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of work that focuses on project management rather than an overall approach to organisational 

management.  

 

The third motivation to launch this study is the researcher seeing a novel opportunity to 

introduce industry 4.0 technology (artificial intelligence) to isolate the key concepts of LSS 

(the signal) from a plethora of prescriptive criteria on LSS implementation success, which is 

explained as follows: 

 

Over the past few decades, academic and industrial research around LSS has flourished. LSS 

literature shows a noticeable trend, where academic efforts primarily focus on proposing CSFs 

for LSS implementation or analysing existing research and discussing its implications through 

a variety of case studies, which adds layers of sophistication to this integrated approach. In 

studies such as Laureani et al. (2012), Hilton et al. (2012a), Sreedharan et al. (2018a) Costa et 

al. (2018), and Cherrafi et al. (2016), these CSFs have been addressed emphasising their 

importance in understanding the determinants of the success of LSS projects. Conceptually, 

CSFs of LSS and the theoretical concepts that underpin LSS (i.e., LSS constructs) should be 

related to one another. The main challenge in synthesising the essence of LSS (i.e., the 

theoretical concepts or constructs) from the literature on CSFs of LSS success is the sheer 

number of CSFs that exist in the extant literature. Hilton et al. (2012a) identified 23 CSFs 

categorised under five distinct headings; Cherrafi et al. (2016) identified nine different CSFs, 

and many others have identified many other CSFs. It is reasonable to assume that the building 

blocks of LSS (in statistical or engineering terms, the signal) are buried under the plethora of 

prescriptions (CSFs) which contain some theoretical essence and substantial amounts of 

peripheral information (noise). Modern technology can be exploited to train computers to 

isolate this essence from the noise. The reader may refer to (Perera et al., 2021b) to see how 

this was accomplished (but it is explained in this thesis also). 

 

The fourth motivation to launch the study is to know for certain whether Lean and SS have 

evolved from manufacturing thinking to a more generalised thinking such that LSS theory fits 

to nonmanufacturing as well as it does to manufacturing. Lean traditionally evolved in factories 

where mass production took place. Lean ideas such as pull production (Gayer et al., 2021; 

Koufteros, 1999), just-in-time (Monden, 2011; Williams & Butler-Jones, 2019), factory 

physics (Hopp & Spearman, 2011) swift and even flow (Schmenner & Swink, 1998) were 
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Figure 1.3 Structure of the report 
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As a quality improvement strategy, SS aims at achieving high-quality in a cost-effective 

manner (high return on investment). However, SS is invariably associated with the five-stage 

DMAIC problem solving sequence (Figure 2.2 presents key activities during each of the five 

stages) (Padhy, 2017; Price et al., 2018; Sin et al., 2015). This structured approach guides 

practitioners through the stages of problem identification, data collection, root cause analysis, 

solution implementation, and ongoing process control. The DMAIC framework ensures a 

systematic and evidence-based strategy for process enhancement, with a sharp focus on 

understanding customer requirements and aligning processes accordingly. According to 

Schroeder et al. (2008), SS as quality improvement strategy reduces variation in processes by 

using improvement specialists, structured methods, and performance metrics. However, there 

has been limited progress for empirical support for this proposition (more about SS 

theorisations later, under section 2.4.1). 

 

 
Figure 2.2: DMAIC process (adapted from: Padhy, 2017; Price et al., 2018; Sin et al., 

2015) 
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Figure 2.3: Evolution of LSS (Adapted from several pieces of literature) 

 

Some authors (e.g., Alsmadi & Khan (2010) and Arcidiacono et al. (2016)) have explained 

descriptively (e.g., using charts and diagrams) how Lean and SS can be implemented and 

sustained. However, some propose that SS can be used first to improve the effectiveness of the 
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processes and Lean can be applied thereafter to improve the efficiency of the system, whereas 

others believe that Lean tools and practices can be embedded into SS methodology in the 

problem-solving phase (Burneo-Celi & Temblador-Perez, 2018; Sreedharan & Sunder, 2018). 

However, to accomplish the goal of integration Salah & Rahim (2019) argue that it is better to 

draw on both methodologies at the same time. Their argument is that this approach provides a 

more comprehensive and effective approach since it leverages the strengths of each 

methodology concurrently, leveraging their individual strengths and capabilities. Arnheiter& 

Maleyeff (2005) consider LSS as an approach that strikes the right balance between the 

customer perspective and manufacturer perspective. They argue that an LSS organisation must 

leverage on the strengths of both Lean and SS. Figure 2.4 represents their argument graphically 

to demonstrate that adopting both approaches results in a balanced approach. 

 

 
Figure 2.4: Competitive advantage of LSS organisation (Source: Arnheiter& Maleyeff , 

2005) 

 

Antony et al. (2003b) attempted to show the fundamental differences between Lean production 

and SS by showing specific goals each approach aims to achieve in order to solve a wide variety 

of problems associated with products and processes (see Table 2.1).  

