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A B S T R A C T   

A maturity model for micro, small and medium enterprises (MSMEs) is introduced to assess the level of 
implementation of sustainability strategies and practices in this type of business. According to the literature, only 
a few sustainability-maturity assessment models intended for MSMEs have integrated the following three factors: 
environmental knowledge management, environmental strategies and good practices, and environmental man-
agement systems. The sustainability maturity model proposed here for MSMEs is capable of supporting the efforts 
of companies in their attempts to achieve both environmental sustainability and an improvement in their pro-
duction systems. The model encompasses a four-level qualitative scale and uses supervised classification algo-
rithms to categorize companies through data analysis techniques. After applying the model to a group of MSMEs 
from different productive sectors in Colombia, the results have shown that 6% of the companies were at an 
insufficient level, 31% were at an initial level, 45% at a developed sustainability maturity level, and 18% at a 
consolidated level. This result implies that the decision makers in the latter group have paid greater attention to 
the strengthening of sustainability progress capabilities and, hence, to the definition of a maturation route.   

1. Introduction 

As the commitment to contributing to sustainable development in 
industrial and service sectors is increasing day by day, companies are 
trying to establish social responsibilities, comply with environmental 
laws and standards, improve the efficient use of their resources and 
include environmental practices in their management and operational 
processes (Heikkurinen et al., 2019). Therefore, the base line and goals 
that companies must reach to implement environmental sustainability 
in such processes are issues to which managers, researchers and gov-
ernments need to respond. The literature on the topic provides different 
definitions of corporate environmental “sustainability”. The quoted 
word has been linked to “sustainable development” as “progress that 
integrates immediate and long-term objectives and local and global 
action, regarding social, economic and environmental issues as insepa-
rable and interdependent components of human progress” (Brundtland, 
1987). According to this definition, the corporate environmental sus-
tainability can be considered as a reduction in waste and environmental 

impacts produced by internal activities, as a result of making efficient 
use of economic, social and environmental resources. Companies that 
have adopted environmental sustainability practices achieve tangible 
benefits, such as budget savings and new financial sources, as well as 
intangible benefits like brand improvement, the moral satisfaction of 
workers, and innovative products and processes, among others (Parker 
et al., 2017). However, the effective implementation of sustainable 
strategies in management and industrial operational processes is still a 
subject of debate due to the lack of standards available to approve it (Shi 
et al., 2019). 

Emerging countries have issued government agreements to support 
business initiatives that contribute to environmental sustainability 
(Schwan, 2019). These countries are in fact mostly constituted by micro, 
small and medium enterprises (MSMEs), which represent 90% of all the 
businesses in these countries. MSMEs promote employment, help to 
create innovative ideas and are flexible enough to adapt to the niches of 
very diverse markets and to meet their specific needs (Jové-Llopis and 
Segarra-Blasco, 2018). However, MSMEs suffer from certain 
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administrative weaknesses, such as lack of strategic planning, limited 
financial capital and a low adoption of new technologies, all of which 
hinders their capability to compete on markets with intense technology 
adoption within the framework of Industry 4.0 (Shi et al., 2019). As a 
result, MSMEs often appear to struggle in this fourth industrial revolu-
tion, because they find it difficult to adapt to the digital era, which 
implies making use of data analysis, the internet of things, cloud sys-
tems, machine learning, cyber security and changes in 
environmental-practice-related business processes (Froger et al., 2019; 
Lin et al., 2020). This has prompted entrepreneurs and the scientific 
community to design and implement maturity models that help to 
identify installed capacities, strengths and critical points in business 
processes, in order to establish continuous improvement mechanisms in 
the areas where they are most required. Since their inception, business 
maturity evaluation models have been associated with statistical anal-
ysis and software tools. They have been applied to multiple business 
areas as reference frameworks to analyze company progress through 
different levels or stages of sequential development (Lacerda and von 
Wangenheim, 2018). In the context of environmental sustainability in 
management and operational processes, sustainability maturity models 
have made it possible to measure the progress of economic, social and 
environmental activities in companies. Moreover, sustainable mea-
surements have been related to Key Performance Indicators (KPIs) 
(Odważny et al., 2019). 

In addition, sustainability maturity models are related to progress in 
product design and manufacturing (Watz and Hallstedt, 2020), the 
assessment of specific areas of a company (Shi et al., 2019), or the 
identification of maturity criteria for those companies that have been 
certified and accredited (Lopes et al., 2017). However, considering the 
sustainability maturity models analyzed in the literature, it becomes 
clear that only a few studies have comprehensively addressed the key 
elements of environmental sustainability in internal processes. Exam-
ples of the latter are provided through the assessment of a series of so-
cial, environmental and economic aspects: (i) employee-related social 
attributes, as they affect the capacity of the company to acquire and 
internally disseminate environmental knowledge; (ii) environmental 
aspects of internal activities related to the degree of implementation of 
environmental strategies and practices; and (iii) economic features 
related to the development of environmental management systems for 
decision-making in MSMEs (Plasencia Soler et al., 2018). 

By analyzing the current research, a series of important gaps have 
emerged. First, only a few studies have specifically focused on 
measuring the maturity of the small manufacturing and service business 
sector. Second, sustainability factors have rarely been evaluated, 
because the models are usually addressed on business or project 
assessment. For this reason, the present study concentrates on the 
following research question: What factors should an MSME sustain-
ability maturity model include, and how should they be quantitatively 
evaluated? To answer this question, the aim of this study has been the 
design of a Sustainability Maturity Model for MSMEs (SMMM) that can 
measure the degree of implementation of environmental knowledge 
management and strategies, good environmental practices, and envi-
ronmental management systems. This objective has been methodologi-
cally addressed through DSR (Weber, 2017) and “Design of 
Computational Intelligence Experiments” (Fernandez-Lozano et al., 
2016). These tools were employed to analyze the behavior of 327 
MSMEs from different Colombian economic sectors. The main contri-
butions of the current research study are manifold. First, the develop-
ment of an SMMM that allows the degree of sustainability maturity to be 
assessed and the management of environmental knowledge, strategies, 
good environmental practices, and management systems to be inte-
grated in the internal processes of MSMEs. Second, regardless of the 
economic activity, the model should allow MSMEs to gradually move 
through sequential levels of implementation of sustainable practices and 
strategies, that is, from the basic or incipient to the optimal or consoli-
dated. Third, the identification of the factors on which MSMEs should 

focus their improvement efforts within the framework of environmental 
sustainability. Such a recognition would likely contribute to the 
decision-making processes of entrepreneurs, researchers and govern-
ment entities. Finally, data analysis allows internal management in 
companies to be quantitatively evaluated, which, in turn, facilitates the 
diagnosis and prediction of company needs within the framework of 
environmental sustainability. 

This paper is organized as follows: Section 2 presents a literature 
review to provide theoretical support to the model development. Section 
3 presents the research methodology to design the sustainably maturity 
model for MSMEs (SMMM). The results of the application of the model 
to a dataset of Colombian MSMEs are presented in Section 4 and dis-
cussed in Section 5. Finally, Section 6 presents the main conclusions and 
future research perspectives. 

