Innovation Capacity (ICI) and
Innovation Performance (IPI) indexes. For this, managers and experts engaged in
RD&I activities within the organization are asked to quantify innovation capacity
concerning the key innovation indicators associated with the lower BSC
perspectives (‘Internal Process’ and ‘Learning and Growth”).

Using the five-point scale shown in Table 3.3, the Innovation Capacity (IC)
Index of the organization is calculated by multiplying the ratings assigned by the
managers and experts with the relative weights of those key innovation indicators.
Hence, the innovation capacity can be calculated by multiplying the ratings
assigned by the managers and experts with the relative weights of key innovation
indicators associated with the lower BSC perspectives (‘Internal Process’ and
‘Learning and Growth’). The resulting IC Index can be calculated by summing
them up.

Similarly, the Innovation Performance (IP) Index can also be calculated, but
in this case, the relative weights of key innovation indicators will be those of the
upper BSC perspectives (‘Market’ and ‘Sustainability’) and the five-point scale to
be adopted is presented in Table 3.4.
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3.7.
Discussion of results

The conceptual model presented in this chapter is aligned with the guiding
principles recommended by Dewangan and Godse (2014) for designing a model
for measuring and evaluating the innovation capacity and performance in
organizations from a strategic and systemic perspective (see Section 2.2). It may
contribute to the improvement of innovation performance measurement practices
that have been conducted by established organizations aiming to achieve
excellence in managing their RD&I processes. These contributions refer mainly to
the use of a multicriteria decision-making approach integrated into an adapted
BSC framework, especially addressed to answer the research questions posed in
the introductory section. Besides, the use of the Super Decisions (SD) software
lays the foundation for the wide-ranging use of the ANP model and could simplify
the focused organizational process. The overall weight of the set of ‘n’ key
innovation indicators can be calculated by using the SuperDecisions® software
(Creative Decision Foundation, 2019).

In this chapter, an attempt was made to propose a conceptual model
designed to measure and evaluate the organizations' innovation capacity and
performance by integrating a multicriteria decision-making approach to the BSC
framework. These results refer to several specific objectives of this research and
establish a basis for a more complex future work since the conceptual model here
proposed is part of an ongoing research line in the Technology and Innovation
Management (TIM) field within the Programa de Pds-graduacdo em Metrologia
da PUC-Rio. The next chapter focuses on an empirical study developed within an
innovative company of the Brazilian electricity sector to demonstrate the

applicability of the proposed conceptual BSC-ANP model.
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Applicability of the BSC-ANP model: an empirical study in
an innovative company in the Brazilian electric sector

The results of an empirical study developed within an innovative company
in the Brazilian electric sector are reported and discussed, aiming to demonstrate
the applicability of the proposed BSC-ANP model in a corporate environment. As
a result, the actual Innovation Capacity (IC) and Innovation Performance (IP)
Indexes could be calculated from the ratings assigned to the achievement level of
RD&I initiatives associated with 23 key innovation indicators that are part of the
company's 'strategy map'. At the end of the chapter, managerial and policy
implications are discussed, particularly the research contributions addressed to
answer two questions posed in the ANEEL Public Consultation n. 017/2019
concerning the revision of criteria for assessing innovation capacity and

performance of companies in the electricity sector.

4.1.
Empirical study proposition and guiding questions

The purpose of this empirical study is to demonstrate that the BSC-ANP
model proposed in this dissertation can be used effectively to measure and
evaluate the innovation capacity and performance of organizations that seek
excellence in their innovation management systems to achieve higher levels of
innovation performance. It is intended to empirically validate the conceptual
BSC-ANP model in an innovative company in the Brazilian electric sector, whose
fictitious name is Companhia Alfa.

Following the protocol suggested by Yin (2005), five guiding questions
were defined:

« Is it feasible to demonstrate the BSC-ANP model's applicability through
an empirical study conducted at Companhia Alfa, with the participation
of the Innovation Manager, Technical Assistant and collaborators
working in the Innovation Area of this company?
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« What does the 'strategy map' of Companhia Alfa look like, and what key
innovation indicators were chosen to integrate the network layer of the
BSC-ANP model?

. What are the company's innovation capacity and performance indexes?

. What recommendations should be sent to the company's top leadership to
enhance corporate impacts from the value generated by successful RD&I
initiatives?

« From the results presented here and in Chapter 3, what subsidies may be
addressed to ANEEL for the revision of the regulatory framework of the
ANEEL R&D Program, focusing on the item "Criteria for assessing
innovation in companies in the electric sector", according to the ANEEL
Public Consultation n. 017/2019?

The results of each of the stages of the empirical study developed within the

Companhia Alfa are presented below.

4.2.
Characterization of the unit of analysis and its organizational and
business contexts

The unit of analysis of this empirical study and the organizational context of
Companhia Alfa are characterized in the next items.

4.2.1.
Unit of analysis

According to Yin (2005), the unit of analysis needs to reflect the way in
which the research problem was defined. Thus, focusing on the central research
problem, the unit of analysis in this empirical study was defined as the innovation
capacity and performance measurement and evaluation, based on the BSC-ANP
model presented in Chapter 3.

4.2.2.
Organizational and business context

Companhia Alfa is a thermal power generator with a large capacity
contracted in the country. It was founded in 2001, and in 2007 it won its first
energy auction and currently has activities in five states in Brazil. Table 4.1
summarizes the corporate profile of Companhia Alfa.
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Table 4.1 — Summary of the Companhia Alfa corporate profile

Company name: Companhia Alfa (fictitious name)*

Operating sector (CNAE / IBGE Classification - 4 digits): 3511-5 / 01 - Electricity
generation.

Foundation year: 2001

Primary address and telephone number (s): Rio de Janeiro

Number of employees: More than 1000

Origin of controlling capital: National

What are the main challenges that the company faces to innovate?

o To achieve dedication of key internal resources, which end up having to deviate
from their main duties.

« To demonstrate financial returns from the beginning, when the RD&I stages are
still highly uncertain.

Does the company have a strategic innovation management system? What
management tools does the company employ?

Yes. We have a dedicated Innovation Area at the holding company, which is
responsible for centrally investing in innovation initiatives. The main tools are the
usual collaboration and project management (e.g.,. MS Teams, file sharing), business
integrated management system (e.g., SAP), and RD&I performance analysis (using, for
instance, Excel)

Participants:

Innovation Manager and Technical Assistant: Stage 1 (network model based on the
BSC framework) and Stage 6 (self-assessment of Companhia Alfa regarding its
innovation capacity and performance.

Collaborators working in the Innovation Area: Stage 3 (pairwise comparisons of
network elements and clusters).

Source: Author’s elaboration, based on information gathered from Companhia Alfa.

Note: (*) This fictitious name is used because the Innovation Manager agreed to participate in this
empirical study, as long as its identity was not revealed. The reason is that the information
provided refers to a strategic area of the company, and a complete profile could reveal the
company's identity.

With respect to its CNAE, the holding has a different classification from the
generation subsidiaries. Therefore, as this empirical study took place within the
context of the Brazilian electricity sector, it was decided to disregard the holding
Company's CNAE and consider the subsidiaries' CNAE.

One reason to choose this company for applying the BSC-ANP conceptual
model is that it stated in its strategic vision that the organization intends to be
recognized for its innovation capacity and performance. Another important aspect
of the company is its sustainability policies that provide subsidies for research,
reinforcing its commitment to monitor its economic, environmental, and social

impacts.


DBD
PUC-Rio - Certificação Digital Nº 1912695/CA


PUC-Rio- CertificagaoDigital N° 1912695/CA

58

The company’s participants in this empirical study believe that the
conceptual model here proposed brings a methodological solution for the complex
problem of measuring and evaluating innovation capacity and performance at the

organization level.

4.3.
Demonstrating the applicability of the BSC-ANP model

The application of the BSC-ANP model at Companhia Alfa followed

rigorously all steps described in Chapter 3, as shown in Table 4.2.

Table 4.2 — Overview of the empirical study conducted in Companhia Alfa

Stage Deaf:gttécr)r;m Participants
Stage 1 - Determination of the _ Innovation Manager a'nd Technical
network model based on the BSC Section 3.1 Assistant of Companhia Alfa.
framework. Author and his advisor.
. . . Questionnaire design: author.
Stage 2 - Design of a questionnaire for Section 3.2 Pretesting: a small group of MSc.
pairwise comparisons of the network ection 3. students attending the
elements and clusters. ‘Multicriteria Course’ in
PésMQl/PUC-Rio.
Stage 3 - Pairwise comparisons for _ Pairwise comparisons: three
determining the importance weights Section 3.3 collaborators working in the
of network elements and clusters. m?;)vatlon Area of Companhia
Stage 4 - Calculation of the limit .
supgermatrix and resulting weights of | Section 3.4 Author, with support of THE Super
the network elements Decisions® software
Stage 5 - Determination of five-point
scales for measuring the innovation Section 3.5 Author, based on the literature
capacity (IC) and innovation review.
performance (IP).
Self-assessment: Innovation
Stage 6 - Application of the self- ) Manager and Technical Assistant
assessment instrument; and Section 3.6 of Companhia Alfa.
calculation of the IC and IP indexes. Calculation of the IC and IP
indexes: author.

Source: Author’s elaboration.

4.3.1.
Stage 1. Determination of the network model based on the BSC
framework

As described in Section 3.1 (Chapter 3), the four original BSC perspectives
were adapted to be applied in the context of the innovation management system in
organizations in general, and in particular within the Companhia Alfa. During the
first interview with its Innovation Manager, it was found that the company had
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already established strategic innovation goals as part of its strategic planning.
However, the company has not adopted the BSC approach yet.

Following, the author and his advisor proposed a virtual kickoff meeting
with the Innovation Manager and his Assistant to explain the objectives and the
BSC-ANP model, and classify the company’s strategic innovation goals in a
‘strategy map’ based on the BSC framework.

The results of this first meeting are schematically represented in Figure 4.1.

Innovation-based

. oA economic
Sustamaplllty /’ sustainability
Perspective Innovation-based Innovation-based
(B1) environmental € social
sustamabllltv / s“Stalnab,hty
Market Higher
Perspectlve competltlveness
(BZ) and new markets
dueinnovation ~
A=
Internal . 7
Process . AT Innovation
Perspective management
(B3) system

N improvement

T >~

Learmngand Hsl::ngtnuargld <>/ Relational capital

g;?s“élengwe hcapital enhancement
enhancement

(B4)

Figure 4.1 — Schematic representation of the ‘strategy map’ of Companhia Alfa

After classifying the strategic innovation goals according to the four BSC
perspectives, the Innovation Manager and Technical Assistant were asked to
define the set of key innovation indicators related to the seven innovation goals in
a second virtual session. This information was crucial to integrate the network
model based on the BSC framework.

Previously to this meeting, the author had sent a list of key innovation
indicators identified in the literature review and some survey instruments adopted
by regional and national initiatives to measure innovation capacity and
performance of companies, as mentioned in Chapter 3. This initial list is presented
in appendix 1. During this second meeting, a set of 23 key innovation indicators
were selected and classified accordingly.
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Table 4.3 shows the analytical structure based on the BSC framework

jointly defined with the Innovation Manager and one collaborator from the

Innovation Management Department who participated in this empirical study.