 

 

https://www.emeraldinsight.com/action/showImage?doi=10.1108/09544780510573020&iName=master.img-005.jpg&type=master
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Table 2.1 The fundamental differences between Six Sigma and Lean Production 

methodologies (Source: Antony et al., 2003) 

Focus or goal Six 

Sigma 

Lean 

Production 

Customer value stream No Yes 

Creating a visual workplace No Yes 

Standard work sheets No Yes 

Optimising work-in progress inventory No Yes 

Good house keeping No Yes 

Process control and monitoring Yes No 

Reducing variation and achieve uniform process outputs Yes No 

Application of statistical tools and techniques of varying degrees of sophistication Yes No 

Applying a structured, rigorous, and well-planned problem-solving methodology Yes No 

Reducing waste due to waiting, over processing, motion, over production, etc. No Yes 

 

Similarly, numerous authors (e.g., Arnheiter & Maleyeff, 2005; Mustapha et al., 2019; Papic 

et al., 2017) have attempted to demonstrate how Lean Manufacturing (LM) and SS complement 

each other as a structured approach to problem-solving. Antony et al. (2003a) as well as Chen 

et al. (2010) assert that LSS as a system has important characteristics for process improvement 

because Lean tools and techniques eliminate much of the waste in a process, while SS focuses 

on resolving chronic problems. Many publications in the literature suggest that LSS is 

applicable in the service industry (Antony et al., 2017a; Bhat et al., 2016; Chandrakumar et al., 

2016; Cheng et al., 2012b). Whether LSS as a theoretical framework to nonmanufacturing as 

well as it is to manufacturing remains to be seen (more later in section 2.6.2). 

 

In conclusion, LSS proponents argue that LSS is not merely the sum of Lean and SS 

methodologies, but an amalgamation and refinement of the two approaches to become a 

coherent whole (Ahmed et al., 2022; Pepper and Spedding, 2010). The key focus of LSS is to 

increase customer value by reducing variation, increasing effectiveness, and offering solutions 

to overcome the limitations of Lean and SS when used separately (Albliwi et al., 2017; Antony 

et al., 2003; Pepper and Spedding, 2010). As noted, some experts assert that Lean tools and 

methodologies can be incorporated into SS methodology (DMAIC) to solve problems, while 

others assert that processes should be improved through SS first before using Lean practices 

and tools (Mustapha et al., 2019; Sreedharan et al., 2018). However, the best mechanism of 

combining Lean and SS to present a universal model on LSS has not been critically argued and 
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Figure 2.6:  PRISMA flow for the systematic literature review 

 



http://prisma-statement.org/prismastatement/flowdiagram.aspx?AspxAutoDetectCookieSupport=1
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Models that Used Goal Theory as the Primary Theory to Explain SS Phenomenon 

 
Figure 2.7  Models incorporating goal theoretic perspective to explain SS 

(Adapted from: Linderman et al., 2003 and Linderman et al., 2006 and Arumugam et 

al. 2016) 

 

For the convenience of the reader, Figure 2.7 presents the three theories/models based on goal 

theory side-by-side. Both Linderman et al. (2003), Linderman et al. (2006) and Arumugam et 

al. (2016) have all incorporated goal theory as their theoretical lens to the understand SS as a 

performance improvement phenomenon. Both studies provide a unique perspective on the 
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Models that Used Culture/Context to Explain SS Phenomenon 

Figure 2.8 presents the three theoretical models that use culture/context to explain the SS 

phenomenon. Similar coloured dashed ellipses indicate similar meanings for constructs across 

models.

 
Figure 2.8  Models incorporating culture/context to explain SS 

(Adapted from: Krueger et al., 2014; Schroeder et al., 2008; Zu et al., 2008) 















41 
 

methods. Through the amalgamation of best practices from both Lean and SS, the model 

provides organisations with a roadmap to effectively manage LSS projects to achieve 

performance outcomes. Sreedharan & Sunder (2018) enhanced the credibility of their 

framework by applying it to two practical case studies in a manufacturing setting. This 

application in real-world scenarios serves as vital empirical evidence, reinforcing the 

effectiveness of their model. Through this empirical testing, they demonstrated the practicality 

and robustness of their approach, grounding their theoretical framework in tangible, real-world 

results. 

 

 
Figure 2.11  Models focused DMAIC as the explanatory construct of performance 

(Adapted from: Sreedharan &  Sunder, 2018; Thomas et al., 2008) 
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of the academic community has mainly been on, either prescribing critical success factors 

(CSFs) for LSS implementation or reviewing past research on this topic (e.g., Laureani et al., 

2012 Hilton et al., 2012 Sreedharan et al., 2018 Costa et al., 2018 Cherrafi et al., 2016. 

However, the downside of including CSFs as theoretical constructs to explain LSS as a project 

management/success phenomenon is that there are too many CSFs available to constitute a 

parsimonious theory (e.g., Hilton et al., 2012 mentions 23 CSFs under five headings; Cherrafi 

et al., 2016 mentions 9 CSFs). Moreover, the CSFs prescribed for Lean, SS, and CI are too 

many and poorly defined. These factors encompass a range of dimensions, including leadership 

commitment, employee engagement, effective change management, data-driven decision-

making, cross-functional collaboration, and alignment with organisational strategy. Scholars 

have identified these CSFs across various industries, highlighting their significance in 

achieving desired LSS outcomes (Antony et al., 2012; Pal Pandi et al., 2014).  

