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Multivariable model able to account for interactions 

among SF 

(Abraham & 

Chinowsky) 

2003 Construction-specific SF. 

From project success (completion) to business success 

(ability to adapt in changing markets). 

(Schaufelberger) 2003 Contractor perspective of SF. Relation with project 

owner, defined scope and allowing design innovations. 

(Chan et al.) 2004 Framework: groups of independent variables, including 

procurement, human factors and external environment. 

(Udechukwu et al.) 2008 Project influence on business success. 

(Elattar) 2009 Stakeholders’ perspective on project success. 

Hierarchical framework including external and teamwork 

factors. 

(Ng et al.) 2009 Subcontractors’ perspective on project success, focused 

on equipment-intensive companies. 

(Al-Tmeemy et al.) 2011 Contractor perspective of project success towards 

business success. Three areas of assessment: project 

management, market and product. 

(Tabish & Jha) 2012 Human factors play a decisive role in project success. 

(Müller & Jugdev) 2012 Historical review of success factors. Project success is a 

multi-dimensional and networked interaction of 

personal, project team and organizational success. 

(Gudiene et al.) 2013 71 success factors grouped in 7 areas including human 

related factors, competence and experience, being the 

latter identified as the most important SF. 

(Alzahrani & Emsley) 2013 Contractors’ perspective, grouped in 9 clusters: 

experience, past performance and environment among 

others. 

(Alsulamy, Gupta, & 

Sloan) 

2014 Construction industry, SF depending on project phase 

including maintenance phase. 

(Inayat et al.) 2015 Construction industry, stakeholders’ perspective on 

success. 

Success factors are correlated among stakeholders. 
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process. Other aspects supporting the successful implementation are choosing SMART 

measures (Specific, Measurable, Attainable, Relevant, Timely), understanding the 

purpose of measurement and the system reflecting the way organization operates 

(Robinson et al., 2005).  

Establishing a performance evaluation system can be part of the strategy for the success 

implementation of Lean practices (Bakås et al., 2011). The challenges in the Lean 

construction implementation do not come only from the adaptation of Lean to a project 

based setting, but implementing Lean has some challenges itself.  

The sustainable implementation of Lean should reach four levels according to 

Dombrowski and Mielke (2014). The first level is Lean as a philosophy, adopting a long-

term thinking of these practices. The second level is Lean processes, which is commonly 

defined as eliminating waste. The third level refers to people and partners, who should be 

respected and challenged in order to encourage their growth. The last level is problem 

solving, explained as a learning process from failures and breakdowns.  

Other authors highlight the success factors of implementing Lean under specific groups 

in the industries, which can be also relevant to the construction industry. Powell et al. 

(2014) established a new set of principles for engineer-to-order production systems, 

which can be directly related to the construction industry, and Bakås et al. (2011) named 

six critical success factors for the Lean implementation of small and medium companies 

as most of the subcontractors in the construction industry. 

There are in the literature a number of authors addressing the challenges in Lean 

Construction implementation. The most extended description of this process is probably 

given in G. Ballard et al. (2007). There are two aspects of organizational change 

mentioned in the report that can be highlighted. First, the ‘learn by doing’ approach to 

explain that change in practice can change thinking. This encourages the use of 

demonstration projects and celebrating early wins to maintain momentum. The second 

conclusion to highlight is the way to change the company culture by changing 

management practice. This can be done through structured evaluations and rewards, 

encouraging thoughtful experimentation and challenging previous best practices. Other 

aspects stressed in the literature is the need of a bottom-up approach for a successful 
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The phenomena of affecting data collection from the individual’s beliefs is what Senge 

called the reflexive loop. The reflexive loop could explain partly the resistance to change, 

since the individuals’ experience would facilitate that individuals tend to look for data 

that reinforces their beliefs. The last step is to take actions based on their own beliefs 

(Senge, 2014).  

 

Figure 7: The Ladder of Inference mental model (Senge, 2014, p. 243) 

Explained from a practical perspective, let us assume that construction workers are 

receiving a course in Lean practices. Considering a practical course where workers test 

on physical pieces the practices to be implemented, workers would observe how the new 

methods work. Assuming the vast amount of information that can be collected, they 

would select what is most relevant, being affected by their current beliefs, and add 

meaning based on their experience in actual construction work. Once the data obtained 

from the course has been added meaning, the worker would make assumptions, for 
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learning effort that should encourage practice as learning method and the use of structured 

evaluations and rewards. The Ladder of Inference is purposed as a model for illustrating 

the culture and organizational change through the reflexive loop supported by practical 

training. 
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3. What are the stakeholders’ needs in the implementation process? 

4. How can these effects be measured (in order to support the fully implementation 

of those practices)?             

The application of the present research is intended to produce an improved understanding 

of the effects of implementing performance improvement practices and the possible 

application of performance measurement systems in this context. According to Kumar 

(2005), this would lead to classify the study as applied research attending to the 

application perspective.  

Research can be classified from the perspective of its objectives as descriptive, 

correlational, explanatory or exploratory (Kumar, 2005). According to these questions, 

the objectives of the research can be divided in two steps. Questions 1 to 3 are attempts 

to describe the phenomenon of implementing performance improvement practices in the 

Norwegian construction industry, so they are classified as descriptive research. However, 

the last question is trying to investigate possibilities connecting two concepts that have 

not been often covered together before (performance improvement practices and 

performance measurement). For this reason, question 4 is classified as exploratory 

research. 

The last possible classification described by Kumar (2005) is from the perspective of the 

inquiry mode. The unstructured approach is claimed as more appropriate to explore the 

nature of the phenomenon rather than determining its extent, which would correspond to 

a more structured approach (Kumar, 2005). The purpose of the study is to describe the 

implementation of performance improvement practices and establish the variation 

through its effects without quantifying them, which is identified as qualitative research. 

Besides Kumar’s classification of research, I have differentiated between two possible 

paradigms to define my approach in this thesis. These paradigms are described in 

Ekambaram (2008). The positivist paradigm considers that there is one single reality, and 

that the reality is objective. This imply that the researcher can study a phenomenon 

without having influence on it and his/her opinion will not affect the observation. Derived 

from this paradigm, post-positivism maintain the view of only one objective reality 
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acknowledged the difficulty in getting in contact with relevant actors who had a positive 

disposition towards both topics covered, especially regarding performance measurement 

in construction projects. Therefore I also adopted the purposive method, involving 

participants according to relevance to study. At the same time, I used the snowball method 

when asking contact persons and potential participants to nominate other relevant 

candidates. Another particular method out of the ones mentioned that I used when looking 

for participants is the collaboration with other students with similar areas of interest.  

