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ABSTRACT
The main objective of this research is to find the sustainability gradients of Brazilian companies and 
sort them as a function of economic, environmental and social components, using multivariate meth-
ods for dichotomous data, in order to establish the foundations for better knowledge of the trends and 
sustainability reporting habits of Brazil. The methodology used is a combined approach, comprising 
Principal Coordinates Analysis (PCoA) and Logistic Regression Model (LRM) to build an External 
Logistics Biplot (ELB). We found that the most sustainable companies are associated with great con-
cern for biodiversity, conservation and air pollution prevention, as well as with the strong relationship 
with employees, human rights promotion and fighting against child labour and forced labour. We con-
clude that it is possible to obtain sustainability gradients not only for Brazil but also for any country that 
uses the GRI framework, applying the ELB.
Keywords: Brazil, corporate social responsibility, external logistics biplot, global reporting initiative, 
sustainable development.

1 INTRODUCTION
Until the late 80s, the environment and its relationship with the economic growth and social 
justice was not a priority subject in international and national agendas. This situation started 
changing with the emergence of the sustainable development concept that consolidated in 
1987 with the publication of the paper ‘Our common future’ also known as the Brundtland 
report.

In this report, sustainable development is defined as ‘development, which meets the needs 
of current generations without compromising the ability of future generations to meet their 
own needs’ [1]. By extending the concept, we could also talk about a sustainable society as 
one that over generations does not consume its resources nor produce more pollutants than 
those nature is capable of degrading [2]. Under this concept, nowadays, it would be difficult 
to think of societies where companies are just entities exclusively oriented to the generation 
of profits for their shareholders. Corporate Social Responsibility (CSR) has gradually become 
relevant along with the creation of economic value. This paper describes a new methodology 
capable of accessing in detail how companies are contributing to a country’s sustainability.

2 THE GLOBAL REPORTING INITIATIVE (GRI) REPORTS
The demand for information and transparency from companies has increased over the last 
few years. Public awareness and interest in social, environmental and ethical issues and 
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increased attention from the mass media have resulted in more companies making social 
disclosures about themselves [3–5].

To satisfy these expectations and inform about sustainability in a clear and open way, the 
GRI was founded in 1997. Its roots lie in the US non-profit organizations the Coalition for 
Environmentally Responsible Economies (CERES) and the Tellus Institute.

GRI is an international independent organization that helps businesses, governments and 
other organizations understand and communicate the impact of business on critical sustain-
ability issues such as climate change, human rights, corruption and many others [6].

This paper addresses the G3.1 and G3 Guideline reports corresponding to the third genera-
tion of the GRI. They envision a sustainable global economy which combines long-term 
profitability with social justice and environmental care. The G3.1 and G3 Guidelines are 
organized into three categories: Economic, Environment and Social. The Social category is 
extended into the following subcategories: labour, human rights, society and product respon-
sibility. The G3.1 Guidelines are an update and completion of G3, with expanded guidance 
on reporting gender, community and human rights.

3 A CASE STUDY: BRAZIL
It is gradually becoming clearer that the publication of social and environmental information 
depends on each country [7]. International comparison studies such as Adams et al. [8], 
Azzone et al. [9] and Fekrat et al. [10] indicate variations between countries. However, very 
few studies focus on developing countries [11, 12]; the most cited studies are strongly domi-
nated by USA research and a minority of work from elsewhere [7].

This study uses Brazil as a case of study since most of the current studies are based on 
Anglo-Saxon countries, but it is still necessary to develop similar studies with different geo-
graphic, cultural and institutional contexts. Moreover, Brazil became aware of the necessity 
of incrementing the social commitment of companies several decades ago. Therefore, the 
main objective of this study is to analyse the economic, environmental and social sustainabil-
ity tendencies of Brazilian companies and to determine if the corporate features that 
characterise these corporate strategies have a European influence, as shown in Perez-Batres, 
Miller and  Pisani [13] and Rangan and Drummond [14].

Spain and Portugal are compared to Brazil mainly because of the economic relationship 
between Brazil and Spain [15–17] and also because CSR determinants in Continental Europe 
remain relatively unknown, especially in Portugal [18].

4 METHOD

4.1 Database of Brazilian companies

In order to create the database, all Brazilian companies of all sizes (small, medium and large) 
and all sectors, which made reports according to GRI criteria from 2011 to 2013, were cho-
sen. The data collection was done through the database available at the GRI website (http://
database.globalreporting.org/search).