2. Literature review 

Maturity models describe gradual improvement paths toward the 
development of good practices, to the point of achieving a desirable state 
in any organization (Lacerda and von Wangenheim, 2018). A company’s 
activity can be assessed in terms of capacity and maturity. The former 
has to do with the ability to achieve or contribute to the fulfillment of a 
required objective, whereas maturity addresses the extent to which an 
organization has consistently implemented processes or practices with a 
clearly defined scope, thus contributing to the achievement of project 
objectives (Froger et al., 2019; Von Scheel et al., 2014). Experts have 
developed various maturity models that can be applied to the different 
functional areas of a company. They are used as diagnostic and analysis 
tools to assess the level of development of a product, project or process. 

Among the various general maturity simulations that are available, 
the Capability Maturity Model (CMM) was conceived to evaluate software 
development processes (Lacerda and von Wangenheim, 2018). This 
elaboration model defines a series of sequential steps that determine the 
state of development of a computer artifact. CMM has inspired other 
business maturity models, such as the Project Management Maturity 
Model (PM3s), which is based on the guidelines of the Project Manage-
ment Book of Knowledge (PMBOK) (Backlund et al., 2014). This is an 
essential tool for project managers since it allows the progress made in 
activity fulfillment to be described at each stage of a project. Similarly, 
the Business Process Maturity Model (BPMM) is based on analyses of the 
current conditions of a company conducted to establish a process 
management path (Froger et al., 2019). Five evolutionary levels are 
defined in the BPMM by relating capabilities and processes. This allows 
process maturity to be measured and continuous process improvement 
to be promoted (Dharmawan et al., 2019). 

In the logistics area, the Maturity Model - Logistics 4.0 (Ellefsen et al., 
2019), which is supported by artificial intelligence, establishes maturity 
levels on the basis of the production and storage activity needs. In this 
study, businessmen have been interviewed about the term Logistics 4.0 
and/or smart manufacturing solutions. The authors were able to classify 
the studied companies by correlating their competitive position, size, 
development dynamics and operation internationalization levels. A 
novel maturity model has recently been used to introduce a measure-
ment framework for Taiwanese SMEs in the context of the evaluation 
and execution of strategies intended to implement Industry 4.0 in the 
processes, technology and organization areas (Lin et al., 2020). Despite 
the contributions presented in this study, a particular evaluation bias 
toward the manufacturing sector has been perceived. 

Additionally, several quality models can be found within the certi-
fication and business-excellence-achievement families. Among the 
common prescriptive models, mention can be made of Standardization 
Norms, which are provided by the International Organization for Stan-
dardization (ISO), who have published around 23,047 international 
standards covering such aspects as technology, service and 
manufacturing (ISO, 2020); and of the excellence model proposed by 
European Foundation Quality Management (EFQM) (EFQM, 2020) which, 
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despite not being normative in nature, is oriented toward total quality 
standards through a series of self-evaluation principles that are 
measured, monitored and audited. However, international standards 
have been the target of criticism by businessmen, who consider that 
certifications can generate high investment costs and an excess of in-
ternal procedures, which in turn can result in internal structures that are 
too bureaucratic (Carmona-Calvo et al., 2016). 

The literature also presents Sustainability Maturity Models, which 
have been developed to analyze the degree of maturity of a specific area, 
product or process. A sustainable product design maturity model has 
recently been introduced, pertaining to the analysis of 17 medium to 
large Swedish companies, which presents an innovative way of associ-
ating the design and creation phases of a product (Watz and Hallstedt, 
2020). An analysis is conducted through the multi-case methodology 
and product development funnel method, and this has resulted in a 
conceptual model for the management of sustainable product re-
quirements. However, some limitations appear when detailing the 
necessary knowledge or skills for eco-product design experts to manu-
facture decision-making products. 

A maturity model has recently been introduced to sustainably 
improve the manufacturing of products in the smart manufacturing era 
(Shi et al., 2019). This model, which is known as Kaizen Level of Smart 
Manufacturing, was specifically proposed for process automation sys-
tems, for which it defines a series of generic-automation-architecture 
implementation levels. Its limitations have to do with a lack of model 
testing in business practice. Therefore, the same authors concluded that 
it would be necessary to expand their model to all links in the value 
chain. 

Additionally, accreditations and certifications make it possible to 
identify whether an organization has reached a desirable status. Envi-
ronmental management system certifications have been studied in the 
health services area. After classification, through a non-parametric test, 
thirty-eight certified Brazilian hospitals exhibited management matu-
rity, a parameter for which most of them attained elevated scores when 
considering the application of sustainable tools (Nascimento et al., 
2017). However, some as yet uncertified hospitals may also be imple-
menting good sustainable practices. In addition, the authors did not 
assess the social and economic dimensions of sustainability. 

A maturity model review has recently been conducted to evaluate the 
sustainability of organizations, as framed at the business level and 
approached from the ethical perspective of corporate social re-
sponsibility theories (Plasencia Soler et al., 2018). These authors 
addressed the following models: a) pressure - state - response and its 
variations, b) the Lowell Center model for sustainable production, c) the 
CUBRIX model and d) the sustainable balanced scorecard. In doing so, 
they established not only the advantages but also the disadvantages of 
the theories behind these models and their applications, despite their 
approval and endorsement by governmental entities and international 
institutions. The downsides of such models have to do with the lack of 
practical and reliable data analysis tools and the difficulty of assessing 
the effects of interventions on society and the environment when they 
are not numerically assessed. 

By analyzing the previous developments in maturity models and 
relating them to MSMEs, it is evident that, due to the intrinsic charac-
teristics of these companies, some studies have emphasized the 
sequential steps proposed by maturity models as related to the man-
agement systems. According to a recent study, ISO 9004 standards are 
clear quality pattern models for the processes of this type of company, 
since they allow diagnoses to be made and improvement routes to be 
established (Páez et al., 2018). However, these models are only linked to 
the quality and implementation costs of operative processes, and thus 
gaps remain in meeting the integration of the environmental and stra-
tegic aspects of a company. 

In this respect, a sustainability maturity model that resorts to the 
ISO/IEC 15504 Information Technology Guide has been introduced for 
the remanufacturing of SMEs (Golinska and Kuebler, 2014). The authors 

adapted some maturity models and related them to the application of 
sustainable practices. They evaluated four specific factors by surveying 
five European and five American companies: energy efficiency, com-
pressed air, ergonomics and emissions. They then performed a statistical 
analysis with the data thus obtained data which allowed them to 
determine that the studied American companies showed a better per-
formance than the European ones. However, the sample was small, and 
the conclusions did not cover all the factors that can lead to 
sustainability. 

The current literature review has revealed several important gaps 
and research problems. In fact, only a few studies have focused on 
measuring the maturity of the small manufacturing and service business 
sector. Furthermore, sustainability factors have rarely been evaluated. 
Environmental knowledge management and environmental manage-
ment systems have been considered separately when evaluating the 
implementation of environmental practices or strategies, which has led 
to the present research in which an integral evaluation of both compo-
nents has been conducted. Finally, in the current literature review, 
sustainability maturity has been assessed from “insufficient” (level 0) to 
“consolidated” (level 5). In this context, the main objective of this 
research has been to design an SMMM for the comprehensive evaluation 
of environmental knowledge management, environmental strategies 
and practices, and environmental management systems, in order to 
contribute to the decision-making of businessmen, governments and 
researchers. In addition, a need was observed to identify the strengths 
and weaknesses of MSMEs in order to establish continuous improvement 
mechanisms as a contribution to sustainable development. On these 
grounds, the following section describes the methodology used to design 
the SMMM proposed in this research. 

