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THE BRAZILIAN INNOVATION AWARD: ANALYSIS OF ASSESSMENT INSTRUMENT 
VALIDITY AND RELIABILITY

ABSTRACT 
Goal: This article presents an analysis of the validity and reliability of the assessment in-
strument used in the 2016–2017 Brazilian Innovation Award.
Design/Methodology/Approach: This study used multivariate analysis techniques on the 
data from 2,651 companies. Two hypotheses were tested. The first (H1), related to re-
liability, used Pearson’s Correlation and Cronbach’s alpha. The second hypothesis (H2), 
related to validity, used Confirmatory factor analysis (CFA).
Results: The instrument is reliable and valid and is an important mechanism for the as-
sessment of the maturity of innovation management.
Limitations of the investigation: One of the constructs can still be improved in future 
studies and applications, although it has demonstrated acceptable levels of reliability and 
validity.
Practical implications: The combined use of the constructs “organizational dimensions” 
and “innovation outcomes” proved to be an accurate conceptual model for assessing the 
maturity level of innovation management in organizations.
Originality/Value: The instrument is a robust diagnostic instrument and, with appropriate 
adaptations, it can be replicated and used in other contexts and countries, providing in-
ternational comparative studies.

Keywords: Brazilian Innovation Award, Innovation management, Assessment instrument, 
Reliability, Validity.
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1. INTRODUCTION 

Brazil has the opportunity to establish an institutional 
environment more conducive to innovation. In the Global 
Innovation Index, Brazil ranks 64th in a list of 126 coun-
tries (Cornell University et al., 2018). Considering its low 
innovation performance in comparison to other econo-
mies (Gonçalves et Ferreira Neto, 2016; Hui-bo et Bing-
wen, 2011; Mehta, 2018), the Brazilian Entrepreneurial 
Mobilization for Innovation (MEI) launched the Brazilian 
Innovation Award (PNI) in 2006. The award is coordinat-
ed by the Brazilian Industry Confederation (CNI) and the 
Brazilian Service of Support for Micro and Small Enterpris-
es (SEBRAE) and is intended to stimulate innovation in the 
Brazilian private sector.

Until 2015, the award evaluated only individual innova-
tion projects, not the entirety of the organizational environ-
ment. The 2016–2017 award, in which 2,651 companies par-
ticipated—including medium and large industrial companies 
and small companies from all sectors—underwent a pro-
found reformulation of its objectives, its conceptual model, 
and its assessment instrument. From then on, the objective 
of the award was redefined to encourage and recognize suc-
cessful efforts in innovation management within organiza-
tions operating in Brazil. The evaluation process also began 
to consider a more modern and comprehensive view of in-
novation, assessing the environment of the organization in a 
holistic and unified way, considering not only its innovation 
inputs and processes, but also its outputs and performance 
effects (CNI, 2018a).

The award process consists of several phases. In the first 
phase, the candidate companies respond to a sixty-ques-
tion self-assessment questionnaire. Companies that ad-
vance to the second phase must present arguments (evalu-
ated by a committee of innovation experts) that justify the 
performance obtained in the self-assessment. Companies 
that continue to the next stage undergo an audit visit. The 
finalists are then selected to be judged by a committee of 
experts and representatives of public and private innova-
tion bodies in Brazil. The empirical results, derived from 
the application of the assessment instrument, allowed the 
construction of a comprehensive and diversified database, 
encompassing companies of different sizes, sectors, and 
levels of technological dynamism and complexity. Accord-
ing to Sekaran (1992) and Hayes (1992), the availability of 
this database makes it possible to carry out a statistical 
analysis of the validity (i.e., whether it measures what it 
was designed to measure) and reliability (i.e., whether it 
has any significant measurement errors) of the assessment 
instrument.

Using this opportunity, the present article analyzes the 
validity and reliability of the Brazilian Innovation Award’s 
assessment instrument, using multivariate analysis tech-
niques on the data from 2,651 companies active in Brazil, 
with reference to the results of the 2016–2017 award. Two 
hypotheses are tested. The first hypothesis (H1), that the 
assessment instrument has satisfactory levels of reliabili-
ty, was tested using Pearson’s correlation and Cronbach’s 
alpha. The second hypothesis (H2), that the assessment 
instrument presents satisfactory levels of correlation be-
tween the variables and their underlying constructs, was 
tested using confirmatory factor analysis (CFA). The arti-
cle is structured as follows: the next section presents the 
theoretical basis and contextualizes the hypotheses to be 
tested. The methods section presents the approach used 
to analyze the validity and reliability of the instrument. The 
results and discussion section explores the results, implica-
tions, and limitations. The final section presents the con-
clusions.

