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ABSTRACT
There has been growing recognition of the
importance of creating performance measure-
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i upravljanja okolišem mikro i malih poduzeća
sve je priznatija. U tom kontekstu cilj ovog istraživanja jest vrednovanje instrumenta za procjenu percepcija praksi održivog razvoja u mikro i
malim poduzećima korištenjem Graded Response
Model-a (GRM) s Bayesovim pristupom Teoriji odgovora na zadatke. Rezultati dobiveni na temelju
uzorka od 506 sveučilišnih studenata u Peruu
upućuju na to da je razvijen važeći mjerni instrument. Rad završava iznošenjem metodoloških i
menadžerskih doprinosa.

ment tools for the economic, social and environmental management of micro and small
enterprise (MSE). In this context, this study aims
to validate an instrument to assess perceptions
of sustainable development practices by MSEs
by means of a Graded Response Model (GRM)
with a Bayesian approach to Item Response Theory (IRT). The results based on a sample of 506
university students in Peru, suggest that a valid
measurement instrument was achieved. At the
end of the paper, methodological and managerial contributions are presented.

VALIDATION OF SUSTAINABLE DEVELOPMENT PRACTICES SCALE USING THE BAYESIAN
APPROACH TO ITEM RESPONSE THEORY

Corporate social responsibility (CSR) is an issue
of growing concern in the political, business and
educational ﬁelds (Apospori, Zografos & Magrizos, 2012). In most economies around the world,
micro and small enterprises (MSE) constitute
the majority of enterprises, in some cases more
than 90 percent. They signiﬁcantly contribute
to job creation and income generation while
also meeting the needs in certain marketplaces
which are not very attractive to big corporations
(Andriani, Biasca & Rodriguez, 2004; Apospori et
al., 2012; Dahl, 2011; Holt, 2011; Morsing & Perrini,
2009). According to Apospori et al. (2012), MSEs
play a fundamental role in big companies’ supply chains and their impact on social and environmental practices is signiﬁcant. Furthermore,
the authors add that it is important to study CSR
in light of MSEs’ particular features, and not in
the same context in which big corporations are
analyzed.
Researchers list the integration of environmental
and social issues into the company’s core business processes as one of the main challenges
(Schaltegger & Wagner, 2011; Jucan & Jucan,
2010). Businesses which contribute the most to
sustainable development, in both society and
the economy, are those seeking solutions to
environmental and social problems, something
that requires becoming innovative in terms of
sustainability. The size of the company does
not exempt it from being socially responsible or
from contributing to improve the environment
(Schaltegger & Wagner, 2011).

However, the indices used to measure the outcomes of CSR actions have been developed
mainly for big corporations (Apospori et al.,
2012), for example, the indices elaborated by the
Global Reporting Initiative (2008) and the ONG
Perú 2021 (2008), are not adapted to and do not
reﬂect the needs of MSEs; therefore, they cannot
be applied to that context. Consequently, the
relevance of proposing measures (measurement
instruments) adapted to the reality of MSE economic, social and environmental management
must be recognized. The need to assess MSEs’ effective and sustainable performance has scarcely been met and few studies that contribute
to their deﬁnition on an exploratory level have
been found in the literature (Hernani & Hamann,
2013) or in in-depth interviews (Silva & Chauvel,
2011). Therefore, we still do not have studies at a
conﬁrmatory level that can help us validate the
psychometric characteristics of the instruments
measuring the perception of the sustainable development of MSEs.
In response to that lack of information, this study
aims to validate an instrument to measure perceptions of MSE sustainable development practices using a Graded Response Model (GRM) of
Item Response Theory (IRT) Bayesian approach,
based on the scale developed by Hernani and
Hamann’s (2013). As opposed to Classical Testing Theory (CTT), IRT allows for assessment of
the instrument’s psychometric characteristics
by focusing on item properties rather than on
the properties of the test as a whole, making
instrument creation more robust (Muñiz, 1997).
The use of IRT, and particularly of GRM, allows
us to analyze the items using an ordinal scale,
which enables us to overcome the limitations
of previous studies that used the classical approach which assumes interval properties for
the items, which do not match the nature of the
questionnaire. Despite these advantages, there
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In this sense, Enderle and Tavis (1998) state that
some of the challenges faced by society faces
include social, economic and environmental
dimensions that are mingled together and affect companies. Therefore, a balance among
social, economic and ecological responsibilities
must be found, as well as measures to capture
corporate accountability along those three dimensions. Cohen, Brock and Mitchel (2008) add
that deﬁning the scope of dependent variables

in corporation performance research, such as
the concern for successfully reaching economic,
social and environmental goals, is to go beyond
ﬁnancial result measurements when entrepreneurship is being studied.
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are still few studies that use this approach in the
ﬁeld of administration, as can be seen in Bazán
et al. (2011). On the other hand, the Bayesian
approach, which diﬀers from the classical one
mainly by considering parameters as random
variables characterized by an a priori distribution
(Ntzoufras, 2009), enables better estimation because of the possibility of obtaining model parameter distributions a posteriori and calculating
conﬁdence intervals.