3. Sustainability maturity model for MSMEs 

The current study is a descriptive and exploratory research in which 
qualitative and quantitative analysis have been integrated. The meth-
odology is based on DSR (Weber, 2017), which involves establishing a 
general research framework and designing an innovative and useful 
model for the solution of a particular problem through different phases 
and sequential activities. Taking into account that the proposed SMMM 
model should be applied in order to ensure its usefulness for the problem 
in question, the Design of Computational Intelligence Experiments 
methodology (Fernandez-Lozano et al., 2016) has been proposed. This 
methodology establishes the synergy between each of the established 
phases as well as the impacts of each of them, and proposes new re-
quirements and patterns for data analysis. Fig. 1 shows the research 
methodologies employed in this study. 

The sequence of phases followed in the current methodology is re-
ported hereafter:  

• Phase 1. Relevance: Developed in the previous Sections 1 and 2, this 
phase provided a conceptual reference framework. Moreover, the 
literature review also allowed the research problem, the research 
gap, and the research objectives to be established. 

• Phase 2. Design: Developed in the current Section 3, this phase in-
volves identifying the inherent characteristics of knowledge man-
agement factors, environmental practices and strategies, and 
environmental management systems. These characteristics are sub-
sequently classified according to maturity fulfillment levels, which 
provides the basis for the design of the SMMM model and allows the 
population that has to be studied to be identified.  

• Phase 3. Rigor: Developed in Section 4 and discussed in Section 5, 
this phase, which is based on the results of a survey applied to 
Colombian MSMEs, corresponds to model validation and data anal-
ysis. A series of algorithms are supervised and trained by means of 
data preprocessing. The best algorithm use in the application of the 
MSMM is then selected. 
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Focusing on the development of Phase 2 of the current methodology, 
the sustainability maturity model for MSMEs (SMMM) is designed, and 
three factors are integrated: (i) environmental knowledge management, 
(ii) environmental strategies and good practices, and (iii) environmental 
management systems. These factors are closely related to the social, 
environmental and economic components usually applied in environ-
mental sustainability analyses in internal business processes. Moreover, 
Phase 2 also describes the set of companies analyzed to apply the SMMM 
and defines the algorithm training and validation processes that facili-
tated the maturity classification. 

3.1. Description of the factors and levels of the SMMM 

3.1.1. Factor 1: environmental knowledge management in MSMEs 
Environmental knowledge management is used by workers in com-

panies to reduce the environmental impacts of production and con-
sumption processes by acquiring knowledge in the field of 
environmental protection (Edvardsson et al., 2016). “Knowledge” is 
expressed as the ability to acquire information individually or in a 
group, in order to improve effective actions in companies (Biscotti et al., 
2018). However, because of certain features of MSMEs, they lack spe-
cific capabilities to effectively carry out knowledge acquisition. There-
fore, it is necessary to identify the fundamental characteristics of 
environmental knowledge management when implementing it in 
MSMEs. The management of environmental knowledge, as applied for 
the improvement of internal processes in companies, requires techno-
logical, human and financial capabilities to introduce amendments and 
improve their products and business processes. These capabilities 
constitute the key aspects of the adoption and implementation of envi-
ronmental management practices (Edvardsson et al., 2016). 

Moreover, it also is essential that the management of environmental 
knowledge in companies should be carried out by first training the 
employees and then allowing them to share and socialize their knowl-
edge. This communicative interaction, which requires specifically ar-
ranged spaces, allows the productive processes to be improved. Another 
characteristic of environmental knowledge management is the docu-
mentation of strategic and operational processes, which convey a clear 
notion to the employees of the steps that are necessary to complete a task 
or process while minimizing the environmental impact (Johnson, 2017). 
In this way, and framed within corporate environmental sustainability, 
knowledge management begins to be an important aspect of business 
administration, all the more so because of the necessary willingness that 
employees must have to understand and implement environmental 
practices or prioritize the concomitant needs and requirements. 

3.1.2. Factor 2: strategies and good environmental practices in MSMEs 
Good environmental practices and strategies are useful measures and 

actions taken by companies to reduce the negative impacts caused by 
their productive activities. These are actually variations or trans-
formations of their internal or external processes, which allow them to 
achieve sustainable development, improve the quality of their products 
or services and comply with environmental legislation (Čater et al., 
2018). The main environmental strategies and practices include cleaner 
production, eco-efficiency, circular economy and 3R, all of which are 
featured by low application complexity, improvement of the environ-
mental performance indicators, and the “producing more with less 
environmental impact” vision (WBCSD, 2009). Performance improve-
ment indicators include the reduction of solid waste, an efficient use of 
energy, a quality enhancement of air and water, noise moderation, and 
environmental commitment by the employees. 

The main benefits of implementing good strategies and environ-
mental practices in a company include competitive improvement 
through image enhancement, budget savings, compliance with envi-
ronmental policies and reliability in the relationship with customers 
(Arbolino et al., 2018). However, MSMEs struggle to include good 
practices in their operative processes, due to the barriers or internal 
factors related to their current business functioning. For this reason, it is 
important to analyze the specificities of a company to identify any useful 
and simple practices they can apply to their internal processes (Vásquez 
et al., 2019). Environmental strategies and practices play important 
roles within the framework of corporate environmental sustainability, 
because they produce good and rapid results that actively contribute to 
sustainable development. 

3.1.3. Factor 3: environmental management systems in MSMEs 
Environmental management systems are tools that companies can 

use to organize management, operational and support processes which, 
in turn, facilitate compliance with responsible environmental policies. 
These systems are characterized by guidelines and practical approaches 
for organizations to continuously improve their operations and envi-
ronmental performance. They contribute to the formulation of envi-
ronmental policies aimed at minimizing and optimizing environmental 
resources associated with the compliance with legal requirements 
(Johnstone, 2020). Another feature of environmental management 
system is the support they provide to establish organizational leadership 
and responsibilities. This, in turn, allows significant changes to be made 
to the internal processes to reduce nonconformities and increase pre-
ventive actions accompanied by the formulation and control of envi-
ronmental indicators. ISO 14001 defines environmental management 

Fig. 1. Research methodology based on Design Science Research and Design of Computational Intelligence Experiments.  
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systems as an international standard that should be adopted to achieve 
operational, strategic and tactical goals (ISO, 2015). Although MSMEs 
lack the necessary financial resources to invest in the environmental 
management systems laid out in ISO standards, some of these systems 
have been adapted to the needs of these companies and are available in 
business contexts. These procedures allow a sustainable business culture 
to be established that promotes the efficient use of natural resources and 
the design of efficient and effective strategies for the continuous 
improvement of internal corporate processes. 

