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LABURPENA 

Drum-buffer-rope (DBR) Goldratten murrizketen teoriaren (Theory of Constraints-TOC) 

funtsezko elementu bat da. DBR-ren arabera, botila-lepoaren programak kontrolatzen 

du ekoizpen-aginduak abiaraztea. Egungo literaturan jadanik aztertuta dago TOC-

DBRren baliotasuna eskaeraren araberako testuinguruetan (Make to Order-MTO), hau 

da, ekoizpen ingurunea planifikatzeko eta kontrolatzeko sistema gisa balio ote duen. 

Egindako azterketa gehienek, ordea, ikuspegi analitikoa hartu dute, mundu errealeko 

kasu enpiriko gutxi daudelarik. Are gehiago, literaturak onartu du MTO inguruneetan 

ekoizpena planifikatzeko eta kontrolatzeko sistemak ezartzea zaila dela, eta hori izan 

liteke, hain zuzen, azterketa enpirikorik ez egotearen arrazoi nagusia. 

Bestalde, MTO inguruneen gainean egindako literaturaren berrikuspenak erakutsi du 

botila-lepoaren hautaketa eta ustiapenari buruz nahikoa ikerketarik ez dagoela, hori 

DBR kudeaketaren funtsezko zati bat izanik. Beraz, ikertzaileak MTO inguruneetarako 

jarraibide berri hauek ematea izan du helburu: 

1) Botila-lepoa nola aukeratu: ikerketak lau irizpide eman ditu botila-lepoa 

aukeratzeko. Irizpide horiek baliabideetan oinarritutako ikuspegiarekin 

(Resource Based View-RBV) bat datoz, eta bereziki Barneyren VRIO 

kontzeptuarekin. 

2) Botila-lepoa nola ustiatu: botila-lepoa ustiatzeko hiru urrats operatibo garatu 

dira, praktikan oinarritutako ikuspegi estrategikoan finkaturik (Practice Based 

View-PBV). 

Lanaren emaitza botila-lepoaren aukeraketa eta ustiapena gauzatzeko prozesu 

sistematiko bat da. Goldratten DBR metodoaren lehen bi urratsak operazionalizatzea 

ahalbidetzen du prozesu horrek, eta lau kasu errealen bitartez garatu eta probatu da, 

ekintza bidezko ikerketa (Action Research-AR) eta ikerketa konstruktiboaren alderdi 

batzuk baliatuz. AR metodologiak mundu errealeko arazoak konpontzen dituen 

bitartean ikerketa akademikoari ekarpenak egiteko aukera ematen du. Ondorioz, izaera 

praktikoa duten ikerketetarako egokia da. 
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Ikerketa horrek zenbait ekarpen teoriko eman ditu (adibidez, nola hautatu eta ustiatu 

botila-lepoa MTO inguruneetan), baita ekarpen praktiko batzuk ere (hau da, TOC-DBR-

ren lehenengo bi urratsak aplikatzeko prozesu sistematikoa, eta enpresaren emaitzetan 

zer nolako eragina duen erakutsi). 

Azkenik, espero ez ziren zenbait ekarpen gehigarri ere erdietsi dira. Horietako batek 

berebiziko garrantzia dauka, eta bi MTO ingurune mota desberdinentzat 

identifikatutako kudeaketa bereiztua da, zehazki: 

¶ Produktu errepikakorren enpresa (Repeat-business customizers; produktu 

aniztasun ertaina eta bolumen ertainen ekoizpena): ikerketaren arabera, botila-

lepoa ustiatzea errendimendu hobeko iturria izan daiteke; emaitza horiek bat 

etorri dira praktikan oinarritutako ikuspegiarekin (PBV). 

¶ Fabrikazio-enpresa aldakorrak (Versatile manufacturing companies; produktu-

aukera handia eta bolumen txikiko ekoizpena): ikerketak erakutsi duenez, 

baliabideetan oinarritutako ikuspegiak (RBV) eta praktikan oinarritutako 

ikuspegiak (PBV) enpresen errendimendua hobetu dezakete. Botila-lepoa 

hautatzeko baliabideetan oinarritutako ikuspegiaren VRIO kontzeptua erabil 

daiteke (bereziki, baliabide arraroak eta imitaezinak kontzeptuak). Praktikan 

oinarritutako ikuspegiak (PBV), berriz, botila-lepoaren ustiapenari eragiten dio. 
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RESUMEN 

Uno de los principales elementos de la teoría de las limitaciones (TOC) de Goldratt es su 

método de gestión de la producción Drum-Buffer-Rope (DBR), que controla el 

lanzamiento del trabajo al sistema. La secuencia en la que se lanzan las órdenes de 

producción está determinada por la programación del Cuello de Botella (Drum). La 

literatura existente ha discutido la validez de TOC-DBR como un sistema de planificación 

y control de la producción en un entorno de fabricación bajo pedido (MTO), pero la 

mayor parte de los trabajos tienen un enfoque analítico y los casos empíricos del mundo 

real son escasos. De hecho, la literatura ha reconocido que cualquier intento de poner 

en práctica sistemas de planificación y control de la producción en entornos MTO es 

complejo de gestionar y, por lo tanto, esta podría ser también la causa principal de la 

falta de estudios en la literatura. 

Además, la revisión de la literatura ha mostrado una falta de entendimiento respecto a 

cómo seleccionar y explotar el cuello de botella (una parte esencial de DBR) en contextos 

de fabricación MTO. Por lo tanto, el investigador ha desarrollado su trabajo para 

proporcionar los siguientes aspectos novedosos aplicados a los entornos MTO: 

1) Cómo seleccionar el cuello de botella: nuestra investigación proporciona cuatro 

criterios para determinar la ubicación del cuello de botella del sistema. Estos 

criterios se inspiran en la perspectiva basada en los recursos (Resource Based 

View-RBV) y en el marco VRIO de Barney. 

2) Cómo explotar el cuello de botella: hemos incluido tres sub-pasos como guía 

operativa para la explotación el cuello de botella, inspirados en parte en la 

perspectiva estratégica de la visión basada en la práctica (Practice Based View-

PBV). 

La selección y explotación del cuello de botella se han incluido en un proceso sistemático 

de toma de decisiones que facilita la puesta en marcha de los dos primeros pasos del 

DBR de Goldratt. Este proceso sistemático ha sido desarrollado y probado en cuatro 

casos reales mediante la Investigación en Acción, combinada con ciertos aspectos de la 

Investigación Constructiva. Dada la naturaleza práctica de esta investigación, la 
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Investigación en Acción es una metodología apropiada, ya que permite integrar la 

investigación académica y la resolución problemas en contextos reales.  

Como resultado de nuestra investigación se han realizado diversas contribuciones, tanto 

teóricas (por ejemplo, cómo seleccionar y explotar el cuello de botella en los entornos 

MTO) como prácticas (proceso sistemático para hacer operativa la aplicación de los dos 

primeros pasos del TOC-DBR o cómo impactan en los resultados operativos de la 

empresa).  

Como resultado de esta investigación también se han producido ciertas contribuciones 

inesperadas. Una de estas contribuciones, de especial interés, es la identificación de una 

gestión diferenciada para los dos tipos de escenarios MTO analizados: 

ω Producción customizada repetitiva (Repeat-business customizers (RBC): 

variedad de productos medio y producción de volumen medio): La 

investigación demostró que la explotación del cuello de botella podría ser una 

fuente de mejor rendimiento; estos hallazgos coinciden con la PBV.  