2. THEORETICAL
BACKGROUND
This section presents the three pillar concepts
for the investigation: sustainable development,
focusing on its origins, deﬁnition and scope;
micro and small enterprise (MSE); and the CSR
framework. We also present studies that deﬁne
and justify sustainable development dimensions
before proposing a perception measurement instrument for the MSE context.

■ Vol. XXVI (2014), br. 2, str. 147 - 162

2.1. Sustainable development
The concept of sustainable development appeared for the ﬁrst time at a global level in 1980,
in the context of the Global Strategy for Conservation initiative, in a document developed by
the conservationist organization Global Union
for Nature. The document stated that “sustainable development demands that social and ecological, besides economic, factors are taken into
account, regarding living and nonliving resources; and that the advantages and disadvantages
of alternative actions in the short and long term
are also considered” (Galarza, Gómez & Gonzáles,
2002, p. 11). Later, a bulletin by the Global Commission on Environment and Development
called Our Common Future deﬁned Sustainable
Development as: “The one that satisﬁes present
needs without compromising future generations’ ability to meet their own needs” (Galarza
et al., 2002, p. 11).

From those deﬁnitions, the dimensions of sustainable development can be described as:
economic, social and environmental. The ﬁrst
dimension comprises economic development,
which enables companies to build structures
that can foster progress in the communities, regions and countries where they operate (Conde,
2003). This dimension seeks to create value for
shareholders or owners of the companies since
it will generate new jobs and competitiveness
between companies. On the other hand, the creation of value added products will also be necessary due to the investment in new technologies
which will, at the same time reduce costs, generate new investments and improve the quality of
jobs (Galarza et al,. 2002).
The social dimension addresses social welfare at
all its levels, from workers to local communities
and society at large, including enterprises (Centro
de Investigación en Geografía Aplicada e Instituto de Estudios Ambientales; Pontiﬁcia Universidad Católica del Perú, 2008). This dimension also
considers job stability, the protection of the fundamental rights of employees and the improvement of quality of life (Conde, 2003). The environmental dimension seeks the preservation of
biodiversity and ecosystems, the decrease in the
use of non-renewable resources, the adequate
use of renewable and sustainable resources over
time, as well as the control of emissions and residues (Conde, 2003). Another aspect included
in this dimension is the minimization of negative environmental impacts, since reducing the
environmental impact of products throughout
their life cycle should be the starting point for
raising environmental awareness among people
and companies, making the latter responsible for
any action that causes a negative environmental
impact, assuming that an ecological cost could
result (Artaraz, 2002).
Accordingly, Jucan and Jucan (2010) and
Schaltegger and Wagner (2011) recently added
that sustainable development requires a successful integration of environmental, social and economic goals, both for present and future generations. Also, integrating environmental and social
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To face future challenges, concerted action is
needed from government and society, along
with a reframing of the interactions between
business practices, political systems and society in general (Juncan, 2010). This would require
that governments take responsibility to ensure
that present rules consider each one of the three
pillars of sustainable development: economic,
social and environmental. This will lead governments to collaborate with the private sector,
communities, consumers and unions, among
others; to develop and apply best practices to
succeed in areas such as health, environment,
and equal opportunities; and to promote open
and constructive dialog.

2.2. Micro and small
enterprises and corporate
social responsibility

Dahl (2011) points out that embracing CSR depends on the size of enterprises, as the costs and
returns involved in such activities may be diﬀerent, causing disproportional management costs
that render them more costly for smaller companies. For example, writing CSR reports demands
almost the same amount of time in big enterprises as it does in small ones, but in small enterprises it requires a bigger share of the available
personnel. Besides, small enterprises normally
operate on stricter margins than big ones, and
are more involved in day-to-day activities than
in investing in CSR activities which may not pay
oﬀ in the long term (Apospori et al., 2012; Dahl,
2011; Fenwick, 2002). Furthermore, small business managers tend to be in charge of a large
variety of tasks and, thus, have less available time
than their counterparts in large corporations to
design a long-term strategy (Dahl, 2011). Lepoutre and Heene (2006) recognize MSE limitations
(time, resources) to commit to CSR, but point out
that they may overcome those limitations.
Corporate Social Responsibility eﬀorts help improve company reputation, and this is more interesting to large corporations, which tend to have
more visibility in capital markets, than it is to small
ones that do not participate in stock markets and
are, thus, less exposed to CSR evaluations (Dahl,
2011). This is even more applicable in the case of
environmental issues, as a number of small enter-
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In most countries, MSEs constitute the majority
of enterprises and, in some cases account for
more than 90 percent of the market. They contribute signiﬁcantly to job creation, revenue generation and fulﬁll needs in some marketplaces
that are not very attractive to big corporations
(Andriani et al., 2004; Apospori et al., 2012; Dahl,
2011; Holt, 2011; Morsing & Perrini, 2009). In many
cases, they give birth to future important entrepreneurs and are an important channel of training and development for millions of people. A
natural conclusion is that their competitiveness
is a strategic element for the sustainable development of any country.

