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Abstract

Purpose: This study aimed to characterize the performance of Colombian Micro, Small, and Medium-
sized Enterprises (MSMEs) in recent years, along with the legal framework and central public policies
governing and promoting this business segment. In addition, it sought to design, validate, and
implement a dynamic system of productivity indicators to help these companies improve their
efficiency and competitiveness in the short, medium, and long terms. MSMEs represent
approximately 99% of the business sector in Colombia, accounting for nearly 80% of national
employment.

Design/Methodology: In the initial descriptive—analytical phase, using secondary sources, an analysis
was conducted on the performance and current situation of Colombian MSMEs, as well as the main

* The article is derived from the research project entitled "Disefio de un sistema de indicadores de
productividad para gestién empresarial de las Pymes de Colombia", carried out jointly by the first author of the
article, under the direction/tutoring of the second author. The article therefore contains partial results of this
Project, mostly unpublished.
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legal provisions regulating and contributing to their development. The subsequent phase (of an
applied nature) involved estimating and validating a dynamic system of productivity indicators using
Data Envelopment Analysis (DEA) and Malmquist indexes for 2 samples of SMEs.

Findings: After conducting the DEA, a significant decrease was observed in the productivity of the
MSMEs, particularly in terms of technical efficiency in both the Constant Returns to Scale (CRS) and
Variable Returns to Scale (VRS) models. This means that, evaluated both under the CRS and VRS
modes, these enterprises use more inputs than necessary for the amount of goods produced. In
addition, the Malmquist indexes showed that, during the period under analysis, technical efficiency
related to changes in innovation exhibited a positive behavior, attributed to the incorporation of
technological changes for improving their productivity.

Conclusions: Despite the development of public initiatives and institutional support in recent
decades, Colombian SMEs still face adverse conditions that affect their competitiveness and limit
their potential in the national economy. The proposed system of indicators, which is based on DEA
technigues and Malmquist indexes, holds promise in helping these businesses to improve their
productivity.

Originality: This study makes a significant contribution to the fields of economics and business
management in the region by providing a critical and updated evaluation of the efficiency of MSMEs
in Colombia. Additionally, it examines their performance and current situation and summarizes the
main legal provisions regulating and contributing to their development in the country.

Keywords: productivity, DEA, Malmquist indexes, public policies, Colombia.
JEL classification: C14, C44, D24, 25, M11, 032
Highlights

=  MSMEs usually face more limitations than large companies in implementing major changes
in production processes.

= Despite the development of public initiatives and institutional support, Colombian MSMEs
still face conditions that limit their potential for dynamizing the national economy.

= According to the estimated DEA models, the productivity of the Colombian MSMEs
decreased during the period spanning from 2016 to 2019.

=  Employing productivity indicators derived from DEA and Malmquist Indexes may help
Colombian MSMEs to improve their competitiveness.

= These tools may allow Colombian MSMEs to identify opportunities for improvement,
whether in reducing inputs or increasing outputs.

Resumen

Obijetivo: Este estudio tuvo como objetivo caracterizar el desempefio reciente de las micro, pequefias
y medianas empresas (mipymes) en Colombia, junto con el marco legal y las principales politicas
publicas implementadas en el pais para la regulacion y promocién de este segmento empresarial.
Ademds, buscod disefiar, validar e implementar un sistema dindmico de indicadores de
productividad/eficiencia técnica para mejorar la operatividad y competitividad de estas empresas en
el corto, mediano y largo plazo. Este analisis se justifica en la importancia que tienen las mipymes en
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Colombia, donde representan aproximadamente el 99% del tejido empresarial y son responsables de
cerca del 80% del empleo.

Disefio/metodologia: En la primera fase, del tipo descriptivo-analitica y a partir de fuentes
secundarias, se examinaron y sintetizaron publicaciones, datos e indicadores sobre el desempefio y
situacion reciente de las mipymes colombianas, asi como los principales dispositivos legales que
regulan y coadyuvan al desarrollo de estas empresas. En la segunda fase, de naturaleza aplicada, se
estimd y validé un sistema dindmico de indicadores de productividad mediante la técnica de andlisis
envolvente de datos (DEA, por sus siglas en inglés) y los indices de Malmquist para dos muestras de
pymes.

Resultados: Tras aplicar el DEA, se evidencid una disminucidn significativa en la productividad de las
mipymes colombianas, particularmente en la eficiencia técnica en los modelos CRS y VRS. Ello indica
que este tipo de empresas utilizan mds insumos que los necesarios para la cuantia de bienes que
producen, evaluados ambos en las modalidades CRS y VRS. Por su parte, los indices de Malmquist
permiten concluir que, para el periodo analizado, la eficiencia técnica relacionada con los cambios en
la innovacién mostré un comportamiento positivo, atribuido a la incorporacién de cambios
tecnoldgicos para mejorar la productividad.

Conclusiones: A pesar de los esfuerzos publicos y el desarrollo institucional de las Ultimas décadas,
las mipymes colombianas aun enfrentan condiciones y entornos que disminuyen su competitividad y
les impiden ser dinamizadores de la economia de acuerdo con su potencial. La aplicacién de
indicadores de productividad basados en técnicas DEA o indices de Malmquist, como los propuestos
en esta investigacion, podrian ayudar a las mipymes colombianas a mejorar su competitividad.
Originalidad: Este estudio ofrece una evaluacién critica y actualizada de la eficiencia de las mipymes
en Colombia, siendo relevante para los dmbitos de la economia y la gestién empresarial. Ademas,
examina el desempefio y la situacion actual de las mipymes colombianas y resume los principales
dispositivos legales que regulan y coadyuvan al desarrollo de estas empresas de pequefia escala en
el pais.

Palabras clave: productividad, DEA, indices de Malmquist, politicas publicas, Colombia.
Clasificacion JEL: C14, C44, D24, L25, M11, 032
Highlights

= Las mipymes suelen enfrentarse a mas obstaculos que las grandes empresas al momento
de implementar cambios significativos en sus procesos de produccion.

= A pesarde los esfuerzos publicos y del reciente desarrollo institucional, las mipymes
colombianas todavia se ven afectadas por condiciones que limitan su capacidad para
dinamizar la economia nacional.

= Segln los modelos DEA estimados, la productividad de las mipymes colombianas
experimenté una disminucién entre 2016 y 2019.

= Laaplicacién de indicadores de productividad basados en el DEA y los indices de Malmquist
podria ayudar a que las mipymes colombianas mejoren su competitividad.

= Estosindicadores de productividad les ofrecerian a las mipymes colombianas la posibilidad
de identificar oportunidades de mejora, ya sea reduciendo insumos o aumentando la
produccion.
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1. INTRODUCTION

In the economic literature, there has been an increasing emphasis on the fundamental role of Micro,
Small, and Medium-sized Enterprises (MSMEs), particularly since the 1980s (Gesellschaft fir
Technische Zusammenarbeit-Comisién Econdmica para América Latina-Centro Regional de
Promocién de la MIPYME [GTZ-CEPAL-CENPROMYPE], 2009; Garcia-Martinez et al., 2023; Habibi et
al., 2023). These enterprises are recognized for their contribution to employment and as drivers of
economic growth and development, both locally and regionally (Romero Luna, 2006; Chauca
Maldsquez, 2014; Aldeanueva Fernandez & Cervantes Rosas, 2019; Franco-Angel & Urbano, 2019).
In addition, they play a pivotal role in the path to sustainable development (Lisi et al., 2023). Due to
the growing importance of these enterprises in the industrial production of countries (Glonti et al.,
2021), different levels of government are paying more attention to them and implementing targeted
policies (Chauca Maldsquez, 2014; Leckel et al., 2020). In Latin America, 99% of formal enterprises
fall into the MSME category, accounting for about 61% of formal employment in the region (Dini &
Stumpo, 2020). However, a lack of uniform criteria for their definition or classification at the
international level (GTZ-ECLAC-CENPROMYPE, 2009) poses severe limitations for comparative studies
due to the varying criteria employed by different countries.