Table 4.3 — Analytical structure based on the BSC-ANP model for Companhia Alfa

Target layer (A)

Control layer

BSC
perspective

Strategic
innovation goal

Innovation indicator layer

Measurement
and evaluation
of the
innovation
capacity (IC)

Sustainability
(B1]

Innovation-based
economic
sustainability
[G11]

I111 - Royalties of commercialized patents
per year

1112 - Net cash generated by
commercialized patents and products per
year

Innovation-based
environmental
sustainability
[G12]

1121 - GHG emissions reduction due to
innovation

1122 - Improvement in the use of renewable
energies and energy efficiency due to
innovation

1123 - Number of innovative solutions to
mitigate risk (operational risk, compliance
risk, environmental risk)

1124 - Number of innovative waste
management solutions

Innovation-based
social
sustainability

1131 - Involvement with local SMEs in supply
chain management

1132 - Startups birth rate

1133 - Number of innovations with social

Market [B2]

[G13] impacts
1211 - Number of new or significantly
Higher improved products introduced onto the

competitiveness
due to innovation
[G21]

market

1212 - Number of firms adopting the
commercialized patents and products

1213 - Market share of firms adopting the
commercialized patents and products

Measurement
and evaluation
of the
innovation
performance
(IP)

1311 - % of projects that developed new
models, methods and/or standards to

Innovation improve RD&! practices per year
Internal management 1312 - Number of new business models or
processes system innovative solutions implemented through
[B3] improvement collaborative projects per year
[G31] 1313 - Planning accuracy in innovation
management, i.e., % of agreed milestones
and/or objectives achieved
1411 - Number of employees devoted to
RD&lI activities
1412 - Number of managers trained in the
Human and methods and tools of innovation
structural capital management — e ——
1413 - Number of publications in scientific
ngi]ncement journals or conferences

Learning and
Growth [B4]

1414 - Number of information systems
implemented

1415 - Number of national and international
patents

Relational capital
enhancement
[042]

1421 - Number of new co-created skills and
knowledge in RD&I cooperation

1422 - Number of external ideas/generated
with customers

1423 - Use of internal and external
knowledge and information sources

After selecting the key indicators, a network model based on the analytic

structure shown in Table 4.3 was determined, comprising the control and network
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layers. The control layer consists of seven strategic innovation goals (G11 to G13,
G21, G31, G41, and G42), and the network layer is composed of 23 key
innovation indicators, organized in clusters.

Control layer Network layer

Cluster@11

ClusterG12 ClusterG13

Innovation
Performance —

Index L)
G13

Cluster G42

Innovation G41
Capacity Index .
= B4
G42

MNotation: — Influence «—> Interactionand interdependence __5 Internal dependence

‘4

Figure 4.2 — The BSC-ANP model for measuring and evaluating the innovation capacity
and performance of Companhia Alfa

Following the procedure described in Section 3.1, an interfactorial
dominance matrix was built in a consensus—building session (Table 4.4).

Likewise, a control hierarchy matrix concerning the interactions among the
strategic innovation goals (clusters in the network model) was formed by the
seven goals listed in Table 4.3, i.e., a 7xX7 matrix. If at least one element in a
cluster influences one element in another cluster, they become related to each
other, and the hierarchical matrix cell is filled in with '1'. If there is no influence of
any element of a cluster on any element of another, this cell is ‘0’. As shown in
Table 4.5, all clusters influence the others, confirming that the strategic innovation
goals should form a network, with the cause-and-effect relationships objectively
evidenced.
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L | (o] (4s] - - - o
o o o o 3 3 3
Interfactorial dominance
matrix e |aefon|a|afoc|alonalalnsnalaln
il NINNENNO N | e | e e e e e e e e (=N NN
giddddddd oo oo s S S S S S SHS
G11 - Innovation- 1111 |01 |21 |21 |1f21|of2|2f1|2f1|2|1|2|1fofL1|21|1]|1|0Of1
based economic
sustainability imaz2 ojo x|z fofa|a|afa]a]afa[a]afo]z]a[2[2]0][1
1121 |ojojofo]ofofo[1|z|ofo]o]ofo[o]ofo]o]o[o[o]0]0
G12 - Innovation- 1122 ([ojo|1fo|1[z|ojo|z|1[2]1]|o[1[1]0fo]0]0f0[1]1]0
based environmental
sustainability 23 (1]1|1|2]ofz|a|2|z|a|a]2]ofa[a]a[2]|1]2|o]0]1]1
1124 ([0]o|1[1]|1|o[1]o|1|o|o]0]0[0[0]0f0]0]0[0[0[1]0
T 131 |1]1]1|o|1|1|ojo|z|ofx]z]|2[21[2]ofo]o][2[o[1]0][1
based social 1132 (1|11 f1f1f1|ofo|1|1|1|1|1|1f1|1|2|o|1|1|1|1]|1
sustainability 1133 |12z |2f2]ofaf2fola[afa|afa]afola[a]a]a]2]2[2
G21 - Higher 212 (1|22 |2 |a|a|2fofa]a]a[a[a]afa]2]a[2[2]1]0
ﬁzr\;‘veﬁg';fl'(‘gs‘%sjeat“od 212 (1]t afe ]z |2z |e]e]ofa|a|a|aalafalaa]n|2]L
innovation 213 (1|11 [2]a |z [a|2|2fofo]ofa|a[a]afa]a]a[2]2]1]1
LT 312 (1|1 x| fa(afa|a|afa]afofafafafa|z]a[22]2]2
system management | 1312 |1 |1 |1|1[1|2[z[z|[1|1]1|2fofofz |2z [r]T[z |12
LU el 313 | 1|12 fa|a[afaafa|aa|afa]ofa|a|2]a]2]2]1]2
411 (1|1 fa|afa(afz]ofafa]a]alafa]ofa]a]afa]2]1]2
T — 12 (11| fx|afz(afz]ofafa]a]afa[a]afofa]afa]2]1]1
structural capital 1413 |[1|1|1|1]1]|1|o|o|o|z|z|1|2|2|2|ofofofa[a]2|1|1
enhancement 414 (1|11 |1|1|1[a]o|z|xfofofx[a[a]afa]a]ofa[1]1]1
1415 |1|1|1|1]0]o|o|1|1|z|z|1|2|2|2|ofo[z[2[o]|1|1
@21 |11 fa|afafafa|a|afa]z]a[a[2]ofo]z]a[2[0]2]0
cG:plit_aIReerll?wta:?lgngent 422 |1|1|1|1(1]t]o|t]z]ala|r|z|z]t]o]olz|z]1l2]o]L
423 [1]1]1|1]|1|1|ojo|1|1|2]1]0[ofo]ofo]1]2[1[0]0]0

Source: Author’s elaboration, based on results of meeting with the Innovation Manager and

Technical Assistant.

Table 4.5 — Control hierarchy matrix: empirical study in Companhia Alfa

Control hierarchy matrix G11 | G12 | G13 | G21 | G31 | G41 | G42
G11 - Innovation-based economic sustainability 0 1 1 1 1 1 1
G12 - Innovation-based environmental

sustainability 1 0 1 1 1 1 1
G13 - Innovation-based social sustainability 1 1 0 1 1 1 1
G21 - Higher competitiveness and new markets

due to innovation 1 1 1 0 1 1 1
G31 - Innovation management system

improvement 1 1 1 1 0 1 1
G41 - Human and structural capital enhancement 1 1 1 1 1 1
G42 - Relational capital enhancement 1 1 1 1 1 1 0

Source: Author's elaboration, based on results of meeting with the Innovation Manager and

Technical Assistant.

With the support of the Super Decisions® software (Creative Solutions,

2019), these connections were filled by the author in the ‘Network’ field, using

the ‘Make/ Show Connections’ tab in the left corner, as shown in Figures 4.3 to

4.5).
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File Design Computations Help

Q Main Network: SD Wellington - revs.sdmod: ratings //

Informaton Pane gludgments Ratings
Net: 0

Node:
Cluster: Economic Sust.

|Economic Sust. e‘_—'| Relational Cap. B|

Attachments

Model Structure

Create/Edit Details

Human and Struct. B

L

Inovation Man. B

Enviromental Sust. B

Show Priorities

Make/Show Connections

Higher Compet. a

I \
Figure 4.3 — Network structure in Super Decisions®: empirical study in Companhia Alfa
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Figure 4.4 — Network structure deployment in Super Decisions®: empirical study in
Companhia Alfa
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Inovation Man. B
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Figure 4.5 — Defining relationships between network elements in Super Decisions®:
empirical study in Companhia Alfa
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4.3.2.
Stage 2: Design of a questionnaire for pairwise comparisons of the
network elements and clusters

The questionnaire design for pairwise comparisons was based on the results
of the interfactorial dominance matrix and the control hierarchy matrix. The
questionnaire was pretested within a group of MSc. students in PosMQI/PUC-Rio
to be further applied within the Companhia Alfa during stage 3 (Section 4.3 - Item
4.3.3).

4.3.3.
Stage 3: Determination of importance weights of network elements
and clusters

For determining the importance weights of the 23 network elements and
seven clusters, Saaty's nine-point scale (Table 3.2) was used for pairwise
comparisons conducted by three collaborators working in the Innovation Area of
Companhia Alfa. For this, they used the pretested questionnaire and following the
general instructions provided by the author. In this stage, the Super Decisions®
continued to be used for calculating the unweighted and weighted super matrixes.

After consolidating judgments and preferences and testing the consistency
ratios (C.R.), it was possible to generate the corresponding pairwise comparison
matrices to obtain the corresponding eigenvectors. In this stage, an unweighted
supermatrix could be built, as shown in Table 4.6.

Following the procedure described in item 3.3 (chapter 3), the value
corresponding to the priority associated with a specific cluster determines the
importance of its elements on which it acts (in the unweighted supermatrix). So,
the weighted supermatrix was calculated with the support of Super Decisions ®
software, combining the unweighted supermatrix and the results of the pairwise
comparisons between the seven clusters. The latter scored a cluster weight in
comparison to all others to which it was connected. A 7*7 matrix was built,
corresponding to the network clusters (i.e., the seven strategic innovation goals).
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AN AN || AN d] [N A (N[N | A N[D
AlH | a| NN NN A A A ||| H [ H | =[N &N
did|d|d|d|d|d  didjdjad g0 ®n TS S ST TS TS

111  [0,000 |1,000 |0,500 (0,500 (0,500 [0,500 [0,000 [0,500 (0,500 0,500 [0,500 |0,500 [0,500 (0,500 [0,500 [0,500 |0,000 (0,500 (0,500 [0,500 (0,500 (0,000 [p,500

112  |0,000 |0,000 |0,500 [0,500 (0,500 [0,500 [0,000 [0,500 (0,500 0,500 [0,500 |0,500 [0,500 (0,500 [0,500 [0,500 |0,000 (0,500 (0,500 [0,500 (0,500 (0,000 [p,500

121  [0,000 |0,000 |0,000 (0,000 (0,000 [0,000 (0,000 [0,200 (0,080 |0,000 [0,000 |0,000 [0,000 {0,000 (0,000 [0,000 |0,000 (0,000 (0,000 [0,000 (0,000 (0,000 p,000

122 0,000 |0,000 [0,235 (0,000 (0,750 [0,200 [0,000 (0,000 (0,250 |0,200 [0,200 {0,200 [0,000 (0,200 (0,200 [0,000 |0,000 (0,000 (0,000 0,000 [1,000 (0,235 [p,000

123  [1,000 |1,000 |0,652 (0,800 (0,000 [0,800 (0,800 (0,800 (0,552 |0,800 [0,800 |0,800 [0,000 (0,800 (0,800 [1,000 {1,000 (1,000 (1,000 [0,000 (0,000 (0,652 1,000

124 0,000 |0,000 |0,113 (0,200 (0,250 [0,000 [0,200 (0,000 [0,118 |0,000 0,000 |0,000 [0,000 (0,000 (0,000 [0,000 |0,000 (0,000 (0,000 0,000 (0,000 (0,113 [p,000