 

While individual CSFs have been extensively studied, there is a growing recognition of the 

need to consolidate and integrate these factors into a comprehensive theoretical model. Such a 

model would not only provide a holistic perspective on LSS implementation but also offer a 

structured framework for organisations to navigate the complexities of LSS adoption. The 

development of a theoretical model that synthesises CSFs in LSS implementation offers several 

distinct benefits. Firstly, it would provide a unified framework that clarifies the 

interdependencies and interactions between numerous factors. Secondly, such a model could 

guide organisations in prioritising CSFs based on their contextual relevance and strategic 

objectives. Thirdly, the model could facilitate the identification of gaps and areas of 

improvement in existing practices, enabling organisations to refine their approach to LSS 

implementation. The construction of a theoretical model that encapsulates LSS CSFs bridges 

the gap between academic research and practical implementation.  

 

2.7 Chapter Summary 

An extensive literature review of LSS is provided in this chapter. Due to the way LSS is defined 

and practiced, the literature review had to cover the literature on Lean, SS, and LSS with the 

primary focus on the theoretical underpinnings of these three related, but hopefully sufficiently 

discrete theoretical underpinnings (distinguishability of LSS from Lean and SS is a question 

that is addressed and resolved at the research design and execution stage). The literature review 
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way of synthesising knowledge (Machine learning) that was directed towards conceptual model 

building with the support of the knowledge synthesised from the review of extant models of 

SS and LSS (details in the next chapter).  

 

The nexus between the knowledge gaps and the research questions is shown in Figure 2.14. 

 

 

 
 

Figure 2.14  The nexus between knowledge gaps and research questions 
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3 CHAPTER 3 
DEVELOPMENT OF CONCEPTUAL MODEL  

 

3.1 Introduction  

In formulating a theoretical model, three key basic requirements must be met: establishment of 

theoretical constructs, the delineation of relationships between these constructs based on 

temporal asymmetry, and the specification of the model's generalisability boundaries (Byron 

et al., 2016; Dubin, 1978; Whetten, 1989). This research, which uses a project management 

lens, consists of five phases (Figure 3.1). Phase 1 of the research covers the exploration of 

existing literature pertaining to the research aim, which included the review of literature on 

theoretical models on Lean, SS, and LSS to identify the knowledge gaps (study Phase 1 shown 

in Figure 3.1). A detailed coverage of this preliminary phase was provided in the previous 

chapter.  

 

 
Figure 3.1  Key stages of the research process 

 

This chapter explains the second phase of the research which covers the systematic process 

used to develop the final conceptual model that underpins study. This includes developing an 

initial conceptual model, developing the theoretical concepts, propositions associated with the 

concepts, and specifying the generalisability boundaries of the propositions. The researcher 

would not call the final conceptual model (the output of Phase 2 of the study) as her theoretical 

model because the conceptual model went through further development through fieldwork 

(Phase 3) to make the model testable (i.e., conversion of concepts into constructs by adding the 

required level of abstraction by operationalising the concepts). One of the main outputs of 
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TQM authors, likely because early TQM research pioneers (e.g., Ahire et al., 1996; Flynn et 

al., 1995) focused on papers on TQM theory building and testing, rather than conceptual papers 

of practitioner interest. This shift from a unified approach in TQM CSF literature to a more 

diverse exploration in LSS highlights the evolving nature of quality management research and 

the importance of adapting theoretical frameworks to suit the changing paradigms in 

organisational excellence. 

 

3.4 Critical Success Factors of LSS and the Consolidation Process 

3.4.1 Consolidation of the CSFs of LSS Project Success 

To address the divergence in CSF literature on LSS, the researcher employed ML techniques 

in conjunction with traditional methods such as systematic reviews and expert consultations to 

consolidate CSFs. ML was deemed necessary to consolidate CSFs in a more effective and 

nuanced manner. This was because of the lack of consensus in the LSS and CSF literature. 

Initially, conventional approaches, such as systematic literature reviews and expert input, were 

employed to lay the groundwork for the ML phase. Details regarding the specific procedure 

for this process are provided in the following section. Even though TQM, Lean, and SS have 

distinct definitions, these systems often coexist within organisations and share similar 

performance objectives (Albliwi  et al., 2014; Sreedharan et al., 2018b). In practice, CI is an 

integral part of all three systems. Therefore, the researcher views CSF literature across Lean, 

SS, LSS, TQM, and general CI implementations as complementary, drawing insights from 

various sources (Jeyaraman et al., 2010; Schroeder et al., 2008; Zu et al., 2008b). Hence, this 

study combines diverse methodologies, including advanced machine learning techniques with 

traditional approaches, to holistically study and consolidate CSFs across Lean, SS, LSS, and 

TQM, thus acknowledging their interconnectedness and common focus on CI. 

 

Consolidating CSFs of LSS project success comprised two major elements as shown in Figure 

3.3. The first element was mining the CSFs in the literature through a systematic literature 

review. The second element was to develop an ML classification model to extract the essence 

of CSFs harnessed in extant literature. Appendix A provides the python code for the classifier. 
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prior studies seem to have used ad hoc methods to classify and verify their results using 

different methods. None of the studies provide a method of classifying or predicting the class 

for the rest of the CSFs available in the literature. This issue was addressed using word 

embedding in NLP, a form of ML (Sharp et al., 2018) to organise 3318 CSFs into four 

manageable and meaningful themes: Leadership Engagement, LSS Culture, LSS Initiation, and 

LSS Execution. Thus, the objective of consolidating CSFs is to harness large volumes of LSS 

literature on CSFs and classify them via ML to support the development of a theoretical model 

that explains how LSS project implementation achieves quality performance, customer 

satisfaction and business results.  