By taking into account the factors defined above, it is possible to 
assess the level of maturity of a particular SMMM. For such a purpose, 
each factor is further described through a series of specific characteris-
tics which are, in turn, evaluated in terms of whether they have been 
fulfilled (value 1) or not (value 0) at a given level of sustainability 
maturity. The latter is assessed on a four-level scale, which is based on 
some of the aforementioned generic models (MMC, Kaizen, PM3s, 

BPMM). In this scale, level 1 is considered to be insufficient, while 
consolidated maturity corresponds to level 4 (Santos-Neto and Costa, 
2019). Accordingly, the higher the level is, the higher the number of 
characteristics that have to be fulfilled. Thus, level 1 implies the 
accomplishment of only 5 characteristics, while level 2 implies 14 
characteristics have been fulfilled. By the same token, levels 3 and 4 
require the fulfillment of 27 and 37 characteristics, respectively (see 
Table 1). In this way, a conceptual definition is provided for each of the 
maturity levels of the SMMM. 

3.1.4. Definition of SMMM levels 
The different levels of the SMMM are defined upon the fulfillment of 

the characteristics that describe each factor (Fig. 2).  

• Level 1. Companies with insufficient sustainability-maturity 

Table 1 
Classification of the factor-describing characteristics according to their fulfillment requirement at each maturity level.  

Factor No. Characteristics Level 
1 

Level 
2 

Level 
3 

Level 
4 

Environmental knowledge 
management 

1 Employees are considered to have a high level of environmental management knowledge. 0 0 0 1 
2 Sufficient human resources are available for environmental knowledge acquisition. 0 1 1 1 
3 Sufficient financial resources are available for environmental knowledge acquisition. 0 0 1 1 
4 Sufficient technological resources are available for environmental knowledge acquisition. 0 0 0 1 
5 Sufficient physical resources are available for environmental knowledge acquisition. 0 1 1 1 
6 Employees are trained on environmental care. 0 1 1 1 
7 Environmental training is conducted on a monthly, bimonthly or trimonthly basis. 0 0 0 1 
8 Environmental training is conducted every six months. 0 0 1 0 
9 Environmental training is conducted on a yearly basis. 1 1 0 0 
10 Adequate channels are offered for the employees to present environmentally innovative ideas. 0 0 1 1 
11 The employees use Environmental Training to improve production processes. 0 0 1 1 
12 The company has documented its operative processes 0 0 1 1 
13 The employees are well-informed about the environmental impacts caused by the organization 

and their corrective measures. 
0 1 1 1 

14 Environmental sustainability is part of the central strategy of the company and is among the first 
priorities on the agenda. 

0 0 0 1 

15 Environmental sustainability is relevant for some parts of the company agenda, but not for all of it. 0 0 1 0 
16 Environmental sustainability is not among the priorities of the company agenda, but has some 

importance 
0 1 0 0 

17 Environmental sustainability is not relevant for any activity on the company agenda. 1 0 0 0 
Environmental practices and 

strategies 
18 The employees understand the topics involved in environmental eco-efficiency and cleaner 

production. 
0 0 0 1 

19 The Company has an environmental practice plan or program. 0 0 1 1 
20 The employees understand the topics involved in circular economy. 0 0 0 1 
21 The company has established a plan to report outflows, such as liquid substance spills, gas leaks, 

gas-liquid mixtures and other non-eco-efficient situations. 
0 0 1 1 

22 Environmental practices have been implemented. 1 1 1 1 
23 A water saving and efficient use program is in operation. 0 1 1 1 
24 A solid residue collection and classification program is in operation. 1 1 1 1 
25 The company verifies the final disposal of hazardous residues (corrosive, reactive, explosive, toxic 

and flammable waste). 
0 0 0 1 

26 Employees tend to reuse office stationery materials. 1 1 1 1 
27 Treatments to extend the use of industrial resources, such as oils, lubricants, acids, etc., are in 

force. 
0 0 1 1 

28 The products that the customers no longer use are recovered. 0 0 0 1 
29 An after-sales repair service to extend the useful life of products is in force. 0 0 0 1 
30 Noise level measuring systems are in operation. 0 1 1 1 
31 The company keeps a statistical record of power and water bills. 0 0 1 1 
32 Environmental purchasing criteria are in place in the selection of suppliers. 0 0 0 1 
33 The suppliers comply with the environmental laws in force. 0 1 1 1 

Management systems 34 Employees have knowledge of environmental management systems. 0 1 1 1 
35 An environmental management system is in operation. 0 0 0 1 
36 The Company has been environmentally certified. 0 0 0 1 
37 An environmental policy is currently in force. 0 1 1 1 
38 The main environmental policies and legislation established by the government that have to be 

applied within the company are clear. 
0 0 1 1 

39 The company makes use of operating environmental indicators. 0 0 1 1 
40 Manufacturing or service delivery processes and environmental practices are related to decision- 

making support. 
0 0 1 1 

41 An Enterprise Resource Planning (ERP) system is in operation. 0 0 1 1 
42 The company has an HSEQ (Health, Safety and Environmental Quality) module for strategy 

control in its ERP systems. 
0 0 1 1  

Total fulfilled characteristics 5 14 27 37  
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Environmental sustainability is not a relevant issue in any of the 
internal activities contemplated on the agenda of these companies. 
Therefore, environmental training is only sporadic or is simply not 
carried out. However, such companies have implemented some envi-
ronmental practices, such as noise control in operational processes, solid 
waste collection and classification programs, as well as activities to 
encourage the reuse of stationery materials in each department.  

• Level 2. Companies with basic sustainability-maturity 

Environmental sustainability is not among the priority issues on the 
agenda of these companies, although they try to give importance to the 
topic. Training on environmental issues and practices is carried out 
annually or every two years or more. Employees are informed about the 
environmental impacts caused by their organizations and the corre-
sponding corrective measures that should be introduced. In addition, 
these companies have implemented such environmental practices as 
stationery reuse, management of the noise level, and solid waste 
collection and classification programs. Although they do not have 
environmental management systems in place, they do have an envi-
ronmental policy.  

• Level 3. Companies with developing sustainability-maturity 

Environmental sustainability does not rank high on the agenda of 
these companies, although it does have a certain relevance. They 
consider that their employees have some environmental management 
knowledge as a result of adequate investments in human, technological 
and physical resources. Moreover, the employees are trained every six 
months in the implementation of the environmental strategies that are 
used to improve the operating processes of these companies, which 
provide spaces for workers to express innovative environmental ideas. 
These organizations have also documented their operative procedures. 
The employees are informed about the environmental impacts caused by 
their organizations and the corresponding corrective measures. They 
have implemented an environmental practice agenda that includes plans 
to prevent leaks and spills of toxic substances; noise management sys-
tems; campaigns to reuse industrial resources; and programs for office 
stationery reuse, collection and classification of solid waste, recovery of 
products that customers no longer use, and efficient water and energy 
use and measurement. These businesses have defined environmental 
management systems that contribute to their decision-making processes, 
and thus affect the corporate policies, indicator monitoring and control 
activities, resource planning and HSEQ modules in their business in-
formation systems.  

