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Abstract 
Productivity problems often lead to time and cost over-runs on construction projects. These 

problems manifest themselves in a lack of coordination, unidentified scope leading to poor 

planning, lack of monitoring and control, unrealistic schedules, poor implementation, and incorrect 

resource allocation. This produces a concern on how to bet plan and control projects, and what 

optimized strategy should be followed depending on type, size and the culture of the project. 

Therefore, methodologies have been developed to reduce the risk and improve project outcomes; a 

number of these methods are based upon lean production. Using Location-Based Management 

Systems (LBMSs) aims to achieve lean goals through a social process, by trying to make planning 

a collaborative effort and by improving the reliability and commitments of team members.  The 

method for the research was a quantitative questionnaire concluding in a survey sent to participants 

involved in the case study.  A detailed narrative of the problem and the literature review will be 

taken to industry practitioners for feedback. 
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Introduction 
Planning and scheduling construction have been an active subject of research since the 1950s and 

in that time many techniques and methods have emerged. Industry has adopted the critical path 

method (CPM) as the influential pattern for practical scheduling (Monden, 1998; Feld, 2001), yet 

in the research community, there has been an obstinate resistance to accept this as the only method. 

Considerable activity over a lengthy period has kept alive an alternative family of methods. There 

have been many trials to classify a common term for the alternative group of scheduling methods 

which arise from handling repetitive production of units or physical locations.  In construction, 

where the critical path method (CPM) dominates in practice, it is powerful to use these divisions to 

identify alternative strategies and to justify their use for certain aims, or even to make the case that 

alternatives may be superior for planning and control of construction projects. The aim of this 

research is to explore the extent to which implementing Location-Based Management Systems 

(LBMS) on construction projects can improve productivity. 

 

The problem 
Alongside its productivity failings, the industry suffers a related incompetence to accurately deliver 

to plan. Success factors can be measured by different parameters but typically will relate to clients’ 

aim for time, cost and quality. Irrespective of whether the ultimate standards being promised by 

industry in each of these categories are the best that they can be, the more concerning issue is that 

what is committed, regardless of how challenging, is often not delivered. The paper background 

and problems presented above show that there is a need for an effective location-based planning 

and scheduling system. This case study, therefore, focuses on improving construction workflow 

and project management, by using good scheduling and planning techniques and lean construction 

technique LBMS. 

 

Lean Construction 
Lean construction is a philosophy based on the concepts of lean manufacturing. It is about 

managing and improving construction processes to fruitfully deliver what customers need. Because 

it is a philosophy, lean construction can be pursued through a number of various approaches.  One 

of the first companies to deviate from the traditional mass production was Toyota, which introduced 

numerous manufacturing philosophises to increase their production line. The production 

philosophises, introduced and implemented by Toyota are known as Toyota Production System, 

which formed the basis of Lean (see Figures 1.1) (Howell, 1999). 
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Figure 1.1. Toyota Production System pyramids process. 

 
Lean manufacturing combines the capabilities of the workforce with organizational techniques to 

achieve high outcomes with few resources (Katayama., 1996). In the lean product delivery system, 

all members are treated equally as part of a single integrated team which involve the owner, 

designer, contractor and all other important players in order to achieve the project goals (Mossman, 

Ballard and Pasquire, 2013). 

 

On projects that develop and maintain a Lean culture of continuous improvement, such as a case 

study project in Qatar’s largest metro, the teams have experienced improvements in design teams 

and trade contractor relationships, communications, scope definition, coordination, collaboration, 

cost and schedule performance. As stated by Ballard (2000), and as result of previous 

implementation of lean construct, a common fundamental principle of Lean thus:  

• Define value from the perspective of end users; 

• Understand the value stream of all stages in the process used. 

• Minimizing waste; 

• Ensure an ease flow of value-added activities; 

• Modularize building systems – Building Information Modelling (BIM); 

• Seek perfection by committing to continual improvement in all areas. 