Due to the complexity of their conceptualization, diverse criteria and approaches have been
historically used, such as the type of activity, technology, productive intensity, investment levels,
sales volume, and employment capacity (Cardozo et al., 2012). In general, three factors—the number
of employees, total assets, and annual sales—are the most commonly used to characterize any
establishment or firm as an MSME. In the European Union (EU), the definition of an MSME suggests
a relationship between assets and gross sales, with the company required to comply with at least the
more convenient of the two (GTZ-CEPAL-CENPROMYPE, 2009). As in the United Kingdom (UK), the
recurring criterion in the EU is up to 250 employees and a turnover of less than €50 million (European
Commission [EC], 2015, 2022). In the United States (US), from a government perspective, an MSME
is defined as a for-profit, independently owned and operated, nationally non-dominant business
within its industry and located within the US, which must also meet industry size standards based on
its number of employees or average annual revenue (Small Business Administration [SBA], 2019).
Although this volume varies depending on each of the 19 industry branches or sectors established in
the North American Industry Classification System (NAICS), they generally have fewer than 500
workers. In Colombia, the current legislation (Ley 590 de 2000; Ley 905 de 2004) establishes as
criteria a value of assets less than or equal to 30,000 legal monthly minimum wages® and a number
of employees less than or equal to 200.

In the US, there were approximately 28 million MSMEs in 2014, accounting for almost two-thirds of
net new private sector jobs in recent decades. Moreover, 98% of US exporters were small businesses
(Office of the United States Trade Representative [USTR], 2019). By 2021, the number had increased
to 32.5 million firms, constituting 99.9% of the national total and employing 61.2 million people,

T The legal monthly minimum wage for 2022 was set at COP 1,117,172 (consisting of a salary of COP 1 million
and a transportation allowance of COP 117,172). At the exchange rate on June 30, 2022 (Banco de la Republica
Representative Market Rate of COP 4,127.47/USD), this amount approximately equated to USD 8,120,025
(Source: El Empleo; available at https://www.elempleo.com/co/noticias/noticias-laborales/definido-el-salario-
minimo-en-colombia-para-2022-en-cuanto-quedo-la-cifra-6584).
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which translates to 46.8% of the total workforce (SBA, 2021). In Spain, Small and Medium-sized
Enterprises (SMEs)—defined as those with 0 to 249 employees—made up 99.8% of the total number
of companies in 2022 and contributed to 64.3% of total employment (Gobierno de Espafia. Ministerio
de Industria, Comercio y Turismo, 2022). Across the EU, MSMEs represent, on average, 99% of all
businesses, generate two-thirds of private sector employment, and contribute more than half of the
total value added by EU companies (EC, 2022).

Similar to what is happening in Europe and the US, MSMEs are a fundamental component of the
business sector in Latin America. In 2019, SMEs contributed about 60% of formal productive
employment in Latin America and the Caribbean and accounted for 99.5% of the total number of
companies in the region (Organizacidn para la Cooperacion y el Desarrollo Econdmico-Corporacién
Andina de Fomento [OECD-CAF], 2019). Specific country data reveals that 98.7% of the 1 074 040
companies in Chile in 2016 were MSMEs, contributing more than 59% of total employment (Tharawat
Magazine & INE-Chile, cited by Taborda Ocampo et al., 2018). In Argentina, MSMEs represented
99.8% of the business universe in 2019, covering 76.9% of formal private employment (Secretaria de
Transformacion Productiva, as cited in Belacin & Arnoletto, 2019). In Mexico, there are about 4.2
million MSMEs, contributing about 52% of the country’s Gross Domestic Product (GDP) and
responsible for 72% of formal employment (Forbes Mexico, by Zamora Guzman, 2022). Another
notable example from Latin America is Ecuador, where this industry represents over 96% of the
national productive sector and employs 70% of the economically active population (INEC, as cited in
Confirmado.net, 2021).

Colombia is no exception to this worldwide trend. In 2005, SMEs* accounted for 96.4% of the total
number of companies in the country and contributed 63% of national employment (Departamento
Administrativo Nacional de Estadistica [DANE], cited by Barrios-Hernandez et al., 2019). A decade
later, they comprised 99.5% of the national business landscape (Confederacion Colombiana de
Céamaras de Comercio [Confecamaras], cited by Murillo Lozano & Restrepo Sanchez, 2016). By 2021,
they represented 99.6% of the national total, generating 79.1% of employment and contributing
approximately 40% of the GDP (Asociacion Nacional de Instituciones Financieras [ANIF], 2021).
Despite the adverse effects of the COVID-19 pandemic, 307 679 new companies were established in
the country in that year, marking a 10.6% increase with respect to 2020. Most of these companies
were micro-enterprises (306 140 companies, constituting 99.5% of the total), followed by small (1449
companies, constituting 0.4% of the total) and medium-sized (69 companies) and large companies
(21 companies), with these latter making up the remaining 0.03% (Confecdmaras, 2022). By the end
of 2021, there were 5 780 623 micro-businesses in Colombia, employing 7 769 303 workers (DANE,
2022), which is equivalent to more than 36% of the total national workforce.

Despite the significant contribution of MSMEs to employment (both in Latin America in general and
in Colombia in particular), their relatively low contribution to production underscores productivity
gaps among production units of different sizes in the region (Dini & Stumpo, 2020). This paradox in
small-sized companies in Colombia reflects the constant challenges they face, such as conditions and
environments that diminish their competitiveness and prevent them from fully realizing their
potential as economic drivers, especially during economic recessions (Escandén Barbosa & Hurtado

*In Colombia, given the high number of registered formal micro-enterprises, the proportion and weight of
SMEs in the total number of firms/enterprises is lower than in other countries (Ferraro & Stumpo, 2010).
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Avyala, 2014; Niebles-Nufiez et al., 2022). As early as the mid-2000s, Amézquita Zarate (2007) wa rned
that Colombian MSMEs were oriented towards the domestic market, and barely around 30% focused
on exports. This behavior, coupled with the absence of government support and financing channels,
together with their low productivity, low production volume, and non-tariff barriers can be attributed
to structural factors.

Furthermore, the ever-increasing demands for productivity and competitiveness (both in domestic
and international markets) have compelled companies to compete for new market niches, one way
of doing this being by creating high-productivity sustainable industries (Padilla Martinez et al., 2018).
For companies, particularly smaller ones, the main challenges revolve around survival and growth, in
addition to significant tax burdens, high labor costs, and a lack of labor flexibility (Jiménez, as cited in
Niebles-Nufiez et al., 2022).

Despite their key role in poverty reduction (Nursini, 2020), economic growth, and the development
dynamics of different countries (Absah et al., 2023; Singh et al., 2021), MSMEs face increasing
challenges for their long-term sustainability. This is further exacerbated by the ongoing new post-
COVID-19 reality, along with the growing competitiveness of markets. Although there is no clear trend
in terms of business continuity/discontinuity in Colombia (with a closure rate ranging between 5.1%
and 8.9% from 2008 to 2017, according to Asociacion de Emprendedores de Latinoamérica-
Laboratorio de Innovacién del Banco Interamericano de Desarrollo ([ASELA-IDB Lab], 2018), MSMEs
have a high failure rate, as is the case across the rest of Latin America. In Colombia particularly, these
businesses confront additional major problems and challenges, largely due to their low productivity.
Hence, it becomes imperative for organizations to enhance their productivity and management
practices to thrive in these changing markets, boost profitability, and experience sustained growth.