An initial set of four interviewees accepted to participate in the study. Although it might 

be argued the reduced number of interviews, a broad range of stakeholders in construction 

projects and at different levels of management was represented. This could provide 

enough degree of significance. Given that the requisites for a meaningful analysis was 

covered with a minimum number of interviewees from a wide spectrum of the industry, 

and the difficulty in finding more relevant actors, the convenience method was also 

adopted (although the selected participants were selected according to hardship rather 

than ease reasons). In Table 5 I present the profiles of the participants in the interviews 

anonymized to preserve their identity according to the document registered at the 

Norwegian data protection office. 

Table 5: Anonymized presentation of the interviewees 

Data collection interviews 

Interview 1 region manager of the construction business area at one of the biggest 

contractors in Norway, with an experience of more than 20 in the 

position and large experience implementing Lean practices. The 

company has also presence in other industrial areas and business units 

in different countries. 

Interview 2 VDC manager and structure engineer with over 3 years in the position 

responsible for the implementation of new methodologies regarding 

the design. The company is a very relevant contractor national wide 

and it has also presence internationally as well as in other industrial 

areas. 

Interview 3 project manager at a state owned company meaning that their role is 

the project owner. The interviewee experience with Lean is quite 
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recent although he/she has managed a few small but rather complex 

projects in their execution requirements, although the company has 

more experience applying Lean in previous projects. 

Interview 4 regional operations manager with high involvement in the planning 

phase of projects. He/she has been in the position for more than 7 years 

and he/she participates in the implementation of Lean practices. 

Although from a different region, he/she is employed by the same 

company as Interview 2. 

Results evaluation interviews 

Interview 5 researcher specialized in Lean manufacturing and performance 

measurement systems. He/she has two years’ work experience as 

project manager from an international technology company and he/she 

has participated in multiple research projects. He/she was also 

interviewed at the definition stage of the thesis.  

Interview 6 researcher with recognised experience in the development of 

performance measurement systems. He/she has also published about 

the effects of Lean in the construction environment. 

Interview 7 researcher and project manager in construction related research 

projects. Uncertainty management, success measurement and project 

planning are the research areas from some of his/her publications. 

Interview 8 double interview with the project manager and the site manager from 

the contractor company. The project manager had experienced the 

implementation process of Lean practices within the company while 

the site manager entered the company when the practices were already 

in use. Thus both have several years’ experience running projects 

under Lean practices. They are part of the same company as the 

Interview 1. 

The resulting sample used for the data collection covered contractors and owners, from 

design to execution and from region managers to engineers. In order to reinforce the data 

collection, more interviews with experts in Lean and performance measurement and large 

experience in research projects within the construction industry were performed to 

confront the results. Furthermore, the model was presented to the research project 
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manager and to practitioners in a final interview with a project manager and a site 

manager to assess its validity, utility and reliability. This settles the final set of interviews 

in eight, four for the data collection and another four for evaluating results.  

The data collection was based on a number of semi-structured interviews. They involved 

pre-determined areas of interest for the case. The first part of the interview covered 

general aspects presenting the profile and experience of the interviewees and their role 

within the company. Then interviewees were inquired about their experience with 

performance improvement practices and their development process in the company, 

including a stakeholder perspective table. The third area covered was the benefits 

obtained from implementing these practices, followed by the barriers and success factors 

experienced. The next step was asking about current project performance metrics and 

evaluation methods. Finally, interviewees had to rank their preferences about the 

characteristics of a hypothetical measurement system. The interview guide used to 

structure the interviews can be consulted in the Appendix C. 

Although several examples were provided along the interviews, the interview guide did 

not considered specific projects or type of projects. This allowed having a general 

perspective necessary for the development of a model aimed for the whole industry. On 

the other hand, it must be recognized the weakness of the result since is not able to 

consider specific barriers or benefits that can be particular to some type of projects. Given 

the innovation of the topic and that previous performance measurement models specific 

to Lean context were not found, it was preferred to adopt a general overview of the 

industry to build the model. In this regard, it is worth to mention the extension of the data 

collection interviews with an average duration over 90 minutes and carried out face-to-

face, by phone and via internet, indicating the thorough review of the topic with 

practitioners. Most of the interviews were done in English, with the consent of all the 

participants, with the exception of the interview presenting the results to practitioners that 

was completed in Norwegian language attending their requests. All the interviews with 

practitioners were done in partnership with other student interested in the object of study, 

although each of us had the opportunity to ask questions related to our specific topics. 

Petty et al. (2012) claims that grounded theory methodology involves coding data such 

as interview transcripts, which are used by the researcher to abstract them into broader 
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qualitative research as an expression of reliability (Golafshani, 2003), I will discuss this 

concept with greater detail later on.  

The credibility of the findings is tested through peer debriefing with a researcher outside 

the SpeedUp project context and collecting data from different perspectives 

(triangulation). This includes obtaining data from different organizations, at different 

perspectives of the project and in a range of positions. Furthermore, the study also seeks 

to verify the findings with participants after completion of the report. 

The extent to which findings can be applied in other contexts is assessed by its 

transferability. It has been already mentioned that the context of the present thesis is the 

Norwegian construction industry, which includes its own practices and culture. With a 

complete set of four interviews for the data collection with four additional interviews 

presenting the results, the result cannot be directly transferred to neither the rest of 

Norwegian construction industry nor any other field. Although other authors have found 

similar results about specific areas of the results, such as success factors in the 

implementation of Lean described by Bakås et al. (2011) in small and medium 

manufacture companies in Europe, it is responsibility of those who might apply the 

findings into their own setting to determine the transferability (Lincoln and Guba, 1985; 

Sandelowski, 1986; mentioned in Petty et al., 2012). 

