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Abstract 
 

The construction industry in Chile is currently experiencing a process of change and 

accomplishment of efficiency, productivity and sustainability goals that require the 

effort of the companies that encompass the construction sector in the country. These 

companies are comprised mainly of SMEs that are the ones that move the industry 

forward not only in Chile but also in most of the construction industries around the 

globe. For this reason, the government is promoting new initiatives to accomplish those 

goals and move the industry forward, including the use and application of BIM, lean and 

the focus on sustainability. The government has recognised these initiatives as a way to 

move the industry to the desired targets. In addition, the literature suggests that BIM, 

lean and sustainability (BLS) are synergistic because they have similar goals and should 

work better in combination rather than treated in isolation. The literature also suggests 

that most of the work in these areas focuses on specific aspects and larger organisations 

with little consideration and focus on SMEs. Moreover, the literature explores BLS 

integration with authors focusing on these aspects. However, the focus on the 

organisational part, which is essential to drive their use, is missing. In addition, there are 

no current frameworks to promote their use and application. 

This thesis examines the integration of BLS at the organisational level to promote their 

use and produce improved results at the project levels as suggested by the literature, 

establishing that the organisational maturity in BLS aspects is essential to meet the 

targets of the construction industry in Chile. For that reason, three case studies were 

selected and analysed by conducting semi-structured interviews with members of the 

organisation to determine the factors that promote maturity, so SMEs in Chile can 

establish their maturity and focus their efforts on specific areas that need addressing. 

After this process, the factors were found by cross analysing the data from the case 

studies to later validate it during a focus group session with eight experts. The results 

show that 69 factors divided into five categories are the ones that are essential to assess 

maturity and compare the organisation's current status to the desired level of maturity. 

This way, more organisations can use this framework to reach the construction industry 

goals in the future and aim for improvements to deliver more efficient, productive, and 

sustainable projects. 
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Chapter 1 Introduction 
 

Improving the construction industry remains a major challenge for industries around the 

globe, even at present times, where the levels of innovation and technology application 

have increased and have been made a priority for long term organisational success 

(Gambatese and Hallowell, 2011). However, for the construction industry, this increase 

in innovation and technology has remained a major challenge in which the full benefits 

have not been reflected in improvements in construction projects (Aziz and Hafez, 

2013). In addition, efforts have been made to strategically improve the management of 

construction but still failing (Nguyen and Chileshe, 2015). 

  

The industry’s inherent characteristics have been acknowledged as a barrier to 

improving performance, namely fragmentation, lack of research and development, low 

profitability, and dissatisfaction from clients, which have been identified as some of the 

reasons impacting directly on how the final product is delivered (Demirkesen and 

Ozorhon, 2017). 

 

These and other problems have also been acknowledged as barriers to improving the 

Chilean sector (CChC, 2020). Studies from Alarcon et al. (2002), Gonzalez et al. (2008), 

and most recently, Serpell and Ferrada (2020) have shown the inefficiencies of the 

Chilean sector, which are similar to the problems found in the worldwide construction 

industry. 

 

In this sense, information and communication technologies (ICTs) have been used to 

tackle the complexity of the construction industry, which has been reflected in the 

development of a set of innovative tools and methods called Building Information 

Modelling (BIM). BIM is viewed as the new Computer-Aided Design (CAD) paradigm 

(Succar, 2009), which can contribute to the reduction of costs and errors, improved 

communication, and performance (Elmualim and Gilder, 2014). Furthermore, it is seen 

as an enabler to adopt other practices due to its strong synergy with performance 

improvements (Horta et al., 2010). This major cultural, organisational change related to 
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innovation and collaboration is a key indicator of change in the industry’s complex 

nature, aiming to improve productivity, efficiency, and sustainability (CChC, 2020). 

 

Consequently, due to the nature of the industry and the problems encountered, the 

Chilean government has turned their attention to ways to increase performance and, 

most importantly, to face the challenges the sector has ahead in aspects such as 

digitalisation, sustainability, and productivity (CORFO, 2016). For this reason, the 

Chilean government has developed an ambitious strategy aiming to improve the 

productivity of the construction sector by using methodologies and information and 

communication technologies (ICTs) aiming to promote the use of Building Information 

Modelling (BIM) capabilities in organisations (Briones and Soto, 2017). 

 

The adoption of these initiatives by the Chilean construction industry has been 

acknowledged and suggested to improve the sector's efficiency, particularly the 

adoption of BIM as a catalyst for change (CChC, 2020). In 2016, a national initiative from 

the government was born aiming to work on a national BIM standard, developed and 

presented to the audience in 2019. The idea and objective behind this standard are to 

position the country and the organisations in the construction industry to comply with 

the government's requirements and to open new opportunities to position the country 

at the highest level in terms of internationalisation of services and industry 

development. However, in practical terms, it is also acknowledged that the country is 

still not ready and the transition to comply with these objectives is still a significant 

challenge (Briones and Soto, 2017). 

 

In addition, in the latest official government productivity report, the government sets 

guidelines to promote the use of BIM and lean practices to increase productivity and 

efficiency, aiming to boost the productivity levels along with increasing the GDP the 

sector produces from USD 19,760 million to USD 32,600 million (CChC, 2020). This 

strategy also aims to comply with the global environmental requirements in terms of 

buildings and infrastructure with sustainability considerations; energy consumption 

reduction of 12%; greenhouse gases reduction of 20%; and commitment by the 
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construction sector to contribute 10% of the energy generated by unconventional 

renewable sources by 2024 (MOP, 2013). 

 

1.2. Problem statement and research justification  
 
BIM processes have been accepted as an enabler by the construction industry to 

improve performance but have not reached their full potential yet (Arrotéia et al., 2021; 

Doan et al., 2020; Cao et al., 2019; Chan et al., 2019; Charef et al., 2019; Zhou et al., 

2019). In Chile, this situation is not an exception. A study from Loyola (2019) of BIM 

uptake in construction organisations in Chile shows that the number of BIM users has 

increased; however, the focus is on the software aspect in visualisation tasks, project 

coordination and documentation. In addition, the study shows that there is no progress 

in collaboration and communication, meaning that the users do not share their models 

and do not use a standard collaboration method.  The study concludes that the number 

of users has increased because of the requirements imposed by the government, but 

the use and potential are still fundamental. Therefore, the challenge is to reach higher 

maturity levels by integrating it with other practices to make the process more efficient 

and compliant with the sector's requirements. 

 

On the other hand, lean methodologies are used to produce safer, faster, and cost-

effective projects to reduce waste and maximise effectiveness (Koskela, 1992). Chile is 

one of the pioneers of lean construction application in the region, with positive results 

in its application, and it is considered a central focus of the development and efficiency 

of construction organisations (CChC, 2020). However, despite those results, the uptake 

has been low, and most importantly, no current standardised frameworks to support 

implementation and integration of the philosophy exist, highlighting the lack of 

implementation alignment with organisation strategy (Salvatierra et al., 2015). 

 

In addition, the construction industry has targeted reducing carbon emissions and 

becoming more environmentally friendly (MOP, 2013), which is synergistic with the BIM 

and lean principles objectives (Saieg et al., 2018; Koskela et al., 2010). These initiatives 

are trying to promote excellence in the whole supply chain through integration and 
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collaboration supported by transformation and digitalisation to urge key industry 

players on the application of digital technologies and the use of tools and systems to 

enhance productivity to reach for higher standards and achieve sustainability (CChC, 

2020). 

These key players are, in their majority, small and medium-sized organisations (SMEs) 

which play an essential role in the economy and efficiency of the sector because the 

Chilean industry is comprised mainly of them (Nuñez et al., 2018). The issue is that in 

Chile, SMEs do not possess a proper organisational structure and are understaffed at 

the professional level (Serpell et al., 2002). Therefore, applying new practices such as 

BIM, lean and focusing on sustainability as suggested by the strategy is challenging, and 

proper guidance for complying with the new construction requirements is a complete 

challenge (Briones and Soto, 2017). In addition, much of the attention is usually paid to 

other industry participants, and the focus on SMEs needs to be explored in more detail 

(Dainty et al., 2017), establishing a clear gap that needs to be addressed. 

 

The attention towards BIM, lean and sustainability has come to the attention of 

researchers in the literature due to their common shared goals of maximising 

performance outcomes and sustainability throughout the entire project life cycle (Ahuja 

et al., 2018). However, the way these practices are commonly treated is in isolation or 

pairwise, therefore missing the opportunity to enhance the strong synergies towards 

performance improvements between them (Koskela et al., 2010). As a result, some 

authors such as Mellado and Lou (2020), Sacks et al. (2010), Mahalingam et al. (2015), 

and Tauriainen et al. (2016) have proposed the integration of BIM, lean, and 

sustainability to promote performance improvements in the construction industry and 

to reach for the desired goals of improved productivity, efficiency, and sustainability, 

similar to the goals stated by the Chilean strategy. 

 

The problem is that the application requires a proper strategy lacking in the existing 

literature on the BIM, lean and sustainability aspects applied in conjunction (Saieg et al., 

2018). There have been attempts to study the integration of these aspects, such as 

Enache-Pommer et al. (2010); Koskela et al. (2010); Sacks et al. (2010); Ahuja et al. 

(2018) and Saieg et al. (2018), but no application frameworks were identified. The 
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question arises then on how SMEs can apply BIM, lean, and focus on sustainability with 

no existing frameworks and how they can identify their organisation's readiness and 

maturity to implement them and comply with the industry's requirements. It has been 

shown in the literature that SMEs have struggled with the application of BIM (Vidalakis 

et al., 2020; Makabate et al., 2021), lean (Almanei et al., 2017) and, at the same time, 

focusing on sustainability considering the environmental, economic, and social aspects 

(Chowdhury and Shumon, 2020). 

 

In this sense, Al-Balushi et al. (2014), Sarhan and Fox (2013), and Radnor et al. (2006) 

have discussed in the literature the significance of organisational readiness prior to lean 

implementation. Still, frameworks of this kind are not found, especially in the Chilean 

SMEs context (Salvatierra et al., 2015), representing a clear gap in the literature and the 

demands of the Chilean construction industry requirements (CChC, 2020). The same 

situation occurs regarding the importance of organisational readiness for BIM adoption 

(Vidalakis et al., 2020) and sustainability uptake (Agebsi et al., 2018). 

 

The construction industry in Chile is trying to improve its performance, and for this to 

happen, organisations play an essential role (CChC, 2020). Gudergan et al. (2015) 

suggest that the organisations’ efforts may be hindered due to an inefficient preparation 

and readiness to achieve maturity to commit to change. Therefore, assessing 

organisations’ maturity is paramount before adopting new practices (Akunyumu et al., 

2021).  

 

This research aims to address those issues by proposing an integrated approach to assist 

SMEs in establishing their organisational readiness and maturity to comply with the 

challenges the industry is facing. For that reason, a framework is proposed considering 

elements in established categories in the process, human and attitudinal, technology, 

management, and economic aspects for construction SMEs in Chile that were identified 

as key elements when studying existing frameworks. 
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In addition, the exploration of BIM, lean practices, and sustainability (BLS) integration as 

a single approach is still in the early stages, and there is an absence of a proper strategy 

to promote their integration at the strategic organisational level (Saieg et al., 2018).   

 

1.3. Research aim and objectives 
 

Construction industry SMEs in Chile need support in their BIM, lean and sustainability 

implementation efforts. Therefore, this research aims to develop an organisational 

maturity framework to assess BIM, lean, and sustainability (BLS) implementation in 

construction SMEs in Chile. This way, they will be able to evaluate and learn their 

maturity towards BLS adoption and establish their current capability level.  

To achieve this aim, specific objectives are identified as follows: 

1. Critically review the concept of BIM, lean, and sustainability in the existing 

literature, focusing on synergies and linkage between BIM, lean, and 

sustainability 

2. Critically review existing maturity frameworks to understand their concepts, 

usage, and components. 

3. Explore the BLS implementation efforts in SMEs in Chile 

4. Identify the maturity factors to enable BLS implementation. 

5. Develop a conceptual framework derived from the results derived from objective 

4. 

6. Validate and refine the conceptual framework from objective 5 to establish the 

organisational maturity BLS framework. 

 

1.4 Scope of research 
 

It is crucial to have a scope to delimit the research area and narrow down the studied 

aspects. 

The focus of this research is on contractor SMEs. The reason for selecting contractors 

for this study is because in Chile, specifically in the promotion of the BIM application, its 
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use is low and immature, and it has been reported that most of its use is focused on the 

design stage (Loyola, 2019), leaving aside other project stages, other essential activities 

such as planning, and other project stakeholders such as contractors, establishing a gap 

that needs exploring (CChC, 2020). In addition, it has also been reported that the BIM 

application facilitates the application of lean (Sepasgozar et al., 2021) and sustainability 

(Olawumi et al., 2018). Therefore, BIM application enables lean and sustainability (Ahuja 

et al., 2018; Mellado and Lou, 2020).  The rationale for focusing on SMEs is because the 

Chilean industry is mainly comprised of them (Nuñez et al., 2018).  

On the other hand, the focus of this research is on the organisation rather than the 

project because, as explained in section 1.2 (Research justification) of this chapter, the 

success in the long run in the application of new practices lies on the organisation 

maturity to implement them (Akunyumu et al., 2021). Since the Chilean industry is 

moving towards the application of BIM, lean, and the focus on sustainability (CChC, 

2020), and there are no indications of maturity assessment either in the literature or in 

the Chilean case, the approach taken is considered to be the right step to fulfil the 

industry objectives and contribute to the body of knowledge.  

 

In this sense, the responses provided come from upper, middle, and supervisory 

organisational levels to reflect SME members’ views encompassing the entire 

organisation. The reasoning behind this choice is that the researcher aims to explore the 

level of application of BIM, lean and sustainability and how the SMEs are addressing 

their implementation levels to follow the strategy proposed by the government 

encouraging the use of BIM, lean and sustainability. For that reason, it is necessary to 

explore where the SMEs currently are, and for those purposes, the upper levels are the 

ones that make the decisions and lead the organisation in terms of strategy adoption 

(Carmeli and Halevi, 2009). Given that the BLS application would promote changes in 

strategy and business decisions, the views from the upper levels are the best way to 

describe these issues. Then, the view of the other levels is to obtain their experiences in 

terms of the application and how the BLS introduction to the organisation’s way of 

working would impact other areas. The middle and supervisory levels are more involved 

in the application and day-to-day use (Ateş et al., 2020), so for that reason, they are also 

considered part of this research. Finally, in terms of practicality, once the framework is 
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developed, assessed, and validated, it is thought to be used by the upper levels at the 

start of the implementation process to assess maturity and address the factors that need 

evaluation. 

 

1.5 Research methodology 
 

This research engaged mainly a qualitative and inductive approach. The first step was to 

conduct a literature review to understand the topics, gain knowledge on the subjects 

under study, and identify the problems and gaps to develop the aim and objectives 

stated in section 1.3 of this chapter. After that process, a more in-depth literature review 

took place by analysing the BLS literature and the maturity concepts and existing 

frameworks to use them as a foundation for developing the BLS framework presented 

in this study. The literature review was a key aspect of this research because it was also 

used to justify and make sense of the responses provided in the case studies. This part 

was carried out when the answers were provided and were used to theoretically 

validate the findings presented in chapter 5 with the literature. Chapter 4 presents the 

factors that are required to ensure a proper BLS integration at the organisational level 

to comply with the Chilean industry requirements and enhance the knowledge of the 

BLS integration into a framework. The purpose of identifying factors is to populate the 

proposed identified areas from the literature with aspects concerning the Chilean case 

related to the scope of this study. The proposed BLS framework can be seen at the end 

of chapter 5. 

 

At the end of the literature review, the analysis of existing frameworks and models was 

discussed to explore the areas that the BLS framework would develop and guide the 

researcher in exploring the line of investigation.  Different models and frameworks were 

explored, which can be seen in table 2.2 in chapter 2, and the areas to be explored were 

identified, namely, processes, human and attitudinal aspects, management, technology, 

and economic categories. The initial conceptual framework is then proposed based 

solely on the identified areas and with no information at this stage on the factors to 

populate them. This conceptual framework is presented at the end of chapter 2. The 

researcher then developed the questions to be asked, and the research moved to the 
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data collection process. In this stage, the researcher identified SMEs that fulfilled the 

aim and objectives of this study. This process was carried out with the help of key 

industry and government contacts to quickly define and commit the participants and 

define available dates for them to collaborate. The researcher proposed SMEs which 

were identified from the main construction industry website partners, the Chilean 

Construction Chambers, which were contacted and engaged with the help of these key 

contacts. As a result of this process, an initial number of seven SMEs were identified and 

asked to participate in the study, but three of them did not reply, and from the ones 

that answered, only three were the ones that committed and participated in the final 

study. Before commencing the study, the questions were piloted to assess their 

suitability, find any inconsistencies, and determine the length, quality of the questions 

and refine them if required, basically to assess whether they measured what the study 

needed to achieve the objectives.  

 

After this process, the case studies took place which consisted of semi-structured 

interviews to determine the BLS factors. The data analysis was done first by transcribing 

the responses, and after that, content analysis was carried out to find patterns among 

the data and presented in a table shown in chapters 4 and 5. The data patterns led to 

organising the factors into subcategories linked to the main areas of study and were 

arranged based on that exercise. The subcategories are then presented in chapter 5 

along with the discussion of findings. A literature review was performed to justify the 

responses, make sense of the data, and theoretically validate the factors found in the 

case studies. An initial total of 78 factors were found distributed in the proposed areas. 

The BLS framework is then presented pending validation, a process that is shown in 

chapter 6. The framework factors were proposed based on three case studies; 

therefore, a focus group was engaged to generalise and validate these results to a 

broader population. This focus group was also qualitative in nature, in which 8 

participants collaborated to validate the findings by first filling out a questionnaire form 

to score the factors. This technique was used to quantify the responses and ease the 

data acquisition due to time constraints and the availability of the participants. After 

that, the participants discussed their findings and provided their insights to refine the 

initial framework to the final version shown at the end of chapter 6. The qualitative part 
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of the focus group was analysed by engaging content analysis, the average and relative 

importance index. The discussion led to reducing the number of factors from 78 to 69 

presented in the final BLS framework. For more details, see figure 1.1, where the 

research process is presented. 

 
1.6 Contribution to construction management knowledge 

This research’s contribution has two elements, namely theoretical and practical. The 

theoretical view is to contribute to the development of an organisational framework 

that enhances the body of knowledge and can be referred to by organisations and 

analysed to their case. In terms of the practicality of the framework, SMEs in Chile can 

apply it, and other SMEs from other parts of the world can use it to gain knowledge 

about the implementation and compare it to their case. The framework is developed 

based on the views of SMEs contractors’ organisations therefore, these kinds of 

organisations can develop strategies to integrate BLS practices in their organisations, 

and finally, the literature based on the Chilean sector and context is enhanced and 

enriched because studies like the one developed in this research are difficult to find in 

the context of the construction management area.
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1.7 Overview of the chapters 
 

This thesis comprises seven chapters that are written showing the best logical path to 

present the subject under research and to reach the objectives set in this study. The 

research process is shown in figure 1.1 and the thesis chapters are also presented 

reflecting the path taken. The overview of the chapters is shown below to provide the 

reader with a brief description of the covered topics. 

 

Chapter 1 is the introduction of the subject, stating the rationale for this research and 

identifying the gap in knowledge this project intends to fill. A brief description of the 

topics under study is also presented as well as the objectives, research questions, aim, 

scope, research methodology, and contribution to knowledge. 

 

Chapter 2 is the literature review covering the topics of BIM, lean, and sustainability 

(BLS) and the approach in the Chilean construction industry, explaining concepts and 

application as well as characteristics of the industry aiming to introduce the reader to 

the Chilean context of the topics under study as well as introducing BLS concepts to set 

the scene for the following chapters. This chapter also covers existing frameworks from 

which the BLS framework takes inspiration in its development 

 

Chapter 3 presents a comprehensive research methodology for this study as well as the 

different philosophical approaches of carrying out research. Research logic, design 

strategies, and processes are also part of this chapter in which the best research option 

for this study is selected and presented. 

 

Chapter 4 presents the results of the case studies where the factors that need to be 

considered for a proper BLS implementation are identified by nine different respondents 

who provided their views on the subject based on their experience. 
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Chapter 5 shows the discussion of the results from chapter 4 supported with the 

literature review to make sense of the responses provided in the previous chapter with 

findings from the literature review. 

 

Chapter 6 presents the development and validation of the factors presented in the BLS 

framework. Discussion of the process is presented in this section and the final 

framework is presented after the validation process that involved a focus group. 

 

Chapter 7 presents the conclusions and recommendations of this research and 

directions for future work in the area.  
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Chapter 2 The construction industry in Chile 
 

This chapter presents the context of the Chilean construction industry and the 

application of the drivers under study. It provides BLS concepts to clearly understand 

the topics and set the scene for the following chapters in this research. 

 

2.1 The need for better approaches in the construction industry 
 

In the current global market, construction organisations are under constant pressure to 

manage their resources to improve their business operations in environmental, societal, 

and economic terms, which are not competitive advantage features anymore but a 

necessity to reduce the impacts the construction sector produces in these areas 

(Kuckukvar and Tatari, 2013). The complexity of the construction business in Chile and 

globally has increased, and so have the problems the industry has been known for a very 

long time, such as fragmentation, poor performance, and negative impacts on the 

environment (CChC, 2020). In addition, new requirements in the industry have made 

organisations consider adopting new practices to improve their business operations 

(Peansupap and Walker, 2006). In recent years, BIM, lean principles, and sustainability 

(BLS) features have emerged as trends in the industry to improve how buildings are 

delivered throughout their entire lifecycle (Saieg et al., 2018). Value aggregation and 

efficiency in operational and environmental terms are major concerns by stakeholders 

and the wider society, so better project outcomes can be achieved by integrating these 

practices (Koskela et al., 2010; Saieg et al., 2018; Enache-Pommer, 2012). However, BLS 

adoption and application are still at the early stages, and organisational management 

approaches towards their integration are missing in the literature, and their combined 

effect is also unknown (Saieg et al., 2018). Therefore, by committing organisations to 

include BLS in their practices, the industry can deliver better project results, and in 

consequence, its overall performance can also be increased (Mellado and Lou, 2020). 

 
 
 
 



 25 

2.1.1 Background of Chile 
 
Chile is in South America between the Pacific Ocean and the Andes mountains, and its 

location is next to the fast-moving Nazca plate. It has a high and constant tectonic 

activity, which has caused some of the strongest earthquakes recorded in history (Luo 

et al., 2020). The Chilean construction industry is internationally known and well 

recognised because of its infrastructure and resilience to earthquakes and other natural 

disasters (Siembieda et al., 2012). In addition, the country has a diverse range of climates 

due to its long geography, and diverse methods of construction are adopted depending 

on the area in which the facility is built (De Solminihac and Thenoux, 2017). 

The north part of the country is mostly desert, which means that insulation and roof 

slopes are different from the southern parts, which are more rainy and wet, requiring 

different methods (De Solminihac and Thenoux, 2017). Given this complex nature in the 

more than 4,500 km long territory, the industry requires more sustainable and efficient 

designs and, therefore, efficient methods not only in the technical aspect but also in 

terms of strategy and proper management which are necessary to improve how the 

building products are delivered (CChC, 2020). 

 

Furthermore, compared to other construction industries from more developed 

countries, the Chilean industry still relies intensively on the use of labour, whose training 

and educational levels are low and less skilled in the use of machinery and equipment 

(Fuenzalida, 2010). The industry is mainly composed of small and medium-sized 

organisations (SMEs) (Nuñez et al., 2018), and especially the small organisations do not 

possess a proper organisational structure and are understaffed at the professional level 

(Serpell et al., 2002). Therefore, applying new practices is difficult to accomplish, and 

proper guidance for complying with the new construction requirements is a complete 

challenge (CChC, 2020). It is not surprising then that research and development 

investment levels are deficient compared to more developed economies, and in 

consequence, the industry must rely on developments from other countries (Serpell et 

al., 2002). 

 

The main construction sectors in the country are housing and infrastructure; while the 
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first classifies all the buildings whose purpose is to accommodate people for housing 

purposes, the second is about all the necessary elements or services to allow the 

operation of a city, including transportation, energy, etc. (Switzerland Global Enterprise, 

2020). 

 

Buildings in Chile are mainly reinforced concrete structures because of the seismic 

nature of the country (Ugalde and Lopez-Garcia, 2017). In terms of high-rise buildings, 

these can be classified depending on their usage as residential and office buildings. 

Office buildings differ from residential as they require more open spaces, while 

residential buildings require more partitions for private occupancy (De Solminihac and 

Thenoux, 2017). High rise buildings have increased in the past years (Lagos et al., 2012). 

For example, according to the last census in 2017, high rise buildings accounted for 

1,138,062 buildings, representing an increase of 552,678 buildings from the 2002 

census. This growth of 4.9% shows that more buildings of this type are being demanded, 

and the forecast is that this number will increase in the future (Lagos et al., 2012). It is 

worth mentioning this tendency because it has been suggested that nearly 64% of the 

total construction investment is shared by construction and engineering works, housing, 

and non-residential construction, whilst the remaining 36% corresponds to equipment 

and machinery (Switzerland Global Enterprise, 2020). 

Traditional buildings have decreased from 82.1% to 79.7% representing a 2.4% drop 

from 2002 to 2017 (INE, 2018). From this data, people are living and working in these 

kinds of facilities, and the numbers are and will continue to increase in the future due 

to constant demand and the increase in population. The possibility for people to live 

closer to the city where work locations are concentrated and the chance to reduce the 

impacts of travelling to and from work, fuel consumption are one of the advantages of 

this kind of buildings as well as placing shops, restaurants, cafes, in one single location 

(Kalcheva et al., 2016).  

In this sense, the exponential increase of population in urban areas and the scarcity of 

land have made governments reconsider how their cities are organised in which high 

rise buildings play an essential role in avoiding horizontal overcrowding (Ahmad et al., 
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2017). On the negative side, high rise buildings contribute to the called “urban heat 

island”, which brings negative consequences to the environment and, most importantly, 

people (Mohajerani et al., 2017). For the reasons previously mentioned, the government 

is demanding the application of sustainability features to building designs to make 

buildings more efficient and promoting the use of BIM, which is in accordance with the 

current construction industry scenario (CChC, 2020) 

 

According to De Solminihac and Thenoux (2017), the main characteristics of the 

construction industry in Chile are: 

 

• Construction is carried out in different stages with different specialised teams. 

• Short life cycle in terms of execution processes causes high variability and high 

pressure leading to poor decision making and planning.  

• High workforce mobility. 

• Subject to location conditions. 

• Overcrowding of the workplace in reduced spaces. 

• Subject to high risks to processes and people. 

Compared to other industries, the construction industry is highly variable due to the 

variety of teams working on a project, which leads to high fragmentation (Planbim, 

2019). Despite this importance in contributing to the economy, the construction 

industry is still one of the low-rated industries in terms of performance, productivity, 

and efficiency (CChC, 2020). 

 
2.1.2 Characteristics of the construction industry in Chile 
 
The construction industry worldwide plays a vital role in a country's economy, 

employing people and creating other industries' infrastructure. The industry is known 

for high competition levels in which projects are usually granted at the lowest price, 

complex processes, and high-risk conditions, which can detriment the increase of 

efficiency because of the misalignment of incentives and potential benefits that can be 

shared throughout the supply chain, discouraging collaboration and the alignment of 

goals and objectives (De Solminihac and Thenoux, 2017; (CORFO and PMG, 2016).  
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The construction industry is one of the most critical activities in the economy of the 

country, with a contribution of USD 18 billion each year which is around 7.2% of the 

gross domestic product (GDP) of the country and 10.6 % of the national employment, 

estimated around 870,000 jobs, representing 64% of the total investment of the 

economy (CChC, 2020; Planbim, 2019). (Figure 2.1 and Figure 2.2) 

The sector is made of 30,000 organisations, of which 98% are small and medium-sized 

organisations (SMEs), creating around 81% of the jobs in the industry and contributing 

34% of turnover (CORFO and PMG, 2016).   

  
Figure 2.1 Construction industry participation in GDP (Switzerland Global Enterprise, 2020). 

 

 

Figure 2.2 Construction industry participation in employment (Switzerland Global Enterprise, 2020). 
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Francis and Thomas (2020) suggest that the construction industry will globally 

contribute to around 15% of the global (GDP) by 2020, and the projections show that 

the sector will grow at a rate of 4 % annually, showing its fast progression not only in 

Chile but also globally. Data shows that the construction industry in Chile in terms of 

productivity has increased by 20% between 2000 and 2018; however, the construction 

industry has presented no variation, falling behind the general economic indicators and 

other countries from the OECD (CChC, 2020). The reasons found for these low 

productivity levels include low adoption of advanced management practices, 

fragmentation between stakeholders in the project life cycle, lack of standardisation, 

common use of prefabrication, and lack of training (Planbim, 2019). 

 

For this reason, the Chilean government highlights the need for improving efficiency and 

identifies issues leading to low productivity levels. These issues include problems in the 

supply chain (design, planning and execution of works), adoption of new technologies, 

skill levels in people, regulations, and sustainability (CORFO and PMG, 2016). To improve 

those issues and lead the industry to global requirements, the government has 

developed the National Strategic Programme on Productivity and Sustainable 

Construction (Construye2025). This programme aims to increase productivity by 

identifying and tackling these challenges and the National Strategy for Sustainable 

Construction, whose goal is to promote sustainable development in the construction 

industry (Construye2025, 2019). 

 

The strategy identifies and addresses key areas that need to increase productivity levels 

and accomplish the objectives to put the country at the productivity levels of OECD 

countries. These areas include supply chain excellence, collaboration and integration, 

digitalisation, industrialisation, technologies adoption, sustainability, competencies 

development, advanced human skills, and efficient regulations (CChC, 2020). The 

strategy encourages the promotion of BIM, lean, and sustainability to promote these 

improvements as key drivers. Still, their use and integration are not mentioned, creating 

a gap between theory and practice. This research intends to fill that gap by finding 

factors that need to be addressed by SMEs to promote their use to reach the established 
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targets consistently. The same strategy mentions that lean tools such as the Last Planner 

system play an influential role in planning detailed activities, coordinating tasks, and 

preventing unexpected changes. However, it has not been consistently implemented. In 

this sense, the strategy also highlights that 71% of building projects and 72% of 

infrastructure projects experience delays and are not delivered according to the original 

schedule. In addition, only 34% of the whole population of organisations in the 

construction industry uses specialised software, and only 40% assess the reasons for 

non-compliance, showing that organisations do not consistently plan their efforts, 

causing inefficiencies and lack of trust in the system due to the lack of consistency and 

standardisation in its use. A clear example is that construction projects in Chile depend 

on the use of Excel (85%) over specialised software (CChC, 2020). 

 

In addition, it is highlighted in the strategy that in terms of technologies, specifically the 

use of BIM and compared with countries in the OECD, the Chilean industry is still very 

immature in its adoption, showing low rates. Despite the need of improving productivity 

levels, the reality is that Chile is still plenty of steps behind, and the industry must be 

ready to take the initiative in establishing long term goals and consider other areas 

because it is shown in the government report that most of the BIM users are focused on 

the design stage (Loyola, 2019), leaving aside other project stages, other essential 

activities such as planning, and other project stakeholders such as contractors, 

establishing a gap that needs exploring (CChC, 2020). 

 

2.1. Building information modelling (BIM) concept  
 
The BIM concept was first introduced to the world in 1978 (Eastman et al., 2011), and 

since then, it has evolved to become the set of concepts and methods it is known for 

these days. Eastman et al. (2011) describe the BIM concept as “a verb or adjective 

phrase to describe tools, processes, and technologies that are facilitated by digital 

machine-readable documentation about a building, its performance, its planning, its 

construction, and later its operation”. The concept definition from international 

standards is a “shared digital representation of physical and functional characteristics of 

any built object […] which forms a reliable basis for decisions” (ISO, 2010).   
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Performing BIM means that a representation of a real building will virtually be produced 

over the whole life cycle. Software tools are used to build virtual models of buildings 

using parametric data showing objects' attributes and information. An example of 

functional attributes can be installation duration or costs, semantic information store, 

e.g., connectivity, aggregation, containment or intersection information and topologic 

attributes. e.g., information about objects' locations, adjacency, coplanarity or 

perpendicularity (Volk et al., 2014).  

 

BIM promotes a more integrated approach when appropriately implemented, 

improving the construction project life cycle in aspects such as facilitating a more 

integrated design in the pre-construction phase and improved quality, lower costs, and 

reduced project duration in the construction process, among other benefits (Figure 2.3). 

 

 
Figure 2.3 Benefits of BIM methodologies (Chen and Luo, 2014) 

 

Without a doubt, BIM has brought plenty of attention in recent times in both industry 

and research. For example, a study by Santos et al. (2017) on BIM in the literature 

comprising ten years from 2005 to 2015 found that the topic has risen exponentially, 

and the most common subjects are BIM adoption, laser scanning and literature reviews. 

It was also found that collaborative approaches and interoperability are one of the 
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emerging areas of interest, along with sustainable construction and standardisation. On 

the other hand, the training and education subjects, BIM-GIS and quantity take-offs are 

the gaps encountered. 

 

2.2 BIM levels 
 

The BIM process is divided into different stages or maturity levels to provide a roadmap 

for BIM implementation and the requirements for every stage. It has been 

acknowledged that the BIM process is a progressive path with milestones in every stage. 

There are four maturity levels as established by the BIM Task Group, starting from zero 

to three (BSI, 2014), as shown in figure 2.4. 

 

 
Figure 2.4 BIM maturity levels (BSI, 2014) 

 

Level 0: The lowest and most basic BIM level comprises the use of unmanaged CAD, 

most likely with the management of information being shared based on paper drawings 

and PDFs shared electronically.  