2. THEORETICAL BACKGROUND

The theoretical and methodological foundation of the 
2016–2017 PNI is based on studies about innovation assess-
ment in organizations, such as Corsi et Neau (2015), Her-
vas-Oliver et al. (2015), Laforet (2013), Leal-Rodríguez et 
al. (2015), Saunila et al. (2014a) and Saunila et al. (2014b). 
Influenced by the characteristics of respected Brazilian and 
international reference models such as the Brazilian Quali-
ty Award (MEG-PNQ), the Capability Maturity Model Inte-
gration (CMM-I) and the Malcolm Baldrige National Quality 
Award were designed to measure the degree of maturity 
of innovation management in companies from a combined 
analysis of two perspectives: (1) the organizational dimen-
sions of innovation capability, expressed in terms of its in-
puts and processes, and (2) the innovation results, expressed 
in terms of innovation outputs and outcomes (CNI, 2018b).

The dimensions include organizational aspects (Crossan 
et Apaydin, 2010; Francis, 2005; Narcizo et al., 2013; Sau-
nila et Ukko, 2012) that enable and support innovation in 
companies in terms of initiatives, processes, and manage-
rial practices. The main conceptual support for the defini-
tion of the organizational dimensions of innovation capabil-
ity are initially linked to Narcizo (2012), in the preliminary 
assessment model, and later to Narcizo (2017), Narcizo et 
al. (2017) and Narcizo et al. (2018) as reference models for 
the maturity of innovation capability. The PNI’s conceptual 
model has ten organizational dimensions, each consisting of 
four variables. Table 1 presents the forty variables, grouped 
in their respective organizational dimensions.
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Table 1. Organizational dimensions and evaluation variables of innovation capability

Dimension Variables

D1.
Leadership commit-
ment to innovation

D.1.1. Innovative leadership: how the leadership committed to the development  
of new products (goods or services) and processes.

D.1.2. Employee inspiration: how the leadership inspires the employee creativity.
D.1.3. Appreciation of creative work: how the leadership values creative and entrepreneurial employees.

D.1.4. Recognition of change’s importance: how the leadership recognizes 
the importance of change for the future of the company.

D2.
Innovation culture

D.2.1. Change planning: how the company encourages employees to plan change.
D.2.2. Stimulating self-confidence: how the company encourages self-confidence in its employees.

D.2.3. Stimulating new ideas: how the company encourages people  
to suggest new ideas for products (goods or services).

D.2.4. Risk taking: how the company allows risks to be taken in the search for new solutions.

D3. 
Organizational learning

D.3.1. Access to knowledge: how the company provides access to knowledge for its employees.
D.3.2. Continuous learning: how the company learns from its own and other organizations’ mistakes.

D.3.3. Project review: how the company analyzes and reviews its projects.
D.3.4. Management of intellectual assets: how the company manages its intellectual assets, such as technol-

ogies, processes, knowledge, techniques, licenses, patents, and trademarks.

D4.
Innovation-oriented 

strategy

D.4.1. Technological anticipation: how the company is able to anticipate  
the impact of new technologies in its strategy.

D.4.2. Strategic alignment: degree of new products (goods or services)  
or processes alignment with the company’s strategy.

D.4.3. Clarity of objectives: how the company defines the objectives  
of new projects’ contribution to its results.

D.4.4. Strategic pioneering: degree of response required from competitors  
due to strategic decisions implemented by the company.

D5.
Innovation-friendly 

structure

D.5.1. Access to resources: how the company provides the necessary resources for the emergence and im-
plementation of new ideas with success potential.

D.5.2. Evaluation mechanisms: how the company analyzes the contribution of its employees to innovation.
D.5.3. Open communication: how the company’s structure supports communication, sharing, and dissemina-

tion of information.
D.5.4. Interdisciplinary teams: how the company’s structure stimulates and promotes teamwork.

D6.
Financial resources 

available for innovation

D.6.1. Financial investment policy: what was the focus of the company’s  
financial investment policy in the last two years.

D.6.2. Funding: how the company uses different sources of financial resources to acquire new technologies 
or develop new products (goods or services) or processes.

D.6.3. Efficient resource allocation: how the company allocates the financial resources needed to develop 
new products (goods or services), processes, or technologies.

D.6.4. Performance measures: how the company assesses the contribution  
of innovation to its financial performance.