ω Empresas manufactureras versátiles (Versatile manufacturing companies 

(VMC): gran variedad de productos y producción de bajo volumen): La 

investigación ha demostrado que los enfoques RBV y PVB pueden mejorar el 

rendimiento de las empresas. Así, mientras la selección del cuello de botella 

puede determinarse utilizando el concepto VRIO de RBV (especialmente en lo 

que respecta al concepto de recursos que son άrarosέ e άinimitablesέ), la PBV se 

aplica a la explotación del cuello de botella. 
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ABSTRACT 

Drum-buffer-rope (DBR) is a key element of DƻƭŘǊŀǘǘΩǎ ǘƘŜƻǊȅ ƻŦ ŎƻƴǎǘǊŀƛƴǘǎ ό¢h/ύ in 

which the launch of production orders into the system is controlled according to the 

ǎŎƘŜŘǳƭŜ ƻŦ ǘƘŜ ǎȅǎǘŜƳΩǎ bottleneck. The existing literature has discussed the validity of 

TOC-DBR as a production planning and control system in make-to-order (MTO) 

environments, but most studies have taken an analytical approach; real-world empirical 

cases are scarce. In fact, the literature has recognised that any implementation of 

production planning and control systems in MTO environments is complex to manage, 

and this could also be the main cause of the lack of studies on this subject. 

Additionally, a literature review showed a lack of understanding regarding selecting and 

exploiting the bottleneck (a crucial part of DBR) in these MTO manufacturing contexts. 

Therefore, the researcher aimed to provide the following novel guidelines for MTO 

environments: 

1) How to select the bottleneck: The research provided a set of four criteria 

inspired by the resource-based ǾƛŜǿ ŀƴŘ .ŀǊƴŜȅΩǎ ±RIO concept. 

2) How to exploit the bottleneck: Three operative sub-steps to exploit the 

bottleneck were included; these were partly inspired by a strategic perspective 

based on the practice-based view. 

The selection and exploitation of the bottleneck was included in a systematic decision-

making process that enabled ǘƘŜ ƻǇŜǊŀǘƛƻƴŀƭƛǎŀǘƛƻƴ ƻŦ ǘƘŜ ŦƛǊǎǘ ǘǿƻ ǎǘŜǇǎ ƻŦ DƻƭŘǊŀǘǘΩǎ 

DBR. This systematic process was developed and tested on four real-world cases using 

action research (as well as some aspects of constructive research). Given the practical 

origin of this research, action research was an appropriate methodology since it enabled 

contributions to academic research while solving real-world problems.  

The research provided several theoretical contributions (e.g., how to select and exploit 

the bottleneck in MTO environments) as well as practical contributions (i.e., a systematic 

process for operationalising the first two steps of TOC-DBR and determining how the 

company performance could be impacted).  
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Additional (non-expected) contributions also emerged from the research. Among 

others, a key contribution was related to the different management required by the two 

types of MTO environments, as follows: 

ω Repeat-business customizers (medium product variety and medium volume 

production): The research showed that exploiting the bottleneck could be a 

source of better performance; these findings aligned with the practice-based 

view.  

ω Versatile manufacturing companies (high product variety and low volume 

production): The research showed that approaches based on the resource-based 

view and practice-based view could improve firmsΩ performance. The practice-

based view applied to the exploitation of the bottleneck, while the selection of 

the bottleneck could be determined using the resource-based viewΩs VRIO 

concept (especially concerning resources that were rare and inimitable).  
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1.1.  Problem outline 

The rapid development of science and technology has dramatically changed the 

competitive environment of modern manufacturing companies (Wang, Qi, Cui, & Zhang, 

2018). Shorter production life cycles, customized demand and flexible production are 

becoming typical challenges for these companies (Wang et al., 2018), and the multi-

variety, small-batch mode of production is more widely applied (Stevenson, Hendry, & 

Kingsman, 2005). In a make-to-stock (MTS) manufacturing environment, most products 

are high volume and low variety and have short lead times to the customer. In this 

environment, customer demand is mostly served by finished product inventories. On 

the other hand, low-volume and high-variety products are typical of a make-to-order 

(MTO) manufacturing environment. Lower storage costs and greater flexibility to 

respond to customer demand are the most outstanding features of an MTO 

environment (Wang et al., 2018).  

Recently, production planning and control systems (PPCS) have become a critically 

important field of business around the world. PPCS are vital for the survival of 

manufacturing companies in such a highly competitive environment, as production 

planning and control are two essential tasks of operational management that strongly 

influence improvement of company profits as well as the efficiency of resource 

utilisation (Wang et al., 2018). Choosing the appropriate PPCS is an important and 

complex decision for MTO companies (Stevenson et al., 2005; Olhager & Rudberg, 2002; 

Gaury, Kleijnen, & Pierreval, 2001). The PPCS of the company has a direct impact on 

work in progress (WIP), lead times and on-time delivery (Maccarthy & Fernandes, 2000).  

Due to limited empirical research regarding the suitability of different PPCS in practical 

MTO contexts, this dissertation contributes to the ongoing discussion by investigating 

the implantation process of the drum-buffer-rope (DBR; the PPCS within the theory of 

constraints [TOC]) in four high-value MTO-oriented manufacturing companies. The few 

existing studies based on simulation have suggested the superior performance of the 

DBR in MTO contexts compared to other PPCS. Therefore, the author proposed a 

systematic process for deploying the first two steps of the TOC within a PPCS, 

particularly in the selection and exploitation of the production system constraint 
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through integrating a strategic perspective. The systemic process was based on the 

seminal work from GoldrŀǘǘΩǎ ¢h/ (Goldratt & Cox, 2003) and included key aspects from 

theories on strategy, including the resource-based view (RBV) and practice-based view 

(PBV). The RBV and PBV argue the importance of resources and practices in achieving 

competitive advantage and/or improved firm performance.  

1.2.  Research context 

Since the research questions (RQs) arose from a real managerial problem requiring 

solving, this doctoral thesis was developed in close contact with four companies from 

different MTO scenarios in the Basque Country. In fact, the PhD candidate worked as an 

active change agent in all four case studies (CS), having been integrated with the 

different working teams from the case companies. The research developed in this 

doctoral thesis was also been partly financed by the case companies that took part in 

the fieldwork. The PhD candidate was hired by the different companies to advise them 

during the challenges described in the cases and research-granted projects.  

Nonetheless, the case companies did not place any restrictions on the research design, 

execution, documentation and/or dissemination of the results. In fact, full trust from the 

top management of the case companies gave the candidate exceptional research 

freedom to propose new hypotheses and empirically test them in the companies. The 

only demand from the case companies was to keep their names confidential, as well as 

not to show some quantitative results with the real values. 

Obviously, ǘƘŜ ŎŀƴŘƛŘŀǘŜΩǎ role as a change agent in the cases influenced the research 

direction, as usually happens with action research (AR)-based projects. 

1.3.  Research questions 

As previously stated, studies on PPCS in MTO scenarios have been mainly descriptive; 

knowledge about the design characteristics, application and impact of these PPCS 

implementations is still limited. Therefore, the following RQs aimed to overcome that 

knowledge gap:  
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RQ1. How can the constraint of a production system in an MTO context be 

systematicallyτand by means of TOC-DBRτselected and exploited to enhance 

performance? 

¶ RQ1a. How should the bottleneck be selected? 

¶ RQ1b. How should the bottleneck exploitation be executed? 

 

1.4.  Research topics, contributions and related publications 

1.4.1. Research topics 

This doctoral thesis is classified within five main research topics (RT): 

ω RT1: MTO scenario complexity (Repeat Business Customizer-RBC or Versatile 

Manufacturing Companies-VMC) 

ω RT2: The importance of PPCS for achieving ŎƻƳǇŀƴƛŜǎΩ Ǝƻŀƭǎ 

ω RT3: TOC production planning and control using the DBR 

ω RT4: Strategic resource management using the RBV approach  

ω RT5: Strategic resource management using the PBV approach 

1.4.2. Contributions 

Accounting for the gap in the literature and its research focus, this paper has six key 

contributions: 

ω C1: Identification of how to select the bottleneck by means of four criteria that 

extend beyond the load versus capacity analysis by providing a strategic 

perspective inspired by the RBV theory regarding the contribution of strategic 

resources to maintain the competitive position. 