 

Level 1: The second maturity level is often called lonely BIM because the models are not 

shared between project team members. It is a mixture of 2D for drafting statutory 

approval documentation and production information and 3D for concept work (Eastman 

et al., 2011). CAD standards are managed to BS 1192:2007, and electronic sharing of 
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data is carried out from a common data environment (CDE), often managed by the 

contractor. 

 

Level 2: The main feature of BIM level 2 is collaboration; despite this, the parties 

involved are not working on the same shared model, but they use their 3D models. 

Collaboration comes to the scene in how the information is exchanged. At this level, the 

information of the design process uses a common file format for sharing, which allows 

any organisation participating in the project to combine that information with their data 

to make what is called a federated BIM model. This process allows performing checks 

on the information once it is shared, and it must be capable of being exported to a 

common file format such as IFC (Industry Foundation Classes) or COBie (Construction 

Operations Building Information Exchange).  

 

Level 3: This level, known as “Open BIM”, is about a full collaboration between all the 

disciplines involved using a single shared model stored in a centralised repository 

accessible to all the parties that can access and modify it. This level has not been fully 

defined yet, but it is the goal organisations should be aiming for in the foreseeable 

future. 

 

2.3. BIM application in Chile   
 

The use of BIM has been mandated in different countries, supported by governments to 

improve efficiency in the construction industry (Charef et al., 2018). In Chile, this 

situation is not an exception since the government has also mandated organisations to 

comply with BIM requirements based on the British model (Figure 2.4) to transition 

towards a more digital industry; and recently, training schemes to aid the industry 

moving toward the mandated requirements are appearing (Briones and Soto, 2017).  

 

In Chile, the use of BIM in Chile has increased lately but is still experiencing a maturity 

process, meaning that organisations wanting to work on governmental projects should 

adopt BIM in their processes in 2020 (Rubio-Bellido et al., 2018). However, current 

policies established by the government focus primarily on quantity rather than quality, 
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so it will be interesting to see when the benefits of promoting BIM will be tangible (Rojas, 

2016). The mandate does not cover social housing (Gonzalez-Caceres et al., 2019), which 

is an integral part of government projects, so there is still plenty of maturities to reach 

before assessing the efficiency of the application in the Chilean construction industry. 

Also, organisations that have applied BIM have done it for their initiative (Loyola and 

Lopez, 2018). Just a few years back, a BIM committee was created that followed the UK 

framework to establish the Chilean mandate, and more work forums are taking place 

along with universities and institutes offering courses mostly based on the application 

of BIM software (Planbim, 2019). 

 

2.2.1 The Chilean BIM plan 
 
The Chilean BIM standard (Planbim, 2019) is developed by people in the industry and 

governmental institutions to promote productivity, efficiency, and sustainability. A 

government initiative was formed in 2016 called Planbim to promote incorporating 

information and communication processes, methodologies, and technologies to 

encourage modernisation in the Chilean construction sector. The goal is a 10-year plan 

that starts with using BIM to develop and operate public infrastructure and buildings by 

2020 (CChC, 2020). This effort is supported by different governmental institutions, as 

shown in table 2.1. 
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Table 2.1 Chilean institutions supporting BIM (Planbim, 2019) 

 
 

Planbim (2019) describes that the standard aims to establish a consistent BIM 

requirement for the public sector so organisations tendering for public projects can 

follow a standardised procedure, ensuring that the process and requirements are always 

clear no matter the type or size of the project. The focus is on the exchange of 

information between involved parties during the tendering and development stages and 

the flow between the appointed organisation and the organisations providing services 

for the development projects through the BIM Execution Plan (BEP), described in the 

standard. The document includes geometric and non-geometric information that must 

be exchanged in a public project between the parties. It also establishes the 

incorporation of information in the parameters of COBie and the BIM Basic Information 

Delivery Manual in BIM models. Although the standard is developed to be used in public 

projects, private organisations can also benefit from it, and it is encouraged to do so if 

required. 

 

2.3 Lean thinking characteristics 
 
Lean production can work at a strategic level where the principles (Figure 2.5) are used 

to understand customer value and identify the value stream. At the operational level, 

Chilean 
institutions 
supporting BIM

Corfo
Chilean Chamber of Construction (CChC)
Construction Institute
Codelco
Civil Registration and Identification Service
Chilean Police
Chilean Investigation Police
General Civil Aviation Authority
Ministry of Finance
Ministry of Public Works
Ministry of Housing and Urban Development
Ministry of Social Development
Ministry of Interior and Public Security
Ministry of Transportation and Telecommunications
Ministry of Health
Ministry of Education
Ministry of Economy, Development and Tourism
Administrative Corporation of the Judiciary
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the concepts are used to apply practices and tools to eliminate waste and promote 

continuous improvement (Gao and Low, 2014). 

Lean has five distinctive fundamental principles that should be followed to reach 

maximum gains when implemented. These principles are described below. 

 

1. Specify value: It refers to specifying what creates value for the client by 

identifying activities that generate value. 

2. Identify value stream: Identify all the necessary steps in the productive process 

(value stream) required by the client and remove all the non-adding value 

activities. This means that everything must be stopped and immediately changed 

when things go wrong. In terms of processes that need to be avoided are miss 

and overproduction, storage of materials and unnecessary processes, transport 

of materials, movement of labour and products and unnecessary waiting time. 

3. Flow: In this step, it is necessary to guarantee that the processes and value chain 

run in a continuous flow. The efforts must focus on the process rather than the 

end product. The customer value must be specified, and the value stream 

identified to obtain an optimal flow. 

4. Pull: This step means that only what the customer requires should be produced 

when they need it. The aim of this step is to minimise unnecessary production 

and is encouraged to use the management tool “Just in Time”. 

5. Perfection: The final step is to reach for perfection and continuous improvement. 

The product delivered must comply with customer expectations, within schedule 

and with the desired quality. To accomplish that goal, communication with the 

customer, managers, and employees is vital. 
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Figure 2.5 Lean tools reported in construction implementation (Picchi and Granja, 2004) 

 
Moreover, Koskela (1992) established eleven principles summarised as follows: 

 

1. Reduce activities that do not add value (waste) 

2. Increase the value of outputs through systematic consideration of customer 

requirements  

3. Reduce variability 

4. Reduce cycle times  

5. Simplify by minimising the number of steps, parts, and linkages 

6. Increase output flexibility 
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7. Increase process transparency  

8. Focus control on the complete process  

9. Build continuous improvement into the process  

10. Balance flow improvement with conversion improvement 

11. Benchmark has fourteen principles organised in four categories: Philosophy, 

Process; People and Partners, and Problem Solving. 

 

These principles have been successfully implemented in the construction industry. The 

Egan report (1998) identified measures to improve the construction industry in the UK, 

but applicable to almost every construction industry in the world, including the Chilean 

sector, which has no official reports, adopted the core of lean thinking and made 

recommendations along the following lines: Elimination of non-adding value activities 

which can take up to 95% of time and effort; waste removal of all the activities that take 

place in delivering a product; improvement of communication among the supply chain 

and removal of delays in the design and production process using “just in time 

management”. 

 

2.4 Lean construction concepts 
 

Implementing lean principles in the global construction industry is gaining momentum 

because it can bring innovative changes (Babalola et al., 2019). This momentum has 

been gained because traditional project management approaches, namely the Work 

Breakdown Structure (WBS), Critical Path Method (CPM), Earned Value Analysis (EVA), 

have failed to deliver projects fulfilling the minimum performance parameters (Ballard 

and Howell, 2003). 

 

The term coined by the construction industry is lean construction, derived from the 

principles established by the Toyota Production System (TPS); applied to the 

construction industry. The focus of lean construction is the same as the TPS of waste 

reduction, added value to the customer and continuous improvement by making the 

processes leaner being the removal of waste one of the key features because it is 
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considered to be an activity that does not add value (Koskela, 2000). There are other 

principles that are different from the ones established by the TPS and vice versa (Sacks 

et al., 2010), which is understandable given the different nature of the industries.  

 

As previously mentioned, the lean construction principle is derived from the lean 

production theory. Whilst the conventional production theory focuses on the 

transformation view; this is the transformation of inputs into outputs, the lean theory 

focuses on the activities that do not add value to the product/process. Koskela (1992) 

suggests that in the lean production concept, conversion and flow processes are present 

in the production process, thus, creating the transformation-flow-value concept 

introduced later to the lean construction philosophy. Some criticism has come from this 

view due to the project-based nature of the construction industry (Abdelhamid, 2004); 

however, research and practice have shown benefits when applying lean principles 

(Khalife and Hamseh, 2019). 

 
2.4.1 Lean application in Chile 
 

The application of lean principles in construction organisations in Chile has been 

documented and has increased, but mainly promoted by academia, lacking information 

from real cases regarding a full transformation. However, this issue seems to be 

changing lately since some organisations are realising lean construction potential and 

have started to consider it from the competitive advantage point of view (Salvatierra, 

2021). 

 

Studies are difficult to find in the literature based on the Chilean context. Alarcon et al. 

(2002) applied the Last Planner System (LPS) in twelve construction organisations with 

positive results in performance improvements. However, these improvements have not 

been sustained through time, as found by Salvatierra et al. (2015) in a diagnosis of 

implementation efforts in construction organisations based on the Last Planner System 

(LPS). Despite the country being one of the pioneers in lean construction that has led to 

the development of the Building Excellence group of companies that work closely with 

the Production Management Centre of the Catholic University of Chile (GEPUC), the 
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results show a lack of alignment between the implementation efforts with strategy. This 

finding supports the findings from Barros and Alves (2007), who identify that the 

application of lean tools from organisations is promoted mainly from the operational 

level, ignoring critical aspects, namely a solid foundation from the strategic point of view 

aligned with organisational goals. Finally, Salvatierra’s study also shows that 

organisations apply the LPS. Still, they did not identify other tools (Figure 3.3), and the 

results, such as analysis of reasons for incomplete assignments and constraint 

management, are very basic. In addition, the study does not determine whether the 

organisations that took part are SMEs or large. 

 

2.5 Sustainability concept 
 

Sustainability has become one of the major concerns and gained attention in practice 

and academia over the last decades. A study from Araujo et al. (2020) shows that the 

first study of sustainability in the construction industry dates back to 1993 and has risen 

from 2005 onwards, showing that it is still a new domain in the industry and undertaking 

a process of maturity. The most common definition is the one provided by the World 

Commission on Environment and Development, which defines sustainability as 

“development that meets the needs of the present without compromising that ability 

of future generations to meet their own needs” (WCED, 1987). Kibert (1994) was one of 

the first authors to work with the sustainability concept saying that the construction 

industry needed to move towards more sustainable practices to promote a healthy 

environment and preserve scarce resources (Figure 2.6). 

 
Figure 2. 6 Modern view of the sustainability pillars (Kibert,1994) 
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From figure 2.6, sustainability is understood as a balance of three aspects, namely social, 

economic, and environmental. Social sustainability is about the considerations of user 

comfort, health and safety, equality, diversity, and activities involving the wider public 

(Goh et al., 2020). Economic sustainability is related to stakeholders' financial gain from 

taking part in a construction project (Abidin, 2007). Economic sustainability is one of the 

most central sustainability themes because, for example, in a construction project, a 

proposed alternative for a particular construction method can be the most 

environmental and social friendly solution that can be applied. However, if not 

economically viable, these ideas are usually not considered. Finally, environmental 

sustainability refers to the maintenance of natural capital related to the consumption of 

renewable and non-renewable resources whilst minimising contamination and waste. It 

involves providing a better world to future generations by protecting the planet's 

ecology from destruction. It is essential to consider when using natural resources not to 

exceed their natural renewal rate. Environmental sustainability considers sustainable 

use of resources, harm to the environment and living species, protection of cultural and 

historical environments, among other aspects (Yilmaz and Bakis, 2015). Therefore, 

environmental sustainability aims to promote the harmony between nature and the 

construction activity throughout the entire life cycle of the constructed structure (Goh 

et al., 2020). 

 

2.5.1 Sustainability application in Chile  
 
In terms of the sustainable construction approach, construction organisations in Chile 

are still in the early stages of application and attainment; and the maturity levels are 

unknown (Serpell et al., 2013). Serpell et al. (2013) carried out an initial study on 

sustainable construction in Chile and argued that there is still little knowledge in Chilean 

construction organisations on the factors that would drive sustainable construction, 

especially in building organisations that have lower levels of expertise and interest in 

sustainability, creating a gap that needs to be explored further. In that study, it is found 

that larger organisations are the ones that are more aware of sustainability 

requirements and considering that the most predominant organisations in the country 
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are SMEs (CORFO and PMG, 2016), the sustainability issue focused on these types of 

organisations is still an unexplored area. One of the key issues facing sustainability 

application in the country is the lack of integration in the process, which causes a 

disconnection between stakeholders and decision-makers, and contractors are involved 

only in the construction phase (Serpell et al., 2013). The same authors suggest that 

although organisations need to create profit from their projects, sustainability 

application within organisations should be an opportunity to create value. The 

suggestion is that more research is needed to evaluate the economic impacts of 

sustainability application, so organisations are well informed on how to balance the 

environmental and social issues pertaining to sustainability application. 

 

Recently, a strategy called the National Strategy for Sustainable Construction (NSSC) has 

been supported by the Public Works Ministry, Housing and Urbanism Ministry, Energy 

Ministry and Environment Ministry to promote sustainability in the Chilean sector, 

aiming to establish sustainability in the construction industry (MOP, 2013). This strategy 

aims to establish guidelines to promote the concept of sustainable development in the 

construction industry to position the country at the regional level in 2025. The strategy 

also integrates other attempts developed by other agencies in one single national 

strategy, attempting to coordinate actions, goals, and objectives in the short, medium, 

and long term. 

 

The objective of the NSSC is to accomplish sustainability goals in four key areas, namely: 

Buildings and infrastructure with sustainability considerations to 2020; energy 

consumption reduction of 12%; greenhouse gases reduction of 20%; and commitment 

by the construction sector to contribute 10% of the energy generated by unconventional 

renewable sources by 2024 (MOP, 2013).  

 

The goals for sustainability in construction in the country are still very new, and more 

assessments and studies are needed in the area. Recently, the Chilean government 

presented their sustainability plans at the COP26 conference in Glasgow, establishing 

the guidelines and objectives of the sector (Hernandez, 2021). A long path is still ahead 

to reach these targets in which SMEs play a considerable role. 
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2.6 Organisational BLS assessment 

 
 
The BLS framework that is proposed in this study is about measuring maturity in 

construction SMEs to make them aware of the factors that need to be assessed prior to 

the adoption of BLS practices, so they can be prepared to integrate these initiatives into 

their operations and thus, comply with the industry requirements. According to the 

literature, achieving maturity allows organisations to measure their capability when 

implementing change or improvement initiatives in a systemic manner (Röglinger et al., 

2012) and can also determine developments in terms of people, process, and 

technologies (Nesensohn et al., 2014). Usually, the assessment of maturity can be done 

by analysing levels in which organisations can measure the adoption of initiatives from 

an initial maturity state, so evolution and transformation can be foreseen based on the 

maturity levels determined (Becker et al., 2009). 

 

Maturity assessment has been researched in the literature; for example, De Carvalho et 

al. (2016) studied maturity models in information systems applied to hospitals. 

Knowledge transfer in the construction industry by Forstner et al. (2014). Albliwi et al. 

(2014) focused on a literature review in business process management. The BLS 

framework presented in this research suggests a similar maturity process following steps 

and an assessment to establish where the organisation is and the steps to move forward 

to achieve better results. This part is shown later in the following sections of this 

chapter.  In addition, these kinds of models/frameworks are scarce in the construction 

industry, especially those focusing on small and medium enterprises, as studied by 

Omotayo et al. (2019). 

 

The same author suggests that the BIM and lean implementation process can be 

facilitated by establishing a maturity model explaining the steps from an initial state to 

full maturity. A similar situation happens when trying to establish sustainability 

principles (See table 2.2 studied Maturity models). Therefore, by achieving BLS maturity, 

the benefits of the integration are more likely to be obtained. 
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2.7.1 Capability maturity models 
 
The capability maturity model (CMM) is a process improvement framework that 

originated in the quality management field (Crosby, 1979) and was later adopted in the 

software industry and developed by Carnegie Mellon University. This model comprises 

self-assessment that organisations can use to assess best practices in key areas 

(capabilities), and in the process of transitioning to a more mature state, the model 

shows organisations how they can redefine their capabilities (Paulk et al., 1993). In 

addition, the CMM has served as the foundation for the development of several 

maturity models across other industries (Succar, 2010). 

 

The advantage of the CMM is that it allows process improvement because it identifies a 

set of standardised processes allowing to obtain business benefits, including 

productivity improvements and Return of Investment (ROI) and reduction of costs and 

sustained process improvement (Hutchinson and Finnemore, 1999). 

 

Maturity models are usually comprised of many levels made of different components 

whose processes, when satisfied, provide stabilisation of the whole system and provide 

a basis for continuous improvement, so by achieving maturity in each level, a different 

component is established (Paulk et al., 1993). In addition, the application of maturity 

has a direct correlation with business performance (Lockamy III & McCormack, 2004). In 

this sense, Renken (2004) argues that organisations that want to improve their capability 

should have a clear scenario of what they want to achieve and for that to happen and 

obtain consistent results, it is necessary to focus on improving the process, and that is 

exactly what maturity models do to achieve better results. 

 

According to Succar (2010), available CMMs are more applicable to the software 

industry and focus mostly on implementation procedures. In addition, Sarshar et al. 

(2000) argue that the capability maturity model in its original form does not consider 

both supply chain issues and the different project life cycle phases; therefore, it cannot 

be applied to the construction industry. Even though more efforts have been developed 

with the construction industry in mind (See table 2.6 for examples), there is a lack of 
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comprehensive maturity models/frameworks with an integrated BIM, lean and 

sustainability application developed for SMEs. 

 

2.7.2 Theoretical elements of the BLS framework: Influences shaping the BLS framework  
 
When developing the BLS framework, it is essential to acknowledge work from existing 

frameworks, even those unrelated to the construction industry, to gain knowledge and 

learn from the experience of other more successful sectors. Table 2.2 below shows 

existent published attempts from researchers that have influenced the BLS framework 

presented in section 2.7.6. It is worth mentioning that table 2.2 is a list of non-exhaustive 

maturity models in the BLS field, and table 2.3 illustrates some of the different 

performance excellence models that have somehow influenced the development of the 

BLS framework. 

 



Table 2.2 Studied models 

Model Characteristics Components/maturity 
Capability maturity model integration 
(CMMI) (SEI, 2008) 
 

CMMI is a process improvement approach that 
aims in helping organizations to improve their 
performance. 

Initial, Managed, Defined, Quantitatively Managed 
and Optimising. 

BEACON (Khalfan, et al, 2001), Concurrent engineering readiness assessment 
model for the construction industry. 

Process, People, Project, Technology. 

VERDICT (Ruikar et al.,2006), E-readiness model that assess the readiness of 
organisation to adopt e-commerce tools. 

People, Process, Technology, Management (top 
level) 

BIMMI Maturity Matrix (Succar, 2010) Conceptual model to measure the maturity, 
capability, and organisational scale of BIM. Key 
areas: People, process, policy 

Initial, Defined, Managed, Integrated, optimised. 

NBIMS Capability Maturity Model (NIBS, 2007) Measurement tool of a BIM organization’s 
maturity. It presents eleven categories of maturity 
(also called areas of interest) that are weighted 
according to importance and that can be scored 
from 1 to 10 

Data Richness, Life cycle views, Role or disciples, 
Change management, Business process, Timeless 
response, Delivery method, Graphical information, 
Spatial capability, Information accuracy, 
Interoperability/ IFC support 

Lean Enterprise Self-Assessment Tool (LESAT) 
(Nightingale and Mize, 2002) 

This model assesses the organisation maturity in 
terms of the use of lean principles and practices 
within three Assessment Sections: Lean 
Transformation/ Leadership, Life Cycle Processes 
and Enabling Infrastructure 

Awareness/Sporadic, General Awareness/Informal, 
Systemic Approach, Ongoing Refinement, 
Exceptional/Innovative 

Lean Construction Maturity Model (LCMM) 
(Nesensohn et al., 2014) 

It provides organisations with an assessment of the 
current state of their Lean Construction journey  

(1) Lean leadership, (2) customer focus, (3) way of 
thinking, (4) culture & behaviour, (5) competencies, 
(6) improvement enablers, (7) processes & tools, 
(8) change, (9) work environment, (10) business 
results, (11) learning and competency development 

Lean Production check- list (Sánchez & Pérez, 2001) integrated checklist to assess manufacturing 
changes toward Lean 

(1) elimination of zero-value activities, (2) 
continuous improvement, (3) teamwork, (4) JiT 
production and delivery, (5) suppliers’ integration, 
and (6) flexible information system 
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SPICE (Hutchinson and Finnemore, 1999) Framework for continuous process improvement 
for the construction industry 

Initial/Chaotic, Planned & Tracked, Well Defined, 
Quantitatively Controlled, Continuously Improving. 

Lean Manufacturing: Performance Evaluation Audit 
(Urban, 2015) 

A checklist for the assessment of an organization’s 
current status and on- going progress in adopting 
Lean Manufacturing criteria 

Process planning and control, management and 
leadership, quality control and planning, TPM, 
suppliers, Lean techniques, customer focus, 
performance improvement 

The 4P Lean Model (Liker, 2004) The model provides a picture of the values that 
constitute the foundation of the Toyota Production 
System and how these principles are applied in 
practice 

Philosophy, Processes, People and partners, 
Problem solving 

The Lean Project Delivery System (LPDS) 
(Ballard, 2000) 

Conceptual framework to guide the 
implementation of lean construction on project-
based production systems. 

Project definition, Lean design, Lean supply, Lean 
assembly, Use. 

Sustainability engineering and manufacturing SMEs 
(Burke and Gaughran, 2007) 

framework for sustainability management, taking 
an incremental approach in moving from 
environmental management, using ISO 14001 as a 
foundation, to sustainability management which 
will contribute to an annual sustainability report 
which is currently only undertaken by large 
corporation 

Environmental awareness program; Initial 
environmental review; Strategy development; 
Environmental policy; Environmental aspects and 
legislation; Objectives, targets, and programmers; 
Implementation and operation; Monitoring, 
auditing, and reviewing 

Sustainability terminology (Glavič and Lukman, 
2007) 

framework for improved, coherent, and sustainable 
terminology 

Triple bottom line (environment, economy, and 
society); Sustainability policy, systems, sub-systems 
(strategies), approaches (tactics), and principles 

Sustainability transformation (Loorbach et al., 
2010) 

strategic perspective for business to contribute to 
the innovation of societal systems 

Transition management levels: Strategic; Tactical; 
Operational 

Sustainability reporting (Ahmed and Sundaram, 
2012) 

sustainable business transformation roadmap 
supported by a framework and architecture for 
integrated sustainability modelling and reporting 

Discover and learn; Strategies; Design; Transform; 
Monitor and control 

Corporate sustainability Implementation (Hahn et 
al., 2015) 

systematic framework for the analysis of tensions 
in corporate sustainability. The framework is based 
on the emerging integrative view on corporate 
sustainability, which stresses the need for a 

Analyse; Design; Implement; Monitor and control 
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simultaneous integration of economic, 
environmental and social dimensions without, a 
priori, emphasising one over any other 

Global sustainability implementation (Laurenti et al 
2016) 

planning framework that connects material flows 
and socio-economic drivers 

1. Plan: defining, forecasting, organizing 
2. Do: demanding, executing  
3. Check: controlling, coordinating  
4. Act: standardizing, correcting 

Sustainability management 
(Panagiotakopoulos et al. 2016) 

Model to base the analysis of organisational 
sustainability (long-term viability). 

Operations; Management; Environment 

Corporate sustainability implementation 
(Gallotta et al., 2016) 

conceptual framework based on Business Process 
Management to support organisations implement 
sustainability practices in its business processes 

Sustainability dimensions; Systemic; Organizational; 
Individual 



 

Table 2.3 Performance, Excellence and Quality Management frameworks influencing the BLS framework 

Model/Author BSC, The Balanced 

Scorecard (Kaplan 

& Norton, 1992) 

EFQM Excellence 

Model - European 

Foundation for 

Quality 

Management 

(EFQM, 2008) 

The Malcolm 

Baldrige National 

Quality Award 

(MBNQA) (NIST, 

2008). 

Features Performance 

management tool 

and a strategic 

management 

system 

management 

framework that 

supports 

organisations in 

managing change 

and improving 

performance. 

Self- assessment 

process conducted 

by evaluating/scoring 

organisations against 

7 Categories of 

Performance 

Components Learning and 

Growth,  

Business Process,  

Customer  

Financial 

Perspectives 

Leadership,  

Policy & Strategy,  

People,  

Partnerships & 

Resources,  

Processes,  

Customer Results,  

People Results,  

Society Results  

Key Performance 

Areas 

Leadership, Strategic 

Planning, 

Customer/Market 

Focus, Information & 

Analysis, Human 

Resource Focus, 

Process 

Management, and 

Business Results 

 

 

After analysing the models presented in table 2.2, it is seen that they follow a similar 

structure, but the difference is in their depth, terminology, audience, and their industrial 

focus. These patterns are also highlighted by Succar (2010), whose BIMMi follows a 

similar composition in its analysis. 
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Regarding the performance management models presented in table 2.3, the literature 

shows that they positively impact business results (de Leeuw and van den Berg 2011; 

Qureshi et al. 2009) because they support continuous improvement through self-

assessment and benchmarking (Niven 2006). The rationale for using these models as 

inspiration for the initial BLS model presented in section 2.7.6 is because they allow the 

use of a scoring system for self-assessment of maturity and capability (Vukomanovic et 

al., 2014). 

 
 

2.7.3 Focus of the BLS framework. 
 

Given that the BLS framework aims to assist SMEs in establishing their maturity levels in 

terms of BIM, lean and sustainability, the focus of its composition should consider these 

efforts.  The above models (Table 2.2) show different attempts by researchers, and the 

common subjects that they explore are analysed by analysing patterns among them 

(Sinkovic, 2018) and extracted, adopted, and modified (Alshawi and Arif, 2012) to suit 

the aim of this study.  

BIM/ICT/digital attempts are led by process, people, and technology aspects (Succar, 

2010; Lou and Goulding, 2010; Khosrowshahi and Arayici, 2012) reflected in the BIM/ICT 

frameworks presented in table 2.2.  Similarly, lean attempts are led by people and 

continuous improvement, establishing lean as a management philosophy (Koskenvesa 

& Koskela, 2012). In addition, Womack et al. (1990) suggest that organisations 

attempting to embark upon a lean journey should consider three fundamental issues: 

purpose, process, and people.  On the other hand, when transitioning to sustainability 

in their operations, organisations should consider environmental, social, and economic 

aspects (Elkington, 1994, 2004). Similarly, Chofreh and Goni (2017) suggest that 

organisations should consider the social, economic, and environmental considerations 

and decisional aspects such as strategic, tactical, and operational levels for the 

successful adoption of sustainability principles in organisations. Most of the studied 

models (Table 2.2) consider the economic, social, and environmental aspects, but not 
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all consider these decisional paradigms. The same authors suggest that any 

comprehensive framework should consider sustainability and decisional aspects. 

 

For that reason, it is suggested that the BLS framework proposed in section 2.7.6 should 

also consider its composition Process, Human factors (people), technology, managerial 

and economic aspects. The models studied in tables 2.2 and 2.3 are used as inspiration, 

summarised, and integrated into these areas. Exploring these topics will give a 

foundation to SMEs on how to manage these requirements and give them ways to be 

prepared to adopt them. 

 

In terms of maturity, most of the models presented in table 2.2 assess maturity based 

on five levels. For example, the CMM has five distinctive maturity levels: Initial, 

Managed, Defined, Quantitatively Managed, and Optimising. The BMMi also shows five 

levels: Initial, Defined, Managed, Integrated, optimised, which is understandable given 

that it is based on the CMMi as one of the frameworks that shape the BMMi (Succar, 

2010). The same situation happens when analysing the Lean and Sustainability 

frameworks with 4 or 5 levels, depending on the model (See Table 2.2). 

 

Additionally, existing attempts of integrating these practices have been studied by 

researchers, as shown in table 2.6 (BLS integration attempts). 

 

2.7.4 Existing BLS frameworks and applications. 
 
The literature shows existing attempts to study the application of BLS practices due to 

their synergistic nature, as explored by Koskela et al. (2010) and shown in table 2.5. 

 

Table 2.4 Synergies between BIM, lean and sustainability (Koskela et al., 2010) 

 Effect 

Driver BIM Lean Sustainability 

BIM  Promotes waste 

reduction and 

value creation. 

Promotes the 

evaluation of 

sustainable 



 52 

Examples are:  

coherent design 

information, clash 

detection, 

visualization and 

evaluation of 

proposed design 

solutions, among 

others. 

solutions such as 

simulations of 

energy 

consumption and 

CO2 footprint 

Lean It aids in the BIM 

implementation 

journey through 

systematic 

approach; adds the 

necessary 

integrating process 

layer; and promotes 

collaboration 

between the parties. 

 Reduction of 

waste means that 

a higher resource 

efficiency can be 

obtained.  

 

Due to its focus on 

higher operational 

and product 

reliability, the 

reduction of 

harmful emissions 

can also be 

reduced. 

 

Due to its aim of 

adding value, it 

promotes the 

achievement of 

sustainability 

targets. 
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Sustainability Sustainability 

requires complex 

simulations, so the 

use of BIM is 

strengthened in the 

analysis of such 

calculations. 

Reinforces lean 

efforts through 

partial alignment 

of purposes and 

methods. 

 

 

 

Koskela et al. (2010) argue that change in the construction industry is needed and long-

awaited, and the synergistic aspects between BLS provide a huge chance to achieve 

change. Still, it will only happen with visionary and decisive action and persistence. The 

author also acknowledges the difficulties that any change would imply and that it would 

be an error to position these changes as just a fad, outsourcing implementation hoping 

for the best, but involvement, insight, and championship are key to obtaining profound 

change. As mentioned before, the Chilean construction industry has identified BLS as 

critical aspects to improve the construction industry (CChC, 2020). Therefore, the 

challenge is to embed change in the industry in which construction organisations play a 

huge role that needs to be addressed and has been proposed in this study. 

 

Another important study found in the literature on BLS integration is the one carried out 

by Enache-Pommer et el. (2010), who argues that the integration of BLS practices would 

yield better projects outcomes focused on healthcare facilities. Due to the specificity of 

requirements for healthcare facilities and the rise in demand for these facilities, efficient 

measures need to be taken to ensure clinical outcomes, low operating costs, energy 

consumption, and water use. The authors argue that customer value must be increased 

and that the whole system can benefit from applying lean principles to reduce waste, 

enhance collaboration and promote continuous improvement. In the study, the authors 

also add that healthcare facilities require complicated processes and that the inclusion 

of BIM to improve delivery and promote sustainability outcomes is needed; therefore, 

the authors propose a conceptual model including BLS to achieve these targets. 
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Ahuja et al. (2017), based on the synergistic features between BLS, suggests and 

proposes the use of BIM as an enabler for lean and green project outcomes. The authors 

found that the combination of four BIM capabilities, namely MEP system modelling, 

energy and environment analysis, constructability analysis and structural analysis, can 

lead to green and lean outcomes. In the study, the authors suggest that combining lean 

and green practices is possible and that the application in conjunction leads to better 

results in construction projects. 

 

Finally, Saieg et al. (2018) took a different approach and carried out a systematic 

literature review suggesting the lack of studies integrating BLS  concepts and found that 

most of the synergies occur in the construction stage and project process, especially 

during conceptual design and decision making, enhancing the opportunities to improve 

the overall construction industry in terms of the economic and environmental impacts 

caused by the lack of efficiency that characterises the construction industry worldwide. 

The study concludes that the application of BLS can help organisations and governments 

to achieve their sustainable development targets by implementing management 

strategies that include BLS. However, the review did not find any frameworks suggesting 

BLS, especially focused on SMEs and maturity towards the application. The question of 

how resource-constrained organisations such as SMEs can implement BLS and what 

aspects they should consider so the application is made correctly has been identified as 

one of the critical aspects of the present research. 

 

In addition to the studies mentioned above that explicitly include BLS in conjunction, 

many researchers have focused their efforts on studying the integration of BIM, lean 

and sustainability either in conjunction or pairwise. Table 2.6, shown below, describes 

attempts in the use of these practices in the existent literature. 
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Table 2.5 Examples of existent BLS attempts 

Reference Type of 

model/framework 

Industry Main Contribution Validation Method 

Khanzode et al. 

(2006) 

Conceptual B/L 

framework 

Construction Virtual design and 

construction (VCD) improve 

the lean project delivery 

system (LPDS) when applied 

at the correct stages. A set 

of guidelines on linking BIM 

and lean construction is 

proposed. 

- 

Toledo et al. (2016) B/L planning 

framework 

Construction The use of Last Planner 

System (LPS) and BIM 

generates an increase in 

Percentage plan completed 

(PPC), a decrease in reasons 

for non-compliance, a 

shortening of the meeting 

durations, and a decrease in 

Case study 
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the total number of designs 

RFIs. 

Alwan et al. (2017) B/S framework Construction The results show 

how ineffective strategies, 

policies and leadership have 

prevented full exploitation 

of the potential of BIM and 

modern methods of 

construction (MMC) 

towards sustainable 

production. 

Case study 

Nascimento et al. 

(2017) 

B/L methodology  Oil/Gas Methodology proposed to 

improve the production 

planning and control of 

pipe-rack modules. Results 

show improvements in 

prefabrication and 

preassembly planning. 

Reductions in welding-time. 

Case study 
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Ilhan and Yaman 

(2016) 

IFC based B/S 

framework 

Construction Results show that the 

proposed tool can be 

automatically process green 

data for BREEAM 

certification which can be 

used to aid the design 

process. 