• Level 4. Companies with consolidated sustainability -maturity 

Environmental sustainability is part of the core strategy of these 

companies and is hence placed at the top of the priority agenda. These 
companies have sufficient human, financial and technological resources 
for the acquisition and management of environmental knowledge. For 
this purpose, they constantly train their employees, who are able to 
make good and responsible use of the environmental resources of these 
organizations. These companies have tools or mechanisms in place for 
their employees to express topical innovative ideas. They document 
their operational procedures to share knowledge among the employees, 
who are informed about the environmental impacts and corrective 
measures associated with the corporate activities. These organizations 
implement environmental practice programs, such as leak reporting 
plans to cover liquid spills, gas leaks, gas-liquid mixtures and other non- 
eco-efficient situations; water and energy measurement, saving and 
efficient use; solid waste collection and classification; office stationery 
reutilization; noise management; industrial resource reuse; and verifi-
cation of the final disposal of hazardous waste. In addition, these or-
ganizations have overt corporate strategies associated with their 
environmental policy, supplier selection and recovery programs for 
products that their customers no longer use. They also have incorpo-
rated control systems to measure environmental, social and economic 
indicators in all the links of their value chain. These systems have 
allowed them to obtain quality, environmental and/or occupational 
health management certification. 

3.2. The studied MSME set 

In the present study, Colombian MSMEs from different sectors were 
considered to evaluate and validate the studied SMMM. The trade, ser-
vice, construction, logistics and manufacturing sectors in Colombia are 
represented by micro, small and medium enterprises scattered 
throughout the territory. However, the highest concentrations of MSMEs 
are in the five main cities in the country: Barranquilla, Bogota, Carta-
gena, Cali, and Medellin. The contact data of the companies located in 
these cities were obtained from the Orbis® database, which is charac-
terized by "[…] including information on some 360 million companies 
worldwide. It is the resource for obtaining company data” (Bureau van 
Dijk, 2020). By using Orbis®, a list of more than 3500 active MSMEs 
from the studied cities was prepared. A total of 1350 MSMEs were 
eliminated from this list because they contained erroneous or misspelled 
contact data. Therefore, a population size of 2150 MSMEs was calcu-
lated, which resulted in a sample size of 327 MSMEs for the five main 
cities in Colombia. According to the methodology used in this research, 
it was necessary to apply the SMMM, and this led to the development of 
a data collection instrument. The main objective of the questionnaire 
that was administered to these companies was to collect information 
about the three studied factors in the companies:  

1. Factor 1. Environmental knowledge management: To what extent 
do MSMEs have knowledge on environmental issues? 

Fig. 2. SMMM levels.  
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2. Factor 2. Environmental practices: What strategies and environ-
mental practices are implemented in the MSMEs?  

3. Factor 3. Environmental management systems: What tools are used 
to plan activities, processes and procedures for a continuous 
improvement of the environmental performance of the company? 

The questionnaire was based on characteristics that described each 
of the studied factors, which had been validated by experts (Golinska 
and Kuebler, 2014). It contained four specific sections: Part 1. Six 
questions about general company data, which were intended to char-
acterize and identify the type of evaluated companies. Part 2. Sustain-
able integration, which separately addressed the three factors being 
evaluated: (i) environmental knowledge management, (ii) environ-
mental strategies and practices, and (iii) management systems. The 
questionnaire contained 42 questions aimed at identifying the strengths 
and weaknesses of the specific sectors under consideration. The ques-
tionnaire contained multiple choice, open and yes/no questions. The 
former allowed the respondents to choose the most satisfactory option 
from a range of alternatives. Yes/no questions were introduced to obtain 
immediate information from questions with only two possible options, 
while open questions were used to collect additional information that 
could have been of interest for the research. Using the contact data 
registered in the aforementioned databases (company name, telephone 
number, e-mail, address, city and production activity), interviews were 
conducted with the managers or personnel responsible for the produc-
tion, quality or environment in the companies in 2019. The decision was 
made to send the survey via e-mail, together with the research objectives 
and an invitation to participate in this study. On the basis of data from 
Part 1 of the questionnaire, Fig. 3 shows the number of MSMEs that 
participated in the study, as classified by city. It can be observed that the 
cities of Bogota (26%) and Cali (23%) contributed the most. The cities of 
Barranquilla (19%) and Cartagena (18%) scored similar intermediate 
participation levels, whereas Medellin (14%) had a low participation 
level. 

Fig. 4 shows the distribution of the sample across the economic 
sectors. According to the International Standard Industrial Classification of 
All Economic Activities (ISIC. Rev. 4), the companies were classified as 
coming from three main sectors: manufacturing, services and trade, and 
construction and civil works. The manufacturing sector had the largest 
representation, with 39% of the sampled businesses, followed by the 
service and trade sector, with 38% and the construction and civil works 
sector, with 23%. The studied businesses were also classified by size, 
according to the number-of-workers’ criterion established by Law 590 of 
2000 by the Colombian Ministry of Commerce, Industry and Tourism 
(Bancóldex, 2017) (see Table 2). 

Other general information about the evaluated companies is that 
pertaining to the guild affiliation, to which only 12.8% of the sample 
belonged. The remaining 87.2% of the companies were found to not 
belong to any type of business guild. The companies were affiliated to 
the most representative guilds in Colombia, namely the Colombian As-
sociation of Micro, Small and Medium Enterprises (Asociación Colombi-
ana de las Micro, Pequeñas y Medianas Empresas - ACOPI), the Colombian 
Chamber of Construction (Cámara Colombiana de la Construcción - 
CAMACOL), the Colombian Hotel Association (Asociación Hotelera 
Colombiana - ASOTELCA), and the Hotel and Tourism Association of 
Colombia (Asociación Hotelera y Turística de Colombia - COTELCO). De-
tails of the questions used for the evaluation of the SMMM are presented 
in Table 3. After 327 MSMEs had filled in the questionnaire, the su-
pervised classification algorithms were used to validate the SMMM 
through data analytics. 

4. Results 

Focusing on Phase 3 of the proposed methodology, this section re-
ports the results of the survey applied to Colombian MSMEs, together 
with the model validation and data analysis. 

4.1. Training and validation process 

Data analytics uses different analysis methods to interpret data. 
Among the most commonly used methods is machine learning (ML), 
which, more than a simple database that processes information, is a 
programming problem solver. It is a system that, on the basis of a dataset 
provided by the user, has the “ability to learn” by representing data 
structures and generalizing the corresponding behaviors (Alpaydin, 
2016; Fernandez-Lozano et al., 2016). In phase 3 (“Rigor”) of the current 
research methodology, a sequence of activities is performed to train and 
validate the supervised classification algorithms used by the SMMM, as 
shown in Fig. 5. 

4.1.1. Dataset 
The dataset is the tabulation of the different responses (i.e., numer-

ical values) provided by the companies who responded to the ques-
tionnaire sent to the 327 Colombian MSMEs under study. 

Fig. 3. MSMEs evaluated for the city of Colombia.  

Fig. 4. Economic activities of the evaluated MSMEs.  

Table 2 
Company size classification according to the number of workers.  