ω C2: Description of a detailed process to exploit the bottleneck that aligned with 

the PBV theory and recognised that practices could also provide superior 

performance for organisations. 

ω C3: Description of four industrial cases detailing the implementation of a DBR 

PPCS in MTO scenarios. 
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ω C4: Identification of differences when selecting and exploiting the bottleneck 

(based on TOC-DBR) depending on the type of MTO scenarioτRBC or VMC. 

ω C5: Creation, description and testing of a systematic process for operationally 

executing the selection and exploitation of the bottleneck in four steps according 

to TOC-DBR seminal concepts. 

ω C6: Description of four industrial cases of the MTO environment that have 

implemented TOC-DBR and analysis of their improved performance.  

1.4.3. Research outcome: Publications, research projects and teaching 

During the doctoral thesis, the researcher found different results that showed the need 

for external evaluation of the ǊŜǎŜŀǊŎƘΩǎ quality. The researcher participated in four 

companies to carry out applied research projects on topics related to this thesis, which 

allowed the researcher to execute and observe real-world cases. The results of the 

research and applied research projects have been published in three journals classified 

by Scopus/JCR, in several publications by international publishers and in presentations 

at international conferences. Finally, a pedagogical outcome in RT teaching in 

undergraduate, graduate and executive programs has been achieved. Table 1 

summarises the eight publications (P), four research-granted projects (RP) and two 

teaching assignments (T) executed during the doctoral thesis. 
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Table 1. Summary of publications, research projects and seminars 

Outcome No Description 

Journal papers 3 

(P1) Published in Dirección y Organización (Lizarralde, 

Apaolaza, & Mediavilla, 2019a) 

(P2) Published in DYNA (Lizarralde, Apaolaza, & Mediavilla, 

2019b) 

(P3) Published in the Journal of Industrial Engineering 

Management (Lizarralde, Apaolaza, & Mediavilla, 2020)  

Book chapters  2 

(P4) One book chapter in Project Management and 

Engineering Research, Springer: 2017 

(P5) One chapter in Project Management and Engineering 

Research, Springer: 2018 

Conference 

proceedings 
3 

(P6) XXI International Congress on Project Management and 

Engineering, Cádiz, 2017. 

(P7) XXII International Conference on Industrial Engineering 

and Industrial Management, Girona, 2018. 

(P8) XXIII International Conference on Industrial 

Engineering and Industrial Management, Gijon, 2019. 

Research-

granted projects 
4 

Sectors: (RP1) Wind-energy towers manufacturer; (RP2) 

aeronautical sector precision machining manufacturer; 

(RP3) steel tubes manufacturer using the hot extrusion 

process; (RP4) machined and welded solutions 

manufacturer. 

Seminars 2 
(T1) University of Mondragon (postgraduate); (T2) 

University of Mondragon (undergraduate) 
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1.4.4. Linkage of research topics, related publications and contributions  

Table 2 shows the relationships and influence among the five research topics (RT), 

including the related publications (P) and contributions (C). The research content has 

evolved slightly during the time of the thesis; the scope has been refined, and how the 

different research topics were related has been clarified.  

Figure 1 provides a summarized view of the research program and the key activities of 

the doctoral thesis, including the literature review, construction and evaluation of the 

systematic process for applying DBR to production planning as well as the quality criteria 

used for validating the research. 
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Table 2. Linkage of research topics, related publications and contributions 

Contribution 
Related 

publication 

Related 

projects 

Related 

research topic 

C1: Identification of how to select the 

bottleneck by means of four criteria 

that extend beyond the load versus 

capacity analysis 

P1, P2 and 

P3 

RP2, RP3 and 

RP4 

RT1, RT2, RT3 

and RT4 

C2: Description of a detailed process 

to exploit the bottleneck  
P3 RP4 RT5 

C3: Description of four industrial cases 

detailing the implementation of a DBR 

PPCS in MTO scenarios. 

P1, P2 and 

P3 

RP1, RP2, RP3 

and RP4 

RT1, RT2 and 

RT3 

C4: Identification of differences when 

selecting and exploiting the bottleneck 

(based on TOC-DBR) depending on the 

type of MTO scenarioτRBC or VMC. 

P8 
RP1, RP2, RP3 

and RP4 

RT1, RT2, RT3, 

RT4 and RT5 

C5: Creation, description and testing 

of a systematic process for 

operationally executing the selection 

and exploitation of the bottleneck in 

four steps according to TOC-DBR 

seminal concepts 

P3 RP4 
RT1, RT2, RT3, 

RT4 and RT5 

C6: Description of four industrial cases 

of the MTO environment that have 

implemented TOC-DBR and analysis of 

their improved performance. 

P1, P2, P3 

and P6 

RP1, RP2, RP3 

and RP4 

RT1, RT2, RT3, 

RT4 and RT5 
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Figure 1. Research program 
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1.5.  Structure of the document 

This thesis is divided into seven chapters, as shown in Table 3.  

Table 3. Structure of the thesis 

Chapter Description 

Chapter 1: Introduction 
The research project is introduced, and the purpose of 

the study and its objectives are analysed. 

Chapter 2: Literature review The main PPCS methodologies are presented. 

Chapter 3: Research methodology 

and design 

Different research methodologies are analysed to 

determine the methodology used to carry out this 

research work. 

Chapter 4: Fieldwork 
Four CS are reported, and the results are explained. A 

cross-case study is performed. 

Chapter 5: Discussion  
The main findings of the cross-case study are used to 

answer the RQs. 

Chapter 6: Conclusions and future 

research 

The conclusions are presented and future lines of 

research are identified. 

Chapter 7: References The references used are listed. 
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2.1.  Introduction 

The objective of this chapter is to analyse and describe the theoretical framework in 

which this thesis will be developed. To this end, based on the review of the literature 

found in the field in question, the following points will be developed: 

ω The characteristics of MTO manufacturing contexts 

ω Production planning and control systems 

ω Production planning and control system of the theory of constraints 

ω Research gaps 

2.2. The characteristics of MTO manufacturing contexts 

Manufacturing competitiveness is increasingly driven by customer satisfaction. Product 

variety, short and predictable lead times and reliable delivery times constitute the three 

main customer expectations (Jaegler, Jaegler, Burlat, Lamouri, & Trentesaux, 2018). 

Customers increasingly demand more variety, lower quantity and higher reliability, as 

well as shorter delivery times (Romagnoli, 2015; Borreguero-Sanchidrian, Pulido, Garcia-

Sanchez, & Ortega-Mier, 2018). Consequently, MTO companies have had to shift their 

objectives toward flexibility, quality and adaptation to consumer demand (Sultana & 

Ahmed, 2014). Additionally, managers in MTO organisations are pressured to reduce 

inventory levels and achieve maximum utilisation of their resources. 

As noted by Soman, Donk, Van and Gaalman (2004), researchers examining 

production/inventory control systems have traditionally characterized manufacturing 

operations as either MTS or MTO. In an MTS system, production is initiated before 

demand occurs, and items enter finished goods inventory before they are sold to 

customers. Therefore, the MTS system is appropriate for mass production in which 

products can be easily standardized; the benefits of the system usually include greater 

economies of scale and shorter lead times. In an MTO system, on the other hand, 

production is initiated only after demand is known, and each item is delivered directly 

to the customer after production is completed. 
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Amaro, Hendry and Kingsman (1999) presented a new classification for non-MTS 

companies. This classification is based on the level of work performed after the order 

has been placed as well as the nature of the product customization. In an MTO company, 

when an order is given, the basic design is available; the remaining work occurs in 

manufacturing and assembly. The design of the product can be included in the definition 

of an MTO and considered as a remaining process to be planned and controlled, as in 

the case of engineering-to-order companies. Therefore, the term άMTOέ refers to 

products for which production and/or design does not take place until after the 

confirmation of the customerΩs order. MTO companies cannot precisely predict demand, 

order raw materials and produce in advance or effectively implement batch production 

methods. In addition, the material and production requirements of one job in the factory 

can be very different from those of other jobs, so the lack of common parts and variable 

work routes adds to the difficulties of planning and control (Amaro et al., 1999). 