D7.
People oriented to-
wards innovation

D.7.1. Work teams: how the company defines the leaders and work teams for its projects.
D.7.2. Skilled teams: how the company structures work teams that dispose 

 the time, tools, and knowledge needed to develop projects.
D.7.3. Diversity: how the company structures work teams whose members  

present a plurality of cultures, beliefs, and ideas.
D.7.4. Agility in decisions: how the employees of the company make decisions with agility and effectiveness.

D8.
Marketing for innova-

tion

D.8.1. Study and knowledge of the environment: how the company collects information about changes in 
the market, competitor actions, and customer attitudes.

D.8.2. Value offering: the company’s ability to identify and analyze the new requirements and preferences of 
current and potential customers.

D.8.3. New product launches: the company’s ability to launch new products (goods or services) through 
marketing actions.

D.8.4. Responsiveness to market: the company’s ability to respond to the launch of new products (goods or 
services) from competitors.
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Considering different performance themes (Edwards et 
al., 2005; Hervas-Oliver et al., 2015; Ngo et O’Cass, 2012; 
OECD, 2005; Simpson et al., 2006; Stock et Zacharias, 2011), 
the innovation results measure the degree of success ob-
tained by companies from their innovative outputs. Innova-
tion results relate to the types of innovations that the com-
panies successfully launch and are expressed in alignment 
with the third edition of the Oslo Manual (OECD, 2005) in 
terms of product, process, marketing, and organizational in-
novations. Table 2 shows the twenty performance variables, 
grouped into four themes for innovation results present in 
the PNI’s conceptual model.

Based on Table 1 and Table 2, the variables connected to 
the dimensions of innovation capability and the themes of 
innovation results are the variables for PNI’s assessment in-
strument. This is not the only instrument for assessing inno-
vation in organizations, however. The specialized literature 
presents many conceptual models and instruments to assess 
innovation in organizations, including those in Martínez-
Román et al. (2011), Saunila et Ukko (2014) and Yang (2012). 

The PNI’s assessment instrument uses an interval scale, 
where numbers are used to classify objects and events so 
that the distance between them is equal. These scales are 
adopted when one wants to measure concepts as percep-
tions about events through classification. Interval scales 
of classification typically evolve the use of affirmations ac-
companied by pre-coded categories (Hair et al., 2005). The 
application of the instrument recommends the use of met-
ric scales, making possible the statistical treatment of the 
results. To facilitate the responses, the use of a semantic 
differential scale was adopted, as it is characterized by the 
use of five or seven points, with bipolar final labels, and may 
contain an intermediate point as well (Hair et al., 2005). The 
PNI instrument adopted a seven-point scale, with labels at 
the ends and at the center of the scale.

When developing this type of measuring instrument, it is 
essential to ensure that it is reliable and valid (Hayes, 2008). 
The accuracy of an instrument’s variables in measuring the 
associated concept represents the validity, while the instru-
ment’s reliability is connected to its coherence (Hair et al. 
2005). Bolarinwa (2015) has argued that, throughout the 
history of scientific research, scholars have been dedicated 
to the development of assessment instruments that are ac-
curate enough, so that possible errors and deviations do not 
compromise the results of the research. The relevance of 
the reliability and validity of research instruments is shown 
in Martinez-Lorente et al. (1998), Moustakis et al. (2006), 
Saravanan et Rao (2006) and Torbica et Stroh (2000). Based 
on this context, the first hypothesis, H1, has been devel-
oped, as follows:

H1: The PNI assessment instrument presents satisfactory 
levels of reliability.

Complementarily, although an instrument’s reliability is 
one of the factors necessary to ensure its scientific value, 
it is not sufficient to support inferences. After the construc-
tion of an assessment instrument, it is therefore necessary 
to perform tests to verify that the instrument will measure 
what it was designed to measure. When it is possible to af-
firm that the assessment instrument measures what it has 
proposed to measure, one can then say that it has scientific 
validity (Bolarinwa, 2015; Hair et al., 2005; Nunnally, 1967; 
Sekaran, 2003).

To ensure the validity of an instrument, it is necessary to 
first guarantee its reliability. An instrument does not need 
to be valid to be reliable: an instrument can be internally 
aligned—and thus reliable—even if its indicators do not 
measure the desired construct. It is impossible for an instru-
ment, whose indicators are not aligned, to measure a specif-
ic construct. Unlike reliability, the validity of an instrument 

D9.
Innovation-enabling 

processes

D.9.1 Technological surveillance: the company’s ability to anticipate  
the development of new products (goods or services) or processes.

