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ABSTRACT 

 

Effects of GSCM practices on sustainable performance of colombian manufacturing companies: 

a Dynamic Capabilities View 

 
Currently, environmental problems represent the principal adversity facing the planet. A major source of 

ecosystem imbalance has been attributed to industrial activities, as they pose a threat to human, animal and plant 

life, and health. In addition, factors such as rapid technological progress, more competitive and dynamic markets, 

high industrialization, and pressures to be more sustainable, have increased the vulnerability of manufacturing 

companies and their supply chains. To address such challenges, the actions developed by organizations must be 

viewed from a Dynamic Capabilities View, as companies need to create and build environmentally dynamic 

capabilities to achieve competitive advantage in dynamic environments and improved sustainable performance. 

Although the literature in the field of green supply chain management (GSCM) and sustainability is growing in 

the manufacturing sector, there is a lack of clarity about the effects of GSCM environmental practices on economic, 

environmental and social performance of manufacturing companies from a Dynamic Capabilities View (DCV). 

 

Consequently, this doctoral thesis aims to identify and analyze the effects of GSCM practices on sustainable 

performance in the context of the Colombian manufacturing industry from a Dynamic Capabilities View. Based 

on the state-of-the-art studies in the field, a theoretical model composed of six research hypotheses was proposed, 

which is based on three fundamental axes: dynamic capabilities (DCs), the GSCM and sustainable performance. 

From this perspective, the concept of "environmental dynamic capabilities of Green Supply Chain Management" 

is initially proposed. Afterwards, a hierarchy of environmental dynamic capabilities is proposed, consisting of 

higher and lower order capabilities, as well as the effects of the former on the latter. Subsequently, based on the 

DCV approach, which has its roots in the idea that performance results are due to the configuration of the set of 

resources and capabilities of companies and not on capabilities themselves, it is postulated that the lower-order 

environmental dynamic capabilities mediate the relationship between the higher-order environmental dynamic 

capabilities and sustainable performance (economic, environmental and social). Additionally, due to the lack of 

clarity about the relationship between the three dimensions of sustainable performance, dyadic relationships 

between them are proposed. 

 

From the literature, nine environmental constructs were defined: Internal Environmental Management, ecodesign, 

environmental collaboration with customers, digital technologies, green human resource management, green 

purchasing, green manufacturing, green logistics, and reverse logistics; as were three sustainable performance 

constructs: economic, environmental and social performance. Also, size, firm age and export orientation were 

considered as moderating variables. A survey was designed, validated and applied to a sample of 281 

manufacturing companies in Colombia. The data collected was analyzed using a partial least squares structural 

equation modeling approach (PLS-SEM) through a four-step procedure that included data and model 

characterisation, measurement model, structural model and predictive capacity, as well as robustness analyses. 

 

The results validated the proposed theoretical model, showing that there is a hierarchy of environmental dynamic 

capabilities, and that this hierarchy influences sustainable performance, as it was found that higher-order 

environmental dynamic capabilities indirectly influence sustainable performance through lower-order 

environmental dynamic capabilities. Additionally, it was found that there is a balance between the three 

dimensions of sustainable performance as a result of the effects of environmental dynamic capabilities, which 

provides evidence for the win-win paradigm, as well as the progressive relationships between the three pillars. As 

for the moderating variables, the multi-group analysis revealed statistical differences only for firm size. 
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This doctoral thesis presents a novel contribution to the field of study by identifying and analyzing the effects of 

the GSCM approach on sustainable performance (economic, environmental and social) from DCV in Colombian 

manufacturing firms. Specifically, the contribution of this doctoral thesis is highlighted by proposing the concept 

of "environmental dynamic capabilities of the GSCM", an integrated framework of nine environmental dynamic 

capabilities, and a theoretical model that proposes and empirically validates a hierarchy of environmental dynamic 

capabilities and their effects on sustainable performance. Additionally, the results obtained provide new 

knowledge regarding the win-win paradigm of sustainability, by proposing and empirically validating that 

environmental dynamic capabilities can directly improve the social and environmental performance of a company, 

and indirectly improve its economic performance. 

 

In terms of methodological contributions, the construction and validation of the data collection instrument are 

highlighted, which serves as a reference for future research focused on green supply chains and sustainable 

performance in manufacturing companies not only in the Colombian context, yet also in other regions. Another 

relevant methodological contribution is the application of PLS-SEM for data analysis using a novel four-step 

procedure, which combines different advanced and recent techniques such as mediation analysis, new techniques 

for measurement model analysis and predictive validity of the model, and robustness analysis such as observed 

and unobserved heterogeneity and endogeneity. 

 

From a practical perspective, the research results are expected to serve as a roadmap for managers and decision-

makers to improve sustainable performance step-by-step, plan the development of environmental dynamic 

capabilities, and guide investments in corporate sustainability. Furthermore, the findings obtained can be of 

relevance for decision makers and policy formulators in the country, as they can shed light on how the industrial 

sector can achieve better economic, environmental and social results from the development of environmental 

dynamic capabilities of the GSCM approach.  Finally, the dissemination of knowledge derived from this doctoral 

thesis has resulted in four scientific articles being published in high impact factor journals, a research book, a book 

chapter, the presentation of three papers in international conferences, three papers in national conferences, a 

doctoral internship abroad, and a prize being awarded for the best paper in an international conference. 

 

Keywords: Green Supply Chain Management (GSCM), Dynamic Capabilities View (DCV), sustainable 

performance, manufacturing companies, Partial Least Square Structural Equations Modelling (PLS-SEM) 
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RESUMEN  

 

Efectos de las prácticas de GSCM en el desempeño sostenible de las empresas manufactureras 

colombianas: una visión desde las capacidades dinámicas 

 
En la actualidad, los problemas medioambientales representan la principal adversidad a la que se enfrenta el 

planeta. Una de las principales fuentes de desequilibrio de los ecosistemas se ha atribuido a las actividades 

industriales, ya que suponen una amenaza para la vida y la salud humana, animal y vegetal. Además, factores 

como el rápido progreso tecnológico, unos mercados más competitivos y dinámicos, la elevada industrialización 

y las presiones para ser más sostenibles han aumentado la vulnerabilidad de las empresas manufactureras y sus 

cadenas de suministro. Para hacer frente a estos retos, las acciones desarrolladas por las organizaciones deben 

contemplarse desde una perspectiva de capacidades dinámicas, ya que las empresas necesitan crear y construir 

capacidades dinámicas desde el punto de vista medioambiental para lograr una ventaja competitiva en entornos 

dinámicos y un mejor rendimiento sostenible. Aunque la literatura en el campo de la gestión verde de la cadena 

de suministro (GSCM) y la sostenibilidad está creciendo en el sector manufacturero, hay una falta de claridad 

sobre los efectos de las prácticas ambientales de GSCM en el rendimiento económico, ambiental y social de las 

empresas manufactureras desde una Visión Capacidades Dinámicas (DCV). 

 

En consecuencia, esta tesis doctoral tiene como objetivo identificar y analizar los efectos de las prácticas de GSCM 

sobre el desempeño sostenible en el contexto de la industria manufacturera colombiana desde una visión de 

Capacidades Dinámicas. Con base en el estado del arte de los estudios en el campo, se propuso un modelo teórico 

compuesto por seis hipótesis de investigación, el cual se basa en tres ejes fundamentales: las capacidades dinámicas 

(CD), la GSCM y el desempeño sostenible. Desde esta perspectiva, se propone inicialmente el concepto de 

"capacidades dinámicas medioambientales de la gestión ecológica de la cadena de suministro". Posteriormente, se 

propone una jerarquía de capacidades dinámicas medioambientales, compuesta por capacidades de orden superior 

e inferior, así como los efectos de las primeras sobre las segundas. Posteriormente, basándose en el enfoque DCV, 

que hunde sus raíces en la idea de que los resultados de rendimiento se deben a la configuración del conjunto de 

recursos y capacidades de las empresas y no a las capacidades en sí mismas, se postula que las capacidades 

dinámicas medioambientales de orden inferior median en la relación entre las capacidades dinámicas 

medioambientales de orden superior y el rendimiento sostenible (económico, medioambiental y social). Además, 

debido a la falta de claridad sobre la relación entre las tres dimensiones del rendimiento sostenible, se proponen 

relaciones diádicas entre ellas. 

 

A partir de la literatura, se definieron nueve constructos medioambientales: Gestión medioambiental interna, 

ecodiseño, colaboración medioambiental con los clientes, tecnologías digitales, gestión ecológica de los recursos 

humanos, compras ecológicas, fabricación ecológica y logística inversa, así como tres conceptos de rendimiento 

sostenible: rendimiento económico, medioambiental y social. sostenible: rendimiento económico, medioambiental 

y social. Además, el tamaño y la orientación exportadora se consideraron variables moderadoras. Se diseñó de 281 

empresas manufactureras de Colombia. Los datos recogidos se analizaron mediante un modelo de ecuaciones 

estructurales por mínimos cuadrados parciales (PLS-SEM) mediante un procedimiento de cuatro pasos que incluyó 

la caracterización de datos y modelos, el modelo de medición, el modelo estructural y capacidad predictiva, así 

como análisis de robustez. 

 

Los resultados validaron el modelo teórico propuesto, mostrando que existe una jerarquía de capacidades 

dinámicas medioambientales, y que esta jerarquía influye en el rendimiento sostenible, ya que se constató que las 

capacidades dinámicas medioambientales de orden superior influyen indirectamente en el rendimiento sostenible 
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a través de las capacidades dinámicas medioambientales de orden inferior. Además, se constató que existe un 

equilibrio entre las tres dimensiones del rendimiento sostenible como resultado de los efectos de las capacidades 

dinámicas medioambientales, lo que aporta pruebas del paradigma "todos ganan", así como de las relaciones 

progresivas entre los tres pilares. En cuanto a las variables moderadoras, el análisis multigrupo reveló diferencias 

estadísticas únicamente para el tamaño de la empresa. 

 

Esta tesis doctoral presenta una contribución novedosa al campo de estudio al identificar y analizar los efectos del 

enfoque GSCM sobre el desempeño sostenible (económico, ambiental y social) desde el DCV en empresas 

manufactureras colombianas. Específicamente, se destaca el aporte de esta tesis doctoral al proponer el concepto 

de "capacidades dinámicas ambientales del GSCM", un marco integrado de nueve capacidades dinámicas 

ambientales, y un modelo teórico que propone y valida empíricamente una jerarquía de capacidades dinámicas 

ambientales y sus efectos sobre el desempeño sostenible. Además, los resultados obtenidos aportan nuevos 

conocimientos sobre el paradigma win-win de la sostenibilidad, al proponer y validar empíricamente que las 

capacidades dinámicas medioambientales pueden mejorar directamente los resultados sociales y 

medioambientales de una empresa, e indirectamente sus resultados económicos. 

 

En cuanto a los aportes metodológicos, se destaca la construcción y validación del instrumento de recolección de 

datos, el cual sirve de referencia para futuras investigaciones enfocadas en cadenas de suministro verdes y 

desempeño sostenible en empresas manufactureras no solo en el contexto colombiano, sino también en otras 

regiones. Otro aporte metodológico relevante es la aplicación del PLS-SEM para el análisis de datos mediante un 

novedoso procedimiento de cuatro pasos, que combina diferentes técnicas avanzadas y recientes como el análisis 

de mediación, nuevas técnicas para el análisis del modelo de medición y la validez predictiva del modelo, y análisis 

de robustez como la heterogeneidad observada e inobservada y la endogeneidad. 

 

Desde una perspectiva práctica, se espera que los resultados de la investigación sirvan de hoja de ruta a los gestores 

y responsables de la toma de decisiones para mejorar paso a paso el rendimiento sostenible, planificar el desarrollo 

de las capacidades dinámicas medioambientales y orientar las inversiones en sostenibilidad empresarial. Además, 

las conclusiones obtenidas pueden ser relevantes para los responsables de la toma de decisiones y los formuladores 

de políticas en el país, ya que pueden arrojar luz sobre cómo el sector industrial puede lograr mejores resultados 

económicos, medioambientales y sociales a partir del desarrollo de capacidades dinámicas medioambientales del 

enfoque GSCM.  Por último, la difusión de los conocimientos derivados de esta tesis doctoral se ha traducido en 

la publicación de cuatro artículos científicos en revistas de alto factor de impacto, un libro de investigación, un 

capítulo de libro, la presentación de tres comunicaciones en congresos internacionales, tres comunicaciones en 

congresos nacionales, una estancia doctoral en el extranjero y la concesión de un premio a la mejor comunicación 

en un congreso internacional. 

 

Palabras clave: Gestión ambiental de la cadena de suministro (GSCM), visión de las capacidades dinámicas 

(DCV), desempeño  sostenible, empresas manufactureras, modelado de ecuaciones estructurales por mínimos 

cuadrados parciales (PLS-SEM). 
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INTRODUCTION 

 
 

In recognition of the detrimental impacts of human activities, more than 100 environmental agreements have been 

signed since the 1970s. These include the Declaration of the United Nations Conference on the Human 

Environment in Stockholm (ONU, 1972), the 2030 Agenda for Sustainable Development, adopted by all UN 

member states in 2015 (ONU, 2015), and the UN Climate Change Conference (COP 26 and COP 27), which seeks 

the decarbonization of all economic activities by 2050. However, until the end of the 20th century, evidence 

suggests that many companies continued to relegate environmental protection and social responsibility priorities 

below economic performance (Li et al., 2023; Pagell & Shevchenko, 2014).  As such, manufacturing firms, being 

polluters and resource consumers, are now required to make more concerted efforts to balance their economic 

growth with environmental and social concerns (Choudhary & Sangwan, 2019b; Manimaran, Muthuraman, & 

Jayakumar, 2018).  

 

In this order of ideas, the challenges of sustainability, global warming, environmental protection and natural 

resources, represent a transformation of the characteristics of industry (Lyu et al., 2021; Schrettle et al., 2014), 

which forces companies to redesign their business models (Amui et al., 2017; Wu & Pagell, 2011). In addition, 

companies are also obligated to construct new capabilities for appropriate adaptation, integration, and 

reconfiguration of skills, resources, and competencies to achieve competitive advantage in changing, 

unpredictable, and dynamic environments (Chatterjee & Chaudhuri, 2021; Schilke, Hu, & Helfat, 2018; D. J. 

Teece, 2018).  

 

In this context, the Dynamic Capabilities View (DCV) sheds light on how organizations can develop the 

capabilities needed to adjust their strategies according to the sustainability challenges they face (Beske, 2012; 

Buzzao & Rizzi, 2021). Teece & Pisano (1994) defined dynamic capabilities as the subset of 

competencies/capabilities that enable the firm to create new products and processes and respond to changing 

market circumstances. However, in recent years, this concept has expanded to be defined as those specific tasks 

that, over time, provide organizations with a platform to convert them into capabilities to survive in dynamic 

environments and overcome sustainability challenges (Bari et al., 2022; Teece, 2018).  

 

On the other hand, the Green Supply Chain Management (GSCM) was defined by Srivastava (2007) as the 

integration of environmental thinking into supply chain management activities. However, that definition has 

evolved into a more holistic concept that elevates its underlying dimensions to respond not only to environmental, 

social and economic challenges, yet also to accelerate the process of innovation and integration of supply chains 

in order to generate a transformation in their overall performance (Feng, Lai, & Zhu, 2022; Gawusu et al., 2022; 

Sarkis, Kouhizadeh, & Zhu, 2020). The implementation of the GSCM is achieved through its environmental 

practices, which help to reduce and prevent negative impacts on the environment and society, in order to achieve 

social and economic benefits (Herrmann et al., 2021; Vilchez et al., 2017; Zhu & Sarkis, 2004). 

 

Although the GSCM was initially guided by a single objective, environmental performance, organizations have 

recognized that this is insufficient for sustainable development, in a broad sense. Sustainable development was 

introduced in the wake-up call generated by the 1987 Brundtland Report, and was defined as "development that 

meets the needs of present generations without compromising the ability of future generations to meet their own 

needs" (World Commission on Environment and Development, 1987, p.43). As sustainability has become, rather 

than a barrier, a strategic issue for companies seeking to create a competitive advantage in the global marketplace 

(Carter & Rogers, 2008; Dubey et al., 2019; Kaur et al., 2018), organizations have sought to adopt all three 
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dimensions of sustainability in a balanced manner (Ahi & Searcy, 2013; Wu et al., 2015). To achieve a more 

specific and measurable conceptualization of corporate sustainability, Elkington (1998, 2004) developed the triple 

bottom line (TBL) framework for measuring an organization's business performance and success using three 

pillars: economic, social, and environmental (Carter & Rogers, 2008; Pagell & Wu, 2009; Seuring & Müller, 

2008). 

 

It is evident then that GSCM, DCV, and sustainability are interrelated concepts in terms of having similar 

environmental and organizational conditions that aim to explain value creation in dynamic business environments. 

Therefore, analyzing sustainability in green supply chains (GSC) with a DCV lens is a logical choice (Beske, Land, 

& Seuring, 2014; Hong et al., 2018; Siems, Land, & Seuring, 2021). In this vein, to achieve sustainable supply 

chain performance and greater competitive advantage, environmental innovations can no longer operate in silos, 

which means the development of an integrated set of dynamic capabilities (DCs) based on the GSCM approach is 

vital (Bari et al., 2022; Beske, 2012; Bianchi et al., 2022; Rebs et al., 2019).  

 

Despite the above, the literature review conducted on the concepts of DCV, GSCM, and sustainable performance 

identified several research gaps. Regarding the DCV, it is highlighted that DCs are still an abstract concept 

(Schilke, 2014b; Schilke et al., 2018). Additionally, there is a lack of empirical studies that make them measurable, 

especially in their interaction with performance (Danneels, 2008; Fainshmidt & Frazier, 2017; Schilke et al., 2018; 

Stefano, Peteraf, & Verona, 2010). In relation to GSCM, gaps were identified such as little theoretical development 

of the GSCM approach (Maditati et al., 2018; Seuring et al., 2022; Touboulic & Walker, 2015), and absence of 

holistic conceptual frameworks that integrate GSCM practices and assess the relationships between them 

(Assumpção et al., 2019; Bai, Kusi-Sarpong, & Sarkis, 2017; Zaid, Bon, & Jaaron, 2019). Similarly, due to the 

complexity of measuring and managing sustainable performance in organizations, there is a dearth of quantitative 

frameworks that consider TBL dimensions simultaneously and analyze the interactions of the three pillars 

(Firmansyah, Qadri, & Arfiansyah, 2021; Gong et al., 2018; Sudusinghe & Seuring, 2020). 

 

Furthermore, it was revealed that, despite the relevance of DCV, GSCM and sustainable performance, these have 

been mainly addressed independently (Bianchi et al., 2022; Nkrumah et al., 2021); specifically, in relation to 

GSCM  (Karman & Savanevičienė, 2021; Kιrcι & Seifert, 2015; Lyu et al., 2021), which identifies  a paucity of 

contributions in the literature that theoretically and empirically integrate DCs, GSCM and sustainability under a 

holistic framework (Beske et al., 2014; Daddi et al., 2021; Kumar, Meena, & Difrancesco, 2021). Amui et al. 

(2017), Assumpção et al. (2019), and Bari et al. (2022) support this idea by adding that it is still unclear how 

companies can successfully develop DCs that have a GSCM scope and enable achieving sustainability for 

competitive advantage. Through the review of the most up-to-date literature, a knowledge gap was identified in 

the effects of environmental practices of the GSCM approach on economic, environmental, and social performance 

of manufacturing companies from a DCV. Therefore, this thesis aims to help close that knowledge gap by 

answering the following research question: 

 

What is the effect of environmental practices of the GSCM approach on economic, environmental and social 

performance of Colombian manufacturing companies from a Dynamic Capabilities View? 

 

To provide a better understanding of the phenomenon studied, three research sub-questions are also addressed: 

 

● Regarding the DCV, how should the relationships between GSCM practices and economic, environmental, 

and social performance be posed in theoretical terms? 
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● How should the level of adoption of GSCM practices as well as economic, environmental, and social 

performance in manufacturing companies be measured? 

● How should the relationships between GSCM practices and economic, environmental and social 

performance in manufacturing firms be analyzed from a DCV perspective? 

In line with the proposed research questions, the main objective of the present doctoral thesis was the following: 

 

“To identify and analyze the effects of GSCM approach practices on sustainable performance in the context of 

the Colombian manufacturing industry from a DCV”. 

 

To achieve this objective, five specific objectives were proposed that will be covered throughout the different 

chapters of this document. First, to identify the current state of the art in the research field in order to develop a 

theoretical framework applicable to the study. Second, to propose a theoretical model that integrates the 

relationships between GSCM practices and environmental, economic, and social performance, using the DCV, in 

accordance with existing literature. Third, to design a measuring instrument with which to operationalize the 

constructs of the proposed model, and apply it to an adequate sample of Colombian manufacturing companies. 

Fourth, to empirically validate the proposed model by analyzing the data collected through multivariate methods 

to test the research hypotheses. And fifth, to critically analyze the results to answer the research questions and 

propose new lines of research. 

 

Based on the state of the art, a theoretical model composed of six research hypotheses was proposed, which is 

based on three fundamental axes: dynamic capabilities (DCs), green supply chain management (GSCM), and 

sustainable performance. First, drawing on the theoretical foundations, gaps, and parallels between the DCV and 

GSCM approaches, the concept of "environmental dynamic capabilities of GSCM" was proposed, given that these 

can reconfigure the resource base and capabilities of companies and their supply chains to respond to changing 

environments and improve their environmental sustainability (Beske, 2012; Beske et al., 2014; Helfat & Peteraf, 

2009; Teece, Pisano, & Shuen, 1997). Second, motivated by the studies of Collis (1994), Ambrosini, Bowman, & 

Collier (2009), and Schilke (2014) on the hierarchy of dynamic capabilities, this research addressed the approach 

from two distinct levels: higher-order environmental dynamic capabilities (HEDCs) and lower-order 

environmental dynamic capabilities (LEDCs). Third, HEDCs are postulated to influence performance through 

LEDCs. Specifically, clarity is sought on their indirect effects on sustainable performance through LEDCs as 

mediating factors (Fainshmidt et al., 2016; Schilke, 2014; Schilke et al., 2018). Additionally, due to the lack of 

clarity about the relationship between the three pillars of TBL, dyadic relationships between the dimensions of 

sustainable performance were proposed (Gong et al., 2018; Micheli et al., 2020; Sudusinghe & Seuring, 2020;Yun 

et al., 2019). 

 

To validate the theoretical model, the research was designed within the logical positivist/empiricist paradigm and 

a survey-based strategy was used for data collection. From this, the methodology included the design of the 

questionnaire, the population and sample selection, data collection, and data analysis. Thus, the final questionnaire 

consisting of 12 constructs was tested for validity and reliability. Likewise, the unit of analysis was the large and 

medium-sized manufacturing companies in Colombia. The survey was applied to the population under study, that 

is, 1,653 manufacturing companies for 145 days, with 281 completed surveys being collected at the end of the 

fieldwork, which means a response rate of 16.9%. In addition, non-response bias and common method tests were 

applied, identifying that neither affected the results. Data analysis was carried out using a partial least squares 

structural equation modeling approach (PLS-SEM), using a four-step procedure: 1) data and model characteristics, 

2) measurement model evaluation, 3) structural model evaluation, and 4) robustness analysis. 
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The results of the data analysis allowed the hypotheses proposed in the model to be validated, which found that 

the individual effects of each HEDC on each LEDC yield partial results. Nonetheless, when the simultaneous 

effects are evaluated, it can be identified that the set of HEDCs have a positive and significant influence on the 

LEDCs. Second, it was obtained that LEDCs fully mediate the relationship between HEDCs and sustainable 

performance. This is also supported by the partial results obtained between each LEDC and each dimension of 

sustainable performance, as well as the insignificant direct effects between HEDCs and the three pillars of the 

TBL. Third, it was shown that there is a balance between the three TBL performances as a result of the effects of 

environmental dynamic capabilities, providing evidence for the win-win paradigm and the progressive 

relationships between the three pillars. 

 

This doctoral thesis presents a novel contribution to the field of study by identifying and analyzing the effects of 

the GSCM approach on sustainable performance (economic, environmental and social) based on DCV in 

Colombian manufacturing companies. The results presented close the gaps identified in the literature on DCV, 

GSCM, and sustainable performance. Specifically, it highlights the contribution of this dissertation in proposing 

the concept of "environmental dynamic capabilities of the GSCM," and an integrated environmental DCs 

framework based on the gaps identified in both the GSCM and the DCV, as well as the synergies between the two 

approaches. Therefore, the present study can be considered one of the first to holistically integrate DCV with 

sustainability of green supply chains, as well as empirically validating their interconnectedness.  

 

Second, it provides a significant contribution to the understanding of the hierarchy of dynamic capabilities in terms 

of environmental DCs and the creation of new DCs. Specifically, this is one of the first investigations that, in 

addition to proposing a model based on the hierarchy of environmental dynamic capabilities, also addresses its 

empirical validation. Third, this work succeeds in explaining how the hierarchy of environmental dynamic 

capabilities affects sustainable performance, closing a gap in the literature. Therefore, this study confirms the fact 

that firms can maximize their competitive advantage by improving the sustainable performance of their supply 

chains through alignment between the two sets of capabilities. Fourth, the results obtained provide new knowledge 

regarding the win-win paradigm by empirically validating that environmental dynamic capabilities can directly 

improve a firm's social and environmental performance, and indirectly improve its economic performance. From 

the context, this study is one of the first in Latin America to address theoretically and empirically the relationship 

between GSCM practices and sustainable performance from a DCV perspective, showing evidence from an 

emerging country such as Colombia.   

 

Regarding methodological contributions, the construction and validation of the data collection instrument are 

highlighted. This can be taken as a reliable reference to be applied in future research focused on green supply 

chains and sustainable performance in manufacturing companies within not only the Colombian context, yet also 

in other regions. Another relevant methodological contribution is the application of Partial Least Squares Structural 

Equation Modeling (PLS-SEM) for data analysis through a four-step procedure, which includes the analysis of 

complex models, mediation analysis between multiple constructs, composite factor analysis, new discriminant 

validity methods such as HTMT, and robustness analysis such as the observed heterogeneity using the MICOM 

and MGA-PLS analysis.  

 

In terms of practical contributions, this way, this study acts as input for policy formulators in the country and other 

similar contexts, highlighting what environmental dynamic capacities need to be developed and in what sequence 

to improve sustainable performance. One of the most important points derived from the study is that environmental 

sustainability is an important imperative at the supply chain level, through which evidence is provided to support 

the need for managers to engage in a comprehensive program of collaboration between functional units, suppliers, 
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and customers rather than to symbolize a standard of environmental management, comply with social norms, or 

conform to environmental practices adopted by other companies.  

 

The knowledge dissemination products of this thesis include the publication of four scientific articles in high-

impact factor and Q1 journals (two articles in Benchmarking: An International Journal, one article in Sustainable 

Production & Consumption, and one article in the International Journal of Production Economics), the publication 

of a research book and a book chapter in Springer. Furthermore, three papers were presented internationally at 

EURO 21, EPIEM-EUROMA 2022, and EUROMA 2023, and five papers were presented nationally at the 

Congress of Industry and Organizations. A two-month doctoral internship was also carried out at the Center for 

Development Research at the University of Bonn in Germany. Finally, at the EPIEM-EUROMA 2022 held at the 

Graz University of Technology, the article "Industry 4.0 technologies as organizational capability for 

environmental sustainability in supply chains: an empirical study" presented by the author of this doctoral thesis 

won the Best Paper Award. 

 

For its presentation, this doctoral thesis has been structured as follows: Chapter 1 presents the theoretical 

framework, where basic concepts, theories, frameworks, models, and previous research results systematically 

extracted from the most up-to-date literature, are reviewed and critically analyzed in order to identify the 

knowledge gap. Chapter 2 describes the theoretical model and research hypotheses, which had DCV, the GSCM, 

and sustainable performance as their core themes. Chapter 3 presents the research design from its ontological, 

epistemological, methodological, and axiological position, as well as the strategy used for data collection and 

analysis. Chapter 4 presents the statistical processing of the data through structural equation modeling and the 

empirical validation of the theoretical model. Finally, Chapter 5 presents the discussion of the results obtained in 

light of the theoretical foundations covered in the first and second chapters, and then draws the final conclusions 

of the research together with the theoretical and practical implications, limitations, and future directions of the 

investigation. 
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1. CHAPTER 1. THEORETICAL FRAMEWORK 

 

 
There are three main conceptual axes around which this doctoral thesis focuses: the Dynamic Capabilities View 

(DCV), Green Supply Chain Management (GSCM) and sustainable performance. The DCV proposed by Teece & 

Pisano (1994) goes beyond the Resource Based Theory (RBV) by postulating that firms can create and build 

capabilities by adapting, integrating and reconfiguring skills, resources and competencies appropriately to achieve 

competitive advantage in changing and unpredictable environments. In this way, the initial background and 

organizational framework that reflects current research on DCV is shown. From this, the gaps in this theoretical 

perspective can be identified. The underspecification of the concept and the lack of empirical knowledge due to 

its mainly abstract notion resistant to observation and measurement (Di Stefano et al. 2010; Fainshmidt & Frazier, 

2017; Schilke et al., 2018), and its influence on performance (Dubey et al., 2021; Easterby-Smith, Lyles, & Peteraf, 

2009; Loureiro, Ferreira, & Simões, 2021; Schilke, 2014a), are unresolved issues in the DCV framework. 

 

The second topic to be covered is GSCM, which has been conceptualized as the integration of environmental 

thinking into supply chain management (SCM) from product conception to manufacturing, delivery and return 

from the customer (Srivastava, 2007). Hence, this chapter presents the background including SCM, the definition 

of GSCM, the influencing factors that lead companies and their supply chains (SCs) to adopt the GSCM approach, 

the environmental practices of the GSCM approach identified in the literature review, as well as the different 

conceptual frameworks developed for the integration and classification of GSCM practices. Despite the large 

amount of available literature on the GSCM approach, gaps are still evident such as the poor theoretical 

development of the GSCM approach (Assumpção et al., 2019; Maditati et al., 2018; Sarkis, Gonzalez-Torre, & 

Adenso-Diaz, 2010; Sauer & Seuring, 2018; Touboulic & Walker, 2015), the absence of a holistic framework 

integrating all GSCM practices including emerging ones (Firmansyah et al., 2021; Herrmann et al., 2021; Jell-

Ojobor & Raha, 2022; Ramirez-Peña et al., 2020; Sajjad, Eweje, & Tappin, 2020; Tseng et al., 2019; Zhang et al., 

2020) and limited research on causal relationships between GSCM practices (Bai et al., 2017; Malviya & Kant, 

2015; Zaid et al., 2018). 

 

As a third core theme, the concept of sustainability is introduced, from which the concept of sustainable 

performance is derived under the so-called Triple Bottom Line (TBL) proposed by Elkington (1998). Thus, 

corporate sustainability is achieved by balancing economic, social and environmental pillars (Seuring & Müller, 

2008; Carter & Rogers, 2008). Measuring sustainable GSCM performance enables organizations to employ more 

mature practices, set long-term goals and create plan of action (Saeed & Kersten, 2017). However, due to the 

complexity of measuring and managing sustainability in the business sector, there is a paucity of quantitative 

frameworks that consider TBL dimensions simultaneously (Ahi, Searcy, & Jaber, 2016; Pasqualini Blass et al.,  

2016; Sudusinghe & Seuring, 2020; Vijayvargy et al., 2017). Likewise, little is understood about the 

interrelationship between the three pillars, their causes, synergies and trade-offs (Gong et al., 2018; Qorri, Gashi, 

& Kraslawski, 2020). The social dimension in particular remains the least tackled (Kumar et al., 2021; Mani, 

Jabbour, & Mani, 2020; Messmann et al., 2020; Sebastianelli & Tamimi, 2020).  

 

Regarding the relationship between DCV, sustainability and the GSCM, despite their previously highlighted 

relevance individually, DCV has been approached in an instrumental way and does not extend the 

interrelationships with corporate sustainability (Bianchi et al., 2022; Nkrumah et al., 2021). Also, few studies (e.g., 

Daddi et al., 2021; Hong et al., 2018; Kumar et al., 2021; Siems et al., 2021; Rauer & Kaufmann, 2015; Beske et 

al., 2014; Beske, 2012) have been focused on the importance of dynamic capabilities (DCs) in sustainability. Other 



17 
 

authors (Amui et al., 2017; Assumpção et al., 2019; Bari et al., 2022) argue that it is still unclear how firms can 

successfully develop DCs that have a GSCM scope and achieve sustainability for competitive advantage. 

 

From the foregoing, the importance of analyzing the effects of GSCM practices on sustainable performance from 

DCV is evident. Therefore, the purpose of this chapter is to present and discuss the relevant theoretical foundations 

of both the DCV, the GSCM approach, and sustainable performance in order to provide the basis for identifying 

and stating the knowledge gap to be addressed in this dissertation. In this perspective, this chapter is structured as 

follows: firstly, the strategy for developing the theoretical framework is presented. Secondly, the background and 

gaps of DCV, GSCM and sustainable performance are addressed separately, with the identified gaps of the linkages 

and relationships between these concepts being presented and discussed in the light of the most recent research. 

Finally, the knowledge gap addressed in this research is derived and declared by considering the state of the art on 

the theory reviewed. 

1.1 Strategy for theoretical framework development  

 
As one of the first steps in the development of the research, a common thread was built around the research topics 

in order to approach the state of the art and practice in each of the fields of study addressed (Figure 1.1).  

 

Figure 1.1.Theoretical Framework Development Strategy 

 

Source. Compiled by author 

The first block deals with the theoretical perspective that guided the research and hypothesis statement, which is 

the DCV. A second section deals with the GSCM, showing the background, definitions, influencing factors, 

practices and conceptual frameworks. The third block addresses the concept of sustainability and sustainable 
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performance, which includes environmental, economic and social performance measures and metrics. The state of 

the practice will address the Colombian manufacturing sector, its characterization, development and problems 

associated with the topic of study, which is environmental management and sustainability. 

 

For the development of the proposed thread, we used a systematic literature review, which focuses on the synthesis 

of individual studies, without reference to the statistical significance of the findings (Siddaway, Wood, & Hedges, 

2019). This review is appropriate when the aim is to examine a collection of studies that have used diverse 

methodologies and different theoretical conceptualisations. In addition, they are useful when the goal is to identify 

relevant research with important implications for the topic under study, using meta-narratives to synthesize the 

findings. Finally, integrative reviews are used when the purpose is not to examine all articles on a given topic, but 

to combine perspectives to create new theoretical models (Snyder, 2019). 

 

As such, the narrative review was conducted to identify research advances in the field of DCV, GSCM and 

sustainable performance, such as major concepts and definitions, practices, influencing or critical factors, theories, 

related approaches, commonalities, themes, theories, areas for future research and research gaps. The literature 

review also sought to identify relevant themes or categories of investigation, relevant articles in those categories 

and synthesize them to identify the research gap. The process applied to the literature review was based on the 

contributions of Farooque et al. (2019), Mishra (2017), and Dubey, Gunasekaran, & Papadopoulos (2017) (see 

Figure 1.2). In the first stage, two databases were selected to obtain the articles: Scopus, as the largest database of 

peer-reviewed journals in the fields of management and engineering (Ahi & Searcy, 2013), and ISI Web of 

Science, which focuses specifically on the management area (Taticchi, Tonelli, & Pasqualino, 2013).  

 

In the second stage, the keywords and search equations were applied for the exploration and selection of papers. 

The search was based on broad-based terms and strings associated with the field of GSCM, “Green Supply Chain 

Management”, “Green Supply Chain”, “environmental practice*”, “green practice”, “sustainable performance”, 

“sustainab*”, “Triple Bottom Line”, “performance”, “Dynamic Capabilities View”, “Dynamic Capabilities”, 

“industr*”, “manufacturing”, among others. Initial search attempts resulted in a total of 6.072 articles. In stage 3, 

duplicate articles were eliminated between the databases, resulting in 5.562 articles. To narrow the analysis, the 

titles and abstracts of the initial selection were read to limit them to 2.079 relevant articles. In the stage 4, the 

inclusion and exclusion criteria were applied. The inclusion criteria were those articles that addressed GSCM 

approach, performance dimensions, and dynamic capabilities. Exclusion criteria were those articles that were 

unavailable, from a different sector, and unrelated to the specific topic. This screening reduced the relevant articles 

to 510. All articles were considered to be representative of the current body of knowledge associated with GSCM, 

DCV and sustainable performance. 
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Figure 1.2. Structured literature review process 

 
Source. Adapted from Farooque et al. (2019) and Dubey et al. (2017) 

 

1.2 Underlying theory: Dynamic Capabilities View (DCV) 

 
The increasing intensity, dynamism and turbulence of the business environment has focused attention on 

organizational resources and capabilities as the main source of sustainable competitive advantage and the basis for 

long-term strategy formulation (Grant, 1996; Nayeemunnisa & Gomathi, 2020). In this regard, making a historical 

rescue of the seminal authors who provided the foundations of the underlying theory, Grant (1991) defined strategy 

as the combination that an organization makes of its internal resources and capabilities and the opportunities and 

risks created by its environment. The key question in the field of strategic management is how firms achieve and 

maintain competitive advantage (Teece et al., 1997). Until the 1980s, the dominant paradigm of strategic 

management was the “Competitive Forces Approach” proposed by Porter (1980), which was based on sectoral 

and rivalry analysis (Teece et al., 1997). A second approach, called strategic conflict, uses the tools of game theory 

to analyze the nature of competition between rival firms and how firms stay ahead of their competitors through 

strategic investments, pricing strategies, signaling and information control (Teece, Pisano, & Shuen, 1997). 
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However, if the market structure is in a state of flux, and if monopoly rents rapidly collapse to new sources of 

competition, the previously described paradigms are unlikely to yield more than temporary benefits (Grant, 1996). 

As a result, in the early 1990s, under the influence of authors such as Penrose (1959) and Prahalad & Hamel 

(1990), the focus of competitive advantage analysis shifted towards the internal aspects of the firm. Starting from 

the notion that firms are fundamentally heterogeneous in their internal resources and capabilities, the Resource-

Based View (RBV) argues that firms achieve competitive advantage not because they engage in strategic 

investments that may discourage the entry of new players, yet rather because they have markedly lower prices, or 

offer a markedly superior quality or product.It can be argued that firms resorting to RBV try to accumulate valuable 

assets and adopt an aggressive intellectual property posture. However, this strategy is often not sufficient to explain 

how and why some firms have competitive advantage in situations of rapid and unpredictable change.  

 

Capabilities that enable the development of new forms of competitive advantage are called "dynamic capabilities" 

(DCs) (Teece & Pisano, 1994). Teece & Pisano (1994) emphasize two essential aspects of DCs. First, the term 

"dynamic" refers to the ability to renew competencies due to changes in their internal and external environments, 

i.e., their change-oriented nature (Eisenhardt & Martin, 2000; Fainshmidt & Frazier, 2017; Teece et al., 1997). 

Secondly, the role of “capabilities” in strategic management for the appropriate adaptation, integration and 

reconfiguration of the organization's internal and external skills, resources and functional competencies to adapt 

to the changing environment. Broadly speaking, a "capability" has been defined as the ability to combine and 

exploit existing resources and routines to perform some task or activity (Danneels, 2008; Helfat et al., 2007;  

Spanos & Prastacos, 2004; Trentin, Forza, & Perin, 2015). As such, DCV is an extension of RBV, transforming 

what is essentially a static view into one that can encompass competitive advantage in a dynamic context 

(Ambrosini et al., 2009; Karman & Savanevičienė, 2021).  

 

In this vein, Teece, Pisano, & Shuen (1997) further developed their concept of DC proposed in 1994, by adding 

that the essence of DCs and a firm's competitive advantage is explained by organizational and managerial 

processes (coordination/integration, learning and reconfiguration) shaped by the asset positions the firm possesses 

(internal specifics), and the path dependencies it has adopted or inherited. In contrast to the above, Eisenhardt & 

Martin (2000) defined DCs as a set of specific, strategic and identifiable processes that use resources for the 

generation of new value creation strategies. They further noted that DCs can function in environments other than 

those experiencing rapid change. 

 

In the same line of thought,  Helfat et al. (2007) argue that the term "capability" does not indicate possession of an 

exceptional ability. The fact that a company has DCs only indicates that it can intentionally create, expand or 

modify its resource base in a practiced and structured way. The authors add that the concept of DC includes the 

ability to identify the need or opportunity for change, formulate a response to that need and the opportunity to 

implement a course of action. Similarly,  Teece (2007) contends that DCs can be broken down into three 

interrelated capabilities (Sensing, seizing, and reconfiguring (SSR): 1) detecting opportunities and threats, 2) 

seizing opportunities, 3) reconfiguring tangible and intangible assets. Table 1.2 shows an increasing convergence 

among definitions of the DCs construct. 

 

Table 1.1.Key definitions of Dynamic Capabilities 

Authors Definition 

Teece & Pisano 

(1994) 

Therefore, competencies and capabilities are intriguing assets, as they usually have to be built because they 

cannot be bought. Dynamic capabilities are the subset of competencies/capabilities that enable the firm to 

create new products and processes and respond to changing market circumstances. 

Helfat (1997) 
The subset of competencies/capabilities that enable the company to create new products and processes and 

respond to changing market circumstances. 
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Teece, Pisano & 

Shuen (1997:516) 

The firm's ability to integrate, build and reconfigure internal and external competencies to address rapidly 

changing environments. Dynamic capabilities therefore reflect an organization's ability to achieve new and 

innovative forms of competitive advantage given path dependencies and market positions (...)". 

Eisenhardt & Martin 

(2000:1107) 

Enterprise processes that use resources - specifically processes to integrate, reconfigure, obtain and release 

resources, to adapt to and even create market changes; dynamic capabilities are thus the organizational and 

strategic routines by which enterprises achieve new configurations of resources as markets emerge, collide, 

divide, evolve and die". 

Zollo & Winter 

(2002:340) 

A dynamic capability is a learned and stable pattern of collective activity through which the organization 

systematically generates and modifies its operational routines in pursuit of greater efficiency. 

Winter (2003:991) Those (capabilities) that operate to extend, modify or create ordinary (substantive) or 'zero-level' capabilities. 

Zahra, Sapienza & 

Davidsson (2006) 

The ability to reconfigure a company's resources and routines in the manner intended and deemed appropriate 

by its top decision-maker(s). 

Helfat et al. (2007:4) The ability of an organization to intentionally create, expand or modify its resource base. 

Danneels (2008) Capacity of the company to engage in exploration, i.e., to create new competences. 

Teece (2007:1319) 
Dynamic capabilities can be broken down into the ability to (a) perceive and shape opportunities and threats, 

(b) seize opportunities, and (c) maintain competitiveness by improving, combining, protecting and, when 
necessary, reconfiguring the firm's intangible and tangible assets. 

Barreto (2010, p.271) 
A dynamic capability is the firm's potential to solve problems systematically, shaped by its propensity to detect 

opportunities and threats, to make timely and market-oriented decisions, and to change its resource base. 

 

Schilke et al. (2018) 

 

They can be considered a distinct subset of organizational capabilities; specifically, they are those capabilities 

that can effect change in the firm's existing resource base (and associated support system, such as the firm's 

organizational and governance structure), its ecosystem and external environment, as well as its strategy. 

Teece (2018a) 
Dynamic capabilities produce business models that are elaborated, refined, implemented and transformed to 

address or even achieve changes in the market climate. 

Bari et al. (2022) 
Dynamic capabilities are the specific tasks that, over time, provide organizations with a platform to turn these 

specific tasks into capabilities to overcome sustainability challenges. 