Sample project 

Ng et al. (2015) L/S methodology Metal  Integration of lean and 

green manufacturing by 

introducing a metric called 

Carbon Value Efficiency to 

integrate L/S 

implementation metrics 

Case study 

Gan et al. (2018) B/S framework Construction B/S framework to 

enhance the sustainable low 

carbon design of high-rise 

buildings. 

Case study 

Banawi and Bilec 

(2014) 

L/S framework 

 

Construction Two types of waste were 

identified: materials which 

Survey 
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contributed the most in 

environmental impact, and 

time. “Changes in design 

during construction” was 

identified as a potential 

cause for waste. 

Mollasalehi et al. 

(2018) 

B/L maturity 

model 

Construction It is proposed an integrated 

B/L maturity model to 

assess and analyse the 

performances of the 

projects that are 

implementing BIM and Lean 

together. 

- 

Wong and Wong 

(2014) 

L/S framework Manufacturing Model promoting human 

integration in sustainable 

operations. 

Case study 



 

2.7.5 Factors affecting the adoption 
 
Integrating BLS in SMEs will inevitably require organisations to commit to change or 

adapt the way they are working to promote these initiatives and, thus, comply with the 

requirements set by the Chilean government (CORFO and PMG, 2016). For this reason, 

it is vital to understand the factors that would enable such process to fully understand 

how to promote BLS in the Chilean construction industry, specifically in SMEs. 

 

In this sense, studies found in the literature focused on finding key aspects to develop 

different frameworks also included the analysis of key elements in their development. 

Cherrafi et al. (2017) also explored the proposition of a framework integrating lean 

manufacturing principles, six sigma and sustainability, which included the analysis of 

critical success factors, barriers, tools, benefits, and drivers. Siegel et al. (2019) state that 

SMEs need guidance when implementing new practices, so in this process, the 

identification of challenges, benefits, success factors, tools and techniques, and barriers 

is fundamental. Demirkensen and Bayhan (2020) suggest that to convince implementers 

in the case of lean adoption, a guidance model is needed, and an important part is to 

identify factors enabling such process. Cherrafi et al. (2021) also focus on the critical 

success factors (CSFs), barriers and key elements when developing a readiness self-

assessment model for assessing organisational readiness to adopt sustainability and 

lean initiatives. Lou et al. (2020) developed a self-assessment framework focused on 

SMEs to quantify and measure e-readiness from an organisation, technical and process 

perspective for building services providers in the UK. This framework was developed 

based on potential critical success factors which shaped the final version of the 

readiness assessment framework. 

Lee et al. (2011) focused on the development of a self-assessment framework for 

Chinese companies, and the criteria to explore included critical success factors and 

challenges for implementing organisations. Juan et al. (2017) focused on analysing 

factors to develop a BIM self-assessment framework, including the BSC (See table 2.3) 

for inspiration.  
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Liao and Teo (2019) focused on critical drivers for the implementation of BIM in 

Singapore to develop their framework based on the idea that organisational change is 

key to the implementation process.  

Finally, this study takes as inspiration these authors’ studies to explore the factors 

impacting the application of BLS practices in SMEs in Chile. These factors along with the 

models studied in table 2.2 give a foundation for the issues to explore and the areas of 

coverage that the BLS framework should have in its development.  

 

2.7.6 Theoretical BLS framework. 
 

Based on the reviewed models, the theoretical BLS framework presents the following 

categories to be explored: Process, Human and attitudinal, technology, management, 

and economic aspects, and the exploration is also based on the factors that would 

enable those categories (Table 2.7). There was a consideration of proposing an 

environmental category as well to analyse environmental factors and comply with the 

social (People), economic and environmental aspects of the sustainability concept since, 

as Goh et al. (2020) imply in their study; there is a lack of integration of these three areas 

in sustainable construction. However, after consideration, environmental outcomes 

such as water improvement, energy efficiency, lighting analysis etc., are factors that are 

seen and can be measured at the end of, in this case, construction projects. As pointed 

out by Häkkinen and Belloni (2011), sustainability in construction is not hindered by a 

lack of assessment methods or technologies but is affected by the procedural aspects in 

organisations to promote the adoption of new methods. Therefore, by tackling the 

organisational aspects, positive environmental outcomes are more likely to happen, and 

that also highlights the importance of the procedural elements that organisations should 

consider before embarking upon the application of BLS in this case. For this reason, the 

consideration in this research was to analyse how Chilean SMEs can obtain those results 

from the organisational perspective, and the reasoning after analysing the models in 

table 2.2 was that other procedural aspects must happen so organisations can later get 

results in the environmental area. 
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The proposed maturity levels will follow a similar view as mentioned in the above 

paragraphs, moving from one to five levels of maturity, and the assessment carried out 

by SMEs will be based on the above categories. 

 

Table 2.6 BLS theoretical framework initial proposition  

BLS framework areas to explore 

Category Factors 

Process (P) To be explored 

Human and attitudinal (H) To be explored 

Technology (T) To be explored 

Management (M) To be explored 

Economic (E) To be explored 

 

 

2.8 Summary 
 

The main objective of this research is to develop and validate an organisational 

framework to assess maturity in SMEs to achieve BLS objectives as proposed by the 

Chilean strategy and as identified in the literature due to the BLS synergistic 

characteristics but with no organisational frameworks to assess SMEs. For that reason, 

this chapter presents the literature review to support the study, starting with the 

Chilean context and moving toward the BIM, lean, and sustainability concepts and their 

reality in the Chilean scenario. The chapter also presents and discusses existing maturity 

frameworks that support the proposal of the BLS framework and existing attempts 

regarding the integration of BLS practices. Finally, the chapter presented the topics 

explored in the BLS framework, explained in-depth in subsequent chapters. 
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Chapter 3  Research methodology  
 
This chapter aims to present the philosophies and methodological approaches and the 

research design and processes of the method approach chosen to achieve the aim and 

objectives of this research. 

 

This study is based on the opinions and behaviours of people from SMEs in Chile, so the 

best way to describe the ideas proposed in this study is to consider a multi-method 

approach of case studies and expert validation. The considerations of the selection of 

these methods are discussed in this chapter. 

 

The research methodology is an integral part of any study because it goes through the 

entire research project cycle, giving a snapshot of the activities to be carried out and the 

methods to collect data to reach the aim and project objectives. It follows a systematic, 

logical path of thought processes applied to perform scientific analysis to reach new 

conclusions (Fellows and Liu, 2015). According to Sutrisna (2009), when talking about 

research methodology, three prominent aspects need to be considered: the research 

philosophy, reasoning of the research, and data. 

 

3.1 Research methodology employed 
 
The research methodology to be employed in this research project is based on the 

Saunders et al. (2008) method, where the research is classified in layers moving from 

philosophies to strategies, techniques, data collection and analysis. This process 

provides a structured guideline to be adopted in this research allowing to narrow down 

the different steps to be used, which is consistent with Sutrisna’s (2009) view. 
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Figure 3.1 Research methodology (Saunders et al., 2008) 

 

Figure 3.1 shows the research onion methodology employed in this study.  

 

3.2 Research philosophy 
 
Research philosophy refers to the development and nature of knowledge, which means 

the development and interpretation by researchers who also need to know what 

philosophy they belong to and what research group they are part of. Saunders et al. 

(2008) and Fellows and Liu (2015) suggest that epistemology and ontology are the two 

main research philosophy types.  

 

Creswell (1994) suggests that epistemology refers to the branch of philosophy related 

to human knowledge's origins, nature, methods, and limits. In other words, it is the 

researchers' knowledge of what they know and how knowledge should be acquired and 

accepted. In addition, Easterby-Smith et al. (2002) argue that two philosophical 

paradigms are the most predominant in this area: Positivism which is characteristic of 

natural and physical science and it is more likely to be adopted by researchers; and 
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interpretivism, where researchers need to understand differences between humans in 

their roles as social actors. 

Creswell (2009) also argues that the interpretivism paradigm aims to gain knowledge 

and understanding of a particular topic by collecting data that will allow inducing new 

ideas. Easterby-Smith et al. (2002) say that in the inductive stance, people try to make 

sense of the world by sharing experiences with others via the use of language. 

 

This research is exploratory in nature, so by following the research onion presented in 

figure 3.1, the process starts with the interpretive philosophy because, as Fellows and 

Liu (2015) suggest, the reality is relative and therefore varies according to the 

participants' perception. It is the task of the researcher to interpret and understand 

those realities. In this research, perceptions will be collected from interviews and 

experts’ opinions who respond according to their current reality regarding the subject. 

The main objective of this project is to establish a framework to assess SMEs’ maturity 

in the adoption of BIM, lean and sustainability in conjunction, which are synergistic but 

lack maturity models (Enache-Pommer et al., 2010; Koskela et al., 2010; Sacks et al., 

2010; Ahuja et al., 2017).  

 

On the other hand, according to Saunders et al. (2008), ontology refers to the nature of 

reality.  It questions the assumptions researchers have about the way the world 

operates. The same author suggests that there are two different branches in this area: 

Objectivism, which says that social entities exist, external to social actors, and 

subjectivism, which is created from the perceptions and actions of social actors. In other 

words, Cresswell (1994) describes this phenomenon as the explanation of “what” 

knowledge is and assumptions about reality. In the case of this research, it is considered 

necessary also to adopt this philosophical position since it is essential to explore the 

level of BLS implementation in the SMEs under study because the maturity framework 

is built from the reality of the organisations that took part in this process. 
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3.3 Research approach 
 
In this part of the process, three different elements are analysed by following figure 3.1. 

The decision to opt for quantitative, qualitative, and mixed methods is also known as 

the strategy of enquiry (Creswell, 2009). The other element to be considered is the 

research reasoning which Sutrisina (2009) defines as “the logic of the research, the role 

of the existing body of knowledge gathered in the literature study, the way researchers 

utilise the data collection and subsequent data analysis”. The final part of this process is 

the data collection, analysis, and interpretation of results (Creswell, 2009). 

 

3.4 Strategy of enquiry 
 
The strategies of enquiry are classified as quantitative, qualitative, and mixed methods 

that provide specific directions for procedures in a research design (Creswell, 2009). 

Some authors, such as Saunders et al. (2008) and Jankowicz (2000), have different 

opinions. The first author suggests that one approach is better than the other, whilst the 

second author states that choosing one strategy depends on what is being studied and 

the stated objectives. Despite this lack of concordance, quantitative and qualitative 

methods focus on exploring certain phenomena (Mack et al., 2005) and should not be 

viewed as opposites or dichotomies (Newman and Benz, 1998). 

 

Quantitative research refers to the measurement of quantity, which means that it is 

applicable to phenomena that can be expressed in terms of countable terms.  It is 

explanatory in nature given that it adopts the scientific method, comprising an initial 

literature review, establishment of aims, objectives, and proposition of hypotheses to 

be tested (Creswell, 2009; Fellows and Liu, 2015). 

 

In contrast, qualitative research refers to qualitative phenomena such as quality or kind, 

which means that an exploration of the subject is undertaken, sometimes without prior 

formulations (Fellows and Liu, 2015). According to Harrison et al. (2007), the qualitative 

research approach is better when formulating new theoretical ideas and making 

interpretations of a theory. On the other hand, quantitative methods are best when 

research is leading towards identifying general patterns and making predictions. 
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Research in the construction industry is classified as emerging or intermediate in 

maturity. According to Edmondson and McManus (2007), appropriate methodologies 

exist depending on the field of study and the development of research in each discipline. 

The construction discipline leans towards exploratory studies by using qualitative 

methods rather than quantitative ones by using hypotheses that are more suitable to 

disciplines with a higher level of maturity. 

 

Although, there is also the possibility of using a mixture of both qualitative and 

quantitative methods to carry out research which is a powerful combination to gain an 

understanding of the subject and draw conclusions, better known as triangulation (Jick, 

1979). Authors such as Faules (1982), Kaplan and Duchon (1998), Gable (1994), and Yin 

(2003) describe the use of combination and surveys and case studies to describe 

phenomena. The mixed-methods approach is a solid approach to potentially reduce the 

disadvantages of either quantitative or qualitative methods applied alone and reinforce 

each other (e.g., qualitative quotes support statistical results; Creswell and Plano Clark, 

2007). 

 

Since the premise of this study is that BLS work better combined than treated in isolation 

and because in the Chilean case, the government is requiring and promoting the use of 

BIM, lean and with a focus on sustainability, and the lack of guidance and maturity in 

this area, the idea is to collect perceptions from real experiences to have a better 

understanding and to reflect the reality of SMEs that are in/or transitioning towards the 

adoption. Due to the nature of this study, experiences from people in BLS topics is 

required; the best way to approach it would be by applying a qualitative instrument. 

 

The selection is also justified because, in the case of quantitative approaches, despite 

its advantages such as generalisation of results, the method is seen as inflexible, and 

depth is also an issue because the questions are predetermined, and more insightful 

content is challenging to obtain (Weisberg, 2008). For that reason, to solve that issue 

and add more depth to the subject, Weisberg (2008) suggests the use of case studies, 

and Yin (2009) contributes to this matter by saying that case studies provide a more in-
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depth description of the events. As previously mentioned, in this research, the maturity 

concept is adopted to develop a framework to assess the implementation efforts of 

SMEs regarding BIM, lean and sustainability (BLS), so in depth-exploration is required.  

 

3.5 Research reasoning 
 
In this part, there are two methods: the deductive and inductive approaches (Saunders 

et al., 2008). Saunders et al. (2008) suggest that deduction is about testing a theory; 

therefore, it is subject to a thorough test, and it is the primary research approach 

adopted in the natural sciences where laws present the basis of explanation, allow the 

anticipation of phenomena, predict their occurrence, and thus permit them to be 

controlled.  Deduction starts with a general idea which then evolves to a more specific 

approach, moving from theory to obtaining data through a process that involves theory, 

method, data, and findings. For this reason, it is known as a top-down approach.   

 

On the other hand, induction occurs when the theory is developed after the data 

collection and analysis, focusing on the context where the events are occurring to 

understand what is happening. For this reason, smaller samples are more appropriate 

for this method than a large number. Researchers adopting this approach are prone to 

use qualitative data (Saunders et al., 2008). 

 

The same author proposes that although the methods differ between them, the 

combination of both is possible and beneficial. In this sense, Creswell (2009) suggests 

that if the topic under investigation yields a vast number of previous literature from 

which hypotheses, research questions and theoretical frameworks can be obtained, the 

deduction approach is the most likely scenario because the topic has enough evidence 

in the literature to sustain and explain the content of a theoretical framework. 

 

This research has both elements, topics specifically centred in the Chilean context where 

little literature exists which falls into the inductive category because data is generated 

and then analysed and reflected upon. On the other hand, literature on the specific BLS 

subject and maturity models, as shown previously in chapter 2, can be found in the 



 69 

existent body of knowledge. Therefore, a deductive approach can be taken in this part 

to develop the elements of the proposed BLS framework. 

 
3.6 Research method 

This research is based on a qualitative approach based on case studies to identify the 

factors that compose the BLS framework. The next part is the validation of the BLS 

framework, which is also a qualitative approach based on a focus group from a small 

sample of SMEs to determine the final version of the framework. 

The research strategy is the general plan researchers must follow to answer their 

research questions. It is an orientation to carry out proper research (Bryman and Bell, 

2011). In this sense, the appropriate research strategy must be set following the 

research questions and objectives, which also must consider the extent of the existing 

knowledge in the reviewed area, resources available such as time, cost etc. and the 

philosophical support the researcher has chosen. A different way of thinking proposed 

by Yin (2013) suggests that a specific research strategy must be chosen according to 

three points: The research question type, the extent of control the researcher has over 

behavioural events and the degree of focus on contemporary or historical events. 

In this sense, Fellows and Liu (2015) suggest that five methods apply specifically to the 

construction field: ethnographic research, case studies, surveys, action research, and 

experiments.  

Since this research positions in the use of qualitative methods, the selection was based 

on case studies and expert validation for the framework validation. 

 

3.7 Justification for the selected research method (Case studies and expert 
validation) 

Figure 3.2 shows relevant situations for different research methods in which the 

explanation for each method is given. This research stance lies in the qualitative 

approach; therefore, by following the approach established by Yin (2009), summarised 

in figure 3.2 below, the options that the researcher can choose from are case studies, 
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action research and ethnographic studies. The researcher selected case studies as a 

research method approach because they answer the questions of how and why, which 

are consistent with the questions established in the objectives set for this study which 

is the development of a theoretical framework that is then modified according to the 

data obtained.  In addition, it does not require control over behavioural events since the 

researcher has no incidence in the organisation’s approach in the implementation of 

BLS. Finally, the topic follows and focuses on contemporary events by asking questions 

regarding the reality of SMEs in terms of BLS. 

 
Figure 3.2 Relevant Situations for Different Research Methods (Yin, 2009) 

 
Similarly, case studies are more effective than surveys in this case because the 

information presented is derived from a specific organisation with existent data fulfilling 

the characteristics of that organisation and when analysing criteria for assessment 

models, Saleh and Alshawi (2005) suggest that case studies are the most appropriate 

method when establishing new systems because it requires an understanding of the 

organisation processes, people and work environment,  which is something that 

experiments and surveys cannot provide. 

 

3.8 Pilot study 

Yin (2009) promotes the use of a pilot study before the formal interviews to refine the 

data collection plans and strengthen the procedures so inconsistencies are not found 

later in the formal interviews and to familiarise and expose the researcher to the 

method. The same author also highlights that a pilot study can give more insights into 

methodological aspects such as research design. Given that in formal interviews, people 
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take time out of their schedules to cooperate, assessing the instrument before being 

officially used is a necessary step to ensure that the right questions are asked and not 

discourage the interviewees with questions that are not relevant or useful. 

The procedure for this pilot was to assess and simulate the questions with people from 

academia and industry to check the question’s relevance and the length of the 

interviews. In total, four people were engaged through an academic contact who was 

the key connection to engage relevant industry participants who took an interest in the 

subject and were encouraged to participate. This preliminary session lasted around 2 

hours, and the respondents gave insights on the questions and made suggestions on 

how the interview process should be carried out. These suggestions included examples 

of asking follow-up questions and digging for more details when people were providing 

an answer that needed more details. 

The feedback provided helped the researcher in formulating the final set of questions 

which can be found in annexe 1 and were used to collect the data presented in Chapter 

4. 

 

3.9 Case study 
 
In selecting case studies, Yin (2009) argues that the number of cases is not 

straightforward and can vary from a single case to multiple cases and that the selection 

depends on the research questions that need answering. 

In this research, the case studies are used to find BLS factors to populate the framework. 

In this sense, Gerring and McDermott (2007), Lloyd-Jones (2003) and Yin (2009) agree 

that multiple case design is more advantageous than a single case and that in terms of 

the methodological approach, they are similar to carrying out experiments. For that 

reason, in this study, a multi-case study approach is selected in which three case studies 

are analysed. 

The types of organisations selected for this study are contractors SMEs registered with 

the Chilean Construction Chambers (CChC) and are experiencing a transition toward 

implementing BLS practices to comply with the industry requirements. The selection of 

the organisations starts with the most important attribute: the willingness to cooperate 
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with this study. The identified SMEs fulfil the objectives of this study, and the selection 

was made with this priority in mind. The organisations’ engagement was through 

contacts made by the researcher to key people in industry and academia who helped 

identify the SMEs. An initial number of 7 organisations were identified and asked to 

participate in the study, but three of them did not reply, and from the ones that 

answered, only three were the ones that committed and participated in the final study. 

During that first initial contact, the researcher made the study’s objectives clear and 

made sure that the SMEs were positive in the BLS process, either already implementing 

it or with a commitment to implement it in the near future. The strategy also helps to 

build a rapport with the organisations and show that the study can help them succeed 

in the transition. This way, it ensures their cooperation and commitment to help. 

The identified SMEs are described as follows: 

SME1, SME2, and SME3 are the codes given to the organisations in the case studies. 

 

SME1: This organisation is a contractor that offers building services in both high rise and 

residential projects. The use and application of BIM are in their infancy, and the 

contractor has experience using lean tools, which have been applied to different 

projects with different levels of success. Sustainability is a priority, but they have yet to 

find and use methods to promote it. 

 

SME2: This organisation is a building contractor focused on high rise services. The 

organisation has vast experience in high-rise construction and has recently used BIM in 

a pilot project. They have also appointed a BIM champion to promote its use throughout 

the organisation and their projects. The contractor has also consistently applied lean 

tools in their projects, and sustainability in their projects has been applied by using more 

prefabricated products. 

 

SME3: This building and housing contractor organisation is transitioning to 

implementing BIM in their projects, but no projects have been developed yet using this 

methodology. In the case of lean tools, the organisation has used them in some projects 

but has not been consistent in the application. Sustainability is a priority, and they are 

implementing plans to adopt more sustainable construction methods. 
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3.10 Focus groups interviews 

Many authors concur that focus groups are advantageous when collecting qualitative 

data because the method allows interactions between participants (Mc Lafferty, 2004). 

According to Ritchie and Lewis (2003), by applying this approach, different participants 

can exchange their views of the subject under study in a relaxing and unpressured way 

(Merton, 1987). This approach allows the researcher the chance of collecting data from 

several people at the same time (Robson, 2002), probing into the ideas developed by 

the participants at the desired level of depth, adding quality and richness to the 

collected data (Minichiello and Kottler, 2010).  

This part of the research process aims to validate the proposed BLS framework from the 

view of key industry participants who can provide insights and key information regarding 

the BLS framework improvement and directions on how to apply it in the future. This 

method is considered the most appropriate way to collect opinions, experience, and 

knowledge from industry participants about the subject.  

3.11 Research technique 
3.11.1 Literature review 

The research technique used in this study to accomplish the aim and objectives included 

an extensive literature review on the subject. The main source of information came from 

papers in journals, conference proceedings, and government reports. Also, as Kothari 

(2004) suggests, relevant references are checked from those reviewed papers to add 

more quality to the information. 

The purpose of the literature review is first to gain a deep understanding of the subject 

and establish the foundation on which this research is based. This way, the proposed 

research questions have a strong foundation derived from current issues the 

construction industry faces, applied to the Chilean context. 

Secondly, the literature review is also an ongoing process because the topics can evolve 

quickly, so checking the literature for updates is necessary. The literature also allows the 

researcher to gain knowledge and support the development of the BLS framework with 

the information identified by the respondents. 
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During the first part of the literature review, when establishing the aim and objectives, 

it is found that the Chilean construction industry is promoting the use of BIM, lean, and 

the reduction of the impact the construction sector produces. In the literature, BLS 

integration is being looked at as a potential solution to increase performance due to 

their synergies. However, the focus on SMEs’ organisational maturity is not considered. 

This premise led to the objectives set in Chapter 1 and discussed there as a foundation 

for this study. 

3.11.2 Data collection technique 
 
Fellows and Liu (2015) suggest that there are different ways of collecting data, such as 

books, journals, and interviews. The features that need to be considered when choosing 

the data collection method depend on the research topic and how the method is 

appropriate for that purpose.  

Kothari (2004) and Saunders et al. (2008) suggest that observation, interviews, 

documents, and surveys/questionnaires are the most common data collection methods. 

Yin (2009) says that the selected data collection technique depends on the level of 

assessment of the researcher in terms of the availability of the data since some data 

acquisition could be difficult to obtain or could not be in the researcher’s control. For 

this reason, of all the mentioned methods and due to the use of quantitative and 

qualitative methods, the most suitable techniques for data collection for this study are 

the survey/questionnaire and the case studies that consist of interviews with people 

from the SMEs described in section 3.9. 

 

Esterby-Smith et al. (2002) describe interviews as conversations where the researcher 

follows a structured procedure. Their findings are obtained from a set of pre-conceived 

questions where responses reflect the respondent’s experiences, opinions, feelings, 

perceptions, and knowledge. In this method, the output depends on the ability of the 

researcher to get answers (Kothari, 2004). Interviews characteristics are their formality 

which can be classified as structured, semi-structured and unstructured, being the 

difference in the restrictions established between the respondent and the interviewer 

(Fellows and Liu, 2015). According to Esterby-Smith et al. (2002), the semi-structured 

format is the most important in the qualitative area because the researcher has some 
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space to ask for more details and gain more knowledge or uncover new issues (Yin, 

2009). The format of the semi-structured interview questions is usually based on a set 

of pre-determined questions, but it can vary because the researcher may feel the need 

to ask more details about a certain subject or, depending on the responses given by the 

respondents, the researcher may also pick up on certain areas that may need further 

exploring (Robson, 2002). 

 

The interviews were held online due to the current COVID-19 situation. When the 

interviews took place, the researcher's country of origin was on the red list of countries; 

therefore, the option of travelling was considered but discarded. Also, the mobility 

issues in the researcher’s country were also a factor that led at the end to choose an 

online option. In addition, since the world has gotten used to the use of digital tools for 

online meetings and due to the increased capacity of organisations in this aspect, online 

interviews were the best option.  Confidentiality and ethical considerations were 

important for this part of the process; even though the option of recording the 

interviews has become widely acceptable (Lee, 2004), the respondents must agree to 

this practice (Fellows and Liu, 2015). In this case, not everyone felt comfortable being 

recorded, especially on video. Hence, the researcher decided to take notes using 

keywords and made sure to bullet point ideas so as not to lose focus on what the 

respondents were answering.  Full notes were taken in some responses, and a protocol 

that included the review of the responses right after the interviews were finished was 

followed. This approach was taken by Burke and Gaughran (2007), who in their study’s 

methodology, discussed the disadvantages of using recordings in interviews, being the 

tension and anxiety created during the process a leading factor to poor responses. Other 

authors such as Rutakumwa (2020), Bachiochi and Weiner (2002) have also discussed 

this issue when recording is not possible and highlighted that it does not impede 

undertaking quality research. Other than that, the interviews were held in a relaxed 

manner and lasted approximately 65 minutes to 90 minutes. The interviews were kept 

as short as possible so as not to make the process tedious and cause the respondents to 

lose interest and not give their best effort in the last set of questions. However, it was 

paramount that the duration of the interviews did not compromise the quality of the 

output, and the discussions extended the time interviewees deemed necessary. 
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In terms of the focus group to validate the BLS framework, the researcher had a time 

limit because it was challenging to gather all the experts at the same time, so after 

discussing with them and finding a suitable date and time, it was decided that the time 

to discuss the topic was a maximum of 2 hours with a 90-minute goal and 30 minutes in 

case the discussion extends. The rule of thumb with focus groups is between 1-2 hours 

(Ochieng, 2018), so in this case, the goal established by the researcher fulfilled that 

premise. A premise that is shared by Grudens-Schuck et al. (2004), who say that a 

significant focus group should comprise between 8 to 12 participants and should not 

last longer than 2 hours and that it should take, in some cases, more than one session 

to reach for a consensus on the topic. Only one focus group was needed in this research, 

made of 8 participants, and consensus and discussion on the framework validation were 

reached during the set time frame. 

 

The framework was presented to the participants, and they had to provide scores in the 

form of a Likert scale type after discussion to assess the framework components and 

factors according to the importance level given. This is because it was essential to 

ascertain de validation framework in a simple manner, due to the potential problems 

that logistics and engagement of participants could cause, if another session had to take 

place. The use of a questionnaire in this scenario provided a clear way of collecting 

answers in a structured manner (Wilkinson, 1998). 

 

The questionnaire was reviewed by four key construction industry practitioners who 

were engaged by approaching a key interested party in the project who assisted in 

approaching people to take part in this study.  The aim of providing the questionnaire 

to be reviewed to people with experience in the subjects under study is to make sure 

the questions are relevant and easy to understand. The questionnaire was approved 

after minor changes were asked to be made, such as some wording and question order. 

In the process, the researcher took the place of moderator, and the respondents were 

asked to discuss the components and factors of the BLS framework and during the 

session, the findings were discussed and presented.  
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3.11.3 Data analysis technique 
 
According to Fellows and Liu (2015), data analysis is a systematic process carried out to 

identify relationships and patterns, and Yin (2009) defines it as a process of examining, 

categorising, tabulating, testing, or otherwise recombining both quantitative and 

qualitative evidence to address the initial propositions of a study. 

On the other hand, there are different methods to analyse qualitative data, such as 

phenomenology, grounded theory, ethnography, and content analysis (Burnard, 1995). 

This process usually starts when the data is collected, but in the case of qualitative 

studies, the analysis can start during the collection process (Silverman, 2004), which was 

the case for this research. The data was collected and analysed after the process 

because time was a massive factor in this study. 

Bengtsson (2016) suggests using qualitative content analysis because it does not adhere 

to any particular science and because there are fewer rules to adhere to, so the risk of 

confusion in terms of the right philosophy to choose from is reduced. In addition, by 

using content analysis, different concepts can be used to achieve rigour and credibility, 

such as those used in quantitative studies, which is an option that is not possible by 

using other qualitative methods (Long and Johnson, 2000). 

Krippendorff (1980) defines content analysis as a research method that provides a 

systematic and objective means to make valid inferences from verbal, visual, or written 

data to describe and quantify specific phenomena. 

The use of content analysis allows the analysis of text into categories by applying coding, 

which has made the method to be considered a quantitative method. At the same time, 

other researchers view it as a mix of both qualitative and quantitative approaches 

(Neuman, 2006). Berg (1998) explains that this method allows the examination of 

communication contents such as documents and transcripts. 

The choice of content analysis for the case studies is because it allows putting the words 

into groups and because it allows establishing patterns of responses that can be put into 

categories. Data coding is one of the key aspects of this method, as explained by Bernard 

(2000), who says that the identification of similar contents can be put into labels and 

identifies two methods in the coding process, namely deductive and inductive coding. 

Deductive coding is about generating themes supported by the literature, which is 
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advantageous because the existent body of knowledge is used to support the research 

(Saunders et al., 2008) and provides the framework for the analysis (Yin, 2009). On the 

other hand, the inductive coding approach is used when there is no previous knowledge 

or studies about the subject being investigated, and the information is directly obtained 

from the data collected (Bengtsson, 2016). 

Since content analysis is more reliable with the deductive coding technique (Catanzaro, 

1988: Elo et al., 2014), this is the approach used because the BLS concepts to explore 

are gained from the review of the existent body of knowledge. The data coding process 

was done manually to make sure nothing important was left missing and because, as 

Carley (1990) suggests, it is more reliable. 

Yin (2009) suggests the use of cross-case synthesis for analysis when there are multiple 

cases because it is necessary to compare the results from the different cases to obtain 

acceptable and valid conclusions and check the differences and similarities among the 

cases. In this research, the main content was deduced or extracted from the interviews 

with the case study participants, and the results are presented in a table which is a 

procedure suggested by Miles and Huberman (1994), who say that by taking this 

approach, the internal consistency and data triangulation of interviews is made possible. 

Regarding the number of factors derived from the content analysis process, similar 

studies can be found in the literature. For example, Banihashemi et al. (2017), Sfakianaki 

(2018), Olawumi et al. (2018), and Liao and Teo (2019) assessed factors and analysed 

them, not giving much importance to the total number, but their effect was more 

important, similar to the present research. The focus group discussion intends to analyse 

the factors and validate them. In this case, as shown in chapter 6, not all the factors 

found in the case studies are valid, and the experts discarded several after discussion. 

In addition, a similar validation process to assess their framework was carried out by 

Succar (2014) and, most recently, by Lou et al. (2020) which suggests that the one 

adopted in this research is appropriate to answer the research questions. 

 

In the case of the focus group, content analysis was also used along with the relative 

importance index (RII) to rank the aspects. The relative importance index (RII) was 

chosen because it provides a ranking of different options showing a more significant 

interpretation (Idrus and Newman, 2002). Holt (2014) suggests that in the construction 
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management area, questionnaires are widely used and that they commonly employ 

Likert scale items to collect data and the analysis is performed by applying the relative 

importance index (RII) method. Likert scales are typically used to measure attitudes by 

presenting an array of responses to a given statement or question. Usually, Likert scales 

range from 1=strongly disagree to 5= strongly agree. Even though more scale levels 

exist; for instance, some authors agree on the seven-point scale or those with an even 

number of response categories; the 5-point scale is still one of the most popular because 

it allows a middle or neutral option and it yields better quality data (Revilla et al., 2014). 

Likert scales fall into the ordinal type, which means that the categories of the responses 

have a rank order, but the intervals between values cannot be considered equal (Blaikie, 

2003). As Blaikie (2003) suggests, researchers generally assume that they are, which can 

cause problems when choosing the appropriate statistical tests. Selecting the correct 

inferential or descriptive statistics depends on the level of measurement, which is 

different depending on if the variables are ordinal or interval (Cohen et al., 2000); 

therefore, if the statistical method selected is not suitable for the type of variables, 

researchers may reach the wrong conclusions on their research (Jamieson, 2004). As 

Jamieson (2004) suggests, the mean and standard deviation are not appropriate for 

ordinal data, and the use of frequencies and percentages is the best way to describe it. 

Similarly, when it comes to inferential statistics, non-parametric tests are the best way 

to analyse the data because parametric tests such as ANOVA require the data to be in 

an interval or ratio level. For this reason, the relative importance index is selected to 

show the importance of the responses in the questionnaire provided in the focus group 

because parametric methods are not applicable for assessing respondents’ preferences, 

so a non-parametric technique such as the RII was used to evaluate the responses from 

the questionnaire handed in the focus group to validate the maturity factors. 

Furthermore, there have been many studies applying the RII in construction 

management research, such as Okoroh et al. (2002); Zeng et al. (2005); Othman et al. 

(2005); Ribeiro and Fernandes (2010); Chileshe and Dzisi (2012); Aghili et al. (2019). 

 

In this case, a questionnaire was provided to experts who had to choose a score from 1 

to 5 or “strongly disagree” to “strongly agree” with an intermediate option. 



 80 

The RII is calculated by ranking the options according to the frequency of occurrence as 

selected by the respondents rather than determining the mean score (Aibinu and 

Odeyinka, 2006). The formula used is shown below. 