In light of the above, this article aims to characterize the current situation and recent performance
of MSMEs in Colombia, as well as the legal framework governing their operations and the main public
policies specifically targeting this business segment. In addition, it seeks to design, validate, and
implement a dynamic system of productivity indicators, which will provide dynamic information and
improve the short-, medium-, and long-term operability and competitiveness of Colombian MSMEs.
For that purpose, in the initial phase of our analysis (conducted through a descriptive-analytical
approach and relying on secondary sources), we briefly examine data and indicators regarding the
performance and recent status of Colombian MSMEs. In the second phase (of an empirical nature),
we design, estimate, and validate a dynamic system of productivity indicators using Data
Envelopment Analysis (DEA) and Malmquist indexes for Colombian SMEs. Drawing on data from 2016
to 2019, Stata v 16 was employed to measure their total and marginal productivity in real-time. In
both phases, we consulted secondary sources of information. The estimated DEA models adhere to
the principle of universality, which means they can be replicated in other contexts or sectors. They
also adhere to the principles of comparison, validation, and peer verification (Lakatos, 1987), as well
as of socialization, emphasizing the potential of scientific knowledge to provide solutions to specific
problems (Padrén Guillén, 1994).
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2. THEORETICAL FRAMEWORK
Business productivity, recent performance, and policies to promote the MSME sector in Colombia

Productivity, defined as the ratio of production to inputs (Samuelson & Nordhaus, 2010), also serves
as an indicator of how well resources or production factors have been combined and used to meet
specific objectives (Bain, 1985)%. In other words, it reflects the output (physical quantity of a good or
service) per unit of input or factor used, making it one of the most important economic performance
measures (Samuelson & Nordhaus, 2010). In manufacturing organizations, productivity means
efficiency, quality, quantity, the ratio of quality to quantity, goal attainment, improvement
possibilities, and value added (Clampitt & Downs, 1993). In strategic terms, productivity involves
producing above average and fully satisfying consumers by making the best use of all available
resources (Mufioz Hernandez, 2012).

In Latin American economies, the structural heterogeneity that characterizes them can, at least in
part, be explained by the low competitiveness and productivity of small enterprises compared to their
larger counterparts (Ferraro & Stumpo, 2010). In the specific case of Colombia, this low productivity
can also be attributed to the downward trend in the country’s competitiveness across different
economic activities and products, particularly those with more complex manufacturing processes and
an export-oriented focus (Franco-Angel & Urbano, 2019). In addition, Colombia exhibits low levels of
innovation and technology, which places it below the Latin American average and barely above the
primary goods subsector (Blyde, cited by Franco-Angel & Urbano, 2019). Specifically, small-sized
companies in the country face limited progress in terms of knowledge management, organizational
development, and the adoption of Information and Communication Technologies (ICTs) (Hernandez
et al,, 2014).

Regarding the importance of MSMEs, studies point out that, by the mid-2010s, over 97% of
municipalities in Colombia were politically, socially, and economically dependent on small-sized
companies (Mufioz Cardona & Mayor Lépez, 2015). Another important aspect, at least in the mid-
2010s, was that the majority of the country’s businesses was concentrated in mountainous areas and
plateaus (Granda & Hamann, 2015), with little development occurring in coastal cities (Mufioz
Cardona & Mayor Lopez, 2015). In 2018, a new national study brought to light other relevant
characteristics of the small business segment. The main shortcomings observed in this segment
included (i) a very short-term planning, (ii) prioritization of everyday issues over those that can make
a difference in the markets (e.g., the creation of added value and low market diversification), (iii) low
internationalization (i.e., export-oriented activity), and (iv) insufficient training and financial
knowledge among owners (ANIF, 2018). In addition to these shortcomings, difficulties in terms of
available information and information systems were identified, which hinders an accurate
understanding of the company’s actual and current situation and the orientation of its commercial

§ According to the authors, productivity increases when the same amount of inputs produces more output.
Samuelson & Nordhaus (2010) point out that, specifically, in the context of labor, productivity is increased
through improved technology, improvements in personnel training, or capital deepening (Samuelson &
Nordhaus, 2010). For its part, Total Factor Productivity (TFP) serves as an indicator of total output per unit of
total inputs. The numerator is the total output, while the denominator is a weighted average of capital, labor,
and resource inputs. The growth of TFP is often considered an indicator of technological progress.
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strategy (Franco et al.,, 2014; Niebles-Nufiez et al., 2022). More specific research, such as that
conducted by Jaimes et al. (2018) in the apparel subsector in Bucaramanga, pinpointed group
behavior, the social work environment, process management, and training/control as the main
determinants of productivity in SMEs.

In addition to the previously discussed aspects, a relevant input for evaluating business performance
(in this case, calculated exclusively for the SME sector) is the SME indicator of ANIF, abbreviated as
IPA in Spanish. This indicator aims to synthesize in a single value the overall climate or environment
in which this business sector operates, considering various variables to determine the economic
cycle. These variables include: (i) the current economic situation with respect to that in the previous
period (assessed semi-annually), (ii) the current sales volume with respect to that in the previous
period, (iii) the company’s performance expectations for the upcoming period; and (iv) the company’s
sales expectations for the upcoming period (ANIF, 2018; Clavijo, 2018). From the second semester of
2011 (when the results of the IPA assessment started to be published) until the second semester of
2019, the IPA exhibited great variability. Initially, it showed a growth trend from the second semester
of 2011 to the second semester of 2014, when it reached its highest value (averaging 72 points for
SMEs). Then, it steadily decreased until the second semester of 2017 (averaging 54). Between 2018
and 2019, it showed a slight recovery, although it barely reached an average of 59 points. In terms of
the different regions, in 2018, Bogotd, Bucaramanga, and Medellin witnessed a reduction in their IPA,
with the first and third maintaining a “good” economic performance (ranging from 55 to 73 points)
(ANIF, 2018, 2020). The most recent available study, corresponding to the second half of 2020 (ANIF,
2021), revealed, as anticipated, a contraction in employment within the business segment, with the
main causes being restrictions due to COVID-19 and a decrease in activity levels.

Another crucial indicator (estimated at the regional level and associated with competitiveness) is the
Regional Competitiveness Index, abbreviated as IDC in Spanish) (Consejo Privado de Competitividad
[CPC], 2016). This index adheres to the methodology of the World Economic Forum’s Global
Competitiveness Index ™. Originally, the goal was for Colombia to be among the three most
competitive economies in Latin America by 2030, although it was already in the fourth position in
2019, according to the Global Competitiveness Report (CPC, 2022). Based on the 2013 IDC, Bogota
(the capital city) was the most competitive region in Colombia, with scores of 6.49 (out of 10 potential
points) in the basic conditions factor, 7.42 in the efficiency factor, and 9.40 in the sophistication and
diversification factor (CPC, 2014). It was followed by Antioquia (with a weighted IDC of 6.93) and
Santander (with a weighted IDC of 5.21). One year later, Bogota retained its lead in this indicator,
with a score of 7.82, followed by Antioquia (with 5.94) and Caldas (with 5.77) (CPC, 2014). Five years
later, in the 2020-2021 report, the ranking was led by Bogotd (with 8.33), Antioquia (with 6.80), and
Valle del Cauca (6.36) (CPC-UR-SCORE, 2021). According to the most recent ranking available (in
2022), Bogota again leads the national ranking (with 8.59 points), followed by Antioquia (with 6.93)
and Santander (with 6.33). An additional noteworthy aspect was the observed deterioration in the

* This indicator was calculated for 26 departments in Colombia. The overall ranking is derived from the
identification and computation of 94 hard variables, which are grouped into the following three
competitiveness factors: (i) basic conditions, (ii) efficiency, and (iii) sophistication and innovation (Consejo
Privado de Competitividad, 2022). By 2022, its coverage will encompass all 32 departments of the country and
the city of Bogota.
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competitive performance of fundamental pillars for productivity, particularly the institutional pillar,
which saw a decrease in score in 70% of the studied regions) (CPC-UR-SCORE, 2022).