According to Jenkins (2009), the size of a company does not exempt it from being socially responsible or from contributing to improvement
of the environment. Companies are accountable
for their actions and for the information they
convey not only to their owners, but also to
workers, clients, suppliers, government and society (Corral, Isusi & Vives, 2005). Unions, government agencies and universities should promote
the ethical development of social and ecological responsibility practices among MSEs within
their capabilities, so that they can contribute to
sustainable development. Apospori et al. (2012)
stress that CSR practices can be part of a consistent strategic business model and the result of
long term commitment.
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issues into the core processes of the enterprise is
considered one of the main corporate goals. Besides, the companies which contribute most to
economic and societal sustainable development
are those that seek solutions to social and ecological problems, something that demands becoming innovative in terms of sustainability. For
Albareda and Ibáñez (2010), CSR and sustainable
development are areas of the complex function
of globalization.
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prises are not aware of the impact they have on
the environment. Furthermore, small businesses
are less closely examined by interest groups and
the media than large corporations, resulting in
less pressure to behave responsibly (Dahl, 2011).
According to Albinger and Freeman (2000) and
Graaﬂand and Smid (2004), companies that exhibit socially responsible behavior are more appealing to job candidates. Besides, CSR practices may
lead to high conﬁdence and cooperation levels in
the workplace, collective problem solving, higher
job satisfaction and lower employee turnover.

considered the notions of social responsibility
and the balance among economic, social and
environmental issues. Speciﬁcally, they proposed
various possibilities to assume corporate responsibilities and compared them in three enterprises (ﬁrm A, ﬁrm B, ﬁrm C). The authors concluded
that all three ﬁrms struck a balance between economic, social and environmental responsibilities,
but in diﬀerent ways, depending on both their
own mission and their business environmental
policy. This implies a circular interrelationship
among these issues.

It is evident that CSR is a key condition in the
maintenance of a global market economy; governments, corporations and civil society will have
to accept and apply such practices if they want
to meet 21st century demands. It is precisely why
it is important to maximize the role played by
CSR in MSEs, create measurement tools adapted
to their reality to help their economic, social and
environmental management, and assess their effective and sustainable performance.

Enderle and Tavis (1998) mentioned that corporate responsibility depends on how the corporation’s role and purpose are conceived in relation
to society. But if society is divided into distinct
and separate domains such as the economic, the
political and the sociocultural, the role of the corporation can be seen in purely economic terms,
and its responsibility limited to its ﬁnancial purpose. In reality, the various domains, albeit autonomous to a certain point, are interconnected,
so the company concept should reﬂect a more
comprehensive understanding of society (Enderle & Tavis, 1998). This means using measures
that capture the concept of business responsibility along the three dimensions, and implies
that CSR goals and measures should be deﬁned
in the planning, execution and control sequence
through a three-stage process: strategic positioning; resource commitment; and evaluation.
Decisions and activities in each phase should be
planned focusing the long range.

■ Vol. XXVI (2014), br. 2, str. 147 - 162

2.3. Origins of sustainable
development variables in
MSE
Murillo and Lozano’s (2006) study focusing on
French and Spanish small businesses showed
that most of them justify CSR eﬀorts for activities that have an eﬀect on their market share.
However, the authors noted that none of the
companies could demonstrate the impact of
their CSR eﬀorts through a quantitative measure that showed their eﬀective results on the
balance sheet. In those small businesses, the
most common assessment of CSR beneﬁts was
a subjective evaluation. In this sense, a study by
Besser and Miller (2001) found that, among the
managers of 675 small businesses in Iowa (USA),
a strong belief in commitment to CSR was a subjective measure of their companies’ success.
In their pioneer study on the conceptual framework for enterprises, Enderle and Tavis (1998)

Society’s numerous challenges include the above
mentioned dimensions. They cannot be separated from one another, and all of them aﬀect companies, which should not act as purely economic
organizations. As moral, responsible players, they
have to deal with those challenges on the corporate level, balancing social, economic and environmental responsibilities (Enderle & Tavis, 1998).
On the other
stress that the
panies should
responsibilities

hand, Enderle and Tavis (1998)
CSR measures deﬁned by combe able to promote corporate
in the economic, social and en-
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In their research of the business literature to identify CSR measures for small businesses, Cohen et
al. (2008) found that a key idea among entrepreneurs is the search for proﬁtability, which leads
to the exclusion of other factors that impact the
ﬁrm. The authors propose a typology for business
value creation reﬂecting the concept of the triple
baseline (dimensions): economic, social and environmental, following Enderle and Tavis’s view.
Entrepreneurs’ economic, social and environmental motivations not only deﬁne seven types
of corporate motivations and objectives, but also
seven sets or domains of business value creation
(or eﬃciency metrics) that can be used to evaluate
whether those objectives have been met.

