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Abstract

:

This paper presents a methodology for quantifying the impact of Total Quality Management TQM elements on organisational strategic sustainable development, integrating within it the well-known strategic management tool of Balanced Scorecard to represent the strategic part of the organisations, and the multi-criteria technique Analytic Network Process (ANP) to identify and quantify the mentioned impact. Additionally, the application of TQM generates directly some organisational improvements—or outputs—which help model a decisional ANP network constituted by all three building blocks—TQM elements, strategic objectives and outputs—and their interrelationships. The application of the methodology to an oil firm carried out by an expert group offered, from a decision-making point of view, meaningful results that were developed following three different analyses: Global analysis, which identified the global weight of each variable; Analysis of Influences, which established sound cause–effect relationships between the variables to identify the elements—TQM and outputs—that are more important to achieve the strategic objectives; and the Integrated analysis, which pointed out which TQM elements should be fostered in order to achieve the most important sustainable strategic objectives. Finally, it is suggested to apply the methodology to other types of size and sector activity organisations, as well as to use other techniques that introduce fuzzy elements.






Keywords:


Sustainability; TQM; Analytic Network Process; Balanced Scorecard












1. Introduction


In the current environment of globalisation, technological development, processes of political and economic integration and the development of new potential participants, economies and companies are forced to be increasingly competitive in creating value for customers. In this sense, one key way to achieve competitiveness is to encourage individuals, institutions and companies, whether small or medium, to implement Total Quality Management (TQM) elements as a way to learn to identify the mechanisms that improve organisational performance and business competitiveness [1,2].



Then, even though there are few works that have reported either an inverse [3] or no relationship [4,5] between the implementation of TQM elements and business performance, it is generally assumed that such an implementation can improve organisational performance to a certain level, because it is possible to find many scientific works that support this affirmation [6,7,8,9,10,11,12,13,14,15,16,17]. However, the quantification of the impact of TQM on organisational performance and, more directly, on organisational strategic sustainable development is an exciting and up-to-date research topic, which is dealt with in this paper.



The structure of this paper is as follows: Section 2 presents a literature review, highlighting the research gap; Section 3 explains the developed methodology; Section 4 presents the main results of application it to an oil organisation; Section 5 summarises the main theoretical and practical contributions, as well as limitations and future research; finally, Section 5 highlights the main conclusions.




2. Literature Review


2.1. TQM and Performance Measurement


The works that measure the impact of TQM elements on business performance can be classified, from a performance measurement point of view, into (i) non structured works and (ii) structured works.



The non-structured works are those that cover the impact of TQM elements either on a specific part or on the whole organisation, without following any type of performance measurement framework guideline. Regarding the former, the main works focus on studying the impact of applying TQM on the performance of some key areas of the organisation, such as financial [18,19,20], customer [21,22,23] or process [24,25,26]. Additionally, there are other works that measure the impact of TQM on more than one key area at the same time; for example, [6] studied the relationships among TQM, plant performance and customer satisfaction. On the other hand, regarding the latter, there are some works that have studied the impact of TQM on the organisation as a whole from different perspectives [27,28,29,30,31]. However, none of these works followed a structured approach in terms of a performance measurement framework, which means that the results achieved are limited from a global and strategic point of view. In general, it is possible to conclude that these works are unbalanced ones, providing a partial vision of the impact of TQM on the organisation.



Regarding the structured works, these measure the impact of TQM elements on the whole business organisation. At the same time, they follow some type of performance measurement framework guideline, which enables them to have a structured approach leading to better determination of the impact of the application of TQM on the organisational performance. In this sense, references [32] pointed out the suitability of using a performance measurement system (PMS) and, more effectively, the Balanced Scorecard (BSC) [33] to capture the relationship between TQM and organisational performance, because such systems provide a balanced and global vision of business performance. The BSC is the most well-known and widely used performance measurement system, as it defines, from the point of view of organisational strategy, the main strategic objectives to be accomplished. These strategic objectives are defined via the main key areas of an organisation that they cover: Financial, Customers, Processes, and Learning and Growth. This structure allows a properly balanced approach, whereby the lower perspectives (Processes and Learning and Growth) support the upper ones (Financial and Customer).



Within this structured works section, it is worth mentioning the study in [34], wherein the impact of TQM elements on a set of balanced key performance indicators in the automotive industry is determined. Further, [35] investigated the impact of soft TQM on financial performance from a BSC non-financial perspective, affirming that there was a meaningful impact on the financial performance due to the effect of the customer perspective, which was directly impacted by the soft TQM elements.



As such, there are no studies that have fully investigated the impact of TQM elements, both soft and hard, on strategic organisational performance using a whole Balanced Scorecard approach.