The contemporary search of reliability in qualitative research is connected with 

specifying the relevant context of observation (Kirk & Miller, 1986). The definition of 

reliability in qualitative has been largely discussed, showing opposite approaches that go 

from discarding relevance in qualitative research to claiming the need of being judged by 

its own paradigm’s terms (Golafshani, 2003). Other authors link together the verification 

of validity and reliability assessing methodological coherence, appropriate sample, 

collecting and analysing data concurrently, verifying new ideas with data already 

collected and moving theoretical development from the perspective of data to a 

conceptual understanding (Morse, Barrett, Mayan, Olson, & Spiers, 2008). Most of the 

assessing elements under this perspective are already explained as the methodological 

coherence, the sampling methods, verification of new ideas and the theory development. 

The concurrent process of collecting and analysing data can be proven by the 

development of variables prior to the development of interview guide, which are included 
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more interviews with researchers and practitioners to assess the results. This defines the 

thesis as qualitative research, combining emergence of concepts from data for evaluating 

the current use and effects of Lean construction and theory being constructed by the 

researcher for the generation of the performance measurement model. The validity of the 

study is satisfactorily evaluated under criteria of confirmability, dependability and 

credibility, whereas transferability should be assessed by those applying the results. 

Triangulation also confirms the reliability of the analysis. Other limitations are the time 

constraints, the capability of considering a restricted number of performance 

measurement frameworks and the data collection possibilities reduced to four interviews. 
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Next, the most relevant aspects in the implementation of Lean practices were highlighted 

including a stakeholders’ analysis. Top management is usually supporting the 

implementation of practices, although strategic guidelines and following up of initiatives 

are often insufficient. This is required by project managers to drive the project under the 

new methodologies. In addition, project participants both internal and from 

subcontractors require the competence for applying the new methods and the 

convincement that they work better than previous practices. Project owners should be key 

actors of the implementation process as they can ask contractually for using these 

practices, although costs reductions need to be proved for its implementation out of the 

public and bigger owners.  

The primary effects in the use of Lean are described as well as the most significant 

barriers. The effects found refer to completion time, quality issues, costs, predictability 

of project activities for workers and project owner, better defined responsibilities, 

increased cooperation, more satisfied workers and facilitated learning. Motivation, 

involvement of actors, top-management support and measuring improvement are among 

the success factors found in the implementation. 

The current use of project metrics is mostly limited to cost and schedule especially at the 

evaluation, though companies have declared expertise in HSE issues. Finally, aspects 

related to the desired characteristics of a measurement system are described, emphasizing 

the need to provide feedback at team level while providing direction at decision-making 

level, and to compare projects through benchmarking tools.  
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organizational level and project owner, both private and public, can provide these 

strategic decision at project level.  

The second need identified is the ability to measure results, and this seems a greater 

challenges since are many actors requiring this need but few able to provide it. This 

challenge is also identified in the literature (Andersen et al., 2012). It has been often 

mentioned during the interviews the difficulty on measuring the effects of using Lean 

being sure that is not circumstantial improvements. Contractor’s top-management and 

public owners have some initiatives for implementing Lean and they need to prove that 

the results delivered come from Lean implementation to extend further these practices. 

On the private owner side, they would need proof that using Lean methods lead to cheaper 

project in order to enforce their use by contract and provide the previously mentioned 

strategic decisions.  

The improvement can only be measured at project level, and therefore is the project 

manager who could deliver those measures. However, the project manager would need to 

make use of some tools for measurement and improve the practices in their practices. 

Therefore is indicated a dual relationship between project manager and the need of 

measuring results. This need suggests at the same time that a performance measurement 

system attending the effects of Lean could be a very relevant tool in the Lean 

implementation process. As seen in the implementation process literature, this statement 

is aligned with findings from other authors which mention the establishment of a 

performance evaluation system as a critical success factor (Bakås et al., 2011). 

The third need identified is training, which aims to cover two underlying needs: 

motivation and competence. Stakeholders requiring this need are project managers, 

contractor employees, subcontractors and in general, everyone involved in the use of Lean 

practices. This has been mentioned in the interviews and reflected in the previous chapter 

as the need of everyone been convinced about this practices to make it work and increase 

competence at subcontractor level to increase their involvement. This would produce 

alignment of personnel behaviour with project practices. For this reason, these will be 

presented as well as enablers in the performance measurement model, and making use of 

Senge (2014) mental models to explain how to drive the change in the construction 

culture.  
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the top-down approach of this model) and following up the implementation process. 

These two aspects go hand by hand, since it is much easier that top-management follow 

up the implementation when is part of organization’s strategy. 

The second enabler is motivation. As explained in the discussion, the construction 

industry has a very strong culture that represents significant resistance to change. Some 

of the interviewees claimed that many of the workers are not interested in new 

methodologies and they just want to get the job done. This attitude is mainly found in 

subcontractors. Within the contractor, arguments against new methodologies are more 

focused on bringing more problems than benefits and some workers at all levels prefer to 

do the work as usual. In order to address this challenge is useful to mention the mental 

models described in Chapter 4 from Senge (2014).  

The Ladder of Inference (Senge, 2014) shows how people take actions based their beliefs 

after a process stating in observable data and experiences. For this reason, the 

stakeholders’ needs model presented previously links motivation with competence, the 

third enabler. Motivation and competence are tight together in this mental model and it 

can be facilitated by providing training at all levels of the project organization.  

As it was mentioned during the interviews, it is difficult to force workers to adopt specific 

practices while they are doing their job, but it is possible to force them during the training. 

In this way, ‘observable data and experiences’ are provided to the employees by 

participating in practice-focused training. They will select the data from what they 

observe and add meaning. It is expected that after seeing how Lean works with some 

practical examples, for example using Lego® constructions, employees will make 

assumptions based on the meaning added to the data observed, so they are able to draw 

their own conclusions. From these conclusions, they adopt beliefs that will allow them to 

take actions accordingly. When walking the same path regarding their actual work, the 

reflexive loop make that current beliefs affect what data is selected next time, helping to 

have a positive attitude towards Lean practices in the real job.  

This explanation also provides foundation for the last enabler, involvement of actors. It 

may happen that only part of the project’s crew have walked the Ladder of Inference of 

Lean. These employees will have very positive attitude and good energy towards the 
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Customer satisfaction is, or should be a necessary condition for accomplishing the 

mission of the organization. Furthermore, Lean should bring specific benefits for them 

such a better understanding of the final product, shorter delivery, building with less 

mistakes or minimized pending work after delivery. The tool that can help to a bigger 

extent to achieve this effect is Virtual Design Construction (VDC) as a mean to provide 

precise visual information about the product using 3D models. When the model was 

reviewed with practitioners for testing its validity, they agree that ‘no one could discard 

customer satisfaction as a relevant issue’ (author’s translation from the interview in 

Norwegian, Interview 8). 