 

The Use LBSM in Construction Projects 
The location of projects is hierarchical and are defined by a Location Breakdown Structure (LBS) 

or Location-based Management System (LBMS). Bills of Quantities for projects are spread over 

project locations and sub locations, and each location has defined works which must be completed 

before moving teams to other locations; thus data on quantities per location is the base from which 

to start LBMS, and the use of that is to move from master schedules of projects to more detailed 

and focused locations or sub-locations and work packages that combine several areas and trades of 

projects. To be completed, coordination is required with the various parties and subcontractors 

under the supervision and control of main contractors. LBMS integrates the Critical Path Method 

(CPM) into flow line scheduling. Logic can be automatically generated by considering tasks 

composed of multiple locations. The goal of location-based planning is to optimise labour flow 
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(Kenley and Seppanen, 2009), so that work does not stall and workers are busy all the time. But 

problems that arise are that it requires more data than CPM scheduling, including quantities by 

location, productivity rates and the availability of skilled labour under supervision of accountable 

subcontractors. Also, the location breakdown structure needs to be decided before the start of the 

planning. In LBMS, there are four stages of information: baseline, current status, progress and 

forecast. It has been noted that this kind of planning facilitates only limited coordination between 

contractors and subcontractors. Figure 1.2 illustrates how three tasks are programmed using the 

Line of Balance (LoB) planning method. 

 

 
 Figure 1.2. Balanced production of three tasks in line of balance (Kenley and Seppanen, 2009 after NBA) 

As stated by Seppanen and Kenley (2010), CPM has never taken hold in Finland. A large proportion 

of Finnish projects use location-based principles. The result is that only 1% of Finnish projects 

exceed schedule and, for example, Skanska has 200 projects a year and only one catastrophic 

project every two years. Location-based scheduling is no longer an intellectual curiosity. It has 

been adopted as the underlying methodology of one of the mainstream players in the world of 

building information modelling (BIM) and integrated construction systems. The scheduling 

planning and control system has been refined and tested on many projects. 

 

Literature Review and Issue Identification 
LBMS aims to achieve lean goals by changing the way the construction projects are traditionally 

planned and managed, aiming to improve efficiency and productivity. It is an upgrade from the 

traditional CPM, which became insufficient for many projects. In order to achieve a continuous 

production, the system considers the locations and activities are planned in regards with the 

locations hierarchical order.  Unlike the traditional activity-based planning methods, which base 

the planning solely in the logical relationship between each task. These locations represent the core 

of the system following the same logic of the CPM within each task, considering the sequence 

between the different locations and not just between the tasks. LBMS emphasizes on managing for 

productivity by ensuring a continuous flow of work and resources, thus optimizing the production 

and in turn the schedule (Swinburne, 2006). LBMS implementation without adequate social process 

will lead to sub-optimal results even when the information required to successfully manage projects 

is available to decision-makers (Seppanen, 2009). LBMS research have reported case studies where 

durations were compressed, schedule conformance improved, and productivity increased (Kenley 

and Seppanen, 2009; Ballard and Howell, 2003). 

 
Such a typology clarifies methods. In the real world of construction, where the critical path method 

(CPM) dominates in practice, it is powerful to use these divisions to identify alternative strategies 
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and to justify their use for specific purposes, or even to make the case that alternatives may be 

superior for planning and control of construction projects. Figure 1.3 illustrates the difference in 

scheduling using activity and location-based methods. 

 
Figure 1.3: A classification for construction project scheduling methodologies (Kenley and Seppanen, 

2009) 

 
Location-based term has been adopted to describe this methodology because the underlying 

epistemology is that a project may be modelled by including individual packages of works (tasks) 

into a connected whole entity called a task which represents the aggregation of activities in multiple 

locations. Topological models may then be constructed by linking tasks through a network of 

complex logical relationships. The focus of the method is therefore on tasks moving through 

production units (locations/places) and project data sits in both task and location.  