The conceptual framework proposed by Enderle
and Tavis (1998) introduces the notion of balance
in economic, social and environmental responsibility, and implies a circular interrelation among
those dimensions, in which one dimension can-

Studies by Cohen et al. (2008) and by Enderle and
Tavis (1998) also mention the three dimensions
as areas of corporate responsibility. Regarding
the economic dimension, they propose items
related to productivity and earnings distribution
such as: beneﬁts maximization, increased productivity, maintenance/increase of owner and
investor wealth, respect for suppliers, fair competition, job creation and retention, fair wages, provision of social beneﬁts, employee training, and
serving customers. The social dimension comprises respect for laws, social habits and cultural
inheritance; and a selective participation in cultural and political life. Finally, the environmental
dimension refers to commitment to sustainable
growth, consumption of fewer natural resources,
and disposal of less waste into the environment.
Apospori et al. (2012) point out that measuring
the results of CSR practices is a diﬃcult issue, as
most indices are not yet being measured on a
constant basis and do not reﬂect social impacts
precisely. The authors note that many indices
designed to measure businesses’ social responsibility, such as FTSE4Good, have been developed mainly for big corporations and cannot
be applied in the context of small businesses.
In addition, those indicators are not adapted to,
nor do they reﬂect the needs and demands of
small businesses; consequently, their application
to the assessment of CSR actions performed by
small companies is questionable.
As shown by the studies presented here, there
is a need to develop CSR performance measures
(measurement instruments) adapted to the reality of small businesses in terms of their economic, social and environmental management. The
measures proposed so far in the literature are still
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Establishing an instrument that reﬂects this triple
account and its results (dimensions) is an important and necessary step for both scholars and
practitioners. It may provide a normative guide
to go beyond measuring ﬁnancial results when
studying the phenomenon of entrepreneurship,
by introducing a viable, multidimensional solution to help create eﬀective measures to assess
company performance considering social and
environmental criteria (Cohen et al., 2008).

not be overemphasized to the detriment of the
others. This balance can help to reduce the gap
between internal and external company evaluation, assuring that a long term view is ﬁrmly integrated into all planning eﬀorts. This means that,
whatever model is used, the balance between
today’s and tomorrow’s decisions should be explicit and reﬂected in the measurements.
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vironmental dimensions, as well as oﬀer a performance evaluation tool for each one of these.
In the economic dimension, assessing income
is paramount, for it adequately reﬂects productivity and the long term impact of the commitment of resources. In the environmental dimension, there is concern among nations to curb
the excessive consumption of natural resources
as inputs, and about the impact of waste as an
output; the responsibility for monitoring consumption and reducing residues lies with each
multinational company. In the social dimension,
measurement is directed towards respecting diversity, interacting with local players and societies, and respecting cultures.
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incipient, even at an exploratory level (Hernani
& Hamann, 2013; Silva & Chauvel, 2011). A new
measurement tool could proﬁt from a solid theoretical-practical basis if it was developed inside
universities (Dale & Newman, 2005). Therefore, in
this study we intended to validate an instrument
at a conﬁrmatory level, and describe its psychometric properties in a more robust way, so
that the perceptions of MSE sustainable development practices may be measured based on
the dimensions proposed by Enderle and Tavis
(1998) in their pioneer work.

3. METHODOLOGY
This is an exploratory-descriptive study (Hernández, Fernández-Collado & Baptista, 2006), the
objective of which is to reﬁne and validate an
instrument to measure MSE sustainable development actions.

■ Vol. XXVI (2014), br. 2, str. 147 - 162

3.1. Sample
The sample consists of 506 business undergraduate students from ﬁve universities in the city of
Lima (Peru): 365 students from private universities and 141 from a public university. In total, 50.8
percent of the respondents were male, but in the
private university subgroup they accounted for
56.4 percent. Conversely, only 36.3 percent of the
students from the public university were male.
While 49.2 percent of the total respondents were
female, among students from the public university women were the majority (63.7 percent) versus
43.2 percent in the private ones. For further detail,
see Hernani and Hamann (2013), who designed
and validated a scale at an exploratory level to
measure the perceptions of students in relation to
the sustainable development of the MSE.
The sample, according to Malhotra (2012), is not
probabilistic as the discoveries are not generalizable to the population. In addition, it is a convenience sample because it relies on the judg-

ment of the investigator to obtain the sample
elements. In this way, the application of this instrument to university students is justiﬁed, since
it is a homogenous sample, as is necessary for
a scientiﬁc study, and also because they have
the knowledge and management skills to implement it in an MSE context.

3.2. Instrument
The instrument used in the study was developed by Hernani and Hamann (2013) to measure
future graduate professionals’ perception of sustainable development eﬀorts by MSEs. The instrument contains 46 items related to the three
constructs (environmental, social and economic)
of MSE sustainable development (see Annex 1).
Each item was measured using a 5-point Likert
scale, ranging from 1 (complete disagreement)
to 5 (complete agreement). The instrument was
previously validated through an analysis based
on classical testing theory (Muñiz, 1996), and
Cronbach’s Alpha coeﬃcients were 0.90 for the
environmental dimension, 0.92 for the social and
0.97 for the economic dimension.