131  [0,143 0,243 |0,143 [0,000 (0,143 [0,250 (0,000 (0,000 (0,250 [0,000 [0,143 |0,143 [0,143 (0,143 [0,143 |0,000 |0,000 (0,000 [0,143 0,000 (0,143 (0,000 |p, 143

132  [0,429 |0,429 [0,429 [0,500 (0,429 [0,750 (0,000 (0,000 (0,750 [0,500 [0,429 [0,429 [0,429 (0,429 [0,429 [1,000 |0,500 (0,000 (0,429 [0,500 (0,429 (0,500 [p,429

133  [0,429 |0,429 [0,429 [0,500 (0,429 [0,000 (1,000 [1,000 (0,000 [0,500 [0,429 |0,429 [0,429 (0,429 [0,429 [0,000 |0,500 (1,000 (0,429 [0,500 (0,429 (0,500 |p,429

211  |[0333 0,333 [0,333 0,333 0,333 0,333 0,333 {0,333 {0,333 (0,000 (1,000 [0,500 [0,333 {0,333 |0,333 (0,333 [0,333 |0,333 [0,333 (0,333 0,333 |0,333 ,000

212  |[0,333 0,333 [0,333 0,333 0,333 0,333 0,333 {0,333 {0,333 [1,000 (0,000 [0,500 [0,333 {0,333 |0,333 (0,333 [0,333 |0,333 [0,333 (0,333 0,333 |0,333 ,500

213 0,333 (0,333 [0,333 |0,333 0,333 0,333 0,333 {0,333 {0,333 (0,000 (0,000 [0,000 [0,333 |0,333 |0,333 [0,333 |0,333 {0,333 [0,333 (0,333 0,333 |0,333 ,500

311 0,333 [0,333 |0,333 |0,333 0,333 0,333 0,333 {0,333 {0,333 [0,333 [0,333 |0,333 |0,000 {0,500 |0,500 (0,333 |0,333 |0,333 [0,333 (0,333 0,333 [0,333 ,333

312 0,333 [0,333 [0,333 |0,333 0,333 0,333 0,333 {0,333 {0,333 [0,333 [0,333 |0,333 |0,000 {0,000 |0,500 (0,333 [0,333 |0,333 [0,333 (0,333 0,333 [0,333 ,333

313 0,333 [0,333 [0,333 |0,333 0,333 0,333 0,333 {0,333 {0,333 [0,333 [0,333 |0,333 |1,000 {0,500 {0,000 (0,333 |0,333 |0,333 [0,333 (0,333 0,333 [0,333 ,333

411  |0,255 (0,255 0,255 [0,255 |0,289 [0,289 [0,333 |0,400 0,000 |0,255 (0,333 [0,333 [0,255 0,255 0,255 [0,000 (0,500 [0,289 [0,333 [0,289 (0,255 0,255 P,255

412  |0,255|0,255 0,255 [0,255 |0,289 [0,289 [0,333 |0,400 0,000 |0,255 (0,333 [0,333 [0,255 0,255 0,255 [0,500 (0,000 [0,289 [0,333 [0,289 (0,255 0,255 P,255

413  |0,147 |0,147 |0,147 |0,147 |0,175 |0,175 [0,000 |0,000 0,000 |0,147 [0,167 [0,167 [0,147 |0,147 |0,147 |0,000 (0,000 [0,000 [0,167 [0,175 (0,147 |0,147 P,147

414  |0,197 |0,197 |0,197 [0,197 |0,246 |0,246 [0,333 |0,000 [0,500 |0,197 [0,000 (0,000 (0,197 |0,197 0,197 |0,500 (0,500 |0,246 [0,000 [0,246 (0,197 [0,197 P,197

415  |0,147 |0,147 |0,147 |0,147 |0,000 (0,000 (0,000 |0,200 [0,500 |0,147 [0,167 (0,167 [0,147 |0,147 |0,147 {0,000 (0,000 |0,175 [0,167 |0,000 (0,147 |0,147 P,147

421  |0,429 (0,429 |0,429 |0,429 |0,429 [0,429 [1,000 |0,500 0,429 |0,429 [0,429 (0,429 [0,500 |0,500 0,500 [0,000 (0,000 [0,429 [0,429 [0,429 (0,000 |1,000 p,000

422  |0,429 (0,429 |0,429 |0,429 |0,429 (0,429 (0,000 |0,500 0,429 |0,429 [0,429 (0,429 [0,500 |0,500 0,500 (0,000 (0,000 [0,429 [0,429 {0,429 (1,000 [0,000 {1,000

423  |0,143 (0,143 |0,143 |0,143 |0,143 [0,143 (0,000 |0,000 0,143 |0,143 [0,143 (0,143 (0,000 |0,000 [0,000 {0,000 (0,000 [0,143 |0,143 |0,143 (0,000 [0,000 p,000

Source: Author’s elaboration based on the calculation with Super Decisions® software.

weighted supermatrix could be obtained, as shown in Table 4.8.

Table 4.7 shows the resulting weights of the network clusters. In sequence, a

Table 4.7 — Importance weights of the network clusters: empirical study in Companhia Alfa

Network clusters

Importance weight

G11 - Innovation-based economic sustainability 0,06395
G12 - Innovation-based environmental sustainability 0,06395
G13 - Innovation-based social sustainability 0,06395
§21 - Hl.gher competitiveness and new markets due to 0,11171
innovation

G31 - Innovation management system improvement 0,17199
G41 - Human and structural capital enhancement 0,25618
G42 - Relational capital enhancement 0,26828

Source: Author’s elaboration based on the calculation with Super Decisions® software.
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Table 4.8 - Weighted supermatrix: empirical study in Companhia Alfa

1111
1112
1121
1122
1123
1124
1131
1132
1133
1211
1212
1213
1311
1312
1313
1411
1412
1413
1414
1415
1421
1422
1423

111 |o,000 0,064 |0,032 |0,032 [0,032 |0,032 {0,000 [0,032 [0,032 [0,032 [0,032 0,032 [0,034 [0,032 |0,032 0,044 |0,000 (0,032 [0,032 [0,034 (0,032 (0,000 p,032

112 0,000 0,000 |0,032 |0,032 [0,032 |0,032 {0,000 [0,032 [0,032 [0,032 [0,032 0,032 [0,034 [0,032 |0,032 0,044 {0,000 (0,032 [0,032 |0,034 (0,032 (0,000 pp,032

121 0,000 0,000 |0,000 |0,000 [0,000 {0,000 {0,000 [0,013 [0,005 (0,000 [0,000 [0,000 {0,000 (0,000 |0,000 0,000 {0,000 (0,000 [0,000 {0,000 (0,000 (0,000 [p,000

122 0,000 0,000 |0,015 |0,000 [0,048 0,013 {0,000 [0,000 (0,016 [0,013 [0,013 |0,013 (0,000 [0,013 |0,013 0,000 {0,000 (0,000 [0,000 [0,000 [0,064 (0,016 [p,000

123 |[0,068 0,064 |0,042 |0,051 [0,000 |0,051 {0,055 [0,051 [0,035 [0,051 [0,051 0,051 (0,000 [0,051 |0,051 0,087 0,096 (0,064 [0,064 0,000 [0,000 (0,045 p,064

124 0,000 |0,000 |0,007 |0,013 [0,016 |0,000 {0,014 {0,000 [0,008 (0,000 [0,000 [0,000 {0,000 (0,000 |0,000 0,000 {0,000 (0,000 [0,000 {0,000 (0,000 (0,008 |p,000

131 0,010 {0,009 |0,009 |0,000 [0,009 |0,016 {0,000 [0,000 [0,016 (0,000 [0,009 [0,009 (0,010 [0,009 |0,009 0,000 {0,000 (0,000 [0,009 0,000 [0,009 (0,000 p,009

132 |[0,029 0,027 |0,027 |0,032 [0,027 |0,048 {0,000 0,000 [0,048 (0,032 [0,027 0,027 (0,029 [0,027 |0,027 0,087 {0,048 (0,000 [0,027 0,034 [0,027 (0,034 p,027

133 0,029 (0,027 (0,027 (0,032 |0,027 0,000 |0,068 0,064 |0,000 (0,032 0,027 (0,027 |0,029 (0,027 |0,027 |0,000 (0,048 0,064 (0,027 0,034 (0,027 |0,034 D,027

211 |[0,040 [0,037 |0,037 |0,037 [0,037 |0,037 [0,040 0,037 (0,037 (0,000 (0,112 (0,056 (0,040 [0,037 (0,037 (0,051 (0,056 (0,037 (0,037 [0,040 [0,037 [0,040 p,000

212 |[0,040 [0,037 |0,037 |0,037 [0,037 |0,037 [0,040 0,037 (0,037 [0,112 (0,000 (0,056 (0,040 [0,037 (0,037 (0,051 (0,056 (0,037 (0,037 [0,040 [0,037 [0,040 056

213 0,040 (0,037 (0,037 (0,037 |0,037 |0,037 |0,040 (0,037 |0,037 (0,000 0,000 (0,000 |0,040 (0,037 |0,037 |0,051 (0,056 |0,037 (0,037 |0,040 (0,037 |0,040 P,056

311 0,061 (0,057 (0,057 (0,057 |0,057 |0,057 |0,061 (0,057 |0,057 (0,057 |0,057 (0,057 |0,000 (0,086 |0,086 |0,078 (0,086 0,057 (0,057 |0,061 (0,057 |0,061 P,057

312 0,061 (0,057 (0,057 (0,057 |0,057 |0,057 |0,061 (0,057 |0,057 (0,057 |0,057 (0,057 |0,000 (0,000 |0,086 |0,078 (0,086 0,057 (0,057 |0,061 (0,057 |0,061 P,057

313 |0,061 [0,057 |0,057 |0,057 [0,057 |0,057 [0,061 0,057 (0,057 (0,057 (0,057 (0,057 [0,184 [0,086 (0,000 (0,078 (0,086 (0,057 (0,057 [0,061 [0,057 |0,061 p,057

411 |0,070 [0,065 |0,065 [0,065 |0,074 [0,074 (0,091 0,102 0,000 [0,065 0,085 0,085 {0,070 |0,065 |0,065 0,000 [0,192 (0,074 (0,085 (0,079 (0,065 (0,070 P,065

412 |0,070 [0,065 0,065 [0,065 |0,074 [0,074 (0,091 0,102 0,000 [0,065 0,085 0,085 {0,070 |0,065 |0,065 |0,175 |0,000 (0,074 (0,085 (0,079 (0,065 (0,070 P,065

413 |0,040 [0,038 |0,038 (0,038 |0,045 (0,045 (0,000 [0,000 0,000 [0,038 0,043 |0,043 {0,040 0,038 {0,038 {0,000 [0,000 (0,000 (0,043 (0,048 (0,038 (0,040 P,038

414 |[0,054 0,050 |0,050 |0,050 [0,063 |0,063 [0,091 {0,000 (0,128 [0,050 [0,000 [0,000 [0,054 (0,050 |0,050 0,175 [0,192 (0,063 [0,000 |0,067 [0,050 (0,054 [,050

415 |[0,020 0,038 |0,038 |0,038 (0,000 0,000 |0,000 [0,051 (0,128 [0,038 [0,043 0,043 [0,040 (0,038 |0,038 0,000 [0,000 (0,045 [0,043 0,000 [0,038 (0,040 p,038

421 |[0,123 |0,115 [0,115 [0,115 (0,115 (0,115 (0,287 |0,134 (0,115 |0,115 (0,115 [0,115 |0,143 (0,134 |0,134 |0,000 (0,000 [0,115 (0,115 [0,123 (0,000 [0,287 ,000

422 [0,123 |0,115 [0,115 [0,115 (0,115 (0,115 (0,000 |0,134 [0,115 |0,115 (0,115 [0,115 |0,143 (0,134 |0,134 |0,000 (0,000 [0,115 (0,115 [0,123 [0,268 [0,000 P,268

423 [0,041 |0,038 [0,038 [0,038 (0,038 (0,038 (0,000 |0,000 (0,038 [0,038 (0,038 (0,038 {0,000 (0,000 |0,000 [0,000 (0,000 [0,038 (0,038 [0,041 (0,000 [0,000 p,000

Source: Author’s elaboration based on the calculation with Super Decisions® software

4.3.4
Stage 4: Calculation of the limit supermatrix and resulting weights of
the network elements

As mentioned in section 3.4, with the support of Super Decisions® software
(Creative Decision Foundation, 2019), the author used a computations-limit
matrix to calculate the limit supermatrix, which is derived from doing power
operation on the weighted supermatrix, and its weighted value tends towards
stability.