Business type No. of workers Surveyed businesses 

Microenterprises No more than 10 48% 
Small businesses Between 11 and 50 37% 
Medium businesses Between 51 and 200 15%  
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4.1.2. Data preprocessing 
The answers to the questions were standardized in a numerical data 

format, so they could be analyzed by the classification algorithm. In such 
a process, yes/no questions are represented as logical values, i.e., “No” is 
given a value of 0 and “Yes” is given a value of 1. Since the questionnaire 
included multiple choice questions, a conversion to a binary range was 
carried out, to adjust all the answers to logical values. Therefore, the 
“totally disagree”, “disagree” and “undecided” answers are given a value 
of 0. The “totally agree” and “agree” answers are given instead a value of 
1. In the present research study, each company was manually labeled 
according to its sustainability maturity level, and this allowed the 
sampled organizations to be grouped. Fig. 6 shows the results of this 
manual labeling: 26 companies were classified as Level 1, 110 com-
panies as Level 2, 136 as Level 3, and 55 corresponded to Level 4. Most 
of the studied MSMEs were ranked at sustainability maturity Levels 2 
and 3, i.e., at the initial and developing levels of environmental 
knowledge management, practices and management systems. 

It was observed, before the supervised-learning algorithms were 
trained, that the companies were not evenly distributed across the sus-
tainability maturity levels. For this reason, the “oversampling” data 
analysis technique was applied to those levels that were below the one 
containing the most companies, thus allowing a homogeneous data 
distribution to be achieved. Oversampling consists in repeatedly multi-
plying the sampling frequency to correct for the bias of the original 
dataset, thus adjusting the distribution (Mukherjee et al., 2019; Patil and 
Sonavane, 2020). In this way, the sustainability-maturity-level classifi-
cation algorithm achieves a greater accuracy when applied to a sample 
of companies. Thus, the level 1, 2 and 4 samples were replicated ac-
cording to the number of level 3 replicates, that is, 136 replicates. 

4.1.3. Supervised learning algorithms 
Supervised learning works as the result of the use of classification 

algorithms that allow the category (e.g., a sustainability maturity level) 
to which a new instance (e.g., a company) belongs to be identified, on 
the basis of previous observations. These procedures include “Multi- 

Table 3 
General questions by factors.  

Factors under evaluation Questions 

Environmental knowledge 
management 

Q1. Does the company consider that its employees 
have elevated environmental management 
knowledge? 
Q2. Does the company have sufficient human 
resources for environmental knowledge 
acquisition? 
Q3. Does the company have sufficient financial 
resources for environmental knowledge 
acquisition? 
Q4. Does the company have sufficient technological 
resources for environmental knowledge 
acquisition? 
Q5. Does the company have sufficient physical 
resources for environmental knowledge 
acquisition? 
Q6. Have the employees received environmental 
care training? 
Q7. Are environmental trainings conducted on a 
monthly, bi-monthly or tri-monthly basis? 
Q8. Are environmental trainings conducted every 
six months? 
Q9. Are environmental trainings conducted every 
year or more? 
Q10. Does the company provide the means for the 
workers to contribute innovative environmental 
ideas? 
Q11. Do the employees use environmental trainings 
to improve productive processes? 
Q12. Has the company documented its operative 
processes? 
Q13. Are the employees informed about the 
environmental impacts of the organization and the 
corresponding corrective measures? 
Q14. Select the option that best reflects the 
relevance of environmental sustainability on your 
company’s agenda: it is part of the core strategy and 
is at the top of the priority agenda. 
Q15. Select the option that best reflects the 
relevance of environmental sustainability on your 
company’s agenda: it is relevant for some activities, 
but not for all the company. 
Q16. Select the option that best reflects the 
relevance of environmental sustainability on your 
company’s agenda: It is not among the priority 
items on the agenda, but it is given some 
importance. 
Q17. Select the option that best reflects the 
relevance of environmental sustainability on your 
company’s agenda: It is not relevant for any of the 
company’s activities. 

Environmental practices 
and strategies 

Q18. Do you understand the notions of ecoefficiency 
and cleaner production? 
Q19. Does your company have an environmental 
practice program? 
Q20. Do you know what circular economy is? 
Q21. Has the company set up a plan to report liquid 
spills, gas leaks, gas-liquid mixtures or any other 
non-ecoefficient situations? 
Q22. Has your company implemented 
environmental practices? 
Q23 Does your company have a water saving and 
efficient use program? 
Q24. Does your company have a solid waste 
collection and classification program? 
Q25. Does your company check the final disposal of 
dangerous waste (corrosive, reactive, explosive, 
toxic and flammable materials)? 
Q26. Do the employees tend to reuse office 
stationery materials? 
Q27. Does the company use treatments to extend the 
use of industrial resources such as oils, lubricants, 
acids, etc.? 
Q28. Does the company recover the products that 
their customers no longer use?  

Table 3 (continued ) 

Factors under evaluation Questions 

Q29. Does the company offer after sales repair 
service to extend the duration of a product? 
Q30. Does your company have any noise level 
measurement system? 
Q31. Does the company have a statistical record of 
the power and water bills? 
Q32. Does the company apply purchase 
environmental criteria when selecting its suppliers? 
Q33. Do you believe that your suppliers comply 
with the environmental legislation in force? 

Management systems Q34. Do you know what an environmental 
management system is? 
Q35. Does your company have an environmental 
management system? 
Q36. Has the company received any environmental 
certification? 
Q37. Does the company have any environmental 
policy? 
Q38. Are the main environmental policies and 
legislation established by the government that have 
to be applied in your company clear enough for 
implementation? 
Q39. Does your company have any environmental 
indicators? 
Q40. Are environmental practices and the 
manufacturing or service delivery processes related 
to decision-making support? 
Q41. Does the company have an Enterprise 
Resource Planning system (ERP)? 
Q42. Does the company have a strategy-control 
HSEQ (Health, Security, Environment and Quality) 
module in the Enterprise Resource Planning (ERP)?  
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class” algorithms, which handle several classification categories. In the 
present study, this ranking corresponded to sustainability maturity 
levels 1 to 4. It should be pointed out that the success of classification 
algorithms depends on the particular handling of the dataset in which 
they are trained. This handling consists in preprocessing and standard-
izing the data. 

The k-fold Cross Validation technique is employed to avoid over- 
adjustment of the samples. In this technique, the set of training data is 
divided into k subsets and, at the time of training, all the subsets are 
sequentially used to test the model, while the remaining data are used as 
the actual training set. This process is repeated i times, and a different 
test set is selected in each iteration, while the remaining data are used as 
the training set. Once the iterations have been completed, the accuracy 

and error values of each model are calculated. Additional accuracy and 
final error values are obtained by calculating the corresponding aver-
ages of the k trained models (Fushiki, 2011; Klyueva, 2019; Mor-
eno-Sandoval et al., 2019). 

The Support Vector Machine (SVM), Random Forest (RF) and Naïve 
Bayes (NV) classification algorithms were employed to perform the 
training and validation of the algorithms used in the SMMM. These 
procedures were chosen due to their capability to simultaneously solve 
classification and regression problems by estimating the internal vari-
ability of the samples. SVM is used to predict the maturity level of a new 
sample, on the basis of a set of previously labeled ones. Similarly, RF 
classifies new samples on the basis of the attributes of prior ones, where 
the classifying prediction is the major choice of a decision tree. NV as-
sumes that the predictive variables used to classify a new instance are 
independent of each other, i.e., the presence of a certain characteristic in 
the dataset is not related to the presence of any other characteristic in it. 