3.3. Procedure
The psychometric analysis of the scale developed by Hernani and Hamann (2013) was done
considering the following: (1) evaluation of the
scale dimensionality; (2) evaluation of the items
according to a Bayesian graded response model.

3.3.1. Scale dimensionality
analysis
A Bayesian Factor Analysis (BFA) was done to
assess the occurrence of multidimensionality in
the latent trait and to verify if the business undergraduate students’ perceptions of MSE sustainable development practices were represented

VALIDATION OF SUSTAINABLE DEVELOPMENT PRACTICES SCALE USING THE BAYESIAN
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3.3.2. Item evaluation
The approach used to validate the instrument
was Item Response Theory (IRT) (Lord & Novick,
1968). According to Muñiz (1997), IRT aims to
evaluate the instrument’s psychometrics characteristics focusing on item properties, rather than

Pasquali (2009) describes the main characteristics of IRT as: (1) the subject’s response to an item
is explained as a function of a set of factors or
latent traits (capabilities, skills, etc.); and (2) the
relationship between the subject’s responses
and the latent traits can be described through
a monotonous growing equation called an Item
Characteristic Curve.
The main advantages are the possibility of obtaining measurements that do not vary as a
function of the measurement instrument, as
it has psychometric properties that do not depend on the proﬁle of the subjects under evaluation (Muñiz, 1997). Another advantage is that
IRT permits the estimation of distinct values for
capabilities in situations that would yield similar values using traditional techniques, such as
factor analysis or summated scales (Sabbag, Bernardi, Goldszmidt & Zambaldi, 2010). Also, the estimates for the various model parameters allow
the determination of items which should remain
in the ﬁnal version of the instrument. However,
the focus of IRT does not invalidate or contradict
that of CTT, but rather provides a larger scope
due to its focus on the items. For this reason, the
classical indices are also provided in this study.
Because the items were measured on a Likert-type scale, Samejima’s (1969) Graded Response Model (GRM) was used, as it was specifically designed to be utilized with polytomous
data using an ordinal scale.
According to Azevedo (2003), if it is assumed that
the categories of a certain item j can be ranked in
growing order and denoted as, being the number of categories of item number j, the probability that an individual i who has a certain level of
the latent trait chooses category k or above of
item j is calculated as:
, ,

=

≥ |

=

−
1+

= 1, … , , = 1, … ,

,

−
= 0, 1, … ,

,
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The MCMCFactanal function allows the generation of a sample of the model’s distribution a posteriori, using the Markov–Monte Carlo (MCMC)
chain simulation with Gibbs’s standard sampling
algorithm. BFA can be considered a conﬁrmatory factor analysis since the results yielded by
an exploratory factor analysis (EFA), or any theoretical suppositions about the instrument’s item
groupings one wishes to verify, can be used as
restrictions for the factor loadings. For the EFA,
we used the results from the pilot study by Hernani and Hamann (2013), which yielded three
dimensions with accumulated variance of 42.7
percent – a result considered by Hair, Anderson,
Tatham and Black (1999) as satisfactory. In order
to obtain the a posteriori probability distributions
for factor loadings and the unidimensionality,
a total of 100,000 simulations were run with an
initial speciﬁcation of 1,000 parameter vectors.
Parameter vectors were recorded for every 10
simulations. The convergence of the simulations
was checked through Geweke’s (1992) and Heidelberger-Welch’s (1981) diagnostics in the CODA
package in R software (Development Core Team,
2012). It is worth mentioning that a review of the
works by Brooks & Roberts (1998) and Cowles &
Carlin (1996) is highly recommended for a further
discussion of convergence criteria.

on the properties of the test as a whole, as opposed to Classical Testing Theory (CTT).
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along the economic, social and environmental
dimensions mentioned by Enderle and Tavis
(1998). The factor analysis was executed through
the MCMCFactanal function of MCMCPack (Martin, Quinn & Park, 2011) of the R Statistics software. Speciﬁcally, both the scores and the factor
loadings were assumed a priori to have normal
distribution, while for the responses an Inverse
Gamma distribution was assumed a priori.
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Where:
o Yij: response by individual number i to item j.
o 𝜃I: individual i’s latent trait (sustainable perception).
o aj : discrimination parameter (scale) for item j.
o bjk: diﬃculty parameters for response alternative k for item j, also known as transition or
threshold parameters.
The category ranking deﬁnition must be:

meaning that the diﬃculty levels of a certain
item’s categories are ranked.
From that, the probability that an individual i responds to category k for item i is calculated as:

=

=

,

( )=

−
1+

,

−

−

( )−

,

( ) =
−
−

1+

(

)