Concerning the factors affecting the productivity of companies in Colombia in general, Gémez and
Steiner (2015) highlight the historical tendency of the tax system to impose a heavier burden on
companies than on individuals. This translates into a high tax burden for firms, which leads to a
significant reduction in their competitiveness at the international level. Both income tax and other
taxes impact the sustainability and growth of the equity of small companies (Ferndndez Bustamante
& Meza Mufioz, 2019). Likewise, these firms exhibit a low export propensity, as indicated by the
empirical evidence organized to study export propensity, coupled with a high outflow dynamic (Mesa
& Torres, 2019). Besides low productivity, the revaluation of the Colombian peso against the US dollar
has made the domestic market more profitable than the international market, especially during
periods of expansion of the Colombian economy. In the 2000-2012 period, sectors such as the
leather and footwear, basic metallurgy, radio and television equipment, and transportation
equipment industries showed the highest number of companies participating in exports. Conversely,
the food, beverage, and tobacco industries were the largest exporters in terms of value (Mesa &
Torres, 2019). In other scenarios, these types of businesses face severe difficulties in formalizing a
new business, along with enormous threats to their survival (Hernédndez et al., 2014; Niebles-Nufiez
et al,, 2022).

Also, in Colombia, factors like communication can significantly boost the productivity of SMEs
(Alfonso-Orjuela et al., 2022), at least from the perspective of their managers and workers (Mufioz
Hernandez, 2012). In addition, administrative management emerges as a key factor in improving
productivity and competitiveness, particularly for micro-enterprises (Soledispa Rodriguez et al,,
2022). Other factors include product and process innovation, especially when aimed at enhancing
labor productivity (Griffith et al., and Hall et al., cited by Classen et al. (2014)). Innovation, serving as
a foundation for transformation and rapid market growth (Mosquera Palacio & Diaz Cérdoba, 2022),
is also fundamental for both the survival and profitability of small firms. It drives sales growth and is
a key source of competitive advantage, particularly in the absence of economies of scale (Soledispa
Rodriguez et al., 2022).

Despite their heterogeneity in terms of size, economic sector, and regional contexts, the Colombian
government has long recognized the importance of MSMEs in the economy. One of the first
regulatory instruments specifically designed for them was Law 78 of 1988 (repealed on 07/10/2000).
This law aimed at promoting the creation and development of micro, small, and medium-sized
industries, serving as catalysts for job creation and reducing inequality. Eventually, these industries
were to be scaled up to become large industries that would support the Colombian economy in the
future (Ley 78 de 1988). Later, in 2000, Law 590" was enacted (Ley 590 de 2000), with its primary

T Some sources, such as the MSME Information Center of Colombia, regard the enactment of Law 67 of
1979 as a milestone in the context of the legal framework governing MSMEs. This law provides a set of
measures to promote Colombian exports (and foreign trade, in general), specifically through “international
marketing companies.” However, the primary instrument that explicitly regulates them is Law 590, which has
been permanently amended through, for instance, Law 905 of 2004 (Diario Oficial No. 45.628, dated August 2,
2004) and Law 1151 of 2007 (dated July 24, 2007). The most recent amendment, as of June 21, 2022, was
published in the Diario Oficial No. 52,052 (dated June 1, 2022). Other legal provisions that regulate or are linked
to MSME activity in Colombia include Law 1753 of 2015 (Diario Oficial No. 49,538, dated June 9, 2015); Ley
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objective centered around creating jobs, fostering regional development, integrating different
economic sectors, making efficient use of small capitals, and taking into account the entrepreneurial
potential of Colombians. Over time, the secondary objective of this law has undergone several
modifications, and now aims to stimulate the development and establishment of highly competitive
markets by constantly encouraging the creation and operation of the largest number of MSMEs.

According to this, the Colombian government acknowledges, in addition to their role as driving forces
of the country’s economy, development, and competitiveness, that fostering the creation of MSMEs
should be an ongoing practice. Law 590 also established the following three criteria for classifying
businesses into micro, small, medium-sized, and large companies: (i) total number of employees, (ii)
gross annual sales, and (iii) total assets (Art. 2). Other regulatory frameworks include the 2010-2014
National Development Plan or Law 1450 of 2011 (Ley 1450 de 2011) and Law 1753 of 2015 or the
2014-2018 National Development Plan (Ley 1753 de 2015). These regulations set forth the main
objectives to achieve sustainable development and sustained growth, increase formal employment,
reduce poverty, and promote greater prosperity for the country’s population.

Based on the above review and the recommendations of the Consejo Privado de Competitividad
(Private Competitiveness Council [CPC], 2022), a preliminary conclusion can be drawn. In the context
of the challenges faced by the Colombian economy in the years 2021 and 2022—characterized by
business closures, an increase in unemployment (especially among the youth), and an inactive
population, coupled with the pandemic sequelae that permanently threaten both social cohesion and
the nation’s growth potential —MSMEs must become a means to improve the lives of as many citizens
as possible. In light of this, productivity management should be aligned with the organizational
strategy, serving as an instrument to enhance performance and contribute to the growth of
companies, particularly MSMEs. This article aims to address this through the design, estimation, and
evaluation of a dynamic system of productivity indicators in Colombian MSMEs. The ultimate goal is
to take advantage of the available information, improve the monitoring and control systems of these
organizations, and contribute to the improvement of their operations and competitiveness in the

1819 de 2016 (Diario Oficial No. 50,101, dated December 29, 2019); Resolution No. 3205 of 2008 (dated
November 28, 2008), which regulates the functions of the Regional Council of MSMEs and set guidelines for
their organization and operation; Decree No. 2706 of December 27, 2012, which governs Law 1314 of 2009 on
the technical regulatory framework for financial information for micro-enterprises (Presidencia de la Republica
de Colombia, 2012); Decree No. 489 of March 14, 2013, which partially regulated Law 1429 of 2010 (Presidencia
de la Republica de Colombia, 2013); Decree No. 1875 of November 17, 2017, which added a chapter to Title 2
of Part 2 of Book 2 regarding the creation of the Ventanilla Unica Empresarial (a strategy aimed at enhancing
the environment for the development of entrepreneurial activities in Colombia and abbreviated as VUE in
Spanish) (Ministerio de Comercio, Industriay Turismo, 2017); and Decree 1357 of 2018, which modified Decree
2555 of 2010 concerning crowdfunding (Presidencia de la Republica de Colombia, 2018). Additionally, decisions
made by the Organization of American States (OAS-OEA, 2011a), particularly Decision 748 (Creation of the
Andean Committee of Micro, Small, and Medium-sized Enterprises —CAMIPYE—) and Decision 749 (Creation
and Implementation of the Andean Observatory of MSMEs —OBAPYME—), both dated May 27, 2011 (OAS-
OAS, 2011b) also played a crucial role. Finally, a noteworthy precedent is the 1991-1994 National Plan for the
Development of Micro-enterprises, a study conducted in collaboration with the United Nations (PNUD, 1991,
p. 3), which established strategies and programs to increase the productivity of micro-enterprises within the
framework of the national development plan, with a special emphasis on the opening and modernization of the
economy.
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short, medium, and long terms. The methodology employed in this applied phase of the research is
further detailed below.