 
Table 3.3 The 19 articles that have been classified into headings. 

Subject area Citation Focus Industry The method used to classify Themes 

SS Talankar et al. (2015)  Manufacturing Interpretive Structural Modelling (ISM) 11 

Lean Noori (2015) Healthcare Focused group discussion 5 
SS Mehrjerdi (2011) Manufacturing Based on literature 3 
SS Marzagão& Carvalho 

(2016) 
Manufacturing Ad-hoc (validated through Partial least 

square) 
3 

Lean Kumar et al. (2019) Manufacturing Fuzzy Logic 5 
TQM  (Hietschold et al., 2014) General Focused group discussion 6 

Lean Costa et al. (2019) Manufacturing Decision-Making Trial and Evaluation 
Laboratory (DEMATEL) analysis 

11 

Lean Belhadi et al. (2019) Manufacturing 
(SMEs) 

Analytical Hierarchy Process (AHP)  5 

CI Sunder & Prashar 
(2020) 

Manufacturing Classified with ranking (Verified 
through Principal component analysis) 

6 

CI Gonzalez Aleu& Van 
Aken  (2016) 

General 
comparison 

Authors preference 4 

LSS Parmar& Desai (2020) Manufacturing Discussion with experts (Validated 
through fuzzy DEMATEL) 

5 

LSS Abu Bakar et al. (2015) General Affinity Diagram process 9 

LSS Habidin & Yusof  
(2013) 

Manufacturing Ad-hoc (validated through Structural 
Equation Modelling) 

7 

LSS Hilton& Sohal (2012) General Fieldwork/ expert interviews 5 

LSS Mustapha et al. (2018) General Authors preference (validated through 
multiple-case study) 

9 

LSS Pandey et al. (2018) Manufacturing Analytical Hierarchy Process (AHP)  4 

LSS Raval et al. (2018a) General fuzzy MICMAC analysis 5 

LSS Sreedharan et al. (2019) General Fuzzy Logic 4 
LSS Yadav & Desai (2017b) General fuzzy AHP  5 

Notes: 
SS- Six Sigma, CI- Continuous Improvement, LSS- Lean Six sigma 
M- Manufacturing, H-Healthcare, G-General 
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al., 2019). Text classification remains a major theme in NLP, with a wide range of real-world 

applications in information retrieval due to its major implications (Gargiulo et al., 2019). To 

classify text with DL models requires input text transformed into numeric tensors. This is done 

by segmenting texts into tokens (words, characters etc.) and then by associating numeric 

vectors. There are multiple ways to vectorise or to tokenise a text. Two major ways are one-

hot encoding and word embedding.  

 

One-hot encoding uses a vocabulary index to uniquely represent a word (Chen et al., 2018; 

Pham & Le, 2018). One-hot encoded vectors are binary, sparse, and highly dimensional (equal 

to the length of vocabulary). In addition, one-hot encoding does not capture the context of a 

word in text, nor its semantic and syntactic similarity and relationship with other words in the 

text. For example, `similar' and `same' are related, but one-hot encoding won't capture the 

semantic relationship between them. Word embedding is a popular technique that has 

overcome the shortcomings mentioned above. Word embedding maps a word to a vector of 

real numbers (Hinton & Ghahramani, 1997). This mapping is not manual; in fact, the model is 

trained to learn weights for embedding space that project each word into vector space (Figure 

3.4). There are many popular word embedding methods, and Word2Vec and GloVe are 

prevalent among them (Liu & Wang, 2020; Neelakantan et al., 2014; Pennington et al., 2014).  

 

 
Figure 3.4: Example for one hot vector  

 

While there is consensus that word embedding captures the semantic information of words, 

with regard to a full sentence it fails to capture the relationship among multiple words and 
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Data-Set Description 

To train the DL classifier, the researcher used the CSFs (from 19 articles) that were already 

grouped under various headings as the training data. In collaboration with an expert panel of 

four, the researcher was able to merge several headings into four headings (Leadership 

Engagement; LSS Culture; LSS Project Initiation; LSS Execution). An example of the headings 

merged to create the first class of Leadership Engagement is provided in  

Table 3.4.  

 

Table 3.4 Merged headings to create the class: Leadership Engagement 

H
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 1
:  
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Sub-Heading Critical Success Factor (CSF) 
Process ownership Top management commitment 
Human resource management technical support; empowerment of people 
Strategic Factors Support and commitment of Top management 
Strategic orientation Shared vision and clear sense to lean outcomes 
Management practices Management involvement, responsibility, and commitment 
executive engagement management must be visible and show consistent support 
Management responsibility Management involvement, support, and commitment 
Management Leadership Commitment of the management 
Managerial Decentralised decision-making 
Organisational Bottom-up vs Top-down approach 
Readiness for CI deployment leadership for CI deployment 
CI delivery and lessons learned reward and recognition by top management 
Organisation Management involvement 
Management commitment and leadership Strong top management involvement and commitment 
Leadership Responsibility 

Structured improvement procedures Managing improvement, decision making in planning 
process 

Focus on metric communication on goals 
Factors relating to leadership An organisation that supports Leadership 
Organisational infrastructure Strategic direction and alignment 
Management commitment and 
involvement Support and commitment of top management 

Management commitment and 
involvement Funds allocation 

Strategic based LSSEs Top-management commitment, involvement, and support 
Management commitment and leadership Leadership 

 

To create the training set, the researcher removed duplicate CSFs and selected only 536 unique 

ones with their headings. Most CSFs examined in the literature are phrases of varying lengths. 