Table 4.9 shows the limit supermatrix calculated with the support of Super

Decisions® software.
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H|laNldl N AN A N[N N[ || D [N N

Ald| NN N[N A A || H [ || [ 1NN

did|d|d|ddd|d|djdjdlaamm o &3 3| S| | S (S (S
111
1 0,027 0,027| 0,027| 0,027| 0,027| 0,027 0,027| 0,027| 0,027| 0,027| 0,027| 0,027| 0,027| 0,027| 0,027| 0,027| 0,027| 0,027 0,027/ 0,027| 0,027| 0,027| 0,027
111
2 0,025/ 0,025| 0,025| 0,025( 0,025 0,025 0,025/ 0,025| 0,025 0,025/ 0,025| 0,025| 0,025| 0,025 0,025| 0,025| 0,025| 0,025 0,025/ 0,025| 0,025| 0,025| 0,025
112

6,E-04/6,E-04) 6,E-04 6,E-04| 6,E-04| 6,E-04| 6,E-04) 6,E-04| 6,E-04| 6,E-04| 6,E-04 6,E-04 6,E-04{ 6,E-04| 6,E-04 6,E-04 6,E-04 6,E-04| 6,E-04| 6,E-04) 6,E-04 6,E-04{ 6,E-04)
1
112

0,015/ 0,015| 0,015| 0,015| 0,015| 0,015 0,015| 0,015| 0,015 0,015| 0,015| 0,015| 0,015| 0,015 0,015| 0,015| 0,015| 0,015 0,015 0,015/ 0,015| 0,015| 0,015
2
112

0,045/ 0,045| 0,045| 0,045( 0,045| 0,045/ 0,045| 0,045| 0,045 0,045/ 0,045| 0,045| 0,045| 0,045 0,045| 0,045| 0,045| 0,045 0,045/ 0,045| 0,045| 0,045| 0,045
3
112

0,002/ 0,002| 0,002| 0,002( 0,002 0,002| 0,002| 0,002| 0,002 0,002| 0,002| 0,002| 0,002| 0,002 0,002| 0,002| 0,002| 0,002 0,002/ 0,002| 0,002| 0,002| 0,002
4
113
1 0,006| 0,006| 0,006| 0,006( 0,006| 0,006| 0,006| 0,006| 0,006| 0,006/ 0,006| 0,006| 0,006| 0,006 0,006| 0,006| 0,006| 0,006 0,006 0,006| 0,006| 0,006| 0,006
113
2 0,033/ 0,033| 0,033| 0,033| 0,033 0,033| 0,033| 0,033| 0,033 0,033| 0,033| 0,033| 0,033| 0,033 0,033| 0,033| 0,033| 0,033 0,033/ 0,033| 0,033| 0,033| 0,033
113
3 0,030/ 0,030| 0,030| 0,030[ 0,030 0,030| 0,030| 0,030| 0,030 0,030| 0,030| 0,030| 0,030| 0,030 0,030| 0,030| 0,030| 0,030 0,030| 0,030| 0,030| 0,030| 0,030
121
1 0,042/ 0,042| 0,042| 0,042| 0,042 0,042/ 0,042| 0,042| 0,042 0,042| 0,042| 0,042| 0,042| 0,042 0,042| 0,042| 0,042| 0,042 0,042/ 0,042| 0,042| 0,042| 0,042
121

0,043 0,043| 0,043| 0,043| 0,043 0,043 0,043| 0,043| 0,043 0,043| 0,043| 0,043| 0,043| 0,043 0,043| 0,043| 0,043| 0,043 0,043 0,043| 0,043| 0,043| 0,043
2
121

0,036/ 0,036| 0,036| 0,036| 0,036 0,036/ 0,036/ 0,036| 0,036 0,036/ 0,036| 0,036| 0,036| 0,036 0,036/ 0,036| 0,036| 0,036 0,036/ 0,036/ 0,036| 0,036| 0,036
3
131
1 0,062/ 0,062| 0,062| 0,062| 0,062 0,062| 0,062| 0,062| 0,062 0,062| 0,062| 0,062| 0,062| 0,062 0,062| 0,062| 0,062| 0,062 0,062/ 0,062| 0,062| 0,062| 0,062
131
2 0,057| 0,057| 0,057 0,057| 0,057| 0,057| 0,057| 0,057| 0,057 0,057| 0,057| 0,057| 0,057 0,057| 0,057| 0,057| 0,057| 0,057| 0,057| 0,057| 0,057| 0,057 0,057
131
3 0,067| 0,067| 0,067 0,067| 0,067| 0,067| 0,067 0,067| 0,067| 0,067| 0,067| 0,067| 0,067| 0,067| 0,067| 0,067| 0,067| 0,067| 0,067| 0,067| 0,067| 0,067 0,067
141
1 0,074 0,074| 0,074| 0,074{ 0,074| 0,074 0,074| 0,074| 0,074 0,074| 0,074| 0,074| 0,074| 0,074| 0,074| 0,074| 0,074| 0,074| 0,074 0,074| 0,074| 0,074| 0,074
141

0,073/ 0,073| 0,073| 0,073| 0,073 0,073 0,073| 0,073| 0,073 0,073| 0,073| 0,073| 0,073| 0,073 0,073| 0,073| 0,073| 0,073 0,073 0,073| 0,073| 0,073| 0,073
2
141
3 0,030/ 0,030| 0,030| 0,030| 0,030 0,030| 0,030| 0,030| 0,030 0,030| 0,030| 0,030| 0,030| 0,030 0,030| 0,030| 0,030| 0,030 0,030/ 0,030| 0,030| 0,030| 0,030
141

0,066/ 0,066| 0,066| 0,066| 0,066| 0,066| 0,066| 0,066| 0,066| 0,066/ 0,066| 0,066| 0,066| 0,066| 0,066| 0,066| 0,066| 0,066| 0,066 0,066| 0,066| 0,066| 0,066
4
141
5 0,033/ 0,033| 0,033| 0,033( 0,033 0,033| 0,033 0,033| 0,033 0,033| 0,033| 0,033| 0,033| 0,033 0,033| 0,033| 0,033| 0,033 0,033/ 0,033| 0,033| 0,033| 0,033
142
1 0,109| 0,109| 0,109| 0,109| 0,109| 0,109| 0,109| 0,109/ 0,109| 0,109 0,109| 0,109| 0,109| 0,109 0,109| 0,109| 0,109| 0,109| 0,109 0,109| 0,109| 0,109| 0,109
142

0,109| 0,109| 0,109| 0,109 0,109| 0,109| 0,109| 0,109| 0,109| 0,109| 0,109| 0,109| 0,109] 0,109| 0,109| 0,109| 0,109| 0,109 0,109 0,109| 0,109| 0,109 0,109
2
142
3 0,015/ 0,015| 0,015| 0,015| 0,015| 0,015/ 0,015/ 0,015| 0,015 0,015| 0,015| 0,015| 0,015| 0,015 0,015| 0,015| 0,015| 0,015 0,015/ 0,015/ 0,015| 0,015| 0,015

Source: Author’s elaboration based on the calculation with Super Decisions® software.

Finally, the resulting weights of the 23 key innovation indicators (network

elements) could be calculated, as shown in Table 4.10.
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Table 4.10 — Importance weights of the network elements: empirical study in Companhia
Alfa

Importance

Network element weight
1111 - Royalties of commercialized patents per year 0,0270
1112 - Net cash generated by commercialized patents and products per year 0,0254
1121 - GHG emissions reduction due to innovation 0,0006
1122 - Improvement in the use of renewable energies and energy efficiency 0.0145
due to innovation !
1123 - Number of innovative solutions to mitigate risk (operational risk, 0.0454
compliance risk, environmental risk) !
1124 - Number of innovative waste management solutions 0,0021
1131 - Involvement with local SMEs in supply chain management 0,0056
1132 - Start ups birth rate 0,0335
1133 - Number of innovations with social impacts 0,0299
1211 - Number of new or significantly improved products introduced onto the
market 0,0419
1212 - Number of firms adopting the commercialized patents and products 0,0427
1213 - Market share of firms adopting the commercialized patents and
products 0,0360
1311 - % of projects that developed new models, methods and/or standards to 0.062
improve RD&lI practices per year !
1312 - Number of new business models or innovative solutions implemented 0.057
through collaborative projects per year ’
1313 - Planning accuracy in innovation management, i.e., % of agreed 0.067
milestones and/or objectives achieved !
1411 - Number of employees devoted to RD&I activities 0,074
1412 - Number of managers trained in the methods and tools of innovation 0.073
management ’
1413 - Number of publications in scientific journals or conferences 0,030
1414 - Number of information systems implemented 0,066
1415 - Number of national and international patents 0,033
1421 - Number of new co-created skills and knowledge in RD&I cooperation 0,109
1422 - Number of external ideas/generated with customers 0,109
1423 - Use of internal and external knowledge and information sources 0,015

Source: Author’s elaboration based on the calculation with Super Decisions® software.

The results presented in Table 4.10 demonstrate that, from the perspective
of participants, the strategic innovation goals G42 and G41 concerning the
“Learning and Growth” perspective have the greatest influence in the whole
innovation management system of the company. The application of the BSC-ANP
model allowed that the participants in pairwise comparisons could test the internal
consistency of their judgments. So, the relative importance of the strategic
innovation goals could be quantified by their influence on key innovation
indicators, in total alignment with some of the guiding principles proposed by
Dewangan and Godse (2014) and adopted in this research (see Section 2.2).

Figure 4.6 shows the network elements (key innovation indicators) by
importance. As can be observed, the key indicators 1421 (number of new co-

created skills and knowledge in RD&I cooperation) and 1422 (number of external
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ideas/generated with customers) achieved the highest positions in the ranking.
These results can be explained by the fact that this company has adopted the open
innovation model, whose core is a knowledge network. Companhia Alfa
considered it a very valuable capacity for innovation of its own, whose objective,
in essence, is to create sustainable competitive advantages rooted in mutually

beneficial.
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Figure 4.6 — Importance weights of the network elements: empirical study in Companhia
Alfa

Source: Author’s elaboration based on the calculation with Super Decisions® software

4.3.5.
Stage 5: Determination of the five-point scales for innovation
capacity (IC) and innovation performance (IP) measurement

In this stage, the two five-point scales shown in Tables 3.2 and 3.3 were
considered to be used in the next stage, as reported in item 4.3.6. The scales range
from level 5 (high innovation capacity or performance) to level 1 (low innovation

capacity or performance).

é.t?z)alge 6: Application of the self-assessment instrument and
calculation of the IC and IP indexes

The self-assessment instrument presented in Appendix 2 was elaborated and
pretested within a group of MSc. students in P6sMQI/PUC-Rio, taking the course
in ‘Multicriteria Decision-making Methods’ in the second semester of 2020.
Based on the network structure conceived in the BSC-ANP model, the instrument
comprises questions on the network elements (23 key innovation indicators)
organized around seven clusters (strategic innovation goals). For judgments, the
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Innovation Manager and Technical Assistant used the five-point scales proposed
in stage 5 of the model (Tables 3.2 and 3.3 shown in Chapter 3).