Source. Compiled by the author 

 

According to Table 1.2, although there is no single definition, it can be seen that definitions of DCs have 

maintained their conceptual core, i.e., all contributions start from a theory of organizations' capacities to identify, 

build and reconfigure resources, capabilities, skills and abilities to respond to the changing environment around 

them. However, the latest definitions of DCs go beyond the reconfiguration of resources and capabilities of just 

responding to changes in the environment. They also refer to the evolution of specific tasks and practices to 

overcome sustainability challenges. However, the Dynamic Capabilities View (DCV) has also become one of the 

most contentious research frameworks (Bruyaka et al., 2024; Buzzao & Rizzi, 2021; Laaksonen & Peltoniemi, 

2018). Figure 1.3 shows an organisational framework that reflects current DCV research and identifies the main 

antecedents, characteristics, dimensionalisation, mechanisms, moderators and consequences of dynamic 

capabilities.   
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Figure 1.3.Organizational framework dynamic capabilities 

 
Source. Adapted from Schilke et al. (2018) and Bruyaka et al. (2024). 

 

1.3 Green Supply Chain Management (GSCM) 

 

1.3.1 Definition of GSCM 

 
From a variety of insights, Supply Chain Management (SCM) can be defined as the strategic, systematic and 

integrated coordination of the traditional business functions (planning, sourcing, operations and logistics) of a 

network of multiple businesses and relationships involved in the direct and reverse flow of materials, services, 

knowledge, finance and information from the supplier to the end customer (Tronnebati & Jawab, 2020). The above, 

in order to meet the rapid delivery of products and services, minimize production costs, increase quality, maximize 

product profit and value generated for customers and stakeholders (Balon, 2019; Dubey, Bag, & Ali, 2014; 

Zahraee, Mamizadeh, & Vafaei, 2018), and improve the long-term performance and competitive advantage of 

individual firms and SCs as a whole (Teixeira et al., 2020). In manufacturing firms, the activities included in SCM 

are (1) product design and development; (2) purchasing or sourcing; (3) production planning and control; (4) 
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production and manufacturing; (5) shipping/distribution; and (6) product returns management (Sahar, Afifudin, & 

Indah, 2020)  

 

The recent crises, such as the COVID 19 pandemic, the war in Ukraine and climate change, have made civil society 

organizations more vulnerable (Bianco et al., 2023; Seuring et al., 2022). Equally, globalization and increasingly 

dynamic and competitive markets have made SC more global, complex and fragile (Cahyono et al., 2020; Dubey 

et al., 2021; Qin et al., 2021). Furthermore, environmental degradation due to high levels of production and 

industrialization have led to high consumption of natural resources and increased pollution, thus posing a major 

worldwide threat (Acquah, Agyabeng-Mensah, & Afum, 2020; Kumar et al., 2019; Qin et al., 2021; Santos et al., 

2020; Teixeira et al., 2020). A significant proportion of the total environmental impact of the industrial sector 

arises in SCs, beyond the focal company, in terms of emissions, pollution and community health risk (Ali et al., 

2020; Tseng et al., 2019).  

 

Increasing environmental concerns by nations, rising environmental knowledge and awareness of consumers and 

actions by governmental and non-governmental organizations, have put pressure on companies and SCs to 

minimize the impacts of their activities on the environment (Centobelli et al., 2021; El-Garaihy et al., 2022; Green 

et al., 2012; Jassim, Al-Mubarak, & Hamdan, 2020; Micheli et al., 2020; Porkar et al., 2018; Teixeira et al., 2020).  

To cope with today's dynamic markets, various SCM paradigms have emerged in recent years to ensure the 

sustainability of SCs (Azevedo et al., 2013; Ramirez-Peña et al., 2020).  

 

GSCM is a business strategy derived from environmental concerns (Chin et al., 2015; Foo et al., 2018) which has 

become widely disseminated among companies seeking to improve their environmental performance (Nejati, 

Rabiei, & Chiappetta Jabbour, 2017; Testa & Iraldo, 2010), as it enables them to turn threats into opportunities 

(Bae & Grant, 2018; Hart, 1995), reduce their carbon footprint (Yu et al., 2014), minimize pressures from multiple 

stakeholders, achieve long-term profitability (Vanpoucke, Quintens, & Van Engelshoven, 2016) and sustainable 

competitive advantage (Islam et al.,  2018). Thereby, GSCM has become a sustainability solution for all 

organizations and nations, being integrated into various global policies such as the United Nations Sustainable 

Development Goals (Cahyono et al., 2020; Sun & Zhu, 2018). 

 

The seminal definition that historically originated the concept of GSCM was proposed by Srivastava (2007), who 

coined the concept of GSCM as the integration of environmental thinking into SC management activities, from 

product design, procurement and selection of materials, the manufacturing process, delivery of the product to end 

consumers and product management after its useful life. Taking a historical review of thinkers who contributed to 

the concept, Hervani, Helms, & Sarkis (2005) defined GSCM as a process that aims to minimize the waste of 

natural resources (energy, water and materials) and negative environmental impacts (air, water and land pollution) 

in all phases of a product's life cycle, from the extraction of raw materials to product use and disposal at the end 

of the product's lifecycle. Other authors postulated that GSCM means that companies and organizations must 

balance economic and environmental performance to remain competitive and meet stakeholder pressures (Zhu & 

Sarkis, 2004; Zhu, Sarkis, & Lai, 2008a, 2008b, 2013). Carter & Rogers (2008) extended the definition of GSCM 

to mean the strategic and transparent integration of SC for the transformation of raw materials into final goods, 

achieving economic, social and environmental objectives in the long term.The most relevant definitions of the 

GSCM are presented in Appendix 1.1. 
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1.3.2 Influence Factors 

 

Companies have encountered growing challenges in managing their environmental sustainability, not only in 

response to pressure from different stakeholders yet also as a business strategy to improve their environmental 

performance and create a competitive advantage (Bai & Sarkis, 2013; Famiyeh & Kwarteng, 2018; S. A. R. Khan, 

Yu, & Sharif, 2021; Pourjavad, Torkabadi, & Mayorga, 2018). As a result, research on the drivers of GSCM 

adoption has grown in recent years (Choudhary & Sangwan, 2019a; Nkrumah et al., 2021; Micheli et al., 2020). 

Several works that have attempted to understand the implementation of the GSCM approach have been based on 

stakeholder theory and institutional theory (e.g., Ahmed et al., 2020; Choudhary & Sangwan, 2019b; Jakhar, 2017; 

Testa & Iraldo, 2010; Zhang et al., 2020); Zhu et al., 2013).  

 

On the one hand, stakeholder theory proposed by Freeman (1984), holds that stakeholders can be affected by an 

organization's actions or impact a firm's performance (Baah et al., 2021; Dou et al., 2018; Khan et al., 2021). 

Meanwhile, the institutional theory developed by asserts that organizations’ function in social networks and 

adopting initiatives to gain legitimacy is necessary for success (Zhu, Geng, Fujita, & Hashimoto, 2010).Thus, the 

literature has identified a number of factors that have influenced firms to adopt GSCM and sustainable 

development either in the form of pressures, drivers, barriers or critical success factors (Khan et al., 2017; 

Mojumder & Singh, 2021; Seuring & Muller, 2008). 

 
● Pressures 

 
The institutional theory proposed by DiMaggio & Powell (1983) is the most widely used "theoretical lens" to 

understand the different types of external factors that compel any organization to adopt or discard any new set of 

practices and processes such as the GSCM approach (Geng et al., 2017; Saeed et al., 2018). Institutional theory 

postulates that companies are social systems with their own culture and principles. Therefore, organizational 

decisions and choices are influenced by established cultural behaviors, norms and social values (Saeed et al., 

2018). The premise underlying institutional theory is homogeneity described as "isomorphism" (DiMaggio & 

Powell, 1983). Isomorphism is a "constraint process that forces a unit in a population to resemble other units facing 

the same set of conditions (Tachizawa, Gimenez, & Sierra, 2015). The external pressures identified in the literature 

are shown in Appendix 1.2. 

 

● Internal drivers 

 

Narrowing the analysis only to "institutional pressures" does not allow for a full understanding of why companies 

operating in the same context (market or sector) pursue different strategies, despite experiencing similar 

institutional pressure (Testa & Iraldo, 2010). In the GSCM literature, the words "driver" and "pressure" are used 

without differentiation (Sarkis, Zhu, & Lai, 2011). Nevertheless, "drivers" are those internal factors within 

organizational boundaries that push, motivate, or sometimes force companies to adopt the GSCM approach 

(Govindan et al., 2016; Tseng et al., 2019), even at the risk of lower short-term profit because it can help increase 

economic benefits and have a better environmental performance (proactive behavior) (Asif et al., 2020; Micheli 

et al., 2020). The internal drivers identified in the literature are summarized in Appendix 1.3. 
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● Barriers 

 

The obstacles or constraints that tend to inhibit the transition from traditional SCM to GSCM are often high cost, 

risk, lack of integration, infrastructure, among others (Kaur et al., 2019; Jabbour et al., 2016; Dube & Gawande, 

2016). Arguably, the stronger the presence of these barriers, the poorer the level of GSCM implementation (Tseng 

et al., 2019). Kaur et al. (2018) classify barriers as regulatory, cultural, structural and contextual. Regulatory 

barriers encompass the lack of support and incentives from regulatory authorities, which hinders green innovation 

(Ahmed et al., 2019; Majumdar & Sinha, 2018; Ghadge et al., 2017). Cultural barriers are associated with 

organizational behavior and culture (Kaur et al., 2018), such as disengagement and support from senior executives 

(Ghadge et al., 2017; Liu & Chang, 2017), risk aversion and fear of failure (Hany et al., 2020). Barriers identified 

in the literature are summarized in Appendix 1.4. 

 

● Critical success factors 

 
Critical success factors (CSFs) are the mechanisms used to help managers plan and identify objectives in an 

organization, as well as improve its performance, and ensure its competitive success (Chiappetta Jabbour, 

Mauricio, & Jabbour, 2017). CSFs are also defined as key factors related to the greening of SCs, where the 

outcomes, if satisfactory, will ensure successful competitive performance for the individual, department and the 

firm (Ab Talib & Muniandy, 2013; Gandhi et al., 2016). The critical success factors are shown in Appendix 1.5. 

 

1.3.3 Environmental Practices of the GSCM Approach 

 
● Definition of GSCM Practices 

 

SC processes and activities play an important role for companies in their search for alternatives to reduce their 

adverse impact on the environment and society in the context of improving operational and financial performance 

(Acquah et al., 2020; Micheli et al., 2020). As a consequence, companies are adopting environmental GSCM 

practices in response to stakeholder demands for products and services that are environmentally sustainable and 

in response to green legislations (Green et al., 2012; Scur & Barbosa, 2017). 

 

In this regard, environmental practices refer to the green initiatives, strategies and activities adopted by companies 

in SC processes and activities to reduce and prevent negative impacts on the environment and society in order to 

achieve economic benefits (Teixeira et al., 2020; Balakrishnan & Suresh, 2018; Herrmann et al., 2021).  Chin, Tat, 

Sulaiman, et al. (2015) and Dorantes et al. (2019), add that environmental practices are useful for sustainability of 

SCs, waste reduction, reduced emissions in air and water, as well as improved energy efficiency. Tseng et al. 

(2019) state that, while the GSCM approach is the concept, environmental practices are the action. Thus, these 

actions translate thoughts into practices. In congruence with the above, Balon, (2019) claims that environmental 

practices can be defined as the actual application or use of an idea, belief or method, as opposed to theories related 

to them. 

 

On this pathway, depending on their degree of implementation, GSCM practices can reduce the impact of firms 

on the environment because they provide a structure for managers to systematically evaluate and improve their 

environmental performance (Vilchez et al., 2017). Wongthongchai & Saenchaiyathon (2019) affirm that the main 

focus of GSCM practices is to evaluate environmental performance according to established standards, measure 
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product quality and its environmental impact, as well as estimate the costs of waste from the production process. 

However, the definition of green practices differs from the concept of performance (benefits), as the latter 

emphasizes the positive effects of adopting environmental practices (Acquah et al., 2020; Tsai et al., 2020; 

Abdallah & Al-Ghwayeen, 2019).Appendix 1.6 presents the evolution of GSCM practices from 1980 to the current 

era, where green procurement and sourcing has moved from a reactive to a more proactive approach to improve 

environmental performance and, in turn, generates competitive advantage for companies. 

 

In the literature review that underlies the present research and from the previous studies presented by the author 

of this doctoral thesis (Trujillo-Gallego & Sarache, 2019; Trujillo-Gallego & Sarache, 2020; Trujillo-

Gallego,Sarache & Sellitto, 2020; Trujillo-Gallego & Sarache, 2021; Trujillo-Gallego, Sarache & Sellitto 2021; 

Trujillo-Gallego, Sarache & de Soussa Jabbour, 2022), 9 environmental practices that make up the GSCM 

approach were identified and validated (Figure 1.4). 

 

 
Figure 1.4. Environmental Practices of the GSCM Approach 

 
Source. Compiled by the author 

 

● Internal environmental management 

 

Internal Environmental Management (IEM) is defined as the environmental stewardship practices that 

organizations implement within their business to improve a company's environmental performance (Yu et al., 

2020; Choudhary & Sangwan, 2019b; Liu et al.,2018; Yu et al., 2014; Zhu & Sarkis, 2004).  IEM contains various 

activities that organizations adopt at the organizational level. Likewise, IEM encompasses other activities such as 

the establishment of environmental management departments (Pan et al.,2022; Pan et al., 2020), multifunctional 

teams and interdepartmental/cross-functional cooperation (Park, Kim, & Lee, 2022; Firmansyah et al. 2021; 

Teixeira et al. 2020; Zhu & Sarkis 2007), the development of an environmental management system to address 

environmental problems (Zhu et al., 2005; Yildiz Çankaya & Sezen, 2019; Sahoo & Vijayvargy, 2020; Sarwar et 

al., 2021), and organizational structure that enables environmental innovation (Park et al., 2022).  
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● Ecodesign 

 

Also known as ecological/green design or design for the environment (DfE)(Diabat et al., 2013; Abdullah et al., 

2019; Balon, 2019; Asif et al., 2020), it is a practice that integrates environmental thinking into the traditional 

design process by taking into account the entire product flow in the SC (Savita, Dominic, & Ramayah, 2012; 

Rostamzadeh et al., 2015). In the design stage, the functionality of the product, its parameters, environmental risks 

and occupational health and safety are established (Srivastrava, 2007; Le, 2020; Diabat et al., 2013; Lin, 2013; 

Govindan et al.,2015), as well as the selection of raw materials and suppliers, and the design of the production 

processes, all of which seek to minimize the consumption of natural resources and raw materials in all stages of 

the product life cycle  (Sharfman et al., 1997; Green et al.,2012; Anand et al.,2014; Mallikarathna & Silva, 2019; 

Lopes & Pires, 2020; Kazancoglu et al., 2020).  

 
● Environmental collaboration with customers 

 

To address the sustainability challenge and decrease negative environmental impacts within the SC, it is necessary 

for focal companies to carry out proactive and collaborative environmental initiatives and programmes with their 

suppliers and customers (Vachon & Klassen, 2006; Laari et al. 2016; Ahmed et al., 2020; Centobelli et al., 2021). 

Likewise, environmental collaboration with customers means working with them to reduce the impact of activities 

(Ahmed et al.,2020; Santos et al.,2019), exchanging information and joint technological innovation (Jo & Kwon, 

2022; Trujillo-Gallego & Sarache, 2020; Zhang et al., 2020), providing them with ecological support and training 

(Trujillo-Gallego and Sarache, 2020; Lopes & Pires,2020; Eltayeb et al., 2011) and involving them in all processes, 

from eco-design to transport and distribution, encompassing cleaner production processes for the development of 

environmentally sustainable products and green packaging (Birasnav et al., 2022; Habib et al., 2020; Sundram et 

al., 2018; Vijayvargy et al., 2017; Green et al.;2012; Zhu et al., 2008).  

 
● Green Human Resources Management  

 

Green Human Resource Management (GHRM) is an emerging field of study that has received considerable 

attention in the last decade due to its relevance for effective environmental management and achieving better 

sustainable performance in firms (Acquah et al., 2020; Nejati et al., 2017; Jabbour et al., 2016).  In this regard, 

Bombiak (2019) affirms that the core basis of the GHRM concept is formed by a subjective approach to human 

resources, seen as a component of the firm's assets and a key source of business competitiveness. On this path, 

GHRM incorporates environmental management into HRM activities to achieve environmental sustainability (Yu 

et al., 2020; Roscoe et al., 2019; Nejati et al., 2017), and systemically aligns HR practices with environmental 

objectives to promote employee knowledge, commitment, respect, responsible behavior and empowerment 

towards GSC implementation (Jabbour & de Sousa Jabbour, 2016; Nejati et al. 2017; Bombiak). Therefore, 

GHRM is used to encourage responsible employee behavior to preserve the environment (Tulsi & Ji, 2020).  

 

● Digital Technologies  

 

The concept of Industry 4.0 or fourth industrial revolution was introduced in 2011 in Germany by Hanover Messe 

(Dhamija et al., 2020; Sunil Luthra & Mangla, 2018). Thereby, Industry 4.0 is a new paradigm of smart and 

autonomous production/manufacturing (Bai et al., 2022), being characterized by the introduction of smart, 

advanced and disruptive technologies into production systems and methods, which transforms the structure of 

enterprises (Yu et al., 2021; Han et al., 2021; Naseem & Yang, 2021; Ying Li et al., 2020; Bai et al., 2020). 
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Furthermore, Industry 4.0 refers to the interconnectivity of cyber-physical systems (CPS) that enable the merging 

of the real and virtual world, automation and digitisation of production models (Bianco et al., 2023; Narender 

Kumar et al., 2021; Gupta, Modgil, et al., 2020; Ramirez-Peña et al., 2020; Zheng et al., 2020).  

 

● Green purchasing  

 

Green purchasing (GP), green procurement or eco-procurement, can be defined as the integration of environmental 

considerations into the policies, planning and actions of procuring raw materials, products, services, components, 

and other resources needed to run company operations (Liu et al., 2020; Firmansyah et al., 2021; Sarwar et al., 

2021). Likewise, different authors have defined green purchasing as a practice that attempts to ensure that the 

products, materials, packaging and services purchased, as well as the suppliers that provide them, meet 

environmental objectives such as promoting recycling,reuse, reduction of natural resources such as energy and 

water, minimisation of hazardous materials, and reduction of waste from the source (Sarwar et al., 2021 Sangode 

& Metre,2019; Kumar et al., 2019). The above, without sacrificing traditional criteria such as quality, cost and 

delivery time (Vijayvargy et al., 2017; Khodaparasti et al., 2020).  

 

● Green manufacturing 

 

The concept of green manufacturing (GM) appeared in the early 1990s, going by the term "environmentally 

responsible manufacturing," being described by Weissman & Sekutowski (1991, p. 23) as developing and 

implementing manufacturing processes and controls that minimize or eliminate hazardous chemical waste, reduce 

scrap and are operationally safer (Pang & Zhang, 2019). Sarkis & Rasheed (1995) defined environmentally 

responsible manufacturing as planning, developing and implementing manufacturing processes and technologies 

that minimize or eliminate hazardous waste and reduce scrap. 

 

Its main objective is to design products that are recyclable or can be remanufactured or reused ("3R" approach). 

Florida (1996) also argues that GM refers to innovation and the adoption of advanced technology in production 

processes that can help companies achieve higher profits and better environmental performance.  In recent years, 

different contributors have agreed in describing GM as the greening of manufacturing practices, with the aim of 

reducing or eliminating negative impacts on the environment caused by industrial activities, while maximizing the 

efficiency of resource utilization (Santoso et al., 2022; Ghadimi et al., 2020; Afum et al., 2020; Dubey et al., 2015).   

 

 

● Green logistics  

 

Logistics management is a part of SCM that is responsible for the movement and storage of materials and products 

throughout the SC to meet customer requirements (Ramirez-Peña et al., 2020; Abbas et al., 2019; Liu et al., 2018; 

Fahimnia et al., 2015). As an outcome of the aforementioned, green logistics (GL) emerges, whose aim is to 

minimize environmental impacts in logistics processes, including storage, handling, manipulation, packaging, 

distribution processing and transportation of products to the final consumer (Beamon, 1999; Balakrishnan & 

Suresh, 2018; Le, 2020; Sajjad et al., 2020; Plaza-Úbeda et al., 2021).  Accordingly, activities that are part of GL 

include green packaging (Zhu et al., 2008; Le, 2020; Laari et al., 2016), green distribution and green transportation 

(Santoso et al., 2022; Khan, Yu, & Sharif, 2021) 
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● Reverse logistics  

 

The concept of reverse logistics (RL) was first introduced by Lambert & Stock (1981) who defined it as backward 

flows of products, as opposed to classical forward processes, which originate at the producer's end, and end with 

the delivery of the product to the customer.  Bai & Sarkis (2013) state that reverse logistics is a critical activity 

within GSC, as its functions and activities are necessary to "completely close the loop". Reverse logistics activities 

have been classified as direct reuse, resale, repackaging, retrofitting, disassembly, remanufacturing, refurbishing, 

recycling, and disposal (Albretch et al., 2021; Sellitto & Murakami, 2020; Khor et al., 2020). The most commonly 

used include direct reuse, where a product maintains the same physical condition after the first life cycle and is 

reused for multiple cycles after minor interventions such as washing and cleaning (Centobelli et al., 2021; Yadav 

et al., 2020; Sellito, 2018).  

 

1.4 Sustainability and Sustainable Performance  

 

1.4.1 Sustainability  

 
The concept of sustainability emerged during the 1960s and 1970s due to the energy crisis and environmental 

pollution, specifically when in 1962, Rachel Carson published her book "Silent Spring," which reported on the 

harmful consequences of the use of pesticides and insecticides for humans and ecosystems (Mojumder & Singh, 

2021). This raised concerns among people, governments and nations that economic development at the expense 

of high environmental costs and increasing poverty was not worth the while. Due to this event, an environmental 

declaration with 26 principles that guide the conduct of society and its relationship with the environment was 

approved at the Stockholm Conference in 1972 (Gomes & Brasileiro, 2018). 

 

Since the middle of the 20th century, other series of international frameworks, regulations, conferences, treaties, 

charters and agreements have been developed as a way to regulate, prevent and mitigate the exploitation of natural 

resources. Some of the conferences and meetings held on the environment include:  World Climate Conference in 

Geneva, 1979; Earth Summit in Rio, 1992 (Stockholm Principles Update); Kyoto Protocol, 1997; World Summit 

on Sustainable Development (Rio+10) in Johannesburg, 2002; Paris Agreement, 2015 (UN, 2019). In the latter 

agreement, the 17 Sustainable Development Goals (SDGs) were outlined as an urgent call to action by all 

countries, both developed and developing, in a global partnership, with the goals of ending poverty, protecting the 

planet and ensuring prosperity for all (UN, 2018). 

 

In 1983, the World Commission on Environment and Development was held, which resulted in the publication of 

the document "Our Common Future" in 1987, also known as the Brundtland Report. This commission first defined 

sustainable development as humanity's capacity for "development that ensures that the needs of the present are 

met without compromising the ability of future generations to meet their own needs" (Brundtland, 1987, p. 8). The 

commission goes on to say (p. 8): "The concept of sustainable development has no absolute limits but limitations 

imposed by the present state of technology and social organization on environmental resources and by the capacity 

of the biosphere to absorb the effects of human activities". 
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1.4.2 Sustainable Performance 

 

Sustainability is also a business strategy that is closely linked to corporate social responsibility (CSR) (Chin et al., 

2015; Ahi & Searcy, 2013). In 2013, the Council for Supply Chain Management Professionals (CSCMP) defined 

sustainability as a business effort to meet the elements of sustainable development, taking into account stakeholder 

requirements and corporate social responsibility. Thus, corporate sustainability is achieved when a company, while 

protecting the environment, adds value to its shareholders (tangible and intangible results) and society (Singh & 

El-Kassar, 2019; Omar et al., 2019; Bakshi, 2019). Dyllick & Hockerts (2002) cited in Schrettle et al. (2014) note 

that, from a firm's perspective, sustainability can be defined as meeting the needs of a firm's direct and indirect 

stakeholders without compromising its ability to meet the needs of future stakeholders. Amui et al. (2017) 

characterize sustainability as balancing resource consumption and regeneration within a company. 

 

Nevertheless, it has been a challenge for companies to adopt all three dimensions of sustainability in a balanced 

way (Ahi & Searcy, 2013; Wu et al., 2015). In order to have a more specific and measurable conceptualization of 

corporate sustainability, Carter & Rogers (2008) developed a framework based on the triple bottom line (TBL) 

concept developed by Elkington (1998; 2004) for measuring an organization's business performance and success, 

using three pillars: economic, social and environmental (Seuring & Müller, 2008; Carter & Rogers, 2008; Pagell 

& Wu, 2009; Zaid et al., 2018; Wang & Dai, 2018). The TBL concept has been presented by three interconnected 

rings (Figure 1.5), also known as the "Common Sectoral Vision of Three Rings of Sustainable Development" (Das, 

2017). 

 
Figure 1.5.Triple Bottom Line Pillars 

 
Source: Adapted from Abualfaraa et al. (2020) and Balon (2019) 

 
Besides, Balon (2019) states that performance measurement is a periodic and systematic process that measures the 

performance of the three pillars. Likewise, an instrumental response to operationalize and measure the 

performance of sustainability strategies in companies is through the development and implementation of 

sustainability management standards, reports, guidelines, indicators and tools (Beske-Janssen et al., 2015). These 

tools push organizations towards economic, social and environmental responsibility, stakeholder compliance, and 

the integration of sustainability into strategic planning at both corporate, functional and SC levels (Tate et al., 

2010; Chen & Kitsis, 2017).Appendix 1.8 provides an overview of tools, standards and frameworks for measuring 

and reporting on different dimensions of sustainability. 
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In this line of thinking, Guang Shi et al. (2012) postulate that the assessment of GSCM's sustainable performance 

requires a set of sustainability indicators that are comparable, comprehensive and credible. In agreement with Ahi 

& Searcy (2015), the first publications on metrics were Lockyer &Wynne (1989) who introduced the metrics 

"environmental costs," and "inventory costs." Klassen & McLaughlin (1996) presented other metrics including 

"solid waste," "energy used," "purchase of environmentally friendly materials," "process innovation," 

"environmental policies and audits," "cost of recovery," among others. The definition and indicators of economic, 

social and environmental performance are presented below. 

 

● Environmental Performance  

 

Bae & Grant (2018) refer to it as the effectiveness of firms in matching and exceeding societal expectations related 

to natural resources and minimizing environmental pollution. For Agyabeng-Mensah et al. (2020) and Acquah et 

al. (2020) green performance is the measure of the impact of green practices on the company's operations towards 

achieving environmental sustainability goals. n addition, different authors define environmental performance as 

the ability of organizations to reduce water, air and soil pollution in the form of air emission (e.g CO2, SO2, NOx) 

(Birasnav et al., 2022; Micheli et al., 2020; Younis et al., 2020; Dubey et al., 2015; Zhu et al., 2008), minimizing 

natural resource consumption (Zimon et al., 2020; Abu Seman et al., 2019). Other scholars propose environmental 

management indicators such as environmental policies and measures, the approval rate of environmental 

management systems, certifications, environmental compliance and improvement of the company's environmental 

image, and results of organizational strategic plans that control the effect of pollution on the environment (Uddin, 

2021; Sánchez-Flores et al., 2020; Balon, 2019; Saeed & Kersten, 2017; Scur & Barbosa, 2016; Lin, 2013; Diabat 

et al., 2013; Chien & Shih, 2007). Appendix 1.9 shows the environmental performance indicators identified in the 

literature.  

 

● Social Performance  

 

The social dimension aims at the advancement of humanity and society, seeking for all members of society to have 

equal rights to resources and opportunities (Panigrahi et al., 2019). Foo et al. (2018) maintain that social 

sustainability requires the management of social issues that affect individuals, communities and society. Based on 

the above, Wood (1991) delineates social performance as "the configuration of social responsibility principles, 

socially responsive processes, observable policies, programmes, and outcomes of a business organization in 

relation to the social relations of the enterprise" (p. 693). 

 

Within this avenue, social performance is covered under employee-centered social performance (ESP) and 

community-centered social performance (CSP) (Setyadi et al.,2019; Carbone et al., 2019; Das, 2018; Das, 2017). 

Some indicators of ESP include reduction of inequity in employee remuneration (Mani et al., 2016; Khokhar et 

al., 2020; Das,2018; Luthra et al., 2014), improvement in quality of life that enable employees to develop their 

capabilities within the organization (Mani et al., 2020; Das, 2017), employee engagement, turnover, absenteeism 

and productivity (Chen & Kitsis, 2017; Carter & Rogers, 2008). CSP reflects the ability to positively contribute to 

the local society/community, which is indicated by the creation of direct and indirect jobs (Messmann et al., 2020), 

the quality of life of communities and the economic development of the region, as measured by the Human 

Development Index, GDP and population density (Zimon et al., 2020; Messmann et al., 2020). Social performance 

indicators identified in the literature are shown in Appendix 1.10. 
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● Economic Performance 

 

Economic sustainability remains one of the main objectives of business enterprises (Omar et al., 2019). Although 

the social and environmental dimension has been given greater prominence in recent decades, several studies 

suggest that ignoring economic performance would be irresponsible (Carter & Rogers, 2008; Seuring, 2008; 

Carroll, 1979). The latter, given that managers have the responsibility of adopting environmental practices based 

on the company's self-interest, their own self-interest, and interests of the company (Thong & Wong, 2018; Chen 

& Kitsis, 2017). When compared to social and environmental aspects, the economic aspect is about the efficient 

use of natural resources and achieving a return on an investment (Panigrahi et al., 2019; Winter & Knemeyer, 

2013). 

 

In the literature, economic performance has been defined as improvements in financial and marketing 

performance, resulting from the implementation of GSCM environmental practices (Younis & Sundarakani, 2019; 

Younis et al., 2016; Green & Inman, 2005; Zhu et al., 2005). According to Green et al. (2012), sustainable 

economic performance is the assessment of cost reduction, increased market share, return on assets, improved 

revenues and profits against economic performance targets. Acquah et al. (2020) and Agyabeng-Mensah et al., 

(2020) refer to it as the measure of the power of eco-friendly practices to promote profitability and shareholder 

wealth of the company. 

 

Economic performance has been measured using a variety of scales. Economic outcomes include growth in net 

profit (Kazancoglu, Kazancoglu, & Sagnak, 2018; Govindan et al., 2015; Gotschol et al., 2014; Green et al., 2012), 

revenue growth (Zhao et al., 2020; Vijayvargy et al., 2017), return on investment (ROI) (Kazancoglu et al., 2018), 

increase in ROA (Dubey et al., 2015), inventory turnover, order fulfillment rate (Zimon et al., 2020; Dubey et al., 

2015).The economic performance indicators identified in the literature are shown in Appendix 1.11. 

 

1.4.3 Relationships Between Dimensions of Sustainable Performance 

 
In recent years, measuring the sustainable performance of SCM has gained considerable importance, as it enables 

organizations to employ more mature practices, set goals and long-term action plans (Saeed & Kersten, 2017). 

Notwithstanding, due to the complexity of the concept of sustainability, the adoption of an appropriate set of 

indicators for the assessment of the sustainable performance of organizations and their SCs, poses a challenge for 

academics and practitioners (Firmansyah et al., 2021; Saeed & Kersten, 2020; Qorri et al., 2018; Ahi & Searcy, 

2015). Likewise, different academics found that there is a dearth of quantitative frameworks that consider the 

dimensions of TBL simultaneously (Sudusinghe & Seuring, 2020; Firmansyah et al., 2021; Gong et al., 2018; 

Vijayvargy et al., 2017; Saeed & Kersten, 2017; Blass et al.2016; Ahi & Searcy, 2015).  Notably, research on 

social and environmental dimensions has only recently started to increase, and even less attention has been paid 

to the linkages between the two dimensions (Hossan Chowdhury & Quaddus, 2021; Carbone et al., 2019; Winter 

& Knemeyer, 2013). This is due to the difficulties with social evaluation, as it is relatively new in the SCM domain, 

and still lacks research (Messmann et al., 2020; Carbone et al., 2019; Saeed & Kersten, 2017).  

 

From the environmental dimension, given that there are a multitude of indicators, it is considered challenging to 

select the set of indicators to measure its performance (Gong et al., 2018). In the literature review conducted in 

this PhD thesis, 721 empirical studies analyzing the three pillars of sustainable performance were found. However, 

as shown in Figure 1.6, most of them analyzed environmental and economic performance independently, as well 
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as the interaction between both of them. On the other hand, 53 studies addressed social performance, 51 tackled 

social and economic performance, and only 43 integrated all three dimensions of performance. 

 

Figure 1.6. Literature Review on Sustainable Performance 

 
Source. Compiled by the author 

 

1.5 Identification of Knowledge Gap  

 

1.5.1 Dynamic Capabilities, GSCM and Sustainability 

 

Different contributors (Bhatia, 2021; Amui et al.,2017; Kιrcι & Seifert, 2015; Beske, 2012) have emphasized that 

sustainable business development can only be achieved through sustainable business models and strategies that 

integrate sustainability as a dynamic option. Some researchers have already explored how the DCs proposed by 

Teece (1994,1997,2007;2016; 2018), can help organizations incorporate environmental sustainability into their 

strategy and operations by enabling them to identify new opportunities, challenges, and seize 

opportunities/transform assets/competences to address complex environments (Bari et al., 2022; Beske, 2012; 

Beske et al., 2014).  

 

Despite the above, the DCV presented by Teece (1994, 1997, 2007, 2016, 2018) has been criticized by researchers, 

particularly about the underspecification of the DCV construct and the lack of empirical knowledge (Gruchmann 

et al., 2021; Schilke et al., 2018). Furthermore, it has been stated that it does not extend the interrelationships with 

corporate sustainability (Bianchi et al., 2022; Nkrumah et al., 2021). Few studies (e.g., Siems et al., 2021; 

Gruchmann et al., 2021; Daddi et al., 2021; Kumar et al., 2021; Hong et al., 2018; Rauer & Kaufmann 2015; Beske 

et al., 2014; Beske, 2012) have highlighted the importance of DCs for sustainability. These papers have, in turn, 

suggested further research on the relationship between the two, with empirical validation of how developing DCs 

can greatly influence sustainability. This is because previous studies have focused either on traditional DCs or 

sustainability independently, yet fail to take an integrative approach (Bari et al., 2022; Buzzao & Rizzi, 2021). In 

this regard, Bari et al. (2022), in a review of 540 articles on DCs and sustainability, found that to date, only 15 

studies have addressed DCs and sustainability in an integrated manner, concluding that there is a research gap 

between conceptual approaches and empirical knowledge. 
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Therefore, in order to achieve sustainable SC performance, the development of DCs and the implementation of 

GSCM practices is vital (Rebs et al., 2019; Beske, 2012). As a result, more research is needed on how to develop 

SC environmental DCs that give firms better economic, environmental and social performance (Bari et al., 2022; 

Loureiro et al., 2021; Karman & Savanevičienė, 2021). Also, Beske et al. (2012) and Easterby-Smith et al. (2009) 

declare that it is still a matter of debate whether or not DCs can generate a competitive advantage in the long run.  

 

Beske (2012) and Beske et al. (2014), in spite of their important contributions to the field of DCV and SSCM, 

maintain the proposition that traditional DCVs influence the sustainability of SCs. Other researchers such as Qiu 

et al. (2019) have dealt independently with DCVs and GSCM. Daddy et al. (2021) only suggested the DCs 

construct of GSCM, without specifying and justifying that DCs were part of the construct. Gruchmann et al. (2021) 

analyzed DCs for sustainability in food processing companies in Germany using an exploratory study. 

Nevertheless, they use the traditional dynamic capabilities of sensing, shaping and reconfiguring across different 

phases of the supply chain. Therefore, a gap in the literature is revealed, as no consensus has yet been reached on 

the nature and composition of dynamic GSC capabilities and their relationship to sustainable performance.  

 

1.5.2 Relationships Between GSCM and Sustainable Performance  

 

Concern for the availability of natural resources for social and economic use, emphasizes the importance of GSCM 

as a business strategy to enhance sustainability, respond to stakeholders and achieve economic benefits (Pinto et 

al., 2018; Mendoza-Fong et al., 2018; Chin et al., 2015; Zhu et al., 2008b). Thus, the GSCM seeks to have a long-

term effect on future generations (Elkington, 1994; Linton et al., 2007; Jell-Ojobor & Raha, 2022). In recent years, 

assessing the sustainable performance of the GSCM has become essential to innovating, setting goals and 

determining future courses of action (Micheli et al., 2020; Saeed & Kersten, 2017). Other authors (Zhang et al., 

2020; Wang & Dai, 2017; Seuring & Müller, 2008) add that it is crucial to gain an understanding of how practices 

impact sustainable performance in order to know the priorities associated with enterprise competence. Appendix 

1.13 summarizes the main studies identified in the literature review that discuss the relationship between GSCM 

practices and performance. 

 

Notwithstanding the relevance of GSCM and sustainability in recent years, different scholars have brought up the 

need for further research to establish the impact of GSCM practices on sustainable performance (Birasnav et al., 

2022; Zhou et al., 2021; Saeed & Kersten, 2020; Micheli et al., 2020; Schmidt et al., 2017; Khan & Qianli, 2017). 

Schrettle et al. (2014) note that the sustainability literature provides limited answers to the questions of why certain 

firms adopt environmental management practices, while others do not, and in which circumstances companies can 

gain a competitive advantage by adopting sustainable practices. 

 

In the literature review, empirical studies were identified that addressed the relationships between GSCM 

practices, and each of the performances (environmental, economic and social performance), in addition to the 

relationship between GSCM and sustainable performance. The results are shown in Table 1.2 and Table 

1.3respectively. As can be noted, there are mixed outcomes in the links between GSCM practices and sustainable 

performance. Furthermore, it can be observed that the least addressed practices are GIST/Digital Technologies, 

Green Human Resources Management and Green Logistics. Additionally, social performance and sustainable 

performance are the least covered. Appendix 1.14 lists the research that has considered the three dimensions of 

sustainable performance. As such, only 19 studies were identified, and of these, the majority covered only some 

of the full set of GSCM practices reported in the literature, with the practices analyzed also being heterogeneous 
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across the studies. It is also noted that most of the studies were conducted in the manufacturing sector, with none 

being located in the Latin American context. 

 
Table 1.2.Relationships Between GSCM Practices and Environmental, Economic, Social and Sustainable Performance 

  Environmental Performance Economic Performance Social Performance 
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Ecodesign 48 87.50% 0.00% 12.50% 41 58.54% 9.76% 31.71% 8 75.00% 0.00% 25.00% 

Internal Environmental 

Management 
38 92.11% 0.00% 7.89% 31 67.74% 9.68% 22.58% 7 85.71% 0.00% 14.29% 

Gist/Digital 

Technologies 
9 88.89% 0.00% 11.11% 6 100.00% 0.00% 0.00% 3 100.00% 0.00% 0.00% 

Green Human Resources 

Management 
5 100.00% 0.00% 0.00% 5 80.00% 0.00% 20.00% 3 100.00% 0.00% 0.00% 

Environmental 

Collaboration with 

Customers 

32 78.13% 0.00% 21.88% 27 77.78% 3.70% 18.52% 2 100.00% 0.00% 0.00% 

Green Purchasing 44 65.91% 2.27% 31.82% 36 58.33% 5.56% 36.11% 12 33.33% 8.33% 58.33% 

Green Manufacturing 20 90.00% 0.00% 10.00% 18 72.22% 5.56% 22.22% 7 85.71% 0.00% 14.29% 

Green Logistics 15 80.00% 0.00% 20.00% 8 62.50% 12.50% 25.00% 4 75.00% 25.00% 0.00% 

Reverse Logistics 15 66.67% 0.00% 33.33% 13 46.15% 0.00% 53.85% 7 57.14% 0.00% 42.86% 

Source. Compiled by the author 
 

 

Table 1.3.Relationships Between GSCM and Sustainable Performance 

GSCM practice 
Sustainable Performance 

Nº studies Positive Negative No Relationship 

Ecodesign 7 71.43% 28.57% 0.00% 

Internal Environmental Management 6 66.67% 16.67% 16.67% 

GIST/Digital Technologies 2 100% 0.00% 0.00% 

Green Human Resources Management 2 50.00% 0.00% 50.00% 

Environmental Collaboration with Customers 2 50.00% 0.00% 50.00% 

Green Purchasing 9 22.22% 22.22% 55.56% 

Green Manufacturing 7 85.71% 14.29% 0.00% 

Green Logistics 3 66.67% 0.00% 33.33% 

Reverse Logistics 5 20.00% 20.00% 60.00% 

Source. Compiled by the author 

 

Different authors agree that the adoption of GSCM practices is especially relevant in developing countries where 

poverty, lack of investment in modern technology, weak environmental legislation, and industrialisation combine 

to cause high levels of pollution (Sahoo & Vijayvargy, 2020; Hong et al., 2018; Vijayvargy et al., 2017). Altaf et 

al. (2020) and Namagembe et al. (2019) add that GSCM is an indispensable approach for sustainable transition 

from structured agriculture to manufacturing in developing countries where the environment is still healthy. As 

can be seen in Table 1.6, most of the studies were carried out in developing countries, with the exception of those 

studies that investigated reverse logistics.  

 

From the literature conducted throughout this Chapter, different knowledge gaps were identified regarding the 

relationships between DCV-GSCM-TBL and the GSCM-TBL (see Figure 1.7). Therefore, the research gap that 

this thesis aims to close is the need to understand the relationship between the GSCM approach and sustainable 
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performance (environmental, economic, social) from a Dynamic Capabilities View. The identified research 

problem and knowledge gap gives rise to the following research question: 

 

What is the effect of GSCM approach practices on the economic, environmental and social performance of 

Colombian manufacturing companies from a Dynamic Capabilities View?
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Table 1.4.Empirical Studies and Meta-Analyses by Level of Development and Continent 

GSCM practice 
Nº 

Studies 

Level of development Continent 

Emerging Developed 
Meta 

Analysis 

More 

countries 
Asia Europe 

Middle 

East 

North 

America 
Africa 

South 

America 

Meta 

Analysis 

More 

countries 

Ecodesign 52 60% 35% 4% 2% 54% 4% 31% 2% 2% 2% 4% 2% 

Internal Environmetal 

Management 
40 68% 25% 5% 3% 55% 3% 23% 0% 10% 3% 5% 3% 

Gist/Digital Technologies 12 75% 17% 0% 8% 75% 0% 17% 0% 0% 0% 0% 8% 

Green Human Resources 

Management 
9 78% 22% 0% 0% 11% 11% 56% 0% 22% 0% 0% 0% 

Environmental 

Collaboration with 

Customers 

37 59% 51% 5% 0% 70% 8% 22% 5% 3% 5% 5% 0% 

Green Purchasing 54 56% 41% 2% 2% 56% 4% 24% 4% 7% 2% 2% 2% 

Green Manufacturing 22 73% 27% 0% 0% 45% 14% 36% 0% 5% 0% 0% 0% 

Green Logistics 15 53% 40% 0% 7% 67% 0% 27% 0% 0% 0% 0% 7% 

Reverse Logistics 18 17% 72% 6% 6% 56% 6% 17% 6% 6% 0% 6% 6% 

 

Source. Compiled by the author
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Figure 1.7.Knowledge Gap Identification 

 
Source. Compiled by the author
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1.6 Partial Conclusions 

 

Current challenges, dynamic environments and sustainability have increased the vulnerability of SCs. This 

is even more so in manufacturing companies, which have the greatest impacts on the environment. To 

address such threats, the actions developed by organizations must be viewed from a DCV perspective, as 

firms need to create and build capabilities by adapting, integrating/reconfiguring skills, 

resources/competencies appropriately to achieve competitive advantage in changing, unpredictable and 

dynamic scenarios. 

 

To cope with dynamic environments, the GSCM approach has emerged as a highly relevant business 

strategy in recent years, as it contributes not only to minimizing the adverse effects of SCs on the 

environment, but also to achieving competitive advantage and sustainable development. The factors 

influencing companies to adopt GSCM range from external pressures to internal drivers, barriers and critical 

success factors. Similarly, the implementation of GSCM is achieved through environmental practices, which 

help reduce and prevent negative impacts on the environment and society, in order to achieve social and 

economic benefits. Nine GSCM environmental practices were identified in the state of the art; consisting of 

internal environmental management, ecodesign, environmental collaboration with customers, digital 

technologies, green human resource management, green purchasing, green manufacturing, green logistics 

and reverse logistics. 