2.2. Strategic Sustainable Development and Performance Measurement


Currently, more and more organisations have sustainability among their priorities, and include it within their strategic goals. They invest resources in achieving a strategic sustainable organisational development and design, and apply different performance measurement approaches so as to measure to what extent such investments are paying off. Then, focusing on the BSC, which already incorporates a perspective for defining strategic economic (financial) objectives, it is possible to find works that either have or have not incorporated perspectives in addition to the classic four in order to measure both social and environmental sustainability [36]. Then, the works that have included these two additional perspectives [37,38,39,40] affirm that the strategic objectives defined from the environmental perspective should be related to circular economy, so as to reduce waste, reuse materials, reduce energy consumption, etc. [41]. On the other hand, the strategic objectives of the social perspective should have to do with improving decent work and labor conditions, product responsibility, health and safety, equal opportunities, etc. [42]. Furthermore, when using the classic BSC to measure the strategic sustainable development of an organisation, it will be possible to classify some of the strategic objectives of the different perspectives into one of the three sustainability dimensions, making it then possible to measure not the whole sustainable development of the organisation, but the strategic sustainable development as it is reflected in the strategic objectives defined within the BSC. The main advantage of this approach is that it does not require the addition of any other perspective to the traditional ones of the BSC; additionally, if the strategic objectives are defined via a sustainability approach, the entire BSC will be perfectly integrated without much effort. Finally, from a practical point of view, management teams usually use the traditional version of the BSC.




2.3. TQM and Sustainable Development


Further, TQM’s main aim is to foster continuous improvement across an organisation, which is a long-term objective and directly impacts sustainability [43,44]. There are few works that deal with identifying how TQM affects the sustainable strategic development of an organisation [45]. In this sense, reference [46] affirms that TQM meaningfully affects corporate sustainability and develops a TQM-Knowledge management proposal, and [47] concludes that TQM has a significant and positive impact on corporate green performance. In any case, none of the previous works follow any structured performance measurement framework.




2.4. Quantitative Techniques


In order to quantify the impact of TQM elements on organisational strategic sustainable performance, it is necessary to choose an effective technique in order to be able to properly take into account all of the existing relationships. Such a technique could be a statistical one, if there were historical data available to correlate the degree of achievement of the strategic objectives derived from the Balanced Scorecard with the application of TQM elements. However, the results obtained would be difficult to interpret and trust, because data coming from the application of TQM is usually available in operative-tactical contexts, whereas the objectives of the organisation are defined in the highest strategic context. Therefore, the technique to be used should be one that is able to provide additional information to organisations in multi-criteria situations, wherein all of the variables of the network are important and it is possible to get to know each variable’s weight in the network, and to establish how some of them have an influence on achieving others [48]. Additionally, as a consequence of modelling the problem as a decisional multi-criteria network, it is possible to introduce other elements whose impact could be important from a decision-making point of view. In this research, they are called outputs that, as will be presented in the Methodology section, are improvements generated from applying the TQM elements.



Regarding the specific technique to be used, some previous studies have successfully applied the Analytic Network Process [49] to similar problems; reference [50] applied ANP to link intangible assets and organisational performance within a Balanced Scorecard context, and reference [51] used ANP to manage collaborative relationships and their impacts on strategic performance. Additionally, ANP does not follow any hierarchy like other multi-criteria methods, such as AHP [52], which allows one to carry out a sensitivity analysis in an easier way.




2.5. Research Gap


All of the above reflections contextualise the problem associated with quantifying the impact of TQM elements on strategic sustainable organisational development, and justify the development of an effective and easily replicable methodology. In this sense, this paper covers a research gap as it: (i) develops a BSC-ANP-based methodology to quantify the impact of TQM elements on strategic sustainable organisational development, which will take into account the impact of TQM elements, both soft and hard, on strategic organisational performance using a whole BSC, instead considering only the impact of soft TQM on financial performance through the non-financial BSC perspectives of [35]; (ii) uses a structured approach, the BSC, to manage the organisational strategic sustainable development, as defined within such a BSC, which is a novel approach within the TQM and sustainable development area [46,47]; (iii) it applies a multi-criteria technique, the ANP, to quantify the impact of TQM on elements of organisational strategic sustainable development.





3. The ANP-BSC Methodology


The main objective of this paper is to develop and implement a methodology to quantify the impact of applying TQM elements to business strategic performance within a sustainability context. More directly, the business strategic performance will be measured through a Balanced Scorecard, and it will contain the organisation’s strategic sustainable development. The phases of the proposed methodology are presented next.



Phase 1. Definition of the PMS and the expert group



Firstly, it is necessary to create an expert group that will go through the whole decision-making process when implementing the methodology. This expert group will ideally be multi-disciplinary and formed of workers from different levels of the organisation, especially from both the strategic level, which is driven by the top-managers and directors of the organisation, and the tactical level, made up of workers who exercise greater control in TQM practices. In addition, it is also advisable to include external consultants, when possible, to broaden the internal vision.