According to Amaro et al. (1999), there are two types of MTO companies: repeat 

business customizers (RBC) and versatile manufacturing companies (VMC). RBC 

companies provide customized products on a continuous basis for a set period. The 

products are manufactured after the order arrives but are produced more than once, 

allowing a small degree of predictability. In contrast, VMC environments are more 

complex; each order is different, and a wide variety of products with variable demand 

are manufactured in small batches with little repetition. Figure 2 illustrates the position 

of the RBC and VMC categories on the traditional volume/variety spectrum in relation 

to an MTS (Stevenson et al., 2005). 
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Figure 2. Classification based on volume vs. variety (Stevenson et al., 2005) 

Most VMC environments are usually organised into workshops and require high 

management skills due to the typology of the material flow (Stevenson et al., 2005). In 

addition, if the VMC company produces many final products from a few raw materialsτ

known as ŀ άV plantέ (Lockamy, 2013)τthe problem of achieving high productivity and 

high service levels becomes more acute (Darlington, Francis, Found, & Thomas, 2015).  

The optimization of industrial operations, as relates to production planning and control, 

is one of the problems faced by the industry. In turn, integrated optimization from the 

perspective of a whole system of complex systems, such as production systems, has 

become an interesting and important issue (Wang et al., 2018). Soman et al. (2004) 

explained that  

The main operational issues for MTO companies are capacity planning, order 

acceptance/rejection and attaining high due date adherence. Capacity planning 

should be addressed at several levels including the stage at which orders are first 

considered and thus the customer enquiry stage is of particular importance to 

the MTO sector. (p.224) 

Furthermore, άthe competitive priority is often shorter delivery lead timesέ (Soman et 

al., 2004, p.225). Kingsman, Hendry, Mercer and de Souza (1996) agreed that a 

companyΩs offer in response to a customer enquiry must contain realistic and currently 

competitive delivery dates and prices, although other factors, such as the companyΩs 
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reputation and financing packages, may also be important in winning an order. 

Therefore, the ability of a PPCS to calculate realistic and competitive delivery dates at 

the customer enquiry stage is also important. 

Thus, PPCS are essential tools for meeting the increasingly complex needs of customers 

in MTO scenarios (Manikas, Gupta, & Boyd, 2015). A PPCS has to provide solutions to 

the operational problems of companies that include material requirements planning, 

demand management, capacity and scheduling and sequencing of work. The main 

objective of these functions is to reduce work in progress (WIP), minimize lead times, 

improve responsiveness to changes in demand and enhance compliance with delivery 

dates (Stevenson et al., 2005).  

Therefore, PPCS have become a key element in achieving maximum efficiency in MTO 

plants (Stevenson et al., 2005; Olhager & Rudberg, 2002; Gaury et al., 2001). They  have 

a notable impact on aspects such as WIP, cycle times and on-time delivery (Maccarthy 

& Fernandes, 2000). In this context, the effectiveness of the chosen PPCS constitutes a 

key element ƻŦ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ǎǳŎŎŜǎǎ (Jaegler et al., 2018). 

2.3.  Production planning and control systems 

As we have seen above, the typical functions of a PPCS include planning material 

requirements, demand management, capacity and the scheduling and sequencing of 

jobs. Variety, quality, short lead times, minimal WIP and maximum utilisation of 

resources appear to be conflicting; another main objective of modern PPCS is to find a 

compromise solution amongst them (Lengyel, Hatono, & Ueda, 2003).  

Since the middle of the twentieth century, several PPCS have been developed. For 

instance, material requirements planning (MRP) systems focus on detailed production 

schedules and may be more suitable for MTS environments (Stevenson et al., 2005). 

MRP systems try to minimize the costs associated with the planning cycle by using 

batches. Other systems give priority to improving the flow of materials (i.e., the speed 

of transformation of raw materials into finished products) and systematically reducing 

waste (i.e., anything that does not add value to the process; Deming, 1982; Ohno, 1988; 

Womack, Jones, & Roos, 2008). Two of these systems are the Kanban (Berkley, 1992) 
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and the constant WIP (CONWIP; Spearman & Zazanis, 1992); they  are usually 

appropriate for large volumes and low production variety. 

However, the literature examining PPCS lacks sufficient evidence on how these systems 

should be applied in MTO environments (Maylor, Turner, & Murray-Webster, 2015) and 

which of the different PPCS is most appropriate for this scenario. In MTO scenarios, the 

successful implementation of different systems, such as MRP, Kanban or CONWIP, has 

proved difficult (Darlington et al., 2015; Guan, Peng, Ma, Zhang, & Li, 2008). However, 

empirical evidence is lacking for the application of other PPCS, such as the DBR (Goldratt 

& Cox, 1984), quick-response manufacturing (Suri, 1998), workload control (WLC; Silva, 

Stevenson, & Thürer, 2015) and agile manufacturing (Christopher & Towill, 2000), in 

MTO scenarios. Additionally, no perfect PPCS will fit all situations (Plenert, 1999). As a 

result, applicability depends on the individual characteristics of a company. Therefore, 

managers must still play a large role by άchampioningέ the project, giving their specialist 

opinion, setting parameters and easing PPCS implementation through facilitating 

organisational change (Stevenson et al., 2005).  

Stevenson et al. (2005) critically reviewed the PPCS literature from the perspective of 

the MTO industry, considering shop configuration, company size, customization and 

provisions for the customer enquiry, job entry and job release stages. Their conclusion 

is that TOC is a valid tool for solving the problems of the two MTO scenarios (Figure 3): 

 

Figure 3. System selection matrix presenting PPCS alternatives for MTO scenarios (Stevenson et al., 

2005)  
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2.4.  Production planning and control system of the theory of 

constraints 

The TOC is a management philosophy based on systemic thinking (Boyd & Gupta, 2004). 

It was developed in the 1980s and has great theoretical and practical dissemination in 

the industry (Goldratt & Fox, 1986; Goldratt, 1990). The ¢h/Ωǎ main underlying idea is 

that every system has at least one constraint that limits system performance (Goldratt 

& Cox, 1984) . One of ǘƘŜ ¢h/Ωǎ strengths is focusing on constraints as a basis for 

managing and improving the system. According to Goldratt and Cox (2003), a constraint 

or bottleneck άƛǎ anything that limits a system from achieving higher performance versus 

ƛǘǎ Ǝƻŀƭέ. Therefore, identifying bottleneck(s) and managing the organisation according 

to the impact of said bottleneck(s) is critical for achieving the goal. An improvement of 

the boǘǘƭŜƴŜŎƪΩǎ performance entails an improvement of the entire system.  

In contrast, the capacity of non-constrained resources (i.e., the rest of the resources) is 

composed both of productive and idle capacity (Lockamy & Cox, 1995). From a TOC 

perspective, idle capacity is not an excess of capacity but rather a margin of capacity 

that protects the system against uncertainty. The use of this idle capacity as productive 

capacity would not improve throughput and would unnecessarily increase inventory. 

Implementing TOC principles in companies is known as the process of ongoing 

improvement (POOGI) and is composed of the following two prerequisites:  

ω Defining the system and identifying its goal 

ω Defining the measures that align the system with its purpose  

The POOGI also includes five focusing steps (Rahman, 1998; Watson, Blackstone, & 

Gardiner, 2007); the DBR, the scheduling mechanism of the TOC, is limited to steps 1 to 

3 (Figure 4). 



Chapter 2: Literature review  

18 
 

 

Figure 4. Five focusing steps of the TOC 

The DBR is a powerful PPCS in shops with bottlenecks (also called drums) oriented 

toward addressing market or physical constraints (Thürer, Stevenson, Silva, & Qu, 2017). 