In Companhia Alfa, this instrument was filled out in a consensus-building
meeting. The participants were asked to evaluate the current innovation capacity
levels concerning the key innovation indicators associated with the lower BSC
perspectives (‘Internal Process’ and ‘Learning and Growth’). Then, the five-point
scale shown in Table 3.2 was used in this case.

Hence, the Innovation Capacity Index of Companhia Alfa was calculated by
multiplying the ratings assigned by the participants with the relative weights of
the 11 key innovation indicators associated with the lower BSC perspectives
(‘Internal Process’ and ‘Learning and Growth’). The resulting IC Index could be
calculated by summing them up.

The resulting IC Index (1,921) should be framed on a standard scale aiming
to obtain the relative position of the company regarding its global innovation
capacity (IC). After calculating the weights, it is possible to normalize the scales
for classification of IC levels, as follows:

Min(ICI) = 1 * ¥1=1423 mmdicator weight (1)
Max(ICI) = 5 * ¥1=1423 Indicator weight  (2)

Between the Min(ICI) and Max(ICI) values, five ranges are established to
fit the results according to the innovation capacity levels defined in the five-point
scale (Table 3.3).

Table 4.11 shows how the Innovation Capacity Index of Companhia Alfa
was calculated, and Table 4.12 refers to the ranges of innovation capacity levels

associated with the respective five-point scale (Table 3.3).
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Network elements associated with ‘Learning and Importance Ratin Innovation
Growth’ and ‘Internal Processes’ perspectives weight g capacity

1311 - % of projects that developed new models,

methods and/or standards to improve RD&l practices 0,062 3 0,185

per year

1312 - Number of new business models or innovative

solutions implemented through collaborative projects 0,057 5 0,284

per year

1313 - Planning accuracy in innovation management,

i.e., % of agreed milestones and/or objectives achieved 0,067 4 0,269

1411 - Number of employees devoted to RD&I activities 0,074 2 0,148

1412 - Number of managers trained in the methods

and tools of innovation management 0,073 0,219

1413 - Number of publications in scientific journals or

conferences 0,030 1 0,030

1414 - Number of information systems implemented 0,066 2 0,132

1415 - Number of national and international patents 0,033 1 0,033

1421 - Number of new co-created skills and knowledge

in RD&I cooperation 0,109 4 0,435

1422 - Number of external ideas/generated with

customers 0,109 1 0,109

1423 - Use of internal and external knowledge and

information sources 0,015 5 0,077
Innovation Capacity Index (ICl) of Companhia Alfa 1,921

To present the results on a clearer and simpler scale, analogous to the 5-

point scale on which the indicators were evaluated, the ICI scale was normalized,

as follows:
i=1423 . .
Mln(]C]) — 1*Z§=I311 Indicator weight
Z%z;‘;ﬁ Indicator weight
i=1423 . .
Max(ICI) = 5+Y.{_j311 Indicator weight
Y2423 mdicator weight
i=I311 g
YiZisii Indicat ightsrati 1,921
[C] = Eiisiindicator weightsrating _ 1,

Zi=1423

i—1311 Indicator weight 0,695

= 2,762

©)

(4)

(5)
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Table 4.12 - Ranges of innovation capacity levels associated with the five-point scale (cf.
Table 3.3)

Innovation L. Normalized
. Description Range
capacity level range
Low degree of achievement of targets
1. Low (L) associated with innovation indicators linked
. ) . ) S 0,695 —
innovation to strategic innovation objectives from 1-1,8
. ‘ ’ ‘ . 1,2518
capacity Internal Processes’ and ‘Learning and

Growth’ perspectives

Low-medium degree of achievement of

2. Low-medium . oy Y
targets associated with innovation indicators

LM -
.( ) . linked to strategic innovation objectives from 1,2518 1,8-2,6
innovation ) K . . 1,8082
capacit Internal Processes’ and ‘Learning and
pacity Growth’ BSC perspectives
3. Medium Medium degree of achievement of targets
) associated with innovation indicators linked
level (M) . ) N 1,8082 —
. . to strategic innovation objectives from 2,6-34
innovation . , , . 2,3646
capacit Internal Processes’ and ‘Learning and
pacity Growth’ perspectives
4 Medium- Medium-high degree of achievement of
: targets associated with innovation indicators
high (MH) . . . . 2,3646 —
. . linked to strategic innovation objectives from 3,4-4,2
innovation . ) , . 2,9209
capacit Internal Processes’ and ‘Learning and
pacity Growth’ perspectives
High degree of achievement of targets
5. High level associated with innovation indicators linked 2 9209
(H) innovation  to strategic innovation objectives from '3 773 4,2-5
capacity ‘Internal Processes’ and ‘Learning and !

Growth’ perspectives

PUC-Rio- CertificagaoDigital N° 1912695/CA

Source: Author’s elaboration.

Accordingly, the final result the normalized ICI can be visualized in a

dashboard, as shown in Figure 4.7 below.

Figure 4.7 — Innovation Capacity Index of Companhia Alfa
Source: Author’s elaboration.
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Similarly, the Innovation Performance Index (IPI) could also be calculated,
but in this case, the relative weights of 12 key innovation indicators will be those
of the upper BSC perspectives (‘Market’ and ‘Sustainability’). The five-point
scale shown in Table 3.3 was used in this case.

Table 4.13 refers to the composition of the Innovation Performance Index of
Companhia Alfa, and Table 4.14 shows the ranges of innovation performance
levels associated with the five-point scale (Table 3.4).

Table 4.13 — Calculation of the Innovation Performance Index of Companhia Alfa

Network elements associated with ‘Market’ and Importance Ratin Innovation
‘Sustainability’ perspectives weight & performance
1111 - Royalties of commercialized patents per year 0,027 1 0,027

1112 - Net cash generated by commercialized patents

0,025 1 0,025
and products per year

1121 - GHG emissions reduction due to innovation 0,001 4 0,002

1122 - Improvement in the use of renewable energies

1 44

and energy efficiency due to innovation 0,015 3 0.0
1123 - N.umbe.r of |nnov§t|ve so_lut|ons.to mitigate r_|sk 0,045 3 0,136
(operational risk, compliance risk, environmental risk)
1124 - Number of innovative waste management 0,002 ) 0,004
solutions
1131 - Involvement with local SMEs in supply chain 0,006 4 0,022
management
1132 - Startups birth rate 0,033 5 0,167
1133 - Number of innovations with social impacts 0,030 2 0,060
1211 - Number of new or significantly improved
products introduced onto the market 0,042 3 0,126
1212 - Number of firms adopting the commercialized 0,043 3 0,128
patents and products
1213 - Ma.rk(.et share of firms adopting the 0,036 3 0,108
commercialized patents and products

Innovation Performance Index (IPI) of Companhia Alfa 0,850

Source: Author’s elaboration.

The resulting IP Index (0,850) should be framed on a standard scale, aiming
to obtain the company's relative position regarding its global innovation
performance level. After calculating the weights, it is possible to normalize the

scales for classification of IP levels, as follows:

Min(IPI) = 1 * Y2213 Indicator weight  (6)
Max(IPI) = 5 = Y=1213 Indicator weight ~ (7)
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Between the Min(IPI) and Max(IP1) values, five ranges are established to fit
the results according to the innovation performance levels defined in the five-
point scale (table 3.4).

To present the results on a clearer and simpler scale, analogous to the 5-

point scale on which the indicators were evaluated, the IPI scale was normalized,

as follows:
i=1213 ; :
Min(IPI) = 1*2:1111 Indicator weight _ ®)
Y1213 mdicator weight
i=1213 ; .
Max(IPI) — 5*2_172131 Inc.ilcator w.elght _ )
YiZii11 Indicator weight
_ i=1213 i dicator weight+rating 0,850
IPI = Zi=1213 Indicator weight ~ 0305 2'791 (10)
i=I111 g )

Table 4.14 — Ranges of innovation performance levels associated with the five-point
scale (cf. Table 3.4)

Innovation Normalized
performance Description Range range
level
Low degree of achievement of targets
ilr{nLg\\/A;tion associated with innovation indicators linked 0,3046 — 1-18
performance to strategic innovation objectives from 0,5482 !
‘Market’ and ‘Sustainability’ BSC Perspectives
) Low-medium degree of achievement of
in].nLg\\//;:[rir;idlum targets associated with innovation indicators 0,5482 — 18-26
performance linked to strategic innovation objectives from 0,7919 ’ !
‘Market’ and ‘Sustainability’ BSC Perspectives
) Medium degree of achievement of targets
isﬁn“gsgtlilém level associated with innovation indicators linked 0,7919 - 26-34
performance to strategic innovation objectives from 1,0355 ! !
‘Market’ and ‘Sustainability’ BSC Perspectives
) . Medium-high degree of achievement of
i‘hnlﬁsgtlﬂm-hlgh targets associated with innovation indicators 1,0355 - 34-242
performance linked to strategic innovation objectives from 1,2792 T
‘Market’ and ‘Sustainability’ BSC Perspectives
) High degree of achievement of targets
isﬁan;\%:t:g\r/\E| associated with innovation indicators linked 1,2792 - 47-5
performance to strategic innovation objectives from 1,5228 e

‘Market’ and ‘Sustainability’ BSC Perspectives

Source: Author’s elaboration.
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Figure 4.8 shows the normalized IPI in a dashboard representation.

Figure 4.8 - Innovation Performance Index (IPl) of Companhia Alfa
Source: Author’s elaboration.

4.4,
Discussion of results

The IC and IP indexes represented graphically in two dashboards (figures
4.7 and 4.8) were calculated in line with the weights defined for each key
innovation indicator. These indexes can help managers in Companhia Alfa to
define strategic RD&lI initiatives to implement specific improvements in the areas
of the organization that boost the innovation capacity and performance of this
company. The fact that the most important key innovation indicators for
Companhia Alfa are those associated with the “Learning and Growth” perspective
corroborates the following assumptions: (i) competitiveness is associated with the
ability of an organization to learn faster than your competition; and (ii) the ability
to apply learning is central to the continuous improvement of the organization and
the sustainable creation of value.

Innovation in an organization does not only correspond to the development
and commercialization of new products or services, but it can also occur in the
various links of its value chain. This perspective can be very appropriated by
companies in the Brazilian electric sector since their products and services are
very well defined, but their internal processes could be strongly influenced by
innovative solutions addressed to increase competitiveness and sustainability
(economic, environmental and social) in the short, medium and long term.

The flexibility of the BSC-ANP model was confirmed during the empirical
study as a helpful measurement and evaluation tool able to be adapted to different
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organizational contexts. Particularly for the companies operating in the Brazilian
electricity sector, it can be used as a benchmarking tool since a core set of key
innovation indicators are agreed to be used as sectoral IC and IP metrics.

The model also provided reliable metrics for the weighting of the indicators,
resulting from the cause-and-effect relationships between key indicators and
strategic innovation goals, as represented graphically in Figure 4.2.

Despite the results of the model, two main limitations were identified during
the development of this research concerning: (i) evaluation spectrum; and (ii)
doubts during the self-assessment regarding the key indicators.

» Evaluation spectrum: the IC and IP Indexes were intentionally
parameterized for the adopted five-point scales (Tables 3.2 and 3.3,
respectively) and could be represented graphically in Figures 4.7 and 4.8.
This was a methodological option for aligning the assessment results
with the best-known monitoring practices (e.g., dashboard in multi-
dimensional frameworks). Therefore, this option is in line with one of the
guiding principles adopted for the modeling phase, i.e., easy
implementation and use). However, the scales adopted at five levels can
match companies in different stages, even though the graph's pointer can
slide within each level.