On the other hand, it is necessary that the organisation has already defined a PMS in order to be able to identify the strategic objectives, which will cover the entire organisation with a balanced approach. In this sense, it is possible to use different PMSs, i.e., the well-known BSC [33], the Performance Prism [53], or other PMSs specifically designed for integrating sustainability (i.e., [37,38,39,40]). Then, the expert group will identify the strategic objectives that can be classified into one of the sustainability dimensions, therefore representing the strategic sustainable development of the organisation.



Phase 2. Selection of the TQM elements and definition of the outputs



The application of TQM elements will allow both the achievement of the organisational strategic objectives and also the creation of some important OIutputs or improvements, which represent direct organisational improvements. Then, a network with relationships between its three main building blocks—PMS, TQM elements and outputs—is established, as Figure 1 illustrates.



In general, the application of TQM elements will directly influence the achievement of the strategic objectives, both sustainable and non-sustainable, defined within the PMS. Additionally, such TQM elements will create some organisational improvements called outputs, i.e., cost reduction, quality assurance or customer satisfaction. At the same time, the achievement of the strategic objectives will also influence both the TQM elements and the outputs. Finally, the outputs will also influence the achievement of the strategic objectives.



Then, from a TQM elements perspective, it can be concluded that its application influences both directly and indirectly (through the generation of outputs) the achievement of the strategic objectives of the organisation, and the generation of important organisational improvements (outputs). Regarding the former, it will be possible to specify which TQM elements and outputs meaningfully influence the achievement of the strategic objectives in general, and the sustainable development of the organisation in particular, as represented by the sustainable strategic objectives previously identified in Phase 1.



Therefore, in this step the expert group should do the following:



Select the TQM elements that will be included in the study. They should select the TQM elements that are already implemented in the organisation.



Define the outputs that they consider will be created as a consequence of applying the TQM elements previously selected.



Phase 3. Determination and quantification of meaningful influences



Once the network has been defined, regarding the three building blocks, it is time to determine and quantify the main meaningful influences within the network. To this end, the Analytic Network Process (ANP) is applied. According to [49], the ANP is a method that comprises four main steps, which are presented next.



Step 1. Determination of the components, network elements and their relationships



This is the most important step of the method [54], as decision-makers should design the network as a decision problem. In doing so, they need to (i) identify the decision criteria and alternatives (decision elements); (ii) group these elements into clusters with common features; and iii) analyse the dependences between network elements, as either inner-dependences (between elements of the same cluster) or outer-dependences (between elements of different clusters). Then, a zero–one matrix, the Dependence matrix, is developed, where a 0 means that decision-makers believe that there is no dependence of one element on other, and 1 is the opposite case. Furthermore, a 1 in a concrete row–column intersection of the Dependence matrix means that the element in the row has some meaningful influence on the element in the column.



Step 2. Determination of the inner priorities



The aim is to identify the relative weight of each element within a cluster. To do so, pairwise comparisons between these elements are carried out, obtaining the eigenvectors for each element, which results in the Unweighted supermatrix.



Step 3. Determination of the outer priorities



A procedure based on pair-wise comparisons between clusters is applied and the cluster weights are obtained which, when multiplied by the Unweighted supermatrix, outputs the Weighted supermatrix, which is a column-stochastic matrix.



Step 4. Determination of the Limit supermatrix



This is created by raising the Weighted supermatrix to successive powers until it converges, which is achieved when all the columns of the Limit supermatrix have the same values. The values of these equal columns represent the global priorities of the elements of the network.



Phase 4. Analysis of results



Once the results of the ANP have been obtained, they are analysed from different linked perspectives to develop the following three analyses: (1) Global analysis; (2) Analysis of Influences; (3) Integrated analysis.



The Global analysis is based on the global importance of each of the elements of the network as calculated in the Limit supermatrix. Then, it will be possible to establish a ranking of importance that classifies the elements following an ABC analysis. Further, structural block ABC analysis will be carried out, which will show which elements are key (class A) for each of these blocks.



On the other hand, the Analysis of Influences is based on the results of the Weighted supermatrix, which points out the cause–effect relationships between elements of the network. Then, directly from the supermatrix, a graph will be drawn which points out the most important elements from both the TQM elements and the outputs that are meaningfully influencing the strategic objectives of the organisation, paying special attention to the sustainable ones. Therefore, it will be possible to identify the elements that are more important in achieving these strategic objectives.



Finally, the Integrated analysis, which is based on the results of both the Global analysis and the Analysis of Influences, will present to decision-makers which TQM elements they should foster in order to achieve the most important sustainable strategic objectives. With the construction of a coverage table, the analysis will identify the minimum combination of TQM elements that covers and influences all of the sustainable strategic objectives.



Phase 5. Sensitivity analysis



A sensitivity analysis is carried out in this phase in order to determine the robustness of the ANP model when perturbations are introduced either on the Dependence matrix or on the Weighted matrix.