D.9.2. Technological sophistication: how the company remains competitive using  
new technologies in its products (goods or services) and processes.

D.9.3. Management of development projects: how the company conducts  
the development of a new product (good or service), process, or technology.

D.9.4. Flexibility: the characteristics of the processes implemented by the company.

D10. 
Relationships with the 
external environment

D.10.1. External opening: how the company shares knowledge with the external environment,  
such as suppliers, customers, other companies, consultants, universities, and research institutions.

D.10.2. Customer involvement in development: how the company engages its customers  
in the development of new or improved products (goods or services).

D.10.3. Relationships with suppliers: how the company exchanges information with its suppliers.

D.10.4. Involvement in external knowledge networks: how the company establishes relationships  
with other companies, industrial associations, consultants, universities, and research centers  

to develop its own knowledge and skills.
Source: CNI (2018b)
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is not a property of the instrument per se, but is defined 
by the degree to which the correct interpretations of the 
questions can be guaranteed. The validity of an instrument 
is therefore related to the respondent’s interpretation of the 
questions (Kimberlin et Winterstein, 2008). Drawing on this 
background, the hypothesis H2 was thus developed:

H2: The PNI assessment instrument presents satisfactory 
levels of correlation between the variables and their under-
lying constructs.

According to Sekaran (2003) and Hair et al. (2005) there 
are different types of tests to verify the validity of an assess-
ment instrument. These tests can be classified into three 
main groups: content validation, which verifies how well the 
set of indicators delineates the concept to be measured; cri-
terion validation, which verifies the ability of the instrument 
to differentiate the respondents, when it is expected to do 
so; and construct validation, which examines the relation-
ships between variables and is derived from both content 
and criterion validation strategies. Validity can be obtained 

Table 2. Themes and evaluation variables for innovation results 

Theme Variables

T1.
Competition, demand, 

and markets

T.1.1. Increase in the range of goods and services: the percentage of new products within the portfolio 
offered by the company in the last two years.

T.1.2. Increase in product visibility or exposure: positive statements about the company on social media in 
the last two years.

T.1.3. Increase or maintenance of market share: the increase of the company’s share in its main market in 
the last two years.

T.1.4. Development of products not harmful to the environment: the proportion of ecologically green prod-
ucts in relation to the total offered by the company in the last two years.

T.1.5. Entry into new markets: the company’s access to new markets as a result of innovations launched in 
the last two years.

T.1.6. New products’ degree of novelty: the representativeness of the main innovation launched by the 
company in the last two years.

T.1.7. Reduced response time to consumer needs: the reduction in the time elapsed between identifying a 
market opportunity and delivering a solution.

T2.
Production and distribu-

tion

T.2.1. Reduction of product design costs: the reduction of the average costs for the development of new 
products and processes in the last two years.

T.2.2. Increased capacity to produce goods or services: the increase in average productivity per worker in 
the last two years.

T.2.3. Increased efficiency or speed of delivery and/or distribution of goods or services: the on-time order 
fulfillment rate in relation to the total number of orders received in the last two years.

T.2.4. Obtaining technical standards: obtaining certifications or compliance with technical standards that 
have significantly improved production capacity or service provision in the last two years.

T.2.5. Increased quality of goods and services: the customer satisfaction rate in relation to the products 
offered in the last two years.

T.2.6. Reduced resource consumption for production: reductions in energy and material consumption or 
waste in the production of goods or the provision of services over the last two years.

T.2.7. Reduction of operational costs for production: the reduction of operational costs for the production 
of goods or supply of services.

T3.
Workplace organization 

T.3.1. Developing strong relationships with consumers: the proportion, in relation to the total, of products 
and processes that have been developed collaboratively with consumers in the last two years.

T.3.2. Improvement of working conditions: the increase in employee satisfaction through improved work-
ing conditions in the last two years.

T.3.3. Improving health and safety: the reduction of the rate of accidents or occupational illnesses result-
ing improvements to health and safety conditions.

T4.
Financial aspects

T.4.1. Increase in operating profit: the increase in operating profit in the last year due to innovations.
T.4.2. Returns on research and development (R&D): R&D returns in the last year.

T.4.3. Project Success: the percentage of R&D projects that have met budgets, schedules, and planned 
results.

Source: CNI (2018b).
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through factor analysis (Hair et al. 2005), which is an inter-
dependence technique whose main purpose is to define 
the inherent structure among the variables in the analysis. 
Factor analysis was done by analyzing the structure of the 
relationships between the variables to identify the variables 
that are strongly interrelated and to group them together. A 
factor is a group of strongly intercorrelated variables (Hair 
et al., 2009).