As a result, a universal sentence embedder from the TensorFlow hub was implemented, known 

as the universal sentence encoder (Cer et al., 2018). Further, to ensure that all words were 
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lowercase prior to encoding, each CSF was pre-processed. There are two advantages to using 

the universal sentence encoder: first, it converts single words or sentences into fixed-length 

vectors, which can be used to convert multiple CSFs into one. Second, it also prevents padding 

short vectors with zeros. Since the universal encoder has been trained on a large corpus of data, 

it is better suited to learning with limited training data (Chen et al., 2018; Chen, 2018). During 

the embedding process, the training data were shuffled, and the headings mapped from 1 to 4. 

For evaluation purposes, the training data set (536) was split into two parts: a training set (80%) 

and cross-validation set (20%). Due to the inconsistent nature of the training data, stratification 

sampling was utilised to minimise biases in both sets of data. 

 

Model Architecture 

NN classification process is illustrated in Figure 3.5. The diagram shows a five-layer model 

with an input layer of 512 nodes (equal to the length of the vectored CSFs), an output layer of 

4 nodes (corresponding to the number of classes), and three hidden layers of (128, 64, 64) 

nodes (see model parameters in Table 3.5).  

 

 
Figure 3.5  Neural network for classifier model 
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Figure 3.6  Accuracy and loss of training and cross validation data 

 

The test data represents the 1936 CSFs extracted from literature that have not been classified. 

With the classifier model the researcher generated predictions for these unclassified CSFs. For 

further validation and to assess the performance of this classifier the researcher employed an 

expert panel of four to classify a portion of test data under the four headings. To evaluate the 

predictions, the researcher first provided the experts the classification used for training the model as 

shown in Figure 3.7.  

 
Figure 3.7  Graphical representation of training data 
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3.5 Conceptual Model and Propositions 

 
Figure 3.10  Final conceptual model on the theoretical underpinnings of LSS 

 

The theoretical concepts of the final model are depicted in Figure 3.10. Table 3.8 depicts the 

working definitions of the concepts in the conceptual model. It is important note that the 

conceptual model has been derived using an LSS project lens. Papers included in Table 3.8 are 

the ones that attempted to either formulate or test a parsimonious theory on SS/LSS. Needless 

to reiterate, the analysis of the literature on CSFs through ML (section 3.4) enabled the 

researcher to gain a better working knowledge on constructs that are not very well covered in 

SS/LSS theory building/testing studies. The reader will note that the concepts shown in Table 

3.8 tally well with the concepts shown in Table 3.2, which vindicates the two pathways being 

used to derive the final conceptual model. 
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The model proposes a comprehensive framework for examining the relationships and 

influences between key factors that contribute to the successful implementation of LSS. The 

model suggests that effective leadership is crucial for successful LSS projects and fostering CI 

(Jones et al., 2010; Schroeder et al., 2008; Zu et al., 2008). Leadership engagement positively 

impacts LSS Project Initiation, LSS Execution, and LSS Culture (Jones et al., 2010; Krueger 

et al., 2014; Zu et al., 2008). Together, these propositions emphasise the critical importance of 

leadership involvement during all stages of the LSS lifecycle, including project initiation, 

execution and organisational culture resulting in improved long-term performance (Choo et al., 

2015; Douglas et al., 2015; Jacobs, 2015). Thus, the first three propositions are stated as 

follows: 

 

Proposition 1: Leadership Engagement positively influences and enhances the initiation phase 

of LSS projects. Specifically, organisations with strong Leadership Engagement are more 

likely to prioritise and initiate LSS projects effectively, aligning them with strategic goals and 

objectives. 

 

Proposition 2: Leadership Engagement plays a significant role in driving the successful 

execution of LSS projects. When leadership is actively engaged in LSS initiatives, it fosters a 

culture of commitment and accountability that enhances the execution phase, ensuring that 

projects are completed efficiently and effectively. 

 

Proposition 3: Leadership Engagement contributes positively to the development and 

sustenance of a robust LSS culture within organisations. Strong leadership support and 

involvement are instrumental in fostering a culture that values continuous improvement and 

problem-solving, aligning with the principles of LSS. 

 

Effective initiation of LSS projects results in positive outcomes for their subsequent execution. 

Essentially, LSS projects that begin with a defined plan, clear objectives, and adequate resource 

allocation are more likely to succeed. Thus, as highlighted by Schroeder et al. (2008) and Zu 

et al. (2008) a thorough and comprehensive project initiation phase sets the stage for achieving 

desired outcomes. Having a clear roadmap, adequate resources, and a shared understanding of 

goals increases the likelihood of success. The importance of project initiation as a crucial step 

in the LSS journey is stressed in the fourth proposition; in lay language the proposition means 
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that a strong start is needed to successfully execute the downstream activities to achieve 

(project) success. Thus, the fourth proposition is stated as follows: 

 

Proposition 4: Effective initiation of LSS projects positively influences their subsequent 

execution. When LSS projects are initiated with clarity, well-defined goals, and adequate 

resource allocation, they are more likely to be executed successfully, delivering desired 

outcomes. 