 

𝑅𝐼𝐼 =
∑ 𝑊𝑖	𝑋𝑖!"#
!"$

𝐴	 × 	𝑛 × 100 

 

Where: 

Wi = Weight given to the ith response: i = 1,2,3,4, 5  

Xi = Frequency of the ith response 

A= Highest weight (5 in this study)   

n = the number of respondents. 

 

3.11.4 Validity and reliability 

In terms of case studies, they are prone to be criticised in terms of reliability and validity 

because of their weaknesses, such as lack of rigour, biased view, and problems with the 

generalisation of results (Gibbs, 2007). According to Yin (2009), there are two types of 

validity: namely external, which is about generalising the results, and internal, which is 

about establishing causal relationships. Reliability, on the other hand, is about assessing 

whether the approach taken by the researcher is consistent and can be applied to other 

different cases and projects (Gibbs, 2007). 

Yin (2009) proposes a validation strategy that the researcher follows in this part of the 

study. This research uses construct validity which is about using the appropriate 

operational measures related to the study. This means that multiple sources of evidence 

are used, also it is important to have a chain of evidence, and finally, it is vital that other 

people review the draft. 

In this research, multiple sources of information are used to construct validity, such as 

interviews, documents, reports, and journal papers. In addition, in developing the BLS 

framework, the focus group serves as a validation method by different respondents 

regarding the subject. 
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In terms of the reliability process, Yin (2009) suggests the use of a case study protocol 

to document procedures and steps used in the process. 

3.12 Summary 

The insights from SMEs in the construction industry are identified as the best way to 

provide the answers to the research questions stated in chapter 1. For that reason, the 

positioning of this research in a qualitative nature is explained in this chapter, along with 

the research methodology employed in this study and the philosophical research 

aspects. The chapter also discusses the selection of interviews and focus groups to 

accomplish this study’s objectives. Data analysis techniques employed are discussed. 

The next chapters present the data obtained from the interview process, and the 

subsequent chapter discusses these findings. Finally, the framework is presented after 

that, and the validation process is shown to conclude and recommend new research 

areas. 
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Chapter 4  Results from the case studies. 
 

This section presents the results from the case studies to assess the organisational 

requirements to establish the framework based on the most critical factors when 

considering the integration of BLS practices in SMEs. In this research, readiness is 

considered as the maturity organisations should reach to establish BLS practices. 

As mentioned in the methodology chapter, three Chilean SMEs were studied. The results 

are obtained from interviews with key organisation members who provided their 

knowledge and experience in the subject. 

 

4.1 Case studies results 
 

SME1 is an organisation founded in 1993 that, at the moment of the interviews, 

employed 55 employees. The organisation focuses on providing high-quality, high-rise 

services for important clients, mainly in the country's central region. The interview 

process was performed on an online platform and carried out during two days with three 

different members. The first two sessions were held in the morning (Chilean time) and 

lasted around 90 minutes. The first interview started at 9:00 AM and finished at 10:35 

AM, while the second one started at 11:00 AM and finished at 12:30 PM. The final 

interview for this SME took place in the afternoon, starting at 14:30 and finishing at 

15:57. 

 

The list of the respondents is provided below, along with the codes given to each 

participant. 

 

SME1 (SME number one); R1: Respondent number one.  Coded as SME1R1 

SME1 (SME number one); R2: Respondent number two.  Coded as SME1R2 

SME1 (SME number one); R3: Respondent number three.  Coded as SME1R3 
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4.1.1 SME1 
 
Table 4.1 Interviewees for SME1 

Code Degree Position Experience Category 

SME1R1 Civil Engineer Project 

Manager/BIM 

manager/Lean 

specialist 

12 years Middle 

Manager 

SME1R2 Construction 

Engineer 

Senior 

manager/Project 

manager/Lean 

specialist 

25 years Upper 

manager 

SME1R3 Architect BIM designer 4 years Supervisor 

manager 

 

This is an SME that has people with different expertise levels and backgrounds. They 

have applied lean in their projects with varying levels of success, but mostly with positive 

results. They have recently appointed SME1R1 as a BIM specialist to carry out the BIM 

implementation process. 

 

4.1.2 SME2 
 

SME2 is an organisation that started its business in 1990 and currently employs 70 

employees. Their main business is high-rise building construction, and their business 

covers most of the country's central region. The interview process in this SME took part 

on an online platform and was carried out in 3 days. The first interview took part in the 

morning (Chilean time), starting at 10:00 am, lasting around 95 minutes. The second 

interview took place at 14:30, lasting 88 minutes, and the final interview took place in 

the evening at 15:00, with a duration of 92 minutes.  

 

The list of the respondents is provided below, along with the codes given to each 

participant. 
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SME2 (SME number two); R1: Respondent number one.  Coded as SME2R1 

SME2 (SME number two); R2: Respondent number two.  Coded as SME2R2 

SME2 (SME number two); R3: Respondent number three.  Coded as SME2R3 

 

Table 4.2 Interviewees for SME2 

Code Degree Position Experience Category 

SME2R1 Architect Director 32 years Upper 

manager 

SME2R2 Civil Engineer Project manager 18 years Middle 

manager 

SME2R3 Civil Engineer Project manager 7 years Supervisor 

manager 

 

This organisation has delivered a project with BIM protocols, and the use of lean is 

extensive, with different levels of success in their projects. The organisation is fully 

committed to the sustainability theme and has developed a plan to follow the strategy 

set out by the Chilean government.  

 

4.1.3 SME3 
 

This SME has more than 20 years of experience delivering high-rise building projects, 

employing 60 employees, and being present in Chile's central region. The interviews for 

this SME were held for one week in 90, 95, and 100 minutes interviews, respectively. All 

these interviews took part at 10:00 am (Chilean time). 

 

The list of the respondents is provided below, along with the codes given to each 

participant. 

 

SME3 (SME number three); R1: Respondent number one.  Coded as SME3R1 

SME3 (SME number three); R2: Respondent number two.  Coded as SME3R2 

SME3 (SME number three); R3: Respondent number three.  Coded as SME3R3 
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Table 4.3 Interviewees for SME3 

Code Degree Position Experience Category 

SME3R1 Construction 

Engineer 

Director 28 years Upper 

manager 

SME3R2 Civil Engineer Project manager 13 years Middle 

manager 

SME3R3 Civil Engineer Project manager 9 years Supervisor 

manager 

 

This organisation is transitioning towards adopting BIM, and in the case of lean, they 

have applied it in the past in a couple of projects, but it is not mandatory. Sustainability 

is a priority, and they are developing plans to deliver more projects with these 

characteristics. 

 

4.2 BLS current state of uptake 
4.2.1 SME1 
 

In terms of the implementation process, SME1 is on the way to implementing BIM in its 

processes to comply with the government requirements. According to SME1R1: 

 

“Looking at the bigger picture and not considering the cost barrier, BIM is the way 

forward and something all the organisations in the construction industry should commit 

to”. 

 

SME1 has purchased licences of Revit in their structure and architecture versions and a 

Navisworks license. They still use AutoCAD since they are still transitioning to promoting 

the use of BIM in their organisation.  

In terms of the use of Lean tools, SME1 relies on the use of The Last Planner System in 

their projects. The use of this system has brought benefits in the last couple of years, 

but the uptake of this tool took effort, and it was a challenging task due to the 

commitment of the stakeholders, which was not clear from the beginning. It took a 

couple of projects to see benefits, but mainly because it was something other 
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organisations were doing, so the application, in the end, was prompted by the fear of 

being left out of a trend and for strategic purposes such as competitiveness.  

 

SME1R2 suggests, 

 

“When we started the lean process, the first reaction was mainly negative, and there 

was reluctance from people. Luckily this perception changed, and now people have 

gotten used to working with this tool. I think the same will happen when we take on the 

BIM process, although it is a more complicated process than the application of lean” 

 

SME1 has plenty of projects scheduled for the future, and it is committed to applying 

BIM and lean tools in most of them. They expect to deliver a full BIM project in the 

future, and the take on the application will be gradually done. The sustainability part is 

not the main priority just yet, but they think that the use of BIM and lean will indirectly 

help promote sustainability principles. Certainly, SME1 is aware of the commitment to 

reduce the environmental impacts that the sector produces, and it is committed to the 

government initiative. For that reason, they are preparing a plan to fulfil those 

requirements, and they are currently in that process of development. 

 

4.2.2 SME2 
 

This organisation has developed a BIM strategy, using it in one of its projects. They have 

people in charge with clear and well-defined roles for such purposes, leading them to 

commit their future projects to comply with the same strategy. The reason behind 

implementing BIM is because of the realisation of wasteful processes and repetition of 

information which caused them inefficiencies and problems with communication and 

collaboration in the past. After realising that the situation needed to improve, their 

attention turned towards using more sophisticated tools and methods to avoid and 

decrease their losses. For this reason, the application of BIM was considered due to the 

noise it was causing in the global construction scenario and even before the 

government's intervention, but as a new way of working and with little information at 

that moment in the national context the application was delayed. Soon after the news 
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about the requirements established by the national construction industry, they decided 

that it was the moment to fully commit to the BIM trend, set up a team to deliver that 

process and commit resources to run the technical and technological part. 

The use of lean has been extensive and has different levels of success, but most of the 

experiences are positive. The use of the Last Planner System is the main lean 

component. According to SME2R2, it has been easier to use in recent projects due to 

the knowledge gained by industry practitioners. The recent application in construction 

projects by different organisations means that subcontractors and other key players 

have adapted to its use and have become more knowledgeable in this area. 

Finally, the application of sustainability has resulted in the development of plans to 

comply with the industry requirements, and the use of more prefabricated components 

is the main contribution in this area. In addition, SME2R3 adds that the application of 

BIM is already a contribution due to enhanced design leading to the reduction of errors. 

The use of lean is also mentioned because it is seen as a tool to improve efficiency, 

especially on the construction site, leading to optimising resources.   

 

4.2.3 SME3 
 

This organisation is transitioning to the application of BIM and is currently in that 

process. They are in the process of finding people with the required level of skills to 

undertake such tasks and have purchased software designed for such purposes. The 

transition has been slow, according to SME3R1, and it will take time to reach maturity 

in the area. The organisation acknowledges that there are benefits to applying BIM 

practices. Rather than deciding on using them due to the benefits found elsewhere, they 

are applying them because of the mandatory requirements imposed. As the technology 

and application become more mature, SME3R1 thinks it will be the way to score points 

in securing jobs for the company in the future and will allow them to stay competitive 

in the market. 

The use of lean tools is sparse and has been applied in some projects in the past. 

Currently, the organisation is trying to find people with new skills, including lean 

methodologies, since they currently have only three people with experience in the lean 

area. For that reason, it is not possible to apply it consistently in every project.  
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On the other hand, sustainability plans are a priority area in the organisation, and the 

development of plans to commit to this area is currently underway. SME3R3 thinks that 

developing and delivering projects with sustainability features in mind is a way to 

differentiate from other companies and respond to new customers’ demands. They 

acknowledge that customers’ requirements have changed, and the construction 

industry is not an exception. Hence, environmentally friendly products are a huge 

opportunity to fulfil those needs and increase the company’s profitability. 

 
4.3 Readiness factors to BLS maturity 
 
The following section presents the results classified in the categories shown in chapter 

2 when analysing the types of different models to assess maturity. Table 4.4 below 

presents the content analysis with the identified aspects for each respondent. 

 

Table 4.4 Process readiness factors to BLS maturity 

 SME1  SME2  SME3   

Process factors R1 R2 R3 R1 R2 R3 R1 R2 R3 Frequency 

Alignment  ✔ ✔ ✔    ✔ ✔ 5 

Business process reengineering ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 9 

Change strategy plan ✔ ✔  ✔ ✔  ✔   5 

Clear BLS policy  ✔ ✔  ✔ ✔  ✔ ✔ 6 

Client experience in BLS    ✔  ✔    2 

Collaboration ✔ ✔  ✔ ✔  ✔  ✔ 6 

Communication ✔ ✔ ✔ ✔  ✔  ✔ ✔ 7 

Continuous improvement    ✔  ✔   2 

Controlling and monitoring ✔   ✔      2 

Culture change ✔  ✔ ✔ ✔  ✔   5 

Early contractor involvement ✔    ✔ ✔   3 

Focus on long run  ✔ ✔ ✔  ✔ ✔ ✔ ✔ 7 

Government initiative ✔   ✔ ✔   ✔ ✔ 5 

Gradual change ✔    ✔     2 

Implementation strategy  ✔  ✔  ✔  ✔  4 
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Optimise resource allocation ✔   ✔   ✔   3 

Strategic planning   ✔      ✔ 2 



 90 

Table 4.4 shows the identified factors by the three SMEs and the frequency of 

occurrence. The top three most repeated measures are the business process 

reengineering identified by every respondent, followed by the communication and the 

focus on the long-term aspects. 

 

Business process reengineering is identified as a key aspect to prepare organisations to 

comply with the requirements established by the government. The respondents identify 

that the current way of working is obsolete, and adapting the organisation is a major 

but necessary challenge to keep existing in the competitive market. In this sense, 

SME1R2 shares that: 

 

"Our organisation needs to adapt. We have been doing things the same way for a very 

long time, and we have been struggling to keep operating. We have had good years, but 

it is easy to focus on the negatives, especially when the finances are impacted. We 

realised that business as usual is no longer sustainable and change is needed. The 

government, in this sense, has guided organisations by promoting change, so it is known 

what areas we need to focus on, and we do not have to keep thinking about how to 

improve our business. The challenge is to rethink how to use that information to keep 

competitive since I believe many organisations are doing the same changes." 

  

SME3R1 and SME1R3 have similar opinions when thinking about the need to restructure 

the process of moving away from traditional CAD drawings to comply with the 

information required in a BIM model. Therefore, a process redesign is required mainly 

because of people's current skills and the amount of information that needs handling. 

The same situation happens when trying to deliver more sustainable projects, which 

according to SME3R3, adds more pressure and difficulties to the process. The amount 

of data and extra requirements make the process more complex, and the current 

strategy of delivering projects is not suitable to fulfil those requirements. 
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SME1, SME2 and SME3 acknowledge that there must be a change in the current business 

processes to reach maturity in the BLS aspects, where communication plays an 

important part in the strategy.  

 

SME1R2 shares that: 

 

"Creating effective means of communication is an important part of establishing 

objectives towards adopting and implementing the proposed BLS practices in the 

organisation's core business. People need to be aware that a change is required and 

needed, so the clearer the message, the better, so they know what is expected from 

them." 

 

Another focus on the importance of the communication process is a view shared by 

SME2R1, who says that, 

  

"Communication to our people is important, but it is also important to communicate to 

our stakeholders the required approach so resistance can be identified early in the 

process and tackled appropriately."  

 

The importance of having a clear message is paramount; SME3R1 shares an anecdote 

when a speaker went to talk about the importance of BIM implementation a few years 

ago: 

"I remember a few years back when the BIM trend was being talked about a lot, so the 

company arranged someone to come and talk about the system to a diverse number of 

people in our organisation. The speaker was very knowledgeable, but the presentation 

was very technical and focused on applying fancy software and requirements. After the 

presentation and during the coffee break, everyone looked at each other, asking what 

it was that all about. People were left rather confused and were not engaged, so the 

importance of the application was not taken seriously, and people thought it was only a 

fad." 
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The focus on the long-run objectives is the third most important repeated measure 

among the three studied SMEs. SME1R2, SME2R1 and SME3R1 share the opinion that 

the long-term results and objectives should be a priority rather than focus on short-term 

goals. They also understand that short-term goals are important to boost morale and 

show people that the implemented changes show tangible results. However, as SME2R1 

shares: 

 

"The criteria to promote maturity in BLS applications in SMEs is to consider the 

sustainable implementation throughout time and measure results in the long term. 

There is no point in investing this time and effort to obtain immediate results 

considering that maturity is a process that takes time. The bigger picture should be 

looked at, but in many cases, the reluctance from senior managers, stakeholders etc., 

comes from the desperate need of seeing immediate results. As a result, the 

implementation of new initiatives tends to fail. People need to understand that 

implementing these practices would take time, and convincing people to get on board 

would have to be focused on how the systems can enhance business operations." 

 

As for the rest of the process factors identified by the respondents, a clear BLS policy 

has been proposed to be a driver for process change. In this sense, SME1R2 and SME1R3 

share that in their organisation, a policy for BIM is being developed to determine data 

ownership and how to share information and a policy in the application of lean tools in 

their projects and the areas of focus. SME2R2 and SME2R3 agree that the application of 

lean has been unmonitored, and it depends on the people working on projects. Although 

the application is encouraged, a clear policy does not currently exist, and they agree that 

in the future, organisations should follow a procedure on how to apply lean tools so 

everyone can do the same. Although projects are different, their business focus is on 

high rise buildings, so the processes are repetitive. Thus, the lean application can be 

standardised and modified accordingly, but with a foundation on how to be applied. A 

clear policy should help provide guidelines in the implementation efforts. 
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Culture change is another aspect that needs attention; as SME1R3 suggests, the success 

or failure of the implementation would depend on how well the ideas are embedded in 

the organisation's culture. Once the concepts and ideas are immersed and well 

accepted, culture change can happen. SME1R3 also suggests that aspects such as the 

government's initiative (Frequency 5 in the listed factors) have helped promote such 

culture change. This process must also be done gradually (Also listed in the factors, 

frequency 2). A change management plan (Frequency 5 in the listed table) is also related 

to this area, and it is supported by the respondents. SME2R2 states that a change 

management plan must be communicated effectively to work, and SME3R1 says that in 

developing a change management plan and strategy, a clear definition of roles and steps 

must be provided.  

It is also acknowledged by SME2R1 that small organisations, in general, can struggle 

when determining and providing clear roles due to the lack of structure and the "day to 

day" management style focused on the short term. 

According to SME1R2 and SME3R3, the organisation must develop a clear 

implementation strategy and plan to fulfil the application and achieve maturity. SME3R2 

also suggests that the alignment of goals and objectives from the organisation should 

be reflected in this step and SME2R1 thinks these considerations should be one of the 

first steps before attempting the operations procedure to comply with BLS maturity. 

 
4.4 Human factors 
 
Table 4.5 shows the result of the human readiness factors to achieve BLS maturity. The 

most repeated measures among the SMEs are qualified staff, training, attitudes and 

behaviours, and understanding of the BLS concepts. 

 

Table 4.5 Human readiness factors to BLS maturity 

 
      SME1      SME2      SME3 

 

Human aspects R1 R2 R3 R1 R2 R3 R1 R2 R3 Frequency 

Attitudes and behaviours ✔ 
 

✔ ✔ 
 

✔ ✔ ✔ ✔ 7 

Awareness ✔ 
  

✔ 
  

✔ 
  

3 

Champion ✔ 
     

✔ ✔ 
 

3 
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According to the response, each respondent identified the qualified people factor, and 

everyone agrees that this aspect is key to achieving maturity. As mentioned in the 

previous section, strategy and implementation plans are the first steps to moving 

toward BLS maturity. The next part of making that process reality is to count on qualified 

people to undertake such tasks. SME1R2, SME2R1 and SME3R1 agree that identifying 

the right people for the job is a real task since these skills are in high demand and the 

maturity in terms of BLS is not there yet. Hence, as a new way of working, the number 

of professionals is still low. SME2R3 thinks that as the process becomes more mature, 

so will be the people with these skills. SME3R3 agrees with this vision and shares a 

similar view, saying that the number of institutions, including higher education, 

institutes, and training providers, is important in helping people develop these skills. 

Training is becoming more and more important to SME1R1, and it is reflected in the 

number of responses provided. In this sense, SME1R1 shares: 

 

"People are required with different skill sets, that is not new, but currently it is seen 

more in younger professionals. Training becomes essential for people with more 

Competencies of top staff ✔ ✔ 
 

✔ ✔ 
  

✔ 
 

5 

Development 
  

✔ 
      

1 

Education 
 

✔ 
  

✔ ✔ 
 

✔ ✔ 4 

Knowledge 
  

✔ ✔ 
 

✔ 
   

3 

Motivation 
   

✔ 
 

✔ ✔ 
  

3 

People management 
       

✔ ✔ 2 

Qualified people ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 9 

Roles 
 

✔ ✔ 
 

✔ 
  

✔ ✔ 5 

Skills 
 

✔ ✔ ✔ 
    

✔ 4 

People support 
 

✔ 
  

✔ 
    

2 

Stakeholder engagement ✔ 
 

✔ ✔ ✔ ✔ 
  

✔ 6 

Teamwork ✔ 
 

✔ ✔ 
 

✔ 
   

4 

Training ✔ ✔ ✔ 
 

✔ ✔ ✔ ✔ ✔ 8 

Understanding of the BLS 

concepts 

✔ ✔ 
  

✔ ✔ ✔ ✔ ✔ 7 
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experience since they are new in the whole BLS area. The way they have been working 

has not changed much in the last decade, and the inclusion of new methods sometimes 

is a struggle. We must be very careful on how to deal with them because we do not want 

them to feel unwanted and unmotivated, which is directly related to the success or 

failure of the whole system." 

 

This is also related to people's attitudes and behaviours, which also have a high number 

of responses. Attitudes and behaviours towards implementing and adopting BLS can 

directly impact organisation plans, especially in SMEs. According to SME1R3, it is either 

success or a failure because of the resources committed to adopting new practices.  

 

SME1R3 shares that: 

 

"For us, it is very important to make this right from the beginning, and the general 

feeling is that we have this shot at making it work. Resources are employed, and plans 

are developed. People play an important part, and the right attitude and change of 

behaviours are critical. Our SME is undertaking a transformation towards BIM 

application. Training is an important part because technological transformation is a tool 

that does nothing if people do not know what to do with it." 

 

In addition, SME1R2 shares that: 

"We are currently undertaking a couple of training programmes, and people are 

attending external BIM-related training. We have an in-house system delivered by the 

more knowledgeable people in our organisation to train our current staff in BIM more 

specifically. Our training covers the use of software and experiences such as success 

stories in its use. We also cover some standards, but the focus now is on using the 

software. Apart from providing software training, our main objective with this is to 

change people's minds and move slowly away from the usual way of doing things. 

Education and knowledge go hand in hand with training". Education and knowledge are 

also factors identified by the respondents, and it is linked with people skills and the 

development of qualified people. 
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The next high mentioned aspect is understanding BLS concepts to reach maturity. 

Certainly, people are more aware of the concepts and what they promote, according to 

SME1R2. That is due to the government initiative to promote BLS, as explained in 

chapter 2 in the literature review and nowadays due to the number of people taking 

training. SME2R2 argues that the lack of implementation of these concepts individually, 

especially BIM and sustainability, is related to a lack of understanding of what they try 

to promote. Given this lack of knowledge, reluctance has appeared impacting on the 

implementation efforts. In the case of lean, SME2R2 also argues its application has been 

around for longer, giving a certain advantage to the lean philosophy over the other two. 

However, the argument is that systematic methods on how to accomplish the best of 

the philosophy are still lacking, and the application is due to individual efforts from 

organisations. In this sense, SME3R2 contributes to this debate by saying that although 

individual application efforts are valuable when promoted to become more 

comprehensive, the standardisation of methods and applications is important and 

should be developed and distributed by, in this case, the government.  

 

The rest of the factors deal with a clear definition of roles, so people know what is 

expected from them. Having clear roles will make the whole adoption more successful, 

according to SME1R3, who says: 

 

"In our organisation, the development of BIM strategy comes with a clear definition of 

roles and responsibilities. Everyone knows now what is expected from every member, 

whom they respond to, and a clear line of communication. For example, our 

organisation has recently appointed a BIM strategist who will also act as a BIM manager, 

and we are in the process of appointing a BIM coordinator. The person's name in that 

position does not matter. We have written role specifications and what is expected from 

any person who comes to fulfil that role. We also have a BIM modeller, and we have 

found someone who will come in a role created specifically for the purpose of liaison 

between the lean strategy and BIM strategy. For that purpose, we found someone with 

skills in that area that we think can make the communication process even better when 

it comes to the application." 
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In this sense, it was mentioned among the factors the appointment of a champion to 

oversee the process, who, according to SME1R1 and SME3R1, must possess good 

leadership and knowledge skills to lead the change process. SME1R1, SME3R1 and 

SME3R2 agree that this champion must deliver the direction, management of resources, 

the appointment of roles, liaison between upper and lower levels in the organisation, 

and control the implementation progress. Here is when competencies of the upper 

levels, as identified by SME1R3, SME2R2, SME2R3, SME3R2, and SME3R3, are key since 

their capacities and leadership reflect on the lower levels. The reason is that the way 

they promote the implementation change is noticed by the people. SME3R3 says that 

people notice when people in positions of power know what they are talking about and 

judge the message based on who is delivering it. When the staff considers someone as 

incompetent and not good at their job and has the task to deliver an important message, 

people usually do not listen and focus their attention on something else. Therefore, the 

person in charge to promote the change must be competent, engaging, and willing to 

listen to people and be supportive of the other members. For this reason, people's 

support in the transition should also be considered. 

 

4.5 Technology related factors 
 

Table 4.6 shows the result of the technology readiness factors to achieve BLS maturity. 

 

Table 4.6 Technology readiness factors to BLS maturity 
 

SME1 SME2 SME3 
 

Technology R1 R2 R3 R1 R2 R3 R1 R2 R3 Frequency 

Appropriate exchange of 

information 

 
✔ ✔ ✔ 

  
✔ ✔ ✔ 6 

Appropriate hardware ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 9 

Appropriate software ✔ ✔ 
 

✔ ✔ ✔ ✔ 
 

✔ 7 

Capacity to implement tools ✔ ✔ 
 

✔ 
 

✔ ✔ ✔ 
 

6 

Compatibility 
   

✔ 
 

✔ 
  

✔ 3 

Constructability 
  

✔ 
  

✔ 
 

✔ 
 

3 

Data security ✔ 
 

✔ ✔ ✔ 
  

✔ ✔ 6 
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Design errors 
 

✔ 
 

✔ 
 

✔ ✔ ✔ 
 

5 

Efficiency 
 

✔ 
 

✔ ✔ 
  

✔ 
 

4 

Infrastructure ✔ 
   

✔ 
 

✔ 
  

3 

Interoperability 
  

✔ ✔ 
  

✔ 
  

3 

Less paperwork 
   

✔ 
  

✔ 
  

2 

Policy 
 

✔ 
 

✔ 
    

✔ 3 

Tech support ✔ 
 

✔ 
 

✔ ✔ ✔ ✔ ✔ 7 

Standards ✔ 
 

✔ 
  

✔ 
  

✔ 4 

 

The most important factor found among the studied SMEs in the technology category is 

the appropriate hardware. This item refers specifically to the BIM part, and every 

respondent mentions it. The respondents agree that having the proper hardware to 

implement tools is one of the key aspects of reaching technological maturity. SME1R2 

believes that using the proper hardware will make software run more efficiently and 

enhance productivity and efficiency. SME2R2 also agrees with this statement by adding 

that there is no point in implementing tools that won’t be running smoothly and will 

cause more trouble than providing solutions. SME3R1 adds in this discussion that the 

pressure of SMEs to constantly adapt their IT solutions to run software is something that 

needs to be carefully studied so that the systems can offer their true potential. SME1R1 

says that the acquisition of new computers is part of their plans to run BIM software, 

and their SME has recently purchased equipment for such purposes. There also could 

be the chance of upgrading old hardware to make the new software run which has been 

the case for some equipment according to SME1R3. However, in their experience, it is 

better to get new hardware and new software. The recycling of old equipment should 

be done to run other less complex applications. In this sense, tech support is important, 

and it is also mentioned several times in the responses, along with the appropriate 

software. Having the right tools to carry out the job is a path towards achieving maturity, 

according to SME2R1, who also adds that the use of complex software should also come 

hand in hand with the right tech support from the specific software provider. Hence, the 

best and most updated versions are always available to perform the job.  

The investment in equipment and software should be included in the SME policy to 

support the long-term investment plans as stated by the respondents. 
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The capacity to implement tools is an aspect that needs to be carefully assessed before 

committing resources to purchase technology. According to SME2R1, organisations, 

especially SMEs, should not commit their resources just for the sake of complying with 

requirements. First, an assessment of their capacity as an SME should be studied to 

focus their efforts on achieving objectives and goals. SME2R1 also argues that large 

organisations have a better capacity to commit resources to the implementation of new 

tools and the management of change, such as specialised people; on the other hand, 

smaller organisations must be smarter in their resource allocation. For that reason, 

SME2R1 also thinks that the success of the change efforts towards BLS will depend 

mainly on the SME’s capacity to transform their tools and, most importantly, on the 

capacity of people to adopt and make the most of the technological tools that are 

provided.  

 

SME3R1 argues that the adoption of sustainability features is strongly linked in the 

technological item with the capacity of the SME to perform calculations and present 

solutions that are well studied and supported by the right hardware and software 

applications. SME3 has also purchased the licence of a specialised sustainability solution 

software to offer better services to their customers. 

 

The respondents have identified factors that are strongly linked with the application of 

BIM tools because they think that these tools can enhance the adoption of lean and 

mainly sustainability features.  

SME2R1 suggest that efficiency can be enhanced by applying lean tools, and lean 

features will be achieved indirectly by using BIM. However, it is also acknowledged that 

lean tools are efficient as well on their own and can be applied indistinctively if BIM is 

being used. SME1R1 says that the application of lean tools can enhance the planning on-

site by using the Last Planner System and can be used along BIM to reduce waste and 

enhance productivity. This respondent also suggests that the continuous improvement 

aspect of the lean philosophy can make BIM adoption less difficult because there is a 

culture already in place. 
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4.6 Management factors 
 
Table 4.7 shows the result of the management readiness factors to achieve BLS maturity. 

 

Table 4.7 Management readiness factors to BLS maturity 
 

SME1 SME2 SME3 
 

Management R1 R2 R3 R1 R2 R3 R1 R2 R3 Frequency 

Adaptability 
  

✔ 
    

✔ ✔ 3 

Align (Organisation objectives) ✔ 
  

✔ ✔ 
  

✔ ✔ 5 

Management of information ✔ ✔ 
 

✔ 
  

✔ 
 

✔ 5 

Bottom-up approach 
  

✔ 
 

✔ ✔ 
 

✔ ✔ 5 

Commitment to change from top 

management 

 
✔ 

 
✔ 

 
✔ ✔ ✔ 

 
5 

Flexibility 
 

✔ 
 

✔ 
  

✔ ✔ 
 

4 

Leadership ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 9 

Management support 
  

✔ 
  

✔ 
  

✔ 3 

Motivation ✔ ✔  
 

✔ ✔ ✔ ✔ 
 

6 

Planning 
 

✔ 
  

✔ 
   

✔ 3 

Resistance to change ✔ ✔ ✔ ✔ ✔ ✔ 
 

✔ ✔ 8 

Risk Management 
 

✔ ✔ ✔ 
 

✔ ✔ 
  

5 

Subcontractors’ commitment 
  

✔ ✔ 
  

✔ 
 

✔ 4 

Top-down approach ✔ 
 

✔ ✔ ✔ 
 

✔ ✔ 
 

6 

Vision ✔ 
  

✔ 
  

✔ 
  

3 

 

Leadership has been identified by every respondent, mentioning this factor as a key 

maturity enabler. SME2R3 argues that for their SME, the pressure to improve and 

differentiate from competitors played a huge role in adopting and moving to a different 

approach to managing their business. However, rather than imposing a system with 

which people were unfamiliar, the top management gradually suggested that a change 

may come, and people had time to adjust and adapt to that idea. SME2R3 describes this 

move as a perfect show of leadership because leaders did not impose the change and 

considered people's concerns. 
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SME2R3 shares: 

"The move from the top management was key to successfully promoting the adoption 

of a new system that still is new for many of our members. People's fear of losing their 

jobs was never a problem because top leadership handled the situation with perfect 

timing and assurances that people are the most important asset." 

 

SME2R3 also suggests that this lesson was learned when promoting the use of lean in 

the past because, on that occasion, resistance from people came when the opposite 

management style of imposing and not listening was adopted. 

 

SME2R3 adds: 

 

"The lean implementation in a couple of projects was not as expected. At that moment, 

we thought that making people adopt a system was going to make them more attracted 

to the idea because it was going to enhance their skills and aptitudes, but we soon found 

out that this show of leadership was the wrong approach because we did not consider 

their opinions regarding the subject." 

 

SME3R1 states that resistance to change is a factor that should be closely followed. The 

right leadership skills from people should help change people's perceptions of the word 

"change", which usually has a negative connotation. Leadership and resistance to 

change are closely connected, according to SME3R3, who also agrees that when there 

is change coming, resistance is natural, and the people in positions of leadership should 

make people feel sure that they are part of the change and should embrace it. The worst 

thing that could happen is leaving people with the feeling of not belonging, undermining 

the whole process. 

 

For this reason, motivation is another of the important factors identified by the 

respondents, which is linked to the leadership attribute mentioned in the above 

paragraph. SME1R2 adds that in their attempt to lead the transition toward BIM 

adoption, their organisation has encountered reluctance from some senior members 
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who were unsure about the whole process. Therefore, SME1R2 had to take a more 

proactive approach. After consideration, these members were given key tasks in the 

process, so their perception changed, and they fully committed to the adoption. This is 

still a work in progress for this organisation, but the attitudes have completely changed, 

and the key was to work together to find a solution. For this reason, motivation is found 

to be an important factor in the whole change process.  

 

SME1 is in the process of moving to a more integrated and sustainable way of carrying 

out its business. For that reason, they are moving to a BIM oriented organisation and 

are also planning to improve their operations by using lean tools with sustainability as 

the last huge objective to change their current way of doing things gradually. They have 

found that the management process driving the implementation from their upper levels 

and managing it down to the other levels is the best way to carry out this process. 

Therefore, the top-down approach has been identified as another factor that should be 

considered. This statement is supported by SME1R3, who thinks that involvement from 

the top chain of command is required to align the objectives of the implementation to 

the business operations, allowing the necessary allocation of resources to such 

purposes. Thus, the alignment of objectives is another factor identified in this research. 