3. METHODOLOGY
Population, sample, and quantitative variables

Using data from the Registro Unico Empresarial y Social (Business and Social Single Registry) of
Confecamaras (2018), which reported a population of 1 613 549 SMEs, an initial random sample of
384 companies was selected. Subsequently, a DEA model was designed and estimated to analyze
their productivity in 2016, 2017, 2018, and 2019. These particular years were chosen because they
were the only ones with homogeneous and comparable figures, following the mandatory adoption
of the International Financial Reporting Standards (IFRS) in Colombia starting from 2016. This
analytical approach was also applied to a medium-sized company, identified as LSF DMU in this study,
which has six production plants across three different production centers in the country.

The financial secondary information of the selected SMEs was obtained from the Superintendence of
Companies (2020), the government agency in charge of regulating and overseeing companies in the
country. Additionally, government officials were consulted to clarify any doubts about the content
obtained from the Integrated Corporate Information System (Superintendencia de Sociedades,
2023). Finally, information concerning the LSF DMU was directly supplied by the company’s
management.

For the analysis, the total tangible production inputs (adjusted by adding income from ordinary
activities + other income + current inventories) of each j-th Colombian SME was used as the output
variable. The input variables were (i) tangible production inputs (equivalent to the cost of sales, as no
separate information for human resources, materials, and energy was available), (ii) other
expenditures inputs (comprising sales expenses + administrative expenses + other expenses), and (iii)
capital inputs, which included fixed capital (total non-current assets) and working capital input (total
current assets) (Figure 1). In the case of the six plants owned by the LSF company, input variables
included (i) raw materials, (ii) labor, (iii) maintenance, (iv) coal (energy), (v) natural gas (energy), (vi)
liquid fuels (energy), (vii) electrical energy (energy), (viii) depreciation (assets), (vii) packaging, and (ix)
indirect expenses (Figure 2). The output variable, for its part, was the total sales of each j-th plant of
the LSF company. In both cases, all input and output variables were expressed in Colombian pesos
(COP) using values as of December 31 of each year.
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(in COP)

Tangible productioninputs
(Cost of sales)

T~ [T

Otherexpendituresinputs
(Sales expenses + administrative expenses +
other expenses)

\

Capital inputs
[Fixed capital (total non-current assets) +
working capital (total currentassets)]

\

Figure 1. DEA model for the Colombian SMEs (inputs and outputs)
Figura 1. Diagrama del modelo DEA para las pymes colombianas (entradas y salidas)
Source: Own work.

Inputs
(inCOP)

Raw materials

Labor

Maintenance

Coal (energy)

Natural gas (energy)

Liquid fuels (energy)

Electric energy (energy)

Depreciation (assets)

Packaging /

Indirect expenses /

Figure 2. DEA model for the production plants of the LSF company (inputs and outputs)
Figura 2. Diagrama del modelo DEA para las plantas de produccion de la LSF (entradas y salidas)
Source: Own work.
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Productivity estimation

Data Envelopment Analysis (DEA) has shown to be a very useful tool for evaluating the efficiency of
diverse organizations or productive units, as it allows capturing their different performances (Abdella
et al., 2021). It is based on the seminal work research conducted by Charnes, Cooper, and Rhodes in
1978, as well as on Farrell’s groundbreaking research from 1957 (as cited in Guzman et al., 2006).
Achieving technical or productive efficiency within a given productive unit involves attaining the
maximum possible level of output from a predetermined combination of inputs, while price efficiency
is defined as the best combination of inputs capable of achieving a given level of output at the lowest
cost (Guzman et al., 2006).

DEA models are generally used in almost any economic sector or geographical area, with numerous
applications in the financial/banking, health, and education industries (e.g., Suin Guaraca et al., 2021;
Al-Khasawneh et al., 2020; Sanmartin-Durango et al., 2019; Buitrago Suescun et al., 2017). Regarding
the literature in the field, a growing body of research focuses on assessing efficiency in SMEs (Ahmadi
etal., 2020; Jacome Riera, 2018) and studying the effects of specific public policies on the productivity
of this type of businesses (Sarria-Pedroza & Ferndndez-Guadafio, 2022). Recent research trends
involve measuring eco-efficiency and/or environmental sustainability (Abdella et al., 2021) and
examining the social performance/corporate social responsibility of companies (Montalban-Domingo
et al., 2022). In some cases, DEA is employed as a sole tool, but it is also combined with other
techniques when the purpose is to evaluate and predict efficiency (Fontalvo et al., 2018) or to
measure and compare competitiveness in developing countries (Medeiros et al., 2019).

DEA, a non-parametric deterministic approach (Acevedo Villalobos & Ramirez Vallejo, 2005), employs
mathematical models of linear programming. These models establish restrictions and conditions for
evaluating a set of Decision-Making Units (DMUs), such as companies or units that use inputs to
produce outputs, for which an efficient production frontier is estimated (Acevedo Villalobos &
Ramirez Vallejo, 2005). This estimation is done using either the Constant Returns to Scale (CRS) or
Variable Returns to Scale (VRS) mode or technology, either from an input- or output-oriented
approach. When a DMU is situated on the frontier, the estimated value is equal to unity (1). A value
less than one indicates that the DMU is inefficient compared to the set of DMUs on the frontier. Prior
to estimating this value, the original sample was filtered to remove any DMUs with zero values in the
inputs and/or outputs. As a result, the final samples for the set of Colombian SMEs (sample subset 1)
comprised 116 DMUs in 2016, 208 in 2017, 159 in 2018, and 210 in 2019. This process was repeated
for the DMUs of the LSF company (sample subset 2) for the same years.

Malmquist Productivity Indexes (MPIs), for their part, serve as a tool for estimating Total Factor
Productivity (TFP) variations between two periods, offering a comparative temporal measure of
productivity (Coelli et al., 1998; Medeiros et al., 2019). These indexes are based on the developments
of Caves et al. (1982) and the index numbers proposed by Malmquist in 1953. In this study, MPIs
were calculated to dynamically assess productivity between two consecutive years for the national
sample of companies (sample subset 1) and the plants of the LSF company (sample subset 2). These
indexes use a Bayesian frontier approximation approach based on distance functions (distance of a
productive unit in two given periods) (Delfin Ortega & Navarro Chavez, 2015). Their usefulness and
relevance lie, in part, in the fact that they do not require price data or assumptions about whether
the objective of the entrepreneur/DMU is to maximize profits or minimize costs.

13/31

Revista CEA, ISSN-e 2422-3182, Vol. 10 — No. 22, enero-abril de 2024, e2708


https://revistas.itm.edu.co/index.php/revista-cea/index

Encouragement Policies and Productivity Indicators for Colombian SMEs Using Data Envelopment Analysis and Malmquist
Indexes

The primary objective of MPIs is to determine the total factor productivity of a DMU. This involves
evaluating changes in both the productivity of the employed set of productive factors and total
productivity, i.e., its evolution over time, from one period (t) to the next (t + 1). Moreover, MPIs make
it possible to separate productive change owing to improvements in technical efficiency from that
attributable to technological change. In addition, they enable the description of any multi-input and
multi-product technology without having to specify any behavioral objective such as cost
minimization or profit maximization (Coelli et al., 1998). In practice, the aim is to assess a DMU’s
productive efficiency and its evolution or improvements in the employed technology in relation to
the set of DMUs under analysis (Pumisacho Alvaro & Alvarado Ramirez, 2018, for SMEs in different
productive sectors). One variation in its applications involves comparing efficiency between
countries, as demonstrated in the study by Medeiros et al. (2019).

The following are the indicators that can be obtained using MPlIs:

= Total factor productivity change (TFPCH), which is evaluated between periods t and t + 1. In
this case, the value of this indicator must be > 1 to denote an improvement.

= Allocative efficiency change (TECH), which measures the capacity to optimally use inputs
based on their respective prices and is evaluated between periods t and t + 1. In this case,
TECH > 1 indicates progress; otherwise, it indicates a reduction in efficiency in that same
period.