 

Moreover, sustainability has become one of the main concerns of modern societies, especially since the 

creation of the concept of sustainable development in 1987. From a business perspective, sustainable 

performance can be achieved through the proportional intersection of the economic, environmental and 

social pillars. Thus, the GSCM sustainable performance measurement enables organizations not only to 

have economic, social and environmental accountability, but also compliance with stakeholders, and the 

integration of sustainability into strategic planning at both corporate and SC level. 

 

The literature review on DCV, GSCM and sustainable performance identified a number of research gaps. 

With respect to DCV, it is noted that since the initial work of Teece & Pisano (1994), DCV has become 

firmly established as one of the most influential theoretical lenses in contemporary management areas 

including operations management. However, despite more than two decades of research on DCs and their 

theoretical relevance, important conceptual issues remain unresolved. First, despite the recognition that DCs 

play a crucial role in competitive advantage, no complete consensus has been reached on the 

operationalization of the term DCs. Critics have repeatedly expressed frustration with the underspecification 

of the concept, and lack of empirical knowledge, primarily due to its mainly abstract notion that is resistant 

to observation and measurement. 

 

In relation to the GSCM, in the systematic literature review that underlies the present doctoral thesis, and 

based on previous studies presented by its author, 9 environmental practices were identified, and validated 

as follows: internal environmental management, ecodesign, environmental collaboration with customers, 
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green purchasing, green manufacturing, green logistics, reverse logistics, green human resources 

management and digital technologies. Although the existing literature review recognised numerous 

initiatives to structure an integrative framework of GSCM practices, it was discovered that there is still no 

consensus on the set of practices that comprise the GSCM, as well as the lack of research dealing with the 

causal relationships between environmental practices and their influence on sustainable performance. 

Additionally, it was noted that there is a missing link between a theoretical perspective and the practical 

development of the GSCM, which is reflected in a lack of adequate use of theory to explain the existence 

of different types of environmental practices, as well as their different impacts on the sustainable 

performance of companies. 

 

Although the measurement of sustainable performance has gained considerable importance in recent years 

due to the complexity of the concept of sustainability, the adoption of an appropriate set of indicators for 

the assessment of the TBL of organizations and their supply chains has been a challenge for researchers. 

The literature review identified that there is a paucity of quantitative frameworks that consider all three 

dimensions of TBL simultaneously. More specifically, it has been highlighted that the analysis of synergies 

and trade-offs between performance types has been partially studied. Furthermore, few studies were found 

that have examined the specific effect of social and environmental performance on economic performance. 

Furthermore, it continues to show that the social pillar is the least addressed in the GSCM field. It is therefore 

clear that more research is needed to define analytical frameworks that integrate environmental, economic 

and social performance indicators in a balanced way to analyze the relationships between them. 

 

In the same vein, despite the relevance of GSCM and sustainability in recent years, different authors have 

raised the need for further research to establish the impact of GSCM practices on sustainable performance. 

This is because research in the field of GSCM still fails to quantitatively synthesize the mixed and 

conflicting results on the relationship between GSCM practices and sustainable performance in a more 

integrated perspective to interpret these inconsistencies. In the literature review of the present thesis, few 

empirical studies were identified that addressed the relationships between GSCM practices and 

environmental, economic and social performance. Of these, no studies were found that addressed the nine 

GSCM practices detected in the present research. In addition, it was observed that most of the studies on 

GSCM and TBL have been conducted in Asia, Europe, Africa and the Middle East, with South America 

being the continent where almost no work in this area was found. 

 

Finally, although several authors have highlighted the relevance of DCV for sustainability, the literature 

review identified few studies that deal with this aspect. It was found that there is an absence of empirical 

studies that integrate both approaches and explain how developing DCs can influence sustainable 

performance. This is because the research that has approached this relationship has done so conceptually, 

or has focused on traditional DCs and sustainability independently, showing a non-integrative approach. 

Furthermore, although the relevance of GSCM as a strategy for companies to adapt to sudden changes, risks 

and opportunities related to environmental protection is recognised, it is still unclear in the literature how 

companies can successfully develop DCs that have GSCM scope and achieve sustainability for competitive 

advantage.  
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Considering the above, there is a genuine lack of attempts in the literature to theoretically and empirically 

integrate DCs, green supply chains and sustainability under a holistic framework. Therefore, the research 

gap identified in this thesis is stated around the need to understand the relationship between the GSCM 

approach and sustainable performance (environmental, economic, social) from a Dynamic Capabilities 

View. 
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2. CHAPTER 2. THEORETICAL MODEL AND HYPOTHESES DEVELOPMENT 

 
 

The theoretical model proposed in this doctoral thesis is based on three fundamental axes: dynamic 

capabilities (DCs), green supply chain management (GSCM) and sustainable performance. Firstly, this 

research addresses the knowledge gap identified in the literature on the relationship between DCs, the 

GSCM approach and sustainable performance. From this perspective, internal environmental management, 

digital technologies, green human resource management, environmental collaboration with customers, eco-

design, green procurement, green manufacturing, green logistics and reverse logistics are considered as 

environmental dynamic capabilities of the GSCM, as they can reshape the resource base and capabilities of 

firms and their supply chains to respond to changing environments and improve their environmental 

sustainability (Teece et al.,1997; Helfat et al., 2007; Beske, 2012; Beske et al., 2014). 

 

Second, motivated by the works of Eisenhardt & Martin (2000) and Schilke et al. (2018), an empirical lens 

on the levels of DCs allows elucidating their nature, as well as the capabilities of firms to create new 

capabilities. Hence, drawing on the contributions of Collis (1994), Winter (2003) and Fainshmidt et al.'s 

(2016) research on the hierarchy of dynamic capabilities, this investigation addresses the approach from two 

distinct levels: higher-order environmental dynamic capabilities (HEDCs) and lower-order environmental 

dynamic capabilities (LEDCs).Third, the direct implications of HEDCs on LEDCs, and how this pecking 

order affects performance, is still an underdeveloped topic in the literature (Fainshmidt et al., 2016; Schilke 

et al., 2018). Thereby, building on arguments offered by Zahra et al. (2006), Ambrosini et al. (2009), and 

Fainshmidt et al. (2016), it is posited that HEDCs influence performance through LEDCs. Specifically, 

clarity is sought on their indirect effects on sustainable performance through LEDCs as mediating factors 

(Fainshmidt et al., 2016; Schilke, 2014; Schilke et al., 2018).  

 

Therefore, this doctoral thesis proposes a theoretical model based on the hierarchy of dynamic capabilities 

and its relationship with sustainable performance. Based on the latter, the stated research hypotheses aim 

to: 1) analyze the hierarchical order of the GSCM's environmental dynamic capabilities, to establish how 

HEDCs influence LEDCs; 2) identify the impact that HEDCs have on sustainable performance through 

LEDCs; and 3) analyze the relationships between different TBL performances as a result of the effects of 

environmental dynamic capabilities. All of the above, under the moderating effects of firm size and age, 

and export orientation. 

2.1 Environmental Dynamic Capabilities of GSCM 

 

The challenge of sustainability, global warming, environmental and natural resource protection, represents 

a transformation of industry characteristics (Lyu et al., 2021; Schrettle et al., 2014), compelling companies 

to redesign their business models and restructure their supply chain operations (Amui et al., 2017; Schrettle 

et al., 2014; Wu & Pagell, 2011). In particular, "organizations with the intention of pursuing a sustainability 

strategy are prone to more unpredictable changes than if they did not have these objectives" (Beske, 2012, 

p. 378). Likewise, with the COVID 19 pandemic, it was observed that supply chains are vulnerable to 

turbulent markets (Chatterjee & Chaudhuri, 2021). Therefore, to remain competitive in today's dynamic 
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environments, it is important for companies to view sustainability as a dynamic option to cope with the 

changing environment (Kumar et al., 2021; Hong et al., 2018; Amui et al., 2017; Beske, 2012). 

 

In this context, DCV sheds light on how organizations can develop the necessary capabilities to adjust their 

strategies according to the sustainability challenges they face (Beske, 2012; Buzzao & Rizzi, 2021). The 

above, as DCs enhance a firm's ability to make decisions, solve problems, identify opportunities, threats, 

create, expand and reconfigure its resource base and capabilities in changing, unstable and dynamic 

environments (Helfat & Winter, 2011; Barreto, 2010; Teece et al., 1997), while maintaining considerable 

leverage to improve multiple supply chain characteristics (Chatterjee & Chaudhuri, 2021). Also, DCs can 

overcome sustainability challenges by constantly integrating, renewing, recreating and reconfiguring 

resources to achieve sustained competitive advantage (Bari et al., 2022; Kumar et al., 2021).  

 

Hence, DCs can overcome sustainability challenges by constantly integrating, renewing, regenerating and 

reconfiguring resources to achieve sustained competitive advantage. Wu (2017) suggests the concept of 

DCs for corporate sustainability, defined as the abilities of firms to address rapidly evolving stakeholder 

sustainability expectations by deliberately modifying traditional capabilities for the achievement of 

sustainable development. Amui et al. (2017) use the term "dynamic environmental GSCM capabilities" as 

those that help companies develop opportunities and manage economic, environmental and social risks, 

creating long-term value. Chen & Chang (2013) discussed that green DCs are those capabilities of a firm to 

exploit its existing resources and knowledge to renew and develop its green organizational capabilities to 

react to the dynamic market.  

 

Accordingly, the proposed model in this chapter combines the theory of DCs, sustainability and the GSCM 

to postulate that environmental practices become environmental DCs as they seek better sustainable 

performance in turbulent environments. In this sense, to support the model, this PhD thesis incorporates the 

concept of "Environmental Dynamic Capabilities of the GSCM", defined as those capabilities that create, 

integrate, extend and reconfigure existing resources/capacities to generate value and enhance sustainable 

performance in a constantly changing environment (Qiu et al., 2019; Gabler et al., 2015).  

 

Table 2.1 shows the relationship between traditional DCs and environmental DCs. The environmental DCs 

of the GSCM are derived from their correspondence, with the traditional DCs and the environmental DCs 

identified in the literature review. It was determined that from the DCV, the 9 environmental practices of 

the GSCM can be environmental DCs of the GSCM by creating, extending and reconfiguring traditional 

resources and capacities in the pursuit of sustainability. In the proposed theoretical model, nine GSCM 

environmental capabilities are identified that feature prominently in the literature. These consist of:  Internal 

environmental management, eco-design, environmental collaboration with customers, digital technologies, 

green human resources management, green purchasing, green manufacturing, green logistics, and reverse 

logistics. 
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Table 2.1.Relationship Between Traditional Dynamic Capabilities and Environmental Dynamic Capabilities 

Dynamic Capability References 

Eco-capability/ Environmental 

Dynamic Capability/Dynamic 

Capabilities for Sustainability 

References 

Strategic Alliances 
Eisenhardt y Martin (2000); Teece (2007), 

Helfat et al. (2007); Schilke, (2014) 

Environmental Collaboration 

Makhloufi et al.(2021), 

Loureiro et al.(2021), Chatterjee 

et al.(2021), Arora et al. (2020).  

 

Supply Chain Integration Schrettle et al. (2014) 

Relational Capability 
Chatterjee & Chaudhuri (2021); Song & 

Choi (2018); Arora et al. (2020) 

Inter-firm Relations Hoffman et al. (2012) 

Collaboration Based on Relationship and Culture Kumar et al. (2021) 

Cooperation along the supply chain Beske (2012) 

Product Development  
Eisenhardt &Martin (2000); Beske et al. 

(2014); Schrettle et al. (2014) 

Green Product Innovation, Green 

design, eco-design 

Qiu et al. (2019), Dangelico et 

al. (2017); Gabler et al. (2015) 

Design of Products Dangelico et al. (2017)  

Product and Process improvement Gabler et al. (2015)  

Product-service  

Innovation capability  

Chaudhuri et al. (2023); Hoffman et al. 

(2012); Beske (2012); Danneels (2022) 

Senior Management Decision-making  
Teece et al. (1997), Teece (2007), Helfat et 

al. (2007); Helfat & Peteraf (2009)  

 Green Entrepreneurial 

Orientation/Proactive 

EnvironmentStrategy  

Buzzao & Rizzi (2021), Meirun 

et al. (2020); Li. et al. (2020); 

Jiang et al. (2018);Kιrcι & 

Seifert (2015) 

Dynamic Management Capabilities 
Helfat &Martin (2015); Teece (2007); 

Teece (2016); Adner & Helfat (2003)  

Top Management Commitment and Support  

Jayashree et al. (2021); Akhtar et al. (2020); 

Helfat y Peteraf (2014); Beske (2012); 

Teece (2007)  

 Strategic Decision-making  Schrettle et al. (2014); Gabler et al. (2015)  

Strategic Orientation Beske et al. (2014) 

Human Resource Management  

Teece (2016); Loureiro et al. (2021) 

Green Human Resources  

 

Loureiro et al. (2021); Buzzao 

& Rizzi (2021); Singh & El-

Kassar (2019); Gabler et al. 

(2015) 

Helfat et al. (2007); Teece, 2007; Zollo & 

Winter (2002); Helfat & Peteraf (2009) 

Organizational Learning 
Loureiro et al. (2021); Bhatia (2021); Teece 

(2007) 

Culture Schrettle et al. (2014); Gabler et al. (2015)  
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Human Capital  Schrettle et al. (2014)  

Employee Engagement de Moura & Saroli (2021); Teece (2007) 

Interdepartmental Learning  Zhou et al. (2018); Buzzao & Rizzi (2021) 

New Technologies 
Schrettle et al. (2014) (Bhatia, 2021);  

Jiang et al. (2015)  

Digital capabilities, Digital 

technologies, Environmental 

Technology Capabilities, Industry 4.0 

capabilities 

Piprani et al. (2023), Huang et 

al. (2023), Dubey et al. (2024, 

2023), Vrontis et al. (2022), 

Buzzao & Rizzi (2021), Eslami 

et al. (2021), Edwin Cheng et 

al. (2022). 

Advanced Technology 
Hoffman et al. (2012); Chatterjee & 

Chaudhuri (2021); Loureiro et al. (2021) 

Technological Innovation Helfat et al. (2007); Helfat & Peteraf (2009) 

Technological Capability 
Benitez-Amado & Walczuch (2012); 

Shahzad et al. (2020) 

IT Capabilities Jayashree et al. (2021) 

Supply Management Capabilities Bowen et al. (2001) 

 Green purchasing, Strategic green 

purchasing 

 Makhloufi et al. (2021), 

Nkrumah et al. (2021), Meirun 

et al. (2020), Arora et al. 

(2020), Yook et al. (2018) 

Supplier Development 
Buzzao & Rizzi (2021); Teece (2007); 

Dangelico et al. (2017); Beske (2012) 

Ability to Collaborate with Suppliers  Bae & Grant (2018); Nguyen & Le (2020)  

Production Jiang et al. (2015)  Green production/manufacturing  

Shaharudin et al. (2023), 

Loureiro et al. (2021), Nkrumah 

et al. (2021) 

Logistics Management Chou & Chen (2020) 

Green logistics 
Loureiro et al. (2021), Gabler et 

al. (2015)  

Recovery capabilities, Reverse 

Logistics 

Shaharudin et al. (2023), Bhatia 

et al. (2020), Gabler et al. 

(2015) 

Source. Compiled by the author
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2.2 Hierarchy of Environmental Dynamic Capabilities  

 

The theoretical framework of this thesis builds on previous work on green supply chains, sustainability 

and DCV. While not explicitly covered in the literature, there is evidence in some research that 

organizations can have different levels of DCs (Easterby-Smith et al., 2009; Fainshmidt et al., 2016). 

Similarly, Eisenhardt & Martin (2000) assert that there is a consistent order of implementation of DCs, 

which opens up the 'black box' of path dependence postulated by Teece (1997).  

 

In this context, some authors introduced a certain hierarchy of DCs. Collis (1994) was the first to 

propose that there could be different levels of dynamic capabilities. He suggested four categories, the 

first being the resource base itself. The second consists of the routines that enable firms to deploy their 

resources to make a living in the present. These capabilities are sometimes also called ordinary, 

substantive or zero-order capabilities. In the third category are those DCs that allow the firm's 

fundamental resources and capabilities to change, being known as (first-order) DCs. At an even higher 

level of abstraction, Collis (1994) identified "second-order", "higher-order" or "meta-capabilities" DCs 

as those that can be used to develop first-order DCs.  

 

Winter (2003) advanced the idea of the capability hierarchy by distinguishing between ordinary, 

operational, or "zero-order" capabilities that enable a firm to make a living in the present and the short 

term. He then describes the first-order DCs that allow a change in zero-order capabilities to take place, 

i.e., to generate changes in the production process. Finally, they consider higher-order or "high-level" 

capabilities that are the outcome of organizational learning which lead to the creation or modification 

of a firm's dynamic capabilities.Ambrosini et al. (2009) suggested three levels of dynamic capabilities: 

incremental, renewing and regenerative. Incremental DCs are those related to the continuous 

improvement of the firm's resource base. Renewal DCs are Winter's first-order DCs and those that 

refresh, adapt and augment the resource base. Regenerative DCs, the so-called "higher-order" DCs, are 

those that do not affect the firm's resource base, but rather its current set of dynamic capabilities, i.e., 

they change the way the firm modifies its resource base. Importantly, this study is also the first to 

propose a hierarchy of dynamic environmental capabilities based on the GSCM approach.Figure 2.1 

presents the hierarchy of dynamic environmental capabilities proposed in this PhD thesis.  

  



47 
 

 

Figure 2.1.Hierarchy of Environmental Dynamic Capabilities 

 

 
Source. Compiled by the author 

 

2.2.1 Higher-order Environmental Dynamic Capabilities (HEDCs) 

 

In the present work, higher order environmental dynamic capabilities (HEDCs) are defined as those 

that enable the rate of change of lower order capabilities (Danneels, 2002; 2008). Zollo & Winter 

(2002) further developed this idea, emphasizing the importance of organizational learning routines as 

the mechanism underlying second-order dynamic capabilities. Schilke et al. (2018) add that these 

capabilities enable organizations to learn, thus facilitating organizational and strategic change. 

Fainshmidt et al. (2016) conclude that higher-order dynamic capabilities are transformative in nature 

because they facilitate learning novel, unique and more innovative ways of doing things. 

 

The aforementioned discussion leads to highlight in this study, a set of higher order environmental 

dynamic capabilities (HEDCs), such as technological (Bag et al. 2022; Bai et al., 2017), managerial 

(Jayashree et al.,2021; Fang & Zhang 2018), human resource (Bon et al., 2018; Jabbour & De Sousa 

Jabbour, 2016; Renwick et al., 2013; Zaid et al., 2018; El-Kassar & Singh, 2019), innovation in product 

development (Namagembe, Ryan, & Sridharan, 2019; Teece, 2007), and green supply chain 

collaboration, coordination and integration (Daddi et al., 2021; Chatterjee & Chaudhuri 2021). 

Therefore, for the purposes of the model, the proposed HEDCs include internal environmental 

management, eco-design, environmental collaboration with customers, digital technologies and green 

human resource management. 

 

● Internal Environmental Management  

 

There is broad agreement that dynamic capabilities are situated at the top management level and that 

they are more than ad-hoc problem-solving activities, as they can aid strategic change (Fainshmidt & 
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Frazier 2017; Beske, 2012). Adner & Helfat (2003) introduced the concept of "Dynamic Managerial 

Capabilities", which refer to the capacities whereby managers create, expand and reconfigure the 

organization's resource base and capabilities to cope with market dynamism. Also, being dynamic 

capabilities, they emerge from prior learning and experience (Helfat et al., 2007; Teece, 2007; Teece 

et al., 1997).  

 

Different authors agree on the different characteristics that make managerial environmental dynamic 

capabilities of a higher order. First, decisions on how to address the sustainability challenge belong to 

the strategic level (Schrettle et al., 2014). Second, the role and impact of top management and its 

strategic orientation is essential to achieve sustainability, as they can allocate resources and create, 

expand or reconfigure other capabilities for the development of sustainable business models, policies 

and strategies (Loureiro et al., 2021; Jayashree et al., 2021; Akhtar et al., 2020). Likewise, this 

capability requires proper management of complex relationships within and outside organizational 

boundaries and has low substitutability, as it cannot be traded (Bari et al., 2022; Helfat et al., 2007).  

Based on the above, this PhD thesis argues that Internal Environmental Management can be 

conceptualized as a HEDC due to its unique condition to allocate, integrate and reconfigure other 

environmental resources and capabilities to achieve strategic change.  

 

● Eco-design  

 

Based on the DCV, some authors have argued that product innovations may not only reflect something 

that is new to the industry, to the customer and to the environment, but are also dynamic capabilities in 

themselves, as they enable the building of other ecological capabilities (Beske et al., 2014; Gabler et 

al., 2015; Amui et al., 2017; Danneels, 2002) and thereby contribute to organizational renewal in the 

face of dynamic markets (Gabler et al., 2015; Kulangara et al., 2022). According to DCV a firm with 

the ability to create new products and services is more adept at managing uncertain competitive or 

industrial forces (Teece & Pisano, 1994).  

 

On this basis, it can be established that sustainable organizations tend to be very innovative with a 

strongly developed dynamic capability orientation (Pagell & Wu, 2009; Sarkis et al., 2011; Beske, 

2012). Junaid et al. (2022) add that not all companies can comply with eco-design due to its complexity 

and heterogeneity. This is because product design depends on the firm's ability to combine available 

internal and external resources, as well as capabilities to create value in order to stand out in the market 

and achieve a competitive advantage (Moroni et al., 2022; Junaid et al., 2022; Danneels, 2002). This is 

precisely the reason why Eco-design is also considered in this research as a higher order capability. t 

is difficult and complex to realize and requires the integration of an extremely broad and specialized 

knowledge base (Kulangara et al., 2022; Grant, 1996; Eisenhardt & Martin, 2000). 

 

● Environmental collaboration with customers  

 

Freeman (1984) espouses that organizations must manage multi-stakeholder demands in order to 

achieve long-term success. However, as external requirements may change over time, companies need 

dynamic capabilities to identify and translate these requests into sustainable practices (Beske, 2012; 

Hong et al., 2018; Hossan et al., 2021). Furthermore, to achieve competitiveness, it is no longer enough 
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for firms to rely on their internal resources and capabilities to be competitive in the marketplace 

(Jawaad & Zafar, 2019). Firms must be able to acquire and absorb external knowledge and engage in 

inter-organisational activities to develop strategic routines with supply chain members (Beske, 2012; 

Winter, 2003; Eisenhardt & Martin, 2000).  

 

Following this line of thought, a number of studies view supply chain integration as a dynamic 

capability of firms to respond to environmental uncertainty (Chatterjee et al. 2021; Ni & Sun, 2019; 

Junaid et al., 2022). Different authors (Kulangara et al., 2022; Beske et al., 2014; Bu et al., 2020) claim 

that environmental collaboration is a strategic capability through which partners seek to address 

sustainability issues such as pollution abatement, waste reduction, cleaner production, among others. 

Kang & Hwang (2017) identified several measures of collaboration and analysed their structural 

relationships with the GSCM through interpretive structural modelling; the results revealed patterns of 

collaboration that have greater driving power and dependence than other patterns. Based on the above, 

this dissertation argues that Environmental collaboration with customers can be conceptualized as a 

HEDC due to its unique ability to create other dynamic joint capabilities with green supply chain 

partners. 

 

● Digital Technologies 

 

In the face of environmental dynamism, businesses require unique capabilities to enable rapid 

reconfiguration of operations, flexibility and adaptability to mitigate unexpected supply chain behavior 

under any turbulent conditions (Bianco et al., 2023; Guo et al., 2021; Gueler & Schneider, 2021; Bag 

et al., 2020b). Businesses also be capable of disseminating knowledge quickly and effectively with 

suppliers and customers to ensure effective integration and collaboration in supply chains (Kumar et 

al., 2021; Bae & Grant, 2018), underpinning their processes, making data-driven strategic decisions 

(Dubey et al., 2021), and rapidly detecting/shaping opportunities associated with environmental 

sustainability (Al-khatib & Shuhaiber, 2022; Barreto, 2010; Benitez-Amado & Walczuch, 2012).  

 

To achieve the foregoing, a significant capacity to exchange and process information within firms and 

with stakeholders is necessary, which can only be achieved through the use of advanced technology 

(Yang et al., 2021; Li et al., 2020). In this sense, diverse authors agree that technological capabilities 

belong to the strategic level (Pan et al., 2021; Dubey et al., 2019; Chan et al., 2016) and is one of the 

most recognized determinants of business success (Yang et al., 2021; Nayeemunnisa & Gomathi, 2020; 

Jiang et al., 2015). Such capability influences the development of other resources or processes and 

capacities that, in turn, lead to value creation and competitive advantage (Singh & El-Kassar, 2019; 

Ryoo & Koo 2013; Sarkis et al., 2011). Based on the above, this dissertation argues that Digital 

Technologies can be conceptualized as a HEDC due to its unique condition to integrate, renew and 

reconfigure other environmental resources and capabilities to achieve congruence with a rapidly 

changing business environment. 

 

● Green Human Resources Management 

 

Learning, integration and knowledge diffusion are necessary for firms to build sustainable capabilities 

in today's dynamic environment (Beske, 2012; Kumar et al., 2021). The literature suggests that learning 
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capability is the most important part of the dynamic capability development processes, as it brings 

innovation and creates cognitive mechanisms that can respond to changes in the market (Kumar, 

Meena, & Difrancesco, 2021; Cyfert et al., 2021).  In this respect, different scholars state that the key 

to generating and integrating knowledge through exploratory and routinized learning processes is 

human capital, its training, skills and empowerment (Loureiro et al., 2021; Khodaparasti et al., 2020; 

Fainshmidt & Frazier, 2017; Grant, 1996).  

 

Hence, environmentally oriented human resources, their skills, education and training, motivation and 

commitment, influence the successful implementation of sustainability initiatives (Sarkis, 2010; Liu et 

al., 2020; Carbone et al., 2019; Amui et al., 2017). Thus, is especially true due to the fact that highly 

skilled employees are the key actors for sensing, capturing and reconfiguring resources/capabilities to 

adapt to changes in the changing environment (Joshi & Dhar, 2020; Song & Song, 2021), discovering 

new opportunities/developing creative ideas and bringing environmental innovation (Reyes-Santiago 

et al., 2019; Cyfert et al., 2021). In addition, they are also responsible for absorbing external knowledge 

and integrating/disseminating it across the organization (Garavan et al., 2016), and fostering 

organizational learning (Song & Song, 2021). Drawing from the preceding, it is postulated that Green 

Human Resources Management is a HEDC, as it provides an infrastructure that cultivates 

organizational learning and facilitates the development of lower-order environmental dynamic 

capabilities.  

 

2.2.2 Lower-order Environmental Dynamic Capabilities (LEDCs) 

 
GSCM is composed of the integration of all "green" aspects of supply chains (Cahyono et al., 2020).  

In this regard, Jassim et al. (2020) postulate that eco-efficiency practices of environmental operations 

management aim to convert the input of any service into an output through different steps, flows and 

processes. According to Schrettle et al. (2014) and Bag et al. (2020d), green operations management is 

the main driver of sustainable enterprises, as it is a core organizational function involved in managing 

activities to produce and deliver green products and services. Kumar et al. (2019) add that proper 

implementation of GSCM requires compliance with green input operation, green production, green 

output and reverse logistics. 

 

In line with the above, the definition is taken from various authors who state that GSCM operational 

practices include all aspects related to the product process flow or operational life cycle, which typically 

includes green purchasing, green production/manufacturing, green distribution/logistics and reverse 

logistics (Thennal Venkatesa Narayanan et al., 2021; Sangode & Metre, 2019; Bai et al., 2017; Sellitto 

et al., 2013;  Sarkis, 2003), in order to reduce air, water and land pollution, as well as natural resource 

consumption, improving long-term sustainability (Liu et al., 2020a; Chin et al., 2015a). 

 

2.3 Relationships Between HEDCs and LEDCs 

 

Greening the entire supply chain requires strategic management and commitment from top 

management (Bu et al., 2020; Green et al., 2012), human resource development and commitment (Liu 
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et al., 2020; Yu et al., 2020; Zaid et al., 2018), cooperative activities with customers (Kazancoglu et 

al., 2020; Giovanni & Vinzi, 2012; Zhu et al., 2008), adoption of advanced technology  (Hoffman et 

al., 2012;Yang et al., 2019; Shahzad et al., 2020; Wang et al., 2020) and product innovativeness such 

as eco-design (Junaid et al., 2022; Moroni et al., 2022; Hoffman et al., 2012; Dannels, 2002). 

 

The previous study of the author of this doctoral thesis (Trujillo-Gallego & Sarache, 2019), in which a 

GSCM indicator was proposed as a benchmarking tool to assess the environmental performance of 

manufacturing companies, is highlighted as a precedent of the proposed model. For the construction of 

the GSCM indicator, the expert method and identification of relationships and weighting of 

environmental practices was applied using the DEMATEL multi-criteria method. The structural 

linkages between green practices and the performance dimensions (cause group vs. recipient group) 

were then determined. As a consequence, a set of green practices (cause group) was established on 

which managers should focus their environmental efforts to improve not only the performance of the 

recipient group, but also the performance of the whole system. The cause group consisted of 

environmental collaboration, eco-design, internal environmental management and green information 

systems and technologies, whereas green purchasing, green manufacturing and green distribution 

represent the recipient group.Therefore, the following research hypothesis is proposed: 

 

Hypothesis 1 (H1): Higher-order dynamic capabilities have a direct and positive effect on lower-order 

environmental dynamic capabilities. 

 

The previous hypothesis will be systematized from a set of sub-hypotheses that refer to the effects of 

each higher-order environmental dynamic capability on the different lower-order environmental 

dynamic capabilities.  

 

2.3.1 Internal Environmental Management and Lower-order Environmental Dynamic Capabilities 

 
Internal Environmental Management (IEM) has been recognized as a fundamental practice of GSCM 

(Miras-Rodríguez et al., 2018; Choudhary & Sangwan, 2019; Rehman Khan & Yu, 2020; Zhu et al., 

2007a). The above, as IEM is a prerequisite for GSCM by injecting sustainability ideology into the 

firm's organizational strategy (Han & Huo, 2020; Kalpande & Toke, 2020; Uddin, 2021). Ilyas et al. 

(2020), add that the implementation of environmental practices is costly, thus requiring the support of 

top management. Therefore, to develop green operations, managers must integrate sustainability into 

daily supply chain management, and stimulate environmental thinking within the organization (Kitsis 

& Chen, 2021; Pagell & Wu, 2009). 

 

 

H1.1(a). Internal environmental management has a direct and positive effect on green purchasing. 

 

Green manufacturing (GM) cannot be successfully implemented in the company without the 

commitment of top management (Khan, 2020). Senior leadership makes decisions regarding strategic 

plans, which subsequently materialize as master production plans (MPS) (Zhu et al., 2007a), directly 

influencing resource use, water and energy consumption, emission and waste reduction from start to 

finish (Zhu & Sarkis, 2004; Khan & Qianli, 2017). Despite the above, the literature review identified 
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few empirical studies that address the relationship between IEM and GM (e.g., Qin, 2021; Rehman 

Khan & Yu, 2020; Liu et al., 2020). 

 

H1.1(b). Internal environmental management has a direct and positive effect on green manufacturing 

 

In green supply chain projects, companies cannot ignore the adoption of green logistics activities, 

which include transportation, warehousing and packaging (Qin et al., 2021; Rehman Khan & Yu, 2020; 

Li et al., 2018). Despite the relevance of IEM for the deployment of green logistics activities, there is 

still very little empirical evidence in the literature review validating this relationship (e.g., Qin et al., 

2021; Rehman Khan & Yu, 2020). Similarly, Rehman Khan & Yu (2020) examined the impact of IEM 

and GIS on green practices including green logistics and green transportation in 415 manufacturing 

firms. The findings showed that seriousness and support of top management towards environmental 

issues leads firms to execute green practices including green logistics. The previous background shows 

the need to deepen the relationship between the two capabilities. Based on the above, the following 

hypothesis is proposed: 

 

H1.1(c). Internal environmental management has a direct and positive effect on green logistics 

 

Companies are under pressure from regulators and stakeholders to implement reverse logistics (RL) in 

their logistics systems, even if it impacts their financial goals (Khan et al., 2020). Regardless of the 

importance of implementing RL in supply chains, only two studies were identified in the literature that 

have approached the relationship between IEM and RL (e.g., Davidavičienė & Al Majzoub, 2021; Liu 

et al., 2020). Junjun Liu et al. (2020), using socio-technical systems theory, analyzed the relationship 

between behavioral factors such as IEM on technical factors such as RL in 200 Chinese manufacturing 

firms. The findings showed the positive effect of IEM on reverse logistics implementation. Based on 

the above, the following hypothesis is proposed:  

 

H1.1(d). Internal environmental management has a direct and positive effect on reverse logistics. 

 

2.3.2 Eco-design and Lower-order Environmental Dynamic Capabilities 

 
Eco-design (ED) is a critical success factor in the GSCM strategy for determining and minimizing the 

environmental impacts of a product throughout its life cycle from raw material extraction to 

manufacturing, distribution and disposal (Kazancoglu et al., 2020; Guang Shi et al., 2012). Therefore, 

product design should be taken into account from the beginning (Plaza-Úbeda et al., 2021). Abdullah 

et al. (2019) revealed that, about 80 percent of the organization's environmental impacts are influenced 

by the product design stage.Chen et al. (2012) and Namagembe et al. (2019) report that in eco-design, 

the new product development team selects the materials, procurement, process design, equipment 

needed, in addition to the amount of water and energy required by the new products. Zhu, Sarkis & Lai 

(2012) and Zhu et al. (2013), state that proactive organizations first implement internal practices such 

as eco-design for the successful adoption of external practices such as green purchasing, as a 

mechanism to coordinate the requirements of the materials to be purchased. Based on the above, the 

following hypothesis is proposed: 
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H1.2(a). Eco-design has a direct and positive effect on green purchasing. 

 

The implementation of eco-design (ECOD) results in green manufacturing operations, increased 

efficiency and productivity by minimizing the consumption of natural resources and decreasing waste 

management costs (Kazancoglu et al., 2020; Zhu, Sarkis & Geng, 2005). Related to this, Staniszewska 

et al. (2020) affirm that material selection influences water and energy consumption and waste 

generation from the production, distribution, use and collection stage. Lighter materials then require 

less processing, which translates to less use of natural resources. Despite the above, in the literature 

review conducted in this thesis, only one empirical study was identified that has approached the 

relationship between eco-design and green manufacturing (GM). Based on the above, the following 

hypothesis is proposed:  

 

H1.2(b). Eco-design has a direct and positive effect on green manufacturing 

 

Regarding the relationship between eco-design (ECOD) and green logistics (GL), the literature review 

did not reveal any empirical studies that would validate the direct relationship between ECOD and GL 

in manufacturing companies. However, there are case studies that have come close to such a link. For 

example, Alsaffar & Haapala (2011) using life cycle analysis (LCA) and the ReCiPe 2008 method, 

explored how changes in product design affected supply chain configurations, especially at the 

production and logistics stages. The results showed that the activity with the greatest environmental 

impacts in all design variations was logistics, especially transport because energy use and CO2 

emissions depend on the choice of materials.Therefore, the following hypothesis is put forward: 

 

H1.2(c). Eco-design has a direct and positive effect on green logistics. 

 

Reverse logistics alone may not be sufficient to reduce the ecological footprint, yet rather a whole 

supply chain approach is needed, starting from the source (Hoek, 1999). Furthermore, Staniszewska et 

al. (2020) add that eco-design allows the company to play a proactive role in adapting to changes in 

the environment where authorities require producers to take back their products at the end of their 

useful life. Reverse logistics starts with post-consumer collection, sorting and distribution at different 

points in the supply chain. Then, the possible applications of reverse logistics depend on the product 

design, whether for recycling, remanufacturing, reuse or disposal (Khor & Udin, 2013; Namagembe, 

Ryan, & Sridharan, 2019).The literature review revealed only three empirical studies that have 

approached the relationship between ECOD and RL (e.g., Moroni et al.,2022; Khor et al., 2020; Khor 

& Udin, 2013).Therefore, the following hypothesis is suggested: 

 

H1.2(d). Eco-design has a direct and positive effect on reverse logistics. 
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2.3.3 Environmental Collaboration with Customers and Lower-order Environmental Dynamic 

Capabilities 

 
Kirci & Seifert (2015) emphasizes that in order to achieve more sustainable products and apply best 

practices, it is necessary to adopt collaborative capabilities with supply chain actors. Indeed, 

collaboration and coordination by definition are essential properties of the supply chain (Kang & 

Hwang, 2017). Specifically, ECC promotes green initiatives and strategic possibilities that can be 

reflected in long-term sustainable development (Nayal et al., 2021b; Zhu et al., 2007).  

 

Following this order of ideas, different experts have raised the importance of ECC as an antecedent of 

green purchasing (e.g., Junaid et al., 2022; Zhu et al., 2012). Nevertheless, the literature review did not 

identify empirical studies that addressed the direct relationship between ECC and GP. This is because 

existing empirical research has addressed the direct relationship between ECC (e.g., Foo et al., 2018; 

Green et al., 2012) and GP (e.g.,; Park et al., 2022) on performance, or examined the effects of GP on 

ECC (e.g., Nkrumah et al., 2021; Zhu, Sarkis, & Lai, 2013). Therefore, the following hypothesis is set 

out:  

 

H1.3(a). Environmental collaboration with customers has a direct and positive effect on green 

purchasing.  

 

Firms' decision to adopt green initiatives such as green manufacturing depends on the collaboration of 

critical supply chain partners (Afum et al., 2020). Lee et al. (2013) claim that collaboration with 

customers improves GM performance, in terms of operational efficiency, reduced time and costs, 

increased product quality and improved process flexibility. However, the literature review did not find 

empirical studies examining the direct relationship between ECC and GM, as existing research has 

addressed the effects of ECC and GM on performance (e.g., Mafini & Loury-Okoumba, 2018; Khan 

& Qianli, 2017). Therefore, the following hypothesis is posited: 

 

H1.3(b). Environmental collaboration with customers has a direct and positive effect on green 

manufacturing. 

 

Guang Shi et al. (2012) argue that balancing supply chain members to achieve optimized distribution 

without harming the environment is a complex activity, as each supply chain member must coordinate 

environmental management in their distribution functions, such as transportation, packaging, labeling 

and storage. Although there have been efforts to analyze the effects of ECC on green logistics (GL), 

the literature review analyzed did not find studies that specifically addressed the direct relationship 

between the constructs ECC and GL in firms in the manufacturing sector (e.g. Mitra & Datta, 2014). 

Given the above information, the following hypothesis is proposed:  

 

H1.3(c). Environmental collaboration with customers has a direct and positive effect on green logistics. 

 

Environmental collaboration with customers has become imperative to close the supply chain loop 

(Zhu et al., 2008; Jawaad & Zafar, 2019). Zhu et al. (2008) initially stated the necessity in emerging 

countries to collaborate environmentally with customers by innovating practices that help close the 
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supply chain cycle. Nonetheless, the literature review was barely able to identify any empirical studies 

that address the direct relationship between ECC and RL, as existing research has addressed the direct 

relationship of ECC and RL on performance (e.g., Rehman Khan et al., 2021; Younis et al., 2020). 

Given the above background, the following hypothesis is proposed:  

 

H1.3(d). Environmental collaboration with customers has a direct and positive effect on reverse 

logistics. 

 

2.3.4 Digital Technologies and Lower-order Environmental Capabilities 

 
Different authors agree that information systems and digital technologies (DTs) are essential for the 

creation, maintenance and survival of green supply chains (Jahani et al., 2021; Amui et al., 2017). The 

latter, as a strategic approach, such as GSCM, as it requires continuous monitoring of SC and its 

performance to achieve environmental sustainability (Green et al., 2012a; Birasnav et al., 2022). Bai et 

al. (2017) add that information and technology systems (ITS) are an important component of the GSCM 

as they are a key enabler for the adoption and implementation of environmental practices and greening 

of supply chains, both in the mining sector and in other industries.  

 

Moreover, different authors have raised the importance of DTs for the purchasing process in order to 

facilitate communication with suppliers (Yang et al., 2021; Bai et al., 2017), improve material 

requirements planning through plans based on the prediction of future raw material prices and cost 

optimization (Raut et al., 2021; Bag et al., 2020), and improve agility in customer order management 

by reducing procurement times (Bag et al., 2020; Khan, 2020; De Giovanni & Cariola, 2020). Based 

on the above, the following hypothesis is put forward: 

 

H1.4 (a). Digital technologies have a positive and direct effect on green purchasing. 

 

Technology integration in the supply chain enhances green manufacturing capabilities in an 

organization (Gupta et al., 2019; Bag et al., 2020a; Bai & Sarkis, 2017). In this regard, different authors 

claim that the implementation of Industry 4.0 technologies in production lines enables intelligent 

scheduling (Lai et al., 2023; Bianco et al., 2023; Zheng et al. 2020), as well as the collection of data 

for predictive purposes to plan, control and manage production systems (Yang et al., 2021). Contrary 

to the above, there is little empirical evidence on the relationship between DTs and GM in 

manufacturing enterprises, due to Industry 4.0 continuing to be an emerging and explorative 

concept.From the previous background, the relevance of deepening the study of the relationship 

between DTs and GM is highlighted; therefore, the following hypothesis is presented: 

 

H1.4 (b). Digital technologies have a positive and direct effect on green manufacturing. 

 

Different scholars consider that the digitisation of supply chains has a positive influence on logistics 

integration and smart and reliable distribution systems (Tiwari, 2021; Gupta et al., 2021; Sharma et al., 

2020), as Industry 4.0 technologies provide real-time information about the availability and capacity 

of vehicles, warehouses and distribution centers (Subramoniam et al., 2021; Matana et al., 2020).  

Nonetheless, given that Industry 4.0 is still an emerging concept, few empirical studies were 
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encountered that addressed the effects of DT on GL in manufacturing firms. The above, given that 

previous research in the field is still conceptual or literature reviews (e.g., Dutta et al., 2023; Gupta et 

al., 2021; Bekrar et al., 2021). Hence, the following hypothesis is proposed: 

 

H1.4 (c). Digital technologies have a positive and direct effect on green logistics. 

 

The scientific literature recognizes the role of DTs as enablers of the circular economy (Bai et al., 2022; 

Chiappetta Jabbour et al., 2020). Indeed, IoT devices such as sensors and real-time sensing systems 

facilitate the tracking of products, waste and by-products generated along the supply chain for recovery 

(Yang et al., 2021; Tsai et al., 2020; Li et al., 2020), ensure the availability of spare parts (Subramoniam 

et al., 2021) and contribute to the collection of end-of-life products and waste management, closing the 

loop (Bressanelli et al., 2018). Despite the importance of DTs in RL, there is still very little empirical 

evidence to support this link, as studies are still exploratory (e.g., Mastos et al., 2021) or conceptual 

(e.g., Dutta et al., 2023; Plaza-Úbeda et al., 2021; Subramoniam et al., 2021). Hence, the scarce research 

that approaches this analysis involves Industry 4.0 technologies and the circular economy. Based on 

the above, the following hypothesis is put forward: 

 

H1.4 (d). Digital technologies have a direct and positive effect on reverse logistics. 