Finally, it important to point out that the free software “Superdecisions V2.10” has been used to support phases 3–5 of this research.




4. Results


The methodology was applied to an organisation of the Petroleum, Fuels and Mining sector of Ecuador. This organisation has about 125 workers and in 2019 billed about USD 16,000.000. Its main activities are to exercise industrial activity in the elaboration and distribution of oils and lubricants. The organisation is structured into different departments (mainly Finance, Operations, Sales, Purchasing, Human Resource Management and IT) and had already defined, for the year 2020, a Balanced Scorecard following the strategic line of Operational Excellence. Next, the main results of the application are presented.



Phase 1. Definition of the PMS and the expert group



An expert group was formed with six people from the organisation and one external consultant; the first author of the paper was this external consultant. Regarding the internal personnel, there were two top managers from Operations and Strategy and four middle-class technical managers from Operations. This expert group applied the methodology for 5 months, holding meetings every 2 weeks.



On the other hand, the organisation had already defined and implemented a Balanced Scorecard, whose strategic objectives are shown in Table 1. In this table, the expert group identified the strategic objectives that could be classified into one of the sustainability dimensions. Then, it can be seen from the 12 strategic objectives defined in Table 1 that 8 fit in one of the sustainability dimensions, 3 in the economic, 2 in the environmental, and 3 in the social. These strategic objectives constitute the structural block of the Balanced Scorecard, and the four perspectives are the four clusters of such a block.



Phase 2. Selection of the TQM elements and definition of the outputs



The expert group selected 20 TQM elements that the organisation was already implementing, which are shown in Table 2. Additionally, the expert group defined the next nine outputs or organisational improvements that will be generated as a result of implementing the 20 TQM elements: (1) Cost reduction, (2) Process improvement, (3) Quality assurance, (4) Efficiency in product delivery, (5) Increase in motivation and satisfaction level, (6) Increase in customer satisfaction, (7) Sales increase, (8) Productivity increase and (9) Information and knowledge. From a sustainable development viewpoint, some of these outputs are next classified into one of the sustainability dimensions:




	
Economic. Output 1 (Cost reduction), Output 7 (Sales increase), Output 9 (Information and knowledge);



	
Environmental. Output 4 (Efficiency in product delivery), Output 3 (Quality assurance), Output 2 (Process improvement);



	
Social. Output 5 (Increase in motivation and satisfaction level).








Output 6 (Increase in customer satisfaction) will help in achieving the economic objectives of the organisation, whereas Output 8 (Productivity increase) is not included within the environmental classification, since depending on how such an increment of productivity will be achieved (either following green production practices or not), Output 8 would either be aligned with the environmental dimension or not.



Phase 3. Determination and quantification of meaningful influences



In this step, the expert group applied the different steps of the ANP. Then, in step 1 they designed the ANP network as a decision problem, obtaining a total of 9 clusters divided into criterion clusters (Financial perspective, Customer perspective, Process perspective, and Learning and Growth perspective) and alternative clusters (Quality control, Quality management, Lean production, Collaborative factors and outputs). Table 2 presents the elements grouped by clusters of the structural blocks of TQM elements and outputs.



Then, the Dependence matrix was constructed (see Figure 2), from which both the inner- and the outer-dependences were established, and the ANP network was fully designed (see Figure 3).



As a result of applying Steps 2, 3 and 4, the Unweighted supermatrix, Weighted supermatrix and the Limit supermatrix were generated. Regarding the latter, this is the one that provides a global vision of the individual importance of each element of the network, and it is presented in Table 3 following a ranked ABC classification approach.



Phase 4. Analysis of results



Global Analysis



From a global point of view, the most important elements of the network are those that have achieved an A class in the Limit supermatrix. Then, from Table 3, it is possible to observe that the three most important elements are the two financial objectives (FO1 and FO2) and the process objective (PO1), which together account for about one third of the total importance. These three are strategic sustainability objectives that indicate the degree of importance that sustainability has in this network and, more broadly, in the organisation from a strategic standpoint. Further, the rest of the A class elements are six outputs, one customer perspective strategic objective and three TQM elements. Regarding the latter, the LP4 (Error-proof), the QC1 (Simulation) and the QC2 (Sampling) have come up as the most important ones globally. On the other hand, the outputs Out2 (Process improvement) and Out8 (Productivity increase) present a high percentage of global importance, 8.58% and 8.24%, respectively.



Then, the B class stands for about 16% of the global value, and it is composed of elements from the three structural blocks, mainly from the TQM: QPI2, LP2, LP3, LP2 and QPI4.



Finally, the C class accounts for about 5% of the global network importance, and it contains the rest of the TQM elements, which are mainly the ones from the Collaborative factors and Quality planning and Improvement clusters, many of the strategic objectives from the Customer perspective and Learning and Growth, and only one output.