 

In the proposed model, the importance of a conducive LSS culture is highlighted as an 

important element in influencing the implementation phase of LSS projects (Kowang et al., 

2016). Organisations with a robust LSS culture, where employees are well-acquainted with 

LSS methodologies and embrace a CI mindset, are more likely to execute projects efficiently. 

In this culture, employees are actively engaged in the project execution process, resulting in 

smoother processes and improved outcomes (E. V. Gijo et al., 2018; Lertwattanapongchai & 

William Swierczek, 2014). Within the LSS framework, existing research indicates that 

organisational culture has a profound influence on project success (Jacobs, 2015b; Zu et al., 

2008). Thus, the fifth proposition is stated as follows: 

 

Proposition 5: An LSS culture positively impacts the execution phase of LSS projects. 

Organisations with a strong LSS culture are more likely to execute projects efficiently, as 

employees are well-versed in LSS methodologies, fostering a continuous improvement 

mindset. 

 

Efforts to execute LSS projects effectively have been shown to have a positive correlation with 

quality performance and customer satisfaction (Zhang et al., 2008). Most organisations that 

successfully execute LSS projects typically achieve significant improvements in the quality of 

their products and services, as these initiatives are intended to address the underlying causes of 

defects and inefficiencies (Schroeder et al., 2005). The result is often a higher level of customer 

satisfaction as a result of improved product quality and service delivery (Garvin, 1984; Prajogo 

& Brown, 2018). It is important to note, however, that this relationship is not always 

straightforward, as project-related contingency variables can introduce constraints to moderate 

the effects. These external factors, which may vary from one context to another, have the 

potential to influence how LSS project execution impacts quality performance and customer 
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satisfaction, and therefore require further investigation and contextual analysis through 

fieldwork and empirical research to determine their impacts. Thus, the next four propositions 

are stated as follows: 

  

Proposition 6: Project-related contingency variables introduce constraints in the relationship 

between LSS project execution and quality performance. These variables, which need further 

exploration through fieldwork, are likely to moderate the impact of execution on quality 

performance. 

 

Proposition 7: Effective LSS project execution positively influences quality performance. 

Organisations that execute LSS projects well are expected to see improvements in product and 

service quality, as they address root causes of defects and inefficiencies. 

 

Proposition 8: Successful LSS project execution contributes positively to customer 

satisfaction. Well-executed LSS projects often lead to improved processes and products, which 

in turn enhance customer satisfaction. 

 

Proposition 9: High-quality performance positively affects customer satisfaction. 

Organisations that consistently deliver high-quality products or services are more likely to have 

satisfied customers who perceive value in their offerings. 

 

The improvement of quality performance can lead to cost savings, increased customer loyalty, 

enhanced market reputation, and improved overall business results for organisations. The 

combination of these factors contributes to a robust business performance, thereby making the 

company more competitive and sustainable. Moreover, customer satisfaction improves 

business performance significantly (Vinodh & Joy, 2012; Zu et al., 2008). Customer 

satisfaction increases loyalty, repeat business, and advocates, recommending the organisation 

to others. Organisations gain better business performance due to increased customer 

satisfaction, which boosts sales, customer retention, and market share. In studies, customer 

satisfaction and quality performance are correlated These interconnected variables contribute 

to overall organisational success (Shokri et al., 2016; Sin et al., 2015; Vallejo et al., 2020). 

Thus, the last two propositions are stated as follows: 
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Figure 4.1 A comparison of research paradigms (Synthesised from: Bryman, 2012; 

Creswell et al., 2018; Guba & Lincoln , 1994; Karlsson, 2009; Kivunja & Kuyini,  2017; 

Lincoln, 2013; Powell, 2001; Rehman & Alharthi,  2016; Salvador, 2016; Creswell, 2018) 
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Figure 4.3 Basic mix method designs (Adapted from Creswell, 2018) 

 

A sequential exploratory design begins with qualitative exploration before quantitative 

validation. This method is suited to situations in which findings on qualitative data need to 

enrich the research design with quantitative data (Lewis, 2015). A sequential explanatory 

design on the other hand uses quantitative analysis as a basis for qualitative exploration to guide 

empirical findings. Finally, a convergent parallel design facilitates concurrent integration of 

both methods of data collection and analyses simultaneously to gain rich transformative 

insights because discrepancies between qualitative data analysis findings and quantitative data 

analysis findings will be resolved through this type of a design. The three mixed method 

designs provide flexibility, allowing researchers to tailor their approach to the unique demands 

of their research inquiries. 

 

The research adopts a mixed-methods approach, starting with a sequential exploratory design 

that emphasises qualitative exploration to define and scope constructs within the novel 

conceptual framework. This qualitative phase is crucial for in-depth industry engagement and 
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primary data sources for many case research studies. Research instruments vary according to 

the nature of the research and the specific case being studied (Stalp, 2008). Thus, the researcher 

carefully analysed and designed instruments (interviews, archival records) that align with 

research objectives to enhance the validity and reliability of the results. 