» Doubts during the self-assessment regarding the key indicators: the well-
elaborated description of the key indicators and metrics can allow the
respondent to make a more coherent assessment of the company's
innovation capacity or performance and minimize the risk of overvaluing
its results. However, it does not exclude the possible doubt during the
assessment since subjectivity is inherent to this process. The
incorporation of fuzzy logic (Zadeh, 1965) for accommodating the
inherent doubts of the assessment could make the model more effective
in this sense. However, it would depend on a larger number of
respondents to be effective.
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Conclusions

The BSC-ANP model proposed in this dissertation proved itself to be an
effective tool to help established organizations to measure and evaluate their
innovation capacity and innovation performance. Then, it is possible to conclude
that the general objective of this research was achieved.

From the literature and documentary analysis, 28 empirical studies on
innovation capacity and performance measurement published between 1988 and
2020 were reviewed focusing on methodological issues. One first conclusion is
that among the 28 studies, 15 adopted the scorecard approach (Kerssens-van-
Drongelen and Cook, 1997; Wong, 2001; Verhaeghe and Kfir, 2002; Godener and
Soderquist, 2004; Bremser and Barsky, 2004; Ojanen and Vuola, 2006; Gama et
al., 2007; Chiesa and Frattini, 2009; Lazzarotti et al., 2011, Mohamed, 2013;
Dewangan and Godse, 2014; Spano et al., 2016; Zhang, 2016; Bican and Brem,
2020; and Dudic et al., 2020). So, this conclusion guided the choice of the BSC
framework as the basis for the conceptual model object of this research.

An in-depth analysis of these 15 studies revealed a research gap regarding
the use of a multicriteria decision-making approach which implements a
networked structure and allows analyzing cause and effect relationships and
feedback among strategic goals and key innovation indicators. The ANP method
was chosen to integrate a BSC framework adapted for innovation management
systems and proved to be effective to assign importance weights to the key
innovation indicators associated with the strategic innovation goals of a given
organization and also highlight the cause-and-effect relationships among them.
Proceeding along this direction, one can conclude that the ANP method integrated
with the BSC framework help organizations to handle the effects of dependencies
across perspectives and over time. Only with a clearer understanding of the
dependency issue would decision-makers be able to design and implement the
innovation BSC as an effective organizational management system.

A third conclusion refers to the total alignment of the BSC-ANP model with
the guiding principles recommended by Dewangan and Godse (2014) for
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designing an innovation capacity and performance measurement model from a
strategic and systemic perspective, namely: (i) multidimensional orientation; (ii)
innovation process orientation; (iii) cause-and-effect relationship orientation; (iv)
stakeholder’s goal-orientation; and (v) easy to implement and use.

The applicability of the BSC-ANP model proposed in this dissertation could
be demonstrated through an empirical study conducted within an innovative
company in the Brazilian electricity sector. Like many other empirical studies, it
was situationally unique. Nevertheless, the general elements of the model and the
methods employed (BSC and ANP) can be replicated by companies of other
industrial sectors besides the electricity sector. It is also believed that
dissemination of the proposed model can contribute to important organizational
changes related to current innovation management systems and practices in
established organizations.

These results refer to several specific objectives of this research and
establish a basis for a more complex future work since the conceptual model here
proposed is part of an ongoing research line in the Technology and Innovation
Management (TIM) field within the Programa de Pds-graduacdo em Metrologia
da PUC-Rio.

Last but not least, the results presented in Chapters 3 and 4 are addressed to
answer two questions posed in the ANEEL Public Consultation n.017/2019,
namely:

* How to assess the innovation capacity, and which indicators should be
used to measure the level of innovation of a company in the electricity
sector?

» What are the most relevant results that companies in the electricity sector
should present as a product of the application of compulsory investments
in RD&I?

Concerning the first question, the proposed BSC-ANP model was designed
to help established organizations to improve their practices of measuring and
evaluating innovation capacity and performance, and in particular, companies in
the Brazilian electricity sector. Thus, the author who works for one of these
companies invited the Companhia Alfa to demonstrate its applicability,
highlighting the benefits for its own and other companies in the sector.

Finally, in relation to the second question, each company in the electricity
sector should define its strategic innovation goals integrating them into the
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corporate strategic plan. So, based on the BSC-ANP model, those goals and key
innovation indicators associated with them, that are classified in the upper BSC
perspectives (‘Sustainability’ and ‘Market’), will be the managerial instruments
for measuring and communicating the results of the application of compulsory
investments in RD&lI.
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Appendix 1
Innovation Indicators associated with the BSC framework

G11: Innovation-based Economic Sustainability

Ref. | Innovation Indicator Literature review
1111 Number of commercialized patents and Spano et al. (2016);
products

Spano et al. (2016);
1112 | ROI of realized patents and products Dziallas and Blind (2019)

Spano et al. (2016);

Royalties of commercialized patents and Dziallas and Blind (2019)

1113

products
Spano et al. (2016);
1114 Net cash generated by commercialized Dziallas and Blind (2019)
patents and products Lazzarotti et al. (2011)
Bicam and Brem (2020)
1115 Budgett.spent on research, development and Dziallas and Blind (2019)
Innovation Lazzarotti et al. (2011)
1116 Share of research budget from total company Dziallas and Blind (2019)

budget

G12: Innovation-based Environmental Sustainability

Ref. | Innovation Indicator Literature review

Number of projects with environmental Spano et al. (2016);

1121 e, .
relevance for the organization’s region

1122 | Pollution reduction due to innovations Spano et al. (2016);

Improvement in the use of alternative Spano et al. (2016);

1123 energy/material due to innovations

PUC-Rio- CertificagaoDigital N° 1912695/CA

Number of procedures to mitigate risk
1124 | (operational risk, compliance risk,
environmental risk)

Spano et al. (2016);

Reduction of adverse events impact due to Spano et al. (2016);

1125 | . .
innovations

G13: Innovation-based Social Sustainability

Ref. | Innovation Indicator Literature review

Number of key internal and external
stakeholders integrated in the R&D projects
to improve sustainability concerns sectors’
value chains

Spano et al. (2016);

1131 Dziallas and Blind (2019)

1132 | Stakeholders’ satisfaction rate Spano et al. (2016);

1133 | Involvement of local SMEs Spano etal. (2016);

Improvement in the occupational rate of Spano et al. (2016);

1134 e, .
the organization’s region

1135 | Innovative firms birth rate Spano etal. (2016);

Number of Knowledge Transfer Sessions Spano et al. (2016);

1136
(KTS) organized to present Sustainability
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trends, novel technologies, etc.

1137

Number of employees dedicated to external
relationships in R&D

Lazzarotti et al. (2011)

1138

Number of alliances dedicated to
technological innovation

Lazzarotti et al. (2011)

G21: Higher Competitiveness and New markets due to Innovation

Ref. | Innovation Indicator Literature review
1211 Degree of anticipation of internal customer Bicam and Brem (2020)
needs
Number of new or significantly improved
1212 | products (goods or services) for your EUROSTAT. CIS_Survey
enterprise was introduce onto the market
Number of new or significantly improved
1213 product.s (Igoods or servu;es) for your EUROSTAT. CIS_Survey
enterprise's market was introduce onto the
market
1214 Number of firms adopting the Spano et al. (2016);
commercialized patents and products
1215 Market share of firms adopting the Spano et al. (2016);
commercialized patents and products
1216 | Size of the company Dziallas and Blind (2019)
1217 | Geographic location of the company Dziallas and Blind (2019)
1218 | Age of company Dziallas and Blind (2019)
1219 | Market share, position and share Dziallas and Blind (2019)
12110 Number of innovative businesses/new Dziallas and Blind (2019)
venture start-ups
12111| Customer complaints Dziallas and Blind (2019)
12112| New product introduction vs. competition Dziallas and Blind (2019)
12113 Annual spending for market investigations Lazzarotti et al. (2011)

aimed at generating technological innovation

G31: Innovation Management System Improvement

Ref. Indicator Literature review
Number of projects that developed new Spano et al. (2016);
1311 models, methods apd/or standards to EUROSTAT. CIS_Survey
improve R&D practices
Number of new business models or .
1312 | frameworks developed and implemented Spano et al. (2016);
through collaborative projects per year
1313 % of projects abandoned after a certain Bicam and Brem (2020)
degree of completion EUROSTAT. CIS_Survey
- s
1314 Plfannlng accuracy, |.e: % 9f agreed Bicam and Brem (2020)
milestones and/or objectives met
. . Bicam and Brem (2020)
1315 | Project progress and projects completed EUROSTAT. CIS_Survey
1316 Tlme dedlcatele to the.analy5|s of reasons for Lazzarotti et al. (2011)
failure of previous projects
1317 Percentage of innovation activities formally Lazzarotti et al. (2011)
documented
1318 Percentage of projects respecting established Lazzarotti et al. (2011)

deadlines
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G41: Human and structural capital enhancement

Ref. | Innovation Indicator Literature review
1411 Number of joint training programs for Spano et al. (2016);
researchers and employees
1412 Improvement of employees and researchers’ Spano et al. (2016)
satisfaction .
1413 | Number of meeting among partners Spano et al. (2016)
L o Spano et al. (2016)
1414 Number of publications in scientific journals OECD (2018)
or conferences
Spano et al. (2016)
1415 | Number of national and international patents OECD (2018)
Spano et al. (2016)
1416 Number of new intangibles per year (patents, OECD (2018)
licenses, copyrights, trademarks, etc.) Lazzarotti et al. (2011)
1417 Number of projects funded by external Spano et al. (2016)
organizations .
1418 | Number of employees devoted to R&D Lazzarotti et al. (2011)
1419 | Hours spent on projects vs. total hours R&D Bicam and Brem (2020)
14110 | Innovation level and degree of creativity Bicam and Brem (2020)
Percentage of leaders trained in creativity Dziallas and Blind (2019)
14111 .
techniques, atmosphere
Amount of time managers spent with Dziallas and Blind (2019)
14112 | . .
innovations compared to normal tasks
14113 Number of managers trained in the methods Dziallas and Blind (2019)

and tools of innovation

G42: Relational capital enhancement

Number of information systems implemented

Spano et al. (2016);

1421 for sharing data

1422 Number of new co-created skills and Spano et al. (2016);
knowledge

1423 Soc'ial engagement in the organization’s Spano et al. (2016);
region

1424 | Transfer rate of new knowledge and Bicam and Brem (2020)
technology into product development

1425 | % of new technology content in new products | Bicam and Brem (2020)

1426 Number of external ideas/generated with Dziallas and Blind (2019)
customers

1427 Number c?f.newly created innovative Dziallas and Blind (2019)
opportunities

1428 Use of internal and external knowledge and Dziallas and Blind (2019)
information sources
Percentage of projects using techniques such

1429 as design for assembly, design for Lazzarotti et al. (2011)

manufacturing, design for logistic, design to
cost

Note: All references are listed in ‘References’ of the dissertation.
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Appendix 2
Self-assessment instrument: Innovation Capacity and
Performance

INSTRUMENTO DE AVALIAGAO DA CAPACIDADE INOVATIVA E
DESEMPENHO INOVADOR DE EMPRESAS

Prezado participante,

O instrumento para medir a capacidade inovativa e desempenho inovador de
empresas em geral e em particular do setor elétrico no Brasil faz parte de uma
pesquisa de mestrado do Programa de Pds-Graduacdo em Metrologia da
Pontificia Universidade Catdlica do Rio de Janeiro (P6sMQI/PUC-Rio). A pesquisa
de mestrado tem por objetivo propor e demonstrar a aplicabilidade de um
modelo para medir e avaliar a capacidade inovativa (IC) e o desempenho
inovador (IP) de empresas, segundo uma abordagem Balanced Scorecard (BSC),
combinada com um método multicritério de apoio a decisao.