In addition, and according to the Design of Computational Intelli-
gence Experiments methodology (Fernandez-Lozano et al., 2016; Tsiliki 
et al., 2015), learning models are used to evaluate the effectiveness of 
algorithms through different statistical techniques. In the present case, 
the dimension reduction technique, which involves shortening the 
number of random variables under study, was applied. This procedure is 
commonly assessed through the following metrics: F1-Score, Accuracy, 
Recall, and Precision. Fig. 7 shows the training and validation process 
used for the classification of the SMMM algorithms. A 10-fold cross 
validation procedure was employed, for which the data were divided 
into two sets: 70% for training and 30% for validation. During the 
execution of this process, the parameters used for the SVM, RF and NV 
algorithms were established by default, that is, as described below:  

• SVM. C = 1.0, kernel = ’rbf’, degree = 3, gamma = ’scale’, coef0 =
0.0, shrinking = True, probability = False, tol = 0.001, cache_size =

Fig. 5. Training and validation activities of the supervised classification algorithms.  

Fig. 6. Classification of the MSMEs according to the SMMM  

Fig. 7. SMMM training and validation process.  
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200, class_weight = None, verbose = False, max_iter = − 1, deci-
sion_function_shape = ’ovr’, break_ties = False, random_state =
None.  

• Random Forest. n_estimators = 100, criterion = ’gini’, max_depth =
None, min_samples_split = 2, min_samples_leaf = 1, min_weight_-
fraction_leaf = 0.0, max_features = ’auto’, max_leaf_nodes = None, 
min_impurity_decrease = 0.0, min_impurity_split = None, bootstrap 
= True, oob_score = False, n_jobs = None, random_state = None, 
verbose = 0, warm_start = False, class_weight = None, ccp_alpha =
0.0, max_samples = None.  

• Naive Baye. priors = None, var_smoothing = 1e-09 

4.1.4. Selection of the best classification algorithm 
The Design of Computational Intelligence Experiments methodology 

(Fernandez-Lozano et al., 2016; Tsiliki et al., 2015) comprises several 
procedures that are used to validate the relevance and performance of 
the algorithms in question. On these grounds, it is possible to select the 
best classification algorithm to improve or complement information 
heterogeneity through data analytics predictors. Relevance is based on 
repeatedly executing the classification algorithm under the same con-
ditions and with the same set of data and error rates, in order to ensure 
that the results are not biased. This is done by evaluating the behavior of 
the mean and standard deviation of all the executions. In the present 
case, a 10-fold calculation of the mean and standard deviation values 
was carried out for each of the metrics employed in the experiment. 

With regards to performance, the null and true hypothesis test is used 
to validate which algorithm is statistically better than the others. For this 
purpose, the assumptions of independence and normality are verified 
through parametric and non-parametric tests. In the present study, the 
Student’s t-test (parametric) is used to validate that the means of the 
training and test samples were independent and significantly different 
from each other, with all the algorithms reaching higher p values than 
0.05. The null hypothesis (non-parametric test) is adopted to establish 
the precision of the models, using the F1-score value to determine a 
single weighted value of precision and completeness. In addition, these 
tests are complemented with the confusion matrix, which is used to 
determine the performance of the algorithms adopted in the training 
phase. 

4.2. Algorithm training and validation results 

Using the data analytics approach, this study has proposed an SMMM 
model which uses supervised classification algorithms to classify MSMEs 
according to their compliance with different sustainability features. This 
section presents the results obtained after applying the SMMM model to 
the sample of studied companies. 

In order to determine the sustainability maturity level of the sampled 
businesses by productive sector, it was necessary to carry out the 
training, validation and testing of the supervised classification algo-
rithms. Out of the 327 MSMEs, 70% were selected for training and 
validation. This implied randomly choosing 231 companies that were, in 
turn, divided into the three studied sectors: manufactures, services and 
trade, and construction and civil works. The remaining 30% of the 
sample was used to test the model. For this purpose, 96 randomly 
selected companies were divided into the three studied business sectors, 
in order to prevent over-adjustment. Table 4 shows the numbers of 

enterprises that were randomly selected, as grouped by size and pro-
ductive sector. 

The training data were used to ensure that the supervised classifi-
cation algorithms which recognized patterns and characteristics in the 
data, thus ensuring a more accurate and efficient performance. Thus, the 
10-fold cross validation technique explained in the previous section was 
used to train the classification algorithms through SVM, RF and NV. Out 
of the 231 companies that made up 70% of the sample (which were 
assigned to training and validation), 70% were ascribed to training and 
30% to testing. In other words, out of the 231 companies, 162 companies 
are used to train the classification algorithms and 69 companies to 
validate the efficiency of the algorithms. 

The results of the training and validation process of the SMMM 
model (see Fig. 7) are shown in Table 5. When the SVM, NV and RF 
algorithms were compared, the one which showed the highest score and 
best performance was Random Forests (RF), with 93.10% F1-Score, 
93.20% Accuracy, 93.67% Recall, and 93.36% Precision. 

On the other hand, data analytics uses the “Confusion Matrix” pro-
cedure to visualize and determine the performance of the classification 
algorithms that had previously been developed through supervised 
learning. Fig. 8 shows the confusion matrix of each of the evaluated 
algorithms. The main diagonals show the accuracy of the algorithms in 
predicting each one of the evaluated levels, and RF is able to correctly 
predict the sustainability maturity level of a new sample of businesses 
with an accuracy of 93.36%. 

Finally, it was found, after taking into account the parametric and 
non-parametric tests, that the best classification model was RF, as can be 
observed in Table 6. An alpha level or significance level of p < 0.5 was 
considered for the parametric Student’s t-test. Also the non-parametric 
test of RF shows a higher value of the F1-score, in accordance with the 
false positives of the confusion matrix. 

4.3. Results on the test dataset 

The dataset used to apply the test was taken from the aforementioned 
randomly selected group of companies that made up 30% of the sample. 
Additionally, the best classification algorithm (RF) was used to group 
the companies according to their level of sustainability maturity, as 
indicated by the SMMM. The maturity level classification is illustrated, 
by productive sector, in Fig. 9. 

5. Discussion 

As a result of the application of the SMMM model, it can be observed 
that there is a small number of companies in level 1 (i.e., insufficient 
sustainability maturity). Nine percent of these companies belong to the 

Table 4 
The numbers of MSMEs assigned by productive sector.  

Enterprise 
size 

Manufacturing sector Service and trade sector Construction and civil works sector 

No. of training and validation 
companies 

No. of test 
companies 

No. of training and validation 
companies 

No. of test 
companies 

No. of training and validation 
companies 

No. of test 
companies 

Medium 16 11 9 8 3 3 
Small 37 11 36 12 13 13 
Micro 42 10 49 12 26 16  

Table 5 
Algorithm classification results.  