One strength of this approach is its simplicity; to control the whole system, precision is 

required only in the drum (Gupta & Snyder, 2009). The drum is identified on the basis of 

the companyΩs order book. Once the constraint has been identified, the DBR 

synchronizes production with customer requirements through the rope (i.e., the 

connection between the input of work and the bottleneck; Thürer et al., 2017). 

Previously, program criteria had been defined in the step focused on exploiting the 

botteneck. Finally, the DBR uses drum and sƘƛǇǇƛƴƎ ōǳŦŦŜǊǎ όάǘƛƳŜ ƻǊ ŀ ǘƛƳŜ-equivalent 

amount of WIPέύ ǘƻ ŜƴŀōƭŜ ǘƘƛǎ ǎȅƴŎƘǊƻƴƛȊŀǘƛƻƴ ǿƘƛƭŜ ǇǊƻǘŜŎǘƛƴƎ ǘƘŜ ǘƘǊƻǳƎƘǇǳǘ ƻŦ ǘƘŜ 

system from variability with reduced levels of WIP (Thürer et al., 2017). Usually, 

bottleneck resources do not need to be programmed, since each operation is governed 

based on the buffer consumption of each order. This provides great simplicity to the 

PPCS (Goldratt, 1990). Figure 5 shows the different DBR components and their 

relationship to each other. 
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Figure 5. DBR mechanism for production planning and control 

The benefits of applying TOC-DBR have been documented in the literature (Panizzolo, 

2016; Watson et al., 2007). For example, Mabin and Balderstone (2003) documented 

numerous implementations of TOC-DBR, noting that 80% of companies utilising this 

system obtained improvements in meeting delivery deadlines and compliance. 

Significant results have also been reported in terms of inventory, WIP and lead-time 

reduction and delivery performance improvement, among others (Mabin & 

Balderstone, 2003). Similarly, many investigations related to the effectiveness of the 

DBR have focused on simulations under specific plant conditions. These studies have 

concluded that the severity of the constraint is a decisive aspect when choosing a release 

method in job shops with a bottleneck. 

Although these results have been mainly related to repetitive manufacturing, they are 

especially promising when it comes to utilising the DBR in MTO contexts (Stevenson et 

al., 2005). However, in spite of such an extensive bibliography discussing the use of the 

TOC, real-world studies related to current job shop contexts are lacking. Thus, recent 

research studies have encouraged further research to validate their findings. One of 

these areas is in the study of additional actual complex cases, including one with many 

products (Maylor et al., 2015; Thürer et al., 2017). 

2.4.1. Quality validation of the literature review 

¢Ƙƛǎ ŎƘŀǇǘŜǊΩǎ ǇǳǊǇƻǎŜ ƛǎ ǘƻ ŀƴŀƭȅǎŜ ŀƴŘ ŎƭŀǎǎƛŦȅ ŜȄƛǎǘƛng literature on TOC-DBR issues 

and to identify areas for further research. Based on the central theme of books written 
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by Goldratt and previous review articles that have completed classifications of the 

subject, the body of TOC knowledge already explored in the literature is separated into 

six areas (Ikeziri, Souza, Gupta, & de Camargo Fiorini, 2018): production, projects, 

throughput accounting, thinking process, supply chain management (SCM) and POOGI. 

As the present study is based on PPCS, it will focus only on the knowledge areas of 

production and POOGI. 

A systematic literature review was chosen as the appropriate methodological approach 

since it is a valid method for generating knowledge through the synthesis of existing 

articles that may be more relevant and of greater importance than new research 

(Cooper, 2010; Kitchenham, 2004). The methodology used in this study was based on 

the work of Hohenstein, Feisel and Hartmann (2014). This approach consists of six 

process steps, and it discusses the issues of time horizon, database selection, journal 

selection, article selection, article classification and article analysis. 

2.4.1.1. Time horizon for selection of papers 

The date of publication of the journal articles used for the review and assessment 

process was between 1990 and the end of 2018. Consequently, the paper analysis 

comprised a three-decade timeline. The year 1990 was chosen as the starting point for 

collecting the relevant data because from the topic of TOC-DBR began to attract the 

attention of several key authors starting in 1990. The end of 2018 was selected as the 

end point to include the most recent academic journal publications in light of the 

increase in articles that address this highly significant topic. 

2.4.1.2. Selection of databases 

Two online primary databases were used as search tools: Scopus and Web of Science. 

These are databases that include research into operations, organisational management 

and social sciences. Furthermore, additional potential articles were identified by 

searching Google Scholar. For certain research topics, a selection of books (from well-

known international publishing houses) and conference papers (from renowned 

international conferences) were also utilised.  
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2.4.1.3. Journal selection 

One of the focuses of this research was methodological rigor. To ensure the high quality 

of the studies, only published journal articles were evaluated. The main unit of analysis 

selected for the doctoral thesis was those journal papers published in English peer-

reviewed journals included in the most commonly utilised academic databases; 

academic research journals provide the usual knowledge base for the research 

community. These are the most reliable for having a totally updated work based on 

current science. Therefore, most of the literary review was given through research 

journals. 

After a first search, no journal filtering was performed. With the results obtained and 

the total number of articles identified, the latest version of the journals was selected 

according to its relevance based on its Scimago Journal Rank (SJR) index (Table 4). 

Table 4. Selected reference journals for the research  

Abbreviations JOURNAL SNIP 
SJR 

2018 
JCR 2018 

Five-year 

impact 

factor 

2018 

JOM 
Journal of Operations 

Management 
3.661 6.481 7.776 10.161 

IJPE 
International Journal of 

Production Economics 
2.486 2.475 4.998 5.631 

IJOPM 

International Journal of 

Operations & Production 

Management 

2.275 2.095 4.111 5.604 

IJPR 
International Journal of 

Production Research 
1.720 1.585 3.199 3.336 

PPC 
Production Planning & 

Control 
1.514 1.427 3.340 3.423 

CIE 
Computers and Industrial 
Engineering 

1.755 1.334 3.585 3.600 

ESWA 
Expert Systems with 
Applications 

2.696 1.190 4.292 4.577 

IMDS 
Industrial Management & 
Data Systems 

1.706 1.145 3.727 3.418 
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2.4.1.4. Article selection 

Articles were selected following a systematic process. First, some keywords were 

defined as search criteria based on extant literature. The TOC literature was full of 

evidence of DBR and articles on the five focusing steps. The interest in those studies was 

on MTO scenarios. However MTO analysis was left to do on the articles selected for the 

refined analysis. The string was as follows:  

Ψ5ǊǳƳ .ǳŦŦŜǊ wƻǇŜΩ hw Ψ5.wΩ ŦƻǊ ¢L¢[9Σ 
ABSTRACT AND KEYWORDS 
hw Ψ¢ƘŜƻǊȅ ƻŦ /ƻƴǎǘǊŀƛƴǘΩ hw 
ΨDƻƭŘǊŀǘǘΩ ŦƻǊ ¢L¢[9Σ !.{¢w!/¢ 
!b5 Y9¸²hw5{ !b5 Ψ¢OC 
hw Ψ¢h/Ω ŦƻǊ ¢L¢[9Σ !.{¢w!/¢ 

AND KEYWORDS OR 
ΨtǊƻŎŜǎǎ ƻŦ hƴƎƻƛƴƎ LƳǇǊƻǾŜƳŜƴǘΩ hw ΨCƛǾŜ CƻŎǳǎƛƴƎ {ǘŜǇǎΩ hw 

Ψ/ƻƴǘƛƴǳƻǳǎ LƳǇǊƻǾŜƳŜƴǘΩ ŦƻǊ ¢L¢[9Σ !.{¢w!/¢ 
AND KEYWORDS 

 
As seen, synonyms were included for each of the three aspects to capture the maximum 

number of possible articles.  