 

The interviewees have also highlighted the need to assess whether the implementation 

is needed by the organisation right away or not, this is despite the need to comply with 

the requirements of the government. This is mentioned by SME3R1, who thinks that 

despite the initiative from the government, SME3 and SMEs organisations, in general, 

should assess whether they have the resources to carry out this task and should not do 

it just because of the government goal. For this task, management commitment is 

essential, and in addition, this respondent also mentioned that there are high risks 

implied for their SME for SMEs in general due to the business characteristics they have. 

Therefore, an analysis of the pros and cons should be carefully carried out with all the 

risks implied. A well detailed and proper risk analysis is required, so risk management 

and management commitment have been identified as factors in the BLS 

implementation. 
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Management of information is among the most repeated measures as well. SME3R3 

suggests that innovation is difficult for SMEs, and they rely on the successful application 

in larger organisations to consider the application in their own organisations. In this 

case, SME3R3 argues that the management of information is particularly attributed to 

the use of information and communication technologies (ICTs), which for SMEs, in 

general, is difficult to obtain the full benefits of the application. SME1R2 has a different 

view saying that management of information is key to any application process, not only 

ICTs, but if it adds value to information processes, the whole process will be more 

effective. This respondent also suggests that in the case of an effective BIM application 

process, if the information process is well organised and represented, it immediately 

will add value to the customer. Managing, sharing, and collaborating with the 

information process on its own qualifies as a lean view, so SME1R2 says that by applying 

BIM, organisations are also strengthening the application of the lean philosophy. 

 

The feedback from employees and their contribution to the adoption is another 

mentioned factor. SME2R3 says that before they could deliver a project using BIM, a 

team was set up with employees that had regular meetings to assess the state of the 

implementation plan set up by the top management. This team had discussions and 

provided feedback to the top levels on how the tool would change their roles and 

responsibilities. Regular channels of communication were shared, and according to 

SME2R3, this process helped SME2 achieve an efficient project.  

 

SME3R3 also adds to this discussion that when applying lean tools in one of the projects 

undertaken by their organisation when the Last Planner System was implemented, an 

employee form questionnaire was handed to them before starting the project asking for 

feedback about the use of the tool. The consideration from the top management 

towards their employees was seen as a "good move", as mentioned by SME3R3 in the 

application of the tool.  

 

Flexibility and adaptability from the organisation to adapt to change, commitment from 

subcontractors to learn what the new requirements are about, and the conditions SMEs 
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will be asking in the future from them are among the last set of factors encountered in 

the interview process for this category. 

 

In this sense, SME2R1 comments: 

 

"Subcontractors also play an important role in the construction industry, so they also 

need to adapt the way they work to commit to the new requirements. Certainly, this 

process will take time, but it is important that they are also included in this scheme."  

 

Finally, the last factors found in the management category are management support, 

vision, and planning. 

 
4.7 Economic factors 
 
Table 4.8 shows the result of the economic readiness factors to achieve BLS maturity. 

 

Table 4.8 Economic readiness factors to BLS maturity 
 

SME1 SME2 SME3 
 

Economic R1 R2 R3 R1 R2 R3 R1 R2 R3 Frequency 

Increased competitive 

advantage 

✔ ✔ 
 

✔ ✔ ✔ 
 

✔ 
 

6 

Cost control 
 

✔ 
 

✔ 
 

✔ ✔ 
  

4 

Cost reduction 
 

✔ ✔ ✔ 
   

✔ 
 

4 

Financial support ✔ 
 

✔ 
 

✔ ✔ ✔ 
 

✔ 6 

Implementation cost ✔ ✔ ✔ ✔ 
 

✔ ✔ ✔ ✔ 8 

Incentives ✔ ✔ 
 

✔ ✔ 
  

✔ ✔ 6 

Increased economic 

performance 

 
✔ 

 
✔ ✔ 

 
✔ 

  
4 

Increased value ✔ 
 

✔ 
 

✔ 
  

✔ 
 

4 

Market demand for BLS 

deliverables 

✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 9 

Productivity improvement ✔ ✔ 
 

✔ 
 

✔ ✔ 
 

✔ 6 

Quality improvement ✔ ✔ 
 

✔ ✔ ✔ 
 

✔ ✔ 7 
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Resource optimisation ✔ 
 

✔ ✔ 
 

✔ ✔ 
 

✔ 6 

Return on investment 

(ROI) 

 
✔ ✔ ✔ 

 
✔ ✔ ✔ ✔ 7 

Subsidies ✔ 
 

✔ ✔ ✔ 
 

✔ ✔ 
 

6 

 

The most mentioned aspect in this category is the market demand for BLS deliverables. 

SME1R1 argues that: 

 

“The market is changing globally not only in day-to-day aspects such as smartphones, 

computers, cars etc., but also in the construction industry with the application of new 

materials and technology to build better and smarter. The huge pressure from 

environmental and governmental agencies to comply with carbon emissions reduction 

has made SMEs consider their full operations. There is a market out there asking for 

products to be more efficient and sustainable, and in our case, that was a huge driver to 

commit to change. We think we can secure our position by applying BIM because we 

are likely to get more opportunities. However, we know that other SMEs are taking 

similar steps, so we need to add something extra. We really think that sustainable 

focused projects are a reality and something that we need to turn our attention to. Our 

organisation needs to be ready to meet the current market demands, and we need to 

take steps to ensure that we remain competitive.”  

 

In addition, SME2R1 suggests that,  

 

“We noticed that clients are becoming aware of the opportunities that are out there, 

and in the case of BIM, many of them are requesting it in their projects. We have also 

found clients that are aware of the use of lean practices, and even though it is not 

mandatory, we have used it in the past in a couple of projects to highlight how our 

processes are less wasteful and more efficient.” 

 

As shown in Chapter 2, the BIM market in Chile is increasing. Therefore, as SME3R1 

suggests, the number of SMEs that are applying it should increase as well, and guidance 
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to apply it, other than the BIM mandate, should be provided to efficiently transition 

towards this change, something that is still missing. 

 

In terms of the costs associated with moving to a BLS oriented organisation, SME1R2, 

SME2R1, and SME3R1 agree that the implementation cost is a factor that needs to be 

carefully addressed. This is because the uncertainty of obtaining projects, depending on 

the organisation’s effectiveness in their costs from projects executed in the past and the 

number of projects projected in the future. SME3R1 says that when this item is well 

studied and sorted and all costs are accounted for, implementation of new practices can 

happen without impacting other areas. 

 

SME1R1 suggests that the implementation cost is, of course, something that needs to 

be properly assessed, but the long-term benefit should be prioritised when making 

these kinds of decisions. The long-term cost reductions as supported by SME1R3 that 

can be reached by becoming more efficient and effective should come into 

consideration when analysing the cost and benefits of the implementation. In addition, 

cost control is mentioned by SME1R2 in this category as a factor in BLS terms because 

to achieve maturity and before the implementation of change, SMEs need to be able to 

study and control their current costs to be able to direct resources to the 

implementation process for a future BLS adoption without impacting everyday activities. 

Thus, financial support is seen as another factor in positioning organisations to achieve 

BLS objectives, as explained by SME2R2, who explains that this support was key to 

achieving and delivering a BIM project. SME3R3 and SME1R1 share the idea that 

appropriate incentives and subsidies from the government to help in the transition are 

a valuable aid to those organisations that may struggle in allocating resources towards 

the transformation process. 

 

As shown in table 4.8, most of the respondents have also mentioned return on 

investment (ROI) connected to the implementation cost as per SME2R3. SME3R2 also 

adds that investment should not only be measured based on monetary terms, but also 

in terms of the effort and time spent on the implementation and application process, 

adding these dimensions to the financial factor to measure ROI. 



 107 

 

SME2R3 has a very distinctive view in this regard by saying: 

 

“Investment in our SME is most of the time attributed to the money spent on a certain 

application, software, etc., but other factors should be considered as well, such as the 

time spent or effort from our members to adapt and adopt new initiatives. We are 

certain that the cost of acquiring new software licences to comply with client 

requirements and compete in the market is high, and it would take a couple of projects 

to obtain the money back from that initial investment. However, if we could put a 

monetary value to the effort, time, and skills that our team is gaining, that will positively 

contribute to our organisation beyond the instant monetary return because their skills 

will be enhanced, and our organisation will become more adaptable and efficient, which 

is the long run is money saved.” 

 

The next set of mentioned factors, including quality and productivity improvements, 

optimisation of resources, increased value and economic performance and increased 

competitive advantage, are identified as benefits of the integration in economic terms 

rather than maturity factors towards BLS adoption. However, they are mentioned 

because the respondents were clear that to achieve these benefits, their SMEs need to 

reach a level of maturity that allows them to obtain beneficial results in those areas. In 

the discussion during the interview, SME2R2, for example, started responding to a 

question about their SME's economic factors, which led them to discuss the economic 

benefits of the application of mainly BIM and lean in their organisation. 

 

4.8 Summary 
 

This chapter presents the results of the case studies in which three SMEs were analysed, 

comprising a total of nine interviews whose purpose was to identify the factors that 

need to be considered when trying to implement BIM, lean and sustainability in SMEs in 

Chile. The results show factors from the processes, human and attitudinal, 

management, technology, and economic perspectives to reflect the reality of SMEs in 

the Chilean context. These factors are discussed in the next chapter, along with support 
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from the literature to make sense of the responses and still pending validation, process 

that is presented later in chapters 5 and 6. 
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Chapter 5 Discussion and framework development 
 
This chapter discusses the findings from the case studies and the development of the 

organisational BLS framework. The framework is developed based on the previous 

chapter's findings, in which the main factors were found and cross analysed in the 

different case studies. The data set the foundation for elaborating the BLS framework 

because the main factors to populate it were presented. This chapter also presents a 

literature review to support those findings and support the researcher in making sense 

of the obtained data. Table 5.1 summarises the findings showing the occurrence of the 

responses. As seen in the previous chapter, not all the respondents answered the 

questions in the same way; therefore, the purpose of Table 5.1 is to show the 

frequencies of responses of each studied SME. The framework development is 

composed of the factors found in the case studies, but they need to be validated to make 

the results more general and applicable to other SMEs. That validation process is 

discussed in the next chapter. 

 

5.1 BLS state of uptake. 
 

The BIM state of uptake was investigated to understand the organisational approach 

towards BIM adoption and the extent of the implementation. From the case studies 

results, SME2 is more advanced in applying BIM than the other two SMEs since they 

have completed a full project using the methodology. Despite completing this project, 

they acknowledge that they are still learning from the process and are becoming more 

mature in the adoption. The use of BIM in the project was done by applying the 

extraction of drawings, calculating materials, coordinating the different parties involved 

in the project, and clash detection activities. They also used the system to show progress 

to clients. They expect to move from this pilot project to keep working with the 

methodology in their future projects and gradually eliminate the use of CAD, which is 

still in use. 

 

On the other hand, SME1 has appointed a BIM specialist to handle the transition process 

toward implementing and delivering a full BIM project in the near future. This 
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appointment means that the organisation is tailoring their current activities to suit the 

BIM needs. The identification of suitable people to perform the BIM tasks is part of the 

process, and there are plans to start a BIM pilot project by gradually introducing its use. 

These plans include the calculation of materials for pricing, clash detection and 

coordination activities. The idea is to adopt more activities once they become more 

mature. 

 

Finally, SME3 is recently transitioning to the adoption, and the levels of implementation 

are low compared to the other two studied SMEs. Plans are in the process to adapt their 

organisation to the new standards the industry requires. A pilot project is in the 

discussion, and the initial talk is to apply BIM with low levels of detail first and move 

from there to start reaching maturity. 

 

In terms of lean adoption, SME1 has applied lean practices, specifically the use of the 

Last Planner System, in a vast number of projects with positive results. The application 

of lean has been straightforward and only found difficulties at the beginning of the 

implementation process due to the organisation's lack of knowledge and awareness of 

the tool, thinking that it would be more of the same and a waste of time. The meetings 

held weekly to assess the implementation and check for early results were not 

encouraging, but after the team members became familiarised with the process and the 

productivity levels were increased, the perception changed, and the application was 

made gradually in more projects.  

SME2 has a similar experience in applying lean tools as SME1, and they share a variety 

of different success levels in the application. SME2 also relies on the application of the 

Last Planner System due to the simplicity in their application and lower implementation 

costs since, as reported by their respondents, it does not require the use of expensive 

and fancy software compared with the application of BIM.  

SME3 reports that the application of lean has been sparse, and it depends on the people 

in charge of their projects. The organisation does not require its application, but it has 

been encouraged to reduce waste and avoid reworks which have been a persistent 

problem. 
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Finally, sustainability considerations are at a low level of adoption. The three cases show 

that they are in the plan development to implement these practices, but it is not a 

priority just yet. The general feeling is that the application of BIM and the use of lean 

practices to reduce waste will suffice to accomplish green targets. 

 

Table 5.1 BLS factors from the case studies 

Category Factors SME1 SME2 SME3 

Process Alignment to strategy ✔✔ ✔✔ ✔ 

Business process reengineering ✔✔✔ ✔✔

✔ 

✔✔

✔ 

Change strategy plan ✔✔ ✔✔ ✔ 

Clear BLS policy ✔✔ ✔✔ ✔✔ 

Client experience in BLS ⎯ ✔✔ ⎯ 

Collaboration ✔✔ ✔✔ ✔✔ 

Communication ✔✔✔ ✔✔ ✔✔ 

Continuous improvement ⎯ ✔ ✔ 

Controlling and monitoring ✔ ✔ ⎯ 

Culture change ✔✔ ✔✔ ✔ 

Early contractor involvement ✔ ✔ ✔ 

Focus on long run ✔✔ ✔✔ ✔✔

✔ 

Government initiative ✔ ✔✔ ✔✔ 

Gradual change ✔ ✔ ⎯ 

Implementation strategy ✔ ✔✔ ✔ 

Optimise resource allocation ✔ ✔ ✔ 

Strategic planning ✔ ⎯ ✔ 

Human and 

attitudinal 

Attitudes and behaviours ✔✔ ✔✔ ✔✔

✔ 

Awareness ✔ ✔ ✔ 
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Champion ✔ ⎯ ✔✔ 

Competencies of top staff ✔ ✔✔ ✔✔ 

Development ✔ ⎯ ⎯ 

Education ✔ ✔✔ ✔✔ 

Knowledge ✔ ✔✔ ⎯ 

Motivation ⎯ ✔✔ ✔ 

People management ⎯ ⎯ ✔✔ 

Qualified staff ✔✔✔ ✔✔

✔ 

✔✔

✔ 

Roles ✔✔ ✔ ✔✔ 

Skills ✔✔ ✔ ✔ 

People support ✔ ✔ ⎯ 

Stakeholder engagement ✔✔ ✔✔

✔ 

✔ 

Teamwork ✔✔ ✔✔ ⎯ 

Training ✔✔ ✔ ✔ 

Understanding of the BLS concepts ✔✔ ✔✔ ✔✔

✔ 

Technology Appropriate exchange of information ✔✔ ✔ ✔✔ 

Appropriate hardware ✔✔✔ ✔✔

✔ 

✔✔

✔ 

Appropriate software ✔✔ ✔✔

✔ 

✔✔ 

Capacity to implement tools ✔✔ ✔✔ ✔✔ 

Compatibility ⎯ ✔✔ ✔ 

Constructability ✔ ✔ ✔ 

Data security ✔✔ ✔✔ ✔✔ 

Design errors ✔ ✔✔ ✔✔ 

Efficiency ✔ ✔✔ ✔ 
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Infrastructure ✔ ✔ ✔ 

Interoperability ✔ ✔ ✔ 

Less paperwork ⎯ ✔ ✔ 

Policy ✔ ✔✔ ✔✔ 

Tech support ✔✔ ✔✔ ✔✔

✔ 

Standards ✔✔ ✔ ✔ 

Management Adaptability ✔ ⎯ ✔✔ 

Align (Organisation objectives) ✔ ✔✔ ✔✔ 

Management of information ✔✔ ✔ ✔✔ 

Bottom-up approach ✔ ✔✔ ✔✔ 

Commitment to change from top 

management 

✔ ✔✔ ✔✔ 

Flexibility ✔ ✔ ✔✔ 

Leadership ✔✔✔ ✔✔

✔ 

✔✔

✔ 

Management support ✔ ✔ ✔ 

Motivation ✔✔ ✔✔ ✔✔ 

Planning ✔ ✔ ✔ 

Resistance to change ✔✔✔ ✔✔

✔ 

✔✔ 

Risk Management ✔✔ ✔✔ ✔ 

Subcontractors’ commitment ✔ ✔ ✔✔ 

Top-down approach ✔✔ ✔✔ ✔✔ 

Vision ✔ ✔ ✔ 

Economic Increased competitive advantage ✔✔ ✔✔

✔ 

✔ 

Cost control ✔ ✔✔ ✔ 

Cost reduction ✔✔ ✔ ✔ 
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Financial support ✔✔ ✔✔ ✔✔ 

Implementation cost ✔✔✔ ✔✔ ✔✔

✔ 

Incentives ✔✔ ✔✔ ✔✔ 

Increased economic performance ✔ ✔✔ ✔ 

Increased value ✔✔ ✔ ✔ 

Market demand for BLS deliverables ✔✔✔ ✔✔

✔ 

✔✔

✔ 

Productivity improvement ✔✔ ✔✔ ✔✔ 

Quality improvement ✔✔ ✔✔

✔ 

✔✔ 

Resource optimisation ✔✔ ✔✔ ✔✔ 

Return on investment (ROI) ✔✔ ✔✔ ✔✔

✔ 

Subsidies ✔✔ ✔✔ ✔✔ 

 

Legend:  

3 respondents: ✔✔✔; 2 respondents: ✔✔; 1 respondent: ✔; 0 respondents: ⎯ 

 

5.2 Discussion of findings in the process category 
 
After the cross-analysis process, seventeen factors were found across the three studied 

SMEs in this category. As shown in table 5.1, the frequency of responses varies, and 

every respondent mentioned only a few factors. The most dominant pattern of 

responses is the mention of the factors twice, followed by one mention, three mentions 

and no mentions at all in the last place. 

After evaluation, the factors from table 5.1 can be further classified into subcategories. 

The subcategory, along with each factor, is shown below in table 5.2. 
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Table 5.2 Process factors subcategories 

Category Subcategory Code Factors 

Process (P) 

Business 

transformation 

(BT) 

PBT1 Business process reengineering 

PBT2 Gradual change 

PBT3 Focus on long run 

PBT4 Change strategy plan 

PBT5 Continuous improvement 

PBT6 Government initiative 

Strategy (S) PS1 Implementation strategy 

PS2 Strategic planning 

PS3 Alignment  

PS4 Resource allocation 

Culture (C) PC1 Culture change 

PC2 Client experience in BLS 

PC3 Early contractor involvement 

Information (I) PI1 Communication 

PI2 Collaboration 

PI3 Clear BLS policy 

PI4 Controlling and monitoring 

 

5.2.1 Business transformation (BT) 
 

Business process reengineering (PBT1) is the most frequent response in this category. 

This item refers to the transformation process that organisations, in this study, SMEs, 

should follow to transform their current way of doing things to apply new methods. In 

this sense, Crowe et al. (2002) argue that this process considers a total transformation 

or reshaping of all business processes, technologies, and management systems, 

including organisational structure and values, to achieve better performance levels 

throughout the business. In addition, a change strategy plan (PBT4) is required to 

establish a clear path to promote change. This way, the top levels can follow the plan to 

communicate the message down to the other levels with clear indications of what needs 
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to be done, increasing the chances of a successful application which is the ultimate goal 

of the whole process (Ahuja et al., 2010). 

 

This aspect is evident in the case studies and, as discussed in the results chapter, where 

SMEs are trying to move their way of working towards the achievement of objectives to 

comply with current Chilean proposals and regulations (PBT6). The studied SMEs are 

transitioning in becoming mature in the use of mostly BIM and lean. For those purposes, 

as Crowe et al. (2002) suggest, redesigning and reorganising internal processes to suit 

the needs of the BIM process and adapt or completely change the organisation’s 

capability to commit to that process. The use of technology in the form of BIM to support 

that process is supposed to help achieve those targets because it enables the 

organisation with a tool to make better-informed decisions (Heaton et al., 2019). 

However, it should follow a review of the strategic change process beforehand 

undertaking that change (Soh and Markus, 1995). As studied by Vidalakis et al. (2020), 

BIM adoption in SMEs has been slow because the adoption of technologies does not, 

most of the time, align with their needs as SMEs, producing a problem with the capacity 

to adopt the technology. 

This situation becomes evident when analysing the Chilean BIM survey (Loyola, 2019), 

finding that the maturity levels are low, and in the case studies, only SME2 has 

completed a project using BIM. For those purposes, SME2 had to change their processes 

to deliver the final product. These changes included the digital delivery of a 3D model at 

the end of the project, clash detection, calculation of materials, and coordination 

activities. The change process was done gradually (PBT2), meaning that BIM was used 

for that particular project, and they carried out doing business as usual with the other 

projects in their portfolio. In addition, the appointment of new roles and people was 

part of that process too. This change of processes in delivering projects is consistent 

with findings from the literature, such as Eastman et al. (2011) and Gu and London 

(2010). 

 

Similarly, lean implementation is a transformation process that also requires a process 

change that needs to focus on supporting the organisation's development and 

promoting continuous process improvement (PBT5) (Pearce and Pons, 2013). In this 



 117 

sense, Singh et al. (2008) argue that lean implementation in SMEs has two sides: a 

positive side because of their less complex structure compared to larger organisations 

that allow flexibility to change and the simplicity of the dissemination of knowledge. The 

negative side is that SMEs have limited resources, such as financial and human, to carry 

out such transformation (Goodyer et al., 2011; Achanga et al., 2006). Examples of these 

statements are also encountered in the case studies regarding the application of lean 

practices, which is limited only to the application of tools, especially the Last Planner 

System. According to Pearce et al. (2018), the focus on applying tools is an outdated 

paradigm to comply with lean processes. This situation is reflected in the responses 

because the studied SMEs do not apply lean from an organisational transformation point 

of view, but the focus has been on isolated projects, which explains the variability of 

success in its application. 

 

On the other hand, sustainability is the least considered process by the studied SMEs 

and the transformation towards adopting those practices. This finding is consistent with 

the literature in saying that the studies are mostly focused on large enterprises, with 

little input from studies focused on SMEs (Johnson and Schaltegger, 2016; López-Pérez 

et al., 2018). The studied SMEs are currently developing plans to embed sustainability 

in their respective organisations, and the priority is to establish the BIM and lean plans 

first. However, the literature mentions that to achieve sustainability and become a 

sustainability-oriented organisation, the aspects that can help achieve this process are 

focused on factors described in chapter 2, where the sustainability models are 

presented. These models focus on aspects that consider managerial and processual 

factors with the goal of achieving environmental benefits. Therefore, the factors that 

potentially enable sustainability are also the ones considered in the organisational 

approach toward BIM and lean (Saieg et al., 2018). 

This transformation process is challenging and a long-term process (PBT3), and as 

argued before, it is not about the application of specific tools to achieve, in this case, 

sustainability outcomes, but it depends on organisational factors such as management 

commitment, proper strategy, and clear vision (Duarte and Cruz-Machado, 2019). 
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5.2.2 Strategy (S) 
 

In this subcategory, four factors are included. The studied SMEs are all including plans 

to the extent of their capacity to promote BLS in their practices and are looking into the 

future, and have the vision to expand their business capabilities and competitive 

advantage by applying new methods. From the results in the previous chapter, the 

studied SMEs are identifying their goals and what they want to achieve and are taking 

steps to do so. 

 

From the literature review in chapter 2 and the results from the previous chapter, the 

Chilean construction industry is slowly moving towards the adoption of BIM as the main 

way of working, but for example, the studied SMEs from the case studies are still using 

a mix of CAD and BIM and that transition is still in place (Loyola, 2019). The conversion 

process requires a smart allocation of resources (PS4). The respondents from the case 

studies also acknowledge that change won't happen overnight and for change to 

gradually happen needs proper strategic planning (PS2) to ensure that guidance on how 

to deal with change is provided to the organisation (Mihindu and Arayici, 2008).  

 

In addition, top management must formulate an effective implementation strategy 

(PS1) which needs to be aligned to the organisation's goals (PS3), thus, ensuring 

continuous improvement and the promotion to a transformation including lean and 

green (Duarte and Cruz-Machado, 2019; Govidan et al., 2015), and BIM oriented 

objectives (Wu and Issa, 2014). This is consistent with the strategy to implement BLS 

according to the responses provided in the case studies. By having a closer look at the 

findings presented in table 5.2, these are not focused on tools to perform BIM, lean and 

sustainability, but rather on the components that would enable maturity to achieve 

those practices. SME1 and SME2 members mentioned that just because the 

organisation purchased a BIM licence and has applied lean tools in specific projects does 

not mean that they are a BLS-oriented organisation, and it would be very simplistic to 

think otherwise. The studied SMEs show a disparity in the BIM implementation, and the 

inconsistency of results in the lean area can be attributed to a lack of strategy because 

the previous projects where lean tools were applied were not aligned to the 
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organisations' strategic goals creating a gap between goals and implementation. This 

finding is consistent with Antony et al. (2012), who highlights the importance of this link 

between organisational goals and strategy and argues that focusing on tackling existing 

problems is not sustainable in the long run. Missing objectives and strategies are 

common in SMEs and are one of the main reasons they fail and struggle to keep in the 

market (Siegel et al., 2019). As Albliwi et al. (2014) mention, focusing on short-term 

objectives and lack of or not planning put even more pressure on SMEs.  

 

The studied SMEs also show that the formulation of strategic plans is reflected in SME1, 

where the top management is involved in the transition towards BIM adoption. The 

appointment of resources and key personnel for this task follows the strategic approach 

of upgrading their current processes to the adoption of BIM practices. Although the 

studied SMEs did not provide their detailed implementation plan, they acknowledged 

the importance of having one to identify the minimum requirements to fulfil the 

implementation. In addition, SME2 performed their pilot BIM project incorporating 

elements that included the evaluation of requirements established in their strategic 

assessment before committing to carrying out that first BIM project. SME2 also shares 

that by having a clear plan, the allocation of resources is simplified, allowing to follow 

the steps to comply with the current Chilean regulations and legislation. In this sense, 

SME2 claims that the government mandate has helped align the implementation efforts 

to the required standards. 

In the case of SME3, the development of a strategy is currently underway, and the 

respondents also share the vision of the strategy to work, should follow a clear plan with 

clear roles and responsibilities. 

 

5.2.3 Culture (C) 
 

This subcategory is related to culture and how SMEs organisations should approach the 

BLS transformation from a cultural point of view. The transformation to a BLS culture 

would require a change (PC1) in people's attitudes and behaviours which is key for 

organisations to commit to change (Cherrafi et al., 2021). From the results, the studied 

SMEs are changing their cultural approach toward BLS initiatives by committing people 
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to training programmes and including them in their decisions regarding the adoption. In 

addition, the promotion of a culture of doing things better and more efficiently has been 

highlighted by the application of BIM and lean, especially for SME2, which has had the 

most positive results in their implementation. BIM has received plenty of attention 

lately, and its implementation has been recognised as a top priority by many SMEs 

organisations (Vidalakis, 2020), including those in this study. Therefore, a culture change 

towards its adoption is more evident in the SMEs in this research that are in process or 

have elaborated plans to promote its implementation in the organisation culture. On 

the other hand, in the case of lean, the literature suggests that many organisations that 

have tried to implement it have not been entirely successful, resulting in a lack of trust 

in the system and even in total failure and rejection. Cultural factors are one of the 

aspects causing this lack of implementation (DeSanctis et al., 2018). Similarly, Shang and 

Pheng's (2014) study about lean construction implementation found that cultural 

aspects are one of the most important barriers.  

 

This is consistent with a study by Alkhoraif et al. (2019), who highlight the importance 

of having a proper culture for the successful implementation of lean practices and that 

success will depend on how well the idea is embedded in the organisation. On the other 

hand, sustainability application has not been prioritised as high as the other initiatives 

by the studied SMEs. For that reason, it is seen that the uptake has been slow and still 

not considered by the organisation and their members. Organisational culture has a high 

impact on the application of sustainability considerations, especially for SMEs (Cambra-

Fierro and Ruiz-Benítez, 2011; Uhlaner et al., 2012). 

 

On the other hand, this subcategory also mentions the experience of the client (PC2) in 

BLS, which the responses from members of SME2 have highlighted. SME2 is the most 

experienced organisation in the use of BIM and lean compared to SME1 and SME3. They 

acknowledge that the culture of the client and knowledge of BLS aspects is a factor to 

consider when establishing project requirements and driving project deliverables. 

Although this is an external factor because the culture of the client is something that the 

organisation cannot control, it was still brought up to the researcher's attention. 
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The case of the integration of the contractor (PC3) has been discussed in the literature 

(Song et al., 2009) and, in practice, as mentioned by the respondents, as an aspect to 

consider when achieving maturity towards BLS. The construction industry in Chile uses 

traditional contracts in which a separation between design and construction still exists, 

reducing the contractor's input during these phases once selected through competitive 

bidding (De Solminihac and Thenoux, 2017). Bringing construction knowledge into the 

design from construction experts has been studied and concluded as an important step 

to avoid future errors and omissions (Arditi et al., 2002). As suggested by Song et al. 

(2009), the involvement of the contractor will only work under appropriate 

circumstances, which in this case would be the established BIM and environmental 

requirements. As previously mentioned, the case of lean has not been made obligatory, 

but it is a management practice applied with different levels of success in the studied 

SMEs. The same author concludes that the early involvement strategy to work would 

require a profound culture change, currently happening with the application of digital 

tools. A more recent study from Pheng et al. (2015) integrated lean principles and early 

contractor involvement strategy, whose results suggest that indeed by involving the 

contractor from early stages, productivity levels of lean construction principles are 

increased, especially variability. Therefore, it is not far from certain that this aspect can 

be applied so that contractors can have more input from the beginning. 

 

5.2.4 Information (I) 
 

This subcategory classifies the factors according to the management of information. In 

the case of the collaboration factor (PI2), SME1 recognises that the application of BIM 

will enhance this factor due to the benefits reported in the government initiative. 

However, He et al. (2017) argue that despite the advancements in the technical aspect 

of BIM, the managerial part is still a problem, and a lack of development in the 

management of BIM is still an issue. This idea is shared by SME1, providing a similar 

argument by adding that the collaboration factor will be enhanced with the application 

at a national scale of the BIM standards but that the management of information is still 

an issue due to the levels of maturity of the industry, and that collaboration aspects in 

terms of sharing of models, teamwork, etc. are still at early stages because organisations 
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are still relying on the use of CAD. For that reason, SME1 believes that the term 

collaboration will take time to reach full maturity.  

 

This is the view from SME1 from the application point of view, but in terms of the 

strategic perspective, collaboration has been identified as a factor that is dependent on 

the organisational and people/behavioural components (Allen et al., 2005; Patel et al., 

2012). As per the results reported by SME2, the process of delivering a BIM project was 

a stepping-stone in the organisation’s way of working because they are now looking 

forward to embracing it as a full way of delivering projects. However, the application of 

this methodology had many complications in terms of people rather than technological 

issues. Creating a collaborative environment was a difficult task because, according to 

the respondents, people, mainly external stakeholders, were not on the same page at 

that moment of executing the project. The SME had taken previous steps to achieve 

collaboration by enabling technology, but as Erdogan et al. (2014) suggest, that is not 

enough to reach for a collaborative working environment. 

SME1 and SME3 have moved in their BIM implementation process by purchasing 

licences to use BIM software and are in the plan development process, but the expertise 

is not there yet. Organisations that adopt new processes supported by emerging 

technologies tend to fail their implementation process because they focus too much on 

the technical factors, ignoring the factors related to change, human aspects, 

implementation strategy, management, organisational processes, and end-users 

(Erdogan et al., 2008). This research has also found these reasons, as evidenced in the 

previous chapter. 

 

In the lean case, the same situation happens. The implementation of the Last Planner in 

a couple of projects is viewed as a collaboration tool, and the aspects mentioned above 

are not considered in the application. The results show that the SMEs have different 

levels of success, and the implementation has not been embedded in the organisational 

culture to promote a collaborative working environment. Unless the change is well 

managed at the organisational level to promote collaboration (Erdogan et al., 2014), the 

full BLS benefits will not be achieved. This situation is the likely scenario since the 

studied SMEs are still in the process of change in which the focus is on the technology 
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rather than the other aspects. In addition, as Loyola (2019) mentions in his national BIM 

survey, this situation is also the current scenario.  

 

Communication (PI1) is seen as a factor to enable collaboration (Shelbourn et al., 2007). 

The way to convey the change process is important to obtain buy-in from members of 

the organisation and see a change in their behaviours towards the transformation 

process. This aspect is evidenced in SME1, which is transforming its business process by 

accepting the use of BIM. This transformation has allowed them to establish a strategic 

plan in which communication is a central part of that strategy. The constant flow of 

information and feedback is part of their strategy to communicate their vision and why 

change is required. This process adds transparency to the whole process and stability to 

the organisation (Halabi et al., 2017). 

Clear BLS policy (PI3) and controlling and monitoring (PI4) are the final factors found in 

the information subcategory and the last couple of aspects to consider in the process 

category. A clear BLS policy must comply with the standards required in the 

implementation. The Chilean BIM mandate is a clear example for organisations to adapt 

their processes to comply with such policy. According to Eastman et al. (2011) and 

Succar (2009), the BIM process is seen as a set of interacting tools, technologies and 

processes guided by principles, norms, and policies. In this case, it is known what is 

expected from SMEs. In the case of sustainability, there is also a policy put in place that 

organisations in the construction industry must follow. Finally, there is a lack of clarity 

on the lean part since there are no current requirements to follow. The contradictory 

part is that it has been suggested to enhance the construction industry in Chile (CChC, 

2020). 