From the effects that have been reported as direct benefits, the most relevant is the ability 

to reduce completion time in projects. Furthermore is directly linked with the strategy as 

well, so there should always be some indicators quantifying this effect. Lean practices 

such as Pull Scheduling, Concurrent Engineering and Last Planner (involving planning) 

contribute directly to reduce completion time. 

During the interviews was also reported a better definition of responsibilities, which may 

lead to improved flow of work and less disagreements during the development of the 

project. Last Planner and Concurrent Engineering are the practices that could better 

increase this effect as a result of involving actors in the decision making process for the 

planning and design.  

Tidiness is also one of the most common effects that are realized when using Lean. This 

effect can be translated in a more structured building process, less disturb between 

workers working in the same area and reduced risk of accidents for workers. Last Planner, 

Pull Scheduling and Concurrent Engineering are the practices that could found direct 

benefit in this effect and further development of indicators could be considered.  

Practices enabling involvement of actors are connected also with allowing further 

cooperation. This would increase the ability of solving problems raised during the 

construction, finding an optimized design among the areas involved and the ability to 

meet the plan. This effect can be directly linked to the use of VDC, Concurrent 

Engineering and Last Planner. 
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construction industry can provide useful links with the possible expected effects (Limon, 

2014). 

 

Figure 11: Practices Associated to Effects in the Performance Measurement Model 

Legend to Figure 11: 

   

Figure 11 could be read in two directions. First, considering that the organization has 

already started the implementation of Lean practices and it could require the measurement 

of its effects in order to sustain the implementation process. In this case, the organization 

could make use of this model to know which effects are preferable to look at. On the 

contrary, organizations contemplating the possibility of implementing Lean practices to 

achieve their strategic goals, could use the model to assess which practices could better 

support their strategy. Some authors mentioned the importance of focusing in the 



A Performance Measurement Model for Lean Construction 

123 
 

It should be emphasized that what this evaluation worksheet tries to show is not a specific 

template to be used in every organization, rather an example of a method that brings 

benchmarking possibilities. Therefore, what is important in the evaluation worksheet is 

the idea of having a formal evaluation process that contains a set of defined project 

indicators common to all projects covering a wide range of measures. Moreover, this 

evaluation worksheet does not exclude the previously mentioned monitoring of indicators 

along the project, with their respective frequency and review period defined. 

As seen in the interviews and confirming Andersen et al. (2011) previous studies, current 

project evaluation is very focused on costs as main factor, while other metrics such as 

schedule accomplishment, quality or other HSE factors are less valued if at all considered 

at project evaluation. According to performance measurement literature, measures 

reflected in this evaluation is what actually drives the behaviour of project managers and 

therefore is important to adapt this activity to strategic purposes. For example, if project 

managers know that the evaluation relies only in costs, they will manage the project to be 

sure of meeting the budget constraints, although this could threaten the schedule or quality 

accomplishments that otherwise could have greater impact on customer’s satisfaction. 

Organizations would need to spend some resources establishing the evaluation worksheet, 

since it should be maintained in the long term. Changing the evaluation worksheet would 

mean losing partially the ability to compare previous results. For this reason is important 

to have an initial period for testing the evaluation method accepting several iterations. 

Besides a specific period for the testing phase should be established beforehand to not 

extend indefinitely the implementation of the measurement system, as well as the idea of 

reaching a 100% perfect measurement system should be discarded. It should be 

acknowledged that the system would require an update after a certain time. Having an 

excessively static evaluation method is also a significant threaten to an effective 

measurement system (Melnyk et al., 2014). Considering the risks on both sides, it can be 

concluded that the validity horizon of the measurement system should be aligned with the 

validity horizon of the strategy. Shorter evaluation sessions can be programmed although 

the modification of the evaluation parameters need to be a carefully considered option.  

The evaluation framework proposed here consider four areas of assessment: core project 

metrics, customer metrics, workers metrics and environmental metrics. Each of these 
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areas would have a determined weight in the global score according to organization’s 

priorities. The worksheet contains basic elements for project identification and project 

manager responsible, and scores on each areas that should be added to obtain the total 

score of the project. Appendix B shows a practical example of how the worksheet should 

be filled, indicating in the black colour the information that is common to all projects such 

as indicators and relative importance, while the data that the project manager should fill 

is indicated in blue. Moreover, the formulas used are presented showing an aggregation 

method that would result in a score of 100 when all the expectations and predictions are 

satisfied, a giving above 100 when expectations are overachieved according to the 

balancing values (importance column). This enables internal benchmarking, although 

external comparison of projects is limited.  

Furthermore, the values from metrics in each area should be used as a percentage or 

increment in order to have dimensionless magnitudes that allow comparison between 

projects of different sizes. For this reason, each metric has a column for the dimensionless 

value (rate), another column to define the relative importance of that metric over the 

whole assessment (import.), and the last column for the final score of the metric (value). 

Other aggregation methods for indicators have been used before in project evaluation 

methods (Berrah & Clivillé, 2007; Marques, Gourc, & Lauras, 2011) and applying these 

to the present framework constitutes an area for further research. Following are further 

explained the assessment areas. 

Core project metrics contains the most common aspects currently used in the evaluation 

of projects such as schedule, cost, quality or HSE aspects. It would be wise to include in 

this assessment area the KPI chosen as reference to be monitored. The example provided 

in the Appendix A contains in this area the average PPC value together with its root 

reasons and the strategic alignment of the project.  

The next assessment area is customer metrics. This area is expected to be filled in the 

early phases of the project and it should contain the specific expectations of the final user, 

often represented by the project owner. For obvious reasons is not possible to fill this area 

in advance by the organization since they most likely have a wide portfolio of customers 

with different needs and strategies. The score here could be obtained from a standard 

survey to measure customer satisfaction.  



A Performance Measurement Model for Lean Construction 

125 
 

Worker metrics assessment have a wide range of possibilities to be measured and each 

organization would need to find their best way according to their own measurement 

culture. The only advice from the interviews is not measuring individuals’ performance 

and keep measures at team level to avoid hanging one worker and create negative 

perception towards the measurement system. The worksheet proposed reflects how it 

would be in case of assessing worker satisfaction with a regular survey where they have 

to evaluate different aspects from 1 to 7. The total scores in the project could be collected 

in the evaluation worksheet and even weight their relevance for the final score. 