The likelihood for the response vector y is given
by:

( | , , )=

The a priori distributions used for the discrimination parameters were:
■ Vol. XXVI (2014), br. 2, str. 147 - 162

The apriori distributions of the transition parameters for item j are then computed setting k jk as
equal to the rank statistic k of the auxiliary variables k*j1, ..., £ k*jm for item j, namely:

In order to get the a posteriori probability distributions of the GRM parameters in each dimension, a
total of 10,000 simulations were performed with
an initial speciﬁcation of 4,000 parameter vectors.
The parameter vectors in every 10 simulations
were recorded, considering three chains, using
the bugs function in R2WinBUGS in the R Statistics software package. Curtis’ (2010) GRM syntax,
performed using WinBUGS (Lunn, Thomas, Best
& Spiegelhalter, 2000), was modiﬁed to yield the
diﬃculty parameters (b). As for the convergence
of the simulations, besides running the diagnostic
tools in BFA, the eﬀective sample size was evaluated. Another test run was Gelman and Rubin’s
(1992) diagnostic, which is displayed as Rhat. Rhat
values close to 1 indicate good convergence.

, ,

In the Bayesian approach, a standard normal
distribution for each latent trait q i is assumed,
namely 𝜃𝑗~𝑁(0,1).

~

k*jk ~ N(mk, s2k)

k jk = k*j,[k]

𝑏𝑗1≤…≤𝑏𝑗𝑚𝑗

, ,

parameters k*j1, ..., £ k*jm , without restrictions, so
j
that:

(

,

)

where ma and ma are constants speciﬁed before
the analysis, N + (m, s2) denotes a normal distribution with mean m and variance s2.
Following Curtis (2010), the diﬃculty parameters
were deﬁned as k jk = aj * bjk. These new parameters still follow the order restriction k j1 £ ... £ k jm
j
and can be induced by deﬁning the auxiliary

4. RESULTS
First the scale dimensionality was assessed on a
conﬁrmatory basis using BFA with MCMC, considering the three factors found in the EFA reported by Hernani and Hamann (2013), along with
Enderle and Tavis’s (1998) deﬁnition. Previously,
each item was restricted to the factor it should
be associated with. The factor loadings yielded by the MCMCFactanal software are shown
in Table 1. The results conﬁrm the presence of
the three dimensions previously considered by
the cited authors, since most items are strongly associated to each dimension, except items 2
and 43, with factor loadings of 0.36 and 0.35 respectively. Regarding MCMC convergence tests,
the p values for the Z distribution in Geweke’s
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Dimension

Environmental
(Alpha = 0.90)

Social
(Alpha = 0.92)

Classical indices
S
CITC
0.88
0.43
0.88
0.36
0.87
0.58
0.91
0.62
0.94
0.63
0.91
0.49
0.97
0.67
0.92
0.59
1.07
0.49
0.95
0.65
0.87
0.63
0.92
0.71
0.88
0.67
0.92
0.64
1.00
0.57
0.92
0.63
1.02
0.57
0.97
0.64
0.92
0.63
0.95
0.6
1.00
0.61
0.91
0.6
1.04
0.65
0.98
0.67
0.94
0.65
0.91
0.64
0.88
0.59
1.06
0.64
0.98
0.56
1.03
0.59
0.95
0.69
1.00
0.50
0.92
0.54
1.02
0.49
0.97
0.39
0.92
0.60
0.95
0.60
1.00
0.62
0.91
0.45
1.04
0.54
0.98
0.47
0.94
0.50
0.91
0.33
0.88
0.53
1.06
0.60
0.98
0.54

FL
0.43
0.36
0.59
0.64
0.66
0.51
0.69
0.63
0.53
0.73
0.7
0.79
0.75
0.72
0.6
0.66
0.6
0.67
0.66
0.63
0.64
0.64
0.69
0.72
0.7
0.68
0.63
0.69
0.6
0.63
0.73
0.54
0.6
0.52
0.41
0.68
0.65
0.71
0.46
0.59
0.5
0.56
0.35
0.62
0.67
0.57

b1
-2.27
-2.76
-1.06
-1.11
-1.21
-2.21
-1.42
-0.98
-1.69
-0.70
-0.97
-0.77
-0.63
-1.03
-1.48
-1.47
-2.06
-1.88
-1.38
-1.54
-2.35
-1.56
-1.59
-1.59
-1.72
-1.69
-1.56
-0.93
-1.51
-1.59
-1.60
-4.16
-3.59
-3.11
-2.56
-1.75
-3.48
-2.38
-4.05
-2.52
-4.39
-3.12
-4.11
-1.65
-2.12
-2.80