 

Finally, controlling and monitoring (PI4) the process has been identified as part of the 

implementation efforts that SMEs must adhere to ensure continuous improvement and 

to make sure that the pre-established requirements are closely followed and improved. 

As per respondents from SME2, the implementation plan is a way of controlling and 

monitoring the whole process to make sure every step is being followed and properly 

assessed. 
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5.3 Discussion of findings in the human and attitudinal category 
 
In this category, after the cross-analysis process, seventeen factors were found across 

the three studied SMEs. As shown in table 5.3, the frequency of responses again varies.  

After evaluation, the factors from table 5.1 can be classified into a Human and attitudinal 

subcategory. The subcategory, along with each factor, is shown below in table 5.3. 

 

Table 5.3 Human and attitudinal factors subcategories. 

Category Subcategory Code Factors 

Human and 

attitudinal 

(H) 

Expertise (EX) HEX1 Competencies of top staff 

HEX2 Skills 

HEX3 Champion 

HEX4 Understanding of the BLS concepts 

HEX5 Qualified staff 

Education (ED) HED1 Education 

HED2 Knowledge 

HED3 Development 

HED4 Training 

Attitudes (A) HA1 Attitudes and behaviours 

HA2 Awareness 

HA3 Motivation 

HA4 Roles 

Engagement (EG) HEG1 People management 

HEG2 People support 

HEG3 Stakeholder engagement 

HEG4 Teamwork 

 

As previously discussed, organisations implementing new practices usually focus too 

much on the technology part and do not pay attention to other factors such as the 

human and attitudinal aspects (Erdogan et al., 2008). 

 

In this case, the human element is of utmost importance to achieve maturity, as 

identified by the respondents.  
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For example, to enable the implementation of sustainability and lean, the main focus 

should be put on people to maintain results in the long term, and they should be well 

managed (HEG1) by people with strong competences in the area (HEX1) (Wong and 

Wong, 2014), and encouraged to learn and develop (HED3) to increase their skills (HEX2) 

(Ali et al., 2013, Glover et al., 2015) through the support (HEG2) from top management 

and a transformation culture  (Alves and Alves, 2015). 

It is evident from the case studies that SMEs are attempting the promotion of the 

aforementioned factors. Although the focus at the moment is the promotion of BIM 

outcomes, the SMEs count on people with experience mainly in the BIM and lean areas, 

especially SME1 and SME2. In this sense, the use of a "champion" (HEX3) to lead the 

implementation efforts (Smits et al., 2017) has also been identified as a BLS enabler. 

SME1 and SME3 agree that the appointment of this person to lead the change is 

required to deliver the whole process. For that purpose, SME1 has appointed a BIM 

specialist to deliver the strategy to identify the roles that the organisation needs to 

comply with that strategy in terms of qualified people (HEX5) or the assessment to 

provide training. The results also show that the availability of qualified and competent 

staff is essential for applying BLS, and higher levels of performance can be reached by 

having the right personnel for the job (Ozorhon and Karahan, 2017). For example, the 

availability of qualified people is essential to undertake tasks with the level of complexity 

sustainability requires and has been identified as one of the major issues when dealing 

with sustainability in construction (Choi et al., 2016). 

 

The use of a champion has also been identified to promote lean (Mahalingam et al., 

2015) and sustainability (Dhingra et al., 2014). The appointment of these people should 

be by selecting them according to their experience and understanding of the BLS 

requirements (HEX4) aligned to the organisation's goals. For example, to comply with 

the sustainability theme, this champion needs to understand the organisation's 

economic, environmental, and societal goals (Dhingra et al., 2014). The same 

understanding is required with the application of BIM and lean (Dave et al., 2013).  

Kiviniemi and Wilkins (2008) suggest that the implementation of BIM practices requires 

a clear definition of roles (HA4), and the lack of this clarity leads to poor adoption (Gu 

and London, 2010; Sacks and Barak, 2010). 
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As previously mentioned, the studied SMEs are in the very early stages to reach 

sustainability outcomes, but the application of BIM and lean can indirectly enhance 

sustainability (Lu et al., 2017; Peng and Pheng, 2010). In this sense, the way to reach for 

BLS objectives is with training (HED4), education (HED1) and teamwork (HEG4) to 

develop knowledge (HED2), which the respondents have identified as key aspects to 

reaching for BLS maturity. Similarly, the lack of them is one of the reasons implementing 

new initiatives such as lean and sustainability tend to fail (Duarte and Cruz-Machado, 

2013). The studied SMEs should also focus on this aspect when the strategy is developed 

and not only on the BIM training, which is the current scenario. 

Garavan (1997) identified training at all organisation levels as one of the important 

factors, along with motivation (HA3) and employees’ development to maintain 

competitiveness. Similarly, Sambrook (2004) states that the development of skills 

through learning supports the achievement of goals such as business strategies and 

performance improvements in both organisational and project terms. In addition, 

training programmes are relevant, especially in the construction industry, that is 

dependent on the skills of its workers (Durdyev and Mbachu, 2017). 

SME3 identifies the need for training to reach maturity and has also identified that a 

selected number of members in their SME, based on their knowledge and experience, 

should be taking this training and then pass their gained knowledge to other members 

in the organisation. This way, resources can be better deployed, and savings can be 

made compared to sending all their staff to complete training courses. Bryde et al. 

(2013) identify the need for training to promote BIM along with stakeholder 

engagement (HEG3) activities to raise awareness (HA2) in the systems put in place to 

promote a change in the attitudes and behaviours (HA1) towards these new initiatives. 

Arayici et al. (2011) also suggest the use of a bottom-up approach and top management 

commitment to support engagement in the adoption of BIM and lean. This way 

organisation’s competencies are increased, and strategies supporting change 

management are more effective (Pearce et al., 2018). The Chilean BIM and sustainability 

mandate are ways to encourage engagement from stakeholders. In this sense, 

governments are one of the most important drivers to promote engagement from 

stakeholders and organisations in the industry (Tsvetkova et al., 2020). 
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5.4 Discussion of findings in the technology category 
 
In this category, after the cross-analysis process, fifteen factors were found across the 

three studied SMEs. As shown in table 5.1, the frequency of responses again varies.  

After evaluation, the factors from table 5.1 can be classified in a technology subcategory. 

The subcategory along with each factor is shown below in table 5.4. 

 

Table 5.4 Technology factors subcategories. 

Category Subcategory Code Factors 

Technology 

(T) 

Infrastructure (I) TI1 Appropriate hardware 

TI2 Capacity to implement tools 

TI3 Infrastructure 

Software (S) TS1 Appropriate software 

TS2 Interoperability 

TS3 Tech support 

TS4 Compatibility 

TS5 Constructability 

TS6 Design errors 

TS7 Less paperwork 

Data (D) TD1 Appropriate exchange of 

information 

TD2 Efficiency 

TD3 Data security 

Protocols (P) TP1 Policy 

TP2 Standards 

 
The subcategories for the technology part are infrastructure, software, data, and 

protocols. SMEs are usually constrained in terms of financial resources, which means 

that most of them do not have the capacity (TI2) to invest large sums in technology, 

infrastructure (TI3), and training at the same time, even if it is acknowledged that these 

are essential to implement new improvement initiatives (Antony et al., 2016). 

 

Bryde et al. (2013) argue that the challenges in the implementation of BIM are focused 

mainly on hardware (TI1) and software (TS1) issues, which in the case of the studied 
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SMEs include interoperability (TS2) and compatibility (TS4) aspects. This is mentioned 

mainly by SME2, which has delivered a BIM project and shared that they encountered 

problems when working with other stakeholders in terms of shareability of models and 

compatibility of different software applications that was solved in the end, but the 

sharing of information was not as smooth as it was supposed to be. This is 

understandable and logical since the SME, and their stakeholders were new in the 

process, and it was the first project undertaking this methodology. 

 

The cost of the BIM implementation is high and varies according to the different 

providers, and so do the hardware specifications. Therefore, depending on the selection 

of providers, the hardware requirements will change (Olatunji, 2011). This is something 

that organisations, especially SMEs, should consider and include in their strategy and IT 

policy (TP1) according to their goals, needs and how the market is moving and the 

consideration of maintenance and technical support (TS3) as well (McGraw Hill 

Construction, 2007). Studies from Arayici et al. (2011) and Eastman et al. (2011) highlight 

the need to have powerful workstations, IT infrastructure and solutions to support the 

BIM tasks. Policy (TP1) and standards (TP2) are also important because the organisations 

in their process should adapt their practices to the current BIM policy, which in this case 

is set by the government regulations and comply with the standards required by 

stakeholders and clients in their projects. Policy support in the acquisition of software, 

hardware, and training is key to the successful adoption of BIM (Song et al., 2017). This 

is the case for SME2, which adapted its BIM policy to suit the organisation's needs in 

terms of their IT restructuration and acquisition of new technology to satisfy their future 

needs in the procurement of new projects with the government, as well as planning 

future projects with the methodology. In this sense, the acquisition of BIM software is 

part of their commitment and strategy to develop more sustainable projects and comply 

with government regulations and requirements. The use of BIM software for 

sustainability purposes is an ideal tool that can integrate the assessment of sustainability 

and resource management efficiency, including energy-consumption analysis for a 

sustainable built environment assessment and benefit-cost analysis of economically 

sustainable design (Yuan et al., 2019). Regarding the hardware and software discussion, 

the addition of sustainability considerations makes this application an extra 
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requirement when considering the purchasing of equipment because of the extra 

processes and additional tasks needed, which makes the files "heavier" (Al Hattab, 

2021). In this sense, a study from Chong et al. (2017) about BIM adoption for 

sustainability highlighted the need for new BIM tools to assess sustainability and 

improved interoperability among the different available BIM software and energy 

simulation tools. This makes the consideration of sustainability practices a more difficult 

scenario for SMEs in Chile, as mentioned by the studied SMEs, due to the costs. For that 

reason, the application has been considered, but still in development because of the 

number of factors to be assessed and due to the priority given to the BIM adoption.  

 

In the case of the technology application for lean adoption, the technology aspect is not 

seen as a problem because, according to the experiences from the implementation 

efforts of the studied SMEs, it does not take many technological resources in terms of 

hardware and software to apply lean tools other than having IT connection to the web 

and computers to run programming software. Although software prototypes are 

developed, for example, Visilean (Dave et al., 2011), the application of lean tools does 

not require fancy software to run, but the immersion of the philosophy, which is solved 

by training and education in this area (Pons and Rubio, 2021). 

 

Saieg et al. (2018) found that the integration of BIM, lean and sustainability has as main 

barriers and challenges the high cost of the BIM hardware and software to support the 

application. The respondents from the case studies have mentioned that their 

organisations have purchased licences to implement BIM and possess the capacity to 

carry on with the process. However, they acknowledge the issues for SMEs due to the 

high initial costs and the uncertain return on investment.  

 

The problems with the Chilean construction industry have become evident by the 

responses provided by the interviewees, who have highlighted the issues of low 

efficiency, errors and omissions, time, and cost overruns. In this era of new methods 

and technologies emerging, the problems are still persistent because, as per the three 

studied SMEs, there is a lack of efficiency in the exchange of information (TD1). This is 

because there is still overreliance on the 2D data systems based on CAD, which is the 
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critical issue that has slowed down the efficiency (TD2) in how the data is used in the 

BIM process, which is consistent with the literature as shown by Lee and Borrmann 

(2020). 

 

The next issue, data security (TD3), has been brought to attention by respondents from 

the three studied SMEs. According to their views, the sharing of data of models brings 

many people together, contributing information to a centralised model. Therefore, 

protocols and standard processes are needed to determine obligations and for design 

and validation purposes (Singh et al., 2011). 

 

SME2 has maintained their models in-house but is considering upgrading to a secure 

server provider for future projects to ensure data security. According to their 

experience, it is also one of the aspects to consider when developing the strategy and 

policy. 

 

The final set of factors mentioned by the respondents, constructability (TS5), design 

errors (TS6) and less paperwork (TS7), are factors that were mentioned a couple of times 

and reflect the need from the technical perspective to purchase software that can 

immediately deal with these issues. Especially TS5 and TS6, which have been identified 

in the responses as aspects that are decreasing efficiency and productivity, leading to 

poor performance and waste (Mokhatab et al., 2014; Ko and Chung, 2014). 

 

Finally (TS7) was also mentioned to achieve maturity because, as per SME2, less 

paperwork will be required by using efficient systems, and the promotion of software 

usage will be the norm. 

 

5.5 Discussion of findings in the management category 
 
In this category, after the cross-analysis process, fifteen factors were found across the 

three studied SMEs. As shown in table 5.1, the frequency of responses again varies.  

After evaluation, the factors from table 5.1 can be classified into a management 

subcategory. The subcategory, along with each factor, is shown below in table 5.5. 
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Table 5.5 Management factors subcategories. 

Category Subcategory Code Factors 

Management 

(M) 

Direction (D) MD1 Leadership 

MD2 Motivation 

MD3 Vision 

MD4 Top-down approach 

MD5 Bottom-up approach 

MD6 Commitment to change from top 

management 

MD7 Flexibility 

MD8 Management support 

MD9 Subcontractors commitment 

Transition (T) MT1 Planning 

MT2 Resistance to change 

MT3 Risk Management 

MT4 Adaptability 

MT5 Align (Organisation objectives) 

MT6 Management of information 

 

In the management category, two subcategories can be identified based on the factors 

found in the case studies, namely leadership and transition. 

The leadership factor (MD1) is mentioned as the most important factor according to the 

respondents because implementing change requires a vision (MD3) and commitment to 

change (MD6) from top management. This is reflected in the decisions of the studied 

SMEs to invest in improving their systems to support the change process and add value 

to their organisation and the projects that will be carried out under the new method of 

working (Saieg et al., 2018). In terms of the use of BLS practices, Saieg et al. (2018) 

suggest that they rely on leadership in the application of proactive solutions, innovative 

methods and tools that will enhance the sustainability outcomes and the management 

of information (MT6). In addition, leadership has been regarded as one of the main 

drivers of innovation in the construction industry (Ozorhon et al., 2010). Similarly, the 

literature also shows that leadership plays an important role in shaping project spirit 
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and as motivation (MD2) for the team to commit to the objectives set by the 

organisation (Aronson et al., 2013).  

 

A very good example of leadership is the one mentioned by Ozorhon et al. (2014), who 

found that the application of leadership in a case study was essential to implement 

innovation through effective knowledge sharing by the client to the project team. In this 

case study, the client took the initiative, brought the contractor early in the process and 

pushed it to innovate. The client shared knowledge about modern methods of 

construction, offered to cover half the cost of the lean construction consultancy, and 

played an important part in finding partnerships with the supply chain that shared its 

vision, allowing the client to fulfil its goals. This partnership with the supply chain shows 

that commitment from subcontractors (MD9) is also possible, and it is expected that 

they also take part in the transformation process the construction industry in Chile is 

facing. 

 

This example is a similar situation as explained in the results chapter where SME3 shares 

the experience of leadership from the top management to deal with the application of 

lean in one of the projects. The integration of the contractor at the early stages is one 

of the items discussed in the previous section and highlights the responses from the 

SMEs in this area. This demonstration of leadership is consistent with Mention (2011), 

who also argues that managers should encourage and put mechanisms to share 

knowledge in groups and encourage innovation. 

 

The respondents also mentioned the top-down approach (MD4) and bottom-up 

approaches (MD5) as important factors. According to Kurdve et al. (2014), implementing 

efficient actions that are sustainable in time is the foundation of the top-down 

management approach, whilst the feedback back to the management is provided by the 

bottom-up approach. 

 

In this sense, the government requirement is a top-down movement that has made the 

construction organisations take action to adapt their practices to comply with such 

requirements. For that reason, resistance to change (MT2) has been found in the 
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organisations which have had to become adaptable (MT4) and flexible (MD7) to align 

their goals (MT5) to the new construction requirements. As discussed in the findings, 

the responders encourage the use of both a top-down approach from the organisation 

to promote change and lead the implementation efforts, which is consistent with 

findings from the literature (Smith and Tardif, 2009; Succar, 2009). The bottom-up 

approach provides feedback from the lower levels and deals with resistance to change 

(Arayici et al., 2011). In this sense, Arayici et al. (2011) encourage the application of 

bottom-up approaches to deal with resistance to change, but management support 

(MD8) is still required (Vass and Gustavsson, 2017). 

 

In the case of the sustainability requirement, Alwan et al. (2017) argue that the 

government’s top-down approach puts pressure on construction organisations by taxing 

waste derived from the construction process and expecting to reduce waste 

inefficiencies. However, the same author argues that this measure does not accomplish 

the desired effect because the contractors remain inefficient and put this cost to the 

client, leading to more expensive construction and not positively impacting the 

environment.   

 

In the lean case, there are different ways to implement it in organisations, including top-

down and bottom-up approaches (Zanotti et al., 2017). The top-down approach is 

described as goals set by top management, while the bottom-up approach is person-

focused (Höök and Stehn, 2008). Arbulu and Zabelle (2006) suggest that the top-down 

approach is often forced on organisations and mandated by leadership with no 

stakeholder engagement strategies, leading to poor application and lack of trust in the 

system, leading to an unsustainable way of working (Berroir et al., 2015). Implementing 

BLS practices comes with associated risks (MT3) (Cherrafi et al., 2021; Ghaffarianhoseini 

et al., 2017; Pierce and Pons, 2013) that organisations need to overcome by planning 

(MT1) and by looking into the future for potential risks that may arise which can only be 

done by having a deep understanding of the organisation, industry, technology, and 

culture (Lou et al., 2020). 
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5.6 Discussion of findings in the economic category 
 
In this category, after the cross-analysis process, fourteen factors were found across the 

three studied SMEs. After evaluation, the factors from table 5.1 can be classified in an 

economic subcategory. The subcategory, along with each factor, is shown below in table 

5.6. 

 

Table 5.6 Economic factors subcategories. 

Category Subcategory Code Factors 

Economic (E) 

Cost (C) EC1 Cost control 

EC2 Cost reduction 

EC3 Implementation cost 

Financial strategy 

(FS) 

EFS1 Financial support 

EFS2 Incentives 

EFS3 Subsidies 

EFS4 Return on investment (ROI) 

EFS5 Market demand for BLS deliverables 

Returns (R) ER1 Increased competitive advantage 

ER2 Increased value 

ER3 Productivity improvement 

ER4 Quality improvement 

ER5 Resource optimisation 

ER6 Increased economic performance 

 

In the economic category, three groups are identified from the case studies’ factors: 

cost, financial strategy, and returns. 

Implementation cost (EC3) is one of the most repeated factors, along with market 

demand for BLS deliverables (EFS5).  

The literature supports the high cost of BIM implementation, including the acquisition 

of technology and training as a major barrier to its adoption (Giel et al., 2010; Azhar et 

al., 2011; Crotty, 2012). Despite this high cost, the application of BIM is driven by clients 

and the market requirements, which in the Chilean case, is the government. As Hore et 

al. (2011) suggest, for the adoption of BIM when it is mandated, there must be 
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government support in terms of subsidies (EFS3) and incentives (EFS2) to facilitate the 

implementation, which may be out of reach for SMEs due to its cost (Koudier et al., 

2007). 

 

In the Chilean case, financial support (EFS1) is one of the aims of the Chilean strategy to 

increase the number of specialised people in the area to commit the industry to improve 

its standards (CChC, 2020). The number of higher education institutions and private 

institutes has increased their teaching in BIM subjects (Planbim, 2021). However, the 

respondents think that this financial support is not enough because training is only a 

part of the whole BIM scheme, and more guidance from a managerial point of view 

should be given to promote this transition. SME2 has mentioned that they had to carry 

out a full assessment before piloting their first BIM project, including a risk assessment 

of their financial capability and staff competences, so for that reason, they suggest that 

financial support is key in the adoption, especially in the acquisition of technology. The 

same situation happens with the application of sustainability considerations. In this 

case, the high cost of these kinds of solutions is also an issue that organisations must 

tackle, and without support, it is even more difficult to commit to the established goals 

(Ekins and Zenghelis, 2021). The application and focus on building sustainable projects 

bring benefits, including energy efficiency, improved indoor environment quality, better 

use of resources (ER5), better quality (ER4) in the long run, productivity (ER3) and the 

organisations’ ability to increase their economic performance (ER6), competitive 

advantage (ER1) and value (ER2) due to their ability to offer attractive solutions to 

investors and developers (Lapinski et al., 2006). Although these benefits may sound 

attractive and have been identified by the respondents in the case studies as drivers to 

implement sustainability practices, the reality is that readiness to fulfil those goals needs 

extra requirements. These requirements include a higher level of complex design 

analysis, which will require more skilful and specialised people, extra interdisciplinary 

collaboration and different materials selection that also may require specialised people 

to execute the job (Riley et al., 2004). 

In this scenario, the problem for SMEs is that they must see a return on investment (ROI) 

(EFS4) if they are going to commit resources to those tasks because sustainability 

application in SMEs is only considered if it can have a positive financial impact on the 
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business. Otherwise, it is seen as a costly and unnecessary activity (Upstill-Goddard et 

al., 2016). This is evident in the studied SMEs that are planning to promote sustainability 

but moving forward from ideas to actions that have been postponed due to the financial 

commitments the BIM process is taking. 

 

Although the financial measures are an important factor to assess previous BLS 

implementation, the focus on the long-run impact should be the focus of attention. For 

example, in the case of lean application, a study by Pearce et al. (2018) shows that in a 

case study, the implementation of lean was pushed down from the top management, 

and the focus was only on reporting financial measures, which resulted in the 

implementation process to fail because other aspects such as knowledge and other 

resources were missing. In this sense, Alkhoraif et al. (2018) suggest that lean 

implementation is a philosophy and a long-term strategy focusing on the efficient use 

of the resources available, reducing waste and controlling and reducing costs (EC1 and 

EC2, respectively). As reported in the case studies, this efficient management of costs is 

seen as a way to direct the savings made from the lean application to the 

implementation of other initiatives such as lean and sustainability.   

 
 
5.7 BLS organisational framework to assess maturity 
 
The factors discussed in the previous sections resulted from a cross-analysis process of 

the three case studies, which were discussed and theoretically validated as shown in the 

above subchapters. The result is the proposed conceptual BLS framework to assess 

maturity as shown in figure 5.1.  

 

BLS framework 
  Subcategory Code Factors 

Pr
oc

es
s (

P)
 

Business 
transformation 

(BT) 

PBT1 Business process reengineering 
PBT2 Gradual change 
PBT3 Focus on long run 
PBT4 Change strategy plan 
PBT5 Continuous improvement 
PBT6 Government initiative 

Strategy (S) PS1 Implementation strategy 
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PS2 Strategic planning 
PS3 Alignment 
PS4 Resource allocation 

Culture (C) 
PC1 Culture change 
PC2 Client experience in BLS 
PC3 Early contractor involvement 

Information (I) 

PI1 Communication 
PI2 Collaboration 
PI3 Clear BLS policy 
PI4 Controlling and monitoring 

Hu
m

an
 a

nd
 a

tt
itu

di
na

l (
H)

 

Expertise (EX) 

HEX1 Competencies of top staff 
HEX2 Skills 
HEX3 Champion 
HEX4 Understanding of the BLS concepts 
HEX5 Qualified staff 

Education (ED) 

HED1 Education 
HED2 Knowledge 
HED3 Development 
HED4 Training 

Attitudes (A) 

HA1 Attitudes and behaviours 
HA2 Awareness 
HA3 Motivation 
HA4 Roles 

Engagement (EG) 

HEG1 People management 
HEG2 People support 
HEG3 Stakeholder engagement 
HEG4 Teamwork 

Te
ch

no
lo

gy
 (T

) 

Infrastructure (I) 
TI1 Appropriate hardware 
TI2 Capacity to implement tools 
TI3 Infrastructure 

Software (S) 

TS1 Appropriate software 
TS2 Interoperability 
TS3 Tech support 
TS4 Compatibility 
TS5 Constructability 
TS6 Design errors 
TS7 Less paperwork 

Data (D) 
TD1 Appropriate exchange of information 
TD2 Efficiency 
TD3 Data security 

Protocols (P) 
TP1 Policy 
TP2 Standards 
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M
an

ag
em

en
t (

M
) Direction (D) 

MD1 Leadership 
MD2 Motivation 
MD3 Vision 
MD4 Top down approach 
MD5 Bottom up approach 
MD6 Commitment to change from top management 
MD7 Flexibility 
MD8 Management support 
MD9 Subcontractors commitment 

Transition (T) 

MT1 Planning 
MT2 Resistance to change 
MT3 Risk Management 
MT4 Adaptability 
MT5 Align (Organisation objectives) 
MT6 Management of information 

Ec
on

om
ic

 (E
) 

Cost (C) 
EC1 Cost control 
EC2 Cost reduction 
EC3 Implementation cost 

Financial strategy 
(FS) 

EFS1 Financial support 
EFS2 Incentives 
EFS3 Subsidies 
EFS4 Return on investment (ROI) 
EFS5 Market demand for BLS deliverables 

Returns (R) 

ER1 Increased competitive advantage 
ER2 Increased value 
ER3 Productivity improvement 
ER4 Quality improvement 
ER5 Resource optimisation 
ER6 Increased economic performance 

Figure 5.1 BLS conceptual framework 

 

In terms of the framework’s practicalities, chapter 1 discusses that the government goal 

for organisations in the Chilean construction industry is to move away from traditional 

practices to embrace a new way of working in which BLS practices are set to become the 

norm. As explained in chapter 2, the Chilean construction industry is comprised mainly 

of SMEs, and the workers' skills are increasing following the application of BLS, as shown 

in the responses provided by the respondents. In that sense, the framework does 

include a human and attitudinal category which targets the identification of people's 

skills and the opportunity to identify gaps that can lead to more professionals with a 
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BLS-oriented mindset and skills. It is worth mentioning that the other aspects, such as 

the heat island effect and the concrete nature of the country due to seismic activity, are 

inherent characteristics of the country that the BLS alone would not solve. The 

opportunity of the BLS framework is to allow SMEs to adopt these practices before 

assessing categories and factors that would establish the organisation's ability to 

implement these changes and, from there, promote opportunities for change. The 

construction of concrete structures in the country is not something that will change, 

especially due to the seismic nature of the country. However, the efficiency and 

sustainability provided by BLS practices and that the BLS framework addresses would 

impact the quality of construction and the methods that are chosen to perform tasks, 

allowing the possibility of reaching the global construction targets of efficiency, 

productivity, and sustainability. 

 

A starting point for SMEs is to assess their realities in terms of promoting these practices 

where the proposed BLS framework aims to provide organisations attempting to adopt 

BLS, the key areas of focus. In this sense, the framework shows the factors that SMEs 

organisations should assess to establish maturity in the BLS area at the organisational 

level and thus, establish an organisational adoption of BLS practices. The framework 

includes the process, human, technological, managerial, and economic perspectives, in 

which subcategories are identified to classify the factors found in the case studies. These 

factors describe the considerations that SMEs should have to embed BLS in their 

practices from an organisational point of view. Thus, according to their current 

implementation status, they identify the level of maturity in the described areas and act 

when required. 

To determine the level of maturity toward BLS adoption, SMEs should assess their 

current capability and compare it with the factors in each category. This can be done by 

experienced members of the organisation in the upper levels, by an internal team set 

up for such purposes or by having external consultancy from people with an 

understanding of the BLS requirements and the organisation’s goals and objectives. This 

knowledge of capability and maturity can be done by carrying out observations, 

interviews, report checking etc. Top management can engage people from the 

organisation to lead the process, or as a point of connection between the organisation 
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and external consultants to make sure that the process aligns with the organisational 

objectives, and constant feedback is suggested to connect the engagement of the other 

levels. When the assessment of the categories is done, the gap can be established, and 

areas of improvement can be targeted and prioritised according to the needs of the 

SME. The results from the case studies show that the SMEs involved in this study are yet 

to become BLS oriented organisations, their maturities are still in transition, and the 

overall government strategy is yet to be reached.  The question remains of how to meet 

the targets if organisations show slow transitions to the construction industry goals, 

especially considering that SMEs are the vast majority in the country.  

 

5.8 Summary  
 

This chapter discusses the findings from the previous chapter along with the support of 

the literature to justify and make sense of the responses provided by the participants in 

this study. 

The state of uptake regarding BLS application and implementation is assessed, and the 

factors found by the respondents are analysed and discussed. 

According to the realities of the studied SMEs, there is still a long way for organisations 

to embed BLS in their operations, and the maturities in the subject are still low and in 

transition to becoming proficient in their use. The BLS framework developed with the 

categories studied and the identified factors is a way to help SMEs to assess the aspects 

that need to be considered to promote their use and reach maturity.  
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Chapter 6 Framework validation 
 

The development of the theoretical framework has been discussed in chapter 5, which 

served as the basis for the data collection process and analysis. The BLS framework 

consists of factors that enable organisations to assess maturity and achieve the 

capability levels that will allow them to move towards a BLS organisation. The 

theoretical framework was developed and presented into a conceptual framework 

shown in section 5.7 by cross analysing the data from the case studies and linking it with 

the literature review discussed in the previous chapter. The BLS framework as presented 

is still theoretical in nature, and it is limited to the findings from the case studies. For 

that reason, it is necessary to validate it to obtain a broader view of its use and make it 

general so that other SMEs can use it. This chapter presents the validation process of 

the BLS framework factors found in the case studies. The data collected from the 

validation process is used to refine the framework further, and the final version is later 

presented at the end of this chapter. 

 

6.1 Focus group overview 
 
This research employs a focus group technique to validate the framework as discussed 

in the methodology chapter. The selection of the appropriate participants was based on 

their experience in the BLS area and SME organisation. The diffusion of the focus group 

was with the help of key contacts in the construction industry and academia who played 

an important part to engage participants.  

This part of the research employed a quantitative approach in the focus group, namely 

a questionnaire to evaluate the BLS framework factors and assess the current state of 

maturity. This is done to establish the reliability and to determine the position of the 

participants’ SMEs in the factors that would enable them to move towards reaching 

maturity in the BLS area. The reason for using a questionnaire format was due to the 

time constraints that the focus group had and to structure and facilitate the discussion 

among the participants. This questionnaire can be found in annexe 2. The questionnaire 

was handed out in advance to the start of the focus group so the participants could 

familiarise themselves with it and allow enough time to provide the answers and later 
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facilitate the discussion. At this point, the participants were already informed of the 

objectives of the research and the purpose of the evaluation. This was done in the first 

contact and after the respondents had committed to participate in the process. The 

questionnaire responses are analysed by employing the relative importance index (RII), 

which is derived from the average index but considering the Likert scale effect of the 

responses. The questionnaire employed a five-point Likert scale type, with one being 

the lowest score and five the highest with a middle option. The questionnaire details 

can be found in annexe 2, and below is table 6.1 showing the scoring options provided. 

 

Table 6.1 Scoring options for the factors and maturity questionnaire 

Rating 
scale: 

Interpretation 

1 No importance whatsoever 
2 Little importance 
3 Neutral 
4 Important 
5 Very important 

 

 
 
The focus group also engaged in a discussion of the topics, which are qualitative in 

nature, to find explanations of the responses provided in the questionnaire and to make 

suggestions for the framework. The participants engaged in discussions and consensus 

on the factors was found, agreeing that some were unimportant and needed to be 

discarded. This part is presented later in the chapter. The qualitative responses were 

analysed using content analysis and checked with the questionnaire responses (See 

annexe 2). 

 
 



 

 

6.1.1 Participants’ background 
 

The background of the focus group respondents is presented in table 6.3. All the 

participants come from contractor SMEs which is the requirement for this study because 

the framework is targeted to that audience.  

 
Table 6.2 Focus group participants’ background 

Code Respondent Background BIM 
experience 

Lean 
experience 

Sustainability 
experience 

FGR1 Senior Civil 
Engineer 

Engineer 4 years 8 years 2 years 

FGR2 Senior 
Constructor 

Engineer 3 years 6 years 2 years 

FGR3 Senior Architect Architect 5 years 2 years 3 years 
FGR4 Director Engineer 3 years 9 years 2 years 
FGR5 Director Architect 3 years 9 years 2 years 
FGR6 Assistant 

Construction 
Engineer 3 years 11 years 3 years 

FGR7 Senior Manager Engineer 4 years 15 years 2 years 
FGR8 Senior Manager Architect 5 years 12 years 2 years 

 
 
The selection of the focus group participants was based on their experience in the 

construction industry in Chile in the BLS areas and are in plans to transition or expecting 

to transition to adopting BLS in the near future. This selection is because their 

experience in the transition can help assess the identified maturity factors needed to 

promote the use of the BLS framework to other SMEs. The participant’s experience is 

important because it reflects their knowledge in the area, increasing their input and 

reliability in the BLS framework that has been developed. Finally, given that the 

framework is proposed to be applicable at the strategic organisational level, the 

respondents must come from the top and middle management levels.  

Table 6.3 shows that the participants have the required experience in the BLS areas. The 

participants’ experience in sustainability is less than the lean and BIM aspects, showing 

that they are still new in the area and are managing the transition toward the 
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requirements. The BIM experience is the second-best, and most of the respondents 

have vast experience applying the lean philosophy.   

 
6.2 Focus group results and discussion 
 
This section discusses the results to validate the BLS framework from the focus groups. 

The results present graphs showing the RII to compare the importance of the factors 

and the current level of maturity. This graphical representation shows the gaps (if any) 

between the factors and the state of maturity. The results presented show the BLS 

framework's process, human and attitudinal, management, technology, and economic 

proposed categories. 

 

6.2.1 Process factors focus group results 
 
Figure 6.1 shows the summary of the findings in the process category. For more details, 

the full results can be found in annexe 3. 

 

 
Figure 6.1 Focus group results in the process category 
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RII, and the highest is PBT2: Gradual change with 0.8 RII. The results show a gap between 

the current maturity levels and the factors' importance levels to reach full maturity. 