Classifier F1-Score 
(%) 

Accuracy 
(%) 

Recall 
(%) 

Precision 
(%) 

Support vector 
machine (SVM) 

90.13 90.34 90.99 90.92 

Naïve Bayes (NV) 92.73 92.84 93.31 92.99 
Random Forest (RF) 93.10 93.20 93.67 93.36  
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service and trade sector, 6% of them are in the construction and civil 
works sector, and 3% in the manufacturing sector. According to the 
model, these companies have an insufficient level of knowledge man-
agement, environmental practices and management systems. In other 
words, they lack environmental strategies and motivations that allow 
them to mitigate the effects of their operations and products on the 
environment. 

Level 2 pertains to companies with basic sustainability maturity. 
Most of them came from the manufacturing sector (38%), followed by 
the service and trade and the construction and civil works sectors, each 
of which harbored 28% of organizations at this level. This means that 
the companies in level 2 do not have a structured environmental man-
agement system, but they do have basic environmental strategy 
knowledge. This allows them to design fundamental environmental care 
practices and policies to minimize likely negative impacts within their 
internal processes. 

The highest percentages were observed at level 3, which refers to 
companies with developing sustainability maturity. At this level, the 
construction and civil works sector accounted for 56% of the businesses, 
the manufacturing sector for 44%, and the service and trade sector for 
34%. Organizations at this level are characterized by the progress and 
effort they have made, not only in the development of internal envi-
ronmental strategies, but also in investing their financial capital in 
human, technological and physical resources to acquire environmental 

knowledge and improve operational processes. 
Level 4 accounts for companies with consolidated sustainability 

maturity, which characteristically exhibit optimal management and 
sustainability strategies. The largest fraction at this level corresponds to 
the service and commerce sector, which accounts for 28% of these 
companies. The manufacturing sector instead has 16%, and is followed 
by the construction and civil works sector, with 9%. Companies at this 
level possess quality management or environmental management cer-
tification, in addition to environmental practice programs and struc-
tured management indicators that allow them to provide and control 
information on the environmental performance of their operations. 
Therefore, the results of the classification of the companies in different 
sustainability maturity levels allowed us to establish that they are aware 
of the importance of environmental strategies and practices when 
implemented in internal processes. However, they exhibit weaknesses 
regarding the mechanisms used to strengthen environmental plans or 
programs. 

Considering the above, and following the results also highlighted in 
the previous works of (Hsu et al., 2017; Aboelmaged, 2018; Caldera 
et al., 2019; Matinaro et al., 2019), in order for MSMEs to gradually 
move through each of the proposed levels of sustainability maturity, it is 
recommended that they strengthen their business associations and 
cooperative activities. This can be done by designing technological ap-
plications that allow them to identify and characterize all the elements 
they use in their internal operations, so that they can be continuously 
reused in different stages of their operations. 

Another result of this research is the design of the SMMM system, 
which provides support for both business sustainability maturity as-
sessments and decision-making in companies and governmental entities. 
The proposed system consists of a series of activities, as shown in Fig. 10. 
First, a company’s user conducts a self-diagnosing survey through a web 
application. The system then captures the information and processes the 
data and features of the company, in terms of environmental knowledge 
management, environmental practices and environmental management 
systems. Subsequently, the system takes the extracted features and sends 
them automatically to the RF classification algorithm, which matches 
them with those that define the SMMM levels, and then estimates the 
maturity of the company. Finally, the system provides a series of sug-
gestions and guidelines for the company to follow in order to increase its 
maturity level. 

6. Conclusions and future research perspectives 

Micro, small and medium enterprises (MSMEs) constitute the back-
bone of the business in several countries, and particularly in emerging 
realities. However, in addition to some common structural and organi-
zational weak points, the lack of guidelines and/or standards available 
to support environmental sustainability implementation in the internal 
processes of businesses appears to be a major concern in the MSME 
sector. In this context, only a few studies and models available in the 
literature have holistically accounted for the key elements of sustainable 
development. Therefore, this research has introduced a new sustain-
ability maturity model for MSMEs (SMMM), which helps companies to 

Fig. 8. Confusion matrix of the Random Forest (RF) algorithm.  

Table 6 
Selection of the best model.  

Classification algorithms F1-Score (%) Student’s t-test 

Support Vector Machine (SVM) 90.13 0.84 
Naïve Bayes (NV) 92.73 0.89 
Random Forest (RF) 93.10 0.86  

Fig. 9. Classification of the sample according to the business sectors in the SMMM.  
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detect their environmental sustainability strengths and weaknesses. The 
model is divided into four levels that integrate environmental knowl-
edge management compliance, environmental practices, and manage-
ment systems. The SMMM has been applied to a group of companies in 
Colombia, using the DSR and Design of Computational Intelligence Ex-
periments techniques. Making use of data analytics and supervised 
classification algorithms, the model found that the studied group of 
Colombian MSMEs was composed of 6% of companies that were at an 
insufficient sustainability maturity level, 31% at a basic level, and 45% 
and 18% were at the developing and consolidated levels, respectively. 
The case study highlighted, for several companies, the need to progress 
through sequential levels of implementation of sustainable strategies. 
Since the model can be used to assesses environmental knowledge 
management, environmental practices and management systems, it can 
be adopted by MSMEs to continue strengthening such capabilities. In 
this way, companies will have the possibility of advancing their internal 
processes in order to implement good environmental practices and 
strategies that have balanced economic, social and environmental as-
pects. It is worth remarking that, regarding the potential replicability of 
this research, the approach here proposed can be adapted for empirical 
investigations and extended to other relevant industry domains/sectors. 
Moreover, future research should contemplate not only the evaluation of 
external aspects concerning corporate environmental issues, but also 
extend the sampling to other cities, in order to assess sustainable busi-
ness maturity at the national level. It is suggested that the SMMM system 
should be used by MSMEs through government entities or business as-
sociations. In such a context, the model constitutes an agile tool to allow 
strength-and-weakness-based business decision-making and evaluation 
to be made, in order to establish continuous (and sustainable) 
improvement mechanisms. 
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Jové-Llopis, E., Segarra-Blasco, A., 2018. Eco-efficiency actions and firm growth in 
European SMEs. Sustain. Times 10. https://doi.org/10.3390/su10010281. 

Klyueva, I., 2019. Improving quality of the multiclass SVM classification based on the 
feature engineering. In: Proceedings - 2019 1st International Conference on Control 
Systems, Mathematical Modelling, Automation and Energy Efficiency, SUMMA 
2019. Institute of Electrical and Electronics Engineers Inc., pp. 491–494. https://doi. 
org/10.1109/SUMMA48161.2019.8947599 

Lacerda, T.C., von Wangenheim, C.G., 2018. Systematic literature review of usability 
capability/maturity models. Comput. Stand. Interfac. https://doi.org/10.1016/j. 
csi.2017.06.001. 

Lin, T.C., Wang, K.J., Sheng, M.L., 2020. To assess smart manufacturing readiness by 
maturity model: a case study on Taiwan enterprises. Int. J. Comput. Integrated 
Manuf. 33, 102–115. https://doi.org/10.1080/0951192X.2019.1699255. 

Lopes, C.M., Scavarda, A., Hofmeister, L.F., Thomé, A.M.T., Vaccaro, G.L.R., 2017. an 
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