 

2.3.5 Green Human Resources Management and Lower-order Environmental Dynamic Capabilities 

 

Different authors argue that GHRM is a key enabler in GSCM implementation (Song & Song, 2021; 

Yu et al., 2020; Acquah et al., 2020; Jabbour & de Sousa Jabbour, 2016). As a matter of fact, GHRM 

plays an important role in the diffusion of environmental ideologies and standards by encouraging the 

recruitment of talented and committed staff for GSCM implementation (Longoni et al., 2018; Zaid et 

al., 2018; Jabbour & de Sousa Jabbour, 2016; Nejati et al., 2017). Moreover, research has shown that 

participation, training, experience, and skills and capabilities are key factors during the implementation 

of environmental practices, changing the environmental attitude and behavior of employees 

(Agyabeng-Mensah & Tang, 2021; Kumar et al., 2019; Yu et al., 2020; Liu et al., 2020).  

 

Following this pathway, different contributors agree that GHRM is important for the success of green 

purchasing (GP), as aspects such as knowledge, skills, technical competences, education and green 

training of employees can help companies to easily implement green sourcing (Liu et al; 2020; Teixeira 

et al., 2016; Hervani et al., 2005; Bowen et al., 2001). Regardless of the foregoing, the literature review 

identified few empirical studies examining the link between GHRM and GP, as existing ones address 

the direct relationship between GHRM and performance (e.g., Khaleeli et al., 2021; Wongleedee, 

2020). Hence, the following hypothesis is raised: 

 

H1.5 (a). Green human resource management has a positive and direct effect on green purchasing. 

 

Human performance in supply chains is also perceived as a key enabler for green manufacturing (GM), 

as the latter will depend on human-machine interactions in the emerging context of Industry 4.0 

(Sharma et al., 2020). Nevertheless, there is still very little literature examining the influence of GHRM 

on GM, as previous research has either addressed the direct relationship between GHRM and 
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performance (e.g., Roscoe et al., 2019; Longoni et al., 2018). Drawing on the preceding, the next 

hypothesis is stated: 

 

H1.5 (b). Green human resource management has a positive and direct effect on green manufacturing. 

 

To achieve green logistics (GL), and remain stable in the Industry 4.0 environment, companies need to 

develop employees' digital skills (Gupta et al., 2021; Song et al., 2020; Sarkis et al., 2020; Jabbour & 

de Sousa-Jabbour, 2016). This is explained by the fact that human capital is mainly used to carry out 

most of the processes involved in logistics operations (Al-Minhas et al., 2020). In contrast, there is 

little empirical evidence to support the relationship between GHRM and GL, as research so far has 

addressed the link between GHRM and GL (e.g., Amjad et al. 2022; Liu et al., 2018) on performance. 

The previous antecedents allow the establishment of the following hypothesis: 

 

H1.5 (c). Green human resource management has a positive and direct effect on green logistics. 

 

The literature indicates that the circular economy requires the support of GHRM (Jabbour et al., 2019). 

Whilst the importance of GHRM for RL adoption is notable, empirical studies addressing the direct 

relationship between the two constructs are still scarce, as the antecedents so far have addressed the 

link between GHRM and GSCM as higher-order constructs (e.g., Acquah et al., 2020; Zaid et al., 2018) 

or the impacts of GHRM activities (environmental education, employee performance, human capital) 

on GSCM or performance (e.g., Davidavičienė & Al Majzoub, 2021; Bag & Gupta, 2020). Hence, the 

hypothesis is formulated as follows: 

 

H1.5 (d). Green human resource management has a direct and positive effect on reverse logistics. 

 

2.4 Mediation Effects of LEDCs Between HEDCs and Sustainable Performance 

 

The ability to quickly identify and respond to market requirements in a dynamic environment ensures 

that the supply chain gains a competitive advantage (Lyu et al., 2021; Benitez-Amado & Walczuch, 

2012). DCV suggests that developing a unique set of capabilities and assets will ultimately lead to a 

firm's competitive advantage in changing markets (Teece et al., 1997; Teece, 2007). Firms can gain 

competitive advantage by improving sustainable supply chain performance (Bari et al., 2022; Siems et 

al., 2021; Seuring & Müller, 2008; Rebs et al., 2019). Moreover, researchers seem to agree with the 

theoretical link between dynamic capabilities and organizational performance, even if their 

interpretations of dynamic capabilities as constructs differ (Karman & Savanevičienė, 2021; Bhatia, 

2021).  

 

Following this line of thought, Schilke (2014) posits that second-order/higher-order dynamic 

capabilities do not improve performance directly, yet work indirectly by embedding first-order 

dynamic capabilities in the firm. Therefore, higher-order dynamic capabilities improve performance in 

the form of generating and integrating valuable lower-order dynamic capabilities and resources (Teece, 

2007, 2014; Winter, 2003; Fainshmidt et al., 2016). Therefore, based on the previous background, the 

following hypotheses are proposed:  
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Hypothesis 2 (H2). Lower-order environmental dynamic capabilities have a direct and positive effect 

on sustainable performance. 

 

Hypothesis (H3). Lower-order environmental dynamic capabilities mediate the relationship between 

higher-order environmental dynamic capabilities and sustainable performance. 

 

The previously proposed hypotheses will be systematized into a set of sub-hypotheses which are 

presented and explained below: 

 

2.4.1 Lower-order Environmental Dynamic Capabilities and Sustainable Performance  

 
● Green Purchasing and Sustainable Performance 

 

Through green purchasing (GP), companies ensure environmental performance from the source (Choi 

el al., 2018), with the specification of procured materials or components ensuring less pollution from 

them (Namagembe et al., 2019; Jermsittiparsert et al., 2019) and the selection, monitoring and 

evaluation of suppliers (Yu et al., 2019; Wang & Dai, 2018; Li et al., 2018; Zhu & Sarkis, 2007). Also, 

by procuring raw materials and inputs that can be recycled, reused and remanufactured, purchased 

materials are decreased and reduced fees for waste treatment and discharge are obtained (Park et al., 

2022; Namagembe et al., 2019; Rao & Holt, 2005), lowering operating costs (Choi et al., 2018; Wang 

& Dai, 2018), while increasing sales and positive image (Saeed et al., 2018; Khan et al., 2017). 

Notwithstanding the latter, contradictory results were found in the literature review regarding the 

relationship between GP and the three dimensions of sustainable performance.As such, the following 

hypotheses are presented:  

 

H2.1 (a). Green purchasing has a direct and positive effect on environmental performance. 

H2.1 (b). Green purchasing has a direct and positive effect on economic performance. 

H2.1 (c). Green purchasing has a direct and positive effect on social performance. 

 

● Green Manufacturing and Sustainable Performance 

 
Green manufacturing increases the environmental sustainability of firms, as they involve the selection 

of reclaimed materials and the adoption of environmentally friendly technologies, which lead to cleaner 

processes in reducing the harmful effects of toxic and hazardous products (Khan, 2020), waste 

generation (Awan, 2019), resource consumption (Uddin, 2021; Khan, 2020), emissions and noise 

(Khan, 2020; Gotschol et al., 2014; Rao & Holt, 2005). Contrary to the above, the literature review 

found mixed findings regarding the relationship between GM and sustainable performance (ENVP, 

ECOP, SOCP). Therefore, the following hypotheses are suggested: 

 

H2.2 (a). Green manufacturing has a direct and positive effect on environmental performance. 

H2.2 (b). Green manufacturing has a direct and positive effect on economic performance. 

H2.2 (c). Green manufacturing has a direct and positive effect on social performance. 
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● Green Logistics and Sustainable Performance 

 
Green logistics (GL) supply chain performance plays an important role in environmental sustainability 

(Liu et al., 2018b), as by using eco-friendly packaging that can be reused and recycled, the amount of 

packaging material and waste can be reduced (Yildiz Çankaya & Sezen, 2019; Hutomo et al., 2018). 

Also, because logistics is fossil fuel and energy intensive, GL can reduce costs and have a positive 

effect on company profits (Al-Minhas et al., 2020; Ghadimi et al., 2020). Baah et al. (2020) and Kalyar 

et al. (2019) add that GL improves the public image of companies, as environmental actions such as 

green packaging, green storage and green transportation require joint work with different stakeholders. 

Although the relevance of GL in sustainable performance has been highlighted, contradictory results 

were observed in the literature review.Therefore, the following hypotheses are advanced: 

 

H2.3 (a). Green logistics has a direct and positive effect on environmental performance. 

H2.3 (b). Green logistics has a direct and positive effect on economic performance. 

H2.3 (c). Green logistics has a direct and positive effect on social performance. 

 

 

● Reverse Logistics and Sustainable Performance  

 
Reverse logistics is directly related to sustainable performance (Ni & Sun, 2019; Foo et al., 2018). 

Firstly, RL has an effect on the amount of materials used in production processes and the decrease of 

waste along the value chain (Das, 2017; Diabat et al., 2013). At the same time, financial benefits are 

achieved such as a decrease in the purchase cost of raw materials due to recycling and material reuse 

(Guang Shi et al., 2012), as well as revenues from recovered and resold products (Farradia et al., 2019; 

Khor et al., 2016). In addition, RL increases social value by reducing urban waste and the use of 

landfills, which are harmful to people (Sittisom & Mekhum, 2020), through collection and recovery 

activities (Sarkis et al., 2010; Sellitto, 2018). Nonetheless, there are mixed results on the relationship 

between RL and sustainable performance (ENVP, ECOP, SOCP).Consequently, the following 

hypotheses are presented: 

 

H2.4 (a). Reverse logistics has a direct and positive effect on environmental performance. 

H2.4 (b). Reverse logistics has a direct and positive effect on economic performance. 

H2.4 (c). Reverse logistics has a direct and positive effect on social performance. 

 

2.4.2 Higher-order Environmental Dynamic Capabilities and Sustainable Performance  

 
● HEDCs and Environmental Performance 

 

IEM practices are essential to integrate corporate policies and culture, as well as environmental 

management systems throughout supply chains in order to deploy greener activities and achieve 

ecological goals (El-Kassar & Singh,2019; Foo et al., 2018; De Giovanni et al., 2012; Zhu & Sarkis, 

2006). In this vein, the literature review found very little evidence of the indirect effects of IEM on 
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environmental performance, as most previous research has addressed the direct relationship between 

the two (e.g., Habib et al., 2020; Zhu et al., 2013; Zhu & Sarkis, 2004). As such, the few studies that 

have approached this relationship revealed that IEM indirectly affects organizational performance, as 

they did not find a direct relationship between IEM and environmental performance (e.g., Firmansyah 

et al., 2021; Sahoo & Vijayvargy, 2020; Liu et al. 2020a). As a result, the following hypothesis is 

proposed:  

 

H 3.1(a). LEDCs mediate the relationship between IEM and environmental performance. 

 

Amjad et al. (2022) and Geng et al. (2017) posit that environmental excellence starts with eco-design 

(ECOD), because most of the qualities of the "green product" are chosen at this stage, such as its ability 

to be easily disassembled and recycled, lower resource consumption and pollution, as well as 

elimination of hazardous/toxic substances, which ultimately decrease environmental impacts 

throughout the life cycle (Habib et al., 2020; Abdallah & Al-Ghwayeen, 2019; Zhu et al., 2010). 

Büyüközkan & Cifçi (2012) stated that companies can reduce the harmful effect of their products and 

processes on the environment by 80 % due to the successful adoption of eco-design.Thereby, the next 

hypothesis is suggested: 

 

H 3.1(b). LEDCs mediate the relationship between ECOD and environmental performance. 

 

Environmental collaboration with customers (ECC) has a significant impact on environmental 

performance, as customers analyze and value the green characteristics of the product they purchase 

(Omar et al., 2019; Ni & Sun, 2019). Kumar et al. (2021), for example, explored the effects of 

collaboration on sustainable (economic, environmental and social) supply chain performance through 

dynamic capabilities.Thus, the present hypothesis is offered as follows: 

 

H 3.1(c). LEDCs mediate the relationship between ECC and environmental performance. 

 

Industry 4.0 digital technologies (DTs) contribute to environmental performance through the 

collection, processing and analysis of information along the supply chain (Yadav et al., 2020; Green, 

Zelbst, Bhadauria, et al., 2012). Whereas the importance of DTs in environmental performance has 

been recognized, there is little empirical evidence to validate this relationship, as it is still an emerging 

concept, so studies so far are conceptual in nature (e.g., Dutta et al., 2023; Bari et al., 2022; Oláh et al., 

2020; Tiwari, 2021). Belhadi et al. (2020) analyzed the mediation of Big Data Analytics (BDA) 

capabilities on the relationship between green manufacturing (GM) and environmental performance 

(ENVP) in 201 North African firms. Therefore, the following hypothesis is proposed:  

 

H 3.1(d). LEDCs mediate the relationship between DTs and environmental performance. 

 

Human resources are considered a key element in achieving sustainability and environmental 

performance, as they promote green values and principles within a company and incentivize employees 

to efficiently implement the GSCM (Zaid et al., 2018; Acquah et al., 2020; Lee, 2020). Zaid et al. 

(2018) investigated the link between GHRM and external and internal practices, as well as their impact 
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on TBL. The authors found a positive relationship between GHRM and environmental performance 

through green purchasing and reverse logistics. This leads to the establishment of the next hypothesis: 

 

H 3.1(e). LEDCs mediate the relationship between GHRM and environmental performance. 

 

● HEDCs and Economic Performance  

 
Economic performance is the main driver for organizations to consider implementing green initiatives 

(Malviya & Kant, 2019; Sharma et al., 2010), especially for companies in emerging countries (Younis 

et al., 2016; Zhu & Sarkis, 2004). It is worth noting, for example, that Green et al. (2012) detected that 

the adoption of IEM leads to better economic performance by improving green purchasing in US 

manufacturing firms. Previous precedents suggest the need to delve deeper into the indirect relationship 

between IEM and economic performance. Consequently, the following hypothesis is hereby posited:  

 

H 3.2(a). LEDCs mediate the relationship between IEM and economic performance. 

 

Eco-design significantly improves economic performance as it generates green products that attract the 

attention of end consumers, who are willing to buy eco-friendly products at higher prices (Lin et al., 

2013; Qin et al.,2021), thereby increasing a marketing advantage by differentiation, leading to an 

increase in sales revenue and market share (Habib et al. 2020;  Pattnaik &Pattnaik, 2019). Indeed, Zhu 

et al. (2013) evaluated the effects of internal (including ecodesign) and external practices on economic, 

environmental and operational performance in 396 Chinese manufacturing firms. The results revealed 

that, although ECOD had a negative effect on economic performance, it positively influenced economic 

performance through green purchasing. As such, the following hypothesis is offered:  

 
H 3.2(b). LEDCs mediate the relationship between ECO and economic performance. 

 

In the era of green consumption, many consumers are inclined to choose environmentally friendly 

products that imply different requirements for companies (Pan et al., 2020). By collaborating with 

customers, companies can better understand their demands, manage to maintain or increase sales, and 

improve their environmental image, which ultimately leads to better economic performance (Schmidt 

et al., 2017). For a case in point, Ahmed et al. (2020) identified that ECC had an impact on operations 

performance, and this in turn influenced financial performance in 126 firms in Pakistan. Based on the 

above background, the following hypothesis is proposed:  

 
H 3.2(c). LEDCs mediate the relationship between ECC and economic performance. 

  

Regarding digital technologies (DTs), different authors agree that they contribute significantly to 

ECOP, as they help optimize operations by collecting, processing and analyzing information in real 

time, improving operational efficiency and productivity (Lopes de Sousa Jabbour et al., 2022; Yang et 

al., 2021; Kumar et al., 2021b; Felsberger et al., 2020). Despite the above, the literature review 

identified very little empirical evidence on the relationship between DTs and ECOP (e.g., Raut et al., 

2021; Bag et al., 2020). Notwithstanding, some research has found that DTs can influence economic 

performance through the GSCM. The previous antecedents allow proposing the following hypothesis: 
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H 3.2(d). LEDCs mediate the relationship between DTs and economic performance. 

 

Agyabeng-Mensah & Tang (2021) state that green human capital is considered a strategic resource to 

achieve sustainable competitive advantage for companies. In addition, different authors have proposed 

how GHRM influences economic performance, as it fosters a green. Equally, employee knowledge, 

skills, attitudes, training and commitment is critical for product and process innovation that 

distinguishes the company from its competitors and leads to better financial performance (Agyabeng-

Mensah & Tang, 2021; Mishra, 2017; Sarkis et al., 2010). On this basis, the subsequent hypothesis is 

suggested: 

 

H 3.2(e). LEDCs mediate the relationship between GHRM and economic performance. 

 

● HEDCs and Social Performance 

 

In recent years, social sustainability has gained much attention in manufacturing companies due to the 

growing awareness of occupational health and safety, ethical business practices, equity, education, and 

the general welfare of stakeholders and society (Birasnav et al., 2022; Habib et al., 2020). In this way, 

the implementation of a social corporate responsibility (SCR) strategy can be enhanced through Internal 

Environmental Management (IEM), and the commitment and support of top management who drive 

activities related to environmental management (clean production and pollution emission abatement), 

as well as the improvement of employees' working conditions and community environment ( Ilyas et 

al., 2020; Luthra, Garg y Haleem, 2015). Accordingly, the next hypothesis is offered as follows:  

 

H 3.3(a). LEDCs mediate the relationship between IEM and social performance. 

 

Through eco-design, companies can effectively respond to stakeholder expectations and build a good 

reputation by developing green capabilities that generate less pollution and risks for the community 

and employees (Junaid et al., 2021; Bu et al., 2020). Thereby, ECO is of particular importance for 

social performance, since, from product and process specifications, pollution, the use of hazardous 

/harmful materials and processes can be prevented, improving the health and safety of employees (Altaf 

et al., 2020; Le, 2020). The previous analyses highlight the need to further examine the relationship 

between ECOD and social performance. Subsequently, the following hypothesis is put forward: 

 

H 3.3(b). LEDCs mediate the relationship between ECOD and social performance. 

 

The literature on SCM has suggested the benefit of building and maintaining partnerships with 

stakeholders in achieving sustainability (Sittisom & Mekhum, 2020; Carbone et al., 2019). Hence, 

when companies collaborate and have strong partnerships with their customers, including asset 

development and joint learning, innovations that go beyond environmental issues to societal-related 

projects can be realized (Awan, 2019; Carbone et al., 2019). Zaid et al. (2018) and Giovanni (2012) 

add that environmental customer collaboration (ECC) is important for implementing environmental 

initiatives, which improve people's safety and health, and community relations. Hence, the next 

hypothesis is presented: 
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H 3.3(c). LEDCs mediate the relationship between ECC and social performance. 

 
From a social sustainability perspective, technologies such as IoT, cloud-connected digital services, 

among others, enable the development of remote collection and monitoring capabilities, which take 

over monotonous, repetitive and unsafe tasks, resulting in better working conditions, increased 

satisfaction, motivation, efficiency and employee effectiveness (Subramoniam et al., 2021; Jayashree 

et al., 2021; Bai et al., 2020). Khan et al. (2021) claim that technologies such as BDA or IoT could 

mitigate the adverse and harmful health effects of CO2 emissions by up to 15%.  Notwithstanding the 

above, in the literature review, few empirical studies were identified that addressed the relationship 

between digital technologies (DT) and social performance. Therefore, the following hypothesis is 

proposed:  

 

H 3.3(d). LEDCs mediate the relationship between DTs and social performance. 

 

Depending on the extent in which companies invest in social programmes such as GHRM, learning, 

well-being and satisfaction of their employees can be improved (Zaid et al., 2018; Acquah et al., 2020; 

Longoni et al., 2018). In addition, creativity towards environmental innovation can also be improved 

(Ogbeibu et al., 2020; Chen & Chang, 2013). Regardless of the relevance of GHRM for improving 

social performance, little empirical evidence was identified in the literature analyzing the relationship 

between the two constructs (e.g., Wongleedee, 2020; Acquah et al., 2020; Zaid et al., 2018). As such, 

there is a need to further explore the link between GHRM and social performance through the mediation 

of the GSCM's environmental dynamic capabilities. Consequently, the following hypothesis is posited: 

 

H 3.3(e) LEDCs mediate the relationship between GHRM and social performance. 

 

2.5 Linkages Among Performance Dimensions 

 

2.5.1 Environmental and Economic Performance 

 
Since the debate triggered by Porter & Van der Linde (1995) "Does it Pay to be Green?", different 

authors have studied the relationship between both performances, finding that the economic 

performance of the company is affected by its environmental performance in a variety of ways. In 

addition, when environmental performance is improved as a result of implementing environmental 

initiatives, corporate image, market share, sales and revenue are also improved, leading to better 

financial performance (Pan et al., 2020; Ali et al., 2017). For example, Park et al. (2022) in their study 

on 207 manufacturing firms in Pakistan found that environmental performance positively mediated the 

relationship between IEM and economic performance. In this sense, the following hypothesis is 

suggested:  

 

Hypothesis 4 (H4). Environmental dynamic capabilities indirectly affect economic performance in a 

positive way, through improved environmental performance. 

 



64 
 

2.5.2 Environmental and Social Performance 

 
Several authors (Yun et al., 2019; de Giovanni, 2012; Mitra, 2014) have pointed out that environmental 

strategies such as pollution-free processes decrease overall exposure to health /safety hazards, reduce 

the number of accidents, absenteeism and turnover rates, leading to better working conditions and 

increased employee satisfaction. Clean processes also have a positive impact on the quality of life of 

the community around manufacturing plants (Schrettle et al., 2014). Notwithstanding the above, the 

literature review revealed almost no empirical studies addressing the relationship between 

environmental and social performance. Carbone et al. (2019) using DCV and drawing on anecdotal 

evidence from the business world such as the Rana Plaza collapse, and H&M's lawsuits for human 

rights violation and environmental pollution in developing countries, suggest that environmental 

performance achieved by environmental dynamic capabilities, can be translated into improved social 

conditions for both employees and communities. Based on the foregoing, the following hypothesis is 

provided: 

 

 

Hypothesis 5(H5). Environmental dynamic capabilities indirectly affect social performance in a 

positive way, through improved environmental performance. 

 

2.5.3 Social and economic performance  

 
When companies' environmental initiatives contribute positively to society, people begin to trust, feel 

protected and ultimately buy companies' products (Bai et al., 2022; Ghadimi et al., 2019). Therefore, 

organizations should consider corporate social responsibility as a strategy for long-term gains (Jell-

Ojobor & Raha 2022; Carter & Rogers, 2008). Despite the above, the literature review found little 

empirical evidence on the relationship between social and economic performance (Zhang et al., 2021; 

Yu et al., 2021; de Giovanni, 2012) and the findings identified are contradictory. The previous 

antecedents show the need to delve deeper into the indirect relationship of GSCM on financial 

performance through social performance. Thereby, the following hypothesis is proposed: 

 

Hypothesis 6 (H6). Environmental dynamic capabilities indirectly affect economic performance in a 

positive way, through improved social performance. 

 

2.6 Moderators 

 
To ensure robustness and credibility of the results, different relevant moderators were proposed in the 

literature on GSCM and sustainable performance, being: firm size, firm age, and export orientation 

(Micheli et al., 2020; Younis & Sundarakani, 2019; Fang & Zhang, 2018; Younis et al., 2016; Eltayeb 

et al., 2011; Zhu & Sarkis, 2004; Zhu & Sarkis, 2007; Zhu et al., 2008). Regarding firm size, different 

authors have postulated that larger firms face greater pressures from stakeholders and in turn, have 

more resources to invest in improving social, environmental and financial performance (Wang et al. 

2018; Zhu et al., 2007; Vijayvargy et al., 2017). 
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Regarding firm age, Younis & Sundarakani (2019) suggest that organizations with more years in 

business gain a competitive advantage over younger ones in terms of experience in environmental 

management and performance improvements. In relation to export orientation, some studies have 

considered that international customers and regulations influence GSCM implementation (Jawaad & 

Zafar, 2019; Fang & Zhang, 2018; Zhu & Sarkis, 2007). For example, Zhu & Sarkis (2004) sampled 

exporting firms and found high correlations between GSCM practices and firm performance.  
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2.7 Theoretical Model  

 
Figure 2.2 summarizes the research hypothesis system proposed to study the effects of the GSCM's 

hierarchy of dynamic environmental capabilities on sustainable performance. 

 
Figure 2.2.Theoretical Model 

 

Source. Compiled by the author 

 

In accordance with the theoretical model, the proposed research hypotheses and sub-hypotheses are 

presented in Table 2.2. 
 

Table 2.2. Research Hypotheses and Sub-hypotheses 
Research 

Hypothesis 
Sub-hypotheses 

 

Hypothesis 1 (H1): 

Higher-order 

Environmental 

Dynamic 

Capabilities Have a 

Direct and Positive 

Effect on Lower-

order 

H1.1(a) 
Internal environmental management has a direct and positive effect on green 

purchasing. 

H1.1(b) 
Internal environmental management has a direct and positive effect on green 

manufacturing. 

H1.1(c) Internal environmental management has a direct and positive effect on green logistics. 

H1.1(d) Internal environmental management has a direct and positive effect on reverse logistics. 

H1.2(a) Eco-design has a direct and positive effect on green purchasing. 

H1.2(b) Eco-design has a direct and positive effect on green manufacturing. 

H1.2(c) Eco-design has a direct and positive effect on green logistics. 

H1.2(d) Eco-design has a direct and positive effect on reverse logistics. 
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Environmental 

Dynamic  

Capabilities. 

H1.3(a). 
Environmental collaboration with customers has a direct and positive effect on green 

purchasing. 

H1.3(b) 
Environmental collaboration with customers has a direct and positive effect on green 

manufacturing. 

H1.3(c) 
Environmental collaboration with customers has a direct and positive effect on green 

logistics 

H1.3(d) 
Environmental collaboration with customers has a direct and positive effect on reverse 

logistics. 

H1.4 (a) Digital technologies have a positive and direct effect on green purchasing. 

H1.4 (b) Digital technologies have a positive and direct effect on green manufacturing. 

H1.4 (c) Digital technologies have a positive and direct effect on green logistics. 

H1.4 (d) Digital technologies have a direct and positive effect on reverse logistics. 

H1.5 (a) 
 Green human resource management has a positive and direct effect on green 

purchasing 

H1.5 (b) 
Green human resource management has a positive and direct effect on green 

manufacturing. 

H1.5(c) Green human resource management has a positive and direct effect on green logistics. 

H1.5 (d) Green human resource management has a direct and positive effect on reverse logistics. 

Hypothesis 2 (H2). 

Lower-order 

Environmental 

Dynamic 

Capabilities Have a 

Direct and Positive 

Effect on 

Sustainable 

Performance. 

H2.1(a) Green purchasing has a direct and positive effect on environmental performance. 

H2.1(b) Green purchasing has a direct and positive effect on economic performance. 

H2.1(c) Green purchasing has a direct and positive effect on social performance. 

H2.2(a) Green manufacturing has a direct and positive effect on environmental performance. 

H2.2(b) Green manufacturing has a direct and positive effect on economic performance. 

H2.2(c) Green manufacturing has a direct and positive effect on social performance. 

H2.3 (a) Green logistics has a direct and positive effect on environmental performance. 

H2.3 (b) Green logistics has a direct and positive effect on economic performance. 

H2.3 (c) Green logistics has a direct and positive effect on social performance. 

H2.4 (a) Reverse logistics has a direct and positive effect on environmental performance. 

H2.4 (b) Reverse logistics has a direct and positive effect on economic performance. 

H2.4(c) Reverse logistics has a direct and positive effect on social performance. 

Hypothesis (H3). 

Lower-order 

Environmental 

Dynamic 

Capabilities 

Mediate the 

Relationship 

Between Higher-

order 

Environmental 

Dynamic 

Capabilities and 

Sustainable 

Performance. 

 

H3.1(a) LEDCs mediate the relationship between IEM and environmental performance. 

H3.1(b) LEDCs mediate the relationship between ECOD and environmental performance. 

H3.1(c) LEDCs mediate the relationship between ECC and environmental performance. 

H3.1(d) LEDCs mediate the relationship between DTs and environmental performance. 

H3.1(e) LEDCs mediate the relationship between GHRM and environmental performance. 

H3.2(a) LEDCs mediate the relationship between IEM and economic performance. 

H3.2(b) LEDCs mediate the relationship between ECO and economic performance. 

H3.2(c) LEDCs mediate the relationship between ECC and economic performance. 

H3.2(d) LEDCs mediate the relationship between DTs and economic performance. 

H3.2(e) LEDCs mediate the relationship between GHRM and economic performance. 

H3.3(a) LEDCs mediate the relationship between IEM and social performance. 

H3.3(b) LEDCs mediate the relationship between ECOD and social performance. 

H3.3(c) LEDCs mediate the relationship between ECC and social performance. 

H3.3(d) LEDCs mediate the relationship between DTs and social performance. 

H3.3(e) LEDCs mediate the relationship between GHRM and social performance. 

Hypothesis 4(H4) 
Environmental dynamic capabilities indirectly affect economic performance in a 

positive way, through improved environmental performance. 

Hypothesis 5(H5) 
Environmental dynamic capabilities indirectly affect social performance in a positive 

way, through improved environmental performance. 

Hypothesis 6(H6) 
Environmental dynamic capabilities indirectly affect economic performance in a 

positive way, through improved social performance. 

Source. Compiled by the author. 
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2.8 Partial Conclusions 

 
From the literature review conducted in Chapter 1 and the gaps identified, the aim of this chapter was 

to develop the theoretical model and the research hypotheses. The proposed theoretical model is based 

on the conceptual foundations of the DCV, the GSCM and sustainable performance to develop six 

hypotheses composed, in turn, of a set of sub-hypotheses. This model therefore constitutes a relevant 

contribution of this doctoral thesis.   

 

In the first place, Hypothesis 1 of the proposed theoretical model aimed to analyze the effects of higher-

order environmental dynamic capabilities on lower-order environmental dynamic capabilities. In this 

regard, it is highlighted that few studies were found in the literature that addressed the hierarchy of 

dynamic capabilities. Moreover, the few identified works that analyze this relationship, do so in a 

conceptual manner or do so based on traditional DCs. Therefore, a second relevant contribution of this 

doctoral thesis lies in the approach and empirical validation of a hierarchy of environmental dynamic 

capabilities. 

 

Subsequently, based on the premise that sustainability can lead to greater competitive advantage, which 

in turn depends on the configuration of the set of resources and DCs of firms rather than on the 

capabilities themselves, and that the relationship between DCs and performance is not tautological, a 

third contribution of the theoretical model is the analysis and empirical validation of the effects of the 

hierarchy of environmental dynamic capabilities on sustainable performance. This means that HEDCs 

alter LEDCs, and these effects in turn influence economic, environmental and social performance. To 

test this proposition, the second and third hypotheses of the model were posed. Hypothesis 2 aimed to 

analyze the direct relationships between LEDCs and the three dimensions of sustainable performance, 

while Hypothesis 3 posits the mediating effects of LEDCs between HEDCs and sustainable 

performance. 

 

Furthermore, despite the acknowledged relevance in the literature on the effects of GSCM on 

sustainable performance, the balance between the three dimensions of TBL is still a challenge due to 

the difficulty of integrating and analyzing the linkages between the three pillars of TBL in a single 

framework. Hence, the present doctoral thesis contributes to the field of knowledge by examining the 

dyadic relationships between the dimensions of sustainable performance, and selecting the win-win 

paradigm, in the sense that environmental and social performance lead to better economic performance. 

Therefore, Hypotheses 4, 5 and 6 were presented, which together represent the fourth contribution of 

the theoretical model. Hypothesis 4 aimed at analyzing the indirect effects of environmental DCs on 

economic performance through improved environmental performance. Hypothesis 5 considered the 

indirect effects of environmental DCs on social performance through improved environmental 

performance. Finally, Hypothesis 6 proposed the indirect effects of environmental DCs on economic 

performance through improved social performance. 
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3. CHAPTER 3. RESEARCH DESIGN 

 
 

This chapter aims to present the research design of the doctoral thesis. A research design is defined as 

the overall plan for answering the research question (Sekaran & Bougie, 2016; Saunders et al., 2019). 

Crotty (2003) states that, with the research design, two questions must be answered: 1) what specific 

methods and techniques will be used in the research; 2) second, how is the choice of methods and 

techniques justified? The justification for the selection and use of particular methods has to do with the 

assumptions about the reality that the work addresses, i.e., the philosophical perspective and approaches 

to theory development (Saunders et al., 2019). As such, the research design includes both the 

assumptions of the philosophical worldview that the study adopts, and the specific research methods 

or procedures that translate the approach into practice (Creswell & Creswell, 2017). 

 

In this regard, the research carried out with the present doctoral thesis is tested according to the 

positivist/empiricist logic paradigm (Meredith et al., 1989; Hernández Sampieri et al., 2010; Phillips 

& Pugh, 2010; Saunders et al., 2019). According to the classification made by Meredith et al. (1989), 

the proposed study is framed within the rational/existential dimension as positivist empiricist logic. 

This is due to the fact that it is based on an existing theory, and that the knowledge process is driven 

by hypotheses and deductions that seek to explain cause-effect relationships through the interpretation 

of quantifiable data. Likewise, the present research is framed within the natural/artificial dimension, as 

it uses the perceptions of individuals as an object to learn about reality through the use of surveys. 

 

In order to approach the theory, a deductive approach was used, since it was necessary to develop and 

validate a hypothesis system to corroborate the theoretical findings in the companies under study (Geyi 

et al., 2020). Likewise, the purpose of the study is explanatory, as the proposed hypothesis system 

studies the causal relationships between independent and dependent variables (Hernández Sampieri et 

al., 2010). In line with the above, the present doctoral thesis is empirical research because it seeks to 

generate knowledge through observation or experimentation of the real world, being guided by 

practical or theoretical experience (Marczyk et al., 2010). In the area of operations management (a field 

that encompasses supply chain studies), empirical research must be based on practice and must be able 

to demonstrate the usefulness of existing theories (Flynn, 1990; Meredith et al.,1989).   

 

Furthermore, quantitative monomethod modeling was used as the research method, as a survey-based 

strategy was used to collect data through an online questionnaire (Saunders et al., 2019; Dillman et al., 

2014). The time horizon is cross-sectional, as primary data collection occurs at a single point in time 

(Saunders et al., 2019; Malhotra et al., 2020; Hernández Sampieri et al., 2010). The research design is 

presented throughout this chapter. It uses a survey-based research strategy and therefore includes the 

design of the data collection instruments and operationalisation of variables, instrument validation, 

population and sample selection, data collection and methods for data analysis (Figure 3.1). 
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Figure 3.1. Research Design 

 
Source. Compiled by the author  

 

3.1 Research Philosophy  

 
The term “research philosophy” refers to a system of beliefs and assumptions about the development 

of knowledge (Saunders et al., 2019). The philosophy adopted as well as the different stages of research 

include important assumptions about how the world is viewed, such as the nature of reality (ontological 

assumptions), how reality is known (epistemological assumptions), the role of values in research 

(axiological assumptions) and the procedures used in the study (methodology) (Creswell & Poth, 

2016). 

 

Hence, all research is based on beliefs about the nature of the world (ontology) and what can possibly 

be discovered through research (Sekaran & Bougie, 2016; Saunders et al., 2019). Guba & Lincolin 

(1989) and Crotty (2003) add that ontological assumptions are those that deal with the study of being, 

the type of world that is under investigation, the nature of existence, and the structure of reality as such. 

In the area of operations management, these objects include firms, events and organizational artifacts 

(Saunders et al., 2019). Abdulrahman (2014) argues that the prowess of any theory lies in its ontological 

position emanating from the objectivist/realist and subjectivist/nominalist divide. 

 

Kuhn (1970) describes a paradigm as a set of beliefs that guide researchers in deciding what to study, 

how to do research and how to interpret the results. Creswell & Creswell (2017) define them as 

worldviews or general philosophical orientations about the world that guide research. The most 

important paradigms for contemporary research are: post-positivism positivism, critical theory, 

Philosophy
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Methodological 

choice

Purpose
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postmodernism, pragmatism, constructivism/interpretivism (Saunders et al., 2019; Creswell& 

Creswell, 2017; Crotty, 2003; Guba & Lincoln, 1994). 

 

The paradigm that governs the present research is positivism & post-positivism, also referred to as 

empirical science, which assumes that there is a reprehensible reality, driven by natural laws and 

mechanisms and, with an existence separate from the people within them (ontological assumptions) 

(Greener & Martelli, 2018; Healy & Perry, 2000; Guba & Lincoln, 1994). This paradigm thereby 

asserts that only phenomena that can be known through the senses can actually produce "knowledge" 

(Greener & Martelli, 2018). Hereby, the object or phenomenon of study is independent of the 

researchers (Krauss, 2005), whereby knowledge is discovered and verified through direct observations 

or measurements of phenomena (epistemological assumptions) (Meredith et al., 1989; Krauss, 2005).  

 

3.2 Research Approach to Theory Development   

 
According to Saunders et al. (2019), the degree to which research is concerned with testing or building 

theories influences research design and methodological choice. This is observed through three 

approaches: deductive, inductive and abductive. The present research uses the deductive approach to 

approach theory, which works from the most general to the most specific (Trochim et al., 2015). It 

starts by observing the theory and then derives hypotheses, which are tested empirically, i.e. by 

collecting and analyzing observable data, to finally validate the theory (Greener & Martelli, 2018; 

Trochim et al., 2015; Saunders et al., 2019; Colquitt & Zapata, 2007). Saunders et al. (2019) and 

Sekaran & Bougie (2016) list the stages for conducting deductive research: 1) identify the problem; 2) 

derive a hypothesis from the theory; 3) express the hypothesis in operational terms; 4) test the 

hypotheses; 5) examine the results obtained from the research and confirm or modify theory from the 

findings. 

 

3.3 Methodological Choice 

 
The main distinction between quantitative and qualitative research is framed in that the former 

emphasizes quantification in the collection and analysis of numerical data, whereas the latter produces 

non-numerical data. This non-numerical data can be narrative, textual or visual descriptions of the 

phenomena under study (Saunders et al., 2019; Bryman & Bell, 2011; Vanderstoep & Johnson, 2008), 

or the use of closed questions (quantitative hypotheses) rather than open-ended questions (qualitative 

interview questions) (Creswell & Creswell, 2017). The present study uses quantitative research as a 

methodological option, as it is guided by the positivist research paradigm and an objectivist view of 

the objects studied (Greener & Martelli, 2018) to test the research hypotheses with numerical data 

collection and statistical analysis techniques (Saunders et al., 2019; Creswell & Creswell, 2017; 

Marczyk et al., 2010). 
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3.4 Research Purpose 

 
Research can be designed to serve an exploratory, descriptive, correlational, explanatory or evaluative 

purpose, or any combination of these (Saunders et al., 2019). The research to be conducted has an 

explanatory or "quasi-experimental" purpose, as it seeks to propose a set of hypotheses derived from 

theory and to analyze the causal relationship between independent and dependent variables (Marczyk 

et al., 2010; Saunders et al., 2019). As such, "quasi-experimental" or explanatory research allows 

reasonably accurate "cause and effect" statements to be made about phenomena, using inferential 

statistics that allow the researcher to make statistically valid generalizations from a sample to a 

population (Malhorta, 2020; Greener & Martelli, 2018). Therefore, hypotheses will be tested or rejected 

based on statistical inference derived from the analysis of the data collected in the sample. 

 

3.5 Research Strategy  

 
Research strategy can be defined as the plan for how the research question will be answered (Saunders 

et al., 2019; Creswell & Creswell, 2017). It is the methodological link between the philosophical 

assumptions and the choice of methods for collecting and analyzing data (Denzin & Lincoln, 2018). 

The main research strategies include: Experiment, Survey, Archival and documentary research, Case 

study, Ethnography, Action Research, Grounded Theory, Narrative Inquiry (Saunders et al., 2019). 

 

Given that the present research is deductive and quantitative with explanatory purposes from a 

positivist logic, and what is sought is the testing of theoretical propositions about particular 

relationships between variables from the collection and analysis of numerical data, the strategy used in 

this research is the survey. The particular strength of the survey is its flexibility to collect empirical 

data on opinions and attitudes from a large population that can be coded and analyzed quantitatively 

using descriptive and inferential statistics (Saunders et al., 2019; Abu Seman et al., 2019; Sekaran & 

Bougie, 2016). 

 

Survey research is also one of the most important areas of measurement in empirical research in the 

area of supply chain management (e.g., Green et al.,2012; Lopes de Sousa Jabbour et al., 2022; 

Vijayvargy, Thakkar, & Agarwal, 2017; Zhu & Sarkis, 2004). The above is due to the fact that the 

survey-based strategy provides the advantage of standardized data collection from a large number of 

respondents, which allows easy comparison for a relatively low cost in time and money (Saris & 

Gallhofer, 2014; Vanderstoep & Johnson, 2008). However, for survey research to be effective, the 

sample must be representative of generalizability of results. Therefore, high response rates are critical 

(Melnyk et al., 2012). Additionally, since survey research can include cross-sectional and longitudinal 

studies, this survey research will use a cross-sectional design in which data are collected at a single 

point in time (Malhotra et al., 2020; Bryman & Bell, 2011).  

 

From the above, since it is an empirical and hypothetico-deductive study based on surveys to test 

theory, a logical, organized and rigorous systematic approach must be followed to find a solution to a 

stated problem (Sekaran & Bougie, 2016; Flynn, 1990). Survey research includes a number of related 

processes: translating the theoretical domain into the empirical domain, questionnaire design and pilot 
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testing, data collection to test the theory, data analysis, interpretation of the results and report writing 

(Forza, 2002a). 

 

In this regard, Figure 3.2 presents the proposed research methodology. The first stage involved the 

identification of the problem based on the literature review, the identification of the knowledge gap 

and the research question (Chapter 1). In the second stage, the theoretical foundation of the research 

and the development of the hypotheses were established (Chapter 2). In the third stage, given that a 

questionnaire-based survey strategy was selected, the questionnaire design and its validation are 

described (Chapter 3). The fourth step presents the population, unit of analysis and sample selection 

(Chapter 3). The fifth stage introduces the administration of the questionnaire, data collection and bias 

analysis (Chapter 3). In the sixth stage, data analysis and results are conducted. Structural equation 

modeling using partial least squares (PLS) was used for this (Chapter 4). In the seventh stage, the 

proposed theoretical model will be validated, the proposed hypotheses will be discussed and the final 

conclusions of the study will be drawn (Chapter 5). 

 
Figure 3.2. Research Methodology 

 
Source. Compiled by the author  

 



74 
 

3.6 Questionnaire Design and Measures 

 

Whereas Stages 1 and 2 of the proposed methodology (Figure 3.2) were addressed in Chapters 1 and 

2, this Chapter will address Stages 3, 4, 5, 6 and 7. In this way, survey research can be divided into two 

broad categories: the questionnaire and the interview (Saunders et al., 2019; Sekaran & Bougie, 2016). 

Questionnaires include data collection methods in which each person is asked to answer the same set 

of questions in a predetermined order (De Vaus, 2013). In this research, structured questionnaires are 

adopted as a method of data collection to verify the research hypotheses, as these are characterized by 

having standardized questions where you can be sure that all respondents will interpret in the same way 

(Robson & McCartan, 2016).  

 

Benefits of the questionnaire include: 1) they are more useful as a method of data collection, especially 

when there are a large number of people or respondents, and 2) information can be obtained fairly 

easily as questionnaire responses are easily coded (Dillman, 2014; Sekaran & Bougie, 2016). For the 

design of questionnaires Churchill (1979) recommended, first, to identify the research constructs 

through a literature review; second, to select the most appropriate items for the constructs and prepare 

the preliminary questionnaire; and third, to analyze the validity and reliability of the questionnaire. 

 

3.6.1 Operationalization of the Hypotheses  

 

Theory can be divided into two parts: one that specifies the relationships between theoretical constructs 

and one that describes the relationships between constructs and measures. A construct is a conceptual 

term used to describe a phenomenon of theoretical interest (Edwards & Bagozzi, 2000). Thereby, 

relationships between constructs are determined through research hypotheses, which are defined as a 

logically conjectured relationship between two or more variables (constructs) expressed in the form of 

testable statements or propositions (Saunders et al., 2019; Sekaran & Bougie, 2016; Forza, 2002).  