Finally, environmental metrics are aimed to provide information about specific 

circumstances that could affect the development of the project. These events often make 

difficult to assess whether the improvement in projects come from the application of 

specific practices or are the result of better external conditions. Some could criticize the 

accuracy of these data and the extent to which projects are affected. However, should be 

considered the difficulty of measuring the data and the actual costs that could have if at 

all possible. Thus is advised to have an approach of ‘good enough’ measures to make 

easier the implementation of the performance measurement system while maintaining its 

validity.  

An example of this type of measures is the weather, as showed in the evaluation 

document. It is clear that extreme weather affect the working conditions, especially in 

construction and especially in Norway. Establishing some thresholds value for 

temperature, rain or snow can facilitate the inclusion of its impact on the project. 

Obviously, employees still work behind those thresholds, but it is also clear that they 

would need breaks more often or require more time for the same tasks. Other aspects, 

such as changes should also be considered in context, since they may respond to repair 

mistakes or added value for the customer. Both should be considered as having impact on 

project metrics, but with opposite result in the final score. Olsson (2006) proposed a 

specific framework that could be very useful when analysing flexibility issues in projects. 

In this case, changes in the project are considered under a stakeholder’s perspective, being 

flexibility when is the owner who is asking for these changes, and re-work when is on 

project’s responsibility.  
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The last aspect to be mentioned is the formatting of the evaluation worksheet. Although 

this evaluation is shown in paper, this kind of evaluation would be better suited for its use 

integrated in the IT system of the company. The interview with practitioners shown that 

the current system of the company could admit to a large extent this type of evaluation. 

The advantages of using IT systems are obvious and it would allow managing data 

collection, access and security, and the reporting capabilities could generate this 

document. Further discussion of the most appropriate system is out of the scope of this 

thesis although is an important part to be considered when implementing the system. 

Further comments received when presenting the model to research and practitioners are 

mostly focused on the metrics used in the evaluation worksheet. It was appreciated the 

inclusion of metrics not directly under control of the management to evaluate project 

success and allow comparing projects. It was shown special interest to include not only 

weather issues, but also nature-related aspects as unforeseen characteristics of the soil or 

the appearance of groundwater. Another aspect that was considered relevant to be 

included in the evaluation is to assess the quality of construction, or in words of the 

building’s project manager when the construction is ‘better built’ (author’s translation 

from the interview in Norwegian, Interview 8). This characteristic was defined by the 

interviewees as the performance on the energy impact assessment (EIA) and the quality 

in terms of warranty repairs. As mentioned before, the evaluation worksheet presented 

does not pretend to provide a defined set of indicators to be used, rather a guideline on a 

wide perspective in evaluation methods. For this reason, only Appendix B shows the 

adaptation of the indicators mentioned.    

Summarizing, the key aspect of this framework is extending the scope of the evaluation 

of projects further than just cost or time. Evaluation of projects is the way organizations 

have to tell project managers in what aspects they should focus, and it is of course a 

performance measurement system even if it is not being considered as such. When this 

fact is acknowledged, the evaluation can be utilized in the direction to help the company 

to achieve its goals.  
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The purpose of the performance measurement system presented is to support the 

implementation process of Lean practices. Andersen and Fagerhaug (2002) described the 

implementation process of a performance measurement system, which includes in the last 

steps the design of reporting and presenting formats (covered to a certain extent in the 

current thesis), testing and adjusting the system and the actual implementation for its use 

within the organization. This includes the need of evolving the system once an acceptable 

level of implementation is achieved or reviewing it in case new challenges are identified. 

Further references about the implementation process can be found in the literature 

presented in Chapter 4 (see page 67). 

The presented roadmap collects the most significant elements of the performance 

measurement model created for supporting the implementation of Lean practices in the 

construction industry. In addition, as a purpose-specific framework it might be deployed 

together with other KPIs for different aspects of the global strategy of the organization. 

The model presented is a first attempt to cover certain needs identified in the industry, 

although further work is needed to test the model in practice and adapt the possible 

deficiencies.  
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The purpose of the thesis has been to gain insight into how Lean practices are applied in 

the construction industry and examine the performance measurement systems that could 

contribute to their successful implementation. Several research questions were defined to 

frame the study. 

1. What performance improvement attempts are construction companies carrying 

on? 

Among the Lean practices, the one that have been found more often in the companies is 

the Last Planner, which adoption within the companies take different names, usually 

referring to involving planning. Although it is not being implemented to a full extent 

according to the original theory by G. Ballard et al. (2007), companies have realized some 

improvements by adapting the practices to their needs. The use of Pull Scheduling, often 

part of the Last Planner system, is less extended and traditional methods for the planning 

are still predominant. However, those projects who have used this practice acknowledge 

its potential for reducing the project’s completion time and its use is further encouraged. 

The key factor for the implementation in practice was having received specific training 

on those practices to make project participants confident in their use.  

Another practice that has a strong presence is Concurrent Engineering, although similarly 

to other practices is often not implemented to a full extent. According to the literature and 

the practitioners’ perspective, Concurrent Engineering can be considered under the 

principles of Lean. Nevertheless, its implementation could be focused on maximizing 

concurrency rather than a general Lean approach. The use of Concurrent Engineering in 

practice is often associated with the use of Virtual Design Construction tools and more 

specifically having concurrent meetings although these are focused on the execution 

phase as a problem-solving tool.  

When assessing the extent to which these practices were being implemented, the result is 

widespread. While some companies have adopted a strategic perspective in the use of 

Lean encouraging its implementation in every project, other companies lack of such 

experience and adopt these practices only in the cases where is strictly needed due to time 

constraints. This makes necessarily a difference in terms of organizational learning about 

the use of Lean, although this can be considered only as a consequence of the 

implementation stage of Lean. Hence it could be expected that the use of Lean practices 
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is extended in the future once companies realize the benefits obtained both internally and 

throughout the subcontractors. 

Together with the practices itself, other aspects have been discussed in order to have a 

wider perspective of the current situation. It has been found that the workers played a 

fundamental role in the deployment of Lean practices, either because of the company is 

willing to improve their labour conditions, because they were claiming improvements in 

the planning process or because it was employees’ initiative to use certain practices. 