= Technical efficiency change (TECHCH), which also evaluates efficiency between periods t and
t+ 1. In this case, TECHCH > 1 (frontier displacement) suggests improvements in technology.

= Scale efficiency change (SECH), which evaluates changes in scale efficiency (scale utilization)
between periods t and t + 1. In this case, SECH > 1 indicates improvement.

Finally, by combining the results of DEA and MPIs, a system of dynamic indicators for measuring
productivity in small companies was designed, estimated, and validated. The steps involved are
summarized as follows: (i) calculation of productivity ratios for sample subsets 1 and 2; (ii) estimation
of the DEA model to obtain the efficiency parameters for both cases (sample subsets 1 and 2); and
(iii) estimation of Malmquist indexes, also performed for both cases (sample subsets 1 and 2).
Importantly, these indicators facilitate the effective analysis of an organization’s improvements in
terms of total factor productivity. Simultaneously, they allow the measurement of improvements in
efficiency, technical efficiency, and scale efficiency for the analyzed DMUs. The software used for
calculating and estimating the DEA model and MPIs was Stata/SE v16.

4. RESULTS

Table 1 summarizes the main results of the DEA model estimation for the final sample of MSMEs in
Colombia (sample subset 1).
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Table 1. DMUs in Colombia - Parameters estimated using DEA (input-oriented and output-oriented models)
Tabla 1. UTD (es decir, unidad de toma de decisiones) en Colombia - Parametros estimados mediante DEA
(modelo con orientacion a entradas y modelo con orientacion a salidas)

Input-oriented model Output-oriented model

Year Constant Returns  Variable Returns Constant Returns Variable Returns

to Scale (CRS) to Scale (VRS) to Scale (CRS) to Scale (VRS)
2016 0.5447 0.8287 0.5447 0.6422
2017 0.4560 0.7664 0.4560 0.6281
2018 0.4089 0.7609 0.4089 0.5522
2019 0.4009 0.7164 0.4009 0.5162

Source: Own work.

In broad terms, Colombian MSMEs accumulated a total efficiency loss of 16.28% between 2016 and
2017, followed by 10.33% between 2017 and 2018, and an additional slight loss of 1.96% between
2018 and 2019 (CRS mode or technology). The total efficiency loss for the entire period under analysis
(2016-2019) was 26.40%. These results indicate that small Colombian companies progressively
increased their use of inputs for each recorded level of output, leading to a continuous loss of
productivity. Likewise, only a very small portion (7.14% of the SMEs included in the sample subset)
achieved full efficiency by 2019, denoted by a total efficiency score equal to unity (Table 1). In
addition, between 2016 and 2019, 20% to 26% of all the examined SMEs exhibited a technical
efficiency below the first quartile (i.e., total efficiency values ranging from 0% to 25%). When the
model was estimated using the input-oriented VRS mode or technology, similar results were
obtained. In this case, the average technical efficiency of the Colombian SMEs decreased by 7.51%
between 2016 and 2017, 0.71% between 2017 and 2018, and 5.85% between 2018 and 2019.

In analyzing the total technical efficiency for the six plants of the LSF DMU (sample subset 2), chosen
to validate the system of indicators, an irregular or oscillatory behavior was observed from 2016 to
2019. When using both the input- and output-oriented CRS mode or technology, the efficiency of the
set of production plants decreased by 17.69% between 2016 and 2017, increased by 30.83% between
2017 and 2018, and decreased again by 69.23% between 2018 and 2019. This latter value, given its
magnitude, indicates an atypical behavior. In this case, the total productivity loss for the entire period
under study was 66.86%. When using the input-oriented VRS mode or technology, a different pattern
was observed. In this case, the magnitudes of the efficiency coefficients were smaller, showing an
increase of 1.92% between 2016 and 2017, an increase of 17.43% between 2017 and 2018, and a
decrease of 40.98% between 2018 and 2019. In this case, the loss over the entire period under
analysis was 40.98%. Finally, when using the output-oriented VRS mode or technology, there was an
increase of 6.89% between 2016 and 2017, followed by two consecutive contractions: a 2.75%
decrease between 2017 and 2018 and a 49.96% decrease between 2018 and 2019. In this case, the
loss over the entire period under study was 47.98% (Table 2). Additionally, the rank result for this
DMU in 2019 places it below the first quartile, indicating that its total efficiency is within 25% of the
least efficient DMUs in the sample for that year.
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Table 2. DMUs of the LSF company- Parameters estimated using DEA (input-oriented and output-oriented
models)
Tabla 2. UTD (es decir, unidad de toma de decisiones) de la empresa LSF - Pardmetros estimados usando DEA
(modelo con orientacion a entradas y modelo con orientacion a salidas)

Input-oriented model Output-oriented model
Year Constant Returns  Variable Returns Retlcj:ronrl,s;cznstcale Variable Returns
to Scale (CRS) to Scale (VRS) (CRS) to Scale (VRS)
2016 0.3282 0.6658 0.3282 0.3402
2017 0.2701 0.6786 0.2701 0.3636
2018 0.3534 0.7969 0.3534 0.3536
2019 0.1088 0.4704 0.1088 0.1769

Source: Own work.

To calculate the MPIs, a restriction was imposed on sample subset 1 (i.e., the sample of Colombian
SMEs) to include only DMUs with records of total and technical efficiency indicators in consecutive
periods. The key findings are summarized in Table 3. As observed, the total factor productivity
indicator (TFPCH) for this refined sample exhibited improvements across the three subperiods under
study. According to theory, this rise is mainly attributed to improvements in technical efficiency in
the early years. In this case, it evidences that the set of analyzed DMUs increased their technological
capabilities. Also, it may indicate that Colombian SMEs incorporated advances in innovation into their
production processes, which allowed them to improve the total efficiency of the factors used in
production. Upon examining the entire set of Colombian SMEs included in this estimation, 50% of
them were found to reduce their productivity in the 2016—2017 subperiod (Table 3). This figure
increased to 59% in the 2017—2018 subperiod and further rose to 66% in the 2018-2019 subperiod.
Such behavior suggests that the number of DMUs experiencing reduction in productivity tended to
rise annually over the studied period. This, in turn, underscores the need to implement public policies
and/or managerial decisions in such organizations to reverse this unfavorable trend.

Table 3. DMUs in Colombia - Estimated MPIs by time intervals
Tabla 3. UTD (unidades de toma de decisiones) en Colombia - indices de productividad de Malmquist por
intervalos de tiempo

Subsample: Colombian SMEs

Time interval

, TFPCH TECH TECHCH SECH
(Pdwise)
2016-2017 1.2413 1.0081 1.1672 1.0549
2017-2018 2.0973 1.2233 1.3136 1.3052
2018-2019 1.0772 0.9324 1.2478 0.9258

Source: Authors’ own work.

Regarding the remaining Malmquist productivity indicators that were estimated (Table 3), Colombian
SMEs consistently demonstrated improvements in technology (TECCH) throughout the studied
period. A similar trend was observed between 2016 and 2018, when the TECH indicator (allocative
efficiency) reflected improvements in terms of the proportions of used resources, as well as in scale
efficiency in such period.
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Furthermore, when analyzing the LSF DMU (Table 4), an irregular behavior was observed in the total
factor productivity indicator (TFPCH). It initially experienced a decrease between 2016 and 2017,
followed by a substantial growth in the following subperiod (2017-2018, with an improvement in
TFP), and ultimately a significant reduction in TFP in the final subperiod (2018-2019). These results
are mainly attributed to a reduction in efficiency. For its part, the technical efficiency indicator
(TECHCH) showed a stable behavior but with values below one, indicating slight technological
setbacks during the three studied subperiods.