 

According to Table 2.3 in Chapter 2, hypothesis 1 will be tested if H1.1(a, b, c, d), H1.2 (a, b, c, d), 

H1.3 (a, b, c, d), H1.4 (a, b, c, d) and H1.5(a, b, c, d), are valid for the data sample, confirming the 

hierarchical relationship between environmental dynamic capabilities. Hypothesis 2 will test the direct 

effects of LEDCs on sustainable performance through H2.1 (a, b, c), H2.2 (a, b, c), H2.3(a, b, c) and 

H2.4 (a, b, c). Hypothesis 3 will be proved if H3.1 (a, b, c, d, e), H3.2(a, b, c, d, e) and H3.3 (a, b, c, d, 

e) are verified, thus validating the mediating effect of LEDCs between HEDCs and sustainable 

performance. Hypotheses 4,5,6 will confirm the relationships between the dimensions of sustainable 

performance as effects of dynamic environmental capabilities. 

 

3.6.2 Operationalization of Variables 

 

Since the constructs used in the development of management theories are generally abstract and 

complex (Churchill, 1979), it is necessary to transform theoretical and abstract concepts into observable 

and measurable elements. That is, to operationalise the constructs/variables into empirical indicators 

(Hair et al., 2018; Forza, 2002a). In this regard, Edwards & Bagozzi (2000) define a measure as an 



75 
 

observed score obtained through self-report, interview, observation or some other means.  In short, a 

measure is a quantified record, or datum, taken as an empirical analogue to a construct.  

 

Operational definitions of constructs "must specify both the specific observable elements of a construct 

and how they are to be observed (Emory & Cooper, 1991). This means that if the theoretical construct 

is multidimensional, then all its dimensions have to find corresponding elements in the operational 

definition (Forza, 2002). Hence, the questionnaire design was based on multiple-item constructs using 

at least three indicators, as recommended in the literature (Hair et al., 2017; Anderson & Gerbing, 

1988). The constructs and their indicators were determined from an extensive literature review 

(Malhotra, 2020). Since many indicators were identified for each construct, following Churchill's 

(1979) guidelines, a frequency analysis was conducted to select the most relevant indicators for each 

construct, identifying the most significant indicators as those whose cumulative frequency exceeded at 

least a 50% threshold (Appendix 3.1). 

 

To answer Laaksonen and Peltoniemi's (2018) question (2) To what extent do the measures (of dynamic 

capabilities) correspond to the theoretical essence of DCs, recommendations 1,2,3,4 and 5 were 

followed. Regarding Recommendation 1 about identifying ordinary capabilities or resources that are 

modified by DCs, this research recognises as ordinary capabilities, supply chain management processes 

such as purchasing/procurement management, manufacturing/production, customer collaboration, 

logistics management, returns/recovery management, planning, human resource management, 

technology management, and product design (Chopra & Meindl, 2007; Mentzer et al., 2008). Thus, 

environmental dynamic capabilities reflect a change in ordinary capabilities in responding to 

sustainability challenges (Beske, 2012; Beske et al., 2014; Siems et al., 2021). Similarly, the indicators 

proposed for each dynamic capability reflect a planned and repeatable action. 

 

Concerning Recommendation 2, the indirect influence of dynamic capabilities on performance by 

analysing how they transform ordinary capabilities, this thesis did not include the effect of DCs on 

ordinary capabilities due to the scope of the study, i.e. by analysing environmental dynamic 

capabilities, it was assumed that DCs transform ordinary capabilities. This thesis addressed one aspect 

of DC dimensionalisation (see section 1.2), which was the hierarchy of capabilities and its influence 

on sustainable performance, by analysing the indirect effects of HEDCs and the direct effects of LEDCs 

on performance. Additionally, taking into account the perceptions of managers, the common method 

bias was validated using several methods such as Harman's single factor test (Podsakoff et al., 2003), 

the Average Total Collinearity VIF (AFVIF) and the marker variable technique proposed by Lindell & 

Whitney (2001); the results showed that common method bias was not a serious concern in the study. 

Following Laaksonen & Peltoniemi's (2018) Recommendation 3, although managers assessed both 

DCs and sustainable performance dimensions, the proposed indicators are a reflection of the DCs in 

the firm's resource base for better organisational performance. It is also important to mention that the 

measures used for performance were different from the measures used for DCs.  

 

As Recommendation 4, this research mostly adopts the Eisenhardt & Martin (2000) view that dynamic 

capabilities are relatively similar across firms (so-called "best practices"). This tendency indicates that 

researchers see dynamic capabilities as similar across firms and therefore firms can be compared in 

terms of the amount of particular dynamic capability they have. In this sense, environmental dynamic 
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capabilities are considered "best practice" from an environmental perspective and can be adopted by 

any firm. This is in line with the previously mentioned similarity between the concept of practices, 

routines and capabilities (e.g., Beske, 2012; Beske et al., 2014; Siems et al., 2021). Consistent with 

this, in order to get an empirical idea of the specific dynamic capabilities of a company, not only their 

existence in each company was identified, but also the degree of adoption through a Likert scale, which 

allows for the creation of company profiles (Barreto, 2010). Additionally, following the 

recommendations of Laaksonen & Peltoniemi (2018), multidimensional measures of dynamic 

capabilities were used to operationalise firm-specific dynamic capability profiles. 

 

Finally, following recommendation 5 about the level of analysis in DCs theory development and 

empirical testing, a perceptions-based survey was used for managers to assess the degree of adoption 

of about the firm's capabilities in multiple areas, which according to Laaksonen & Peltoniemi (2018) 

is more reliable as it gives them the opportunity to give more weight to some capabilities in the 

assessment and are also theoretically associated with the individual manager's cognitions. 

 

To measure the sustainable performance dimensions, a 5-point Likert scale was used to assess the 

extent to which the three pillars of the TBL have improved over the past two years as a result of the 

implementation of GSCM practices (1: not at all, 2: a little bit, 3: to some degree, 4: relatively 

significant and 5: significant). This scale has been used in important studies on the effects of GSCM 

on sustainable and organizational performance (e.g., Kalpande & Toke, 2020; Esfahbodi et al.,2017; 

Luthra et al., 2015; Zhu, Sarkis, & Geng, 2005; Zhu, Sarkis, & Lai, 2013; Zhu & Sarkis, 2007; Zhu et 

al., 2010).  

 

The initially proposed questionnaire developed for this doctoral research included five (5) independent 

variables corresponding to the higher order environmental dynamic capabilities (internal environmental 

management, eco-design, environmental collaboration with customers, digital technologies, green 

human resources management), three (3) dependent variables corresponding to the dimensions of 

sustainable performance (environmental performance, economic performance, social performance) and 

four (4) mediating variables corresponding to the lower order environmental dynamic capabilities 

(green purchasing, green manufacturing, green logistics, reverse logistics), with a total of 64 empirical 

indicators. 

 

Based on the above, the constructs and indicators that made up the initial questionnaire are presented 

in Appendix 3.3. The back-translation (English and Spanish versions) of the indicators and the authors 

who used each indicator are also presented. 

 

3.6.3 Validity of the Data Collection Instrument 

 

Data collected by survey and other empirical designs are not very useful unless their validity and 

reliability can be demonstrated (Carmines & Zeller, 1979; Flynn et al., 1990). Reliability refers to the 

consistency of measurement, while validity describes the accuracy with which a theoretical construct 

translates into an actual measure (Trochim & Donnelly, 2015). Additionally, they are interconnected 

concepts, as a measurement cannot be valid unless it is reliable (Marczyk et al., 2010).  
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Different scholars define validity of the data collection instrument as the extent to which an 

operationalization measures the construct it is supposed to measure (Sekaran & Bougie, 2016; Bagozzi, 

Yi, & Phillips, 1991; O’Leary-Kelly & Vokurka, 1998). Then, validity seeks to answer the following 

question: Does the measurement instrument or approach measure what it is supposed to measure? 

(Marczyk & DeMatteo, 2005). If so, the instrument or measurement method is said to be valid because 

it accurately assesses and represents the construct of interest. Instrument validity is seen as a 

multifaceted process that is composed of three steps, content validity, construct validity and 

nomological validity (O’Leary-Kelly & Vokurka, 1998). The first step is content validity, which 

requires identifying the empirical indicators that measure the construct and demonstrating that they are 

both logically and theoretically connected to the construct (Polit, Beck, & Owen, 2007; Nunnally, 1975; 

Carmines & Zeller, 1979).  

 

Construct validity establishes the degree to which empirical indicators measure the construct (O’Leary-

Kelly & Vokurka, 1998; Bagozzi et al., 1991). In this step the reliability, validity and unidimensionality 

of the construct are measured. The final step, nomological or predictive validity, involves determining 

the extent to which a construct relates to other constructs in a predictable way, which is essentially 

hypothesis testing (O’Leary-Kelly & Vokurka, 1998). For the purposes of this report, content validity 

and construct validity will be assessed in this chapter. Nomological or predictive validity will be 

analyzed in Chapter 4 using the procedure for conducting Partial Least Squares Structural Equation 

Modeling (PLS-SEM) described in Section 3.9 of this document (Kitsis & Chen, 2021; Anderson & 

Gerbing, 1988; Chin, 1998) (Figure 3.3). 

 

Figure 3.3. Sequential Process Validity of the Instrument 

 

Source. Adapted from O’Leary-Kelly & Vokurka (1998). 

 

 

 

 

 

 

Step 1. Content 
validity

• Identification o 
theoretically based 
empirical indicators (items 
that are expected to 
measure the construct)

Step 2. Construct 
validity

• Empirical assessment of the extent to 
which empirical indicators measure the 
construct

• Unidimensionality

• Realiability 

• Validity

Step 3. Nomological 
validity

• Determination of the extent to 
which the construct relates to other 
constructs in a predictable manner

• Hypothesis testing: Partial Least 
Squares Structural Equations 
Modeling (PLS-SEM)
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● Content Validity  

 

Content validity aims to assess whether the empirical measurement items or indicators measure the 

construct both logically and theoretically (Malhotra, 2020; Carmines & Zeller, 1979; Saunders et al., 

2019). Accordingly, there are different ways to determine content validity, such as a panel of judges 

reviewing the instrument in a pilot test (Sekaran & Bougie, 2016) or using pre-existing instruments 

available in the literature that have been previously validated (Marczyk & DeMatteo, 2005). Since a 

new questionnaire was designed with twelve variables identified in the state of the art, the panel of 

judges was used as a content validity method for the instrument review (Sekaran & Bougie, 2016). This 

technique subjectively assesses the correspondence between individual items and the construct, and the 

functionality of the instrument through ratings by a group of competent judges or experts in the subject 

of the study (Hair et al., 2017; Zamanzadeh et al., 2015).Therefore, 8 experts were selectecte, all 

qualified in the field of knowledge on which the questionnaire is based. The number of experts selected 

was considered acceptable compared to similar research in the field (Wang et al., 2020). Table 3.1 

shows the information for each expert. 

 
Table 3.1.Experts’ background 

Nº Name Organization Position 
Experience Years of 

experience  
CV 

P A R 

1 
Ismael Cristofer 

Baierle 

Universidade Federal do 

Rio Grande - FURG 
Professor   X X 15 

 

2 
Maria Angela 

Butturi 

Università degli Studi di 

Modena e Reggio Emilia 
Staff Researcher   X X 29 

 

3 Simona Marinelli Deloitte 

Senior Consultant - 

Climate Change & 
Sustainability 

X X X 13  

4 
Ismael Santiago 

Mejía 

Universidad de 
Investigación y Desarrollo 

Professor   X X 13  

5 Miguel Sellitto 
Universidade do Vale do 

Rio dos Sinos 
Professor X X X 46  

6 Carlos Moreno 
Universidad Nacional de 

Colombia 
Professor X X X 30  

7 
Edwin Camilo 

Ruiz Poveda 
GRUPO NUTRESA 

Environmental 
coordinator-meat and 

chocolate line 

X     10   

8 
Dania Rodríguez 

Moran 
BIMBO 

Sustainability area 

coordinator 
X     8   

P: professional; A: academic; R: research  

Source. Compiled by the author 

 

After selecting the panel of experts, a content validity evaluation form was designed. As the assessment 

was conducted with Colombian, Brazilian and Italian experts, the form was designed in English and 

Spanish. Thus, the form consisted of:  

 

● One-page instructions 

o Purpose of the research 

o Objective of the content validity by judges' criteria 

o Instructions for answering questions A, B, C 

o Scoring system 

https://br.linkedin.com/in/ismael-baierle-bb2327117
https://it.linkedin.com/in/maria-angela-butturi-222a216b
https://it.linkedin.com/in/simona-marinelli
https://br.linkedin.com/in/miguel-sellitto-2a149516
https://www.researchgate.net/profile/Ismael-Baierle
https://www.researchgate.net/profile/Maria-Butturi
https://www.researchgate.net/profile/Miguel-Sellitto
https://orcid.org/0000-0002-2949-6906
https://scholar.google.com/citations?user=KAcfv40AAAAJ&hl=es
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● Twelve pages, each corresponding to each construct to be assessed with the label and definition of 

each construct, as well as the list of items for each construct (according to Appendix 3.3). 

● For each page, a series of questions for each construct or item with space for response and for 

general and item comments. 

 

a) Do you consider that the label and definition fit the whole set of items? (question A) 

b) Does each item adequately fit the given label and definition? (question B) 

c) Are there any valuable practices missing for the construct, or do you think any of the above items 

need to be rephrased? (question C) 

 

The final form (Appendix 3.4) was reviewed by the director and co-director of this thesis before being 

sent to each expert to assess the content validity of the questionnaire. In this manner, experts were 

invited to participate via email, phone calls and WhatsApp. Once participation was confirmed, they 

were emailed the formal invitation and questionnaire form for content validity. The surveys to experts 

from academia were self-administered online, while the survey to industry professionals was virtually 

guided. This was because the expert content validity was conducted during the COVID 19 pandemic, 

so it was not possible to conduct the surveys in person (December 2020). 

 

Inter-rater consensus was measured through the content validity index (I-CVI), and the modified kappa 

statistic (Polit et al., 2007; Zamanzadeh et al., 2015). From a qualitative perspective, a narrative analysis 

of the comments and suggestions made by experts was conducted. The indicators employed will be 

described below. 

 

Firstly, the quantitative assessment is done through the content validity index (CVI). A CVI value can 

be calculated for each item in a scale (I-CVI) as well as for the overall scale (S-CVI) (Polit et al., 2007). 

In this research, the index for each item (I-CVI) was initially assessed by applying a 4-point Likert 

scale to the second question of the form, where 1 = strongly disagree, 2 = disagree, 3 = agree and 4 = 

strongly agree. Consequently, the I-CVI is calculated as the number of experts who rated each item 

with values of 3 or 4, divided by the total number of experts (Equation 1), this being "the proportion of 

agreement" in terms of relevance (Polit et al., 2007). Polit et al. (2007) suggest that items with an I-

CVI of 0.78 or higher for three or more experts can be considered evidence of good content validity.  

The formula for calculating the I-CVI is described below: 

 

𝐼 − 𝐶𝑉𝐼 =
𝑁𝑒

𝑁
   

 

Where:  

𝑁𝑒  = Number of judges or experts who indicated "agree" (3) or "strongly agree" (4) per item 

𝑁  = Total number of judges or experts 

 

Two approaches were used to calculate the S-CVI. The first, called universal agreement (S-CVI/UA), 

is obtained by dividing the number of items that achieved a score of 3 or 4 by all raters by the total 

number of items (Equation 2). The second, (S-CVI/A), which has been used more frequently, results 

(Equation 1) 
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from averaging the I-CVI values (Lynn, 1986; Polit et al., 2007) (Equation 3). Both approaches are 

considered useful and appropriate as long as the calculation method used is reported, as the results may 

vary between the two and therefore may lead to erroneous conclusions based on acceptability limits 

(Polit et al., 2007). 

 

(𝑆 − 𝐶𝑉𝐼/𝑈𝐴) =
𝐼𝑎

𝐼
 

 

(𝑆 − 𝐶𝑉𝐼/𝐴𝑣𝑒) =
∑(𝐼 − 𝐶𝑉𝐼)

𝐼
 

 

Where:  

𝐼𝑎 : Number of items that achieved a score of 3 or 4 by all judges 

𝐼  = Total number of scale items 

 

The CVI are consensus estimates in which experts share a common interpretation of the construct, so 

a weakness of the CVI is the possibility of inflated values due to the risk of chance agreement (Polit et 

al., 2007). The kappa statistic has been suggested as a complementary measure of content validity to 

the CVI, since it is a consensus index of inter-rater agreement that provides information on the degree 

of "agreement" beyond chance. The kappa index captures agreement of all kinds, i.e., consensus on the 

relevance or non-relevance of an item. The modified kappa index (k*) is an index of "agreement" of a 

certain type, i.e. agreement among the judges that the item is relevant. Agreement on non-relevance is 

not counted because such agreement does not inform judgments about the content validity of an item 

(Polit et al., 2007). Values of k* are considered excellent if they are above 0.74, good if they range 

between 0.60 and 0.74, and fair if they range between 0.40 and 0.59. 

 

To determine k*, the probability at chance was first calculated. Equation 4 was used for a binomial 

random variable: 

 

𝑝𝑐 = [
𝑁!

𝑁𝑒! (𝑁 − 𝑁𝑒)!
] ∗ 0.5𝑁 

 

Where 

𝑁𝑒  = Number of judges or experts who indicated "agree" (3) or "strongly agree" (4) per item 

𝑁  = Total number of judges or experts. 

 

The k* was then calculated using the proportion of matches over relevance (i.e. the I-CVI) and the 

probability of matching by chance (Equation 5): 

 

 

𝑘∗ =
𝐼 − 𝐶𝑉𝐼 − 𝑝𝑐

1 − 𝑝𝑐
 

(Equation 2) 

(Equation 3) 

(Equation 4) 

(Equation 5) 
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Table 3.2 presents the results of the calculation of the aforementioned indicators. Most of the items 

passed the content validity assessed by the panel of judges with I-CVI values ≥ 0.78 and with a k* > 0. 

60, with the exception of ECC5 (Collaborative work with customers to reduce environmental impact 

of our products and activities), IEM6 (Existence of ISO 14000 certification), IEM7 (Existence of Total 

Quality Environmental Management), GM6 (Use of lean/flexible manufacturing), GIST3 (Use of 

energy efficient hardware and data centers), GIST4 (Reducing waste associated with obsolete 

equipment), and SOCP7 (Labour equity, proper working hours and remuneration). Although SOCP2 

(Significant improvement in the corporate image of the firm in terms of the same being responsible 

towards the community) had a k*=0.72, it was decided to remove it from the questionnaire as the 

experts argued that it was more an indicator of operational performance or competitive advantage of 

the firms. 

 

Further, the qualitative analysis took into account the answers to questions A and C, the general 

comments and the comments for each item. Expert recommendations about wording, grammar, 

appropriate words, correct order of items and constructs, or suggested new items were also considered 

(Hair et al., 2017; Zamanzadeh et al., 2015). The most important qualitative results of this analysis, 

together with the suggestions of the eight experts, are shown in Appendix 3.5.  

 

It is important to note that there was general agreement among the experts regarding the Green 

Information Systems & Technologies construct and its indicators. This meant not only eliminating two 

of the 4 indicators proposed for this construct (GIST3 and GIST4) with an I-CVI>0.78 and a k*<0.59, 

yet also redefining and updating the construct due to the emergence of Industry 4.0 technologies. For 

this reason, a literature review of Industry 4.0 technologies was conducted. Since the content validity 

analysis was carried out in 2020 and Industry 4.0 at the time was still an emerging concept, there was 

not enough empirical literature to propose a new construct on Industry 4.0 Technologies, as the studies 

were still conceptual and even more so in relation to supply chains and sustainability (Bai et al., 2020; 

de Sousa Jabbour et al., 2018; Sarkis, Kouhizadeh, & Zhu, 2020).  

 

Therefore, the construct "Digital Technologies" proposed and validated by Li et al. (2020), which 

includes technologies such as IoT, BDA, CC and digital platforms, was taken as a reference. This is in 

line with the current state of Industry 4.0 technologies in Colombia, since, according to the Digital 

Transformation Survey, in Colombia the most known and used Industry 4.0 technologies by 

manufacturing companies are cloud computing, Internet of Things, big data analytics and digital 

platforms (ANDI, 2019). The new construct was added to the latest version of the questionnaire, which 

was not only improved and validated according to the expert panel, but also designed in Google forms 

to be sent to the companies (Appendix 3.6).
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Table 3.2.Content Validity Analysis 

Construct Indicator Exp 1 Exp 2 Exp 3 Exp 4 Exp 5 Exp 6 Exp 7 Exp 8 N Ne I-CVI 
S-CVI/ 

UA 

S-CVI/ 

A 
pc k* Evaluation 

E
C

O
D

E
S

IG
N

 ECOD1 3 3 4 4 4 3 3 4 8 8 1.00 

1 1.00 

0.0039 1.00 EXCELLENT 

ECOD2 4 3 4 4 3 4 3 4 8 8 1.00 0.0039 1.00 EXCELLENT 

ECOD3 4 3 3 4 3 4 3 4 8 8 1.00 0.0039 1.00 EXCELLENT 

ECOD4 4 3 4 4 3 4 3 4 8 8 1.00 0.0039 1.00 EXCELLENT 

E
N

V
IR

O
N

M
E

N
T

A
L

 

C
O

L
L

A
B

O
R

A
T

IO
N

 

W
IT

H
 C

U
S

T
O

M
E

R
S

 ECC1 4 3 4 4 4 4 3 4 8 8 1.00 

0.5 0.90 

0.0039 1.00 EXCELLENT 

ECC2 3 2 3 3 4 4 3 4 8 7 0.88 0.0313 0.87 EXCELLENT 

ECC3 3 2 3 3 3 3 3 4 8 7 0.88 0.0313 0.87 EXCELLENT 

ECC4 3 3 4 3 4 3 3 4 8 8 1.00 0.0039 1.00 EXCELLENT 

ECC5 2 2 3 3 3 2 3 4 8 5 0.63 0.2188 0.52 FAIR 

ECC6 4 3 3 4 4 4 3 4 8 8 1.00 0.0039 1.00 EXCELLENT 

IN
T

E
R

N
A

L
 

E
N

V
IR

O
N

M
E

N
T

A
L

 

M
A

N
A

G
E

M
E

N
T

 

IEM1 4 4 3 4 2 4 3 4 8 7 0.88 

0.14 0.82 

0.0313 0.87 EXCELLENT 

IEM2 3 4 3 4 2 4 3 4 8 7 0.88 0.0313 0.87 EXCELLENT 

IEM3 4 3 4 4 2 4 3 4 8 7 0.88 0.0313 0.87 EXCELLENT 

IEM4 3 3 3 3 3 4 3 4 8 8 1.00 0.0039 1.00 EXCELLENT 

IEM5 4 4 3 4 1 4 3 4 8 7 0.88 0.0313 0.87 EXCELLENT 

IEM6 4 4 3 2 1 2 3 4 8 5 0.63 0.2188 0.52 FAIR 

IEM7 3 4 3 2 2 2 3 4 8 5 0.63 0.2188 0.52 FAIR 

G
R

E
E

N
 

P
U

R
C

H
A

S
IN

G
 GP1 3 4 4 3 4 4 4 4 8 8 1.00 

0.80 0.98 

0.0039 1.00 EXCELLENT 

GP2 3 4 3 3 3 4 4 4 8 8 1.00 0.0039 1.00 EXCELLENT 

GP3 4 3 3 3 3 4 4 4 8 8 1.00 0.0039 1.00 EXCELLENT 

GP4 4 4 3 3 2 4 4 4 8 7 0.88 0.0313 0.87 EXCELLENT 

GP5 4 4 3 4 4 4 4 4 8 8 1.00 0.0039 1.00 EXCELLENT 
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G
R

E
E

N
 

M
A

N
U

F
A

C
T

U
R

IN
G

 GM1 3 4 4 4 4 3 3 4 8 8 1.00 

0.83 0.92 

0.0039 1.00 EXCELLENT 

GM2 4 4 4 4 4 4 3 4 8 8 1.00 0.0039 1.00 EXCELLENT 

GM3 4 4 4 4 4 4 3 4 8 8 1.00 0.0039 1.00 EXCELLENT 

GM4 3 3 4 4 3 4 3 4 8 8 1.00 0.0039 1.00 EXCELLENT 

GM5 3 4 4 3 4 4 3 4 8 8 1.00 0.0039 1.00 EXCELLENT 

GM6 3 2 2 2 3 2 3 4 8 4 0.50 0.2734 0.31 FAIR 

G
R

E
E

N
 L

O
G

IS
T

IC
S

 GL1 3 4 3 3 4 4 3 4 8 8 1.00 

1.00 1.00 

0.0039 1.00 EXCELLENT 

GL2 3 4 3 3 4 4 3 4 8 8 1.00 0.0039 1.00 EXCELLENT 

GL3 4 4 4 4 4 4 3 4 8 8 1.00 0.0039 1.00 EXCELLENT 

GL4 4 3 4 3 4 3 3 4 8 8 1.00 0.0039 1.00 EXCELLENT 

GL5 4 3 3 3 4 3 3 4 8 8 1.00 0.0039 1.00 EXCELLENT 

GL6 3 3 3 3 3 4 3 4 8 8 1.00 0.0039 1.00 EXCELLENT 

R
E

V
E

R
S

E
 

L
O

G
IS

T
IC

S
 RL1 3 3 3 3 4 4 3 4 8 8 1.00 

0.75 0.95 

0.0039 1.00 EXCELLENT 

RL3 3 2 3 3 4 3 3 4 8 7 0.88 0.0313 0.87 EXCELLENT 

RL3 4 2 3 3 4 3 3 4 8 7 0.88 0.0313 0.87 EXCELLENT 

RL4 4 4 4 4 3 3 4 4 8 8 1.00 0.0039 1.00 EXCELLENT 

G
R

E
E

N
 

IN
F

O
R

M
A

T
IO

N
 

S
Y

S
T

E
M

S
 A

N
D

 

T
E

C
H

N
O

L
O

G
Y

 

GIST1 4 3 4 3 4 3 3 4 8 8 1.00 

0.25 0.75 

0.0039 1.00 EXCELLENT 

GIST2 4 3 3 3 2 2 3 4 8 6 0.75 0.1094 0.72 GOOD 

GIST3 3 3 2 3 2 1 3 4 8 5 0.63 0.2188 0.52 FAIR 

GIST4 3 1 3 3 2 1 3 4 8 5 0.63 0.2188 0.52 FAIR 

G
R

E
E

N
 H

U
M

A
N

 

R
E

S
O

U
R

C
E

S
 

GHRM1 3 3 4 4 4 3 3 4 8 8 1.00 

0.50 0.94 

0.0039 1.00 EXCELLENT 

GHRM2 3 1 3 4 3 4 3 4 8 7 0.88 0.0313 0.87 EXCELLENT 

GHRM3 4 3 3 4 3 3 3 4 8 8 1.00 0.0039 1.00 EXCELLENT 

GHRM4 4 2 3 3 3 3 3 4 8 7 0.88 0.0313 0.87 EXCELLENT 

E
C

O
N

O
M

IC
 

P
E

R
F

O
R

M
A

N
C E
 

ECOP1 3 3 3 2 4 4 3 3 8 7 0.88 0.60 0.95 0.0313 0.87 EXCELLENT 
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ECOP2 3 2 3 3 4 4 3 3 8 7 0.88 0.0313 0.87 EXCELLENT 

ECOP3 3 4 4 3 3 4 4 4 8 8 1.00 0.0039 1.00 EXCELLENT 

ECOP4 3 4 4 3 3 4 3 3 8 8 1.00 0.0039 1.00 EXCELLENT 

ECOP5 3 3 4 3 3 4 4 4 8 8 1.00 0.0039 1.00 EXCELLENT 

E
N

V
IR

O
N

M
E

N
T

A
L

 

P
E

R
F

O
R

M
A

N
C

E
 ENVP1 4 3 4 3 4 4 4 4 8 8 1.00 

0.8 0.95 

0.0039 1.00 EXCELLENT 

ENVP2 3 3 3 3 3 4 4 4 8 8 1.00 0.0039 1.00 EXCELLENT 

ENVP3 3 3 4 3 3 4 4 4 8 8 1.00 0.0039 1.00 EXCELLENT 

ENVP4 3 2 3 3 3 2 4 4 8 6 0.75 0.1094 0.72 GOOD 

ENVP5 4 4 4 3 3 4 4 4 8 8 1.00 0.0039 1.00 EXCELLENT 

S
O

C
IA

L
 P

E
R

F
O

R
M

A
N

C
E

 

SOCP1 4 3 4 3 4 4 3 3 8 8 1.00 

0.56 0.86 

0.0039 1.00 EXCELLENT 

SOCP2 2 3 3 2 4 3 3 3 8 6 0.75 0.1093 0.72 GOOD 

SOCP3 4 3 3 3 4 3 3 3 8 8 1.00 0.0039 1.00 EXCELLENT 

SOCP4 3 4 4 4 3 4 3 3 8 8 1.00 0.0039 1.00 EXCELLENT 

SOCP5 3 3 4 3 3 4 3 3 8 8 1.00 0.0039 1.00 EXCELLENT 

SOCP6 4 4 3 4 4 4 3 3 8 8 1.00 0.0039 1.00 EXCELLENT 

SOCP7 3 2 4 4 2 2 3 3 8 5 0.63 0.2188 0.52 FAIR 

Source. Compiled by the autho
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● Construct Validity 

 

The second stage of instrument validity, construct validity, establishes the degree to which the empirical 

indicators measure the construct. This stage requires three essential components to be established: 

unidimensionality, reliability and validity (O’Leary-Kelly & Vokurka, 1998). Unidimensionality involves 

establishing that a set of empirical indicators relates to a single construct (Dubey et al., 2019; Forza, 2002). 

To assess factor unidimensionality, exploratory factor analysis (EFA) and confirmatory factor analysis 

(CFA) can be applied (Forza, 2002; O’Leary-Kelly & Vokurka, 1998; Bagozzi et al., 1991). 

 

The EFA is an analytical method used to condense a set of empirical indicators into a smaller set of 

composite factors (latent variables) with minimal loss of information (Chen & Paulraj, 2004; Hair, Howard, 

& Nitzl, 2020; O’Leary-Kelly & Vokurka, 1998). CFA contains inferential statistics that allow testing the 

unidimensionality of a set of measures. Contrary to EFA, CFA starts with the proposition of the theoretical 

constructs (latent variables) and their indicators before analyzing the data (Hair et al., 2020). It is important 

to mention that factor analysis should not be performed on samples with less than 50 observations. Samples 

of 100. or at least 10 data for each indicator, are preferable (Hair et al., 2022; O’Leary-Kelly & Vokurka, 

1998). 

 

Reliability refers to the stability or dependability of an indicator to produce consistent results over time and 

across settings or conditions (Hair et al., 2014; Sekaran & Bougie, 2016; Trochim & Donnelly, 2015 

Reliability can be estimated through factor loadings of indicators (Hair et al., 2018), Cronbach's Alpha () 

(Hair et al., 2020), composite reliability (ρc) (Latan, 2018), and more recently, the Dijkstra–Henseler’s (ρA) 

(Dijkstra & Henseler, 2015). The validity of a measure is the degree to which the variance of the latter is 

attributed to variations in the variable, and not to some other factor (O’Leary-Kelly & Vokurka, 1998). 

 

Construct validity was conducted using a two-stage approach. In the first, a general scale was designed 

using preliminary survey results collected through pilot testing (Saunders et al., 2019). The questionnaire 

designed in Appendix 3.6 was implemented online via Google Forms for the self-administration of the pilot 

test. Thus, the pilot test also aimed at the functionality and usability of the digital platform. The results of 

the validity and reliability analysis of the pilot test are shown in Table 3.3 and the final results of the 

unidimensionality, reliability and validity tests of the measurement model are discussed in Chapter 4.  

 

Table 3.3. Initial Validity and Reliability of the Pilot Test 

Construct Indicator 
Factor 

Loading 

Cronbach’s 

Alpha () 

Composite 

Reliability  (𝑨) 

Composite 

Reliability (𝒄) 

Average Variance 

Extracted (AVE) 

IEM 

IEM1 0.867 

0.850 0.881 0.895 0.635 

IEM2 0.889 

IEM3 0.781 

IEM4 0.852 

IEM5 0.546 

ECOD 

ECOD1 0.823 

0.861 0.871 0.906 0.643 
ECOD2 0.881 

ECOD3 0.872 

ECOD4 0.785 

ECC ECC1 0.741 0.833 0.841 0.882 0.601 
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ECC2 0.752 

ECC3 0.877 

ECC4 0.728 

ECC5 0.768 

DT 

DT1 0.815 

0.676 0.695 0.807 0.518 
DT2 0.843 

DT3 0.632 

DT4 0.545 

GHRM 

GHRM1 0.824 

0.862 0.873 0.906 0.707 
GHRM2 0.822 

GHRM3 0.918 

GHRM4 0.792 

GP 

GP1 0.822 

0.794 0.798 0.860 0.553 

GP2 0.824 

GP3 0.697 

GP4 0.636 

GP5 0.722 

GM 

GM1 0.745 

0.908 0.921 0.933 0.738 

GM2 0.929 

GM3 0.943 

GM4 0.898 

GM5 0.759 

GL 

GL1 0.352 

0.756 0.784 0.833 0.468 

GL2 0.633 

GL3 0.834 

GL4 0.753 

GL5 0.695 

GL6 0.732 

RL 

RL1 0.943 

0.914 0.949 0.939 0.795 
RL2 0.845 

RL3 0.915 

RL4 0.860 

ECOP 

ECOP1 0.715 

0.862 0.883 0.899 0.643 

ECOP2 0.907 

ECOP3 0.875 

ECOP4 0.786 

ECOP5 0.707 

ENVP 

ENVP1 0.855 

0.879 0.894 0.912 0.676 

ENVP2 0.866 

ENVP3 0.888 

ENVP4 0.780 

ENVP5 0.708 

SOCP 

SOCP1 0.793 

0.879 0.894 0.912 0.676 

SOCP2 0.855 

SOCP3 0.831 

SOCP4 0.767 

SOCP5 0.815 

Source. Compiled by the author 
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As shown in Table 3.3, the reliability of the indicators was initially analyzed. Those indicators with loadings 

below 0.7 initially suggested problems. Hence, for the purposes of this first stage only GL1 was removed, 

as its loadings were <0.4 and the AVE of the construct GL<0.5. Although the DTs construct had a 

Cronbach's Alpha and composite reliability below 0.7, the difference was not very high. The adjusted 

construct validity results are shown in Table 3.4. 

 

Table 3.4.Adjusted Results of the Validity and Reliability of the Pilot Sample 

Construct Indicator 
Factor 

Loading 

Cronbach’s 

Alpha () 

Composite 

Reliability  (𝑨) 

Average 

Variance 

Extracted (Ave) 

IEM 

IEM1 0.868 

0.850 0.881 0.635 

IEM2 0.890 

IEM3 0.780 

IEM4 0.851 

IEM5 0.547 

ECOD 

ECOD1 0.821 

0.861 0.872 0.707 
ECOD2 0.881 

ECOD3 0.873 

ECOD4 0.785 

ECC 

ECC1 0.743 

0.833 0.841 0.601 

ECC2 0.751 

ECC3 0.877 

ECC4 0.728 

ECC5 0.768 

DT 

DT1 0.815 

0.676 0.696 0.518 
DT2 0.845 

DT3 0.634 

DT4 0.542 

GHRM 

GHRM1 0.825 

0.862 0.874 0.706 
GHRM2 0.822 

GHRM3 0.918 

GHRM4 0.791 

GP 

GP1 0.822 

0.794 0.799 0.553 

GP2 0.825 

GP3 0.697 

GP4 0.636 

GP5 0.721 

GM 

GM1 0.745 

0.908 0.921 0.738 

GM2 0.929 

GM3 0.943 

GM4 0.898 

GM5 0.759 

GL 

GL2 0.693 

0.806 0.835 0.560 

GL3 0.857 

GL4 0.774 

GL5 0.683 

GL6 0.718 

RL 

RL1 0.943 

0.914 0.949 0.795 
RL2 0.845 

RL3 0.915 

RL4 0.860 
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ECOP 

ECOP1 0.702 

0.862 0.885 0.641 

ECOP2 0.901 

ECOP3 0.877 

ECOP4 0.797 

ECOP5 0.702 

ENVP 

ENVP1 0.856 

0.879 0.895 0.676 

ENVP2 0.867 

ENVP3 0.887 

ENVP4 0.780 

ENVP5 0.707 

SOCP 

SOCP1 0.794 

0.872 0.874 0.661 

SOCP2 0.854 

SOCP3 0.832 

SOCP4 0.767 

SOCP5 0.815 

Source. Compiled by the author 

 

As seen in Table 3.4, once the GL1 indicator was removed, the AVE of the construct increased to 0.560>0.5. 

On the basis of the above, the final data collection instrument consisted of 4 sections. A 5-level Likert scale 

continued to be used to measure both the implementation of environmental practices. It is important to 

mention that the final design of the questionnaire was carried out in Google forms following the 

recommendations of Dillman (2014) (Appendix 3.7).  

 

3.7 Population and Sample Design 

 

3.7.1 Population, Unit of Analysis and Respondents 

 

The unit of analysis refers to the level of aggregation of the data collected during the subsequent data 

analysis stage (Sekaran & Bougie, 2016). In the study of green supply chain management and sustainability, 

the units of analysis are manufacturing companies because they are assumed to implement green practices 

in these organizations (Giovanni et al., 2012; Zhu et al., 2008a). According to the 2019 annual 

manufacturing survey, there were 7,631 manufacturing firms in Colombia. 

 

Manufacturing industries in Colombia comprise the physical or chemical transformation of materials, 

substances or components into new products, although this cannot be the sole and universal criterion for the 

definition of manufactures. The materials, substances or components processed, are raw materials from 

agriculture, livestock, forestry, fishing, mining and quarrying, as well as products from other manufacturing 

activities. The alteration, renovation or reconstruction of products are generally considered to be 

manufacturing activities.  

 

The manufacturing sector is also made up of 21 industrial sub-sectors. As can be seen in Figure 3.4, 50% of 

manufacturing enterprises are concentrated in the food processing sub-sector (19.1%), followed by the 

garment sub-sector (10.2%), the plastics and rubber sub-sector (8.5%), the chemical processing sector 

(7.3%), and the metal-mechanical sector (7.3%). 
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Figure 3.4.Percentage of Companies by Industry Subsector 

 
Source. Adapted from DANE (2020a) 

 

The distribution of the number of manufacturing firms by region is shown in Table 3.7. According to this, 

the largest number of manufacturing firms are located in Bogotá (33.1%), Antioquia (21.5%) and Valle 

(12.8%). 

 

 
Table 3.5.Distribution of Manufacturing Companies by Region 

Region 
Number of 

companies 
% 

Bogotá 2,524 33.1 

Antioquia 1,642 21.5 

Valle 974 12.8 

Cundinamarca 656 8.6 

Santander 342 4.5 

Atlántico 314 4.1 

Risaralda 169 2.2 

Caldas 137 1.8 

Bolívar 122 1.6 

Norte 

Santander 
115 1.5 

Tolima 100 1.3 

Cauca 86 1.1 

Boyacá 74 1 

Huila 62 0.8 

Meta 59 0.8 

Magdalena 49 0.6 

Quindío 49 0.6 

Nariño 44 0.6 

Cesar 33 0.4 

Córdoba 26 0.3 

Casanare 20 0.3 
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Sucre 18 0.2 

Other regions 16 0.2 

Total 7,631 100 

Source. Adapted from DANE (2020a) 

Figure 3.5 shows by company size, the number and proportion of establishments, employees, gross output, 

intermediate consumption, assets and electricity consumption. According to this figure, medium and large 

enterprises are those with the highest number of employees (86.6%), gross production (64.3%), resource 

consumption (81.3%), number of assets (87.1%) and electricity consumption (7%). 

 
Figure 3.5.Percentage Distribution of Employees, Production and Resource Consumption by Company Size. 

 
Source. Adapted from DANE (2020a) 

 

Additionally, the respondents will be middle or senior managers/leaders/coordinators who make decisions 

directly related to environmental management and implementation of environmental practices in supply 

chains. The above, due to their importance in making decisions regarding the adoption of green practices 

(Li et al., 2020; Namagembe, Ryan, & Sridharan, 2019; Zhu, Sarkis, & Lai, 2007). 

 

3.7.2 Type of Sampling  

 

Sampling is the process, act or technique of selecting a representative number of units or elements from a 

population of interest so that by studying and understanding their properties, characteristics or parameters, 

the results can be generalized to the population from which they were chosen (Malhorta et al., 2020; Trochim 

& Donnelly, 2015; Sekaran & Bougie, 2016). Then, the complete set of cases/units or elements from which 

a sample is taken is called a population, and the sample is a part of a population or universe (Saunders et 

al., 2019). 

 

Available sampling techniques can be divided into two types: 1) probability or representative sampling; 2) 

non-probability or critical sampling (Creswell & Creswell, 2017; Forza, 2002).  In probability sampling, the 

probability that each case will be selected from the population is known, and is usually equal in all cases 

(Saunders et al., 2019). The intention of this method is to select individuals who are considered 

representative of the population, in order to generalize the results (Edmonds & Kennedy, 2016). In non-
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probability sampling, there is no predetermined chance or probability that individuals or events can be 

chosen as samples (Trochim, & Donnelly, 2015; Bryman & Bell, 2011).Different authors have argued that 

probability sampling can present several challenges with respect to data collection. To avoid these 

limitations, convenience sampling was used, which involves randomly selecting those cases that are most 

easily accessible to the sample until the required sample size is reached (Saunders et al., 2019; Marczyk & 

DeMatteo, 2005) 

 

3.7.3 Sample Selection 

 

Considering that the data analysis is going to be carried out using the Partial Least Squares Structural 

Equations (PLS-SEM) method, the sample size calculation in this type of analysis is essentially based on 

the recommendations of the OLS regression properties (Hair et al., 2017). Therefore, it is advisable to 

perform a statistical power analysis prior to data collection, as this provides information on the minimum 

sample size needed to obtain sufficient statistical precision and detect effects in the population of interest 

(Benítez et al., 2020; Henseler, Ringle, & Sinkovics, 2009). As such, statistical power is the probability of 

a statistical test to avoid type II errors, or false negatives (Kock & Hadaya, 2018), being the probability that 

the null hypothesis (N0) is rejected when it is false or obtains statistically significant results (Cohen, 1992). 

 

In this manner, a power analysis was carried out using G*Power 3.1 (Universitat Dusseldorf, 2021). 

G*Power is an open-source software, created by researchers at the Heinrich Heine University of Düsseldorf 

in Germany, which allows to perform several power studies (a priori, Commitment, Criterion, Post-hoc, 

Sensitivity) for the most commonly used statistical tests (F test, t test, 𝜒2 test, z test and some exact tests) 

(Faul et al., 2009). As such, an a priori analysis was carried out to calculate the sample size as a function of 

the specified values, which are: required significance level (α) the desired statistical power (1- β) and the 

effect size of the population to be detected (Faul et al., 2009). 

 

As the objective of this research is to analyze the relationship between a set of predictor variables on a set 

of response variables, the technique "Linear multiple regression: Fixed model, R2 deviation from zero" was 

selected. Since in regression analysis, the significance of all predictors as a whole is of interest, the F-test 

of significance of R2 or the significance of the partial regression coefficients (β) is used. Hence, the F-test 

determines whether there is a significant relationship between normally distributed numerical variables. The 

predictor variable (independent variable) is used to try to predict the response variable (dependent variable) 

(Faul et al., 2009). 