Then, a similar ABC classification at the structural block level has been carried out, which is shown next.



In this sense, Figure 4 shows the elements of the BSC structural block ranked according to their global importance in the Limit supermatrix. Then, the A class is formed by only sustainability strategic objectives (FO1, PO1 and FO2), whereas the other sustainability strategic objectives are ranked in either the B class (OCO2, LGO2 and LGO4) or in the C class (LGO1 and LGO3).



Then, it is possible to affirm that the Economic sustainability strategic objectives are of either key importance (A class), represented by the FO1 and FO2, or relative importance (B class), represented by the LGO2. The Environmental sustainability strategic objectives are either of key importance (PO1) or relative importance (OCO2), and the Social ones are either of relative importance (LGO4) or low importance (C class), represented by the LGO1 and the LGO3.



Similarly, regarding the TQM structural block, Figure 5 shows its elements according to their global importance in the Limit supermatrix. Then, the key TQM elements, those classified into the A class, are LP4, QC1, QC2, QPI2, LP2, LP3 and LP1. This indicates that the clusters of Lean Production and Quality Control are the most important within the TQM structural blocks. On the other hand, the B elements are QPI4, QPI3, CF7 and CF2, which can be reported as being of relative importance; the rest of the TQM elements are of low importance.



Influences analysis



From the obtained Weighted supermatrix (Figure 6), it is possible to conduct a cause–effect analysis that points out the effect of both the TQM elements and the outputs on the strategic objectives of the network.



In this sense, a graph has been produced (see Figure 7) that shows such relationships found in the Weighted supermatrix, wherein a continuous line reflects direct meaningful relationships and a discontinuous line represents a medium–low impact relationship.



Focusing on the sustainability strategic objectives, highlighted in green colour, and the influences that these undergo from both TQM elements and outputs, it is possible to affirm the following:




	
Economic dimension. FO1 and FO2 receive a strong influence only from LP4 (Error-proof), whereas LGO2 is strongly influenced by both the TQM element QC1 (Simulation) and the Out7 (Sales increase). Additionally, FO1 and FO2 are influenced with a medium–low intensity by the TQM elements LP2 (Automation), LP3 (Just in time) and QPI2 (Continuous improvement), and by Out2 (Process improvement), Out3 (Quality assurance), Out4 (Efficiency in product delivery), Out7 (Productivity increase) and Out9 (Information and knowledge). On the other hand, LGO2 is relatively influenced by QC2 (Sampling), QPI2 (Continuous improvement) and Out 1 (Cost reduction), Out3 (Quality assurance) and Out 4 (Efficiency in product delivery).



	
Environmental dimension. PO1 is strongly influenced by QC1 (Simulation) and relatively influenced by all of the TQM elements, QC2 (Sampling), LP2 (Automation), LP4 (Error-proof), QPI4 (Recognition and reward systems), Out7 (Productivity increase) and Out8 (Interoperability). On the other hand, CO2 is strongly influenced by LP4 (Error-proof) and relatively influenced by al; of the TQM elements LP2 (Automation), LP1 (Redistribution of work), QPI1 (Customer needs), CF4 (Information sharing process), and Out2 (Process improvement) and Out9 (Information and knowledge).



	
Social dimension. LGO1 and LGO4 are strongly influenced by the TQM element QC2 (Sampling) and by Out5 (Increase in motivation and satisfaction level), Out7 (Sales increase), Out8 (Productivity increase) and Out9 (Information and knowledge). On the other hand, LGO1, LGO3 and LGO4 are moderately influenced by both of the TQM elements, CF4 (Information sharing process), CF5 (Joint decisions), CF6 (Process alignment), QPI3 (Training), QPI5 (Recognition and rewards systems) and Out1 (Cost reduction), Out5 (Increase in motivation and satisfaction level) and Out6 (Information and knowledge).








Then, decision-makers have additional information when interpreting these cause–effects relationships. For instance, if the main aim is to reach FO1, then they should firstly foster the following:




	
Strong direct influences, which are produced by LP4 (Error-proof);



	
Medium–low direct influences, which are produced by LP2 (Automation), LP3 (Just in time) and QPI2 (Continuous improvement).








Integrated analysis



Table 4 shows the result of integrating both the Global analysis and the Influences analysis. Then, following a coverture method, it is possible to reduce the dimensionality of the options to the minimum and offer to decision-makers the following recommendations, when they are willing to foster and achieve both the key and non-key sustainability strategic objectives:




	
The organisation should primarily focus on, foster and maintain the TQM elements of LP4 (Error-proof) and QC1 (Simulation), which will strongly influence the three key sustainable strategic objectives (FO1, PO1, and FO2);



	
Secondly, they should foster and augment the investment in LP2 (Automation) and either LP3 (Just in time) or QPI2 (Continuous improvement), which will moderately influence the achievement of the three key sustainable strategic objectives (FO1, PO1 and FO2).