Although this is a significant fact, practitioners agreed on the need of having a top-down 

approach for the successful implementation of practices. In other cases, time constraints 

in projects motivated the use of Lean practices.  

Another aspect that has been considered analysing the use of Lean practices in the 

construction industry has been the practitioners’ perspective on Lean. This resulted in a 

Lean model (Figure 8) based on the figurative idea of a train with each coach representing 

the activities required for the construction, so the train moves simultaneously through the 

construction site until the building is completed. Furthermore, it emphasizes the need of 

extensive involvement of actors and provide the required training. The practices described 

together with the other use-related issues and the model expressing the practitioner’s 

perspective of the Lean practices represents a clear picture of the performance 

improvement attempts in the construction industry.  

2. What are the effects of these practices in project performance?  

Further analysis was focused on the actual benefits that the companies were obtaining in 

Lean projects and the difficulties found over the implementation process. The aim was to 

find which areas have obtained greater benefits derived from the use of Lean practices as 

well as the success factors for achieving those benefits.  

The first result to be mentioned is the reduction of projects’ completion time, which has 

been mentioned for every project during the interviews with severe reductions in some 

cases. The improvement of quality has been commonly mentioned, especially referring 

to building with less mistakes and having less items in the pending work list after delivery 

of the product. The interviews for assessing the model indicated also improvement in the 

warranty costs and better results in the energy impact assessment. Completing the iron 
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triangle, costs are usually not one of the first characteristics to improve due to the need of 

training and consultancy which costs were allocated within the budget of the projects. 

Thus it can be expected greater improvement in costs when the amount of training and 

consultants are reduced as a consequence of the learning curve.  

The aspect that probably has achieved greater improvement after completion time is 

predictability. This is translated in project owner’s ability to determine precisely the 

termination date and optimize the management of their facilities. At the same time, 

workers’ improved their ability to assess whether they will be able to perform their tasks 

considering minor injuries, which reduces the absence rate.  

The impact of Lean practices in workers satisfaction is the third key improvement 

experienced. This aspect is related to other collateral issues, such as improved 

cooperation, better defined responsibilities, less fights during the projects, greater 

commitment to the plan, among others. Even though some projects required working 

overtime, the freely commitment from the workers made that still the satisfaction at the 

completion of the project was very positive as they would accept working using those 

methods over longer periods of time obviously excepting the use of overtime.  

These effects can be validated from Lean literature as demonstrated in Andersen et al. 

(2012) and Salem et al. (2006).  

3. What are the stakeholders’ needs in the implementation process? 

In addition to the Lean practices and its effects in projects, a stakeholder analysis was 

performed in order to further analyse the participation of the stakeholders in the 

implementation and their needs for increasing their involvement to the expected level. 

The result of this analysis is the stakeholders’ needs model presented in Figure 9. 

The stakeholders’ needs model indicate three basic needs for the implementation process 

of Lean, which are in accordance with the findings from Bakås et al. (2011). Additionally, 

the model links the specified needs to the different stakeholders in the construction 

industry revealing who has the need and which stakeholder could provide the sufficient 

coverage.  
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The first basic need is strategic decisions from top management and owners in order to 

provide guidance to project managers in the decision making process. Second, employees 

participating in the projects, from managers to subcontractors, would need to acquire the 

competence necessary to know how to apply the practices, and the motivation from the 

convincement of its benefits for the effective use of those practices. Based on the metal 

models from Senge (2014) and aligned with the findings from Kim and Park (2006), it 

can be argued that providing practical training could enable both competence and 

motivation. Finally, the ability to measure results could facilitate making strategic 

decisions towards the implementation of Lean practices and it would allow project 

managers driving the projects successfully while applying these practices.  

From the expressed need of measuring results is rooted the motivation for creating a 

performance evaluation system specific for its use in the context of implementing Lean 

in construction companies, which could leverage the accomplishment of the expected 

benefits. 

4. How can these effects be measured (in order to support the fully implementation 

of those practices)?             

The proposal for measuring the effects derived from the use of Lean practices is defined 

in the performance measurement model expressed in Figure 10. As explained in The 

Roadmap of Performance Measurement in Lean implementation (page 127), the model 

contains two approaches.  

The top-down approach starts with the creating of a strategy towards reducing the 

completion time of projects, being further developed through three goals. The first goal 

is having a reliable design that can be built with fidelity in the construction site. Second, 

having a reliable plan that the workers are able to meet and that brings the time 

accomplishments, and thirdly reducing waste through any of the possible faces (transport, 

inventory, motion, waiting, over-processing, overproduction and defects). 

Following is the bottom-up approach, which is shaped by the enablers extracted from the 

stakeholders’ needs model. These enablers include the support from top-management in 

form of guidance and following up of the implementation process, motivation and 

competence from project’s participants and involvement of all relevant actors.  
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The model then facilitate the identification of effects that each company could pursue 

according to their status in the implementation process, and then a balanced set of key 

performance indicators should be generated according to their purpose, time-focus, 

frequency and reviewing period of the measure and the use of both hard and soft 

measures. Extensive literature review of indicators used in the construction industry as 

well as success factors in projects aims to support the generation process of KPIs (Table 

3, Table 4).  

Additionally to the generation of KPIs for supporting the implementation of Lean 

practices, the model purposes an Evaluation Worksheet which is intended for enabling 

benchmarking between projects. This tool should adapted by the organization according 

to their priorities, serving as a framework for an extended project evaluation. The 

organization should decide internally in what metrics they should base the evaluation of 

projects and the relative importance of each metric in the final score. Four general areas 

are purposed to be included. General project metrics around the iron triangle (cost, time 

and quality), customer metrics, worker metrics (related to HSE), and environmental 

metrics including factors out of the control of the management that could impact the 

project outcomes.  

The main contribution of the evaluation worksheet further than allowing project 

benchmarking is the inclusion of the external factors in the evaluation. This enables to 

assess whether the improvement in the performance came from the implemented practices 

or was the coincidence of other factors, which was one of the main claims from 

practitioners. 

Although the study of the latter implementation of this model is out of the scope of the thesis, 

the criticality of this aspect in the success of the performance measurement systems enforces 

the literature review of these issues ( 

Organizational change, page 67).  