 

 
Figure 4.7 Six sources of evidence in case research  

 

4.4.3 Data Collection via the Sixteen Case Study Participants 

Generally, qualitative data collection procedures can be classified into two categories: 

retrospective data collection and longitudinal data collection (Lewis, 2015; Miles  & 

Huberman, 2014). A retrospective approach involves the collection of data at one point in time, 

while a longitudinal approach involves the collection of data over an extended period. Due to 

time and resources constraints, the retrospective approach was selected. Semi-structured 

questions (See Appendix B) were administered upon the case study participants in the form of 

a separate interview for each participant. The semi-structured interviews served as the primary 

source of data collection. Where possible information on the LSS project charter and evidence 

of structured problem-solving examples was collected from the participants. Some participants 

(e.g., the participant representing a leading aircraft manufacturer in the US) declined to provide 

project records due to confidentiality reasons. When possible, the said secondary information 

were used as corroboration evidence of verbal responses to semi-structured interviews. To 

avoid researcher bias, the interviews were recorded using a miniature digital voice recorder, 

while preserving data transparency (online interviews were recorded in Zoom as well). Figure 

4.8 summarises the choices graphically. 
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Figure 4.8 Developing case research protocol 

 

By utilising existing literature on the conceptual model as the starting point, the case study 

(semi-structured interviews) focused on better describing the determinants of LSS project 

success. In semi-structured interviews, participants shared their experiences and insights on 

LSS while being guided by the researcher, keeping the conceptual model as the guiding 

framework. 

 

The case study required a significant shift in methodology due to the outbreak of the COVID-

19 pandemic. The initial four cases in New Zealand were conducted using traditional face-to-

face interviews, but due to adverse effects associated with the pandemic, the remaining 

interviews were conducted using virtual platforms including Zoom and Teams meetings. 

Online interviews posed several challenges, including difficulties in securing secondary data, 

which is an important aspect in the triangulation in a qualitative data collection phase. 

Connectivity and audio quality issues, in addition to technological glitches occurred 

occasionally (e.g., on one occasion the Zoom cloud recording was not received when the Zoom 

connection was disrupted), but the researcher made every effort to maintain the interview flow 

and depth of questioning. Considering the circumstances mentioned above, online interviews 

proved to be quite adequate in collecting the requisite data. 
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(Woodside, 2010; Yin, 2018). Accordingly, researchers can assign codes (categories) to text 

segments of varying lengths as long as they represent a single theme or issue related to the 

research questions. 

 

 
Figure 4.10 Case research pre-analysis process 

 

Figure 4.10 outlines the pre-analysis stage of case study data, involving transcribing, peer-

reviewing, coding, and expert review for coding quality. The collected data encompassed voice 

recordings, field notes, and LSS project documents from face-to-face interviews, and video 

recordings for other cases. Advanced 21st-century technologies, particularly AI, were utilised 

for efficient transcription. The use of AI has become increasingly popular in both research and 

practical applications (Dwivedi et al., 2022). Semi-automated transcription and scoring 

procedures, are tailored to research needs to improve efficiency and advanced analysis. There 

are many speech-to-text AI tools available on the Internet, including Google Cloud's speech-

to-text service (Northcutt et al., 2023; Scharenborg et al., 2020) and Otter-AI. The accuracy of 

these services is calculated using algorithms based on word error rates (Dwivedi et al., 2022; 

Northcutt et al., 2023). For this research, a free version of Otter-AI was used to transcribe the 

audio transcriptions of face-to-face interviews12 and Descript.AI for video transcription. With 

 
12  The free version comes with a limitation on the number of words per file, but this was not a limitation in this 

research. 
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these AI tools, which were chosen for their ability to recognise languages and accents, a cost-

effective and accurate alternative to transcription was offered. Post-transcription, manual 

evaluations, error checks, and peer reviews ensured data accuracy, leveraging AI's efficiency 

while maintaining traditional quality checks. 

 

Part B of the semi-structured interview questionnaire (Appendix B) was designed to gather 

detailed descriptions of LSS project planning and implementation. Respondents' open-ended 

answers were subject to thematic analysis, a common method in qualitative research for 

identifying recurring themes within complex textual data. This analysis involved coding 

responses and categorising them into themes. NVivo software, a tool frequently used in 

qualitative research for managing and analysing data, was employed for this purpose. An 

illustration of this thematic analysis process, particularly for understanding an LSS project as 

per Part B- question 1, is shown in Figure 4.11. 

 

Part C of the interview questionnaire aimed to operationalise concepts/constructs for 

developing a survey instrument to collect quantitative data and test the theory. Respondents' 

answers were clustered using Meaning Cloud, a Microsoft Excel add-in, for designing survey 

instruments. This tool grouped various indicators for each construct based on respondents' 

perceptions, aiding in the development of a measurement scale. Meaning Cloud's use of text 

analytics and natural language processing techniques facilitated the grouping of similar 

measurement items, saving time and ensuring more accurate construct manifestations. The 

results from Part C are detailed in Chapter 6.  
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Figure 4.11 Example of thematic analysis performed on understanding an LSS project 

 

Qualitative content analysis can be classified into three main approaches: conventional, 

directed, and summative approaches (Hsieh & Shannon, 2005). In the conventional approach, 

categories are coded directly from textual data; in the directional approach, the coding is guided 

by the theoretical framework or findings leading to theory development; in the summative 

approach, the coding is guided by counting and comparing content. In this research, directed 

qualitative content analysis was employed, aligning with the deductive nature of the study 

aimed at refining the conceptual framework for LSS project success. The process involved a 
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thorough review of interview transcripts to highlight segments relevant to LSS implementation. 

These segments were then coded according to predetermined conceptual categories (Figure 

4.12).  