	
Thirdly, they should foster QC2 (Sampling), which strongly affects both the LGO4 and LGO1.








Finally, they should foster either CF4 (Information sharing process) or QPI3 (Training), which moderately influences LGO3.



Phase 5. Sensitivity analysis



At this point, several single, double and triple perturbations of different variables of the network were carried out. As an illustration, in Figure 8 it is possible to observe the evolutions, continuous and linear, of the nine outputs when an input was perturbed. Such behaviour was achieved when perturbing all of the 20 TQM elements. This means that the ANP network was stable and consistent when the TQM elements were perturbed.




5. Discussion


This section highlights not only the theoretical and the practical contributions of this research, but also its limitations and the scope for future work.



This paper offers a theory about TQM and performance measurement, as it develops a novel methodology that quantifies, by applying the ANP, the impact of TQM elements, both soft and hard, on strategic organisational performance using a whole BSC, which complements the work of [35]. This approach provides a global vision with a global impact, instead of a partial one, as expressed by [33]. Additionally, this research also extends the works that jointly deal with both TQM and sustainable development, as these works focus on either investigating how TQM affects corporate sustainability [46] or on identifying the positive impact of TQM on corporate green performance [47], whereas the current research uses a structured approach, the BSC, to manage the organisational strategic sustainable development, as defined within such a BSC. Finally, this research also complements the current literature by: (i) defining organisational improvements or outputs, generated as a result of applying TQM elements; (ii) modelling the problem as a decisional ANP network, which can be broken down into three levels (building blocks, clusters and elements); (iii) defining three types of analysis (Global analysis, Influences analysis and Integrated analysis) of the results to show the impact of TQM on organisational sustainable development.



On the other hand, from a practical point of view, the main contributions of this research are: (i) providing decision-makers with additional information to better understand how, and to what extent, investing in TQM elements contributes to achieving strategic sustainable organisational objectives; (ii) determining which TQM elements are the most important ones when aiming to achieve the organisation’s sustainable strategic objectives; (iii) ranking the sustainable strategic objectives according to their importance for the organisation; (iv) prioritising the TQM elements in order to reach the most important sustainable strategic objectives, pointing out in which of them the organisation should invest, not only first, but also more.



The limitations of this study are related to: (i) the application of the proposed methodology to only one organisation; (ii) the influence of TQM elements on the strategic objectives and outputs that come from the evaluations of the group of experts, deriving from them the Dependence matrix and, therefore, the relationships between the variables. A group of experts made up of different members could evaluate these relationships differently, which would lead to other results; (iii) the BSC is used to classify the strategic objectives into the sustainability dimensions, and other performance measurement frameworks could be used; (iv) the use of the BSC to manage the organisational strategic sustainable development, as defined within such a BSC with the strategic objectives, which does not measure the whole organisational sustainable development.



Future research works could: (i) use other performance measurement frameworks, then making it possible to analyse and compare the results obtained with the two approaches, the BSC and the new one; (ii) apply the methodology to organisations of other sizes, either smaller or larger ones; (iii) apply the methodology to service organisations; (iv) use other multi-criteria techniques that incorporate fuzzy elements, such as Fuzzy-ANP.




6. Conclusions


The link between TQM and strategic sustainable development is a valuable and current research theme, as it would allow a better understanding of how and to what extent investing in TQM elements contributes to achieving strategic sustainable organisational objectives. In this sense, this paper aimed to contribute to this issue by developing an effective and easily replicable methodology for quantifying such an impact, and presenting the main results achieved from its application to a real world organisation. Furthermore, the methodology was based on the ANP multi-criteria technique in order to quantify not only the role of TQM elements in achieving the organisational strategic objectives defined within a Balanced Scorecard context, but also the generation of improvements or outputs as a direct result of implementing these TQM elements.



This methodology defined three structural blocks (TQM elements, strategic objectives and outputs), which contained different clusters, as well as the existing relationships of all the elements of these clusters, thus modelling a decisional ANP network. Once the corresponding matrices (Unweighted, Weighted, Limit and Cluster) were solved, three different analyses were carried out: the Global analysis, to discover the individual global importance of each variable of the network; the Analysis of Influences, to determine the cause–effect relationships between elements of the network; and the Integrated analysis, to highlight which TQM elements should be fostered in order to achieve the most important sustainable strategic objectives. Finally, a sensitivity analysis to assess the robustness of the ANP network was carried out.



In this sense, the application of the methodology to an oil organisation of about 125 workers mainly revealed the most important variables of the network, and prioritised the TQM elements in order to reach the most important sustainable strategic objectives.
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Figure 1. Relationships between the building blocks. 
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Figure 2. Dependence matrix. 
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Figure 3. ANP network (from Superdecisions TM). 






Figure 3. ANP network (from Superdecisions TM).