3. METHOD 

The data analysis of this study consisted of two main 
steps, as shown in Figure 1. In Step 1, it was prepared the 
data from the available database, which included the re-
sponses of 2,651 companies of different sizes, sectors of ac-
tivity, and regions of Brazil. According to Hair et al. (2009), 
when using multivariate analysis techniques, it is important 
that the researcher prepare the data to avoid biased results 
or low significance. Data preparation included the following 
steps: (i) evaluation of lost data, (ii) identification of atypical 
observations, and (iii) testing of the assumptions inherent in 
multivariate analysis techniques.

The evaluation of lost data sought to identify whether all 
the variables in the assessment instrument had valid values 
and if these data were available for analysis. There was no 
loss of data because it was mandatory to answer all ques-
tions in the instrument due to the diagnostic process ad-
opted by the PNI, and the instrument included information 
control mechanisms to guarantee it. Similarly, due to the use 
of an information system to apply the instrument and col-
lect the company responses, no atypical observations were 
identified that could cause distortions in the analysis. Finally, 
due to the analysis techniques used in this study, it was not 
necessary to perform tests to verify whether the data vio-
lated the requirements of normality, homoscedasticity, and 
linearity, as proposed by Hair et al. (2009).

In view of the considerations presented for the preparation 
of the data (Step 1), it was possible to proceed to the analysis 
(Step 2). Considering the two hypotheses, H1 and H2, Cron-
bach’s alpha and Pearson’s correlation were chosen to test H1 
and CFA was chosen to test H2, as shown in Table 3.

Table 3. Techniques employed to test the hypotheses

Hypothesis Analysis  
technique

H1: The PNI assessment instrument has 
satisfactory levels of reliability.

Pearson’s  
correlation and  

Cronbach’s alpha

H2: The PNI assessment instrument 
presents satisfactory levels of correlation 

between the variables and their  
underlying constructs.

Confirmatory 
factor analysis

Hypothesis H1 was tested using the internal consistency 
approach, which considers the degree to which the indica-
tors measure the same object and is an indication of the 
homogeneity of the items that make up a questionnaire. 
When the condition of uniformity is not reached, the prop-
er functioning of the instrument is not feasible, and it loses 
its scientific usefulness. The degree of an instrument’s in-
ternal consistency can be obtained through the Cronbach’s 
alpha and split-half methods. The split-half method de-
termines the correlation between two halves of the same 
questionnaire, while Cronbach’s alpha verifies the degree of 
convergence of the indicators for the same construct in an 
assessment instrument, measured by the alpha correlation 
coefficient. This is one of the most commonly used meth-
ods for determining the reliability of an instrument based 
on internal consistency, and when using Cronbach’s alpha, 
the closer to the absolute value of 1.00 the coefficient is, the 
greater the correlation between the evaluated items (Bonett 
et Wright, 2015; Cronbach, 1951; Hayes, 1992; 2008; Nun-
nally et Bernstein, 1967; Sekaran, 1992; 2003).

Hayes (1992) suggests the use of Pearson’s equation to 
establish the correlation index and to start evaluating the 
reliability of an instrument. In this technique, the linear re-
lationship between two variables can be represented by a 
single number, which is called the Pearson’s correlation coef-
ficient. This coefficient indicates the intensity and direction 
of the correlation between two variables, where the inten-
sity is given by the absolute value of the coefficient, and the 
direction is given by its signal. Thus, for Hypothesis 1, the re-
liability of the instrument was obtained through the analysis 
of its internal consistency, verified by the Pearson’s correla-
tion and Cronbach’s alpha coefficients. Reliability is indicat-

Figure 1. Method overview.
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ed by the value of this coefficient, considering the individual 
correlations acceptable by the Pearson’s correlation, calcu-
lated based on the values of the correlations between the 
questions of the assessment instrument. Sample size is im-
portant in defining the acceptance limit of Cronbach’s alpha. 
Samples greater than thirty cases are statistically sufficient 
and more reliable in the accuracy of the alpha, which can 
be considered to have a minimum limit of 0.6 (Flynn et al., 
1994). The acceptance limit of Cronbach’s alpha was 0.60, 
as recommended by Hair et al. (2005) for the acceptance of 
Cronbach’s coefficient in management studies. 