For instance, the keyword search identified 168 papers (Figure 6ύ ŦƻǊ ǘƘŜ ǎŜǘ ά¢h/έ ŀƴŘ 

ά5.wέ, but most of these articles did not meet the criteria; some of them were not 

among the selected journals or on the production planning topic. 
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. 

 

Figure 6. First search with selected string 

Then, every article in each of the eight selected journals (from 1990ς2018) and on the 

production management topic was considered if any of the synonyms for the three 

aspects were included in the article title, keywords or abstract. Thus, the papers had to 

show a clear connection between TOC-DBR and TOC-POOGI. To assess the relevance of 

the journal articles to TOC-DBR, the abstracts were reviewed. Articles that seemed non-

relevant to the necessary criteria of this study were eliminated to ensure consistent 

focus and reduce bias. Additionally, duplicates of the articles were eliminated to avoid 

counting a paper twice in the analysis (Hohenstein et al., 2014). In total, 60 appropriate 

scientific articles were identified. Figure 7 and Figure 8 show the 60 analysed articles by 

publication year and by the journal of publication, respectively. 
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Figure 7. TOC-DBR articles in selected journals by publication year 

 

 

Figure 8. TOC-DBR articles in selected journals by publisher 

Finally, the last step involved reading all 60 articles in their entirety. Figure 9 provides 

the keywords, authors, journal, etc., of all the articles analysed. 

 



Chapter 2: Literature review 

25 
 

 

Figure 9. Information on the 60 selected articles  
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2.4.1.5 Article classification 

Classification of the selected articles was done by separating them into two independent 

groups: the articles related to the DBR and the articles associated with the five focusing 

steps of continuous improvement of the TOC. 

2.4.1.6 Article analysis 

For each of the analysed articles, the contribution and the future lines of research that 

the different authors proposed were analysed. The conclusions of the analysis are given 

in the following section, presented as the research gaps found in the literature review. 

2.5.  Research gaps 

While many academic works have shown the successful implementation of TOC-DBR in 

repetitive manufacturing (Mabin & Balderstone, 2003), the research related to the 

application of the DBR in MTO contexts is very limited. The difficulty of applying PPCS to 

MTO environments, which are inherently complex to manage, is the main cause of the 

lack of knowledge related to this area (Rabbani & Tanhaie, 2015). The few existing 

studies discussing the application of TOC-DBR in MTO environments have mainly been 

theoretically developed by means of simulations (Maylor et al., 2015; Thürer et al., 

2017). However, this theoretical research stream has shown some promising results, 

such as shorter lead times, less WIP, higher service levels and higher plan stability (Gupta 

& Snyder, 2009; Stevenson et al., 2005). Thus, additional real-world-based CS would be 

valuable to validate the results obtained by simulation, thereby extending the current 

knowledge related to MTO companies.  

GAP 1: Lack of empirical CS of TOC-DBR application to MTO contexts 

Extending the current knowledge by presenting CS of MTO companies could validate the 

results obtained in the empirical research and provide a detailed understanding of how 

TOC-DBR should be operatively implemented (Gupta & Snyder, 2009). For example, 

Gupta, Mahesh and Boyd (2008) found a limited understanding of how the first two 

steps of the TOC-DBR (identify and exploit the bottleneck) are operatively implemented 

in real MTO productive systems. Moreover, Naor, Bernardes and Coman (2013) claimed 
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that new methoŘǎ ŀǊŜ ƴŜŜŘŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǎȅǎǘŜƳΩǎ ǊŜǎǘǊƛŎǘƛƻƴ (i.e., DƻƭŘǊŀǘǘΩǎ ŦƛǊǎǘ 

step). Ikeziri et al. (2018) concluded that the POOGI (i.e., Ƙƻǿ ǘƻ ŀǇǇƭȅ DƻƭŘǊŀǘǘΩǎ ŦƛǾŜ 

steps) άƴŜŜŘǎ ƳƻǊŜ ǘƘŜƻǊŜǘƛŎŀƭ ǎǘǳŘƛŜǎ ǘƘŀǘ ŘƛǎŎǳǎǎ ŀƴŘ ŜǾŀƭǳŀǘŜ ǘƘŜ ¢h/ ŀǎ ŀ ǎǘǊǳŎǘǳǊŜŘ 

process of continuous improvementέ (p. 26). They also concluded that research 

regarding how to conceptually structure and deploy the principles of the TOC that 

Goldratt (2010) presented in his book The Choice are lacking (Ikeziri et al., 2018). 

Moreover, Pretorius (2014) identified the shortcomings of POOGI that allow for moving 

from one step to the next, as well as the lack of clarity around the ideal location of 

constraints. 

GAP 2: Lack of a systematic process that contains specific actions and decisions to 

support the operational deployment of TOC-DBR in the MTO context 

Additionally, a recent discussion was found in the literature regarding how to identify a 

ώƳŀƴǳŦŀŎǘǳǊƛƴƎϐ ǎȅǎǘŜƳΩǎ ŎƻƴǎǘǊŀƛƴǘ (i.e., DƻƭŘǊŀǘǘΩǎ ¢h/-DBR step 1). Typically, the 

bottleneck in a manufacturing system has been identified using a load versus capacity 

analysis (Betterton & Silver, 2012; Chakravorty & Atwater, 1996; Darlington et al., 2015; 

Georgiadis & Politou, 2013; Manikas et al., 2015; Panizzolo, 2016; Thürer et al., 2017; 

Vignali & Zundel, 2003; Wu, Lee, & Tsai, 2014). However, even when the analysis has 

explained and measured the successful application of TOC-DBR, current research has 

presented evidence that suggests that this analysis can have limitations, even if 

effective. 

Among others, Thürer et al. (2017) stated the following about TOC-DBR application in 

MTO contexts: (1) identifying the constraint can be difficult; (2) when a constraint 

changes place, extensive reprogramming and reprioritization are necessary; (3) the use 

of a time buffer to determine priorities is problematic in MTO environments; (4) the 

synchronisation of a classic DBR with a larger system is complex; and (5) changes in the 

capacity-constrained resource due to order changes are similarly difficult. They also 

concluded that future research could explore how the bottleneck schedule in DBR could 

be improved without compromising its simplicity (Thürer et al., 2017). 
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GAP 3: Lack of a ǎǇŜŎƛŦƛŎ ǎŜǘ ƻŦ ŎǊƛǘŜǊƛŀ ǘƻ ƛŘŜƴǘƛŦȅ ŀƴŘ ǎŜƭŜŎǘ ŀ ǎȅǎǘŜƳΩǎ ōƻǘǘƭŜƴŜŎƪ ǘƘŀǘ 

extends beyond the load versus capacity analysis and is aligƴŜŘ ǿƛǘƘ ǘƘŜ ŎƻƳǇŀƴȅΩǎ 

strategy 
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This chapter will tackle the most relevant aspects of the research methodology that 

were utilised during the research project. The research objectives and questions 

(Section 3.1), research methodology and design concepts (Sections 3.2 and 3.3), selected 

research strategy (Section 3.4), research tactics (Section 3.5) and, finally, the research 

program and quality criteria of this thesis are detailed (Section3.6 and 3.7). 

Although the terms άresearch methodologyέ and άǊŜǎŜŀǊŎƘ ŘŜǎƛƎƴέ Ƴŀȅ ōŜ ǳǎŜŘ 

incorrectly, since they are utilized as synonym, there is a significant difference in their 

meaning. For the purpose of this dissertation, the following understanding will be 

utilised:  

ω Research methodology is related to the principles, procedures and practices that 

govern research (Kazdin, 2015). Methodology is the whole process of the 

research (e.g., planning and conducting a research study, concluding and 

disseminating results).  

ω Research design is the many possible ways that a study can be performed to 

answer the question being asked (Marczyk, DeMatteo, & Festinger, 2005). 