Para a fase aplicada da pesquisa, construimos este instrumento que se baseou na
literatura especializada sobre gestdo estratégica da inovacao, tendo como foco a
aplicacdo da metodologia Balanced Scorecard (BSC) adaptada para esse processo
organizacional.

Este instrumento estd sendo aplicado na sua empresa com dois objetivos: (i)
medir sua capacidade inovativa e desempenho inovador, visando contribuir para
o aperfeicoamento de seu sistema de gestdo estratégica da inovacdo; e (ii)
demonstrar a aplicabilidade do modelo conceitual desenvolvido no ambito da
referida pesquisa de mestrado.

O instrumento estd estruturado em quatro sec¢bes, que correspondem as
dimensbes da abordagem Balanced Scorecard, ou seja: (i) ‘Aprendizado e
Crescimento’; (ii) ‘Processos Internos’; (iii) ‘Mercado’; (iv) ‘Sustentabilidade’. As
duas primeiras dimensbes, associam-se indicadores-chave de capacidade
inovativa, enquanto que nas dimensdes seguintes os indicadores-chave visam
medir e avaliar o desempenho inovador. Na pdgina seguinte, apresentamos a
estrutura analitica adotada neste instrumento.

Antecipadamente, expressamos o nosso agradecimento pela sua disponibilidade,
participacdo e colaboracao.

Atenciosamente,

Wellington Luiz Leite Rocha
Mestrando do Programa P6sMQl/PUC-Rio

Maria Fatima Ludovico de Almeida
Prof2 Orientadora da pesquisa de mestrado no PésMQl/PUC-Rio
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ESTRUTURA ANALITICA ADOTADA NESTE INSTRUMENTO

Objetivo
Indice Perspectiva BSC Estratégico de Indicadores-chave
Inovagao
. 1111 - Royalties recebidos pelas patentes de
Sustehntgblhdade produtos comerciliazados (por ano)
econdémica com -
base em 1112 — Faturamento liqudo por patentes de
inovacdo [011] produtos comerciliazados e por novos produtos (por
ano)
1121 - Redugdo de emissdes de gases efeito estufa
devido a inovagdo
bilidad 1122 - Aumento do uso de energias renovaveis e
Sustgnt llidade eficiéncia energética devido a inovagdo
ambiental com 1123 - NG d lucBes i q g
Sustentabilidade base em 2: timero de solugGes inovadoras geerdas para
: 5 mitigar riscos (operacionais, ambientais ou de ndo-
(1) inovagdo [012] ] A = "
atendimento a legislagdo/regulamentacdo apicavel)
o 1124 — Ndmero de solugdes inovadoras para
Indice de i i
gerenciamento de residuos
Desempenho - —
Inovador 1131 - Engajanjent_o de pequenas e m~ed|as )
(IP) » empresas locais e inovadoras na gestdo da cadeia
SusFezIntablllk)dade de suprimento.
zcr)r??noc\(/)améoase 1132 — Taxa de criagdo de start-ups, futuras
[013] ¢ fornecedoras da empresa
1133 — Numero de solugdes inovadoras com
impactos sociais
1211 — NUmero de produtos novos ou
Aumento de silgn.ificativamente novos langados no mercado
competitividade | (Ultimos 3 anos)
pelas inovagdes 1212 — NUumero de empresas clientes adotando
Mercado (2)
e entrada em patentes ou usando novos produtos
novos mercados comercializados pela empresa
[021] 1213 - Market share das empresas clientes adotando
patentes ou produtos comercializados pela empresa
1311 - % of projetos que desenvolveram novos
modelos, métodos ou procedimentos para melhoria
das praticas de P&D e inovagdo (por ano)
Processos Internos | Gestdo da 1312 — NUumero de novos modelos de negdcio ou
(3) inovagdo para solugdes inovadoras implementadas por meio de
resultados [031] | projetos colaborativos (por ano)
1313 — Eficiéncia do planejamento em gestdo da
inovagdo. i.e. agdes e metas realizadas versus agdes
e metas planejadas.
1411 — Numero de empregados dedicados as
atividades de P&D e inovagdo
. 1412 - Nimero de gerentes capacitados “para
Indice de ) emprego de métodos e ferramentas de gestdo da
Capacidade Fortalecimento inovacio
| i i . T~ - Y
novativa do capital 1413 - Numero de publicagBes em revisas cientificas
(IC) humano e

Aprendizado e
Crescimento (4)

estrutural para
inovar [041]

ou anais de congressos

1414 - Numero de sistemas de informagdo
implementados para suporte aos processos de
gestdo da inovdo na empresa

1415 - Numero de patentes nacionais e
internacionais

Fortalecimento
do capital
relacional para
inovar [042]

1421 - Novas habilidades e conhecimentos criados
pela cooperagdo em projetos de P&D e invoagdo.

1422 - Numero de ideias inovadoras geradas com
participagdo de clientes

1423 — Uso de conhecmento e fontes de informagdo
internas e externas para inovar
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CARACTERIZAGAO DA EMPRESA

Nome da empresa:

Razao social da empresa:

Setor de atuagdo (Classificagdo CCNAE/IBGE — 4 digitos):

Exemplo: 2473-2/00 — Fabricagéo de artigos de perfumaria e cosméticos.

Ano de fundagao:

Enderego principal e telefone(s):

Numero de empregados:

Origem do capital controlador:

O capital controlador é nacional quando estd sob titularidade direta ou indireta de pessoas fisicas
ou juridicas residentes e domiciliadas no pais. O capital controlador é estrangeiro, quando estd
sob titularidade direta ou indireta de pessoas fisicas ou juridicas domiciliadas fora do pais.

Quais os principais desafios que a empresa enfrenta para inovar?

A empresa tem um processo de gerenciamento estratégico da inovagao? que
ferramentas de gestdo emprega?

Cargo do respondente na empresa:
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ORIENTAGOES GERAIS PARA PREENCHIMENTO

As primeiras secOes referem-se as perspectivas BSC ‘Aprendizado e Crescimento’
e ‘Processos Internos’ e visam avaliar a capacidade inovativa da empresa em
relagdo a um conjunto de indicadores-chave associados a cada uma dessas
dimensdes. Ao responder as questdes dessas duas se¢des, vocé devera adotar a
escala de cinco niveis, apresentada abaixo. As respostas (marcadas com x),
seguem-se justificativas correspondentes a seus julgamentos.

Capacidade inovativa Descrigao
Nivel
1 Baixa capacidade Baixa capacidade inovativa expressa pelo alcance inferior
inovativa a 30% das metas e agdes associadas ao indicador em
foco.
2 Baixa-média capacidade Baixa-média capacidade inovativa expressa pelo alcance
inovativa de 30 a 49 % das metas e a¢les associadas ao indicador
em foco.
3 Média capacidade Média capacidade inovativa expressa pelo alcance de 50
inovativa a 69 % das metas e agdes associadas ao indicador em
foco.
4 Média-alta capacidade Média capacidade inovativa expressa pelo alcance de 60
inovativa a 89% das metas e agbes associadas ao indicador em
foco.
5 Alta capacidade inovativa | Alta capacidade inovativa expressa pelo alcance de 90 a
100% das metas e a¢Ges associadas ao indicador em foco.

Conceito de capacidade inovativa (IC): capacidade da empresa de integrar e
coordenar recursos humanos, financeiros, técnicos e organizacionais,
objetivando a geracao de solug¢Bes inovadoras para atender necessidades dos
clientes e da sociedade.

Ja as questdes da terceira e quarta se¢des referem-se as dimensdes - ‘Mercado’
e ‘Sustentabilidade’ e visam avaliar o desempenho inovador da empresa em
relacdo aos indicadores-chave associados a cada uma dessas dimensdes. Ao
responder as questdes, vocé devera adotar a escala em cinco niveis, como
apresentada abaixo. As respostas (marcadas com x), seguem-se as justificativas

correspondentes a cada nivel indicado.

Nivel | Desempenho inovador Descrigao
1 Baixo desempenho Baixo desempenho inovador expresso pelo alcance inferior
inovador a 30% das metas e agdes associadas ao indicador em foco
2 Baixo-médio Baixo-médio desempenho inovador expresso pelo alcance
desempenho inovador de 30 a 49 % das metas e a¢des associadas ao indicador em
foco
3 Médio desempenho Médio desempenho inovador expresso pelo alcance de 50 a
inovador 69 % das metas e a¢Oes associadas ao indicador em foco
4 Médio-alto desempenho | Médio-alto desempenho inovador expresso pelo alcance de
inovador 60 a 89% das metas e ag¢Oes associadas ao indicador em
foco
5 Alto desempenho Alto desempenho inovador expresso pelo alcance de 90 a
inovador 100% das metas e a¢Ges associadas ao indicador em foco

Conceito de desempenho inovador (IP): expressa em que medida a governanca,
condicBes, recursos e processos orientados para inovacdo traduzem-se em
resultados econdmico-financeiros, operacionais e de mercado, além de
beneficios socioambientais.
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INSTRUMENTO DE AUTO-DIAGNOSTICO DA CAPACIDADE
INOVATIVA E DESEMPENHO INOVADOR DE EMPRESAS

Secao 1 - Perspectiva BSC ‘Aprendizado e Crescimento’

OBJETIVO ESTRATEGICO 041: Fortalecimento do capital humano e
estrutural para inovar.

INDICADORES-CHAVE

CAPACIDADE INOVATIVA

MEDIA

BAIXA
MEDIA-BAIXA
MEDIA-BAIXA
ALTA

1411 — Nimero de empregados dedicados as atividades de P&D e
inovagao

1412 — Nimero de gerentes capacitados ‘para emprego de métodos
e ferramentas de gestdo da inovagao

1413 — Nimero de publicagdes em revisas cientificas ou anais de
congressos

1414 — Nimero de sistemas de informagdo implementados para
suporte aos processos de gestdo da inovdo na empresa

1415 — NUmero de patentes nacionais e internacionais

NiVEL ATUAL DA CAPACIDADE INOVATIVA [AVALIAGAO QUALITATIVA — EVIDENCIAS POR

INDICADOR]

OBJETIVO ESTRATEGICO 041: Fortalecimento do capital humano e
estrutural para inovar.

INDICADORES-CHAVE

CAPACIDADE INOVATIVA

MEDIA

BAIXA
MEDIA-BAIXA
MEDIA-BAIXA
ALTA

1421- Novas habilidades e conhecimentos criados pela cooperagdo
em projetos de P&D e invoacdo.

1422 — Numero de ideias inovadoras geradas com participagdo de
clientes

1423 — Uso de conhecmento e fontes de informacgdo internas e
externas para inovar

NIVEL ATUAL DA CAPACIDADE INOVATIVA [AVALIAGAO QUALITATIVA — EVIDENCIAS POR

INDICADOR]
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Secao 2 - Perspectiva BSC ‘Processos Internos’

OBJETIVO ESTRATEGICO 031: Gestdo da inovacdo para resultados

INDICADORES-CHAVE

CAPACIDADE INOVATIVA

MEDIA

BAIXA
MEDIA-BAIXA
MEDIA-BAIXA
ALTA

1311 — % of projetos que desenvolveram novos modelos, métodos
ou procedimentos para melhoria das praticas de P&D e inovagdo
(por ano)

1312 — Nimero de novos modelos de negdcio ou solugdes
inovadoras implementadas por meio de projetos colaborativos (por
ano)

1313 — Eficiéncia do planejamento em gestdo da inovagdo. i.e. agbes
e metas realizadas versus agdes e metas planejadas.