In turn, Hypothesis H2 sought to verify the validity of 
the assessment instrument. The construct validity test was 
performed. This was justified because the content validity 
analysis was already considered in the construction of the 
conceptual model to support the instrument (CNI, 2018b). 
Criterion validation was also considered unnecessary, be-
cause both the conceptual model and the assessment in-
strument were constructed from a universal perspective, 
without distinguishing between different types of respon-
dent companies. Construct validation was therefore used to 
ensure that observable variables were adequately correlat-
ed with the concept to which they were associated. The va-
lidity was verified through CFA. Considering that there was 
already an instrument designed and in use, the purpose of 
this technique was to confirm or reject the previously for-
mulated conceptual model and measurement theory.

CFA is applicable when there are already preconceived 
groupings before the calculations are executed and the al-
location of each variable in the group has already been 
defined (Hair et al., 2009). In this situation, it is useful to 
formulate hypotheses about the distribution of variables by 
factors, considering which variables best fit a given factor 
or which the best quantity of factors is. It is not possible to 
perform a CFA without a theory of measurement, because 
in doing so, the researcher must define a priori the quantity 
of factors and the variables within each factor with theoret-
ical support. The factors obtained through the application 
of CFA can serve as the input to estimate the reliability of 
constructs. This estimator is obtained by the square of the 
sum of the factor loads of each construct and the sum of the 
variances of the constructs. For confirmation of construct 
validation, Hair et al. (2009) suggests that the loads should 
be greater than 0.50 and that the measures of variance ex-
tracted should equal or exceed 50%, which is found with ei-
genvalues greater than 1.00 for a single factor (component).

4. RESULTS AND DISCUSSION 

Regarding the evaluation of the internal consistency of the 
instrument, Figure 2 presents the Pearson’s correlation and 
Cronbach’s alpha coefficients found for the variables of each 

dimension. As can be observed, a Cronbach’s alpha greater 
than 0.60 was obtained for all of the instrument’s innova-
tion capability dimensions. Furthermore, considering Hair et 
al. (2005), because Pearson’s correlations were between 0.2 
and 0.9, the correlations among the variables were consid-
ered sufficient, and it is likely that there was a coherent and 
systematic relationship between variables. Correlation coef-
ficients between 0.91 and 1.00 are very strong and indicate 
that covariance is decidedly shared between the two vari-
ables being examined. The coefficients 0.00 and 0.20, how-
ever, indicate the chance that the associated null hypothesis 
will not be rejected. This means that all the dimensions of 
the instrument have satisfactory internal consistency.

Figure 2. Cronbach’s alpha for the organizational dimensions

Construct 
(organizational  

dimension)

Pearson’s cor-
relation between 

variables

Cron-
bach’s 
alpha

D1. Leadership commit-
ment to innovation

Smaller: 0.593
0.881

Higher: 0.705

D2. Innovation culture
Smaller: 0.568

0.864
Higher: 0.665

D3. Organizational learning
Smaller: 0.535

0.859
Higher: 0.666

D4. Innovation-oriented 
strategy

Smaller: 0.574
0.871

Higher: 0.683
D5. Innovation-friendly 

structure
Smaller: 0.463

0.845
Higher: 0.730

D6. Financial resources 
available for innovation

Smaller: 0.553
0.866

Higher: 0.702
D7. People oriented  
towards innovation

Smaller: 0.554
0.866

Higher: 0.740
D8. Marketing for  

innovation
Smaller: 0.624

0.885
Higher: 0.733

D9. Innovation-enabling 
processes

Smaller: 0.606
0.892

Higher: 0.721
D10. Relationships with the 

external environment
Smaller: 0.549

0.856
Higher: 0.681

Following the evaluation of the internal consistency of 
the instrument, Figure 3 presents the Pearson’s correlation 
and Cronbach’s alpha coefficients found for the variables of 
each innovation result theme. As can be observed, a Cron-
bach’s alpha greater than 0.60 was obtained for all of them, 
so it appears that all of the themes have satisfactory internal 
consistency.

However, Theme 3 (Workplace organization) present-
ed a Cronbach’s alpha lower than the values found for the 
other constructs analyzed. This construct also presented a 
correlation of 0.269 between variables, which is considered 
small, although it is sufficient. The three variables related 
to Theme 3 (T.3.1, T.3.2, and T.3.3) derived directly from 
the guidelines contained in the Oslo Manual (OECD, 2005). 
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Verifying the individual relationships between the variables 
(suppressed in this article), it is noticeable that variable T.3.1 
(development of strong relations with the consumers) may 
weaken the relationships among the others, consequently 
resulting in a Cronbach’s alpha that is less significant for the 
internal consistency of this theme. This interpretation sug-
gests that there are still opportunities for further studies to 
analyze the clusters variables for innovation results derived 
from the Oslo Manual (OECD, 2005).