3.1.  Research objectives and questions 

This doctoral thesis aims to present a systematic process that enables effective 

implementation of TOC-DBR in MTO environments; such a process has not been 

identified in the literature. In fact, the systematic literature review showed that new 

insights into the empirical applications of TOC-DBR in MTO environments are needed, 

as the few existing studies have mainly been theoretically developed (Maylor et al., 

2015; Thürer et al., 2017). Therefore, one of the objectives of this dissertation is to 

provide empirical CS of the TOC-DBR application in MTO contexts. 

In addition, the presentation of different cases of DBR in MTO scenarios will also provide 

a detailed understanding of how TOC-DBR should be implemented operatively. In this 

regard, different authors have called for more research, such as the following:  
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ω Understanding is limited on how the first two steps of TOC-DBR (identify and 

exploit the bottleneck) are operatively implemented in real MTO productive 

systems (Gupta, Mahesh, & Boyd, 2008). 

ω Naor et al. (2013) claimed that new methods are needed to determine the 

ǎȅǎǘŜƳΩǎ ǊŜǎǘǊƛŎǘƛƻƴ ƻǇŜǊŀǘƛǾŜƭȅΦ 

ω The existing research lacks discussions on how to conceptually deploy the 

principles of the TOC that Goldratt (2010) presented in his book The Choice 

(Ikeziri et al., 2018). 

Therefore, the dissertation has a second objective: presenting a systematic process to 

support the operational deployment of TOC-DBR in an MTO context, with the specific 

actions and decisions to execute at each step. 

Moreover, the literature has widely showed that new research is needed to propose a 

method for identifying a system constraint beyond the traditional analysis of load versus 

capacity (Betterton & Silver, 2012; Chakravorty & Atwater, 1996; Darlington et al., 2015; 

Georgiadis & Politou, 2013; Manikas et al., 2015; Panizzolo, 2016; Thürer et al., 2017; 

Vignali & Zundel, 2003; Wu et al., 2014). As a result, the third objective of this 

dissertation is developingτwithin the systematic processτa specific set of criteria to 

ƛŘŜƴǘƛŦȅ ŀƴŘ ǎŜƭŜŎǘ ŀ ǎȅǎǘŜƳΩǎ ōƻǘǘƭŜƴŜŎƪ ǘƘŀǘ extends beyond the load versus capacity 

ŀƴŀƭȅǎƛǎ ŀƴŘ ƛǎ ŀƭƛƎƴŜŘ ǿƛǘƘ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ǎǘǊŀǘŜƎȅ Ǿƛŀ drum exploitation. 

In conclusion, the literature has shown the relevance of promoting the application of 

DBR in MTO scenarios as a valid PPCS, especially in the first two steps (i.e., to identify 

and exploit the constraint). The three research objectives allowed the author to set 

appropriate RQs for this PhD research work. Defining the appropriate RQ is a key starting 

point that allows for choosing the appropriate research methodology (Yin, 2013). 

Additionally, the selection of research strategies and tactics depends on the type of RQs 

to be answered (Robson, 2002). 

Therefore, this PhD research work will aim to answer the following RQ: 
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RQ1) How can the constraint of a production system in an MTO context be 

systematicallyτand by means of TOC-DBRτselected and exploited to enhance 

performance? 

¶ RQ1a. How should the bottleneck be selected? 

¶ RQ1b. How should the bottleneck exploitation be executed? 

 

3.2.  Research methodology 

άResearch methodologyέ is a term widely utilised in the scientific literature, but what it 

means to individual researchers can be equally varied. Therefore, the following 

definition of research methodology is assumed from key authors (e.g., Clough & 

Nutbrown, 2002; Freedman, 2000). These authors maintain that a good research 

methodology should last the entire research work and justify the research assumptions 

and compare them with the existing philosophical paradigms.  

Additionally, the research methodology should contain the process that has been 

developed to formulate the RQs and, consequently, the process that justifies the 

selected research strategies (e.g., AR or CS) and methods or tools used to gather and 

analyse the data (e.g., interviews or triangulation). These aspects of the research 

methodology are also characterized within the concept of research design (see e.g. 

Robson, 2002). 

¢Ƙƛǎ ǎǘǳŘȅΩǎ literature review confirmed the need for more empirical research in this 

field of research; that is, the first research objective has been set as providing empirical 

CS of the TOC-DBR application in MTO contexts. The research field is part of the field of 

operations management, which contains two methodologies for theory depending on 

research purpose: formal and empirical. While formal science uses deductive methods 

to arrive at theories, empirical sciences use inductive methods to create these theories. 

Sax (1968) explained this distinction as follows: άƛŦ ŀ ǘƘŜƻǊȅ ƛǎ ōŀǎŜŘ ǇǊƛƳŀǊƛƭȅ ƻƴ 

deductive rules, it is called formal science; the objective is to distinguish it from other 
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areas of knowledge that depend mainly on empiricism and induction: the so-called 

ŜƳǇƛǊƛŎŀƭ ǎŎƛŜƴŎŜǎέ (p.68). 

Wacker (1998) concluded that, no category or research method for creating a good 

theory in operations management is superior to others. Each research method serves a 

different purpose (although equally important) for developing operations management 

theory. The formal methodologies are intended to develop theory with an internal 

consistency through logical analysis. Empirical methodologies provide an empirical 

verification of models while offering evidence for the development of new theory. 

Many authors have claimed that operations management is a problem-solving research 

discipline that can profusely create new knowledge by interacting with practitioners in 

the real world (Lewis, 1998; McCutcheon & Meredith, 1993; van Aken, Chandrasekaran, 

& Halman, 2016). Therefore, and attending prolific calls for more empirical research in 

this field of research, the author assumed empirical methodology as the main research 

methodology for this project. This methodological choice and the type of RQs influenced 

the posterior selection of research strategies for the research design and program.  

3.3.  Research design 

ά5ŜǎƛƎƴ ƛǎ ŎƻƴŎŜǊƴŜŘ ǿƛǘƘ ǘǳǊƴƛƴƎ ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴǎ ƛƴǘƻ ǇǊƻƧŜŎǘǎέ (Robson, 2002, p. 

71). In fact, the value of research is closely related to the coherence between the 

ǊŜǎŜŀǊŎƘΩǎ objective and the way that the objective is addressed. Consequently, defining 

precisely what is to be investigated is essential for correctly establishing the appropriate 

methodology in terms of efficacy and efficiency, and this implies the creation of the 

research process itself (Robson, 2002; Voss, Tsikriktsis, & Frohlich, 2002; Yin, 2013). 

Robson (2002) defined the following two general principles, as well as the aspects, that 

must be followed when developing research design (Table 5): 

1. Strategy: The general orientation taken in addressing RQs 

2. Tactics: The specific methods of investigation 
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Table 5. Research methodology aspects (Robson, 2002) 

Research strategy 

Identification of the research purpose. 

Selection of the research strategy. 

Unit of analysis. 

Research tactics 
Data collection methods. 

Analysis of data and evaluation. 

 

3.4.  Research strategy 

Following the aspects depicted inTable 5, Section 3.4.1 contains the research purpose; 

Section 3.4.2 discusses research strategy and type selection, and Section 3.4.3 defines 

the unit of analysis of this work. 

3.4.1. Identification of the research purpose 

The first step in undertaking a research project is defining the purpose of the research. 

Each research project has three possible purposes: exploratory, descriptive and 

explanatory (Robson, 2002; Table 6).  

With an exploratory purpose, the aim is to understand how a new phenomenon takes 

place and identify key issues and variables. In other words, it is an attempt to lay the 

groundwork that will lead to future studies (Robson, 2002). Research with a descriptive 

purpose aims to convince someone that a phenomenon is relevant (De Massis & Kotlar, 

2014; Gummesson, 2000). This purpose is used when the study provides an accurate 

description of observations of a phenomenon. In other words, studies that explore and 

explain while providing additional information about a topic have a descriptive research 

purpose (Robson, 2002). Finally, research with an explanatory purpose aims to 

understand why an event takes place by analysing the cause-and-effect relationship 

between variables. Specifically, explanatory research looks at how things come together 

and interact. This type of research does not occur until enough understanding exists to 

begin to predict, with some accuracy, what will come next (Robson, 2002). 
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Table 6. Main characteristics of research types (Robson, 2002) 

TYPE CHARACTERISTICS 

Exploratory 

To find out what is happening, to seek new insights, to ask questions, to assess 

phenomena in a new light. 