 

Likewise, the Fixed model, R2 deviation from zero procedure provides the power analysis for overall F-tests 

of the null hypothesis and the squared multiple correlation between a dependent variable Y and a set of m 

predictor variables X1, X2, . . . Xm is zero in the underlying population (H0: ρ2Y.X1, ..., Xm = 0) versus 

greater than zero (H1: ρ2Y.X1, ..., Xm. >0) (Faul et al., 2009). For the calculation of the sample, an effect 

size of 0.15, a desired power level of 0.95, a significance of 0.05 and a number of predictors of 11 were 

selected. From the results obtained, there is a 0.95 probability that R2 differs significantly from zero with a 

minimum sample size of 178 firms (Figure 3.6). 
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Figure 3.6.Sample Size with G*Power 

 
 Source. G*Power (2020) 

 

3.8 Data Collection 

 

3.8.1 Demographic Analysis  

 
According to the Colombian Chamber of Commerce, 1,664 large and medium-sized manufacturing 

companies were registered in 2020. Since the questionnaires were designed to be self-administered or self-

completed following the procedure proposed by Dillman (2014), the invitation and the link to fill in the 

questionnaire were sent to the 1,664 manufacturing companies in the database acquired. 

 

Because many of the emails registered in the database were from the general mailbox, sales, accounting or 

administrative areas, it was decided to establish telephone contact with the companies. The first contact was 

made on 14 January 2021, in which the 1664 companies registered in the database were sent an invitation 

and a link to the Google form, followed by a phone call. The purpose of these calls was to identify the 

respondents, i.e., those in charge of the environmental and supply chain aspect in the companies. However, 

as not all enterprises had an area or employee with this specific function, the surveys were redirected based 

on responsiveness.  

 

The purpose of the survey, its academic purposes, as well as the benefits of their participation and the 

confidentiality of the information were explained to them. In this regard, since several companies requested 

confidentiality of information, two letters were sent, one from the curricular area Industry, Organizations 

and Logistics, to which the doctoral programme belongs, and the second from the Bilateral Support 



93 

 

Programme for Doctoral Training (ZEF-IDEA) (Appendix 3.8). Those interested in participating were sent 

a formal invitation and a link to the digital survey by e-mail.The first survey was received on 20 January 

2021, and the final survey was received on 10 June 2021 via the Google Forms online data service. 

 

In total, 281 completed questionnaires were collected for a response rate of 16.9 % (281/1664). The response 

rate obtained is comparable to that of similar studies (Bhatia, 2021; Liu & Chang, 2017; De Giovanni,2012).  

. The reasons for the refusal to respond were that they did not have staff available to fill out the form. They 

stated that they were attending to other matters of utmost importance, or that they were unable to contact 

the person in charge because they were working from home or were disabledMoreover, there was no missing 

data or outliers, as the questions were systematized as mandatory and selection was by multiple choice with 

a single response to facilitate coding and avoid errors (Dillman et al., 2014; Sekaran & Bougie, 2016; 

Saunders et al., 2019).  

 

With respect to the legal nature of the sample, 54% were Simplified Joint Stock Companies and 31% were 

Corporations. Regarding the age of the companies, 67% were 21 years old or older, whereas 12% were 

between 16 and 20 years old. Also, most of the companies were in the food sector (19%) and the rubber and 

plastics sub-sector (12%). In terms of size of the company, 68% were medium-sized enterprises and 32% 

were large enterprises. Concerning the region, 31% of companies are located in Bogotá whereas 22.7% are 

located in Antioquia. As for the target market, 49% were exporters whereas 51% sold their products only 

in the domestic market. On the other hand, 82% of the enterprises lacked ISO14000 certification. 
 

3.8.2 Non-response Bias Analysis 

 
This test aims to ensure that the sample used in this study has the same characteristics as respondents who 

did not participate in the survey (Fulton, 2018; Lambert & Harrington, 1990). The most commonly 

recommended protection against non-response bias has been to increase the response rate itself (Frohlich, 

2002; Armstrong & Overton, 1977). To this end, several strategies were implemented. First, it was ensured 

from the contact made with companies that key respondents had the necessary profile to respond to the 

survey (Fulton, 2018).  

 

Second, the online survey was implemented to be user-friendly, allowing respondents to participate at their 

convenience, with the addition of a "save and finish later" option. The questions were also all mandatory to 

avoid errors and missing values, and were designed in such a way that respondents did not have to write 

answers, but rather select the options that applied, all of which improved the user experience and data quality 

(Saunders et al., 2019; Dillman, 2014; Bryman & Bell, 2011). Third, strategies were implemented during 

the survey implementation such as constant monitoring of survey progress by respondents, sending 

reminders and follow-up calls to encourage completion of questionnaires and clarifying any questions that 

arose (Frohlich, 2002).  

 

Since the previous strategies did not allow empirical validation of non-response bias, two analyses were 

conducted. First, the extrapolation procedure proposed by Armstrong & Overton (1977) was followed to 

assess whether the questionnaire responses of early respondents (first 50 responses) differed significantly 

from late respondents (last 50 responses) (Lambert & Harrington, 1990). This procedure was carried out 

using mean difference analysis with Student's t-test. Given that the mean difference estimates contain 
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significant bias, this analysis was supplemented with variance estimates of the variables of interest (Fulton, 

2018). In this way, the Levene test for homogeneity of variances was performed for early and late responses 

for all variables of interest. 

 

The results obtained from the above analyses are shown in Table 3.6. As can be seen, with the t-test, almost 

all variables were not significant (p>0.05) in terms of differences between the two sample groups with the 

exception of the variables GP (0.025) and RL (0.043). However, with Levene's test all variables were not 

significant (p > 0.05), which fulfilled the homogeneity assumption. Due to the preference of Levene's test 

for having less risk of estimation bias (Fulton, 2018), it is concluded that non-response bias did not interfere 

with the results. 

 
Table 3.6.Non-response Bias Test 

Variable  T-test for Equality of Means  Sig. Levene’s Test Sig 

IEM 0.152 0.473 

ECOD 0.128 0.305 
ECC 0.137 0.351 

GP 0.025 0.300 

GM 0.123 0.937 

GL 0.241 0.306 
RL 0.043 0.053 

DT 0.509 0.806 

GHRM 0.276 0.554 
ECOP 0.299 0.314 

ENVP 0.093 0.747 

SOCP 0.904 0.683 

3.8.3. Common Method Bias Analysis 

 
Common method bias (CMB) in the context of PLS-SEM, is a phenomenon that is caused by the 

measurement method used in SEM studies, and not by the network of causes and effects in the model studied 

(Kock, 2015). Because most of the questionnaires in this study were completed by a single respondent, the 

research findings may be influenced by common method variance (Podsakoff et al., 2003). This study 

addressed common method variance through the following statistical and procedural analyses. With respect 

to procedural remedies to mitigate self-report bias and social desirability, the questionnaire was designed to 

be easy to understand, and questions about the GSCM and sustainable performance were divided into 

different parts of the questionnaire. Additionally, responses were requested from senior executives with 

extensive experience and it was ensured that respondents remained anonymous (Podsakoff et al., 2003).  

 

Third, Harman's single factor test was performed. According to this test, a single factor should not show the 

highest variance (50 %) with all items loaded on a common factor (Podsakoff et al., 2003). The result of 

applying this test showed that out of 12 factors extracted with Principal Component Analysis, the first factor 

explained only 35.2 % of the overall variance (did not explain most of the variance), which is below the 

threshold, indicating that the data were not affected by the common method bias with this method (Appendix 

3.9). However, due to criticisms of Hartman's test (Podsakoff et al., 2003; Spector et al., 2019), the Average 

Total Collinearity VIF (AFVIF) which was calculated with WarPLS version 8.0 software, was used to assess 

measurement errors as a result of correlations between items measuring constructs in the same way (Kock, 

2017). The analysis results obtained an AFVIF value of 2.234 < 3.3 (see Figure 3.7), indicating that CMB 

does not intervene in the empirical results.  
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Figure 3.7.AFVIF 

 
Source. WarPLS 

 

3.9 Data Analysis: PLS-SEM 

 

For the data analysis and the measurement of the relationship between constructs, a multivariate statistical 

method was selected (Hair et al., 2017). In this way, Partial Least Squares Structural Equation Modeling 

(PLS-SEM) was used (Chin, 1998) with the software SmartPLS 4.0 (Ringle et al, 2020). PLS-SEM is part 

of a set of statistical techniques that allow to establish a set of relationships between one or more independent 

variables, and one or more dependent variables (Peng & Lai, 2012; Benitez et al.,2020).  

 

In particular, PLS-SEM is a variance-based prediction-oriented approach, as it focuses on endogenous latent 

constructs in the models which aims to maximize their explained variance (i.e., R2) (Hair et al., 2017; Chin, 

1998) by identifying their relevant antecedent constructs (Chin et al., 2020). More precisely, PLS is a 

composite modeling approach for SEM that uses weighted composites (proxies), in the sense of linear 

combinations of indicators to represent the constructs of interest (Henseler et al., 2014; Peng & Lai, 2012). 

For this reason, PLS-SEM constitutes a composite SEM approach, which is a more general measurement 

model and relaxes the strong assumptions of Covariance-Based Structural Equation Modeling (CB-SEM) 

in which all covariation between sets of indicators is explained by a common factor (Henseler et al., 2014).  

 

The literature states that PLS-SEM should be considered in situations where the research is an extension of 

an existing theory and the objective is the prediction of target constructs, since such a method is oriented 

towards prediction and evaluation of the predictive power of variables (Sarstedt et al., 2022; Ofori et al., 

2022; Latan et al., 2018). Additionally, since PLS-SEM uses an iterative algorithm to solve the model blocks 

separately, and subsequently estimates the path coefficients, estimating complex models is allowed, so long 
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as the sample size is adequate for the estimation of the most complex model block (ratio) (Hair et al., 2017; 

Henseler et al.,2014; Peng & Lai, 2012; Chin, 1998). In this regard, different authors agree that PLS-SEM 

is useful for the analysis of complex structural models with many constructs, indicators and relationships 

(Sarstedt et al., 2022; Benitez et al., 2020; Latan, 2018; Hair et al., 2019).  

3.10 Partial Conclusions 

 
The research carried out with the present doctoral thesis followed the positivist/empiricist logical paradigm, 

utilizing a deductive approach to approach theory with an explanatory purpose, since the main objective of 

the thesis is to test the research hypotheses, analyzing the causal relationships between the environmental 

dynamic capabilities of the GSCM and sustainable performance. In line with the above, the present doctoral 

thesis is empirical research in the area of supply chain management that seeks to test the proposed 

hypotheses through real world observation or experimentation for theory testing. 

 

The research method was quantitative modeling, which used a survey-based strategy for data collection 

through the application of self-administered online questionnaires. Thereafter, the proposed methodology 

for the selected strategy was presented, which includes: 1) questionnaire design and measures, 2) population 

and sample selection, 3) data collection, 4) data analysis. For the initial questionnaire design, the 

operationalization of hypotheses and variables was carried out. Thus, a total of 50 hypotheses were 

operationalized. 64 indicators for 12 theoretical constructs and three moderating variables were also 

identified through an extensive literature review. Additionally, a 5-level Likert scale was applied as a 

measurement scale for both the environmental dynamic capabilities of the GSCM and the sustainable 

performance dimensions. 

 

After operationalizing the variables, the first version of the questionnaire was designed, which was initially 

subjected to a back-translation process. Subsequently, validity and reliability tests were applied. Content 

validity was carried out with a panel of eight experts who evaluated the instrument. This led to construct 

validity, which was performed by means of a pilot test.  

 

On the other hand, the unit of analysis of this study was the large and medium-sized manufacturing 

companies in Colombia.Additionally, the population under study was analyzed by industrial sub-sectors, 

age of the companies, number of employees, regions where the companies are located, net production, 

intermediate consumption and electricity consumption of the Colombian manufacturing companies. 

Likewise, the sampling method selected was convenience sampling because the unit of analysis selected 

was large and medium-sized companies. Subsequently, the sample was selected using power analysis.  

 

Regarding questionnaire administration and data collection, the survey was administered to 1,653 large and 

medium-sized manufacturing companies registered with the Chamber of Commerce. Regarding the 

demographics of the sample, most of the surveyed companies were characterized as medium-sized 

companies, simplified joint-stock companies or corporations, with a date of creation of more than 21 years, 

belonging to the food and plastic sectors, originating in the regions of Bogotá and Antioquia, mainly with a 

national market and without ISO 14001 certification. 
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Non-response bias analysis was also applied to the data collected using different procedures such as 

extrapolation with the t-test and Levene's test for the difference in means and homogeneity of variances 

between early and late responses. The results showed that non-response bias did not interfere with the 

results. The common method bias was also analyzed Thus, different tests such as Harman's single factor test 

and the average total collinearity variance inflation factor were applied. The results showed that the common 

method bias did not interfere with the results. 

 

Lastly, data analysis will be carried out using PLS-SEM due to its strengths, such as prediction orientation, 

estimation of complex models with many variables/indicators. In addition, several novel analyses such as 

new methods for measurement model validity, methods to analyze model predictive relevance, multi-group 

analysis and robustness analysis will be used, which will be developed in Chapter 4 of this thesis.  
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4. CHAPTER 4. DATA ANALYSIS AND RESULTS 

 
 

This chapter presents the results obtained by applying the procedure described in Figure 4.1, which is an 

adaptation of the two-step procedure proposed by Anderson & Gerbing (1988) and Chin (1998), to include 

other techniques applicable to PLS-SEM proposed in recent years (Sarstedt et al., 2022a; Hair et al., 2018). 

Hence, the proposed procedure to analyze the data using the PLS-SEM technique includes the following 

steps: 1) data and model characteristics, 2) measurement model evaluation, 3) structural model evaluation, 

and 4) robustness analysis. The data analysis process and the reporting of results in this study follow recent 

guidelines, which have been well documented (Sarstedt et al., 2022a; Hair et al., 2021a; Benitez et al., 2020; 

Ringle et al., 2020; Latan, 2018). 

 

Figure 4.1.Procedure for Data Analysis 

 
Source. Compiled by the author  
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4.1 Data and Model Characteristics 

 

4.1.1 Data Characteristics 

 

Since PLS-SEM is a multivariate statistical tool, it involves the use of several variables (i.e., multiple items) 

to measure a construct. Although missing values and outliers are a major concern in the data collection and 

processing phases (Sarstedt et al., 2022a), this was not an issue since being a digital survey, the questions 

were mandatory. Before delving into the quantitative results of the survey, this section presents a descriptive 

analysis of the sample companies, which allows for a better understanding and interpretation of the results 

presented below.  

 

● Level of Implementation of Higher-order Environmental Dynamic Capabilities 

 

The frequency of implementation of higher-order environmental dynamic capabilities (HEDCs) constitute 

the independent variables of the present research. To gain insight into this construct, a measurement model 

was developed based on five first-order latent constructs, as shown in Figure 4.2. For the descriptive analysis 

of the results, an additive model of the items comprising each construct was used. This means that the 

resulting score for each company in each construct comes from the average value of all items reflected by 

the construct.  Also, the same 5-point Likert measurement scale was used for all HEDCs items (1=Never, 

2=Rarely, 3=Sometimes, 4=Most of the time, 5=Always). However, the full results (not aggregated here) 

will be used in the structural model presented in the later sections. Accordingly, a frequency analysis was 

performed on the full sample of companies, averaging the level of implementation of each item in the five 

constructs. 

 

According to the frequency analysis, the highest rated construct is "Internal Environmental Management," 

where 41.21% of the companies reported that they always implement IEM activities, whereas 29.47% do 

most of the time. This could be explained by the fact that the practices that make up this construct (top and 

middle management support, cross-functional cooperation) are necessary in all companies, not only for 

environmental initiatives, but also for any organizational strategy. Similar is the case for eco-design, as 68% 

always or most of the time apply activities related to the eco-design of products and processes. 

Environmental collaboration with customers has a medium level of adoption, with 54% of the 

manufacturing companies surveyed sometimes or almost always adopting activities related to this 

capability. Similarly, 42% of firms sometimes or almost always adopt green human resource management. 

 

Notwithstanding, "Digital Technologies" is the least developed capability by the sample of respondents, 

with 36% of companies claiming that they have never implemented this practice. This is in line with the 

report by the Ministry of Information and Communications Technologies (MinTIC), which reveals that in 

2019, only 16% of companies in Colombia performed data analytics, while only 65% of Colombian 

companies had an area and budget dedicated to digital transformation, placing Colombia as one of the last 

countries in the region in this aspect (MinTIC, 2022). 
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Figure 4.2.HEDCs First-order Constructs Aggregated Results  

 

  

 

   

 

 

 

 

 

 

 

 

 

 

 
Source. Compiled by the author  

 
Regarding the lower-order environmental dynamic capabilities (LEDCs), similar to the HEDCs, an additive 
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variable. It means that the resulting score for each company on each construct comes from the average value 

of all items reflected by the construct.  Equally, the same 5-point Likert measurement scale was used for all 

items of the LEDCs (1=Never, 2=Rarely, 3=Sometimes, 4=Most of the time, 5=Always). 

 

As shown in Figure 4.3, the practice most adopted by companies is green manufacturing, with 58% stating 

that they adopt this capability all or most of the time. Similarly, 53% of companies agreed to adopt green 

logistics activities all or most of the time. It is important to note that despite the fact that reverse logistics 

has been reported by previous studies as the least adopted environmental practice by Colombian 

manufacturing firms (Chacón-Vargas et al., 2018; Ramírez-Peña et al., 2020), in the present study, 45% of 

the surveyed firms claimed to implement reverse logistics activities always or most of the time. This may 

be due to the efforts made by the government in recent years for the promotion and strengthening of reverse 

logistics processes in the country.   

 

Conversely, green purchasing is the least implemented environmental capability, with 46% of firms having 

never or rarely adopted it. These results are in line with several previous findings in the literature that 

identified that in emerging countries, greening suppliers is the biggest challenge for firms, as although 

suppliers bear much of the responsibility for the environmental threat, they are not under the direct central 

control of focal firms (Zahraee et al., 2018). 

 
Figure 4.3.LEDCs First-order Constructs Aggregated Result 
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Consistent with the aggregate score for the environmental dynamic capabilities, an additive model for each 

construct item was used to assess the sample's overall scores on each pillar of sustainable performance. For 

the performance construct, a 5-point Likert scale was used for all items, which measure the degree of 

perceived improvement of the three performances as a result of implementing the environmental practices 

of the GSCM (1=Not at all, 2=A Little bit, 3= To some degree, 4= Relatively significant, 5= Significant). 

 

As Figure 4.4 reveals, the majority of companies (64%) claimed to have achieved some level of economic 

performance improvement as a result of implementing environmental practices. This was not an expected 

result, as there is a large literature that concludes that in emerging countries going green does not pay, due 

to investment costs outweighing returns (Younis et al., 2020; Geng et al., 2017). Meanwhile, 77% of the 

surveyed companies perceived an improvement in environmental performance as a result of implementing 

GSCM environmental practices. Although structural relationships have not yet been analyzed, it is not 

possible to conclude that this improvement is statistically related to the level of GSCM implementation. 

However, at the sample level, these findings corroborate that the immediate and short-term effect of 

adopting the GSCM is to improve environmental performance (Nejati et al., 2017; Green et al., 2012; Testa 

& Iraldo, 2010). 

 

The results for social performance in the sample companies are interesting in the way that the majority 

perceived an improvement due to the implementation of the GSCM approach (31% for a relatively 

significant improvement and 19% for a significant improvement). Again, as there is no correlational study 

at this stage, it is not possible to conclude that this improvement is statistically related to the level of GSCM 

implementation. However, a possible explanation for these results could be the relationship between 

improved environmental and social performance. This could be due to the fact that environmental benefits 

as a result of adopting the GSCM, such as decreased overall exposure to health and safety hazards of 

employees, reduced number of accidents, absenteeism and turnover rates, ultimately lead to better working 

conditions and increased employee satisfaction (Yun et al., 2019; Setyadi et al., 2019).  

 
Figure 4.4.LEDCs First-order Constructs Aggregated Results 
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Source. Compiled by the author  

 

4.1.2 Model Characteristics 

 
In PLS pathway models, depending on the specification of the measurement model, can be classified as 

reflective only, formative only or a combination of both (Sarstedt et al., 2022a; Hair et al., 2017). Both the 

environmental dynamic capabilities (HEDCs and LEDCs) and the sustainable performance dimensions were 

operationalized with reflective rather than formative indicators (Benitez et al., 2020; Hair et al., 2014). This 

is because the reflexive model is the dominant perspective in the field of operations management studies 

(Jabbour et al., 2015) which posits that the study does not aim to exhaust all possible items, but to choose 

those that represent the conceptual domain of the construct (Hao et al., 2021). Besides, since the indicators 

were selected from an extensive literature review, they can be interchangeable, as they are all caused by the 

same construct (i.e., they come from the same domain) (Hair et al., 2014; Henseler et al., 2009) (ver Figura 

4.5) 

 

4.2 Measurement Model Evaluation 

 

Through the pilot test performed in Section 3.6.3, a confirmatory factor analysis was conducted to give an 

indication that the structure of the theory-derived constructs fitted well with the initial data collected through 

the pilot survey. The results obtained indicated that the proposed model was indeed consistent with the data, 

and so the large-scale survey distribution across the full sample could proceed. At this point, validity and 

reliability analyses were carried out for the sample data set. The resulting validation of the reflective 

measurement model leads to the analysis of the structural model. The unidimensionality was verified 

through exploratory factor analysis (EFA), and the validity/reliability of the theoretical constructs (the 

measurement model) was verified through composite factor analysis (CCA) (Hair et al., 2020).  
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Figure 4.5.Model in PLS-SEM 

 
 

4.2.1 Exploratory Factor Analysis 

 
To measure the unidimensionality of constructs, exploratory factor analysis (EFA) was conducted, which 

aims to identify a set of latent constructs from a large number of individual variables (items), and the strength 

of the "link" between the item and the construct (Hair, Howard, & Nitzl, 2020; Zhang et al., 2018). In these 

circumstances, EFA is applied to a set of empirical indicators to identify those that form a unidimensional 

factor (latent variable), thus providing the basis for a measure (O’Leary-Kelly & Vokurka, 1998). 

Nevertheless, although EFA can be a valuable tool for assessing unidimensionality, it should not be used in 

the absence of a theoretical justification (Carmines & Zeller, 1979; Nunally, 1978).  

 
Table 4.1.KMO and Bartlett’s Tests for Sample Adequacy of HEDCs Items 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.896 

Bartlett's Test 

of Sphericity 

Approx. Chi-Square 3056.505 

df. 231 

Sig. 0.000 

 
Table 4.2.KMO and Bartlett’s Tests for Sample Adequacy of LEDCs Items 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.902  

Bartlett's Test 

of Sphericity 

Approx. Chi-Square 3692.708 

gl 190 

Sig. 0.000 

 
Table 4.3.KMO and Bartlett’s Tests for Sample Adequacy of Sustainable Performance Items 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.919 

Approx. Chi-Square 2580.38 
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Bartlett's Test 

of Sphericity 

gl 105 

Sig. 0.000 

 

After ensuring that the data is suitable for factoring, PCA allows identifying how much of the total variance 

in the model can be explained by the underlying factors (Hair et al., 2018). Tables 4.4, 4.5 and 4.6 present 

the eigenvalues for the specified number of factors in each measurement model (HEDCs, LEDCs and 

sustainable performance), along with the corresponding percentage of variance explained by each 

underlying factor, before (left of table) and after rotation (right). 

Table 4.4.Factor Extraction Eigenvalues and Variance for HEDCs Constructs 

Component 

Initial eigenvalues 
Sums of the Squared Saturations 

of the Extraction 

Sum of the Saturations Squared 

of Rotation 

Total 
% of 

Variance 
Cumulative Total 

% of 

Variance 
Cumulative Total 

% of 

Variance 
Cumulative 

1 7.951 36.141 36.141 7.951 36.141 36.141 3.678 16.717 16.717 

2 2.336 10.620 46.762 2.336 10.620 46.762 3.200 14.547 31.264 

3 1.629 7.406 54.168 1.629 7.406 54.168 2.831 12.870 44.134 

4 1.268 5.763 59.931 1.268 5.763 59.931 2.482 11.280 55.414 

5 1.081 4.913 64.844 1.081 4.913 64.844 2.074 9.429 64.844 

 

Table 4.5.Factor Extraction Eigenvalues and Variance for LEDCs Constructs 

Component 

Initial eigenvalues 
Sums of the Squared Saturations 

of the Extraction 

Sum of the Saturations Squared 

of Rotation 

Total 
% of 

Variance 
Cumulative Total 

% of 

Variance 
Cumulative Total 

% of 

Variance 
Cumulative 

1 8.475 42.374 42.374 8.475 42.374 42.374 3.837 19.183 19.183 

2 2.147 10.735 53.109 2.147 10.735 53.109 3.684 18.419 37.602 

3 1.808 9.038 62.147 1.808 9.038 62.147 3.294 16.471 54.073 

4 1.445 7.226 69.373 1.445 7.226 69.373 3.060 15.300 69.373 

 

Table 4.6.Factor Extraction Eigenvalues and Variance for Sustainable Performance Constructs 

Component 

Initial eigenvalues 
Sums of the Squared Saturations 

of the Extraction 

Sum of the Saturations Squared 

of Rotation 

Total 
% of 

Variance 
Cumulative Total 

% of 

Variance 
Cumulative Total 

% of 

Variance 
Cumulative 

1 7.650 51.003 51.003 7.650 51.003 51.003 3.457 23.047 23.047 

2 1.327 8.846 59.849 1.327 8.846 59.849 3.450 22.997 46.044 

3 1.134 7.559 67.408 1.134 7.559 67.408 3.205 21.364 67.408 

 

Subsequently, Tables 4.7, 4.8 and 4.9 present the communalities for HEDCs, LEDCs and sustainable 

performance dimensions. The communalities show the amount of variance in a variable that is explained by 

all the retained factors taken together (Hair et al., 2014). Under the assumption that all variance is common 

to the model, and given that the correlation matrix is used for the PCA, the initial communalities for each 

item are equal to 1. Also, the communalities in the Tables are shown on the far right.  

 
Table 4.7.Communalities for the HEDCs Items 

  Initial Extraction 

IEM1 1.000 .798 

IEM2 1.000 .764 

IEM3 1.000 .715 

IEM4 1.000 .644 

IEM5 1.000 .596 

ECOD1 1.000 .617 

ECOD2 1.000 .685 

ECOD3 1.000 .697 

ECOD4 1.000 .689 
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ECC1 1.000 .693 

ECC2 1.000 .700 

ECC3 1.000 .710 

ECC4 1.000 .497 

ECC5 1.000 .518 

DT1 1.000 .573 

DT2 1.000 .686 

DT3 1.000 .607 

DT4 1.000 .490 

GHRM1 1.000 .659 

GHRM2 1.000 .574 

GHRM3 1.000 .697 

GHRM4 1.000 .657 

 

 

Table 4.8.Communalities for the LEDCs Items  
Initial Extraction 

GP1 1.000 .703 

GP2 1.000 .770 

GP3 1.000 .738 

GP4 1.000 .662 

GP5 1.000 .713 

GM1 1.000 .586 

GM2 1.000 .770 

GM3 1.000 .817 

GM4 1.000 .714 

GM5 1.000 .670 

GL2 1.000 .496 

GL3 1.000 .608 

GL4 1.000 .726 

GL5 1.000 .709 

GL6 1.000 .639 

RL1 1.000 .810 

RL2 1.000 .800 

RL3 1.000 .835 

RL4 1.000 .733 

 

Table 4.9.Communalities for the Sustainable Performance items  
Initial Extraction 

ECOP1 1.000 .699 

ECOP2 1.000 .764 

ECOP3 1.000 .623 

ECOP4 1.000 .634 

ECOP5 1.000 .661 

ENVP1 1.000 .708 

ENVP2 1.000 .667 

ENVP3 1.000 .700 

ENVP4 1.000 .590 

ENVP5 1.000 .601 

SOCP1 1.000 .698 

SOCP2 1.000 .812 

SOCP3 1.000 .787 

SOCP4 1.000 .652 

SOCP5 1.000 .516 

 

The resulting communalities range from 0.490 to 0.798 for the HEDCs constructs (Table 4.7), 0.496 and 

0.835 for the LEDCs constructs (Table 4.8), and 0.516 and 0.812 (Table 4.9) for the sustainable performance 

constructs, all of which are in the range of the values proposed by Hair et al. (2014), representing a very 
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good proportion of variance for each factor to proceed with the rotation of the factor matrix. Likewise, the 

rotated component matrix obtained from EFA for HEDCs, LEDCs and sustainable performance is presented 

in Table 4.10. The data for all items converged in seven iterations for HEDCs, and six iterations for LEDCs 

and sustainable performance. Likewise, in the rotated factor solution, each of the variables has a significant 

loading (defined as a loading above 0.40) (Hair et al., 2017; Belhadi et al., 2020). Moreover, almost all 

loadings are above 0.70, which means that more than half of the variance is explained by the loading of a 

single factor. 

4.2.2 Composite Confirmatory Analysis (CCA) 

 

Composite confirmatory analysis (CCA) is a recently proposed alternative approach applied to confirm 

measurement models when using partial least squares structural equation models (PLS-SEM) (Henseler et 

al., 2014; Hair et al., 2020). This is because the CFA is used especially for CB-SEM (Hair et al., 2020). To 

conduct the CCA analysis the studies of Sarstedt et al. (2022a), were employed. According to existing 

guidelines, to analyze the data and to model and test the proposed hypotheses, SmartPLS4 software was 

used, one of the most relevant software currently available to carry out PLS analyses (Jabbour et al., 2022; 

Ringle et al., 2020). As the measurement model is reflective, indicator reliability (external loadings), internal 

consistency, composite reliability, convergent validity, and discriminant validity were examined, following 

the guidelines described in Table 4.11. 

 

Table 4.10.Reflective Model Measurement Criteria 

Aspect Description References 

Indicator Reliability 

• Absolute standardized outer (component) 

loadings should be higher than 0.7 (> 0.6 for 

exploratory research). 

• When external loads are between 0.4 and 

0.70, these items should be removed from 

the scale only when deleting them leads to 

an increase in the AVE, above the suggested 

threshold value.  

• External loads > 0.95 are problematic, since 

they indicate that the elements are 

redundant. 

 

Hair et al. (2022); 

Ringle et al.(2020);  

Latan & Ramli (2014); 

Benitez et al. (2020);  

Hair et al. (2019); 

Chin (2010);  

Bagozzi et al. (1991). 

 

Internal Consistency 

Reliability 

 

 

• Cronbach's alpha () as the lower and  

• Dijkstra–Henseler’s (ρA) is considered the 

best point estimate of internal consistency 

reliability. 

• Thresholds of all reliability measures: 0.70‐

0.90 (0.60 in exploratory research, max. 

0.95 to avoid indicator redundancy). 

Hair et al. (2022); 

Benitez et al. (2020); 

Dijkstra & Henseler (2015); 

Ringle et al. (2020); 

Henseler et al. (2014); 

Hair et al. (2017). 

 

Convergent Validity 

• Average variance extracted (AVE) 

• Threshold: AVE ≥0.50 

• Si el AVE> 0,50, el constructo explica en 

promedio al menos el 50% de la varianza de 

sus ítems 

Sarstedt et al. (2022a); 

Ringle et al. (2020); 

Benitez et al. (2020);  

Hair et al. (2017);  

 Hair et al. (2019); 

Chin (1998). 

Discriminant Validity 

• Do not use the Fornell‐Laker criterion or 

cross‐loadings, but the HTMT and HTMT2 

with bootstrapping and confidence intervals 
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• Thresholds:  

o HTMT <0.90 for conceptually similar 

constructs  

o HTMT <0.85 for conceptually different 

constructs 

o In addition, test whether the HTMT is 

significantly lower than the threshold 

value. 

 

Sarstedt et al. (2022a); 

Roemer et al.(2021); 

Benitez et al. (2020); 

Henseler et al. (2015). 

 

 

The results of the measurement model are shown in Figure 4.6. Likewise, the results of indicator reliability, 

internal consistency, composite reliability, and convergent validity for the environmental dynamic 

capabilities and sustainable performance dimensions are shown in Tables 4.12 and 4.13 respectively. 

Initially, the indicators' reliability was assessed through factor loadings and significance estimates (Benitez 

et al., 2020).  

 

As shown in Table 4.12, for the environmental dynamic capabilities, most of the factor loadings were above 

0.70 (Hair et al., 2022; Benitez et al., 2020). However, the loadings for the indicators IEM5 (Existence of 

Environmental Management Systems-EMS), DT4 (Use of digital platforms ERP, CRM and Intranet with 

partners) and DT5 (Cloud computing and sharing) were slightly lower than this threshold.  Nevertheless, 

the indicators were not removed, as they were not lower than 0.4 (Chin, 2010), and were within the range 

of 0.4 and 0.70. According to existing guidelines (Hair et al., 2022; Benitez et al., 2020; Bagozzi et al., 

1991), removing them does not represent an increase in AVE. For the sustainable performance dimensions, 

all indicators had loadings above the 0.7 threshold (Table 4.13). Additionally, all factor loadings for the 

environmental dynamic capabilities’ indicators and the sustainable performance dimensions were 

significant at the 1% level, suggesting that the measures are reliable.  

 

On the other hand, the assessment of construct reliability aims to test the consistency of the measurements 

(Jabbour et al., 2022). Hence, three measures were used to analyze construct reliability: Cronbach's alpha 

(α), composite reliability (ρC) and Dijkstra–Henseler’s (ρA) (Sarstedt et al., 2022a; Hair et al., 2022; Latan, 

2018; Dijkstra & Henseler, 2015; Bagozzi & Yi, 1988). Following the criteria in Table 4.11, threshold 

values for α, ρC and ρA are recommended to be > 0.70 (0.60 in exploratory research) (Hair et al., 2022; 

Dijkstra & Henseler, 2015; Henseler et al., 2014). Based on Tables 4.12 and 4.13, values above 0.7 were 

obtained for almost all means for all model constructs, with the exception of DTs, which had a α > 0.6. 

Nonetheless, this value is acceptable according to existing guidelines (Hair et al., 2022; Benítez et al., 2020), 

as the DTs construct is still an emerging concept and the measurement scale is still in an exploratory stage 

(Yi et al., 2020; Sarkis et al., 2020).  

 

To analyze convergent validity the average variance extracted (AVE) was employed (Hair et al., 2022), 

which is the degree to which a latent construct explains the variance of its measures (Vanalle et al., 2017). 

If the AVE is above 0.50, the construct explains on average at least 50% of the variance of its indicators and 

consequently, all other latent variables explain less than half (Ringle et al., 2020; Chin, 1998). For the 

present dissertation, all AVE values for the constructs studied were above 0.5 (see Tables 4.12 and 4.13), lo 

indicating convergent validity. 

Figure 4.6.Measurement Model Assessment 
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Table 4.11.Measurement Model assessment of Environmental Dynamic Capabilities of GSCM 

Construct Item 
Cronbach's 

Alpha () 

Composite 

Reliability (ρc) 

Average Variance 

Extracted (AVE) 

 

 

IEM 

IEM1 

0.844 0.889 0.617 

IEM2 

IEM3 

IEM4 

IEM5 

 

ECOD 

ECOD1 

0.831 0.887 0.664 
ECOD2 

ECOD3 

ECOD4 

ECC 

ECC1 

0.856 0.897 0.637 

ECC2 

ECC3 

ECC4 

ECC5 

 

DT 

DT1 

0.685 0.803 0.512 
DT2 

DT3 

DT4 

GHRM 

GHRM1 

0.812 0.877 0.640 
GHRM2 

GHRM3 

GHRM4 

GP 

GP1 

0.898 0.925 0.710 
GP2 

GP3 

GP4 
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GP5 

GM 

GM1 

0.901 0.927 0.719 

GM2 

GM3 

GM4 

GM5 

GL 

GL2 

0.836 0.884 0.604 

GL3 

GL4 

GL5 

GL6 

RL 

RL1 

0.914 0.939 0.794 
RL2 

RL3 

RL4 

Note(s): **Significant at 0.001 level. 

 

Table 4.12.Measurement Model Assessment of Sustainable Performance 

Construct Item 
Factor 

Loading 

Cronbach's 

Alpha () 

Composite 

Reliability (ρA) 
Composite 

Reliability (ρc) 
Average Variance 

Extracted (AVE) 

ENVP 

ENVP1 0.829** 

0.865 0.865 0.903 0.650 

ENVP2 0.814** 

ENVP3 0.833** 

ENVP4 0.780** 

ENVP5 0.774** 

ECOP 

ECOP1 0.805** 

0.867 0.869 0.904 0.653 

ECOP2 0.836** 

ECOP3 0.788** 

ECOP4 0.814** 

ECOP5 0.795** 

SOCP 

SOCP1 0.834** 

0.885 0.888 0.917 0.688 

SOCP2 0.886** 

SOCP3 0.874** 

SOCP4 0.806** 

SOCP5 0.740** 

Note(s): **Significant at 0.001 level. 

 

A crucial aspect of the evaluation of the reflective measurement model is the establishment of discriminant 

validity because it ensures that measurements of two constructs are not correlated with each other (Sarstedt 

et al., 2022a; Hair et al., 2021a; Benitez et al., 2020). For the discriminant validity analysis, it was used the 

heterotrait-monotrait criterion (HTMT). (Henseler et al., 2015).  
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Table 4.13.Assessment of Discriminant Validity Using HTMT and HTMT2 

Construct DT ECC ECOD ECOP ENVP GHRM GL GM GP IEM RL SOCP 

 DTs (0.85)            

  ECC 0.479  (0.85)           

 ECOD 0.454  
0.806 

[0.726;0.881] 
(0.85) 0.483 0.478 0.485 0.675 0.786 0.505 0.514 0.427 0.511 

 ECOP 
0.517 

[0.393;0.638] 
0.505 

[0.382;0.615] 
0.492 

[0.382;0.598] 
(0.85)  0.515 0.597 0.540 0.564 0.641 0.470 0.435 0.713 

 ENVP 
0.444 

[0.311;0.573] 
0.427 

[0.3;0.544] 
0.489 

[0.387;0.589] 
0.77 

[0.682;0.844] 
(0.85) 0.630 0.493 0.572 0.544 0.586 0.384 0.767 

 GHRM 
0.610 

[0.491;0.718] 
0.561 

[0.434;0.673] 
0.496 

[0.369;0.62] 
0.602 

[0.49;0.7] 
0.631 

[0.527;0.723] 
(0.85) 0.54 0.600 0.807 0.714 0.466 0.710 

 GL 
0.480 

[0.351;0.607] 
0.769 

[0.686;0.84] 
0.677 

[0.568;0.775] 
0.538 

[0.427;0.639] 
0.492 

[0.379;0.596] 
0.538 

[0.413;0.654] 
(0.85) 0.675 0.546 0.475 0.451 0.542 

 GM 
0.517 

[0.404;0.629] 
0.686 

[0.588;0.772] 
0.784 

[0.718;0.843] 
0.564 

[0.452;0.667] 
0.575 

[0.458;0.682] 
0.598 

[0.492;0.693] 
0.669 

[0.552;0.77] 
(0.85) 0.603 0.629 0.436 0.616 

 GP 
0.626 

[0.515;0.725] 
0.663 

[0.575;0.745] 
0.52 

[0.413;0.626] 
0.642 

[0.546;0.728] 
0.546 

[0.44;0.643] 
0.806 

[0.729;0.873] 
0.551 

[0.446;0.649] 
0.606 

[0.517;0.688] 
(0.85) 0.658 0.468 0.608 

 IEM 
0.536 

[0.417;0.648] 
0.550 

[0.437;0.653] 
0.512 

[0.4;0.623] 
0.476 

[0.361;0.584] 
0.581 

[0.483;0.672] 
0.725 

[0.642;0.8] 
0.469 

[0.333;0.598] 
0.622 

[0.516;0.718] 
0.667 

[0.581;0.743] 
(0.85) 0.396 0.600 

 RL 
0.334 

[0.257;0.456] 
0.545 

[0.427;0.652] 
0.443 

[0.316;0.559] 
0.441 

[0.328;0.548] 
0.388 

[0.272;0.498] 
0.469 

[0.345;0.58] 
0.453 

[0.328;0.566] 
0.437 

[0.316;0.549] 
0.472 

[0.351;0.581] 
0.396 

[0.28;0.505] 
(0.85) 0.413 

 SOCP 
0.548 

[0.437;0.656] 
0.532 

[0.418;0.635] 
0.518 

[0.413;0.62] 
0.71 

[0.619;0.789] 
0.762 

[0.663;0.847] 
0.715 

[0.626;0.795] 
0.54 

[0.439;0.632] 
0.616 

[0.512;0.71] 
0.606 

[0.504;0.698] 
0.6 

[0.498;0.695] 
0.414 

[0.3;0.518] 
(0.85) 

Note(s): Brackets show the lower and upper bounds of the 95% BCa confidence intervals; Diagonal and bold elements are cut-off values for HTMT and HTMT2. Below the diagonal 

are the HTMT values. Above the diagonal are HTMT2 values
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4.3 Structural Model Evaluation 

 
The third step after estimating the measurement model is the evaluation of the structural model. At this stage, the 

explanatory and predictive power of the structural model is initially determined, as well as the significance and 

relevance of the path coefficients (Sarstedt et al., 2022a; Hair et al., 2020; Latan, 2018). The PLS-SEM evaluation 

of the structural model involves the ability of the model to predict the variance in the dependent variables (Hair et 

al., 2020). Therefore, the main evaluation criteria for PLS-SEM results are the coefficients of determination (R² 

values), the f² effect sizes, the variance inflation factor (VIF), the path coefficient estimations and their 

significance, as well as the predictive power of the model (Hair et al., 2020; Benitez et al., 2020; Latan, 2018), 

according to the guidelines described in Table 4.15. 

 

Table 4.14.Structural Model Measurement Criteria 
Aspect Recommendation/rules of thumb References 

Explanatory Power 

Report the 𝑅2, but do not consider the metric as indicative of predictive 

power. 

 

The  𝑅2 values depend on the model complexity and the phenomena 

under research. 

 

Thresholds:  

o  𝑅2 values of 0.67, 0.33, or 0.19 for endogenous latent variables in the 

inner path model are described as substantial, moderate, or weak.  

o Very high  𝑅2 values such as 0.90 are usually indicative of model 

overfit when measuring theoretical concepts.  

 

 

 

Sarstedt et al. (2022a); 

Hair (2021); 

Ringle et al. (2020); 

Hair et al. (2019); 

Chin (1998). 

 

 

 

Effect size (𝑓2) 

𝑓2 = (𝑅𝑖𝑛𝑐𝑙𝑢𝑑𝑒𝑑
2 − 𝑅𝑒𝑥𝑐𝑙𝑢𝑑𝑒𝑑

2 ) (1 − 𝑅𝑖𝑛𝑐𝑙𝑢𝑑𝑒𝑑
2 )⁄  

 

Thresholds:  

𝑓2 values of 0.02, 0.15, and 0.35 can be viewed as a gauge for whether 

a predictor latent variable has a weak, medium, or large effect at the 

structural level. 

Ringle et al. (2020); 

Chin (1998). 

 

Collinearity 

Use the variance inflation factor (VIF) for the collinearity assessment of 

all sets of predictor constructs in the structural model. 

Thresholds:  

o VIF≤3: no collinearity issues  

o VIF 3–5: possible collinearity issues  

o VIF ≥5: critical collinearity issues 

Sarstedt et al. (2022a); 

Hair et al. (2022); 

Benitez et al. (2020); 

 

Path Coefficients 

Report the path coefficient estimates and information on their 

significance. 

o For inference testing, report t values, p values with bootstrapping 

confidence intervals. Use the use the bias‐corrected and accelerated 

(BCa) bootstrap method 

o Number of bootstraps: at least 10.000 

Hair et al. (2022); 

Ringle et al. (2020); 

Latan (2018); 

Streukens & Leroi-Werelds 

(2016). 

Predictive 

Relevance 

PLSpredict 

o k‐fold cross‐validation to generate case‐level predictions on an 

indicator level (k = 10) 

o Q2 > 0  

CVPAT 

o Indicator average (IA) -Linear Model (LM) 

Shmueli et al. (2016, 2019); 

Liengaard et al. (2021). 
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4.3.1 Quality of the Model 

 
At this stage, the quality of the model was assessed by estimating various metrics such as the coefficient of 

determination (R2), the effect size (f2) and the variance inflation factor (VIF). The results are shown in Figure 4.7 

and Table 4.16. The R2 is used to assess goodness-of-fit in regression analysis (Benitez et al., 2020). In the case 

of models estimated by OLS, the R2 value represents the variance explained in a dependent construct. Therefore, 

it provides information on the in-sample predictive power of a model (Ringle et al., 2020; Latan, 2018). 