Figure 3. Cronbach’s alpha for the innovation results themes

Construct 
(innovation results 

theme)

Pearson’s cor-
relation between 

variables

Cron-
bach’s 
alpha

T1. Competition, demand, 
and markets

Smaller: 0.364
0.891

Higher: 0.694
T2. Production and distri-

bution
Smaller: 0.339

0.861
Higher: 0.744

T3. Workplace organization
Smaller: 0.269

0.660
Higher: 0.469

T4. Financial aspects
Smaller: 0.506

0.835
Higher: 0.779

Once the internal consistency of Theme 3 was considered 
satisfactory via Cronbach’s alpha, no modifications were 
made to this construct. It would, however, be interesting to 
carry out further tests or new consistency analysis using the 
data from subsequent PNIs. Depending on the results ob-
tained, it may be advisable to adapt variable T.3.1 or even to 

substitute another variable that is more conceptually adher-
ent to the construct under evaluation.

Figure 4. Total variance explained for the organizational 
dimensions

Construct (Organizational 
dimension)

% of  
Variance Eigenvalue

D1. Leadership commitment  
to innovation 73.709 2.948

D2. Innovation culture 71.066 2.843
D3. Organizational learning 70.716 2.829

D4. Innovation-oriented 
strategy 72.210 2.888

D5. Innovation-friendly  
structure 68.457 2.738

D6. Financial resources  
available for innovation 71.922 2.877

D7. People oriented towards 
innovation 71.375 2.855

D8. Marketing for innovation 74.465 2.979
D9. Innovation-enabling  

processes 75.570 3.023

D10. Relationships with the 
external environment 69.886 2.795

Regarding the validity of the constructs, Figure 4 shows 
that all dimensions have a variance greater than 50% and ei-
genvalues greater than 1, indicating that the extraction of a 
single factor was sufficient in each of the dimensions and en-
suring the consideration of a single construct per dimension 

Figure 5. Confirmatory factor extraction for the organizational dimensions

Dimension Variable Loading Dimension Variable Loading 

D1. Leadership commitment  
to innovation

D.1.1 0.871
D6. Financial resources available  

for innovation

D.6.1 0.823
D.1.2 0.870 D.6.2 0.822
D.1.3 0.852 D.6.3 0.886
D.1.4 0.841 D.6.4 0.860

D2. Innovation culture

D.2.1 0.848
D7. People oriented towards  

innovation

D.7.1 0.865
D.2.2 0.853 D.7.2 0.889
D.2.3 0.863 D.7.3 0.841
D.2.4 0.807 D.7.4 0.781

D3. Organizational learning

D.3.1 0.821

D8. Marketing for innovation

D.8.1 0.874
D.3.2 0.858 D.8.2 0.872
D.3.3 0.868 D.8.3 0.854
D.3.4 0.816 D.8.4 0.851

D4. Innovation-oriented strategy

D.4.1 0.847

D9. Innovation-enabling processes

D.9.1 0.868
D.4.2 0.886 D.9.2 0.889
D.4.3 0.849 D.9.3 0.886
D.4.4 0.815 D.9.4 0.833

D5. Innovation-friendly structure

D.5.1 0.835
D10. Relationships with the external 

environment

D.10.1 0.867
D.5.2 0.766 D.10.2 0.808
D.5.3 0.841 D.10.3 0.824
D.5.4 0.864 D.10.4 0.844
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was appropriate. Each dimension possessed an adequate 
extraction of the representative basic concept; thus, it was 
possible to evaluate the loading of the variables associated 
with each of them, as shown in Figure 5.

Figure 5 indicates that the variables, for all dimensions, 
had loads greater than 0.5, demonstrating the validity of 
these constructs. In addition to the loads being satisfacto-
ry, the load values of the variables in the same dimension 
were close to each other, suggesting that, in addition to the 
validity of the construct, there was a roughly uniform rela-
tionship between the variables and the concept underlying 
that dimension.

Figure 6. Total variance explained for the themes of innovation 
results 

Construct (Themes) % of Variance Eigenvalue
1. Competition, demand, 

and markets 62.362 4.365

2. Production and distribu-
tion 55.860 3.910

3. Workplace organization 60.046 1.801
4. Financial aspects 75.470 2.264

Regarding the validity of the constructs, Figure 6 also 
indicates that, for all themes, the variance of the variables 
exceeded 50% and had eigenvalues greater than 1. These 
results indicate that the extraction of a single factor was suf-
ficient, confirming as adequate the consideration of a single 
construct per theme. As can be seen in Figure 7, the respec-
tive variables for each theme also had loads greater than 
0.5, indicating the validation of these constructs.