A total of 377 sustainability reports updated to May 5, 2015 were downloaded, as shown 
in Table 1. Subsequent updates were not taken into account for this research.

The data used in this paper were organised in an IxJ binary data matrix in which the I rows 
correspond to the companies and the J columns correspond to 55 binary characters (or indi-
ces) corresponding to six dimensions: Economic Dimension (Economic performance EC1, 
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EC2, EC3, EC4), (Market presence EC6, EC7), (Indirect economic impacts EC8); Environ-
mental Dimension (Materials EC6, EC7), (Energy EN3, EN4), (Water EN8), (Biodiversity 
EN11, EN12), (Emissions, effluents and waste EN16, EN17, EN19, EN20, EN21, EN22, 
EN23), (Products and services EN26, EN27), (Compliance EN28); Labour Practices and 
Decent Work Dimension (Employment LA1, LA2, LA15), (Labour/management relations 
LA4, LA5), (Occupational health and safety LA7, LA8), (Training and education LA10), 
(Diversity and equal opportunity LA13), (Equal remuneration for woman and men LA14); 
Human Rights Dimension (Investment and procurement practices HR1, HR2, HR3), (Non-
discrimination HR4), (Freedom of association and collective bargaining HR5), (Child labour 
HR6), (Forced and compulsory labour HR7), (Assessment HR10), (Remediation HR11); 
Society Dimension (Local Communities SO1, SO9, SO10), (Corruption SO2, SO3, SO4), 
(Public policy SO5), (Compliance SO8); and Product Responsibility Dimension (Customer 
health and safety PR1), (Product and service labelling PR3), (Marketing communications 
PR6), (Compliance PR9). All binary variables take the value of 1 when the characteristic is 
present and 0 in its absence.

4.2 Statistical methods

During the bibliographical survey, it was found that Principal Component Analysis (PCA) 
and the Factor Analysis (FA) have been widely used to conduct similar studies. However 
these methods are inadequate for binary data [19]. To understand the sustainability gradients 
(or latent composite indices) of the companies and their relationship to the observed charac-
teristics and their graphical representation, an algorithm, as proposed by Vicente–Villardon, 
Galindo–Villardon & Blazquez–Zaballos was applied [20]. This algorithm is later extended 
by an integrated approach as suggested by Demey et al. [21]. This combinatory method com-
prises a Principal Coordinates Analysis (PCoA) and Logistic Regression Model (LRM) to 
construct an External Logistic Biplot (ELB).

The technique presents the companies as points and the sustainability indices as vectors on 
a scattergram as a means of exploring the main characteristics of the database. Some addi-
tional information about the goodness of fit of each index is also provided. This method has 
been used by Vicente-Galindo et al. [19], to analyse the behavioural patterns of innovation for 
different regions.

4.2.1 External logistic biplot application
The algorithm starts with a PCoA to order the companies in the Euclidean space based on the 
latent gradients. The next step of the algorithm consists of adjusting an LRM for each varia-
ble by using the latent gradients as independent variables. The quality of representation of 
each variable is measured as a combination of three indices: the p-value of the logistic 

Table 1: Database of Brazilian companies.

Sustainability reports 
N = 377

Year 2011 2012 2013

n 145 139 93
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regression, in order to test the relation of the solution and each variable (using deviance); the 
Nagelkerke–R squared; and the percentage of correct classifications, using 0.5 as a cut-off 
point for the expected probability.

In specific analytical terms the plot is interpreted according to the following rules:

•	 Distances between company points on the scattergram are inversely related to their profile 
similarities, i.e. companies close together have similar characteristics.

•	 The angles between vectors representing the variables and factorial axis, estimate the 
degree of the relation between the variable and the latent dimension. Taking into account 
that the horizontal axis is the one which always accounts for most information, variables 
forming acute angles with the first axis are the most relevant to ordering the companies 
in relation to the more important gradient of sustainability; that is to classify companies 
according to sustainability.

•	 The projections of the companies onto the vector representing the variables, estimate 
the expected probability of the characteristic for that company given its combination of 
characteristics.

•	 The length of the vector that represents each variable indicates the discriminating power 
of the variable in separating the companies. Shorter vectors are those with the greatest 
discriminatory power (as long as their information is adequately represented on the plot).