All in all, the thesis provides a general overview of the use of Lean practices in the 

construction industry and accounts for the benefits obtained as a result of their 

implementation. Furthermore, it looks at the needs for improving the implementation 

under a stakeholders’ perspective and provides a framework for the effective 

implementation of Lean practices as well as enables the measurements of its results.  
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although it might be necessary to implement first the measurement model in order to 

generate the necessary data.  

The companies participating in the interviews belong to a specific context that is the 

construction industry in Norway. The applicability of the model to other contexts should 

be examined to ensure its validity, and it represents an area for further research. Moreover, 

the study has not been limited to a specific type of projects although there can be 

significant differences depending on the type of construction. Extending the study 

including a set of different type of projects could improve the assessment of the 

applicability of the model. 

Further research could also include the development of specific key performance 

indicators to be used according to the type of project, the generation of an implementation 

process including guidelines about how to test, adjust and review the measurement system 

and even the practical implementation of the measurement model in projects. 

Additionally, aggregation methods for balancing the importance of indicators could be 

applied to the evaluation system.  

Other perspectives from Lean implementation could add significant insight on the success 

factors. For example, focusing on organizational behaviour could examine in more detail 

the motivation of people adopting Lean practices. Moreover, studying the role of 

performance measurement systems in dealing with uncertainty management can have a 

significant impact when measuring and implementing Lean, especially in case of 

considering the degree of projects’ complexity. 
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EVALUATION WORKSHEET 
Project ID   Project Manager  

 

Project 
metrics 

Attributes Goal Actual  Rate Import. Value 

Completion time       

Budget       

Average PPC       

Root reasons* 
(5-WHYs, Pareto principle) 

 
 

    

Strategy alignment      

*Allocation of responsibilities, actor’s involvement, TIMWOOD   P Score  
 

Customer 
metrics 

Key Customer Requirements Accomplishment 

 
 

 

 
 

 

 
 

 

    C Score  
 

Worker 
metrics 

Attributes Goal Actual  Import. Value 

Safety      

Predictability      

Internal collaboration      

External collaboration      

Tidiness      

Absence rate      

     W Score  
 

Environment 
metrics 

Attributes  Units  Rate Import. Value 

Weather (days) < -50C      

 >3 mm rain      

 >30ºC      

Changes (man-hours) Flexibility      

 Re-work      

Additional complexity on site Man-hours      

      E Score  
 

 

 

Project  

Customer  

Worker  

Environment  

TOTAL SCORE:  



 

EVALUATION WORKSHEET 
Project ID B1-1987-11-13-N  Project Manager Kari Nordman 

 

Project 
metrics 

Attributes Goal Actual  Rate Import. Value 

Completion time 36 months 32.5 months  1.0972 20 21.94 

Budget 980 M NOK 1030 M NOK  0.9490 15 14.23 

Average PPC 0.85 0.89  0.9529 10 9.52 

Root reasons* 
(5-WHYs, Pareto principle) 

- Not communicated schedule 
- Moving heavy tools 

    

Warranty cost per m2 100 NOK/m2 108 NOK/m2  0.9200 5 4.6 

*Allocation of responsibilities, actor’s involvement, TIMWOOD   P Score 50.31 
 

Customer 
metrics 

Key Customer Requirements Reached expectations Result* Import. Value 

Predictable completion time 10 (Overachieved) 1.2 6 7.2 

Predictable results (product) 8 (Achieved) 1 6 6 

Low energy consumption in use 7 (Acceptable) 0.9 6 5.4 

*This can be a tabulated value from the results of a survey.  C Score 18.6 
 

HSE 
metrics 

Attributes Goal Actual  Rate Import. Value 

Safety 6 6.0  1 8 8 

Predictability 6 5.9  1.0667 1 1.02 

Internal collaboration 6 6.2  0.9667 1 0.97 

External collaboration 6 5.6  1.0667 1 1.07 

Tidiness 6 6.1  0.9833 1 0.98 

Absence rate 0.04 0.054  0.65 4 2.6 

EIA B B  1 6 6 

      W Score 20.63 
 

Environment 
metrics 

Attributes  Units  Rate Import. Value 

Weather (days) < -50C 32  1.2* 1 1.2 

 >3 mm rain 25  1.1* 1 1.1 

 >30ºC 2  1* 1 1 

Changes (% man-hours) Flexibility 1.34  
1.26 4 5.36 

 Re-work 1.08  

Additional complexity on site % Man-hours 1.03  1.03 3 3.09 

*This can be a tabulated value according to statistics   E Score 11.65 
 

Project 50.31 

Customer 18.6 

HSE 20.63 

Environment 11.65 

TOTAL SCORE: 101.2 



 

EVALUATION WORKSHEET 
Project ID B1-1987-11-13-N  Project Manager Kari Nordman 

 

Project 
metrics 

Attributes Goal Actual  Rate Import. Value 

Completion time 36 months 32.5 months  = 1 + 
𝐺 − 𝐴

𝐺
 20 = 𝑅 ∗ 𝐼 

Budget 980 M NOK 1030 M NOK  = 1 + 
𝐺 − 𝐴

𝐺
 15 = 𝑅 ∗ 𝐼 

Average PPC 0.85 0.89  = 1 + 
𝐺 − 𝐴

𝐺
 10 = 𝑅 ∗ 𝐼 

Root reasons* 
(5-WHYs, Pareto principle) 

- Not communicated schedule 
- Moving heavy tools 

    