[image: Sustainability 12 06207 g003]







[image: Sustainability 12 06207 g004 550] 





Figure 4. BSC elements ordered by ABC classes. 
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Figure 5. TQM elements ordered by ABC classes. 
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Figure 6. Weighted supermatrix (partial). 
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Figure 7. Graphical representation of cause–effect relationships. 






Figure 7. Graphical representation of cause–effect relationships.



[image: Sustainability 12 06207 g007]







[image: Sustainability 12 06207 g008 550] 





Figure 8. Evolution of the outputs when perturbing a TQM element. 
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Table 1. Strategic objectives.






Table 1. Strategic objectives.





	
Perspective

	
Objective

	
Denomination

	
Goal

	
Sustainability Dimension






	
Financial perspective

	
Cost reduction

	
FO1

	
7%

	
Economic




	
Increase net benefit

	
FO2

	
2%

	
Economic




	
Customer perspective

	
Increase product availability

	
CO1

	
4%

	




	
Increase quality level by maintaining or reducing environmental impact

	
OCO2

	
1%

	
Environmental




	
Increase customer loyalty

	
CO3

	
10%

	




	
Increase new customers

	
CO4

	
10%

	




	
Improve customer satisfaction

	
CO5

	
3%

	




	
Process perspective

	
Improve circular economy practices efficiency: Recycle, reuse, reduce and recover (4Rs)

	
PO1

	
7% (aggregated value)

	
Environmental




	
Learning and Growth

	
Increase staff competencies

	
LGO1

	
2%

	
Social




	
Increase and maximize the technological infrastructure

	
LGO2

	
20%

	
Economic




	
Increase staff satisfaction

	
LGO3

	
10%

	
Social




	
Increase development and learning programs

	
LGO4

	
2%

	
Social
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Table 2. Elements and cluster of TQM and outputs.
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	Cluster
	TQM Elements





	Quality control (QC)
	Simulation (QC1), Sampling (QC2)



	Quality planning and improvement (QPI)
	Customer needs (QPI1), Continuous improvement (QPI2), Training (QPI3), Quality standards (QPI4),

Recognition and rewards systems (QPI5), Staff turnover (QPI6)



	Lean Production (LP)
	Redistribution of work (LP1), Automation with human touch (LP2), Just in time (LP3), Error-proof (LP4)



	Collaboration factors (CF)
	Trust (CF1), Supply chain design (CF2), Cooperation (CF3), Information sharing processes (CF4), Joint decisions (CF5), Multi-disciplinary teams (CF6), Process alignment (CF7), Interoperability (CF8)



	Outputs (Out)
	Cost reduction (Out1), Process improvement (Out2), Quality assurance (Out3), Efficiency in product delivery (Out4), Increase in motivation and satisfaction level (Out 5), Increase in customer satisfaction (Out6), Sales increase (Out7), Productivity increase (Out8), Information and knowledge (Out9)
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Table 3. Limit supermatrix values ordered following an ABC classification.
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	Structural Block
	Cluster
	Element
	Global Priority
	Global Normalised Priority
	Accumulated
	Pareto Classes