 

From the result of the PLS-SEM algorithm, Good R2 and adjusted R2 values were obtained, as they ranged between 

0.271 and 0.589. According to Hair et al. (2022), these values fall into the moderate to substantial category. Also, 

according to Hair et al. (2020) and Benitez et al. (2020), the R2 values will depend on the number of predictor 

variables in the model and the phenomenon under investigation. In this sense, it is observed that RL (adj R2=0.271), 

GL (adj R2=0.471) and ENVP (adj R2=0.326) had small to moderate explanatory power. Regarding reverse 

logistics, which had a value below 0.33, given that this is still a relatively unknown and poorly implemented 

phenomenon in emerging countries such as Colombia, and is being considered in its early stages, a low R2 value 

is acceptable (Jabbour et al., 2022; Rehman Khan et al., 2021; Younis et al., 2020). Additionally, similar studies 

found even values, such as Khor et al. (2020) and Rehman Khan et al. (2021) who reported R2=0.12 y R2=0.187 

respectively, for the adoption of inverse logistics.  

 

In a similar way, the ENVP had a lower R2 than expected (R2=0.326) even though it is in the moderate range. 

Moreover, although this R2 value is somewhat lower than those obtained by similar studies (Umar et al., 2022; 

Amjad et al., 2022; Dubey et al., 2019), it can be considered satisfactory, considering that the proposed model is 

the first to use the hierarchy of environmental dynamic capabilities to explain sustainable performance. Despite 

the above, the model explains 55.5% and 53.1% of the variance of economic and social performance, which are 

considered substantial and higher than those evidenced in similar studies (e.g., Agyabeng-Mensah & Tang, 2021; 

Younis et al., 2020). 

 

In the case of GL, the results are similar to those obtained by Rehman Khan & Yu (2020), who reported an R2 of 

0.478 for green distribution and an R2=0.455 for green transport, and Qin et al. (2021), who found an R2 of 0.498 

for green transport. In the case of the present thesis, the model explains 47.1% of variance in green logistics 

environmental capacity building, using five exogenous variables not yet explored as a whole for green logistics. 

Considering the variance explained in similar studies and the originality of the model and the variables influencing 

GL, an R2 of 0.471 is an excellent value. 

 

The GP (adj R2=0.589) and GM (adj R2=0.562) constructs had moderate to substantial R2. Concerning GP, higher 

values were obtained than similar studies (e.g., Santoso et al., 2022; Nkrumah et al., 2021; Yu et al., 2019; Saeed 

et al., 2018) that analyzed the relationship between two and three predictors of green purchasing. In the case of the 

present thesis, the model explains 58.9% of variation in the development of green purchasing environmental 

capability, a substantial value, considering that five predictors not yet explored as a whole were included. 

Similarly, for GM, a higher value was obtained than similar studies (e.g., Cheng et al., 2023; Qin et al., 2021; 

Khan et al., 2021) that analyzed the influence of 1, 2 or 3 predictors on green manufacturing. In the case of the 

present thesis, the model explains 56.2% of variation in the development of green manufacturing environmental 

capability, a substantial value using five predictors not yet explored as a whole.  

 

Furthermore, the effect size (f2) was assessed to measure the magnitude of the predictor effect in the model. Values 

of f2 greater than 1 indicate a problem of collinearity, while values close to 0 indicate a poor relationship between 
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predictors and outcomes (Ringle et al., 2020; Cohen, 1988). Consistent with Table 4.16, good f2 values were 

obtained, ranging from 0.019 to 0.292 (medium to large) with the exception of green logistics and inverse logistics 

which had very low effect sizes. This may be due to the fact that no significant relationships were found between 

the predictor and dependent variables. 

 

Finally, the Variance Inflation Factors (VIF) of the structural model constructs were analyzed to determine whether 

high multicollinearity is a problem. High multicollinearity can affect the size of the beta coefficients (weights) by 

increasing or decreasing them and/or changing the signs of these same coefficients (Hair, Howard & Nitzl, 2020).  

If VIF values are below 3.0, multicollinearity is unlikely to be a problem. Table 4.16 shows that the VIF values 

for the model constructs range from 1.327 to 2.173, suggesting that multicollinearity was not a problem in the data 

analyzed. 

 
Table 4.15.Structural Model Assessment. 

Construct 𝑹𝟐 Adj 𝑹𝟐 𝒇𝟐 VIF 

IEM     [0.039-0.050] 1.751 

ECOD     [0.215-0.042] 1.945 

ECC     [0.160-0.063] 2.102 

DT     [0.039; 0.014] 1.371 

GHRM     [0.219-0.025] 1.806 

GP 0.596** 0.589 [0.056-0.041] [1.753;1.598;1.684] 

GM 0.570** 0.562 [0.068-0.029] [1.965;1.788;1.909] 

GL 0.480** 0.471 [0.010-0.009] [1.692; 1.661;1.678] 

RL 0.284** 0.271 [0.008-0.003] [1.343;1.327;1.338] 

ENVP 0.336** 0.326 [0.178-0.292] [1.944;1.505] 

ECOP 0.564** 0.555     

SOCP 0.540** 0.531 [0.036] 2.173 

Note(s): R2 =the coefficient of determination; ** Significant at 0.001 level; f2 = effect size; VIF= variance inflation factor 

 

4.3.2 Hypothesis Testing and Findings 

 
To test the hypotheses, the weighting scheme (path) was selected with the maximum number of iterations set to 

300 and stopping criterion (10^-X) = 7 in the PLS algorithm (Sarstedt et al., 2022a; Ringle et al., 2020; Latan, 

2018). Furthermore, in terms of bootstrap, an accelerated bias-corrected bootstrap (BCa) was used, with a 

resampling number of 10,000 (full bootstrapping), 5% significance (one-tailed), using the no sign change option 

(Hair et al., 2022; Streukens & Leroi-Werelds, 2016). In addition, to ensure that all aspects of the model were fully 

identified, multiple-item constructs were used instead of single items, with a minimum number of three indicators 

per construct (Jabbour et al., 2022; Latan, 2018). The results are described below. 

 

● Relationships Between HEDCs and LEDCs 

 

To test Hypothesis 1, coefficients of the estimated parameters, which are essentially the standardized regression 

coefficients, were evaluated with significant values of 95% confidence intervals (Hair et al., 2020). Figure 4.7 and 

Table 4.17 show the partial results (t-test) for sub-hypotheses 1.1, 1.2, 1.3, 1.4 and 1.5. As seen in Table 4.17, 

mixed results were obtained, as the relationships IEM→LEDCs (H1.1), ECOD→LEDCS (H1.2), DT→LEDCs 

(H1.4) and GHRM→LEDCs (H1.5) were partially supported, while only the relationship ECC→LEDCs (H.3) 

was fully supported.  

 

Specifically, with respect to the IEM→LEDCs link, only the IEM→GP and IEM→GM relationships were 

significant (p <= 0.05 at 95% BCa CI) with beta (β) values of 0.165 and 0.194, respectively. This means that 

hypothesis H1.1 was partially supported. Relatedly, for the ECOD→LEDCs relationship, only the ECOD→GM 
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and ECOD→GL links were significant (p < 0.05 at 95% BCa CI) with beta (β) values of 0.424 and 0.206, 

respectively. Therefore, hypothesis H1.2 was partially supported. For ECC→LEDCs effects all relationships were 

significant with beta (β) values of 0.276 (GP), 0.132 (GM), 0.418 (GL) y 0.308 (RL), and significant at p <= 0.05 

at 95% BCa CI. Therefore, H1.3 was supported.  

 

Furthermore, for the effects of DT→LEDCs, it was obtained that only the DT→GP and DT→GM relationships 

were significant (p <= 0.05 at 95% BCa CI) with beta (β) values of 0.146 and 0.091. Hence, H1.4 was partially 

supported. Finally, for the link between GHRM→LEDCs it was obtained that only the relationships GHRM →GP, 

GHRM →GM and GHRM →RL were significant (p <= 0.05 at 95% BCa CI) with beta (β) values of 0.400, 0.114 

and 0.179. Therefore, H1.5 was partially supported. 

 
Figure 4.7.Structural Model 

 
 

 

Table 4.16.Testing of Hypotheses for the Relationships Between HEDCs and LEDCs (Partial Effect – t-test) 

Structural path Coef () SD T statistics P values 95% BCa CI Decision 

H1.1 Internal environmental Management → LEDCs H.1.1. Partially supported 

IEM → GP 0.165 0.052 3.163 0.002 (0.061;0.266) ** H1.1 (a) Supported 

IEM → GM 0.194 0.056 3.499 0.001 (0.083;0.299) ** H1.1 (b) Supported 

IEM → GL -0.002 0.067 0.033 0.974 (-0.144;0.12) n.s H1.1 (c) Not supported 

IEM → RL 0.045 0.066 0.677 0.499 (-0.084;0.173) n.s H1.1 (d) Not supported 

H1.2 Ecodesign → LEDCs H.1.2. Partially supported 

ECOD → GP -0.022 0.05 0.448 0.654 (-0.12;0.078) n.s H1.2 (a) Not supported 

ECOD → GM 0.424 0.054 7.922 0.000 (0.317;0.526) ** H1.2 (b) Supported 

ECOD → GL 0.206 0.069 2.991 0.003 (0.067;0.336) ** H1.2 (c) Supported 

ECOD →RL 0.073 0.076 0.957 0.339 (-0.071;0.222) n.s H1.2 (d) Not supported 
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H1.3. Environmental collaboration with customers → LEDCs H.1.3. Supported 

ECC → GP 0.276 0.055 5.016 0.000 (0.166;0.381) ** H1.3 (a) Supported 

ECC → GM 0.132 0.064 2.077 0.038 (0.002;0.252) * H1.3 (b) Supported 

ECC → GL 0.418 0.062 6.746 0.000 (0.296;0.54) *** H1.3 (c) Supported 

ECC → RL 0.308 0.086 3.584 0.000 (0.137;0.476) ** H1.3 (d) Supported 

H1.4. Digital Technologies → LEDCs H.1.4. Partially supported 

DT → GP 0.146 0.047 3.13 0.002 (0.051;0.235) ** H1.4 (a) Supported 

DT →GM 0.091 0.042 2.154 0.031 (0.008;0.174) * H1.4 (b) Supported 

DT → GL 0.090 0.048 1.876 0.061 (-0.001;0.187) n.s H1.4 (c) Not supported 

DT →RL 0.056 0.058 0.96 0.337 (-0.059;0.167) n.s H1.4 (d) Not supported 

H1.5. Green Human Resources Management → LEDCs H.1.5. Partially supported 

GHRM → GP 0.400 0.055 7.311 0.000 (0.29;0.505) ** H1.5 (a) Supported 

GHRM → GM 0.114 0.052 2.203 0.028 (0.013;0.213) * H1.5 (b) Supported 

GHRM → GL 0.125 0.066 1.896 0.058 (-0.007;0.252) n.s H1.5 (c) Not supported 

GHRM → RL 0.179 0.072 2.489 0.013 (0.042;0.327) * H1.5 (d) Supported 

Note(s): β = beta coefficient; SD = standard deviation; BCa CI = bias-corrected and accelerated confidence intervals; **, * statistically 

significant at the 1 percent and 5 percent levels, respectively; n.s = not significant. 

 

Since different partial results (t-test) were obtained, the simultaneous effect (F-test) was tested to determine the 

simultaneous effects of two or more predictors on the influence of endogenous variables. As such, the F-statistic 

was calculated using the formula provided by Chin (2010) (Equation 9). Following the author, if one is examining 

sets of predictors for a dependent construct, where the baseline model is compared with the addition of two or 

more additional latent variables (LV), an F-test can be performed.  

 

Where, 

k2-k1: degrees of freedom of the numerator. 

N- k2 -1: degrees of freedom of the denominator 

𝑅1
2 : explanatory power for the endogenous variable for the baseline model reference 

𝑅2
2 : explanatory power for the endogenous variable for the superset model including the additional LVs  

k2: number of predictors for the superset model 

k1: number of predictors for the base model 

N: sample size 

 

The results of the simultaneous effects of HEDCs on LEDCs are shown in Table 4.18. As can be noted, the 

simultaneous relationships between HEDCs→GP, HEDCs→GM, HEDCs→GL, HEDCs→RL were found to be 

significant with F-statistic values > 3.388 (theoretical F) and a p <= 0.05. Consequently, although mixed results 

were obtained for the partial effects (t-test) between each HEDC and each LEDC, the simultaneous effects of the 

HEDCs on each LEDC were supported. Therefore, Hypothesis 1 was supported. 

 
Table 4.17.Testing of Hypotheses for the Relationships Between (Simultaneous Effect – F test) 

Structural path F statistic p value Conclusion 

(IEM-ECOD-ECC-DT-GHRM) →GP 25.036 0.000**  
H1. Supported 

(IEM-ECOD-ECC-DT-GHRM→GM 23.98 0.000** 

(IEM-ECOD-ECC-DT-GHRM) →GL 18.35 0.000** 

(Equation 9) 
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(IEM-ECOD-ECC-DT-GHRM) →RL 4.86 0.000** 

Note(s): ** statistically significant at the 1 percent level or F table > 3.388 

 

 

● Relationships Between LEDCs and Sustainable Performance  

 

To test Hypothesis 2, coefficients of the direct relationships between each LEDC and each dimension of 

sustainable performance were evaluated. Figure 4.7 and Table 4.19 show the partial results (t-test) for sub-

hypotheses 2.1, 2.2, 2.3 and 2.4. As can be seen in Table 4.19, mixed results were obtained, as although the 

GP→TBL (H2.1) relationship was confirmed, and the GM→TBL (H2.2) relationship was partially supported, the 

GL→TBL (H2.3) and RL→TBL (H2.4) relationships were not validated. 

  

Specifically, for the link between GP →TBL it was obtained that all GP→ENVP, GP→ECOP and GP→SOCP 

relationships were significant (p <= 0.05 at 95% BCa CI) with beta (β) de 0.240, 0.206, and 0.178. Thereby, H2.1 

was supported. Regarding the GM→TBL effects, only the GM→ENVP and GM →SOCP relationships were 

significant (p <= 0.05 at 95% BCa CI) with beta (β) values of 0.284 and 0.160, respectively. This means that 

hypothesis H2.2 was partially confirmed. Despite the above, for GL→TBL effects, all relationships, GL →ENVP, 

GL →ECOP and GL → SOCP were not significant (p > 0.05). As a result, hypothesis H2.3 was not validated. 

Similarly, for the RL→TBL link, all relationships, RL→ENVP, RL→ECOP and RL→SOCP were not significant 

(p > 0.05). Therefore, hypothesis H2.4 was also not supported. 

 

Table 4.18.Testing of Hypotheses for the Relationships Between LEDCs and Sustainable Performance (Partial Effect – t-test) 

Structural path Coef () SD T statistics P values 95% BCa CI Decision 

H2.1 Green purchasing → sustainable performance (TBL) H2.1. Supported 

GP → ENVP 0.240 0.065 3.712 0.000 (0.109;0.362)** H2.1(a). Supported 

GP → ECOP 0.206 0.067 3.096 0.002 (0.073;0.336)** H2.1(b). Supported 

GP → SOCP 0.178 0.064 2.797 0.005 (0.05;0.299)** H2.1(c). Supported 

H2.2 Green manufacturing → sustainable performance (TBL) H2.2. Partially supported 

GM → ENVP 0.284 0.082 3.459 0.001 (0.118;0.44)** H2.2(a). Supported 

GM → ECOP 0.016 0.063 0.259 0.796 (-0.11;0.135) n.s H2.2(b). Not supported 

GM → SOCP 0.160 0.065 2.477 0.013 (0.042;0.294)** H2.2(c). Supported 

H2.3 Green logistics→sustainable performance (TBL) H2.3. Not supported 

GL → ENVP 0.106 0.07 1.528 0.127 (-0.035;0.24) n.s H2.3(a). Not supported 

GL → ECOP 0.077 0.053 1.443 0.149 (-0.03;0.18) n.s H2.3(b). Not supported 

GL → SOCP 0.082 0.05 1.654 0.098 (-0.016;0.18) n.s H2.3(c). Not supported 

H2.4 Reverse logistics → sustainable performance (TBL) H2.4. Not supported 

RL → ENVP 0.086 0.06 1.438 0.150 (-0.032;0.203) n.s H2.4(a). Not supported 

RL → ECOP 0.067 0.047 1.434 0.151 (-0.027;0.157) n.s H2.4(b). Not supported 

RL → SOCP 0.045 0.048 0.931 0.352 (-0.049;0.139) n.s H2.4(c). Not supported 

Note(s): β = beta coefficient; SD = standard deviation; BCa CI = bias-corrected and accelerated confidence intervals; **, * statistically 

significant at the 1 percent and 5 percent levels, respectively; n.s = not significant. 

 

Since different partial results (t-test) were obtained for the direct relationships between LEDCs and TBL, the 

simultaneous effect (F-test) was tested to determine the simultaneous effects of two or more predictors on the 

influence of endogenous variables. In this way, the F-statistic was calculated using the formula provided by Chin 

(2010) (Equation 9). The results are shown in Table 4.20. As can be seen, the simultaneous relationships between 

LEDCs→ENVP and LEDCs→SOCP were found to be significant with F-statistic values > 3.85 (theoretical F) 

and p <= 0.05. Nonetheless, the simultaneous LEDCs→ECOP relationships were not significant (theoretical F < 

3.85 and p>0.05). Therefore, Hypothesis 2 was partially supported.  
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Table 4.19.Testing of Hypotheses for the Relationships Between (Simultaneous Effect – F test) 

Structural path F statistic p value Conclusion 

(GP-GM-GL-RL) → ENVP 6.029 0.000** 

H2. Partially supported  (GP-GM-GL-RL) → ECOP 1.358 0.255n.s 

(GP-GM-GL-RL) → SOCP 4.355 0.000** 

Note(s): ** statistically significant at the 1 percent level or F table > 3.85; n.s = not significant. 

 

● Indirect Effects of HEDCs on Sustainable Performance  

 

The mediation analysis followed the guidelines proposed by Latan (2018) and Zhao et al. (2010), who propose 

two main steps. The first step includes determining the importance of indirect effects and their magnitude. 

Secondly, it is necessary to determine the type of effect and/or mediation. A mediation analysis examines the 

degree to which an indirect effect modifies a hypothesized direct pathway (Hair et al., 2022; Hair et al., 2018). 

Specifically, the procedure presented in Zhao et al. (2010) was carried out to estimate mediation effects by 

comparing the directions of specific indirect paths with their direct paths, as well as comparing significance levels 

and confidence intervals.  

 

In this regard, the direct effects between HEDCs and sustainable performance were initially analyzed (see Table 

4.21). It is observed that the direct relationships IEM→TBL and ECOD→TBL were not significant (p>0.05), 

whereas the relationships ECC→TBL, DT→TBL, and GHRM→TBL had partial results, as there were significant 

and non-significant relationships. These results will allow us to determine the type of mediation between HEDCs 

and TBL. 

 

Table 4.20.Testing of Hypotheses for the Direct Relationships Between HEDCs and Sustainable Performance 

Structural path Coef () SD T statistics P values 95% BCa CI 

IEM → ECOP -0.106 0.06 1.766 0.077 n.s (-0.226;0.007) 

IEM →ENVP 0.173 0.067 2.562 0.01* n.s (0.04;0.305) 

IEM → SOCP 0.044 0.058 0.76 0.447 n.s (-0.075;0.156) 

ECOD → ECOP 0.013 0.062 0.21 0.833 n.s (-0.106;0.137) 

ECOD → ENVP 0.097 0.072 1.349 0.177 n.s (-0.035;0.245) 

ECOD → SOCP -0.01 0.06 0.165 0.869 n.s (-0.126;0.111) 

ECC → ECOP -0.019 0.068 0.276 0.782 n.s (-0.152;0.113) 

ECC → ENVP -0.166 0.081 2.047 0.041* (-0.323; -0.006) 

ECC → SOCP 0.064 0.066 0.962 0.336 n.s (-0.065;0.192) 

DT → ECOP 0.058 0.051 1.132 0.258n.s (-0.044;0.157) 

DT → ENVP 0.024 0.055 0.44 0.66 n.s (-0.084;0.131) 

DT → SOCP 0.1 0.045 2.229 0.026* (0.009;0.186) 

GHRM → ECOP -0.028 0.055 0.511 0.609 n.s (-0.135;0.08) 

GHRM →ENVP 0.215 0.077 2.8 0.005** (0.068;0.365) 

GHRM → SOCP 0.216 0.059 3.637 0.000** (0.103;0.338) 

Note(s): β = beta coefficient; SD = standard deviation; BCa CI = bias-corrected and accelerated confidence intervals; **, * statistically 

significant at the 1 percent and 5 percent levels, respectively; n.s = not significant. 

 

Table 4.22 presents the results of the mediation analysis for the present study. In this paper, the following 

mediation links were considered: 1) HEDCs→LEDCs→ENVP, 2) HEDCs→ LEDCs→ECOP, and 3) HEDCs→ 

LEDCs→SOCP. As shown in Table 4.22, all indirect effects between HEDCs and sustainable performance were 

significant (p<=0.05 at 95% BCa CI). Specifically, full mediation was detected for almost all relationships with 

the exception of the links GHRM→ENVP, DT →SOCP and GHRM→SOCP, for which complementary mediation 

was found, and ECC→ENVP for which competitive mediation was identified. Therefore, the results confirm that 

LEDCs have a mediating role between HEDCs and sustainable performance. Thus Hypothesis 3 is supported. 
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Table 4.21.Mediation Analysis 

Structural path Coef () SD T statistics P values 95% BCa CI Decision Type of mediation 

H3.1 HEDCs →LEDCs → Environmental performance H.3.1. Supported  

IEM →ENVP 0.098 0.029 3.399 0.001** (0.042;0.155) H3.1 (a). Supported Full mediation 

ECOD → ENVP 0.143 0.038 3.75 0.000** (0.072;0.22) H3.1 (b). Supported Full mediation 

ECC →ENVP 0.175 0.033 5.218 0.000** (0.109;0.239) H3.1 (c). Supported Competitive (PM) 

DT → ENVP 0.075 0.021 3.559 0.000** (0.034;0.117) H3.1 (d). Supported Full mediation 

GHRM →ENVP 0.157 0.033 4.829 0.000** (0.092;0.22) H3.1 (e). Supported Complementary (PM) 

H3.2 HEDCs → LEDCs → Economic performance H.3.2. Supported  

IEM → ECOP 0.098 0.03 3.266 0.001** (0.038;0.157) H3.2 (a). Supported Full mediation 

ECOD →ECOP 0.106 0.039 2.721 0.007** (0.031;0.182) H3.2 (b). Supported Full mediation 

ECC → ECOP 0.216 0.035 6.098 0.000** (0.149;0.289) H3.2 (c). Supported Full mediation 

DT → ECOP 0.087 0.023 3.745 0.000** (0.042;0.133) H3.2 (d). Supported Full mediation 

GHRM →ECOP 0.200 0.034 5.789 0.000** (0.133;0.268) H3.2 (e). Supported Full mediation 

H3.3 HEDCs → LEDCs → Social performance H.3.2. Supported  

IEM → SOCP 0.107 0.031 3.46 0.001** (0.046;0.166) H3.3(a). Supported Full mediation 

ECOD →SOCP 0.148 0.037 4.042 0.000** (0.079;0.222) H3.3 (b). Supported Full mediation 

ECC → SOCP 0.197 0.034 5.797 0.000** (0.131;0.265) H3.3 (c). Supported Full mediation 

DT → SOCP 0.084 0.023 3.721 0.000** (0.04;0.129) H3.3 (d). Supported Complementary (PM) 

GHRM →SOCP 0.178 0.033 5.381 0.000** (0.113;0.242) H3.3 (e). Supported Complementary (PM) 

Note(s): β = beta coefficient; SD = standard deviation; BCa CI = bias-corrected and accelerated confidence intervals; **, * statistically 

significant at the 1 percent and 5 percent levels, respectively; n.s = not significant; PM=partial mediation. 

 

● Linkages Among Performance Dimensions 

 

Table 4.23 presents the results of the analysis for the relationships between the performance dimensions. It is 

observed that the direct relationship ENVP→ ECOP was significant (p < 0.05 at 95% BCa CI) with a beta value 

(β) of 0.388. Consequently, Hypothesis 4 was supported. Similarly, the direct relationship ENVP→ SOCP was 

significant (p < 0.05 at 95% BCa CI) with a beta (β) value of 0.450. Thereby, Hypothesis 5 was validated. 

Likewise, the direct relationship SOCP→ ECOP was significant (p < 0.05 at 95% BCa CI) with a beta (β) of 0.183. 

Therefore, Hypothesis 6 was confirmed. 

 

Table 4.22.Testing of Hypotheses for the Relationships Between Performance Dimensions (Partial Effect – t-test) 

Structural path Coef () s.d T statistics P values 95% BCa CI Decision 

ENVP → ECOP 0.388 0.057 6.782 0.000** (0.267;0.492) ** H4. Supported 

ENVP →SOCP 0.450 0.063 7.145 0.000** (0.321;0.569) *** H5. Supported 

SOCP → ECOP 0.183 0.059 3.111 0.002** (0.073;0.304) ** H6. Supported 

Note(s): β = beta coefficient; SD = standard deviation; BCa CI = bias-corrected and accelerated confidence intervals; **, * statistically 

significant at the 1 percent and 5 percent levels, respectively. 

 

 

Finally, Table 4.24 presents a summary of the results obtained for each research hypothesis. As can be seen, with 

the exception of Hypothesis 2 which was partially supported, all other hypotheses were supported. 
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Table 4.23.Final Results 

Hypothesis Decision 

H1. Higher-order environmental dynamic capabilities have a direct and positive effect on lower-order 

environmental dynamic capabilities. 
Supported 

H2. Lower-order environmental dynamic capabilities have a direct and positive effect on sustainable 

performance. 
Partially Supported 

H3. Lower-order environmental dynamic capabilities mediate the relationship between higher-order 

environmental dynamic capabilities and sustainable performance. 
Supported 

H4. Environmental dynamic capabilities indirectly affect economic performance in a positive way, 

through improved environmental performance. 
Supported 

H5. Environmental dynamic capabilities indirectly affect social performance in a positive way, through 

improved environmental performance. 
Supported 

H6. Environmental dynamic capabilities indirectly affect economic performance in a positive way, 

through improved social performance. 
Supported 

 

4.4 Robustness check 

 

4.4.1 Observed Heterogenity 

 
Relationships in PLS path models imply that exogenous latent variables explain endogenous latent variables 

without any systematic influence of other variables (Sarstedt et al., 2020; Latan, 2018). In many cases, however, 

this assumption does not hold. When there are significant differences in path coefficients between two or more 

data sets related to observable characteristics (control variables or moderators), observed heterogeneity is evident 

(Hair et al., 2018). In contrast, unobserved heterogeneity implies that differences between two or more data sets 

do not arise a priori from a specific observable characteristic or combinations of several characteristics, yet rather 

manifest themselves in differences in structural path coefficients (Hair et al., 2018). As a solution to observed and 

unobserved heterogeneity, it is necessary to identify clusters and model analyze heterogeneous data.  

 
To analyze the observed heterogeneity, a multigroup analysis (PLS-MGA) was conducted, which is an analysis to 

determine the difference between two different subsamples to improve the generalizability of the results (Hair et 

al., 2018). In this case, PLS-MGA is an appropriate technique to compare two or more sub-samples of the target 

population and assess the significant differences between the estimation parameters (Latan, 2018; Hair et al., 

2018). The aim of PLS-MGA, therefore, is to reveal the effect of this categorical moderating variable (Hair et al., 

2018). Nevertheless, before running PLS-MGA and comparing the structural models for two or more subsamples, 

it is necessary to conduct a measurement invariance analysis (Henseler et al., 2016; Hair et al., 2018). Establishing 

measurement invariance ensures that group differences in model estimates are not due to distinctive content and/or 

meanings of latent variables across groups or measurement scale (Hair et al., 2022; Cheah et al., 2020).  

 

To assess measurement invariance in a PLS-SEM context, the MICOM (measurement invariance of composite 

models) procedure is used. The MICOM procedure is based on the scores of latent variables (Henseler et al., 2016). 

In PLS-SEM, these latent variables are represented as composites, i.e. linear combinations of indicators and the 

indicator weights estimated by the PLS-SEM algorithm (Hair et al., 2018). The MICOM procedure consists of 

three hierarchically interrelated steps: (1) configurational invariance, (2) compositional invariance, and (3) 

equality of composite values of means and variances (Henseler et al., 2016). In this situation, the present study 

included the three observable moderating variables (firm size, age, and export orientation) that influence the 

relationships in the PLS path model. Initially, the MICOM procedure was applied to each control variable; since, 
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when MICOM is run in SmartPLS, configurational invariance (Step I) is automatically confirmed, steps II and III 

were analyzed. 

 

● MICOM and PLS-MGA analysis for moderator variable size of the company 

Table 4.28 shows the results of the evaluation of the compositional invariance for the groups (Size_0: Medium; 

Size_1: Large). To estimate the result, the correlation (c) scores between the composite ratings of the first and 

second group were compared with the 5 % quantile, which revealed that the quantile was lower (or equal) than the 

correlation (c) for all constructs (Henseler et al., 2016; Hair et al., 2018; Cheah et al., 2020). This outcome was 

corroborated by permutation p-values that were greater than 0.05, indicating that the correlation was not 

significantly less than one. Having met these criteria, the results suggested that compositional invariance was 

established. Therefore, the results of Step 2 supported partial measurement invariance for the size variable. Thus, 

it is feasible to compare the standardized path coefficients between the groups through a multi-group analysis. 

 

Table 4.24.MICOM Step 2 Compositional Variance for Size 

Composite Correlation (c) 5.00% p value 
Compositional 

Invariance Established? 

DT 0.996 0.970 0.682 Yes 

ECC 1 0.997 0.814 Yes 

ECOD 0.999 0.997 0.287 Yes 

ECOP 0.999 0.998 0.646 Yes 

ENVP 0.999 0.998 0.508 Yes 

GHRM 0.998 0.996 0.25 Yes 

GL 0.999 0.994 0.783 Yes 

GM 0.999 0.998 0.438 Yes 

GP 0.999 0.999 0.142 Yes 

IEM 0.995 0.993 0.114 Yes 

RL 1 0.998 0.628 Yes 

SOCP 1 0.998 0.692 Yes 

 

In order to verify whether full measurement invariance was achieved, Step 3 was analyzed, in which the equality 

of the mean values and variances of the composites (constructs) between the groups is assessed (Henseler et al., 

2016; Hair et al., 2018; Cheah et al., 2020). The original mean difference for each construct was tested to ensure 

that it was within the 95% confidence interval. This was done by comparing the original mean difference with the 

lower (2.5 %) and upper (97.5 %) limits. If the original mean difference falls within the range of the lower and 

upper bounds, then the first part of Step 3a has been fulfilled, thus providing initial evidence of invariance. Based 

on Table 4.29, the differences between the means of ECC, ECOD, GL, GM and RL were within the 95% 

confidence interval, suggesting that there are no significant differences between the means of the two groups 

(medium vs. large firms). DT, ECOP, ENVP, GHRM, GP, IEM and SOCP showed significant differences between 

group means (p<0.05) (Table 4.29). 

 

 

 

 

Table 4.25.MICOM Step 3a Mean Difference for Size 

Composite 

Difference of the 

composite's mean 

value (=0) 

95% 

Confidence 

Interval 

Permutation 

p value 

Equal 

means? 

DT -0.503 (-0.237;0.263) 0.000 No 

ECC -0.182 (-0.247;0.256) 0.169 Yes 

ECOD -0.133 (-0.25;0.263) 0.296 Yes 

ECOP -0.301 (-0.25;0.246) 0.017 No 
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ENVP -0.326 (-0.2520.233) 0.006 No 

GHRM -0.452 (-0.263;0.242) 0.000 No 

GL -0.185 (-0.242;0.241) 0.133 Yes 

GM -0.262 (-0.275;0.255) 0.053 Yes 

GP -0.625 (-0.251;0.256) 0.000 No 

IEM -0.473 (-0.253;0.253) 0.000 No 

RL -0.092 (-0.289;0.265) 0.484 Yes 

SOCP -0.354 (-0.262;0.242) 0.007 No 

 

Table 4.30 shows the results of the composite variances, for which the interpretation is similar to that of the mean 

differences (Cheah et al., 2020). In a similar way, it was identified that for ENVP, the confidence interval did not 

encompass the original value or the p-value <0.05, showing that there are significant differences in the composite 

variances. Since the results of Step 3 concluded that not all composite mean values and variances were equal, only 

partial measurement invariance was supported (Henseler et al., 2016). 

 
Table 4.26.MICOM Step 3b Variance Difference for Size 

Composite 

Logarithm of the 

composite's 

variances ratio (=0) 

95% 

Confidence 

Interval 

Permutation 

p value 

Equal 

variances? 

DT -0.222 (-0.363;0.363) 0.222 Yes 

ECC 0.121 (-0.293;0.333) 0.451 Yes 

ECOD 0.149 (-0.363;0.426) 0.449 Yes 

ECOP 0.097 (-0.295;0.328) 0.52 Yes 

ENVP 0.381 (-0.312;0.344) 0.029 No 

GHRM 0.122 (-0.283; 0.296) 0.402 Yes 

GL -0.153 (-0.317;0.368) 0.392 Yes 

GM 0.117 (-0.364;0.385) 0.543 Yes 

GP 0.113 (-0.261;0.302) 0.409 Yes 

IEM 0.191 (-0.37;0.382) 0.342 Yes 

RL 0.095 (-0.255;0.294) 0.483 Yes 

SOCP -0.031 (-0.274;0.313) 0.853 Yes 

 

Since partial measurement invariance was established for the size variable, a multi-group analysis was performed 

using the non-parametric PLS-MGA test developed by Henseler et al. (2009), which compares each bootstrap 

estimate of one group with all other bootstrap estimates of the same parameter in the other group for a specific 

relationship in the PLS path model (Hair et al., 2018). Table 4.31 shows the results for the direct effects and Table 

4.32 presents the results for the indirect effects. As shown in Table 4.31, the results revealed that only one direct 

relationship was statistically different between Group 1 (Medium-sized firms) and Group 2 (Large firms) regarding 

the relationship between digital technologies and green manufacturing (p<0.05). The difference in means shows 

that the path coefficient is significantly higher in large firms; i.e., the relationship between DT→GM is 

significantly higher in medium-sized firms than in large firms (difference: 0.27).  

 

 

 

 

 

 

Table 4.27.Boostrap Multigroup Analysis for Path Coefficient Comparison (direct effects) and Size 
Direct path Difference (Medium - Large) p-value 

DT -> GL -0.033 0.373n.s. 

DT -> GM 0.27 0.002** 

DT -> GP 0.056 0.283 n.s. 

DT -> RL 0.062 0.310 n.s. 

ECC -> GL 0.12 0.201 n.s. 
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ECC -> GM -0.02 0.433 n.s. 

ECC -> GP 0.093 0.223 n.s. 

ECC -> RL -0.247 0.079 n.s. 

ECOD -> GL -0.25 0.051 n.s. 

ECOD -> GM -0.115 0.174 n.s. 

ECOD -> GP -0.054 0.305 n.s. 

ECOD -> RL 0.209 0.089 n.s. 

ENVP -> ECOP -0.029 0.398 n.s. 

ENVP -> SOCP 0.022 0.45 n.s. 

GHRM -> GL 0.173 0.097 n.s. 

GHRM -> GM 0.119 0.138 n.s. 

GHRM -> GP -0.076 0.26 n.s. 

GHRM -> RL -0.16 0.137 n.s. 

GL -> ECOP -0.211 0.034 n.s. 

GL -> ENVP -0.001 0.496 n.s. 

GL -> SOCP -0.201 0.036 n.s. 

GM -> ECOP -0.11 0.205 n.s. 

GM -> ENVP -0.154 0.163 n.s. 

GM -> SOCP 0.225 0.05 n.s. 

GP -> ECOP 0.276 0.013 n.s. 

GP -> ENVP 0.095 0.254 n.s. 

GP -> SOCP -0.102 0.234 n.s. 

IEM -> GL -0.094 0.271 n.s. 

IEM -> GM -0.102 0.191 n.s. 

IEM -> GP -0.077 0.257 n.s. 

IEM -> RL 0.048 0.349 n.s. 

RL -> ECOP 0.03 0.381 n.s. 

RL -> ENVP 0.022 0.43 n.s. 

RL -> SOCP 0.059 0.293 n.s. 

SOCP -> ECOP -0.042 0.358 n.s. 

Note(s): **, * statistically significant at the 1 percent and 5 percent levels, respectively; n.s = not significant. 

 

As shown in Table 4.32, the results revealed that only three indirect relationships were significant and different 

between Group 1 (medium-sized enterprises) and Group 2 (large enterprises). Thus, the difference of means for 

the indirect relationships between digital technologies and environmental and economic performance were 

statistically significant (p<0.05). This implies that the relationships between DT→ENVP and DT→ECOP are 

significantly higher in medium-sized firms than in large firms (difference: 0.109 and 0.089 respectively). 

Additionally, it was identified that the difference in means between the groups was significant for the relationship 

between ECOD→ECOP. It is especially evident that the indirect relationship between ECOD→ECOP is 

significantly higher in large firms than in medium-sized firms (difference: -0.198). 

 
Table 4.28.Bootstrap Multigroup Analysis for Path Coefficient Comparison (indirect effects) and Size 

Indirect path Difference (Medium - Large) p value 

DT -> ECOP 0.089 0.046* 

DT -> ENVP 0.109 0.016* 

DT -> SOCP 0.071 0.082n.s 

ECC -> ECOP -0.023 0.399 n.s 

ECC -> ENVP 0.014 0.423 n.s 

ECC -> SOCP -0.024 0.385 n.s 

ECOD -> ECOP -0.198 0.01* 

ECOD -> ENVP -0.128 0.077 n.s 

ECOD -> SOCP -0.044 0.31 n.s 

ENVP -> ECOP -0.015 0.432 n.s 

GHRM -> ECOP 0.103 0.102 n.s 

GHRM -> ENVP 0.057 0.225 n.s 

GHRM -> SOCP 0.014 0.427 n.s 

IEM -> ECOP -0.04 0.29 n.s 

IEM -> ENVP -0.069 0.152 n.s 

IEM -> SOCP -0.036 0.305 n.s 
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Note(s): **, * statistically significant at the 1 percent and 5 percent levels, respectively; n.s = not significant. 

 

● MICOM and PLS-MGA Analysis for Moderator Variable Age 

The assessment of compositional invariance (Step 2) for the variable Age was conducted for the groups (Age_3:11-

15; Age_4:16-20; Age_5: 21 or more), as groups Age_1 (1-5) and Age_2 (6-10) did not meet the minimum sample 

value (Hair et al., 2018). To perform the MICOM procedure, pairwise comparisons were made between groups 

Age_3, Age_4, and Age_5. Table 4.33 shows the results of the compositional invariance analysis for the Age_3 

and Age_4 groups. As can be noticed, there are two quantiles that are not smaller than the correlation (c). This 

result is corroborated by the permutation p-values being less than 0.05, indicating that the correlation was 

significantly less than one (Henseler et al., 2016). Therefore, the results suggest that compositional invariance 

cannot be established for the groups analyzed. Hence, it is not feasible to apply a multigroup analysis. Similarly, 

the same results were obtained for the two remaining comparisons (Age_3; Age_5) and (Age_4; Age_5), which 

found that there were constructs in which the quantiles were not less than the correlation, making it impossible to 

establish compositional invariance and move to Step 3, as well as to carry out a multi-group analysis for the 

variable Age (see Table 4.34 and Table 4.35). 

 

Table 4.29.MICOM Step 2 Compositional Variance for Age 3-4 

Composite Correlation (c) 5.00% p value 
Compositional 

invariance established? 

DT 0.964 0.711 0.639 Yes 

ECC 0.997 0.964 0.899 Yes 

ECOD 0.997 0.963 0.799 Yes 

ECOP 0.988 0.977 0.215 Yes 

ENVP 0.995 0.992 0.109 Yes 

GHRM 0.97 0.98 0.012 No 

GL 0.922 0.797 0.256 Yes 

GM 0.994 0.992 0.114 Yes 

GP 1 0.994 0.961 Yes 

IEM 0.739 0.778 0.041 No 

RL 0.999 0.992 0.868 Yes 

SOCP 0.992 0.984 0.138 Yes 

 
Table 4.30.MICOM Step 2 Compositional Variance for Age 3-5 

Composite Correlation (c) 5.00% p value 
Compositional 

invariance established? 

DT 0.946 0.826 0.229 Yes 

ECC 0.997 0.992 0.199 Yes 

ECOD 0.997 0.988 0.339 Yes 

ECOP 0.998 0.995 0.361 Yes 

ENVP 0.993 0.989 0.105 Yes 

GHRM 0.981 0.98 0.065 Yes 

GL 0.986 0.985 0.062 Yes 

GM 0.996 0.994 0.124 Yes 

GP 0.998 0.997 0.138 Yes 

IEM 0.768 0.968 0.002 No 

RL 1 0.992 0.687 Yes 

SOCP 0.991 0.993 0.041 No 

 
Table 4.31.MICOM Step 2 Compositional Variance for Age 4-5 

Composite Correlation (c) 5.00% p value 
Compositional 

invariance established? 

DT 0.995 0.879 0.832 Yes 

ECC 0.999 0.994 0.562 Yes 

ECOD 0.995 0.992 0.164 Yes 

ECOP 0.995 0.996 0.033 No 



125 

 

ENVP 1 0.994 0.933 Yes 

GHRM 0.995 0.988 0.253 Yes 

GL 0.989 0.986 0.077 Yes 

GM 0.999 0.996 0.585 Yes 

GP 0.999 0.998 0.406 Yes 

IEM 0.999 0.985 0.812 Yes 

RL 0.999 0.994 0.543 Yes 

SOCP 0.999 0.997 0.570 Yes 

 

● MICOM and PLS-MGA MICOM and PLS-MGA Analysis for Moderator Variable Export Orientation 

Table 4.36 shows the results of the compositional invariance assessment for the Export Orientation moderator 

variable groups (Export_0: No; Export_1: Yes). It can be observed that there is one construct (IEM) with a quantile 

that is not less than the correlation (c), and has a permutation p-value of less than 0.05, indicating that the 

correlation was significantly less than one (Henseler et al., 2016). As such, the result suggests that compositional 

invariance cannot be established for the groups analyzed and move to Step 3. Therefore, it is not feasible to apply 

a multi-group analysis for the Export orientation variable.  

 
Table 4.32.MICOM Step 2 Compositional Variance for Age 4-5 

Composite Correlation (c) 5.00% p value 
Compositional 

invariance established? 

DT 0.987 0.975 0.213 Yes 

ECC 0.999 0.998 0.308 Yes 

ECOD 1 0.998 0.985 Yes 

ECOP 0.999 0.998 0.272 Yes 

ENVP 0.999 0.998 0.268 Yes 

GHRM 1 0.997 0.955 Yes 

GL 0.998 0.994 0.435 Yes 

GM 1 0.999 0.522 Yes 

GP 1 0.999 0.474 Yes 

IEM 0.993 0.994 0.026 No 

RL 1 0.998 0.921 Yes 

SOCP 1 0.998 0.617 Yes 

 

4.5 Partial Conclusions 

 
From this chapter, it can be initially concluded that the higher-order environmental dynamic capabilities with the 

highest levels of adoption by the sample of manufacturing companies are internal environmental management and 

eco-design, while the least adopted environmental capability is digital technologies. Regarding the lower-order 

dynamic capabilities, green manufacturing and green logistics were the most frequently adopted by the sample of 

companies, while green purchasing and reverse logistics had the lowest levels of implementation. Also, with regard 

to sustainable performance, most firms state that some improvement in economic, environmental and social 

performance was achieved as a result of implementing the GSCM approach. 