PBT4 records the highest score in the factors category: Change strategy plan; PS1: 

Implementation strategy; PC1: Culture change; PI2: Collaboration and PI3: Clear BLS 

policy, all of them with 1.0 RII, which means that all the respondents are in concordance 

with the level of importance of these factors for the BLS framework. 

In terms of maturity, the RII shows that the levels are still low, and the PBT2: Gradual 

change is the highest scored option with a 0.8 RII, indicating that the respondents are 

experiencing that process and that it has been approached in their SMEs as an 

incremental transition towards the transformation process. 

 

PBT1: Business process reengineering, scores 0.93 RII in the factors category. In this 

sense, three respondents gave a score of 4, and five respondents scored this factor as 5, 

confirming the importance of establishing a restructure of the organisation to commit 

to applying BLS practices. The respondents scored a 0.68 RII in the maturity category, 

with a neutral response repeating five times while the score of 4 repeated three times, 

indicating a strong indication of maturity. 

In addition, based on the focus group discussion, the participants strongly suggested 

that the incorporation of BIM processes should overtake the current use of CAD and 

that this change should be part of the process restructure of the organisations. Moving 

away from CAD has been agreed upon as a challenge, and one of the issues found when 

delivering BIM projects due to the reliance on CAD drawings. This situation has been 

commented on and agreed upon due to the levels of skills and competences from people 

within the organisation and due to some lack of understanding of the deliverables 

required, including stakeholders. In addition, SMEs reengineering to adopt a BIM driven 

organisation has been acknowledged to sustain the implementation of the continuous 

improvement of the lean philosophy and to drive the adoption of sustainability by the 

application of BIM. The lean process is about a change of philosophy and should not be 

as difficult as the BIM process, so a major business reengineering is not seen as a 

significant barrier to adopting lean. 
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PBT2 and PBT 3 were brought up in the same discussion because they were seen as 

supplementary items. PBT2: gradual change had a diverse set of responses in the factors 

category, including one neutral option, three scores of 4 (important), and four scores of 

5 (Very important) with a 0.88 RII. On the other hand, PBT3: Focus on the long run was 

scored as 5, on seven occasions and 4 in one opportunity, with a 0.98 RII. 

According to FGR3, implementing these practices and the transformation of SMEs 

towards government requirements brings several challenges and unknown risks that are 

of concern if not managed properly. People are one of the risks that can be managed, 

and that transition needs to be taken gradually. The change should not happen 

overnight, but it is a process that requires time to be accepted and acknowledged. In 

their implementation efforts, this participant mentioned that when deciding on what 

software to acquire for the BIM part, they encountered many options and features that 

were great on paper. However, after analysing the skills needed to best use that specific 

software, they found that they lacked in terms of people capacity. They thought that no 

matter what the software could do, without the right people for the job, the software 

would not do any good but only cause problems. Capacity needs to be built to 

implement BIM, lean and sustainability. This situation is a similar example provided by 

FGR1, who adds to the discussion that when the first time they heard about the Last 

Planner System, they wanted to implement it right away, which they did, but the results 

were not coming because they did not communicate it properly and did not implement 

it gradually. For that reason, people in their organisation thought they were going to get 

immediate results by applying a tool that was having good results somewhere else. In 

this sense, the same respondent also added that the focus needs to be on the long run 

and expecting immediate results is not the way to measure the application. The success 

is dependable on how well the system is put in place. Obtaining good results is a 

reflection of that because it is more than acquiring a piece of software to run a couple 

of energy checks to claim sustainability points. It is also more than applying lean tools in 

a couple of projects to claim that the organisation is doing lean. This gradual and long-

term process to be successful needs a process that takes time. 

 

PBT4: Change strategy plan scores a RII of 1.0, which means that all the respondents 

agree that this factor is essential to reaching maturity in the BLS areas. The respondents 
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agree that having a strategic plan to implement change is essential to support the PBT1 

factor: business process reengineering because of the risks that the transformation may 

bring. By having a clear plan of action or framework of action as per FGR3, those risks 

can be identified, minimised, and managed accordingly. FGR1 adds that a general 

strategy, like the one provided by the government, although helpful to provide general 

implementation guidelines, should be considered for just what it is, a general approach. 

Organisations, especially SMEs, should create a plan that suits their needs and their 

needs only, according to their reality and resources, which need to be assessed before 

creating the change strategy. 

 

These arguments support the PBT5 and PBT6 factors because it is necessary to elaborate 

the change strategy plan based on the government requirements. The idea of focusing 

on continuous improvement is something that SMEs should acquire to keep their 

business sustainable and attract more projects, which is why these SMEs are moving 

away from traditional practices. PBT5: continuous improvement and PBT6: government 

initiative scored 0.7 RII and 0.65 RII, respectively. 

 

The PS1 factor implementation strategy scored a perfect 1.0 RII, meaning that all the 

respondents strongly agree that this factor is one of the key BLS aspects to reaching 

maturity in the area. In this sense, FGR4 shares that the alignment of BLS into an 

implementation strategy should be done considering a clear definition of what the 

organisation wants to accomplish, setting specific, realistic goals, and ways to use BLS in 

different stages depending on the reality of the SME. This respondent also shares that 

the exchange of information process must be mapped out so responsibilities are clear 

and everyone knows with whom they need to interact. 

 

PS2: Strategic planning and PS3: Alignment both score a 0.98 RII. The distribution of the 

responses in both items shows that everyone but one scored the item as very important 

and one as important. On the other hand, PS4: Resource allocation scored a 0.6 RII, and 

the most frequent response was a neutral option, and only one scored as important. 

According to the discussion held during this part, the alignment of BLS implementation 

to business needs and the reality of the SME is considered a key aspect. In this sense, 
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FGR5 adds that the application of BLS is important. The acquisition of technology to 

accomplish BLS goals is helpful, but technologies are only tools that allow the SME to 

deliver projects with the specifications set by the client, so in the end, the BLS 

application depends on what they want to achieve, but also on what the business can 

support and offer. FGR5 also agrees that the future requirements will make SMEs build 

better and more efficiently, so they need to be ready to align what they are offering to 

the future industry demands. FGR2 also supports this comment and identifies that in 

terms of technology and tools, the application of BLS is led by the BIM application, which 

is more urgent. The lean and sustainability features have been viewed as the positive 

impact of the successful BIM application. However, they need to be planned and aligned 

to the organisation's needs and objectives. In the current scenario, they should be the 

increase in productivity, increased quality, increased efficiency, less wasteful processes, 

and fewer environmental impacts. 

 

PS4: Resource allocation scored 0.6 RII, and the distribution of responses shows this 

aspect is considered medium importance.  

 

PC1: Culture change scored a 1.0 RII, meaning that every respondent gave it the 

maximum importance score, while PC2: Client experience in BLS scored 0.93 RII and PC3: 

early contractor involvement scored 0.70 RII.  

FGR1 briefly mentions that PC3 is seen as a positive way to reduce the inefficiency levels 

the industry is known for and supports the idea that bringing the contractor early in the 

process, seen from the contractual point of view, should be considered and reflected in 

the contract. This is because it is necessary to build trust and communication from both 

parties for this agreement to work. In this sense, FGR6 adds that bringing the contractor 

early in the process would guarantee waste reduction and sustainability, consistent with 

applying lean methods. This links to the PI3: Clear BLS policy scores 1.0 RII. The 

participant describes that a more integrated way to project delivery should be suggested 

and acquired broadly in the industry rather than the traditional lump sum method, 

which is still the current scenario. The lump-sum method does not promote 

collaboration, and it encourages individual goals and interests, which is the total 

opposite of where the industry is moving towards. FGR8 adds to this discussion that 
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moving away from this traditional project delivery and adopting more integrated 

methods should improve the current flow of information to a simpler communication 

(PI1 score of 0.88 RII) and collaboration (PI2, score of 1.0 RII) between the different 

project parties. 

 

In this sense, it is also mentioned that the client's experience in BLS is a key enabler for 

organisational adoption and acceptance of the practices because it is believed that an 

experienced client would promote these practices, incurring less unexpected changes 

with knowledge of the goals. FGR6 argues that this is a complete cultural change not 

only in the construction industry but also at the SMEs' organisational level. 

Finally, PI4 controlling and monitoring 0.68 RII. There were no major comments on this 

factor. 

  
6.2.2 Human and attitudinal factors focus group results 
 
Figure 6.2 shows the summary of the findings in the human and attitudinal category. For 

more details, the full results can be found in annex 3. 
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From figure 6.2 above, all the factors discussed are above 0.75 RII, while the current 

maturity levels are below in every factor except HA2, Awareness. 

During the focus group, the discussion in this category was quick, and the respondents 

agreed that these are all important factors.  

For example, a comment was made by FGR7 in terms of the HEX3: champion, 0.95 RII, 

who adds that a champion role in leading attitudinal and behavioural change (HA1; 0.83 

RII) is highly necessary to promote the use of BLS practices and the focus should be on 

finding someone with very good technical abilities, but most importantly with excellent 

interpersonal and soft skills to promote the implementation by engaging people (HEG1; 

0.83 RII) and stakeholders (HEG3; 0.78 RII), showing leadership attributes and by having 

people motivated (HA3; 0.85 RII). 

FGR3 adds that this person in charge of championing the process will help increase 

awareness (HA2; 0.83 RII) of the forthcoming changes, and the designation of roles 

(HA4; 0.98 RII) that people will have in the process should also be determined by this 

person. In this sense, FGR1 shares that there is a champion role in their SME, and the 

person fulfilling the role is more technical-focused. Although FGR1 agrees with FGR7 and 

FGR3 on the soft skills attributes, FGR1 thinks that sometimes more technical people are 

needed in the role, and it depends on the organisation’s goals and the clients’ 

requirements. FGR1 shares that in their SME, the focus is on adding more information 

and analysis to their models, so the people in charge of the process are more focused 

on that aspect. The key is to find someone who leads the implementation process and 

possesses technical and soft management skills who can help organisations in their 

transition. 

 

In terms of HEX1 Competencies of top staff, 0.78 RII; HEX2: Skills, 0.85 RII; HEX4: 

Understanding of the BLS concepts, 1.0 RII and HEX: Qualified staff, 0.9 RII, the 

respondents think that all of these are relevant and relate to the HED4 factor: Training, 

1.0 RII. This item has been agreed upon as one of the most important aspects to promote 

BLS practices in the construction industry in Chile. FGR5 shares that providing people 

with the right tools to perform a job is required for any implementation to be successful 

in the long run, promoting continuous improvement as long it is sustained and promoted 

by the organisation’s leadership. In applying BLS practices, the respondents share that 
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experience in the construction industry is important, but it is more important to have 

delivered projects under the BLS methodology. For that reason, FGR5 acknowledges that 

in their personal experience, the use of BIM is just starting, so the organisation, to be 

competent, needs to run full BIM projects before calling itself a BIM oriented 

organisation. The same situation can be said about lean, in which the experience is vast, 

and sustainability, in which the experiences are slightly less. FGR5 argues that people 

need to increase and develop (HED3, 075 RII) their capabilities and abilities in the BLS 

methods to guarantee that consistency. Proper training is required to increase the 

understanding levels, education (HED1, 0.75 RII) and knowledge (HED2, 0.85 RII). 

Finally, in the engagement category factors HEG1: People management, 0.83 RII; HEG2: 

People support, 0.78 RII and HEG4: Teamwork, 0.88 RII, no extra comments were made. 

 

6.2.3 Technology factors focus group results 
 
Figure 6.3 shows the summary of the findings in the technology category. For more 

details, the full results can be found in annexe 3. 
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From figure 6.3 above, all the factors discussed score above the 0.5 RII while the current 

maturity levels are below in all the factors except the TS6 factor: Design errors and TS7 

factor: less paperwork. During the focus group, the discussion in this category was again 

quick, and the respondents agreed that these are all important factors to promote BLS 

maturity. 

In the infrastructure category, TI1: Appropriate hardware, 0.85 RII; TI2: Capacity to 

implement tools, 1.0 RII; and TI3: Infrastructure, 0.80 RII are all important, scoring above 

the 0.8 RII. In this part, the capacity to implement tools from the organisation scored 

the highest RII since FGR1 argues that technology is a driver for innovation, and SMEs 

need an analysis of their capacity to implement technology that would enable them to 

achieve BLS targets. There should be an analysis of existing equipment and project the 

purchase of new technologies to support the implementation, especially the BIM part. 

In the FGR1 case, new equipment was purchased because the existing ones did not meet 

the minimum software requirements in terms of RAM and graphic card. So appropriate 

hardware (TI1, 0.85 RII) is required for such purposes. For that reason, it has been 

discussed that a policy (TP1, 1.0 RII) must include this expenditure part to support the 

transition because the systems put in place need upgrading or renewing every certain 

period. In this sense, FGR2 agrees that a good policy should be incremental because the 

change towards BLS, as discussed previously, needs to be gradual, and that needs to be 

clearly shown. Hence, everyone understands the steps that are required and include 

aspects such as hardware and software (TS1, 0.83 RII), but also it should be clearly stated 

the need for training mentioned in the previous discussion and everything related to the 

technology changes that are required to promote BLS. 

The rest of the factors in the software subcategory TS2: Interoperability, 0.93 RII, TS3: 

Tech support, 0.68 RII; TS4: Compatibility, 0.80 RII; TS5: Constructability, 0.55 RII; TS6: 

Design errors, 0.50 RII and TS7: Less paperwork, 0.40 RII, are mentioned as important 

but the factors TS5, TS6, TS7 were considered not as important as the others to establish 

organisational maturity towards BLS. The explanation came from the discussion where 

FGR4 shares that achieving maturity in constructability depends on the effective use of 

technologies that will directly impact other aspects such as efficiency in the designs that 

will lead construction SMEs to build better. Therefore, improving constructability will 

depend on how well the organisation applies BLS technologies, which comes by 
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achieving maturity in the other factors discussed. Constructability is a consequence of 

applying effective BLS. The same situation happens with reducing design errors, the 

efficiency in digitalisation and the use of less paperwork.  

The TS2: Interoperability, 0.93 RII and TS4: Compatibility, 0.80 RII factors have been 

agreed to be important because the exchange of information (TD1, 0.9 RII) needs to be 

efficient (TD2, 0.85 RII), and it is dependable on how well the technologies are being 

applied by companies in the construction industry in Chile because according to FGR3, 

most of the ones working with their SME, are still relying on the use of CAD but moving 

to the use of a popular BIM software of the same provider, so interoperability should 

not be an issue. All the participants have agreed with this statement. Finally, TD3: Data 

security, 0.98 RII and TP2: Standards, 0.90 RII were agreed as important, and no more 

comments were made on these factors. 

 

6.2.4 Management factors focus group results 
 
Figure 6.4 shows the summary of the findings in the management category. For more 

details, the full results can be found in annexe 3. 
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From figure 6.4 above, all the factors discussed score above the 0.7 RII, while the current 

maturity levels are below the proposed factors. 

The highest scores come from MD1: Leadership and MD6: Commitment to change from 

top management, scoring 1.0 RII. 

In this sense, implementation of BLS practices has been argued by FGR4 and FGR5 as a 

process in which leadership plays a vital role since the ones in charge of leading the 

implementation must be able to translate the mission and vision (MD3, 0.88 RII) from 

the organisation towards the adoption of BLS practices. The respondent also shares that 

leadership is about engaging people and motivating (MD2, 0.9 RII) them to embark upon 

the transformation process, so motivation is an aspect that depends on how well 

leadership is established.  

FGR5 argues that this long strategic vision should be emphasised over the short-term 

project vision that is currently the practice. According to the respondent, this vision 

needs to come from the top management (MD4, 0.88 RII). It needs to clearly establish 

the elements of the transformation, such as goals, purpose, and stages and where the 

SME is moving by applying BLS. The top-down approach is mentioned because the 

leadership, strategy, and decisions to promote BLS practices must come from the top-

level and align them to support business needs, plus people at the top are the ones who 

know how the business is running, the resources available, and what it needs to keep 

running, FGR5 adds. The respondents scored the top-down approach highly favourable, 

but they also considered a bottom-up approach (MD5, 0.9 RII) to promote the 

transformation process. FGR1 suggests that the bottom-up approach is also a factor to 

consider because the best way, according to their experience, to promote full 

integration is to receive feedback from the lower levels to the top on how the practices 

operate since they are the ones that will be using it on a regular basis, so the top levels 

can take more informed decisions when needed. 

The commitment from the top to change (MD6, 1.0 RII) and management support (MD8, 

0.98 RII) are connected, as discussed by the respondents. Commitment to change is 

related to the vision of where the decision-makers want to position their SME in the 

future, and the management support is because it is expected that the process takes 

some time to reach maturity. Therefore, the commitment to keep moving the business 

forward and not revert to well-known old practices will require commitment, especially 
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as FGR7 adds, when the economic impacts of the process may take some time to see 

results.  

Finally, in this subcategory, subcontractor commitment (MD9, 0.73 RII) and Flexibility 

(MD7, 0.88 RII), the respondents suggested that the organisations must be flexible to 

adapt to new requirements and the commitment from the entire construction industry, 

including subcontractors, is required to meet the requirements established by the 

government. 

 

In the transition subcategory MT2: Resistance to change, 1.0 RII and MT5: Align 

(Organisation objectives), 1.0 RII were considered very important by all the respondents, 

closely followed by MT3: Risk Management, 0.98 RII and MT1: Planning, 0.95 RII. Finally, 

MT4: Adaptability, 0.85 RII and MT6: Management of information, 0.83 RII were the last 

set of factors in this subcategory scoring above the 0.8 RII. 

 

There were no major comments in the transition category. FGR4 shared that resistance 

is overcome by having clear goals and objectives, clear communication, and assigning 

responsibilities to people, especially those identified as "resistants" or those that were 

not motivated by the changes, to make them feel part of the process. FGR1 shares that 

a risk management plan is required to assess the potential risk associated with 

implementing and adopting new processes. In addition, this transition should not bring 

any extra risks to existing projects if everything is planned and closely monitored and 

controlled. In this sense, the same respondent adds that other than technical risks 

associated with the adoption of technologies to comply with the BLS plan, the human 

and attitudinal aspects were the most important risk that could be identified. This is 

because of the new skills that need to be adopted that could detriment the 

organisation's deliverables. FGR1 shares that when adopting and promoting BIM, errors, 

omissions, and clashes still occurred even by using BIM software due to the novelty of 

the tools for staff members, causing, on some occasions, a lack of trust in the system. 
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6.2.5. Economic factors focus group results 
 
Figure 6.5 shows the summary of the findings in the economic category. For more 

details, the full results can be found in annexe 3. 

 

 
Figure 6.5 Focus group results in the economic category 

 

From figure 6.5 above, all the factors discussed score above 0.5 RII, while the current 

maturity levels are below the proposed factors. 

The most important factors in this category scoring all a 1.0 RII are EC3: Implementation 

cost; EFS1: Financial support; EFS2: Incentives; EFS3: Subsidies and EFS5: Market 

demand for BLS deliverables. The other factors are EFS4: Return on investment (ROI), 

0.80 RII; EC2: Cost reduction, 0.73 RII and EC1: Cost control, 0.70 RII. 

 

FGR3 argues that the demand for BLS requirements is increasing, especially those 

focused on BIM and sustainability. This has also been a driver for organisations to 

change their strategy to tackle how the market is moving and what it is currently 

demanding and will demand in the future. The respondents agree that the market is still 

young in the BIM and sustainability area, and it is more experienced in applying lean 

methods. They all agree that a step in the right direction would be to prepare their 

0.
70 0.

73

1.
00

1.
00

1.
00

1.
00

0.
80

1.
00

0.
68

0.
65

0.
58 0.

63 0.
65

0.
65

0.
48

0.
48

0.
63

0.
40

0.
40

0.
30

0.
20

0.
68

0.
50 0.

53

0.
50

0.
50

0.
48

0.
58

E C 1 E C 2 E C 3 E F S 1 E F S 2 E F S 3 E F S 4 E F S 5 E R 1 E R 2 E R 3 E R 4 E R 5 E R 6

ECONOMIC RII
 Factors Maturity



 157 

organisations to deal with these requirements since they foresee that more clients will 

ask to provide the use of BLS practices to some extent once they become more aware 

and mature in their use. The government strategy has helped raise awareness among 

the industry players, and for that reason, SMEs need to be prepared to deliver. During 

the discussion, the respondents made clear that most of their clients were aware of the 

use of BIM and lean; however, the sustainability awareness was low compared with the 

other two. 

 

Implementation cost was also a topic that was mentioned as an important barrier to 

adopting BLS. In this sense, the respondents shared that there is no option but to adopt 

the changes to keep participating in the market that is demanding other requirements, 

and to some extent, FGR8 shares that in their SME, they had to control costs in other 

areas to direct resources to the BLS strategy. The respondents discussed that training 

and the cost of software, and the acquisition of new hardware in some cases, were the 

most expensive areas that needed addressing. In this sense, the respondents value 

government support regarding subsidies (EFS3) to provide training. However, it is 

believed that more incentives (EFS2) are needed for organisations to commit to the 

changes fully. In this sense, it is argued that the internal incentives from the organisation 

such as payment for training courses or prizes to the members of staff that excel in the 

acquisition of knowledge can also boost the morale and encourage people to learn, but 

whatever the incentive is, it is important to make sure that people are willing and 

motivated to adopt new practices. Therefore, financial support (EFS1) is essential to 

implement BLS, considering that ROI is not immediate, as mentioned in earlier sections. 

 

The next set of factors, ER1: Increased competitive advantage; ER2: Increased value; 

ER3: Productivity improvement; ER4: Quality improvement; ER5: Resource optimisation, 

ER6: Increased economic performance scored over 0.58 RII but less than 0.7 RII, and the 

range of responses were diverse. The discussion and the consensus are that these 

factors are not important when considering evaluating SMEs' maturity and should be 

seen as benefits and a consequence of the efforts to promote the BLS adoption at the 

organisational level. This reflects that the organisation's preparedness to adopt BLS is 

more important than obtaining immediate results. Although it is important to obtain 
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short-term results, the respondents commented that how well the organisation is 

prepared to deliver those results should matter most. If it is sorted and well defined, 

good results are more likely to be obtained. 

 

6.3 Focus group summary 
 
The focus group's main points are summarised as follows: 

 

1. The factors derived from the case studies and the literature review scored 

high average values and high RII values, which means that they are significant 

and are validated by the focus group participants, with some exceptions 

explained in the next paragraph. 

2. Some factors were not considered important and were not relevant to 

assessing organisation's maturity to adopt BLS. These include TS5: 

Constructability; TS6: Design errors and TS7: Less paperwork in the 

technology category and the ER1: Increased competitive advantage; ER2: 

Increased value; ER3: Productivity improvement; ER4: Quality improvement; 

ER5: Resource optimisation, ER6: Increased economic performance factors 

in the economic category. These factors were considered benefits from 

implementing BLS but still were scored, so they are suggested to be 

discarded since they do not represent organisational maturity. 

3. In implementing BLS, the respondents think that the main driver is the BIM 

adoption that will enable lean and sustainability more easily. The preparation 

of the organisations to implement BIM is found to be similar at the 

organisational level to promote sustainability and lean. The difference is in 

the methods and tools to apply lean and sustainability, but the organisational 

strategy in terms of leadership and preparedness to promote change, as 

identified in the study, should give SMEs enough information to comply with 

the BLS industry requirements and objectives. 

4. The focus group shows that the BLS factors' maturity levels are still low, and 

the transition to adopting these practices is still a work in progress. The 

individual efforts to adopt BLS from the SMEs are valuable, but to achieve 
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the goals of the global construction industry in which SMEs are vital. 

Individual efforts are not enough if they are not sustained, which is shown in 

this study. Isolated efforts to apply BLS do not mean that those organisations 

comply with the application. 

 
6.4 Final BLS framework 
 

Based on the focus group results and the validation of the factors, the final framework 

is presented below in figure 6.6. The corrections were made and show a variation 

compared to the proposed BLS factor presented in chapter 5. As explained in the 

previous section, the main changes suggested are removing the factors that were not 

considered important in assessing maturity. 
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6.5 Summary 
 

This chapter discusses the validation of the BLS framework by engaging a focus group 

technique that analyses and discusses the findings from the previous chapters to 

present the final version of the BLS framework, which accomplished the main objective 

of this research. The discussion led to modifying the initial framework presented in 

chapter 5 to the one presented in this chapter. The factors that were not considered 

important and were not relevant to assessing organisation’s maturity to adopt BLS 

included TS5: Constructability; TS6: Design errors, and TS7: Less paperwork in the 

technology category, and the ER1: Increased competitive advantage; ER2: Increased 

value; ER3: Productivity improvement; ER4: Quality improvement; ER5: Resource 

optimisation, ER6: Increased economic performance factors in the economic category.  

The final BLS framework consists of five main categories: Processes, human and 

attitudinal, technology, management, and economic factors and a total of 69 factors are 

distributed in these categories. 

The next chapter presents the conclusions and recommendations of this study, along 

with suggestions for future research. 
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Chapter 7 Conclusions and recommendations for future work 
 

In this final chapter, the conclusions of the study are presented along with 

recommendations and suggestions for future research to enhance knowledge in the 

area and encourage future researchers to improve and apply this study to different 

contexts. The research objectives are reviewed, and the process of accomplishing those 

objectives is presented as well, along with the limitations and weaknesses of the 

adopted method. 

 

7.1 Research overview 
 

This study is developed by first carrying out a literature review to determine knowledge 

of the current issues that the Chilean construction industry faces to develop the research 

problem, aims and objectives. As explained in the introduction chapter, the Chilean 

construction industry faces many challenges, and it has established a report whose goals 

are to reduce the inefficiencies levels it is known for. BIM, lean, and sustainability have 

been identified as a solution to increase productivity levels and comply with the global 

construction industry requirements of a more digitalised, sustainable, and efficient 

industry. The gap found is that no current maturity frameworks promote the use of BIM, 

lean and sustainability in conjunction applied to the organisational levels in SMEs. This 

problem led to the development of the research aim and objectives applied to 

contractors’ SMEs in Chile to narrow down the scope of this study. The development of 

the objectives is derived from this initial literature review and are presented as follows: 

1. Critically review the concept of BIM, lean, and sustainability in the existing 

literature, focusing on their concepts, synergies and linkage, requirements usage 

and success factors. 

2. Critically review existing maturity frameworks to understand their concepts, 

usage, and components. 

3. Explore the BLS implementation efforts in SMEs in Chile. 

4. Identify the maturity factors to enable BLS implementation. 
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5. Develop a conceptual framework derived from the results derived from objective 

4. 

6. Validate and refine the conceptual framework from objective 5 to establish the 

organisational maturity BLS framework. 

After that process, a second stage of the literature review was undertaken to detail and 

further justify the topic's selection. It also assisted in developing the theoretical BLS 

framework. The context of the literature review was first set in the specific Chilean case 

to understand and learn the topics from that perspective. Later, the review moved to a 

wider approach to learn from the broader available literature on the topics to answer 

specific objective one and the literature review on maturity models and readiness 

assessment to propose the theoretical framework and answer the specific objective 

two. The purpose of reviewing maturity and readiness assessment models was to 

explore existing attempts from researchers and to be able to identify the areas that the 

BLS framework could develop. The process led to identifying factors by clearly 

understanding the areas that needed exploring. This step helped identify five categories 

and clarified the employed research methodology. 

 

A literature review was again undertaken to determine and justify the most suitable way 

to develop this study in the research methodology. A qualitative approach is established 

given the nature of the study, which involves using case studies as a data collection 

strategy. The research methodology in full can be seen in figure 1.1 in chapter 1. The 

unit of analysis for the case studies was top and middle managers due to the aim of the 

BLS framework to be developed and implemented at the organisational level. In this 

research, three different SMEs took part in the study, identified as SME1, SME2, and 

SME3. Three different members for each SME were identified, so the total number of 

people who participated was nine. This process was done to provide answers to specific 

objectives three and four, where the current implementation efforts regarding BLS were 

explored, and the factors that enable maturity towards BLS at the organisational level 

were determined. This process was done by using a semi-structured interview 

technique. The data analysis was done by transcribing the recorded ones and taking 

notes on the ones that were not. Content analysis was performed to find patterns that 



 164 

were put into the tables presented in chapter 5. Once that process was finished, a 

literature review was carried out to justify the answers provided by the respondents and 

to make sense of their responses with support of the existing literature, which allowed 

the researcher to propose the BLS conceptual framework shown at the end of chapter 

5. The number of identified factors was 78, put into different categories, pending 

validation. Validation of these findings was by carrying out a focus group technique in 

which the participants gave their views on the framework and provided scores on the 

factors found in the case studies. In this opportunity, the respondents provided the level 

of importance to the factors ranging from 1, lowest importance to 5, highest importance 

level, and provided answers to the current level of maturity regarding these aspects. The 

answers were analysed using the relative importance index (RII). In the discussion, there 

was agreement that some of the factors were not important to determine maturity, so 

in the end, the recommendation was to discard them. Finally, the final version of the 

BLS framework is presented, consisting of 68 factors. 

 

7.2 Conclusions of main findings 
 
The aim of this study is to develop an organisational maturity framework to assess BIM, 

lean, and sustainability (BLS) implementation in construction SMEs in Chile. To achieve 

this aim, six specific objectives were determined, which are concluded as follows: 

 

Objective 1: Critically review the concept of BIM, lean, and sustainability in the existing 

literature, focusing on their concepts, synergies, and linkage. 

 

This objective was discussed in chapter 2 of the literature review. The Chilean 

government has suggested BIM, lean, and the focus on sustainability as approaches to 

improve the efficiency of the construction industry. The government has set a report 

including these initiatives as suggestions for organisations to comply with the 

established requirements. However, there are no frameworks, guidelines, or 

approaches on how to apply them in conjunction. In addition, the literature suggests 

that these three approaches are synergistic and can be integrated to promote 

improvements. However, there are no frameworks promoting integration. The 
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literature search also suggests that the application of these initiatives fails because they 

are not well immersed in the organisation and have been used mainly in projects, 

bringing benefits but not sustained through time. For that reason, the proposal of 

establishing maturity at the organisational level because it is thought that once they are 

integrated at this level and once maturity is reached, the full benefits can be reached. 

Studies in the literature show that SMEs are neglected in this aspect, and the focus is 

usually on big companies with resources to carry out implementation efforts. For that 

reason, the proposal of studying SMEs is also suggested. 

 

Objective 2: Critically review existing maturity frameworks to understand their 

concepts, usage, and components. 

 

In chapter 2, different maturity frameworks were presented to understand their usage 

and to take inspiration to build the BLS framework. Twenty-three models were 

reviewed, focusing on different aspects, not necessarily BLS focused, to learn from a 

successful application. Common features could be established from this process, which 

allowed the development of the components that needed to be explored. In this part, 

the theoretical composition of the BLS framework was derived from analysing literature 

on existing maturity frameworks to have a foundation on what to consider when 

populating the BLS framework. The data from the case studies served as the basis of the 

elements considered in the BLS framework. Therefore, the literature review on existent 

maturity models was done to develop the aspects that needed exploring applied to 

SMEs in Chile, and the factors were derived from the results of the case studies. 

This part is done to assess the gap organisations may have in implementing BLS in terms 

of maturity. The idea is that organisations can assess their gaps towards BLS-oriented 

objectives and put their efforts into improving the gaps found, promoting continuous 

improvement, and understanding the implementation requirements needed, which for 

this research are the factors found in the case studies. 

 

Objective 3: Explore the BLS implementation efforts in SMEs in Chile 

This objective was explored in chapter 4, where the current level of BLS implementation 

was assessed for each SME. SME1 has applied lean in their projects with different levels 
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of success, but mostly with positive results, and they have recently appointed a BIM 

specialist to carry out the BIM implementation process. SME2 has delivered a project 

with BIM protocols, and the use of lean is extensive, with different levels of success in 

their projects. The organisation is fully committed to the sustainability theme and has 

developed a plan to follow the strategy set out by the Chilean government. Finally, SME3 

is transitioning towards the adoption of BIM. In the case of lean, they have applied it in 

the past in a couple of projects, but it is not mandatory. Sustainability is a priority, and 

they are developing plans to deliver more projects with these characteristics. 

SME2 is the most advanced in terms of BIM application since they have piloted one 

project, while SME1 is in the process of implementing BIM, and SME3 is starting to 

transition towards its adoption but at very early stages. In the case of lean, the three 

SMEs have applied lean tools in their projects with different levels of success and with 

no consistency in their application. Finally, the sustainability requirement is something 

that the SMEs value, but only initial and very early days plans are in consideration. 

Objective 4: Identify the maturity factors to enable BLS implementation. 

This objective was accomplished by obtaining from the case studies the factors 

identified by the respondents of each SME. The discussion of these results is found in 

chapter 5. Table 7.1, shown below provides the summary of the factors and their 

respective categories. 

 
Table 7.1 Summary of the factors and their respective categories. 