Warranty cost per m2 100 NOK/m2 108 NOK/m2  = 1 + 
𝐺 − 𝐴

𝐺
 5 = 𝑅 ∗ 𝐼 

*Allocation of responsibilities, actor’s involvement, TIMWOOD   P Score = ∑ 𝑉 
 

Customer 
metrics 

Key Customer Requirements Reached expectations Result* Import. Value 

Predictable completion time 10 (Overachieved) # 6 = 𝑅 ∗ 𝐼 

Predictable results (product) 8 (Achieved) # 6 = 𝑅 ∗ 𝐼 

Low energy consumption in use 7 (Acceptable) # 6 = 𝑅 ∗ 𝐼 

*This can be a tabulated value from the results of a survey.  C Score = ∑ 𝑉 
 

HSE 
metrics 

Attributes Goal Actual  Rate Import. Value 

Safety 6/7 6.0  = 1 + 
𝐺 − 𝐴

𝐺
 8 = 𝑅 ∗ 𝐼 

Predictability 6/7 5.9  = 1 + 
𝐺 − 𝐴

𝐺
 1 = 𝑅 ∗ 𝐼 

Internal collaboration 6/7 6.2  = 1 + 
𝐺 − 𝐴

𝐺
 1 = 𝑅 ∗ 𝐼 

External collaboration 6/7 5.6  = 1 + 
𝐺 − 𝐴

𝐺
 1 = 𝑅 ∗ 𝐼 

Tidiness 6/7 6.1  = 1 + 
𝐺 − 𝐴

𝐺
 1 = 𝑅 ∗ 𝐼 

Absence rate 0.04 0.054  = 1 + 
𝐺 − 𝐴

𝐺
 4 = 𝑅 ∗ 𝐼 

EIA B B  #* 6 = 𝑅 ∗ 𝐼 

*Tabulated value according to results from EIA   W Score = ∑ 𝑉 
 

Environment 
metrics 

Attributes  Units  Rate Import. Value 

Weather (days) < -50C 32  #* 1 = 𝑅 ∗ 𝐼 

 >3 mm rain 25  #* 1 = 𝑅 ∗ 𝐼 

 >30ºC 2  #* 1 = 𝑅 ∗ 𝐼 

Changes (% man-hours) Flexibility 1.34  = 𝑈𝑓𝑙𝑒𝑥
− 𝑈𝑟𝑒𝑤𝑜𝑟𝑘 

4 = 𝑅 ∗ 𝐼 
 Re-work 1.08  

Additional complexity on site % Man-hours 1.03  = 𝑈 3 = 𝑅 ∗ 𝐼 

*This can be a tabulated value according to statistics   E Score = ∑ 𝑉 

 

Project # P Score 

Customer # C Score 

HSE # W Score 

Environment # E Score 

TOTAL SCORE: = ∑ 𝑆𝑐𝑜𝑟𝑒𝑠 
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Interview guide 
 

Objectives: 

 To know how improvement attempts (Lean/Concurrent Engineering) are being used in 

the company. For how long has been used and how is currently used with some 

examples. 

 To know the barriers that the company is facing for the implementation of Lean. 

 To know what is important at different levels of the organization to implement Lean.  

 To know what are the projects’ success factors and how they are being measured.   

 To know if they have a performance measurement system or other kind of quality 

management system.  

 

Variables: 

Independent variables, (those responsible to bringing change) 

 Where the motivation for Lean comes from (employees, project managers, top 

management, project owner, project office, competitors,  other) 

 Level of awareness of Lean among employees (none, basic –theoretical knowledge-, 

beginner – first project-, and experienced –at least one project completed-) 

Dependent variables, (these are the effects of a change in a dependant variable) 

 Degree of involvement of stakeholders on Lean 

 Performance measurement effects 

 

Interview Structure: 

A. General presentation 

Introduce yourself, what is your position within the company? What is your previous 

experience? Explain briefly the years of experience in each position. 

What is the main activity of your business? (e.g. Design, construction, both design and 

construction) 

B. Experience with Lean 

Can you give a brief definition of lean construction and the principles that make up lean? 

When did the company start using Lean? What was the motivation of the company for 

implementing Lean? Where did the initiative come from? (top management, project managers, 

other employees, …) 

Is Lean implemented overall as a company or is it more project-specific or on some specific 

processes only? 
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 0.1 If project Specific, How you choose the project for lean implementation (based on 

size, cost, contractual requirement)? 

 0.2 If company wise, to which processes you have implemented lean? (e.g. designing, 

logistics,  constructing) 

Who is involved in the deployment of Lean? (Both internal and external actors) 

To what extent do these actors apply Lean? How do they apply Lean? Give some examples. 

Did the company provided training about Lean? What does the training consist of and what 

people were involved? 

Did the company use any parallel tool when implementing Lean? (Just in Time, Last Planner, 

Concurrent Engineering, BIM, etc.) 

How long did it take to implement lean construction? 

C. Benefits from Lean Implementation 

Does the company have any target for improving performance when introducing Lean? What 

is the target? Has the company met the expectations regarding Lean? 

What are the key improvements that the company has achieved with Lean? 

What impact have the implementation of Lean on factors like time, cost and quality? 

Please identify the social, economic and the environmental benefits of the lean approach in 

your organization if any  

D. Barriers and Success Factors for Implementation of Lean  

What are the difficulties that the company is facing to meet expectations? 

What are the barriers that the company has already overcome? 

What aspects is the company focusing on to continue the improvement? 

What was the success factors encountered? 

How would you advice a potential company wishing to implement lean construction? 

E. Project Performance 

What are the success factors in projects? 

Do you measure performance? 

What are the metrics in projects? (time, cost, safety…) 

How do you measure performance? When do you measure? 

Is there any difference in the measurement between a project using Lean and other not doing 

so?  

How are projects evaluated after completion? 

Does the company has a quality system for assessing performance? (KPIs, etc.) 

 



 

The following table is aimed to give stakeholder’s perspective on Lean practices. We kindly ask you fill the table according to the different levels described. 

(for second column, 1 means no interested, 2 interested but not actively involved, 3 reluctant with low active participation, 4 active involvement, 5 active 

involvement inviting more actors to participate.)     

Stakeholder level Level of involvement 
in Lean (1-5) 

What do they do towards Lean? How are they involved? 
(f.ex. in what initiatives are they involved) 

What do they need to improve involvement? (what 
would leverage their participation in initiatives) 

Industry as a 
whole in Norway 

  
 
 
 

 

Top management   
 
 
 

 

Project level   
 
 
 

 

Employees   
 
 
 

 

Subcontractors   
 
 
 

 

Users (or on their 
behalf -owner-) 
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F. Measurement system 

Rank the following aspects of a hypothetical measurement system: 

- Ability to implement strategy 

- Possibility of comparing projects (benchmarking) 

- Ability to measure specific initiatives 

- Ability to measure general project performance 

- Focus on internal performance 

- Focus on value chain performance 

- Centred on management 

- Centred on users 

- Centred on employees and subcontractors 

- Ability to provide performance of each employee (personal goals) 

- Ability to provide feedback on team’s performance 

- Ability to provide feedback on project performance 

- Ability to provide information during the development of the project 

- Ability to provide information at the closure of the project 

- Integrated in the current company’s information system. 

- Include new features better suited to show performance measurement 

- If any (respondent suggestions) 

 

G. What question would you ask yourself? Missing key points.  
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