 

From the evaluation of the measurement model, it is concluded that the final indicators included in the model are 

adequate to measure the proposed constructs. Likewise, the evaluation of the quality of the structural model 

showed that the coefficients of determination were significant and adequate, and that no multicollinearity problems 

between the latent variables were observed. Of special interest are green purchasing, green manufacturing, social 

and economic performance, which presented the highest coefficients of determination.  

 

The findings of the structural model allow to conclude that although mixed results were obtained for the partial 

effects between each HEDC and each LEDC when analyzing the simultaneous effects, it could be evidenced that 
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the higher order environmental dynamic capabilities have a positive and significant influence on the lower order 

environmental dynamic capabilities. Therefore, Hypothesis 1 was supported. Hence, it is possible to affirm that, 

from the DCV, the existence of a hierarchy of dynamic capabilities is confirmed. 

 

Hypothesis 2 was tested partially and simultaneously. However, in both cases, it was partially supported, as mixed 

results were obtained for the relationship between LEDCs and sustainable performance. Rather surprising mixed 

results were found in the positive, direct and significant effects of green purchasing on sustainable performance as 

well as the insignificant effects of green logistics and reverse logistics on sustainable performance. In addition, 

results between green manufacturing and economic performance are highlighted. 

 

Despite the above, the findings obtained confirm that the effects of higher-order environmental dynamic 

capabilities (HEDCs) on sustainable performance are mediated by lower-order environmental dynamic capabilities 

(LEDCs), which means that Hypothesis 3 was supported. This is justified by the absence of a direct relationship 

between HEDCs and sustainable performance, as well as the partial results obtained for Hypothesis 2. On the basis 

of the DCV, the findings confirm that, in dynamic markets, firms can achieve sustainable performance of their 

supply chains by aligning both sets of capabilities. 

 

In addition, it was found that there is a balance between the three TBL performances as a result of the effects of 

the environmental dynamic capabilities, providing evidence of the win-win paradigm and the progressive 

relationships between the three pillars. The above, since it was identified that environmental performance 

positively and significantly influences economic performance (Hypothesis 4) and social performance (Hypothesis 

5), and social performance positively and significantly influences economic performance (Hypothesis 6). 

 

Lastly, when carrying out the MICOM analysis, it was identified that the moderating variables “firm age” and 

“export orientation” were not significant in the model. Thus, only the firm size variable was significant for some 

structural relationships in the model. When performing the MGA-PLS analysis for this variable, the results 

revealed that the direct relationship between digital technologies and green manufacturing, as well as the indirect 

relationships between digital technologies and economic and environmental performance were significantly higher 

in medium-sized firms than in large firms, with the exception of the indirect link between eco-design and economic 

performance.  
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5. CHAPTER 5. DISCUSSION AND FINAL CONCLUSIONS 

 

5.1 Results Discussion 

 

This research presented six hypotheses that suggested positive effects of environmental dynamic capabilities on 

sustainable performance in Colombian manufacturing companies. In particular, taking the Dynamic Capability 

View (DCV), sustainability and green supply chain management (GSCM) as the grounding theory. The hypotheses 

were empirically tested and strong support was found for the assumptions made. The results indicated the 

following: 1) there is a hierarchy of environmental dynamic capabilities, 2) the effects of higher-order 

environmental dynamic capabilities (HEDCs) on sustainable performance are mediated by lower-order 

environmental dynamic capabilities (LEDCs), 3) there is a balance between the three TBL performances as a result 

of the effects of environmental dynamic capabilities, confirming the win-win paradigm, and 4) the above results 

are only moderated by firm size. 

 

5.1.1 Hierarchy of Environmental Dynamic Capabilities 

 
Hypothesis 1 was tested partially and simultaneously. The findings obtained for IEM → GP  are consistent with 

the studies of Green et al. (2012), Zhu et al. (2013) and Saeed et al. (2018), who found positive and significant 

direct effects in the US, Chinese and Pakistani contexts, respectively. The results respond to previous findings that 

GSCM implementation starts as an internal strategic imperative, and a commitment from top management (Green 

et al., 2012). The results obtained for IEM → GM are similar to previous studies conducted in China and Pakistan 

(e.g., Qin et al., 2021; Khan et al., 2020). The outcomes demonstrated the positive effect of IEM for the 

implementation of green manufacturing.  

 

Despite the above, no significant relationship was found between IEM → GL and IEM → RL. Since no studies 

with similar results to those obtained were identified due to little empirical evidence. Hence, when implementing 

logistics activities, the initial cost and time investment limit many companies and senior leaders who are 

responsible for green projects (Khan et al., 2020). The absence of a link between IEM → RL can be explained by 

the findings of Peña-Montoya et al. (2020), who proposed and validated a model to measure the maturity of reverse 

logistics in companies of the plastics sector in Colombia. The results showed an immature level due to the incipient 

development of reverse logistics in Colombia. Therefore, as the authors argue, at this level, RL is considered 

unnecessary and leads the organization to higher costs and lack of management commitment to allocate resources 

to RL operations 

 

Regarding Hypothesis 1.2 (ECO → LEDCs), this was partially supported. The findings obtained for ECOD → 

GM are consistent with the studies of Chen et al. (2012) conducted in Canada and Taiwan, respectively. Due to 

the little empirical evidence available with respect to the influence of ECOD→GM, the results obtained are 

presented as a contribution to the field of study. Relatedly, for the direct and significant relationship ECOD → GL 

given that the literature review did not find empirical studies addressing such a link in manufacturing companies, 

the results obtained here are presented as a contribution to the field of study.  

 

In relation to ECOD → GP, the findings obtained differ to existing studies (e.g., Saeed et al., 2018; Chen et al., 

2012), conducted in China and Taiwan, brought new empirical evidence to the field of study. Following Duque-

Grisales et al. (2020), who analyzed the effects of the implementation of green innovation (product and process) 



128 

 

on financial performance in Latin American firms including Colombia, the institutional conditions of Latin 

Furthermore, no evidence was found for a positive and significant relationship between ECOD → RL, which is 

contrary to what is evidenced in the literature (e.g., Khor & Udin, 2013). Hence, it is not possible to generalize the 

benefits of ECOD for the implementation of RL, since the findings so far, reveal the situation of mainly developed 

countries (e.g., United Kingdom), while the results obtained here, differ and present new evidence to the field of 

study, especially in an emerging country such as Colombia. 

 

On the other hand, for Hypothesis 1.3 (ECC→ LEDCs) evidence was obtained indicating that ECC significantly 

and positively influences green purchasing, green manufacturing, green logistics, and reverse logistics. The 

findings regarding ECC→ GP are consistent with similar studies (e.g., Ni & Sun, 2019; Zhu et al., 2012). For 

example, Yu et al. (2019) discovered that integration with customers fosters green purchasing in Chinese 

manufacturing firms. Additionally, since no empirical studies addressing the specific relationship between ECC→ 

GP were identified in the literature review, the findings revealed here are a contribution to the literature. About 

the relationship ECC→ GM, the results are similar to some existing studies (e.g., Afum et al., 2020; Hollos et al., 

2012). For example, Sundram et al. (2017) detected that integration with customers allows improving processes 

towards cleaner production of green products and packaging in Malaysian companies.  

 

In the same vein, the positive and significant relationship between ECC→GL is in line with existing studies (e.g., 

Laari et al., 2016; Guang Shi et al., 2012). For instance, Zhu et al. (2010) found that Chinese manufacturers, given 

export regulations, implemented environmental collaboration with international customers to improve green 

production and environmental packaging. However, since no empirical studies addressing the specific link 

between ECC→ GL were identified in the literature review, the findings revealed here are a contribution to the 

literature. Likewise, the positive and significant relationship between ECC→ RL is similar to the study by Liu et 

al. (2020) in China. Nevertheless, given that no empirical studies addressing the specific association between 

ECC→ RL were identified in the literature review, the results revealed here are a contribution to the literature. In 

Colombia, Martínez (2021) analyzed the end-of-life tire recovery process using pyrolysis and proposed that the 

main driver was the integration with strategic stakeholders.  

 

Concerning Hypothesis 1.4 (DT→ LEDCs), this was partially supported because although a positive and 

significant relationship was found for DT→GP and DT→ GM, this was not the case for the relationships between 

DT→GL and DT→RL. The findings obtained for DT→GP are consistent with similar studies (e.g., Rehman Khan 

et al., 2021; Bag et al., 2020) carried out in countries such as China and South Africa. Notwithstanding, given that 

the literature review did not reveal any empirical work addressing the specific relationship between DT→ GP, the 

evidence obtained is a contribution to the literature.  

 

Following the same line of thought, the results achieved for DT→GM are consistent with similar works (e.g., 

Siagian & Tarigan, 2021; Rehman Khan et al. 2021) conducted in countries such as China, Indonesia and Pakistan. 

However, given that no empirical studies addressing the specific relationship between DT→ GM were identified  

Recently, Araque-González et al. (2022) designed an industrial production model with a BDA approach for 

companies in the textile sector in Colombia to optimize time and costs and mitigate environmental impact. The 

findings showed an improvement in operational efficiency and environmental impacts.  

 

Contrary to expectations, no evidence of a significant relationship was found between DT→GL. These results 

differ from existing studies (e.g., Sharma et al., 2023; Khan, Godil, et al., 2021), which were conducted in the 

United Kingdom, India, China and Pakistan, bringing new empirical evidence to the field of study. These findings 

can be explained due to the low technological infrastructure to carry out logistics activities in Colombia. This is in 
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line with Hofmann & Rüsch (2017) who posit that the main reasons for the low adoption of Industry 4.0 in logistics 

activities are structural barriers, such as the lack of a digital transformation strategy led by governments. 

 

Similarly, no evidence was found of a significant effect between DT→ RL, which is contrary to some existing 

works (e.g, Bai et al., 2022; Chiappetta Jabbour et al., 2020) conducted in China, Pakistan and Brazil, which 

provides new evidence to the field of study.  These findings can be explained by the fact that both capabilities are 

at an incipient level in Colombian companies. This is demonstrated in the first place by the level of adoption in 

the companies examined. As shown in Figures 4.2 and 4.3, in the companies analyzed, 36% have never 

implemented DTs and 31% have never or rarely carried out actions related to reverse logistics. This is corroborated 

by the studies of Peña-Montoya et al. (2020), who designed a maturity model for reverse logistics aspects in 

manufacturing companies in Colombia in order to contribute to the sustainable management of solid waste, 

evidencing an incipient level of development of reverse logistics in the country.  

 

With respect to Hypothesis 1.5 (GHRM→ LEDCs), this was partially supported. The positive and significant 

relationship between GHRM→GP is similar to some existing studies (e.g., Adnan Khan et al., 2020; Zaid et al., 

2018), which were conducted in countries such as China, Ghana, and Palestine. Since no studies addressing such 

an association were identified in the literature review, the findings achieved are a contribution to the field of study. 

Thus, the alignment between human resource management and environmental management in the form of 

selection, training, and environmental assessment, significantly influences green supply capacity building 

(Teixeira et al., 2016; Nejati et al., 2017). 

 

Relatedly, the positive and significant relationship between GHRM→GM is similar to some existing works (e.g., 

Bag & Gupta, 2020; Nejati et al., 2017), which have been conducted in countries such as South Africa, Iran, and 

Palestine. In view of the fact that no research addressing such a link was identified in the literature review, the 

results obtained are a contribution to the field of study. Furthermore, as Sharma (2020) adds, green manufacturing 

in the scope of Industry 4.0 will depend on extensive human-machine interactions. Moreover, the positive and 

significant relationship between GHRM→RL is similar to some existing studies (e.g., Bag & Gupta, 2020; Zaid 

et al., 2018), performed in South Africa, Ghana and Lebanon. Because no papers addressing such a link were 

identified in the literature review, the results obtained are a contribution to the field of study. Thereby, reverse 

logistics network design is a complex activity, so the availability of green human capital is fundamental for the 

success of its implementation, especially in an emerging country such as Colombia where this capacity is still in 

an immature state (Peña-Montoya et al., 2020).  

 

Despite the above, a positive and significant relationship was not found for GHRM→GL, contrary to existing 

evidence (e.g., Gupta et al., 2021; Acquah et al., 2020). Given that no studies addressing such a link were identified 

in the literature review, the evidenced findings are a contribution to the field of study. One of the reasons for this 

contribution is that given that human capital is mainly used to carry out most of the processes involved in logistics 

operations, in emerging countries such as Colombia, there is a lack of skilled labor for these activities (Sharma et 

al., 2023; de Jabbour & de Sousa-Jabbour, 2016).  

 

Notwithstanding mixed results for the partial relationships between each HEDC and each LEDC, when evaluating 

the simultaneous effects, the HEDCs (IEM, ECO, ECC, DT, GHRM) were found to directly, positively and 

significantly influence the lower-order environmental dynamic capabilities (GP, GM, GL, RL) (F > 3.388). 

Furthermore, empirical evidence of a hierarchical relationship between environmental dynamic capabilities was 

revealed (Bari et al., 2022; Schilke et al., 2018; Ambrosini et al., 2009; Winter, 2003). Therefore, the present study 

confirms that the development of lower-order environmental dynamic capabilities such as green purchasing, green 
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manufacturing, green logistics and reverse logistics depend on the integration of more specialized ones such as 

internal environmental management, eco-design, environmental collaboration with customers, digital technologies 

and green human resource management.  

 

5.1.2 Low-order Environmental Dynamic Capabilities and Sustainable Performance 

 

Hypothesis 2 was tested partially and simultaneously. First, regarding Hypothesis 2.1 (GP → TBL), by analyzing 

the partial results (t-test), evidence was obtained indicating that green purchasing (GP) significantly and positively 

influences environmental, economic, and social performance. These findings are in agreement with existing 

research (e.g., Amjad et al. 2022; Khan et al., 2017; Green et al., 2012). Specifically, this is one of the few studies 

that have analyzed the simultaneous relationship between green purchasing and sustainable performance, in 

addition to the studies conducted by Sarwar et al. (2021) and Ghosh (2019) in countries such as Pakistan and India.  

 

Concerning Hypothesis 2.2 (GM → TBL), this was partially supported. The positive and significant relationship 

between GM→ENVP is similar to some existing studies (e.g., Uddin et al., 2021; Pinto, 2020) conducted in India, 

and Italy. Likewise, the positive and significant relationship between GM→SOCP is similar to some existing 

studies (e.g., Le, 2020; Luthra, Garg, & Haleem, 2014) carried out in Vietnam and Portugal. Nevertheless, it was 

also identified that the relationship GM→ECOP was not significant.This finding is contrary to similar studies 

(e.g., Le, 2020; Khan et al., 2017) conducted in Vietnam and China.  

 

Referring to Hypothesis 2.3 (GL → TBL), no significant relationship was evidenced between GL→ENVP, 

GL→ECOP, and GL→SOCP. These results are contrary to similar studies (e.g.,  Firmansyah et al., 2021; Yildiz 

Çankaya & Sezen, 2019). Regardless, the findings are also similar to other research (e.g., Le, 2020; Baah et al., 

2020; Balakrishnan & Suresh, 2018; Khan et al., 2017). This result is also supported by Khan et al. (2017), who 

found that green distribution had a negligible impact on company performance, adding a huge cost to the overall 

system, which could reduce the financial and operational performance of said company. Baah, Jin and Tang (2020) 

reported an insignificant impact of green logistics practices on social reputation. This result may be due to the fact 

that social performance is associated with participation in social responsibilities of environmentally conscious 

stakeholders. 

 

Regarding Hypothesis 2.4 (RL → TBL), no significant relationship was evident between RL→ENVP, 

RL→ECOP, and RL→SOCP. These results are contrary to studies that analyzed the same link (e.g., Rehman Khan 

et al. 2021; Liu et al. 2020; Geng et al., 2017). The results obtained for the relationship RL→ENVP may be due 

to the fact that the level of RL implementation was not sufficient to achieve better results, as reported by 

Laosirihongthong et al. (2013) and Younis et al. (2020). In fact, there may be different reasons why the adoption 

of reverse logistics is low. For example, manufacturers may believe that the cost of implementing a reverse 

logistics infrastructure is prohibitive compared to the gains they anticipate.  

 

In terms of economic performance, Eltayeb et al. (2011) and Younis et al. (2020) also provided inconclusive results 

when they identified that the implementation of reverse logistics did not improve the operational and economic 

performance of the companies.  Likewise, the non-significant effect between RL→SOCP is similar to the study 

by Zaid et al. (2018), who also found an insignificant relationship between external practices (including reverse 

logistics) and social performance. In the Colombian case, manufacturing companies have not recognized the role 

that RL can play in improving their performance, which is reflected in incipient levels of implementation (Peña-

Montoya et al., 2020; Avendaño Prieto & Díaz Pulido, 2015).  
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5.1.3 Indirect Effects of HEDCs on Sustainable Performance  

 

With respect to Hypothesis 3, this doctoral thesis proposed and validated the mediation effect of lower-order 

environmental dynamic capabilities (LEDCs) between higher-order environmental dynamic capabilities (HEDCs) 

and sustainable performance (HEDCs → LEDCs → TBL). The empirical results showed that there is a strong and 

significant mediation of LEDCs between HEDCs (IEM, ECOD, ECC, DT, GHRM) and sustainable performance 

(economic, environmental, and social performance). Therefore, this study confirms that it is not primarily higher-

order dynamic capabilities that drive sustainable performance; rather, these capabilities should be seen as 

antecedents of lower-order dynamic capabilities, which in turn enhance sustainable performance.  

 

In particular, HEDCs were found to have a significant, positive, and mainly indirect effect on environmental 

performance by improving the performance of LEDCs (Hypothesis 3.1). It is worth mentioning that most of the 

direct relationships between HEDCs and ENVP were not significant, which supports their indirect relationship 

through LEDCs. Specifically, full mediation of LEDCs is evident for relationships between 

IEM→LEDCs→ENVP, ECOD→LEDCs→ENVP, and DT→LEDCs→ENVP. The significant and positive 

relationship between IEM→LEDCs→ENVP, confirms the relevance of managerial capabilities the IEM to deploy 

environmental management from the strategic to the operational level (Fainshmidt & Frazier 2017; Dubey et al., 

2015; Green et al., 2012; Beske, 2012).  

 

On the other hand, HEDCs were revealed to have a significant, positive, and indirect effect on economic 

performance by improving the performance of LEDCs (Hypothesis 3.2). In this regard, it is important to mention 

that all direct relationships between HEDCs and ECOP were not significant, which supports the full mediation of 

LEDCs. Also, it was verified that HEDCs significantly, positively and mainly indirectly influence social 

performance by improving LEDCs (Hypothesis 3.3). The findings obtained regarding the indirect effects of higher 

order environmental dynamic capabilities on social performance through lower order dynamic capabilities are an 

important contribution to the field of study. The above being due to the fact that in the literature review social 

performance is still the least addressed dimension in empirical studies. Existing works have analyzed only the 

direct link between GSCM practices and social performance (e.g., Younis et al., 2020; Tipu & Fantazy, 2019; Raut 

et al., 2019), and of these, many have not identified a direct and significant relationship.  

5.1.4 Linkages Among Performance Dimensions 

 
Despite the fact that sustainability theory considers the integration of environmental, social, and economic 

objectives, the existence of synergies and trade-offs among the three pillars has been partially studied (Qorri et al., 

2020) because of the difficulty in incorporating and analyzing them in a single analytical framework (Bianchi et 

al., 2022; Winter & Knemeyer, 2013). Based on the above, three hypotheses were proposed to assess the significant 

and positive effects among the three dimensions.  

With respect to Hypothesis 4 (ENVP→ ECOP), evidence was obtained indicating that dynamic environmental 

capabilities indirectly affect economic performance in a positive way through better environmental performance 

From these results, evidence is provided for Porter & Van der Linde's (1995) statement on "being green pays", 

demonstrating that, in the Colombian context, environmental dynamic capabilities improve economic performance 

through better environmental performance. According to the weights of the indicators, it is observed that, for the 

ENVP, the indicators with higher loadings were the reduction of solid/liquid waste (FL=0.829), and 

hazardous/noxious/toxic materials (FL= 0.833), while the ECOP indicators with higher loadings were the 
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reduction of the cost of energy, gas /water consumption (FL= 0.836) and decrease in the cost for waste discharge 

and treatment (FL= 0.814). It can be observed, then, that the decrease in the consumption of natural resources is 

strongly related to the decrease in the cost of purchasing materials.In addition, the indirect effects of environmental 

capabilities on economic performance through environmental performance contrast with a number of previous 

contributions such as those of De Giovanni & Cariola (2021), Ahmed et al. (2020), and Li et al. (2018), who found 

non-significant relationships between the two constructs.  

 

For Hypothesis 5 (ENVP→ SOCP), it was possible to demonstrate that environmental dynamic capabilities 

indirectly affect social performance in a positive way, through better environmental performance. The results 

obtained provide evidence about the relevance of environmental dynamic capabilities to have clean processes that 

reduce pollution both inside and outside organizations (Yun et al., 2019; Setyadi et al., 2019). According to the 

loadings of the indicators, it is observed that for environmental performance, the indicators with the highest 

loadings were the reduction of solid/liquid waste (FL=0.829) and reduction of hazardous/noxious / toxic materials 

(FL=0.833). The social performance indicators with the highest loadings were the improvement of employee 

occupational health and safety (FL=0.834), improvement in employee satisfaction (FL=0.886) and improvement 

in employee training and education (FL=0.874).  

 

On the other hand, for Hypothesis 6 (SOCP→ ECOP), evidence was obtained indicating that environmental 

dynamic capabilities indirectly affect economic performance in a positive way, through better environmental 

performance. The results obtained reflect that when companies develop environmental dynamic capabilities, they 

imply efficient and clean activities and processes that positively influence economic performance (Giovanni et al., 

2012).When analyzing the loadings of the indicators, it is observed that for social performance, the indicators with 

the highest loadings were improvement in employee occupational health and safety (FL=0.834), improvement in 

employee satisfaction (FL=0.886) and improvement in employee training and education (FL=0.874). On the other 

hand, the economic performance indicators with the highest loadings were reduction in the cost of energy, gas and 

water consumption (FL=0.836) and reduction in the cost of waste discharge and treatment (FL=0.814).  

 

Although significant relationships were found between the three performance dimensions, environmental 

performance had the lowest coefficient of determination (adj R2=0.326), implying that environmental dynamic 

capabilities only explain 32.6% of the variation in environmental performance. This clearly indicates that the 

environmental dynamic capabilities of the GSCM have a significantly greater positive influence on economic and 

social performance than environmental performance. The R2 result is similar to previous studies in the GSCM 

field.  For example, Pattnaik & Pattnaik (2019) investigated the effect of green supply chain drivers on TBL 

performance and the influence of TBL performance on the operational performance of manufacturing firms in the 

UK; the findings indicated that environmental drivers explain 45 % of the variance of economic performance, 39 

% of the variance of social performance and 32 % of the variance of environmental performance. 

 

 

A summary of the discussion of the research hypotheses is presented in Table 5.1. 

 
Table 5.1.Summary Discussion of Hypotheses 

Hypothesis 
Supported (yes 

or no) 

Confirms the literature (yes 

or no) 

Addition to 

literature 

H1 Yes     Yes 

H2 
Partially 

supported 

Yes (GP→ TBL; GM →TBL)   

No (GL→ TBL; RL →TBL)   

H3  Yes     Yes 

H4  Yes No  
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H5  Yes Yes  

H6  Yes No  

 

5.1.5 Moderating Variables  

 
Three moderating variables were included in this dissertation to analyze their influence on the proposed model. 

These variables were firm size, firm age, and export orientation (Micheli et al., 2020; Younis & Sundarakani, 

2019; Zhu et al., 2008). Nevertheless, the evaluation of the measurement invariance of the structural model using 

the MICOM procedure only detected some significant differences in the structural relationships for the firm size 

variable.  

 

According to the results obtained, a significant difference was identified for company size for the relationship 

DT→GM (d=0.27; p ≤ 0.05). More precisely, the effect between DT and GM is significantly larger (p ≤ 0.05) in 

medium-sized firms than in large firms. Similarly, for indirect effects, the findings revealed that the indirect 

relationships DT→ENVP (d=0.109; p≤0.05) and DT→ECOP (d=0.089; p ≤ 0.05) were significantly larger in 

medium-sized firms than in large firms. These results are contrary to previous contributions (e.g., Gupta et al., 

2020a; Younis & Sundarakani, 2019; Wang et al., 2018; Vijayvargy et al., 2017; Zhu et al., 2007) that evidenced 

that large firms, having greater financial resources, foster sustainability and innovation such as the implementation 

of digital technologies, and are thus more likely to have better environmental and economic performance.  

 

Additionally, a significant difference was identified for company size with respect to the indirect relationship 

ECOD → ECOP (d=-0.198; p ≤ 0.05). More specifically, the indirect effect between ECOD and ECOP is 

significantly (p ≤ 0.05) greater in large companies than in medium-sized ones. Despite the fact that no similar 

studies analyzing the indirect relationship between ECOD and ECOP were evidenced, the findings are similar to 

some contributions. For example, Younis et al. (2020) who examined the relationships between ECOD and 

economic, operational, and social performance, identified that the size of the company in the United Arab Emirates 

influences each dimension of performance. This is because ECOD determines the amount of energy consumption 

and waste generation, when selecting raw materials, suppliers and process chemicals.  

 

In contrast to previous contributions (e.g., Habib et al., 2020; Bae & Grant, 2018;), the MICOM analysis showed 

that export market orientation does not influence any of the structural relationships in the proposed model. The 

above is contrary to Zhu & Sarkis (2004) and Zhu et al. (2007) whoi claim that international environmental 

regulations exert pressure for the implementation of GSCM, Choudhary & Sangwan (2018) and Martín-Tapia et 

al. (2010) agree in arguing that, in emerging countries, there is a lower number of exporting companies compared 

to developed countries, which explains the low level of recognition of green initiatives. MICOM analysis similarly 

yielded that firm age also did not influence any of the structural relationships in the proposed model. These results 

are consistent with the findings of Agyabeng-Mensah & Tang (2021) and Younis & Sundarakani (2019), who 

failed to identify the impacts of firm age on the relationships between GSCM practices and performance.  

5.2 Theoretical Implications  

 
This doctoral thesis exposes a novel contribution to the field of study by analyzing the effects of the Green Supply 

Chain Management (GSCM) approach on sustainable performance (economic, environmental, and social) using 

the Dynamic Capabilities View (DCV) in Colombian manufacturing firms.  
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The present study contributes to enriching the dynamic capabilities view (DCV) in three important ways. As noted 

in Chapter 1, there are substantial gaps in the literature on DCV that have not yet been addressed such as the 

dimensionalisation of dynamic capabilities (Bruyaka et al.,2024; Schilke et al., 2018), performance implications 

of dynamic capabilities at different levels (Dubey et al., 2021; Fainshmidt et al., 2016 Schilke, 2014b) and 

theoretical integration with other approaches (Schilke et al., 2018). 

 

The results presented herein close the gaps identified in the literature on DCV, GSCM, and sustainable 

performance. First, concerning DCV, the research further explores the nature of dynamic capabilities (DCs), their 

antecedents, and how firms construct DCs (Bari et al., 2022; Schilke et al., 2018; Ambrosini et al., 2009). 

Specifically, it highlights the contribution of extending Teece's (1994) traditional concept of DCs, and the GSCM 

concept of environmental practices to propose a new term called "Environmental Dynamic Capabilities of the 

GSCM", as a response to current markets and sustainability challenges that have made it necessary to integrate 

both approaches (Amui et al., 2017; Rauer & Kaufmann, 2015; Beske, 2012).  

 

In relation to the above, the present thesis also contributes to the theoretical development of GSCM (Singh & El-

Kassar, 2019; Maditati et al., 2018). This is because most studies about GSCM that have attempted to explain its 

antecedents, mechanisms, and consequences have used theories such as RBV (e.g., Qin et al., 2021; Mardani et 

al., 2020), which has been the main theoretical lens in the field of GSCM, institutional theory (Gupta, Modgil, et 

al., 2020; Zhu et al., 2013), systems theory (e.g., Bag et al., 2020; Dubey  al., 2019), socio-technical theory  (Nureen 

et al., 2022; Liu et al., 2020), effect complementarity theory (e.g., Jabbour et al., 2022), and resource dependence 

theory (e.g., Amjad et al., 2022; Jawaad & Zafar, 2019; Lee, 2012), among others. The current study can thus be 

considered among the first to holistically integrate DCV with the sustainability of green supply chains. 

 

Nine environmental dynamic capabilities of the GSCM were identified, corresponding to internal environmental 

management, eco-design, environmental collaboration with customers, digital technologies, green human resource 

management, green purchasing, green manufacturing, green logistics, and reverse logistics. The above, due to the 

potential of such practices to reconfigure the resource base and capabilities of companies and their supply chains, 

respond to changing environments, and sustainability challenges (Beske et al., 2014; Beske, 2012; Teece et al., 

1997; Helfat et al., 2007). Therefore, this work lays the foundation for future research by identifying and 

developing the concept of environmental dynamic capabilities of the GSCM. 

 

Second, a significant contribution is made to the understanding of the hierarchy of dynamic capabilities in terms 

of environmental DCs and the ability of firms to create new capabilities, an aspect that has been proposed as 

necessary for the evolution of DCV and sustainability (Schilke et al., 2018; Ambrosini et al., 2009; Beske-Janssen 

et al., 2015). Specifically, the findings of the present PhD thesis further support the merit of differentiating between 

higher-order and lower-order DCs, as well as differentiating between traditional DCs and environmental DCs. 

Apart from that, most of the previous works that have postulated the existence of a hierarchy of dynamic 

capabilities have been conceptual or case study based. This is the first investigation that in addition to postulating 

a model based on the hierarchy of dynamic capabilities, also addresses its empirical validation.  

 

From this perspective, this research also provides essential background evidence for GSCM, which the body of 

literature has mostly ignored. In this sense, it validated that internal environmental management, eco-design, 

environmental collaboration with customers, digital technologies, and green human resource management, are 

HEDCs, characterized as strategic, complex, inimitable (El-Kassar & Singh 2019; Teece, 1997), and 

transformative by enabling the codification of tacit knowledge into explicit. Hence, the rate of change of lower-

order DCs (Schilke et al., 2018; Danneels, 2002; 2008). Likewise, the present research provides new findings on 
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the nature of LEDCs such as green purchasing, green manufacturing, green logistics and reverse logistics, directly 

related to the operational life cycle of the GSCM and the application of explicit knowledge in processes (Daddi et 

al., 202; Amui et al., 2017). Furthermore, this study succeeds in explaining how the hierarchy of dynamic 

capabilities affects performance, closing a gap in the literature.  

 

In addition to the previously mentioned, by exploring the effects of DCs on performance, this research responds 

to the lack of empirical evidence that makes the relationship between DCs and performance measurable (Schilke 

et al., 2018; Fainshmidt & Frazier, 2017; Barreto, 2010). Most previous work on GSCM has assessed the direct 

relationships between some GSCM practices and some performance dimensions (e.g.,  Zaid et al., 2018; Zhu et 

al., 2013). Moreover, the lack of consensus in the literature and limited understanding of GSCM is due to 

conflicting results regarding the relationship between GSCM and performance (Jell-Ojobor & Raha, 2022; Le, 

2020; Ahmed et al., 2020). However, the present thesis extends existing studies by being one of the first to integrate 

nine environmental capabilities, the three dimensions of sustainable performance, and test the relationships 

between them in a single conceptual framework. 

 

Fourth, this study makes a significant contribution to the field of sustainability and provides new evidence on TBL 

(economic, environmental, and social performance). This is achieved by simultaneously integrating the three 

dimensions of TBL in an analytical framework and quantitatively analyzing their dyadic relationships (Micheli et 

al., 2020; Yun et al., 2019). The social pillar of sustainability is the least researched in the topic of GSCM due to 

the difficulty to be measured (Messmann et al., 2020; Saeed & Kersten, 2017; Touboulic & Walker, 2015). 

Nevertheless, this doctoral research makes an academic contribution by identifying that the environmental DCs of 

GSCM have a strong and positive impact on a company's social performance, which helps them to comply with 

legal /moral requirements, ultimately providing financial benefits. 

 

To conclude, this thesis is one of the first studies in Latin America that theoretically and empirically examines the 

relationship between GSCM practices and economic, environmental, and social performance from a DCV, 

showing evidence from an emerging country such as Colombia. In particular, this research closes gaps identified 

in the literature about the absence of empirical studies conducted in South America that address GSCM, sustainable 

performance and DCV (Teixeira et al., 2020; Sellitto, 2018b; Lopes de Sousa Jabbour et al., 2018).  

 

5.3 Managerial Implications 

 

This study offers multiple implications for managers of manufacturing companies and public policy makers. On 

one hand, empirical evidence on the influence of green supply chain management on sustainable performance was 

obtained from dynamic capabilities view. The results of the research show that higher-order environmental 

dynamic capabilities are relevant enablers of the adoption of lower-order environmental dynamic capabilities to 

seek better economic, environmental and social performance. GSCM is still a new concept in emerging economies, 

especially in Latin America, so the results obtained are relevant for acquiring more knowledge on the relationship 

between GSCM and performance in this context (Pinto et al., 2020; Texeira, 2020). Hence, the results obtained 

may be of relevance for decision-makers and public policy formulators, as they can shed light on how to achieve 

better economic, environmental and social results in the industrial sector.  

 

Another practical contribution of this research is the simultaneous effects of internal environmental management, 

eco-design, environmental collaboration with customers, digital technologies, and green human resource 

management on green purchasing, green manufacturing, green logistics, reverse logistics, and the synergy between 
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these two sets of capabilities to improve sustainable performance. This could mean that the superior performance 

obtained through these effects and complementarities will constitute a source of distinctive competitive advantage 

in today's dynamic and competitive environments. 

 

One of the most important points derived from the research is that environmental sustainability is an imperative at 

the supply chain level, where evidence is provided to support the need for managers to engage in a comprehensive 

program of collaboration between functional units, suppliers, and customers rather than to symbolize an 

environmental management standard (to comply with social norms or conform to environmental practices adopted 

by other companies) (Khan et al., 2023; Raut et al., 2021). These findings provide managers with a new perspective 

on how dynamic environmental capabilities could be implemented to improve sustainable performance. In the 

same vein, it is important that top and middle management recognize the importance of green human resource 

management in knowledge generation and collective learning. As such, managers should first invest in GHRM to 

develop lower-order environmental dynamic capabilities and achieve more holistic environmental, economic and 

social performance. 

 

In addition, as demonstrated, eco-design, as a high-order environmental dynamic capability, generates 

environmental, social, and economic benefits through the development of other capabilities. Companies in Latin 

The results of this study may encourage managers to consider eco-design as an investment rather than an expense, 

deploying efforts, actions, and resources to improve eco-innovation along the supply chain. In this regard, 

manufacturing companies should look for opportunities and ways (such as advertising, awareness programs, etc.) 

where the differences in buying a green product can be justified in the consumer's mind. 

Some examples include energy savings, lower operating costs, recycling, and social benefits. Similarly, institutions 

and governments should offer a variety of incentives, from tax exemptions to subsidies, to reward companies for 

excellence in eco-design. Likewise, the institutional context should promote clean production and environmental 

responsibility, and publicize companies that achieve them. 

 

One aspect to highlight is the positive and significant effects of digital technologies on sustainable performance. 

The results obtained give managers reasons to use DTs since their use in the collection, analysis, and environmental 

monitoring can not only improve the efficiency and flexibility of processes, but also strengthen decision-making 

regarding the green management of supply chains. Furthermore, this study sheds light on what was identified by 

Salas-Navarro et al. (2019) and Peña-Montoya et al. (2020) about the poor performance of green logistics and 

reverse logistics in emerging countries such as Colombia.  

 

Similarly, the Colombian government should intensify not only environmental regulations, but also support 

programs (both financially and educationally) to increase the maturity levels of green logistics and reverse 

logistics.  Consequently, it is recommended that supply chain and production managers motivate and reflect the 

added value of greening their supply chains to external partners in order to improve the coordination of resources 

and enhance the performance of purchasing, manufacturing, green logistics, and reverse logistics. In this way, the 

exchange of information, knowledge, resources, and capabilities with customers and suppliers is a valuable 

capability to reduce the environmental impact of the manufacturing processes of both focal companies and supply 

chain partners. 
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5.4 Final Conclusions 

 
In the literature review on DCV, GSCM and sustainable performance, a number of research gaps were identified. 

To close the research gaps identified, a theoretical model was proposed which, based on the GSCM, DCV, and 

sustainable performance, posed six hypotheses, composed in turn of a set of sub-hypotheses derived from previous 

empirical work. To the best of our knowledge, this is the first time that relationships based on GSCM, DCV, and 

sustainable performance are integrated, proposed, and empirically tested. Therefore, the theoretical model is 

considered a relevant contribution to this doctoral thesis 

 

In addition, a second contribution of the model is the existence of a hierarchy of dynamic capabilities composed 

of two distinct levels: higher-order environmental dynamic capabilities (HEDCs) and lower-order environmental 

dynamic capabilities (LEDCs). Within this, five HEDCs were identified, due to their transformative nature in 

enabling the rate of change of LEDCs. These were: internal environmental management, eco-design, 

environmental collaboration with customers, digital technologies, and green human resource management. On the 

other hand, four LEDCs related to the operational life cycle of the GSCM were detected, namely: green purchasing, 

green manufacturing, green logistics and reverse logistics. Based on the above, Hypothesis 1 of the theoretical 

model postulated the effects of higher-order dynamic capabilities on lower-order dynamic capabilities. 

 

Subsequently, based on the assumptions that sustainability can lead to greater competitive advantage, two 

hypotheses were posed; Hypothesis 2 assesses the direct relationships of LEDCs on the three dimensions of 

sustainable performance, and Hypothesis 3 examines the mediating effects of LEDCs between HEDCs and 

sustainable performance. Additionally, due to the lack of clarity about the relationships between the three pillars 

of the TBL, three dyadic relationships between the dimensions of sustainable performance were proposed that 

correspond to the fourth contribution of the proposed model. More specifically, the effects of environmental 

performance on economic performance (Hypothesis 4), the effects of environmental performance on social 

performance (Hypothesis 5), and the influence of social performance on economic performance (Hypothesis 6) 

were proposed. 

 

Another noteworthy contribution of this research is the proposal and empirical validation of the tool for evaluating 

the level of implementation of environmental practices of the GSCM and the perception of the improvement of 

economic, environmental, and social performance as a result of the adoption of the GSCM. Although there are 

several tools in the literature to measure both environmental practices and sustainable performance dimensions, 

the constructs and indicators of the proposed model in this thesis were determined from an extensive literature 

review, using a frequency analysis that allowed identifying the most relevant ones for each construct. Therefore, 

the approach suggested in this research for the questionnaire design is an evolution of the traditional approaches 

previously used, both in the practical and academic fields. Likewise, the instrument was validated through a panel 

of experts and a pilot test, in which the constructs were subsequently confirmed through the PCA and CCA. While 

this was done in the context of the object of study of this research (i.e., Colombian manufacturing industry), the 

assessment tool may prove valid for other countries, as GSCM practices and sustainable performance dimensions 

should remain the same in multiple contexts. 

 

With respect to the object studied, it can be concluded that GSCM environmental practices have gained some 

recognition in the Colombian manufacturing sector. Consequently, the highest levels of adoption by the sample of 

manufacturing firms correspond to internal environmental management, eco-design, green manufacturing, and 

green logistics, while the least adopted environmental capability is digital technologies. As a result, about half of 

the companies in the sample reported a frequency of always, or almost always adopting environmental practices, 
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with this rate increases to about 71% if those with a medium frequency of adoption are also taken into account. 

Also, the environmental dynamic capabilities most adopted by the sample of firms were internal environmental 

management, eco-design, green manufacturing, and green logistics. It is also worth noting that more than half of 

the companies reported that some improvement in economic, environmental, and social performance was achieved 

as a result of implementing the GSCM approach. 

 

Data analysis was carried out using the PLS-SEM method through a four-step procedure, which is also presented 

as a relevant methodological contribution of the present doctoral thesis. The above, since the proposed procedure 

includes advanced /recently developed methods in the field of PLS-SEM, including the analysis of complex 

models, mediation analysis between multiple constructs, composite factor analysis, new discriminant validity 

methods such as HTMT, the robustness analysis such as the observed heterogeneity using the MICOM analysis 

and the MGA-PLS.   

 

The results obtained allowed us to validate the proposed hypotheses in the sense that environmental dynamic 

capabilities positively influence sustainable performance in Colombian manufacturing companies. Initially, the 

existence of a hierarchy of environmental dynamic capabilities was validated, which means that the high-order 

environmental dynamic capabilities (HEDCs) (IEM, ECO, ECC, DT, GHRM) directly, positively, and 

significantly influence the low-order environmental dynamic capabilities (LEDCs) (GP, GM, GL, RL). These 

findings provide Colombian manufacturing companies with a structured framework on the various ways they can 

develop environmental capabilities, especially those that still have low levels of implementation in the country, 

such as green logistics and reverse logistics. 

 

Likewise, it was found that the effects of high-order environmental dynamic capabilities (HEDCs) on sustainable 

performance are mediated by low-order environmental dynamic capabilities (LEDCs). In this way, it can be said 

that manufacturing companies can maximize their competitive advantage by improving the sustainable 

performance of their supply chains through alignment between both sets of capabilities. Finally, it was detected 

that there is a balance among the three pillars of the Triple Bottom Line (TBL) as a result of the effects of 

environmental dynamic capabilities, confirming the win-win paradigm.  

5.5 Limitations and Future Research  

 

The present doctoral thesis has several limitations that open perspectives for future research. First, this research 

failed to identify significant effects, neither for positive relationships nor for negative ones. Therefore, the 

relationships that were found to be insignificant should be further analyzed in future research, taking into account 

the characteristics and context of the sample. Additionally, it would be relevant to better understand the reasons 

why these relationships were not supported by case studies in order to capture the specificities of the relationships 

between dynamic environmental capabilities and sustainable performance. Secondly, the results were obtained 

from a relatively small sample and from a single country. Future work may aim to survey more companies, both 

locally and internationally. It would be interesting to test the model in developed countries to compare potential 

differences in the implementation of environmental dynamic capabilities and sustainable performance.  

 

Similarly, as research on dynamic capabilities progresses, the set of environmental dynamic capabilities could be 

further explored and extended. Future work could, therefore, extend the scope of this study, using the results 

obtained here as a foundation for the development of more complex models. Similarly, the research addressed 

only some gaps in DCV and the sizing of dynamic capabilities. Thus, other unexamined aspects such as processes, 

routinization, functionality, and units of analysis can be investigated. More importantly, given that the DTs 
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construct was established from existing evidence in the country two years ago, an interesting continuation of the 

theoretical model would be to incorporate constructs that reflect newly important Industry 4.0 technologies, such 

as blockchain technology, artificial intelligence, augmented reality, digital twins, autonomous vehicles, among 

others to assess whether these technologies can improve other capabilities and organizational performance. 

 

The findings also showed that medium-sized firms have greater impacts on improving green manufacturing, 

economic and environmental performance as a result of adopting digital technologies. In this regard, future 

research may further elaborate on this assumption by focusing on SMEs. Additionally, the effects of other 

moderators such as environmental dynamism and uncertainty could also be examined, as the latter are important 

variables from the DCV. 

 

Finally, it is important to highlight the limitations presented during data collection, given that it was conducted in 

a time when there was still confinement due to the COVID-19 pandemic. Although the survey was designed with 

a time horizon of the last two years to assess perceptions of the implementation of GSCM practices and sustainable 

performance, it is possible that the health emergency, containment measures, and economic challenges that 

manufacturing companies were experiencing at the time influenced the timing of the survey. Therefore, it is likely 

that the priorities of most manufacturing companies have changed due to the health, social, environmental, and 

economic effects of the pandemic.  
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