The Logistic Biplots were calculated using MULTBIPLOT [22], based on the Matlab code 
available in http://biplot.usal.es/ClassicalBiplot/index.html.

5 ANALYSIS OF RESULTS

5.1 Exploratory analysis

Large companies are the ones that represent over 80% of companies over the 3 years, being 
the most interested in applying the sustainability indicators within their policies, which coin-
cides with most of the studies that found a relationship between the size of the company and 
the scope of the social responsibility publications. Besides, the media and the general public 
demand more information from large companies than from small ones [5, 23–26].

A total of 55 main indicators corresponding to the 6 dimensions in the years 2011, 2012 
and 2013 were analysed. In the Economic Dimension the most reported indicator in the 
3 years was the Economic performance indicator EC1, related with the generated and distrib-
uted economical value, which includes: incomes, costs, donations and other investments in 
the communities; in Brazil: 90% of the companies reported this indicator in 2011, while 89% 
of them did so in 2012 and 2013. Since this information is usually displayed in the financial 
statements of all companies, the performance indicator was expected to be the most reported 
economic indicator [6].

In the Environmental Dimension, EN8 related to total water drawing and EN22 related to 
waste generation, were the most reported indicators. In 2011, 78% of companies reported 
both. In 2012, 83% and 80% reported EN8 and EN22, respectively. And in 2013, 74% and 
82% of the companies reported the indicator EN8 and EN22, respectively.

In the Social Dimension, LA1 from labour practices and humane working conditions indi-
cator was the most reported indicator by all the companies during the 3 years. This indicator 
is related to the workers broken down by type of job, contract, region and sex. Over 90% of 
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the companies did report this indicator. In the Human Rights area, HR6, related to child 
labour and measures to eradicate it, was the most reported indicator. In the Society area, SO1, 
related to the local community programs, was the most reported indicator. In the Responsibil-
ity on the Product area, PR9 related to regulatory compliance was the most reported 
indicator, Fig. 1.

5.2 Logistic biplot with external information

5.2.1 Gradients of sustainability
As a means of obtaining the main gradients of sustainability and their relation to the observed 
characteristics and graphical representation, we apply the ELB algorithm.

The first principal plane (2D solutions) accounts for 37.43% of variability. The first eigen-
value of 26.97 is significantly higher than the second eigenvalue, meaning that even if the two 
sustainability gradients are considered, the first (horizontal) dimension accounts for most of 
the information, as shown in Table 2. The overall goodness of fit (average of the goodness of 

Figure 1:  Spider graphs. Reporting (%) for core indicators conforming economic, 
environmental and social dimensions of sustainability in Brazil.
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fit for each variable) as a percentage of correct classification in the biplot is 81.25%, so the 
two dimensional solution is sufficient to explore the main features of the data.

As for the sustainability gradient interpretation, the cosines of the angles are useful to 
interpret how variables are related to each gradient. In summary, we have found two main 
gradients. The first one is related to EN11, EN12, EN20, LA5, LA8, HR3, HR5, HR6 and 
HR7. Therefore, the first sustainability gradient could be defined through them. This first 
gradient is associated with biodiversity, emission of greenhouse gases, the relationship of the 
company with their workers, human rights, the fighting against child labour and forced 
labour. The companies located on the right side of factorial axis 1 report more of these indica-
tors related to the first gradient that those located in the left side, Fig. 2.

The second sustainability gradient comprises the variables: LA15, HR10, HR11, SO9 
and SO10. This gradient is associated with the social dimension related to employment, 
human rights evaluation and local communities. The companies located above the facto-
rial axis 1 have greater values for these indicators as opposed to those located in the bottom  
end, Fig. 2.

Table 2: Logistic biplot with external information.

Retained axes and explained variance

Axes Eigenvalue % of variance Cumulative %

1 26.9721 33.3796 33.3796

2 3.2754 4.0535 37.4332

Figure 2: External logistic biplot, based on sustainability data from Brazilian companies.
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5.2.2 Clusters of sustainability
To create clusters of companies with a similar profiles of sustainability we use Ward’s method 
of hierarchical clustering with the ordination scores from the Logistic Biplot.