Due to homogeneity limitations in the basic information, which prevented extending the study
period, it was not possible to identify any clear trends (in the medium or long terms) for the four
Malmquist indicators. Nevertheless, the fact that, in most of the subperiods (particularly in the last
one), the TFPCH MPIs were below one serves as an indication of declines in productivity and technical
efficiency for the LSF company.

Table 4. DMUs of the LSF company — Jointly estimated MPIs by time intervals
Tabla 4. UTD (unidades de toma de decisiones) de la empresa LSF - indices de productividad de Malmquist
conjuntos por intervalos de tiempo
Subsample: SMEs of the LSF company

Time interval TFPCH TECH TECHCH SECH
(Pdwise)
2016—2017 0.8124 1.0192 0.9795 0.8137
2017-2018 1.2130 1.1743 0.9127 11317
2018—2019 0.2440 0.5902 0.9063 0.4561

Source: Authors’ own work.

Finally, the Malmquist indexes for each plant of the LSF DMU are summarized in Table 5. As can be
seen, in the total efficiency component (average TFPCH), DMUs; is the plant that exhibited the best
performance in the analyzed subperiods. Nonetheless, similar to the other DMUs, the total
productivity of its factors decreased between 2018 and 2019. This decline can be mainly attributed
to the positive performance in terms of technical efficiency (TECCH), which denotes technological
improvements or the application of innovation processes. In this regard, DMUs, stands out as the
only plant showing sustained improvements across all three subperiods. The remaining plants
exhibited relative stability in the TFPCH MPI, with values close to one.

Concerning allocative efficiency (TECH indicator), almost all plants obtained values equal to one. The
two exceptions were DMUs; and DMUs, between 2016 and 2017, as well as DMUys between 2018
and 2019 (with a slightly lower value). Therefore, the production units comprising the LSF DMU did
not experience significant improvements in terms of the optimal proportions of inputs used during
the period under study. Regarding the SECH indicator, only DMUs, and DMUss in the 2016-2017
subperiod and DMUs; in the 2018 —2019 subperiod showed improvements in scale efficiency, while
DMUys exhibited a decline in this indicator in the 2018-2019 subperiod. The remaining plants
maintained average values equal to one, meaning they did not take advantage of economies of scales.

The joint analysis of the four Malmquist productivity indicators for the six plants comprising the LSF
company revealed the need for a specific and in-depth analysis of plant DMUs;. This analysis aimed
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to identify which processes were or were not productive within the group of products that it
manufactures. For this purpose, the Activity Based Costing (ABC) technique was applied to allocate
indirect costs, employing the most representative direct costs based on their usage (coal, natural gas,
electric power, packaging materials, raw materials, and use of facilities/depreciation). Then,
productivity factors, along with outputs and inputs, were determined for the subsequent estimation
of another DEA model for the seven products of DMUs; for the years 2018 and 2019. According to
the findings, two of the three main products generated in this plant showed a very low overall
efficiency (with values of 0.43 and 0.51 in 2019 in the input-oriented CRS model), while three other
products also exhibited overall inefficiencies. In these cases, the plant uses more inputs for the
outputs produced; hence, they would have to reduce inputs by about 50% or double production with
the existing inputs to be situated in the efficient frontier. This would explain why the productivity of
this plant is so low.

Table 5. DMUs of the LSF company - Estimated MPIs of each plant by time intervals
Tabla 5. UTDs de la empresa LSF - indices de productividad de Malmquist de cada planta por intervalos de

tiempo
Subperiod LSF facility A_I\_I:;zie Average TECH _?Eerags A;:'g_?e
DMUs1 0.9154 0.9620 1.0527 0.9040
DMUsz 1.4277 0.9897 1.3815 1.0442
5016-2017 DMUss3 1.1118 1.0000 0.9555 1.1635
DMUas1 1.6758 1.0000 1.6758 1.0000
DMUas2 1.0639 1.0000 1.0639 1.0000
DMUu3 0.6919 1.0000 0.6919 1.0000
Total 2016—2017 1.1477 0.9920 1.1369 1.0186
DMUs1 0.8038 1.0108 0.8838 0.8998
DMUs: 3.3340 1.0399 2.5696 1.2477
50172018 DMUss 0.9486 1.0000 0.9486 1.0000
DMUas1 0.7748 1.0000 0.7748 1.0000
DMUas2 0.7740 1.0000 0.7740 1.0000
DMUu3 0.7961 1.0000 0.7961 1.0000
Total 2017-2018 1.2385 1.0084 1.1245 1.0246
DMUs1 1.1934 1.0284 0.8036 1.4441
DMUsz 1.0101 1.0000 1.0101 1.0000
5018-2019 DMUss3 0.8681 1.0000 0.8681 1.0000
DMUas1 0.8172 1.0000 0.8172 1.0000
DMUas2 1.0260 1.0000 1.0260 1.0000
DMUu3 0.7188 0.9894 0.9604 0.7565
Total 2018-2019 0.9389 1.0030 0.9142 1.0334
Overall total 1.1084 1.0011 1.0585 1.0255
Source: Authors’ own work.
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5. DISCUSSION

The literature review highlighted findings from various studies (e.g., Amézquita Zdrate, 2007),
indicating that Colombian MSMEs tend to focus their production preferentially on the domestic
market, although some also operate in international markets (e.g., in 2019 they accounted for 75.1%
of overall exporting companies, according to PROCOLOMBIA, 2020). To increase export orientation,
Colombian MSMEs should invest in qualification/human capital to increase their productivity
(Simancas Trujillo et al., 2018). This means taking into account factors that influence firm productivity,
such as investments and savings in physical capital, new technologies, human capital, labor logistics,
and (adequate) size. Other key factors include innovation in products, processes, and logistics (Salazar
Otélora et al., 2023; Franco-Angel & Urbano, 2019; Classen et al., 2014), communications (Mufioz
Herndndez, 2012), and ICTs (Castellanos Galeano et al., 2016)—some of which were incorporated as
inputs in the productivity models presented in the quantitative section of this paper. Logistic
resources and capabilities, as well as efficient business structure for production and distribution
(Araya, as cited in Salazar Otalora et al.,, 2023), are also fundamental factors. Additionally, a
company’s growth over time is crucial for expanding into new markets, as it reflects the maturity of
its products, its value-added processes, and its ability to address challenges (Araya, as cited in Salazar
Otélora et al,, 2023). In short, one way to improve productivity is to increase MSMEs’ exporting
activity, which implies effectively managing productive resources, logistics, and installed size or
capacity.

Given the correlation between productivity and a country’s economic growth, companies expect
government entities to provide incentives or support for implementing corporate improvements
(Simancas Trujillo et al., 2018). The analysis of the legal framework in Colombia demonstrated that,
in fact, despite its heterogeneity, the central levels of government have widely recognized the
importance of MSMEs in the economy. Since the 1970s, several laws have been enacted, including at
least five directly addressing SMEs and MSMEs, as well as subsequent amendments and updates that
aim to promote their creation (Ley 67 de 1979, Ley 78 de 1988, Ley 590 de 2000, Ley 905 de 2004,
Ley 1151 de 2007). These laws, together with other legal provisions regulating or linked to MSME
activity in the country, certain national plans (e.g., Law 1450 of 2011 and Law 1753 of 2015), other
domestic decrees, and the adoption of international regulations such as the Decisions of the
Organization of American States and United Nations (Organizacién de Estados Americanos [OAS-
OAS], 20114, 2011b; Programa de Naciones Unidas para el Desarrollo [UNDP], 1991) have brought
positive effects for the MSME segment. As of 2000, this segment represented 99.47% of the business
sector and held the fourth position in the 2019 Global Competitiveness Index (CPC, 2022).