	Bsc
	Financial Perspective
	FO1
	0.1187
	11.87%
	11.87%
	A



	Bsc
	Processes Perspective
	PO1
	0.1097
	10.97%
	22.84%
	A



	Bsc
	Financial Perspective
	FO2
	0.10508
	10.51%
	33.35%
	A



	Outputs
	Outputs
	Out2
	0.08575
	8.58%
	41.93%
	A



	Outputs
	Outputs
	Out8
	0.08243
	8.24%
	50.17%
	A



	Outputs
	Outputs
	Out3
	0.04976
	4.98%
	55.15%
	A



	TQM
	Lean Production
	LP4
	0.04121
	4.12%
	59.27%
	A



	BSC
	Customer Perspective
	CO2
	0.03875
	3.88%
	63.14%
	A



	Outputs
	Outputs
	Out7
	0.03724
	3.72%
	66.87%
	A



	TQM
	Quality Control
	QC1
	0.03569
	3.57%
	70.44%
	A



	Outputs
	Outputs
	Out4
	0.03086
	3.09%
	73.52%
	A



	TQM
	Quality Control
	QC2
	0.02716
	2.72%
	76.24%
	A



	Outputs
	Outputs
	Out1
	0.02522
	2.52%
	78.76%
	A



	Outputs
	Outputs
	Out9
	0.02501
	2.50%
	81.26%
	B



	TQM
	Quality Planning
	QPI2
	0.02352
	2.35%
	83.61%
	B



	Bsc
	Customer Perspective
	CO1
	0.01985
	1.99%
	85.60%
	B



	TQM
	Lean Production
	LP2
	0.01831
	1.83%
	87.43%
	B



	Bsc
	L&G Perspective
	LGO2
	0.01819
	1.82%
	89.25%
	B



	Outputs
	Outputs
	Out6
	0.01635
	1.64%
	90.89%
	B



	TQM
	Lean Production
	LP3
	0.01247
	1.25%
	92.13%
	B



	TQM
	Lean Production
	LP1
	0.01171
	1.17%
	93.30%
	B



	TQM
	Quality Planning
	QPI4
	0.00938
	0.94%
	94.24%
	B



	Bsc
	L&G Perspective
	LGO4
	0.00835
	0.84%
	95.08%
	C



	Outputs
	Outputs
	Out5
	0.00649
	0.65%
	95.73%
	C



	Bsc
	Customer Perspective
	CO5
	0.00602
	0.60%
	96.33%
	C



	TQM
	Quality Planning
	QPI3
	0.00441
	0.44%
	96.77%
	C



	TQM
	Collaboration Factors
	CF7
	0.00438
	0.44%
	97.21%
	C



	Bsc
	Customer Perspective
	CO3
	0.00427
	0.43%
	97.63%
	C



	TQM
	Collaboration Factors
	CF2
	0.00395
	0.40%
	98.03%
	C



	Bsc
	L&G Perspective
	LGO1
	0.00392
	0.39%
	98.42%
	C



	Bsc
	Customer Perspective
	CO4
	0.00361
	0.36%
	98.78%
	C



	TQM
	Quality Planning
	QPI1
	0.00221
	0.22%
	99.00%
	C



	TQM
	Quality Planning
	QPI6
	0.00192
	0.19%
	99.19%
	C



	TQM
	Collaboration Factors
	CF8
	0.00189
	0.19%
	99.38%
	C



	Bsc
	L&G Perspective
	LGO3
	0.00173
	0.17%
	99.56%
	C



	TQM
	Quality Planning
	QPI5
	0.00132
	0.13%
	99.69%
	C



	TQM
	Collaboration Factors
	CF1
	0.00116
	0.12%
	99.80%
	C



	TQM
	Collaboration Factors
	CF4
	0.00109
	0.11%
	99.91%
	C



	TQM
	Collaboration Factors
	CF6
	0.0006
	0.06%
	99.97%
	C



	TQM
	Collaboration Factors
	CF3
	0.00026
	0.03%
	100.00%
	C



	TQM
	Collaboration Factors
	CF5
	0.00013
	0.01%
	100.00%
	C
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Table 4. Integration of the Global and the Influences analysis.
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	Sustainability

Dimension
	Objective
	Strongly

Influenced by
	Moderately

Influenced by





	1 (Key)
	Economic
	FO1. Cost reduction
	LP4
	LP2, LP3, QPI2



	2 (Key)
	Environmental
	PO1. 4Rs (Recycle, reuse, reduce and recover)
	QC1
	LP2, LP4, QPI4



	3 (Key)
	Economic
	FO2. Increase net benefit
	LP4
	LP3, QPI2



	4
	Environmental
	CO2. Increase quality level by maintaining or reducing environmental impact
	LP4
	LP1, LP2, QPI1,

QC1, CF4



	5
	Economic
	LGO2. Increase and maximise the technological infrastructure
	QC1
	QC2, QPI2



	6
	Social
	LGO4. Increase development and learning programs
	QC2
	-



	7
	Social
	LGO1. Increase staff competencies
	QC2
	QPI5, QC1,

CF5, CF6



	8
	Social
	LGO3. Increase staff satisfaction
	-
	QPI3, CF4
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LP2 0,00000 0,00000 0,00000 0,00000 0,03138 0,04203 0,00000 0,00000 0,00000 0,04250 0,00000 0,07125

Lean Production

LP3 0,00000 0,00000 0,00000 0,00000 0,00000 0,00913 0,21756 0,00000 0,09368 0,01739 0,01878 0,00778
LP4 0,00000 0,00000 0,00000 0,00000 0,05244 0,11609 0,00000 0,00000 0,09368 0,10079 0,15027 0,02039
QrPi1 0,00000 0,00000 0,00000 0,00095 0,00352 0,01507 0,01542 0,02418 0,01328 0,00000 0,00000 0,00209
QPI2 0,00000 0,01868 0,00144 0,00719 0,03221 0,00649 0,00306 0,00264 0,00264 0,05585 0,05451 0,01448
Quality Planning and QPI3 0,00646 0,00000 0,01719 0,00222 0,00000 0,00233 0,00000 0,00000 0,00000 0,01220 0,01423 0,00000
Improvement QPl4 0,00000 0,00374 0,00000 0,00000 0,00922 0,00000 0,00972 0,00923 0,00837 0,00000 0,00000 0,02740
QPI5 0,01629 0,00000 0,00831 0,00886 0,00000 0,00000 0,00000 0,00000 0,00000 0,00533 0,00464 0,00000
QPI6 0,01026 0,00000 0,00294 0,00320 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00600
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