GRM indices d
b2
b3
b4
0.04
2.70
5.16
0.00
2.82
5.64
0.59
2.32
3.83
0.54
1.85
3.65
0.38
1.66
3.35
-0.39
1.56
4.51
-0.10
1.30
2.88
0.43
2.15
3.82
-0.07
1.42
2.84
0.52
1.80
3.00
0.50
1.99
3.64
0.50
1.62
2.79
0.59
1.95
3.29
0.25
1.76
3.12
-0.02
1.42
3.56
0.01
1.48
3.40
-0.47
0.74
2.97
-0.38
0.94
2.61
0.11
1.57
3.31
0.04
1.42
3.32
-0.80
0.50
2.22
0.04
1.53
3.62
-0.36
0.96
2.21
-0.19
1.08
2.44
-0.28
1.08
2.61
-0.07
1.25
3.26
0.14
1.81
3.83
0.28
1.38
2.54
0.08
1.53
3.21
-0.24
1.07
2.84
-0.23
1.04
2.70
-2.52 -0.79
1.07
-1.58
0.34
2.43
-1.34
0.09
1.88
-0.30
2.05
4.54
-0.43
0.74
1.96
-2.09 -0.63
0.93
-1.04
0.09
1.23
-2.25 -0.51
1.56
-0.72
1.29
3.02
-2.99 -1.29
0.71
-1.45
0.13
2.03
-1.59
1.16
4.27
-0.11
1.66
3.11
-0.49
1.25
2.93
-1.33
0.22
1.94

a
0.94
0.82
1.61
1.73
1.74
1.18
1.90
1.61
1.27
2.13
2.02
2.69
2.41
2.10
1.46
1.77
1.48
1.78
1.75
1.63
1.65
1.68
1.88
2.05
1.99
1.90
1.59
1.88
1.48
1.60
2.13
1.21
1.47
1.25
0.85
1.83
1.65
2.01
0.99
1.48
1.07
1.27
0.72
1.63
1.87
1.31

Note: Alpha= Cronbach’s Alpha; M=mean; S=standard deviation; CITC=corrected item-to-total correlation; FL=factor Loading; bi=diﬃculty parameters; a=discrimination parameter.
Source: developed by the authors based on the data.
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Economic
(Alpha = 0.87)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

M
2.51
2.56
2.19
2.25
2.34
2.71
2.58
2.24
2.66
2.14
2.20
2.17
2.07
2.32
2.50
2.48
2.85
2.78
2.42
2.50
3.08
2.46
2.75
2.67
2.70
2.58
2.42
2.33
2.48
2.66
2.66
2.50
2.48
2.85
2.78
2.42
2.50
3.08
2.46
2.75
2.67
2.70
2.58
2.42
2.33
2.48
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Table 1: Results of factor analysis and item analysis
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convergence diagnostic were higher than 0.05,
showing no evidence against convergence. Heidelberger and Welch’s (1981) stationary distribution and halfwidth tests indicated that all factor
loadings stood both tests.
The items were analyzed using GRM with a Bayesian approach in order to evaluate the instrument’s
psychometric properties together with CTT. Regarding classical CTT indicators, the analysis included the means (Me), standard deviations (S),
the corrected item-to-total correlations (CITC),
factor loadings and Cronbach’s Alpha coeﬃcients (Alpha). In the case of GRM, the a posteriori
distributions of discrimination parameters a and
diﬃculty parameters b were computed. Table 1
shows both the classical indices and the a posteriori distribution means for the GRM parameters.
As for the convergence of MCMC results, it is
necessary to point out that all the tests run to
evaluate the BFA were also applied to GRM,
showing adequate results. Also, the Rhat values
for all the estimated parameters were assessed,
showing values close to 1 in all cases. Although
Table 1 only shows the mean values for the parameters, the advantage of choosing the Bayesian approach is its ability to estimate a posteriori
the model parameters distribution (as can be
seen in Figure 1). This renders the analysis more
robust as it can estimate, for example, conﬁdence intervals. After running the convergence

tests, the next step was to identify which items
should remain in the ﬁnal version of the scale,
following Thissen’s (1986) criterion of considering statements with discrimination scores below
0.50 as candidates for elimination. As no item violated this guideline, the decision was made to
keep all the items in the questionnaire.
11
Besides validating the instrument, the GMR estimated parameters can be used to characterize
the diﬀerent dimensions of perception of MSE
sustainable development practices. For any particular item, parameter a indicates how much
discriminating power it has, while parameter b
signals on which level of the perception scale
the item has more discriminating power. In the
environmental dimension, items 12 (“MSEs offer their employees training on environmental
issues to reinforce their ecological awareness”)
and 13 (“MSEs develop environmental education campaigns for employees’ families and for
the community nearby”) are the ones with the
highest discriminating power. On the other
hand, although items 1 (“MSEs save energy to
preserve the environment”) and 2 (“MSEs do not
waste water in their manufacturing processes”)
have lower discriminating power in general, they
are the ones that best help in discriminating individuals with a very negative or very positive
environmental perception. All the remaining parameters can be used in the same way to characterize the other dimensions.
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Figure 1: A posteriori distribution of the discrimination parameter for item 1 and diﬃculty parameters 2 and 4

Source: developed by the authors based on the data using the mcmcplot function.