 
Figure 4.12  Case research analysis process directed to project initiation 

 

The entire interview transcript was reviewed before directing content analysis. The researcher 

then identified and highlighted segments that initially highlighted certain aspects of LSS 

implementation. In the next step, these identified segments were coded according to 

predetermined conceptual categories. The primary data, collected via semi-structured 

interviews, were categorised into constructs like Leadership Engagement, LSS Project 

Initiation, and others, as per the conceptual model. This involved identifying patterns using a 

text clustering process for an in-depth understanding (Yu et al., 2014). Figure 4.12 illustrates 

the deduction process for the "LSS project initiation" construct. This approach was pivotal in 

analysing both the positive outcomes and negative impacts associated with LSS projects, 

enhancing the overall research conclusions. 
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4.5 Survey Design to Collect Quantitative Data for Hypothesis Testing 

The refinement of the model through case research and the operationalisation of constructs 

played a vital role in the design of the survey. Several critical steps were involved in ensuring 

that the survey instrument was theoretically sound, and the survey administration was 

methodologically sound. These steps are as follows: 

1. Deriving the Final Model and the Hypotheses: Developing an effective survey begins 

by refining the research model based on insights gained from case studies. It is 

important that the refined model encompasses the key relationships, variables, and 

factors that emerged from the literature as well as the findings of the qualitative 

analysis. This refined model forms the basis for hypothesis formulation, setting clear 

expectations regarding the relationships to be tested in the subsequent quantitative 

phase. 

 

2. Operationalisation of the Constructs: Operationalising constructs bridges the gap 

between theory and practice through qualitative insights. In essence, it refers to the 

process of translating abstract concepts derived from literature and reflected in 

qualitative data into concrete, measurable indicators. Extant literature was used to 

operationalise well-established constructs such as Leadership Engagement and CI 

Culture. However, operationalisation of emerging constructs (e.g., Project Residual 

Risks) as well as constructs that have not been operationalised before in SS or LSS 

contexts (e.g., LSS Project Initiation, and LSS Project Execution) required insights 

from the qualitative study (the case research). 

 

3. Expert Review of the Operationalised Constructs for Content Validity: The 

operationalised constructs were subjected to expert review to ensure content validity. 

The operationalisation of well-established constructs such as Leadership Engagement 

and CI culture required minimal effort during an expert review. However, emerging 

constructs as well as constructs that have not been operationalised before required more 

involvement of the experts to establish content validity/face validity. The content 

validation team (n = 4) included subject matter specialists and methodologists, who 

were asked to evaluate the clarity, relevance, and appropriateness of the items designed 

to capture each construct. A consensus was reacted among experts on the contents 
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(measures of the constructs, as they are expressed in the survey instrument) after a 

three-round iterative process, which was moderated by the researcher.  

  

4. Logical Flow of Contents: A refined model, operationalised constructs, and expert-

reviewed measurement instruments provide the foundation for survey design. 

Therefore, the researcher designed the survey instrument (also sometimes referred to as 

the survey questionnaire), including the arrangements of items, response scales, and 

any additional questions necessary to obtain data. A clear and logical flow of the survey 

instrument was maintained to minimise respondent burden and to ensure the quality of 

the data collected. 

 

4.5.1 Survey Instrument Development 

In addition to facilitating the collection of structured data, a survey instrument (questionnaire) 

serves as a conduit through which researchers can gain insights and answers to their research 

questions in situations where in-depth information on the context or the concepts are not needed 

(Brace, 2018; Saris & Gallhofer, 2014). In hypothetic-deductive approaches, accuracy and 

reliability of the measurement scales is needed, and as mentioned earlier, a well-deigned survey 

instrument administered to the right participants achieves these requirements very efficiently. 

The questionnaire contained two parts. The first part contained general questions aimed at 

obtaining demographic/secondary information and contextual information of the participants 

and/or their firms. The second part, the main part contained several statements related to each 

construct for which the agreement was sought on a seven-point Likert scale (1: Strongly 

disagree and 7: Strongly agree) from each participant (see section 4.6.2 for more explanation). 

construct shows how many questionnaire statements represent each construct. Each statement 

acts as an indicator variable (this can also be called an indicator, a measure, or an item) of its 

construct in the statistical modelling. For example, the measurement scale of the Leadership 

Engagement contains four measures (items) and the correlations between these four items 

(inter-item correlations) show how internally consistent (reliable) the underlying measurement 

scale is.  
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Table 4.3 The Number of statements in the questionnaire that represent each construct 

Construct Number of Statements 

Leadership Engagement (LE) 4 

CI Culture (CICUL) 14 

LSS Project Initiation (PRIN) 6 

LSS Project Execution (PREX) 8 

LSS Performance (LSSPER) 8 

Project Residual Risks (PRRISK) 5 

Total 45 

 

4.5.2 Survey Administration  

Each potential participant of the survey was invited to participate in the study with a very brief 

introduction to the study. As soon as participants accepted the invitation, the researcher 

communicated with them providing more details about the research and expressed appreciation 

for accepting the invitation. As the last step, the researcher provided a short covering letter 

formally introducing the study and the online questionnaire and provided each potential 

participant a link to respond to the survey. The survey was administered to participants using 

the Qualtrics electronic survey administration platform. Figure 4.13 illustrates the process flow 

associated with the administration of the survey. 

 

 
Figure 4.13  Research questionnaire flow 

  


































































































































































































































































































































































































