NIVEL ATUAL DA CAPACIDADE INOVATIVA [AVALIACAO QUALITATIVA — EVIDENCIAS POR

INDICADOR]

Secao 3 — Perspectiva BSC ‘Mercado’

OBJETIVO ESTRATEGICO 021: Aumento de competitividade pelas
inovagdes e entrada em novos mercados

INDICADORES-CHAVE

DESEMPENHO INOVADOR

MEDIO-BAIXO
MEDIO

MEDIO-BAIXO

BAIXO
ALTO

1211 — Numero de produtos novos ou significativamente novos
langados no mercado (ultimos 3 anos)

1212 — Nimero de empresas clientes adotando patentes ou usando
novos produtos comercializados pela empresa

1213 — Market share das empresas clientes que adotaram patentes
ou usam produtos comercializados pela empresa

NIVEL ATUAL DO DESEMPENHO INOVADOR [AVALIACAO QUALITATIVA — EVIDENCIAS POR

INDICADOR]
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Secao 3 — Perspectiva BSC ‘Sustentabilidade’

OBJETIVO ESTRATEGICO 0O11: Sustentabilidade econémica com DESEMPENHO INOVADOR

base em inovagdes

MEDIO

MEDIO-BAIXO
MEDIO-BAIXO

BAIXO

INDICADORES-CHAVE

ALTO

1111 — Royalties recebidos pelas patentes de produtos
comercializados (por ano)

1112 — Faturamento liqudo por patentes de produtos

comercializados e por novos produtos comercializados (por ano)

NIVEL ATUAL DO DESEMPENHO INOVADOR [AVALIAGAO QUALITATIVA - EVIDENCIAS POR
INDICADOR]

OBJETIVO ESTRATEGICO 012: Sustentabilidade ambiental com base DESEMPENHO INOVADOR

em inovagoes

MEDIO-BAIXO
MEDIO

BAIXO
MEDIO-BAIXO

INDICADORES-CHAVE

ALTO

1121 - Redugdo de emissdes de gases efeito estufa devido a inovagao

1122 - Aumento do uso de energias renovaveis e eficiéncia
energética devido a inovagdo

1123 — Numero de solugBes inovadoras geerdas para mitigar riscos
(operacionais, ambientais ou de ndo-atendimento a
legislagdo/regulamentacédo apicével)

1124 — Numero de solugbes inovadoras para gerenciamento de
residuos

NIVEL ATUAL DE DESEMPENHO INOVADOR [AVALIACAO QUALITATIVA — EVIDENCIAS POR
INDICADOR]

94


DBD
PUC-Rio - Certificação Digital Nº 1912695/CA


PUC-Rio- CertificagaoDigital N° 1912695/CA

OBJETIVO ESTRATEGICO 012: Sustentabilidade social com base em DESEMPENHO INOVADOR
inovagdes

MEDIO-BAIXO
MEDIO

MEDIO-BAIXO

BAIXO
ALTO

INDICADORES-CHAVE

1131 — Engajamento de pequenas e médias empresas locais e
inovadoras na gestao da cadeia de suprimento.

1132 — Taxa de criagdo de start-ups, futuras fornecedoras da
empresa

1133 — NUimero de solugdes inovadoras com impactos sociais

NIVEL ATUAL DO DESEMPENHO INOVADOR [AVALIAGAO QUALITATIVA - EVIDENCIAS POR
INDICADOR]

COMENTARIOS ADICIONAIS:

Agradecemos mais uma vez pela sua disponibilidade e contribui¢ao para esta
pesquisa!
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Appendix 3
Self-assessment of Innovation Capacity and Performance
of Companhia Alfa

* Secdo 1 —Perspectiva BSC ‘Sustentabilidade’

OBIETIVO ESTRATEGICO 011:Sustentabilidade econdmica com base em inovacdes AVALIACAD

INDICADORES-CHAVE

BAILKA
MEDIA- BALLA
MEDLA
MEDIA-ALTA
ALTA

X

1111 — Royalties recebidos pelas patentes de produtos comercializados (por ano)

1112 — Faturamento liqudo por patentes de produtos comercializados e por novos produtos
comercializados (por ano)

[AVALIACAO QUALITATIVA — EVIDENCIAS POR INDICADOR]

Somos uma empresa de geracdo e comercializagdo de energia. Logo, os desenvolvimentos de Inovacdo ndo tém por
tradicdo criar novos produtos. Estamos fazendo os primeiros desenvolvimentos de produtos mais recentemente, mas
estes serdo aplicados em nossas proprias operacdes e comercializados pela empresa parceira desenvolvedora mediante
acordo comercial a ser definido conosco. O pagamentos de royalties estd sendo considerado.

OBJETIVO ESTRATEGICO 012:Sustentabilidade ambiental com base em inovacBes AVALIACAD

INDICADORES-CHAVE

BAIXA
MEDIA- BAILA
MEDIA
MEDIA-ALTA
ALTA

®

1121 - Reducdo de emissdes de gases efeito estufa devido & inovacdo

¥

1122 - Aumento do uso de energias renovaveis e eficiéncia energética devido a inovacdo

1123 — Numero de solugdes inovadoras geerdas para mitigar riscos (operacionais, ambientais
ou de ndo-atendimento a legislacdo/regulamentacdo apicavel)

1124 — Numero de solugdes inovadoras para gerenciamento de residuos =

[AVALIACAD QUALITATIVA — EVIDENCIAS POR INDICADOR]

Como empresa geradora de energiavia combustivel fassil, os desenvolvimentos em geral vém buscando aumentar
eficiénciadas plantas & desenvalver novas linhas de receita para a companhia.

1121 - A melhor eficiénciada planta se traduz em menores emissdes. Adicionalmente buscamos trabalhar com temas
como captura de carbono e reaproveitamento de residuos desde os principios dos investimentos da companhia. Mo
entanto, estes sdo temas ainda com baixo TRL & com maior necessidade de evolucdo. Pelo menos 3 projetos dedicados
ao tema.
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OBJETIVO ESTRATEGICO 013:Sustentabilidade social com base em_inovacdes AVALIACAD
z 2
z T
- 4 |2 | L
INDICADORES-CHAVE ==£t 2 2 2 E
‘o = (| |B
|2 |8 |8 |=
1131 - Engajamento de pequenas e médias empresas locais e inovadoras na gestdo da cadeia
de suprimento. *
1132 — Taxa de criagdo de storf-ups, futuras fornecedorasda empresa *
1133 — Numero de solugdes inovadoras com impactos sociais =
[AVALIAC.ELD QUALITATIVA — EVIDENCIAS POR INDI CADOR]
O viés de inovagdo em parceria com start-ups t&m sido bastante perseguido. Desenvolvendo-se produtos a quatro
mios para novas ofertas conjuntas ou mesmo para atendimento de necessidades da propria companhia.
1131 1132 — Trabalhandao-se com 7 startups no ciclo 2019/2020 na criacdo de novas solucdes.
1133 — Ndo rastrado.
* Secdo 2 —Perspectiva BSC ‘Mercado’
OBJETIVO ESTRATEGICO 021:Aumento de competitividade pelas inovac@ies e entrada em AVALIACAO
novos mercados
= <
2 z
F | S ([ | L o
INDICADORES-CHAVE =128 |88
|2 |2 |8 |F
1211 — Numera de produtos novas ou significativamente novos lancados no mercado (altimos
3 anos) =
1212 — Numero de empresas clientes adotando patentes ou usando novos produtos
comercializados pela empresa =
1213 — Maorket share das empresas clientes gue adotaram patentes ou usam produtos
comercializados pela empresa >

[AVALIACAD QUALITATIVA — EVIDENCIAS POR INDICADOR]

Tradicionalmente ndo houve foco no desenvolvimento de novos produtos. Estes desenvolvimentos s80 mais recentes,

do dltimos 1,5 ano. Os projetos estdo, portanto, comecando a entrar em conclusdo e consequente mensuracdo de

impactos.

1211 — 4 novos produtos/zervicos em finalizacdo do desenvolvimento para lancamento no mercado em 2021.Um deles

com envolvimento de outros 4 grandes players do setor no seu desenvolvimento.
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s+ Secdo 3 —Perspectiva BSC ‘Processos Internos’
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OBJETIVO ESTRATEGICO 031:Gestdo da inovac3o para resultados AVALIACAO
= g
z T
a | (21 D
INDICADORES-CHAVE = 22|28 |&
-
&2 |2 |2 |4
1311 — % of projetos que desenvolveram novos modelos, métodos ou procedimentos para
melhoria das praticas de PED e inovacdo (por ano) *
1312 — Mumero de novos modelos de negdcio ou solugdes inovadoras implementadas por
meio de projetos colaborativos (por ano) =
1313 — Eficiéncia do planejamento em gestdo da inovacdo. i.e. acdes e metas realizadas versus
actes e metas planejadas. =
[A\I'ALIAC,ED QUALITATIVA — EVIDENCIAS POR INDI CADOR]
Os= projetos mais voltados a metas pré-definidas ainda estdo em fase de maturacdo para avaliacdo mais profunda.
Foram definidos portfdlios de alocacdo dos recursos e estes tém sido devidamente cumpridos. A finalizacdo dos
projetos e mensuracdo de seus impactos estd no radar para os proximos anos.
1312 — 7 projetos relacionados a novos modelos [/ solugdes inovadoras selecionados com startups no ciclo 2019/2020
1313 — Cumprimento de todas as metas de Inovacdo no ciclo 2020.
¢ Secdo 4 —Perspectiva BSC ‘Aprendizado e Crescimento’
OBJETIVO ESTRATEGICO 041:Fortalecimento do capital humano e estrutural para inovar. AVALIACAO
= g
= T
q | (L | L )
INDICADORES-CHAVE = 2|8 |8 |k
&2 |2 |2 |2
1411 — Numero de empregados dedicados as atividades de PED e inovagdo =
1412 — Numera de gerentescapacitados ‘para emprego de métodos e ferramentas de gestdo -
da inovagdo
1413 — Numero de publicacdes em revisas cientificas ou anais de congressos =
1414 — Mumero de sistemas de informagdo implementados para suporte aos processos de e
gestdo da inovdo na empresa
4

1415 — Numero de patentes nacionais e internacionais

[AVALIACAD QUALITATIVA — EVIDENCIAS POR INDICADOR]

1411 —Equipe muito enxuta (3 pessoas) apoiada por prestadores de servigos especializados.

1412 — De forma dedicada, apenas 1, mas varios gerentes ja se envolveram em projetos de PED.

1413 — Ndo rastreado.

1414 —Superior a 4 {incluindo sistemas de gestdo de uma maneira geral). Sistemas especializados, apenas 1.

1415 — Ndo rastreado.
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OBJETIVO ESTRATEGICO 042: Fortalecimento do capital relacional para inovar. AVALIACAO
= g
= T
INDICADORES-CHAVE 2|22 |«
- T i
& |2 |2 |2 |2
1421— Movas habilidades e conhecimentos criados pela cooperacdo em projetos de PED e -
inovacdo.
1422 — Mamero de ideias inovadoras geradas com participacdo de clientes »
»

1423 — Uso de conhecmento e fantes de informacdo internas e externas para inovar

[A\I'ALIAC..E.D QUALITATIVA — EVIDENCIAS POR INDI CADOR]

1421 - Sensacdo qualitativa — falta de indicador préoprio para afirmar isto.

1422 — Pela natureza da operacdogeracdo de energia), a Inovacdo € mais direcionada pela participacdo de
fornecedores técnicos.

1423 —Trabalho com instituicdes do Brasil e exterior, hubs de startups, fornecedores, operacdesetc.



DBD
PUC-Rio - Certificação Digital Nº 1912695/CA