Usually, but not necessarily, qualitative. 

Descriptive 

To portray an accurate profile of persons, events or situations. 

Requires extensive previous knowledge of the situation to be researched or 

described, so that the appropriate aspects for gathering information are 

known. 

May be qualitative and/or quantitative. 

Explanatory 

Seeks an explanation of a situation or problem, usually in the form of causal 

relationships. 

May be qualitative and/or quantitative. 

 

The objectives of this research project have been set as follows: 

1. Provide empirical CS of the TOC-DBR application to MTO contexts. 

2. Present a systematic process to support the operational deployment of TOC-DBR 

in an MTO context, with the specific actions and decisions to execute at each step. 

3. Developτwithin the systematic processτa specific set of criteria to identify and 

ǎŜƭŜŎǘ ŀ ǎȅǎǘŜƳΩǎ ōƻǘǘƭŜƴŜŎƪ ǘƘŀǘ extends beyond the load versus capacity 

analysis and iǎ ŀƭƛƎƴŜŘ ǿƛǘƘ ǘƘŜ ŎƻƳǇŀƴȅΩǎ ǎǘǊŀǘŜƎȅ Ǿƛŀ bottleneck exploitation. 

Therefore, considering the research objectives, the purpose of the research is eminently 

exploratory. However, objectives 2 and 3, whose purpose is to determine the relevance 

of the subject, imply an investigation of a descriptive nature. Therefore, the purpose of 

the investigation is twofold, descriptive and exploratory, with the latter being dominant. 

3.4.2. Selection of the research strategy 

Once the purpose of the investigation is defined, a strategy and type of investigation 

must be selected. The strategy is often conditioned by the purpose of the investigation, 

distinguishing five strategies (Table 7). Therefore, a valid approach for determining a 

suitable research strategy is based on three factors (Rowley, 2002; Yin, 2013): (1) the 
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type of RQs to be answered, (2) the extent of control that the researcher has over actual 

events and (3) the degree of focus on contemporary as opposed to historical events. 

Table 7 shows these factors, as well the appropriate research strategy present in social 

sciences. 

Table 7. Relevant situations for different research methods (Yin, 2009) 

METHOD FORM OF RQ 
REQUIRES CONTROL OF 

BEHAVIOURAL EVENTS? 

FOCUSES ON 

CONTEMPORARY 

EVENTS? 

Experiment How, why? Yes Yes 

Survey 

Who, what, where, 

how many, how 

much? 

No Yes 

Archival 

analysis 

Who, what, where, 

how many, how 

much? 

No Yes/no 

History How, why? No No 

CS How, why? No Yes 

 

The five strategies, as seen in Table 7, have a common question related to how 

phenomena occur. The survey is a tool that collects closed and standard information to 

describe, statistically, the environment in which phenomena are developed. For this 

research project, however, the survey was rejected as a research strategy because it was 

the researcherΩs desire to closely observe the behaviour of the organisation, particularly 

that of the teams that work in operations management. Such behaviour could include 

intervening in the execution of improvement projects to observe the effect of actions 

aimed at improving the model itself. 

The experimentation and CS were oriented to discover the cause of the phenomenon, 

causing the scenarios in the first case to understand the effect. In the CS, the 

manipulation of the scenarios was not so important, although different scenario 

identification was. Archival analysis and history were not focused on; this research 

focused on contemporary events (TOC-DBR, MTO scenarios, PPCS, etc.). 

Although the experimental strategy and CS had the search for root causes of the 

problems in common, they differed markedly in procedure. To perform an experiment, 
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the following must be controlled: the variables or factors to be manipulated, the 

management of the experimental environment, the use of homogeneous experimental 

units and the size of the sample (significant enough to mitigate the effect of variability; 

Yin, 2013). Therefore, replicated situations or similar cases/contexts are needed with no 

memory of present/past experience to conclude the effect of the factors under study in 

the success of projects. (Yin, 2013). The main reason why the research team did not opt 

for the experimental strategy was the impossibility of obtaining replicated pseudo-real 

equipment in companies in an adequate period. 

In situations in which a single strategy is not sufficient to achieve the objectives of the 

ǊŜǎŜŀǊŎƘΣ ŀ άƘȅōǊƛŘ ǎǘǊŀǘŜƎȅέ can be used that is intermediate to pure, basic strategies 

(Robson, 2002). The singularities of management research, such as (double) 

dependence on the physical and human elements of an organisation, often prevent the 

researcher from taking control of events (Drejer, Blackmon, & Voss, 2000). For this 

reason, given that the objective of this research was to develop and test a systematic 

process to implement the DBR in MTO scenarios and to investigate the influence of the 

process on the organisŀǘƛƻƴǎΩ results, CS were considered an appropriate approach. CS 

are an in-depth investigation, on data collected in a given period of time, from one or 

more companies, or groups within companies, with the aim of generating an analysis of 

the context and processes involved in the phenomenon under study (Hartle, 1994). 

Furthermore, CS have often been viewed as a useful tool for the preliminary, exploratory 

stage of a research project as a basis for the development of the άmore structuredέ tools 

that are necessary in surveys and experiments. For example, Eisenhardt (1989) stated 

that CS are 

Particularly well suited to new research areas or research areas for which existing 

theory seems inadequate. This type of work is highly complementary to 

incremental theory building from normal science research. The former is useful in 

early stages of research on a topic or when a fresh perspective is needed, whilst 

the latter is useful in later stages of knowledge. (pp. 548-549) 

The authors who defend CS methodology mention the high impact that the results can 

have when using this methodology, given that CS does not have existing limitations in 
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other methodologies (Voss et al., 2002). The author most cited in case-based research, 

Yin (2013), stated that CS research is the most appropriate strategy if the following 

aspects occur (as was the case for this thesis): 

ω The researcher is not an independent observer but is an active part of the 

process, and his/her observations can be used for the generation or extension of 

new theories (Coughlan & Coghlan, 2002). In the present study, the researcher 

intervened in the change of the management model as a coach and facilitator of 

the teams that addressed the projects. 

ω The investigated phenomenon is contemporary, and its investigation will be 

carried out within a real context instead of a historical one. 

ω The boundaries between phenomena and the context are not clearly evident; in 

the current case, the boundaries between the importance of the teamΩs 

environmentτthe organisation itselfτand what happens within a team were 

not clear. 

ω The research will draw on different sources (interviews, documentation, social 

networks, team support, public presentations, etc.) when identifying the 

elements that affect the effectiveness/efficiency of the management model. 

In addition, CS provide direct access to information, obtaining a deep knowledge of the 

analysed context (Rowley, 2002; Wacker, 1998). 

3.4.2.1. Action research 

When the research coincides with the action in which the researcher participates, the 

CS are performed through a specific type of research called άŀŎtion researchέ ό!wύ. The 

name was coined by Lewin (1946; Lewin, Lippitt, & White, 1939), whose school of 

άǊesearch from within the actionέ held the premise that change begins with the 

involvement of those who are directly affected (Greenwod & Levin, 2000). In this 

context, the researcher is not a neutral observer (Easterby-Smith, Thorpe, & Lowe, 2002; 

Gummesson, 2000) but a participant who, in addition to taking part in the 

implementation, seeks to evaluate a specific intervention technique (Benbasat, 

Goldstein, & Mead, 1987). Therefore, AR tries to influence the development of the 

process and deliberately intervenes in the context of the investigation to achieve 
























































































































































































































