VALIDATION OF SUSTAINABLE DEVELOPMENT PRACTICES SCALE USING THE BAYESIAN
APPROACH TO ITEM RESPONSE THEORY

This study aimed to validate the exploratory instrument developed by Hernani and Hamann
(2013) to measure the perceptions of MSE sustainable development eﬀorts. Based on the results discussed here, we can conclude that the
instrument was validated with the application
of an IRT polytomous model (Graded Response
Model) based on Bayesian inference, as a complement to CTT.
As for the psychometric validation of the instrument, this paper oﬀers a methodological contribution since IRT is seldom utilized in business
studies. Furthermore, this methodological proposition used the Bayesian approach because of
its advantages in comparison to classical estimation testing. Since parameters are considered as
random variables in IRT, it allows the estimation
of conﬁdence intervals and a posteriori distributions that include previous knowledge, helping
to create instruments with higher validity and
precision. It is equally important to stress that
two free software packages, R and WinBUGS,
were used in this study. They oﬀer the advantage of allowing more freedom to manipulate
their codes according to the study’s characteristics and, thus, improve the model estimation.
Therefore, they are better suited for investigation

purposes than are commercial software packages, which are usually more restricted.
From a managerial point of view, this analysis offers instruments that, considering respondents’
diﬀerent characteristics (skill levels), are able to
identify real perceptions, thereby helping to deﬁne adequate policies to manage MSE sustainable development along its three dimensions.
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5. DISCUSSION AND
FINAL RESULTS
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Oﬀering a valid and reliable instrument to measure the parameters for each item, as shown here,
is a great contribution of academia to the corporate world. As an example, relating to diﬃculty
parameter b, it was shown that the economic dimension items “MSEs produce a positive impact
in the country’s economy” and “Supporting the
development of MSEs creates value for the country’s economy” both have a positive perception
in terms of CSR practices. On the other hand, the
items “MSEs save energy (electricity, fuel) to preserve the environment” and “MSEs do not waste
water in their manufacturing processes” both
had a very negative perception. This suggests
that the use of natural resources has been neglected by MSE, and this suggestion could lead
to the promotion of preservation policies by the
government.
For future investigation, the multidimensional
focus of Item Response Theory (IRT) under the
Bayesian perspective could be further explored.
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Appendix 1: Research instrument
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
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30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

Items
MSEs save energy (electricity, fuel) to preserve the environment.
MSEs do not waste water in their manufacturing processes.
MSEs take actions to reduce greenhouse gas emissions, global warming, etc.
MSEs deal responsibly with solid waste.
MSEs separate solid waste for recycling.
MSEs use recycled materials in their product manufacture.
MSEs incentive recycling internally.
MSEs utilize clean technologies (natural gas, solar panels).
MSEs know the environmental damage caused by their production activities.
MSEs get together with the government and communities to discuss environmental issues.
MSEs control their activities that cause excessive noise.
MSEs oﬀer their employees training on environmental issues to reinforce their ecological awareness.
MSEs develop environmental education campaigns for employees’ families and for the community nearby.
MSE support or participate in educational projects in association with environmental protection organizations.
MSEs oﬀer comprehensive social beneﬁts to their employees.
MSEs establish collective agreements that beneﬁt their employees.
MSEs communicate their employees when they do job rotations.
MSEs keep health and safety programs for their employees.
MSEs oﬀer their employees’ families and the community preventive health programs.
MSEs hold professional training programs for their employees.
MSEs evaluate employee performance.
MSEs pay their employees fair wages according to their professional skills.
MSEs have a code of ethics.
MSEs give their personnel orientation and education regarding ethical principles.
MSEs know the concept of corporate social responsibility.
MSEs know and care for the needs of the community in which they are established.
MSEs employees join in charities or volunteer activities.
MSEs respect and promote intellectual property rights (copyright, patents etc.).
MSEs present socially-oriented proposals to government oﬃcers aiming to see them approved and
implemented.
MSEs inform their customers about their product and service production processes.
MSEs follow the law and ethical norms related to marketing communications, such as advertising, publicity
and sponsorship.
MSEs create economic value for society.
MSEs are considered good clients by their suppliers.
MSEs have access to the ﬁnancial system.
MSEs get enough help from the government.
MSEs generate formal jobs.
MSEs produce a positive impact to the country’s economy.
MSEs contribute to the formalization of the economy.
Present legislation is intended to help MSE get formal.
MSEs pay their lawful taxes punctually.
Supporting the development of MSE creates value for the country’s economy.
MSEs are companies with high productivity in Peru.
MSEs get help from non-government organizations.
MSEs have formal and transparent accounting systems.
MSEs abide by the national laws in their sectors.
Present legislation is intended to help the creation and development of MSEs and to promote
competitiveness, sustainable jobs, productivity and proﬁtability.

Note: Environmental Dimension (items 1 to 14), Social Dimension (items 15 to 31) and Economic Dimension (items 32 to 46).