Category Factors SME1 SME2 SME3 

Process Alignment to strategy ✔✔ ✔✔ ✔ 

Business process reengineering ✔✔✔ ✔✔

✔ 

✔✔

✔ 

Change strategy plan ✔✔ ✔✔ ✔ 

Clear BLS policy ✔✔ ✔✔ ✔✔ 

Client experience in BLS ⎯ ✔✔ ⎯ 

Collaboration ✔✔ ✔✔ ✔✔ 

Communication ✔✔✔ ✔✔ ✔✔ 
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Continuous improvement ⎯ ✔ ✔ 

Controlling and monitoring ✔ ✔ ⎯ 

Culture change ✔✔ ✔✔ ✔ 

Early contractor involvement ✔ ✔ ✔ 

Focus on long run ✔✔ ✔✔ ✔✔

✔ 

Government initiative ✔ ✔✔ ✔✔ 

Gradual change ✔ ✔ ⎯ 

Implementation strategy ✔ ✔✔ ✔ 

Optimise resource allocation ✔ ✔ ✔ 

Strategic planning ✔ ⎯ ✔ 

Human and 

attitudinal 

Attitudes and behaviours ✔✔ ✔✔ ✔✔

✔ 

Awareness ✔ ✔ ✔ 

Champion ✔ ⎯ ✔✔ 

Competencies of top staff ✔ ✔✔ ✔✔ 

Development ✔ ⎯ ⎯ 

Education ✔ ✔✔ ✔✔ 

Knowledge ✔ ✔✔ ⎯ 

Motivation ⎯ ✔✔ ✔ 

People management ⎯ ⎯ ✔✔ 

Qualified staff ✔✔✔ ✔✔

✔ 

✔✔

✔ 

Roles ✔✔ ✔ ✔✔ 

Skills ✔✔ ✔ ✔ 

People support ✔ ✔ ⎯ 

Stakeholder engagement ✔✔ ✔✔

✔ 

✔ 
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Teamwork ✔✔ ✔✔ ⎯ 

Training ✔✔ ✔ ✔ 

Understanding of the BLS concepts ✔✔ ✔✔ ✔✔

✔ 

Technology Appropriate exchange of 

information 

✔✔ ✔ ✔✔ 

Appropriate hardware ✔✔✔ ✔✔

✔ 

✔✔

✔ 

Appropriate software ✔✔ ✔✔

✔ 

✔✔ 

Capacity to implement tools ✔✔ ✔✔ ✔✔ 

Compatibility ⎯ ✔✔ ✔ 

Constructability ✔ ✔ ✔ 

Data security ✔✔ ✔✔ ✔✔ 

Design errors ✔ ✔✔ ✔✔ 

Efficiency ✔ ✔✔ ✔ 

Infrastructure ✔ ✔ ✔ 

Interoperability ✔ ✔ ✔ 

Less paperwork ⎯ ✔ ✔ 

Policy ✔ ✔✔ ✔✔ 

Tech support ✔✔ ✔✔ ✔✔

✔ 

Standards ✔✔ ✔ ✔ 

Management Adaptability ✔ ⎯ ✔✔ 

Align (Organisation objectives) ✔ ✔✔ ✔✔ 

Management of information ✔✔ ✔ ✔✔ 

Bottom up approach ✔ ✔✔ ✔✔ 

Commitment to change from top 

management 

✔ ✔✔ ✔✔ 
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Flexibility ✔ ✔ ✔✔ 

Leadership ✔✔✔ ✔✔

✔ 

✔✔

✔ 

Management support ✔ ✔ ✔ 

Motivation ✔✔ ✔✔ ✔✔ 

Planning ✔ ✔ ✔ 

Resistance to change ✔✔✔ ✔✔

✔ 

✔✔ 

Risk Management ✔✔ ✔✔ ✔ 

Subcontractors commitment ✔ ✔ ✔✔ 

Top down approach ✔✔ ✔✔ ✔✔ 

Vision ✔ ✔ ✔ 

Economic Increased competitive advantage ✔✔ ✔✔

✔ 

✔ 

Cost control ✔ ✔✔ ✔ 

Cost reduction ✔✔ ✔ ✔ 

Financial support ✔✔ ✔✔ ✔✔ 

Implementation cost ✔✔✔ ✔✔ ✔✔

✔ 

Incentives ✔✔ ✔✔ ✔✔ 

Increased economic performance ✔ ✔✔ ✔ 

Increased value ✔✔ ✔ ✔ 

Market demand for BLS deliverables ✔✔✔ ✔✔

✔ 

✔✔

✔ 

Productivity improvement ✔✔ ✔✔ ✔✔ 

Quality improvement ✔✔ ✔✔

✔ 

✔✔ 

Resource optimisation ✔✔ ✔✔ ✔✔ 



 170 

Return on investment (ROI) ✔✔ ✔✔ ✔✔

✔ 

Subsidies ✔✔ ✔✔ ✔✔ 

 

Objective 5: Develop a conceptual framework derived from the results from objective 4. 

This objective is accomplished by cross analysing the contents of objectives 3 and 4. The 

factor found were discussed in chapter 5 to understand their implications and to further 

justify them with the current literature. After cross analysing the data from the 

interviews, patterns were found, which are reflected in table 7.1 above. The conceptual 

framework with the data from the case studies is presented in figure 7.1 below. 

 

BLS framework 
  Subcategory Code Factors 

Pr
oc

es
s (

P)
 

Business 
transformation 

(BT) 

PBT1 Business process reengineering 
PBT2 Gradual change 
PBT3 Focus on long run 
PBT4 Change strategy plan 
PBT5 Continuous improvement 
PBT6 Government initiative 

Strategy (S) 

PS1 Implementation strategy 
PS2 Strategic planning 
PS3 Alignment 
PS4 Resource allocation 

Culture (C) 
PC1 Culture change 
PC2 Client experience in BLS 
PC3 Early contractor involvement 

Information (I) 

PI1 Communication 
PI2 Collaboration 
PI3 Clear BLS policy 
PI4 Controlling and monitoring 

Hu
m

an
 a

nd
 

at
tit

ud
in

al
 

(H
) 

Expertise (EX) 

HEX1 Competencies of top staff 
HEX2 Skills 
HEX3 Champion 
HEX4 Understanding of the BLS concepts 
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HEX5 Qualified staff 

Education (ED) 

HED1 Education 
HED2 Knowledge 
HED3 Development 
HED4 Training 

Attitudes (A) 

HA1 Attitudes and behaviours 
HA2 Awareness 
HA3 Motivation 
HA4 Roles 

Engagement (EG) 

HEG1 People management 
HEG2 People support 
HEG3 Stakeholder engagement 
HEG4 Teamwork 

Te
ch

no
lo

gy
 (T

) 

Infrastructure (I) 
TI1 Appropriate hardware 
TI2 Capacity to implement tools 
TI3 Infrastructure 

Software (S) 

TS1 Appropriate software 
TS2 Interoperability 
TS3 Tech support 
TS4 Compatibility 
TS5 Constructability 
TS6 Design errors 
TS7 Less paperwork 

Data (D) 
TD1 Appropriate exchange of information 
TD2 Efficiency 
TD3 Data security 

Protocols (P) 
TP1 Policy 
TP2 Standards 

M
an

ag
em

en
t (

M
)  Direction (D) 

MD1 Leadership 
MD2 Motivation 
MD3 Vision 
MD4 Top down approach 
MD5 Bottom up approach 
MD6 Commitment to change from top management 
MD7 Flexibility 
MD8 Management support 
MD9 Subcontractors commitment 

Transition (T) 

MT1 Planning 
MT2 Resistance to change 
MT3 Risk Management 
MT4 Adaptability 
MT5 Align (Organisation objectives) 
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MT6 Management of information 

Ec
on

om
ic

 (E
) 

Cost (C) 
EC1 Cost control 
EC2 Cost reduction 
EC3 Implementation cost 

Financial strategy 
(FS) 

EFS1 Financial support 
EFS2 Incentives 
EFS3 Subsidies 
EFS4 Return on investment (ROI) 
EFS5 Market demand for BLS deliverables 

Returns (R) 

ER1 Increased competitive advantage 
ER2 Increased value 
ER3 Productivity improvement 
ER4 Quality improvement 
ER5 Resource optimisation 
ER6 Increased economic performance 

Figure 7.1 BLS framework version 1 

 

Objective 6: Validate and refine the conceptual framework from objective 5 to establish 

the organisational maturity BLS framework. 

Chapter 6 discusses the results of the framework validation resulting from the focus 

group, which had 8 participants. The factors were validated and considered important 

on average. Suggestions were made to remove some of the factors found in the case 

studies because they were found to be not relevant to assessing maturity towards BLS 

implementation. These factors include TS5: Constructability; TS6: Design errors, and 

TS7: Less paperwork in the technology category, and the ER1: Increased competitive 

advantage; ER2: Increased value; ER3: Productivity improvement; ER4: Quality 

improvement; ER5: Resource optimisation, ER6: Increased economic performance 

factors in the economic category. Therefore, after this focus group, the final BLS is 

presented in figure 7.2. 

The BLS framework presented is an organisational framework thought to be used by 

SMEs to assess their implementation efforts and become a BLS oriented organisation. 

The framework comprises five main categories and sixteen subcategories where the 

factors are organised accordingly. The factors are aspects that SMEs should consider to 

become a BLS mature organisation, increase their capability by comparing their current 

status and determine the gap so informed decisions and actions can be taken to reduce 
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it. These actions include interviews, observations, etc., and other methods that the 

organisation deem necessary to obtain information. 

 
7.3 Limitations 
 
In developing this research, the following limitations were encountered. 

 

- Lack of literature focusing on the Chilean context. The information is limited to 

current industry reports and some papers published by Chilean authors 

regarding isolated topics about the subject under study. This research 

contributes to that aspect by enhancing the literature focused on the Chilean 

industry. 

- Although the literature, as presented in the methodology chapter, suggests that 

3 cases studies are a good number, this research has that limitation. More SMEs 



 
Figure 7.2 Final BLS framework 
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- would have been ideal, but time constraints and the scope of this research 

focused on BIM, lean, and sustainability was also an issue because the selected 

SMEs had to fulfil that requirement. Although a number higher than 3 SMEs were 

identified, the ones selected were the ones that in the end, were willing to 

participate in this study. 

- The factors were identified by people who are knowledgeable in the areas and 

are showing interest in developing and moving their organisation practices 

towards these topics, so the factors found and shown in chapter 5 reflect their 

current experiences. This shows that the industry lacks experts in the area, and 

it isn’t easy to find people experiencing a full BLS journey. Therefore, the results 

and application to other SMEs may not be as general as intended, and the 

assessment of factors may vary from organisation to organisation. However, the 

factors found and presented in this research are applicable to other SMEs and 

promote a very good initial idea to assess maturity. 

- Time and financial constraints were found, and the negative effect of the COVID-

19 situation has also impacted this research and was one of the impediments to 

finding more people due to lockdown and mobility restrictions.  

- Lack of awareness and knowledge of the topics was also a negative factor that 

impacted the number of SMEs that could participate in this research. 

- As mentioned before, the focus group method found difficulties finding suitable 

respondents due to the lack of experts. The coordination of available dates that 

could suit everyone was also an issue that limited the focus group to 8 

respondents. 

- In the focus group, the time spent on the topics was not the same for each 

category. For example, in the process category, more time was spent in the 

discussion while the time spent in the other categories was less in comparison, 

so the researcher had to rely on the scores when no qualitative data was given. 

Although it was attempted to allocate the same amount of time to each 

category, the discussion inevitably led to something different. In addition, a 

couple of respondents were more dominant than the others and, on a few 

occasions, led the discussion, while the others were more passive. 



 176 

7.4 Contributions to knowledge 
 
The novelty of this study is the development of the BLS organisational framework to 

allow SMEs to assess their maturity towards BLS adoption and thus, comply with the 

industry's requirements. In addition, this study enhances the knowledge of the required 

factors to reach maturity in the BIM, lean and sustainability integration areas. The 

literature says that these aspects are synergistic and work better when integrated but 

with no current frameworks on how to do so at this level. For that reason, the BLS is 

proposed to fill that gap. The context, however, is limited to the Chilean sector but with 

exciting prospects that someone could pick up on this study to apply it in their own 

context and other organisations. 

In addition, this study presents the issues necessary to assess when developing a BLS 

adoption strategy from the contractor's perspective. In this sense, SMEs in this category, 

policymakers, and the government can use this framework and the issues covered to 

identify areas that need further development and included in the government strategy 

in Chile and would allow them to understand the key areas that need addressing when 

proposing changes. Current maturity can also be established in SMEs to give a clear 

picture of how the industry is moving towards achieving objectives and requirements. 

Roadmaps can be established to form a clear path on how to accomplish the industry's 

targets. 

 
7.5 Recommendations for future research 
 
Recommendations for future work are provided to improve the BLS framework and 

validate it worldwide in the broader construction industries. A global framework would 

be an exciting proposition. This research's scope can be broadened to include other 

construction industry stakeholders, including design consultants and owners. In 

addition, this study was developed by involving three case studies and a focus group 

including eight respondents. Therefore, to refine and generalise the results, a wider 

audience can be included by administering a survey to obtain more views on the subject 

by using the factors found in this research as a baseline. 
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A further exploration area would be to use the factors to quantify their use and their 

importance in achieving BLS targets so that more research areas can be derived from 

this approach. 

 

BIM, lean and sustainability integration is a new area that needs more research to 

expand its use in theory and practice. This research was proposed at the strategic 

organisational level, so further research may be focused on other areas such as how BLS 

work when applied in projects and how its application can be quantified to measure the 

construction industry targets of increasing effectiveness, productivity, and the reduction 

of environmental impacts. 

 

In addition, the BLS framework is expected to be handed to SMEs aiming to promote 

BLS practices in their organisations. The next step is to use government contacts to help 

deliver this framework to as many SMEs as possible. Given that the Chilean construction 

industry aims to improve efficiency and sustainability by promoting BLS practices, the 

logical step would be diffusion which can be done by engaging official government 

institutions and through academic publications. Before the submission of this thesis, two 

papers have been published related to this subject (See annexe 4). The BLS framework 

shown in this research is derived from the experiences of a selected organisation 

sample, and the idea is to collect more information to feed the framework further by 

using surveys to increase the target population. This exciting scenario could help the BLS 

framework identified in this study become an official framework for organisations led 

by the government. 
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Annexes. 
Annexe 1: Interview questions 
 
SME background: 
 
What kind of business does your organisation perform? 
 
What is the organisation main sector? 
 
What is the number of employees in your organisation? 
 
What are your organisation experience years? 
 
 
Current BLS implementation 
 
Is your company currently using any BIM software? If yes, which one? 
 
Is your company currently using any lean software? If yes, which one? 
 
Is your company currently using any software to perform sustainability tasks? If yes, 
which one? 
 
What is the reason behind purchasing software? 
 
What is the current state of BIM, lean, and sustainability use/application in your 
organisation? To what extent BLS have been applied to your SME? 
 
What is the purpose of your organisation with BLS implementation? 
 
What are the challenges in implementing BLS? 
 
How is the organisation in terms of staff? Does your SME have the staff to implement 
BLS practices? 
 
 
Process: 
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What are the requirements to change the current organisation way of working towards 
a BLS oriented organisation? 
 
In the application of BLS practices, does the organisation have/needs to change their 
processes? If yes, how? 
 
Is there a target to implement BLS practices?  
 
In terms of the application of BIM, what is the aim of its use? Clash detection, quantity 
take off, etc? 
 
What are the transformation challenges for your SME when implementing/applying BLS 
practices?  What is the response to them? 
 
What are the BLS implementation requirements you think are needed to successfully 
transform your organisation’s way of working towards a BLS oriented SME? 
 
Has your organisation developed an implementation plan? What are the considerations 
in developing that plan and has it been put in practice? 
 
Are there monitoring procedures when implementing BLS? 
 
How having resources impact the implementation of BLS? 
 
 
Human and attitudinal: 
 
Does your SME have the skills capacity in your staff to transition to a BLS oriented 
organisation?  
 
What type of skills are required from people to support the implementation? 
 
What are the roles and responsibilities related to the implementation?  
 
Do you think that having clear roles and responsibilities is important in the 
implementation? 
 
What are the aspects required to develop skills in your organisation members? 
 
Is there a strategy in your SME aiming to increase your staff skills? 
 
 
 
Technological aspects: 
 
How has the implementation transformed your SME in terms of acquisition of new 
technology (Software, hardware, infrastructure)? 
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What are the software requirements of your SME in terms of BLS adoption? Did your 
SME have to upgrade?  
 
Are there any technical difficulties in implementing technology for BLS adoption? 
 
In BIM terms, did your SME assess software requirements in terms of interoperability, 
compatibility etc? 
 
What aspects are important when selecting the appropriate software for your 
organisation?  
 
What aspects are important when managing the use of software for your organisation?  
 
 
Management: 
 
What are the requirements to support the BLS implementation in terms of strategy? 
 
How does your organisation deal with stakeholders who are not ready for a BLS 
transition? is your organisation aware of the steps to take to respond to this issue? 
 
Do your clients support the idea of moving towards BLS practices? 
 
What are the skills/competences that are required from the management to support 
the implementation of BLS? 
 
What aspects are the ones that are relevant when managing risks derived from 
implementing BLS? 
 
How important is the support of top management to commit to a BLS oriented 
organisation? How does it translate from vision to actions? 
 
 
Economic aspects: 
 
What are the economic benefits of the BLS implementation? 
 
What are the economic considerations associated with the implementation of BLS? 
 
Are you aware of the financial support schemes that are available for SMEs? Do you 
think that financial support available is enough? 
 
What does your SME expect from the government initiative of promoting the use of BLS 
in terms of economic returns? 
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Is the economic aspect the most important to your SME when considering the 
application/implementation of BLS practices?  
 
 
 
 
 
 
END OF QUESTIONS 
Annexe 2: Focus Group questionnaire 
 
Section 1: Details 
 
Please provide the following details: 

Respondent: 
Background: 
BIM experience: 
Lean Experience: 
Sustainability experience: 
Organisation type: 
Number of employees: 

 
 
Section 2: BLS Framework scores. 
 
Please rate the presented factors according to the level of importance as shown: 
1: No importance whatsoever; 2: Little importance; 3: Neutral; 4: Important: 5: Very 
important 
 
 
For the maturity assessment please refer to the table provided



 
 

BLS organisational maturity framework Importance Maturity 
Category Subcategory Code Factors 1 2 3 4 5 1 2 3 4 5 

Pr
oc

es
s (

P)
 

Business 
transformation 
(BT) 

PBT1 Business process 
reengineering 

                    

PBT2 Gradual change                     
PBT3 Focus on long run                     
PBT4 Change strategy plan                     
PBT5 Continuous improvement                     
PBT6 Government initiative                     

Strategy (S) PS1 Implementation strategy                     
PS2 Strategic planning                     
PS3 Alignment                     
PS4 Resource allocation                     

Culture (C) PC1 Culture change                     
PC2 Client experience in BLS                     
PC3 Early contractor 

involvement 
                    

Information (I) PI1 Communication                     
PI2 Collaboration                     
PI3 Clear BLS policy                     
PI4 Controlling and 

monitoring 
                    

Hu
m

an
 a

nd
 a

tt
itu

di
na

l (
H)

 

Expertise (EX) HEX1 Competencies of top staff                     
HEX2 Skills                     
HEX3 Champion                     
HEX4 Understanding of the BLS 

concepts 
                    

HEX5 Qualified staff                     
Education (ED) HED

1 
Education                     

HED
2 

Knowledge                     

HED
3 

Development                     

HED
4 

Training                     

Attitudes (A) HA1 Attitudes and behaviours                     
HA2 Awareness                     
HA3 Motivation                     
HA4 Roles                     

Engagement 
(EG) 

HEG
1 

People management                     

HEG
2 

People support                     
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HEG
3 

Stakeholder engagement                     

HEG
4 

Teamwork                     
Te

ch
no

lo
gy

 (T
) 

Infrastructure 
(I) 

TI1 Appropriate hardware                     
TI2 Capacity to implement 

tools 
                    

TI3 Infrastructure                     
Software (S) TS1 Appropriate software                     

TS2 Interoperability                     
TS3 Tech support                     
TS4 Compatibility                     
TS5 Constructability                     
TS6 Design errors                     
TS7 Less paperwork                     

Data (D) TD1 Appropriate exchange of 
information 

                    

TD2 Efficiency                     
TD3 Data security                     

Protocols (P) TP1 Policy                     
TP2 Standards                     

M
an

ag
em

en
t (

M
)  

Direction (D) MD1 Leadership                     
MD2 Motivation                     
MD3 Vision                     
MD4 Top down approach                     
MD5 Bottom up approach                     
MD6 Commitment to change 

from top management 
                    

MD7 Flexibility                     
MD8 Management support                     
MD9 Subcontractors 

commitment 
                    

Transition (T) MT1 Planning                     
MT2 Resistance to change                     
MT3 Risk Management                     
MT4 Adaptability                     
MT5 Align (Organisation 

objectives) 
                    

MT6 Management of 
information 

                    

Ec
on

om
ic

 (E
) 

Cost (C) EC1 Cost control                     
EC2 Cost reduction                     
EC3 Implementation cost                     

Financial 
strategy (FS) 

EFS1 Financial support                     
EFS2 Incentives                     
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EFS3 Subsidies                     
EFS4 Return on investment 

(ROI) 
                    

EFS5 Market demand for BLS 
deliverables 

                    

Returns (R) ER1 Increased competitive 
advantage 

                    

ER2 Increased value                     
ER3 Productivity improvement                     
ER4 Quality improvement                     
ER5 Resource optimisation                     
ER6 Increased economic 

performance 
                    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
End of questions 
 



 

Annexe 3: Distribution of responses focus group 
 
 

BLS organisational maturity framework Factors importance Current maturity  Factors Maturity 

Category Subcategory Code Factors R1 R2 R3 R4 R5 R6 R7 R8 R1 R2 R3 R4 R5 R6 R7 R8 Avg RII Avg RII 

Pr
oc

es
s (

P)
 

Business 

transformation 

(BT) 

PBT1 Business process 

reengineering 

4 4 5 5 4 5 5 5 3 4 3 3 3 4 3 4 4.63 0.93 3.38 0.68 

PBT2 Gradual change 4 3 5 4 4 5 5 5 4 4 4 4 4 4 4 4 4.38 0.88 4.00 0.80 

PBT3 Focus on long run 5 5 5 4 5 5 5 5 3 4 3 3 4 3 3 4 4.88 0.98 3.38 0.68 

PBT4 Change strategy plan 5 5 5 5 5 5 5 5 3 4 3 3 3 4 3 3 5.00 1.00 3.25 0.65 

PBT5 Continuous 

improvement 

3 3 4 4 3 4 4 3 2 3 3 2 2 4 2 3 3.50 0.70 2.63 0.53 

PBT6 Government initiative 3 4 3 4 3 3 3 3 3 4 2 2 2 4 3 4 3.25 0.65 3.00 0.60 

Strategy (S) PS1 Implementation 

strategy 

5 5 5 5 5 5 5 5 3 4 3 3 3 4 3 3 5.00 1.00 3.25 0.65 

PS2 Strategic planning 5 5 4 5 5 5 5 5 3 4 3 3 3 4 2 4 4.88 0.98 3.25 0.65 

PS3 Alignment 5 5 5 5 5 5 5 4 4 5 3 3 3 5 3 5 4.88 0.98 3.88 0.78 

PS4 Resource allocation 2 3 3 3 4 3 3 3 3 4 3 3 2 4 3 4 3.00 0.60 3.25 0.65 

Culture (C) PC1 Culture change 5 5 5 5 5 5 5 5 3 4 3 3 2 4 3 4 5.00 1.00 3.25 0.65 

PC2 Client experience in 

BLS 

4 4 5 5 5 4 5 5 2 2 1 1 2 3 2 3 4.63 0.93 2.00 0.40 

PC3 Early contractor 

involvement 

3 4 3 4 3 4 3 4 1 2 1 1 1 2 1 1 3.50 0.70 1.25 0.25 
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Information (I) PI1 Communication 5 5 5 4 4 4 4 4 3 3 3 3 3 2 3 4 4.38 0.88 3.00 0.60 

PI2 Collaboration 5 5 5 5 5 5 5 5 2 3 2 2 2 3 2 3 5.00 1.00 2.38 0.48 

PI3 Clear BLS policy 5 5 5 5 5 5 5 5 3 4 3 3 3 4 3 4 5.00 1.00 3.38 0.68 

PI4 Controlling and 

monitoring 

2 3 3 3 3 4 4 5 3 3 3 3 3 4 3 4 3.38 0.68 3.25 0.65 

Hu
m

an
 a

nd
 a

tt
itu

di
na

l (
H)

 

Expertise (EX) HEX1 Competencies of top 

staff 

4 4 3 4 4 4 4 4 4 4 3 4 4 4 3 4 3.88 0.78 3.75 0.75 

HEX2 Skills 4 5 4 4 4 4 5 4 2 3 2 2 2 3 2 4 4.25 0.85 2.50 0.50 

HEX3 Champion 5 4 5 5 4 5 5 5 1 5 1 1 1 5 1 5 4.75 0.95 2.50 0.50 

HEX4 Understanding of the 

BLS concepts 

5 5 5 5 5 5 5 5 3 4 3 4 4 3 3 4 5.00 1.00 3.50 0.70 

HEX5 Qualified staff 5 5 4 4 4 5 4 5 4 4 3 3 2 3 2 4 4.50 0.90 3.13 0.63 

Education (ED) HED1 Education 5 3 3 3 4 4 4 4 3 3 3 3 3 3 3 4 3.75 0.75 3.13 0.63 

HED2 Knowledge 4 4 5 3 4 4 5 5 3 4 3 4 4 3 3 4 4.25 0.85 3.50 0.70 

HED3 Development 4 3 4 3 4 3 5 4 3 4 3 3 3 3 3 4 3.75 0.75 3.25 0.65 

HED4 Training 5 5 5 5 5 5 5 5 2 5 2 3 2 4 3 5 5.00 1.00 3.25 0.65 

Attitudes (A) HA1 Attitudes and 

behaviours 

3 4 4 4 5 4 4 5 3 4 3 3 3 4 3 4 4.13 0.83 3.38 0.68 

HA2 Awareness 4 4 4 4 4 4 5 4 4 5 4 4 4 4 4 5 4.13 0.83 4.25 0.85 

HA3 Motivation 3 5 4 4 5 4 5 4 3 4 3 3 3 3 3 4 4.25 0.85 3.25 0.65 

HA4 Roles 4 5 5 5 5 5 5 5 3 4 2 3 2 4 3 4 4.88 0.98 3.13 0.63 

Engagement 

(EG) 

HEG1 People management 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4.13 0.83 4.00 0.80 

HEG2 People support 3 4 4 4 4 4 4 4 3 4 3 3 3 4 3 4 3.88 0.78 3.38 0.68 

HEG3 Stakeholder 

engagement 

3 3 4 4 5 4 4 4 2 3 2 2 3 4 3 4 3.88 0.78 2.88 0.58 
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HEG4 Teamwork 4 4 4 4 5 5 5 4 4 4 3 3 3 4 4 4 4.38 0.88 3.63 0.73 

Te
ch

no
lo

gy
 (T

) 
Infrastructure 

(I) 

TI1 Appropriate 

hardware 

5 4 4 4 5 4 4 4 3 5 3 2 2 5 4 4 4.25 0.85 3.50 0.70 

TI2 Capacity to 

implement tools 

5 5 5 5 5 5 5 5 3 5 3 2 2 5 4 4 5.00 1.00 3.50 0.70 

TI3 Infrastructure 5 4 3 4 3 4 5 4 3 4 4 2 3 4 3 4 4.00 0.80 3.38 0.68 

Software (S) TS1 Appropriate software 4 4 4 4 4 5 4 4 3 5 3 3 2 5 4 4 4.13 0.83 3.63 0.73 

TS2 Interoperability 4 4 5 4 5 5 5 5 2 3 2 2 2 3 2 3 4.63 0.93 2.38 0.48 

TS3 Tech support 3 4 4 3 2 3 4 4 2 3 2 2 2 3 2 3 3.38 0.68 2.38 0.48 

TS4 Compatibility 4 4 5 3 3 3 5 5 3 3 3 3 3 3 3 3 4.00 0.80 3.00 0.60 

TS5 Constructability 2 2 4 3 2 3 3 3 2 2 2 2 2 2 2 2 2.75 0.55 2.00 0.40 

TS6 Design errors 2 3 3 3 2 3 2 2 3 3 3 3 3 3 3 3 2.50 0.50 3.00 0.60 

TS7 Less paperwork 2 2 3 3 1 1 2 2 3 3 3 3 3 3 3 3 2.00 0.40 3.00 0.60 

Data (D) TD1 Appropriate exchange 

of information 

5 4 4 4 5 4 5 5 3 4 2 3 3 4 3 4 4.50 0.90 3.25 0.65 

TD2 Efficiency 3 5 4 4 4 4 5 5 2 3 2 2 3 3 2 3 4.25 0.85 2.50 0.50 

TD3 Data security 5 5 5 4 5 5 5 5 2 3 2 2 3 3 2 3 4.88 0.98 2.50 0.50 

Protocols (P) TP1 Policy 5 5 5 5 5 5 5 5 3 4 3 3 3 4 3 4 5.00 1.00 3.38 0.68 

TP2 Standards 4 4 4 5 4 5 5 5 3 3 3 3 3 3 3 3 4.50 0.90 3.00 0.60 

M
an

ag
em

en
t (

M
) 

Direction (D) MD1 Leadership 5 5 5 5 5 5 5 5 3 4 2 3 2 4 2 4 5.00 1.00 3.00 0.60 

MD2 Motivation 5 4 4 5 4 5 5 4 2 3 3 3 3 3 3 4 4.50 0.90 3.00 0.60 

MD3 Vision 4 4 3 5 4 5 5 5 3 4 3 3 3 4 4 4 4.38 0.88 3.50 0.70 

MD4 Top down approach 4 4 3 5 4 5 5 5 4 4 4 4 4 4 4 4 4.38 0.88 4.00 0.80 

MD5 Bottom up approach 5 4 3 5 4 5 5 5 3 3 3 3 3 3 3 3 4.50 0.90 3.00 0.60 
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MD6 Commitment to 

change from top 

management 

5 5 5 5 5 5 5 5 4 5 4 4 5 5 4 5 5.00 1.00 4.50 0.90 

MD7 Flexibility 4 4 5 5 3 4 5 5 4 4 4 3 3 4 3 5 4.38 0.88 3.75 0.75 

MD8 Management support 5 4 5 5 5 5 5 5 3 3 4 3 3 4 3 3 4.88 0.98 3.25 0.65 

MD9 Subcontractors 

commitment 

3 3 4 4 2 4 4 5 2 2 2 2 2 2 2 2 3.63 0.73 2.00 0.40 

Transition (T) MT1 Planning 4 5 5 5 5 4 5 5 3 4 3 3 3 4 3 4 4.75 0.95 3.38 0.68 

MT2 Resistance to change 5 5 5 5 5 5 5 5 2 3 2 2 2 3 2 3 5.00 1.00 2.38 0.48 

MT3 Risk Management 4 5 5 5 5 5 5 5 2 4 2 3 2 4 3 4 4.88 0.98 3.00 0.60 

MT4 Adaptability 3 5 5 5 3 4 4 5 3 4 2 4 3 3 4 4 4.25 0.85 3.38 0.68 

MT5 Align (Organisation 

objectives) 

5 5 5 5 5 5 5 5 3 4 3 4 3 4 3 4 5.00 1.00 3.50 0.70 

MT6 Management of 

information 

4 4 4 5 3 3 5 5 2 4 3 3 3 4 3 4 4.13 0.83 3.25 0.65 

Ec
on

om
ic

 (E
) 

Cost (C) EC1 Cost control 4 4 3 3 3 3 4 4 2 3 2 2 2 3 2 3 3.50 0.70 2.38 0.48 

EC2 Cost reduction 4 4 4 3 3 3 4 4 2 2 2 2 2 3 3 3 3.63 0.73 2.38 0.48 

EC3 Implementation cost 5 5 5 5 5 5 5 5 3 4 2 3 2 4 3 4 5.00 1.00 3.13 0.63 

Financial 

strategy (FS) 

EFS1 Financial support 5 5 5 5 5 5 5 5 2 2 2 2 2 2 2 2 5.00 1.00 2.00 0.40 

EFS2 Incentives 5 5 5 5 5 5 5 5 2 2 2 2 2 2 2 2 5.00 1.00 2.00 0.40 

EFS3 Subsidies 5 5 5 5 5 5 5 5 1 2 2 1 1 2 1 2 5.00 1.00 1.50 0.30 

EFS4 Return on investment 

(ROI) 

3 5 4 3 4 4 4 5 1 1 1 1 1 1 1 1 4.00 0.80 1.00 0.20 

EFS5 Market demand for 

BLS deliverables 

5 5 5 5 5 5 5 5 3 4 3 3 3 4 3 4 5.00 1.00 3.38 0.68 
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Returns (R) ER1 Increased competitive 

advantage 

2 3 5 3 3 4 3 4 2 3 2 2 2 3 3 3 3.38 0.68 2.50 0.50 

ER2 Increased value 2 2 4 5 3 4 3 3 3 3 2 2 2 3 3 3 3.25 0.65 2.63 0.53 

ER3 Productivity 

improvement 

2 3 4 2 3 3 3 3 2 3 2 2 2 3 3 3 2.88 0.58 2.50 0.50 

ER4 Quality improvement 2 4 4 2 3 3 3 4 3 3 2 2 2 3 2 3 3.13 0.63 2.50 0.50 

ER5 Resource 

optimisation 

2 4 4 4 3 3 3 3 2 3 2 2 2 3 2 3 3.25 0.65 2.38 0.48 

ER6 Increased economic 

performance 

2 4 4 2 4 4 3 3 2 3 3 3 3 3 3 3 3.25 0.65 2.88 0.58 

 

 

 

 

 

 

 

 

 

 

 



Annexe 4: List of publications 
 

F. Mellado, ECW. Lou (2020). Building Information Modelling, Lean and Sustainability: 
An integration framework to promote performance improvements in the construction 
industry. Sustainable Cities and Society. 61, pp.102355-102355.  

F. Mellado, PF. Wong, K. Amano, C. Johnson, ECW. Lou (2020). Digitisation of existing 
buildings to support building assessment schemes: viability of automated sustainability-
led design scan-to-BIM process. Architectural Engineering and Design Management. 
16(2), pp.84- 99.  

F. Mellado, ECW. Lou, CLC. Becerra (2019). Synthesising performance in the 
construction industry: An analysis of performance indicators to promote project 
improvement. Engineering, Construction and Architectural Management. 27(2), pp.579-
608.  

H. Valdes, C. Correa, F. Mellado (2018). Proposed model of sustainable construction 
skills for engineers in Chile. Sustainability, 10 (2018), p. 3093  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

217 