In Brazil, companies located on the right side of Fig. 3 were found to be the group of most 
sustainable companies (Cluster 3) during 2011, 2012 and 2013. These companies are then 
associated with a great concern for biodiversity conservation and air pollution prevention as 
well as a strong relationship with their employees, while maintaining respect for and promo-
tion of human rights and the fighting against child labour and forced labour. Cluster 3 
comprises 140 companies (37.14%) of which 90% belong to the Water and Energy Sector 
(36.43%). This is the group with the highest report qualifications (A+ and A) and sustainabil-
ity reports verified by the GRI (i.e. GRI-checked). It has been speculated from a wide range 
of theoretical perspectives that big companies from environmentally sensitive sectors are 
expected to voluntarily publish information regarding their social and environmental activi-
ties [7]. It is also more likely that bigger companies considered social responsibility activities 
and their disclosure as a way to improve their corporate reputation [18].

Cluster 2, located in the centre of the 1–2 plane comprises 87 companies (23.08%) of 
which 70 (80.46%) are big companies. These companies mostly belong to the Service and 
Industrial Sectors at 33.33% and 32.18%, respectively. These companies do not carry out 
activities related to the promotion and the evaluation of human rights. They also have little 
participation with the local communities. Being located in the centre of the 1–2 plane, very 
few activities are observed in the defined sustainability gradients.

Cluster 1, located on the left side of the x-axis in the 1–2 plane, comprises a group of com-
panies considered as the less sustainable in the present study. This group includes 150 
companies (39.79%) of which 110 belong to the category of large companies (73.33%) 
mostly from the Services Sector (47.33%). Construction and Health Services companies are 
also included in this cluster, Fig. 3.

Figure 3: External logistic biplot with clusters.
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5.3 Comparison of Brazil with Spain and Portugal

Gray [27] suggests that the cultural differences between countries could explain the differ-
ences in corporate communication patterns.

For this section of the study, a total of 360 companies (including 145 Brazilian companies, 
177 Spanish companies and 38 Portuguese companies) were analysed. 78 of these companies 
were grouped in Cluster 1, 91 in Cluster 2 and 191 in Cluster 3, Fig. 4.

The group of less sustainable companies is found in Cluster 1 located on the right side of 
the x-axis. This group is made up of 56.04% Spanish companies, 6.59% Portuguese compa-
nies and 37.36% Brazilian companies, mostly from the category of small companies 
(53.85%). Cluster 2 comprises 91 companies, of which 57.70% are Brazilian. While it is true 
that these companies do not include all the indicators, it is important to note that these Brazil-
ian companies have a sustainability tendency and present a higher homogeneity with Spanish 
companies (39.7%) than with Portuguese companies. Cluster 3 groups the most sustainable 
companies with common tendencies regarding the sustainability indicator reports. This group 
comprises 191 companies: about half of them are Spanish companies (49.74%) and 15.71% 
and 34.55% are Portuguese and Brazilian companies, respectively.

Based on the results obtained from comparing Spain, Portugal and Brazil, it can be 
observed that the Spanish companies are the ones with the highest percentage of sustainabil-
ity records in Cluster 3 that corresponds to the cluster with the greatest sustainability, followed 
by the Brazilian companies. However, Portugal has more sustainable companies per country 
compared to Spain and Brazil, despite the low number of published reports.

Figure 4:  Cluster distribution from minimum to maximum sustainability: Comparing Brazil 
to Spain and Portugal.
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CONCLUSIONS
According to the results obtained in the present study it can be concluded that:

1. A lot of companies view their RSC reports as a way to guarantee the credibility of the 
published information. To achieve this, they make use of the reliable and credible frame-
work provided by GRI for the preparation of sustainability reports. These reports contain 
the basic information to understand the sustainability gradients of the companies with 
the help of multivariate models through economic, environmental and social indicators.

2. The first sustainability gradient in Brazil is associated with biodiversity and greenhouse 
gas emissions along with the relationship between the company and their employees and 
the social component related to human rights and the fighting against child labour and 
forced. The second gradient is related to the social dimension regarding employment 
evaluations of human rights and local communities.

3. The most sustainable group during 2011, 2012 and 2013 comprises 140 companies of which 
90% belong to the category of large companies, mostly from the Water and Energy sector.

4. Based on the results obtained from comparing Spain, Portugal and Brazil, it can be ob-
served that the Spanish companies have the greatest number of sustainability records pub-
lications, followed by the Brazilian companies. However, if the percentage of sustainable 
companies per country is evaluated, it is clear that Portugal has an advantage over Spain 
and Brazil despite the low number of published reports.
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