Nevertheless, as evidenced throughout this paper, Colombian SMEs do not have the necessary
technological tools to promptly identify productivity losses, often realizing them too late—when
experiencing severe contractions in sales or market shares and declines in competitiveness. This
indeed highlights the urgent need for measures aimed at improving their efficiency, developing
competitive advantages, or reversing undesired behaviors. One of such measures is the
implementation of a system of productivity indicators such as the one proposed here—together with
conventional indicators based on financial ratios and variables used, for example, by Romero
Espinosa et al. (2015)—to analyze business failures in Colombian SMEs. The basic inputs for such
analysis are readily available in their accounting, enabling SMEs’ decision-makers to identify the main
sources of inefficiency in real-time and take the necessary corrective measures.
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Regarding the parameters estimated using DEA, the input-oriented and output-oriented models
presented in Table 1 revealed a clear decreasing trend in total efficiency, as an annual average for
the sample of Colombian SMEs. This decline was observed under both the VRS and CRS modes or
technologies, regardless of whether the estimation was input- or output-oriented. These findings
indicate a sustained loss of productivity in such enterprises during the 2016-2019 period, which aligns
with the observations made by Rodriguez-Lozano (2021) in some specific periods in the Colombian
banking sector, particularly during and immediately after the global financial crisis at the end of the
2000s.

The second relevant result related to technical efficiency pertains to the coefficients estimated for
each DMU in the sample. Approximately 25% of the studied enterprises exhibited a technical
efficiency below the first quartile. This means that a significant portion of the population under
analysis requires special attention because of their low performance in terms of productivity during
the studied period (2016—2019). In addition, the model estimated under a VRS mode or technology
and from an input-oriented perspective showed a decrease in the average technical efficiency of the
DMUs over the studied period. In short, these results reveal a consistent annual decline in technical
efficiency, indicating that Colombian SMEs were then using more inputs than necessary for their
production processes. In other words, they inefficiently employed their inputs, resulting in
productivity losses in the technical component. This behavior could be attributed to slight (or
nonexistent) technological improvements in their production processes or a lack of innovation in the
sector (Table 1). These findings, which show that companies can achieve improvements in
productivity by reallocating their resources/inputs, are in line with those reported by Oliveros
Contreras et al. (2019), in the case of Colombian textile enterprises.

Concerning the individual evaluation of the six plants comprising the LSF company, the main findings
revealed similar trends, irrespective of whether the estimation method was input-oriented or output-
oriented, and regardless of whether the mode or technology in inputs use was CRS or VRS. As a result,
the joint efficiency of the set of production plants decreased between 2016 and 2017, increased
between 2017 and 2018, and decreased again between 2018 and 2019. In addition, in some of the
plants, the amount of inputs used exceeded what was necessary for the outputs generated, which
suggests they are inefficient. Responsible managers should therefore consider improving the current
mix of inputs used in those plants or increasing the current level of production. This is precisely one
of the advantages of adopting a system of productivity indicators like the one developed and tested
in this study.

Finally, with regards to the estimated Malmquist productivity indicators, the Colombian SMEs
demonstrated improvements in technology (TECCH) during the entire studied period and in allocative
efficiency (TECH) specifically during the 2016-2017 and 2017-2018 subperiods. This suggests
improvements in technology or the application of innovation processes. These findings are similar to
those of Rodriguez Lozano (2017), who observed improvements in the productivity of a set of
Colombian enterprises in the real sector from 2015 to 2018 (despite efficiency setbacks in both
indicators during the final year of study). Comparable results were also reported by De Jorge Moreno
& Diaz Castro (2019) in their analysis spanning the years 2005-2010, where only 7 (out of 27
manufacturing sectors they analyzed) experienced increases in productivity. Moreover, Rodriguez-
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Lozano (2021) documented a similar irregular behavior for a subset of Colombian banks from 2002
to 2016.

In sum, despite their economic importance, Colombian SMEs currently face severe challenges such
as limited access to credit, technological backwardness, restricted access to knowledge (e.g., tools,
methodologies, and national and international insertion/promotion policies), and low levels of ICT
incorporation and innovation. As a result, they exhibit low productivity, posing a threat to their
sustainability over time. Therefore, in line with the recommendations of Confecamaras (2016, 2018,
2022), urgent measures are needed in the country to strengthen this segment. These measures
include providing technical assistance to enhance their productivity, fostering product differentiation
through innovation, supporting the design of commercial strategies, and facilitating access to market
information.

6. CONCLUSIONS

Globally—and Colombia is no exception—companies must contend with increasingly competitive
environments and more demanding markets, as well as growing environmental demands in the midst
of a global energy transition. Achieving sustainability, therefore, demands huge managerial and
technological innovations. Despite their importance in terms of their contribution to employment
and local development, MSMEs usually face more limitations than large companies in implementing
major changes in their production processes. Some encounter limited access to cutting-edge or
energy-efficient technologies, while others struggle to adopt non-linear and environmentally more
sustainable production processes, especially when not integrated into value chains with greater
geographical coverage or international reach.

To address these challenges faced by private economic actors, governmental intervention becomes
pivotal through sector-specific public policies aimed at promoting and strengthening economic
sectors or segments such as MSMEs. In Colombia, recognizing the importance of these organizations,
the government established an important legal framework in the late 1980s, focused on fostering the
creation and development of MSMEs. Its ultimate goal was to propel the segment, promote its
scalability and export orientation, and simplify the procedures for the creation of these organizations
while contributing to broader macroeconomic objectives, such as job creation and economic growth.
Regarding the latter, this segment has been included as a key player in recent national development
plans. At the beginning of the 2020s, MSMEs already represented more than 99.5% of the Colombian
business landscape, accounting for almost four-fifths of employment and contributing approximately
40% to the national GDP. Despite the development of public initiatives and institutional support in
recent decades, Colombian SMEs still face adverse conditions that affect their competitiveness and
limit their potential in the national economy. Moreover, like their counterparts in Latin America,
Colombian MSMEs exhibit low productivity and marked productivity gaps compared to large
companies, which further complicates their sustainability over time and undermines the intended
function that the government has assigned them.

In such a scenario, where external factors are beyond their control, a pragmatic approach to reverse
this low productivity is to use the available information, technologies, and resources to improve their

operability and competitiveness in the short, medium, and long term. With this perspective in mind,
the second part of this article focused precisely on the design, validation, and implementation of a
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set of productivity indicators. These indicators were estimated and analyzed for the particular case
of SMEs in Colombia, offering real-time insights into their performance and recommending the
adoption of necessary corrective measures. Clearly, government entities can complement these
indicators with sector-specific policies, including providing financial support for this business
segment.

This study shows that, by applying a system of indicators based on non-parametric techniques and
using readily available information, any company or organization (regardless of its size, economic
sector, or the area in which it operates) can assess its productivity in real time. It can also evaluate
the productivity of the sector in which it operates and benchmark against other organizations or
competitors in the market (an aspect not addressed in this article). Furthermore, companies or
groups of enterprises can internally analyze their productivity within production processes, particular
products or groups of products/services, or over time, among other applications. Using such a tool,
they can also identify opportunities for improvement, either in terms of reducing the number of
inputs used or increasing their products/services (outputs) at any stage of their production processes,
product line, plants, or branch offices. In addition, through the decomposition of various ratios in the
case of the Malmquist Productivity Index, companies could gain insights into business operations,
market behavior, and competition. This information empowers managers to design the necessary
strategies tailored to their organization, allowing them to control and enhance their competitiveness
and profitability—a necessary condition for their sustainability over time. In summary, indicators
based on DEA techniques or Malmquist indexes, as proposed in this study, could help Colombian
MSMEs improve their productivity.
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