From the presented results, it is possible to verify hypoth-
eses H1 and H2. The first hypothesis tested was H1; the PNI 
assessment instrument has satisfactory levels of reliability. 
The use of Cronbach’s alpha to verify the internal consisten-
cy of the instrument presented satisfactory results for all 

constructs. Thus, the hypothesis was accepted, and the reli-
ability of the instrument was attested by its internal consis-
tency. Although the tests presented results that met the es-
tablished success variables, the variable T.3.1 (development 
of strong relationships with the consumers) was determined 
to be a point requiring attention. The interpretation of the 
results indicated that there was the possibility that this vari-
able may weaken the consistency of this construct. For fu-
ture studies and applications of this instrument, it would be 
recommended that special attention be paid to this variable 
and its relationship with Theme 3.

The second hypothesis tested was H2; the PNI assess-
ment instrument presents satisfactory levels of correlation 
between the variables and their underlying constructs. The 
use of CFA to verify the validity of the instrument present-
ed satisfactory results for all constructs. The hypothesis 
was therefore accepted, and the validity of the instrument 
attested through the correlations between the variables 
and the constructs in which they were inserted. Although 
the analysis presented results satisfying the minimum ac-
ceptable values, a review of the variables that compose the 
constructs referring to the “Innovation Results Themes” 
is recommended. The results suggest that the contents of 
these variables have underlying concepts that may possibly 
be more dispersed and diversified than the concepts for the 
dimensions’ variables, which behaved in a more homoge-
neous way. Although this does not imply low reliability or 
validity—nor even the existence of conceptual misunder-
standings regarding the content or the allocation of these 
variables—it would be advisable to perform new tests and 
improvements in these items in other studies and future ap-
plications of the instrument.

5. CONCLUSION 

This article sought to verify the reliability and validity of 
the assessment instrument used in the Brazilian National 

Figure 7. Confirmatory factor extraction for the themes of innovation results 

Themes Variable Loading Themes Variable Loading 

1. Competition, demand, and markets

T.1.1 0.818

2. Production and distribution

T.2.1 0.782
T.1.2 0.744 T.2.2 0.806
T.1.3 0.843 T.2.3 0.631
T.1.4 0.615 T.2.4 0.671
T.1.5 0.845 T.2.5 0.650
T.1.6 0.819 T.2.6 0.827
T.1.7 0.819 T.2.7 0.833

3. Workplace organization
T.3.1 0.730

4. Financial aspects
T.4.1 0.793

T.3.2 0.848 T.4.2 0.923
T.3.3 0.741 T.4.3 0.886
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Innovation Award. Multivariate analysis techniques were 
employed on the database generated by the 2016–2017 
award, which involved the participation of 2,651 compa-
nies of different sizes and sectors. Pearson’s correlation and 
Cronbach’s alpha coefficients were used to analyze the reli-
ability of the instrument, while CFA was used to analyze the 
instrument’s validity.

The results obtained from the analysis indicated that the 
instrument was in adequate condition to use and demon-
strated its accuracy in assessing the maturity level of the in-
novation management in organizations through a combined 
assessment of the organizational dimensions of innovation 
capability and themes of innovation outcome. In addition 
to the statistical validation of PNI’s assessment instrument, 
the analysis presented in this article also provided a better 
understanding of the relationships between the evaluation 
variables and their respective constructs, contributing to the 
increased robustness, reliability, and representativeness of 
the data obtained from the application of this instrument in 
future iterations of the award.

The organizational dimensions of innovation capability 
demonstrated significant reliability and validity. The themes 
of innovation results also demonstrated reliability and va-
lidity, but there were still opportunities for improvement. 
Theme 3 (Workplace organization) obtained a value below 
the recommended minimum for the Pearson’s correlation 
among its variables. However, these results do not compro-
mise their quality. Therefore, the assessment instrument 
used in the Brazilian National Innovation Award does appear 
to be a robust diagnostic tool for the level of maturity of the 
innovation management in companies in Brazil. In view of 
the representative and heterogeneous number of organiza-
tions that responded to the questionnaire, in the case of ap-
propriate adaptations—particularly in terms of translations, 
linguistic, and cultural adjustments—it is believed that this 
instrument could be successfully used in other contexts and 
countries.
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