 

 

Methodology 
This paper investigates best practice possibilities to implement LBSM in construction. The main 

goal of the research is to provide essential information about LBSM and its use in construction 

projects in GCC countries. The data collection instruments used in the research are a questionnaire 

survey, followed by interviews. A questionnaire was preferred as the best effective and suitable 

data-collection technique for the study. The questionnaire was a self-administered tool with web-

designed questions. A questionnaire in a web-survey format comparatively requires less duration 

and saves cost for researchers while permitting participants to respond to the questionnaire at their 

convenience. However, for this approach the response rate is usually lower as compared to face-

to-face interviews. Data was collected for the literature review from books, journals and articles. A 

survey was given to project team from professions involved in Qatar’s largest metro project. 

 

LBMS Questionnaire 
Questionnaire surveys were designed to provide a feedback on the implementation process of 

LBMS in construction projects in GCC countries. The questionnaire was divided into four sections. 

The first section was to establish the profile of the participants and that of their organisations. 

Subsequently, the next section reviewed the benefits recorded in the implementation LBMS while 

the last section dwelt with the critical barriers and success factors of implementation.   

 

Survey and Questionnaire Revision 
A face-to-face discussion was conducted with ten construction professionals. This procedure 

improved the validity of the survey.  Questionnaires were sent by e-mail to the project teams. 20 
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replies were received. Mindful of a relatively low response rate, it was decided to supplement the 

data collection process with qualitative interviews with construction professionals. 

 

Questionnaire Distribution 
The target groups in this study were professionals involved in the project. With a volume of 547 

professionals (Project controls, planning, estimators, construction, Engineers and Managers). The 

sample size can be calculated with the following equation for a 95% confidence level (AlShahri et 

al,2001) and (Moore et al, 2008): 

 

n =
n′

(1+
n′

N
)
   (1) 

 

Where, n= total number of population, N = Sample size from a finite population, n’ = sample size 

from an infinite population= S2/V, S2 = the variance of the population elements and, V = a standard 

error of the sampling population. (Usually, S= 0.5, and V = 0.06).n'= S2 / V2 = (0.5)2 + (0.06)2 = 

69.44, for N=547, n = 69.44 / [1 + (69.44 / 547)] = 62. To obtain 95% of confidence level, it was 

calculated to send the questionnaire to minimum of 62 participants. 

 

Data Collected from the Web Survey 
To successfully achieve the objective of the study, one of the most important phases is collection 

of accurate data. Data collection is a procedure of collecting data records for a certain sample or 

population of observations (Bohrnstedt and Knoke, 1994). 

 

Analytical Method Used 
In order to facilitate the study, after the literature review and the focus interviews, a plan was 

formulated for collecting field information and creating an evaluation process and numerical 

values. It was necessary to provide straightforward communication to participants to ensure a clear 

understanding of all the applicable definitions, procedures, and guidelines that were used in 

collecting data. Because the data-collection process included individuals, two different ways were 

used to analyse the survey results. 

 

Ranking 
In carrying out this research, the Relative Importance Indices (RII) was used. The same method 

was adopted in this study. The five-point Likert scale ranged from 0 (very low importance) to 4 

(very high importance) was adopted and transformed to RII for each factor as follows:  

   𝑅𝐼𝐼 =  
∑ 𝑊

𝐴 ×𝑁
    (2) 

where W is the weighting given to each factor by the participants (ranging from 0 to 4), A is the 

highest weight (i.e. 4 in this case), and N is the total number of participants. 
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Results 

 

 

Table 1 Overview of results of LBMS implementation in GCC countries 

 

The findings from the survey suggest that implementation of LBMS in construction projects in 

the project, is useful. 

 

 

Table 2 Barriers during LBMS implementation in construction projects in GCC countries 

Barriers 0 1 2 3 4 Mean RII Rank 

Inadequate supervision 2 3 7 7 1 2.10 0.53 5 

Fluctuations and variations 1 2 3 11 3 2.65 0.66 1 

Subcontractor’s lack of involvement 0 4 5 7 4 2.55 0.65 3 

Resistance to change 1 2 3 10 3 2.65 0.65 2 

Negative cultural issues 3 7 5 4 1 1.65 0.41 6 

Lengthy approval procedure by client 0 5 4 6 5 2.55 0.64 4 

 

The findings from the survey suggest that Fluctuations and variations, is the major barrier being 

considered during the LBMS implementation in the project. 

 

  

Results 0 1 2 3 4 Mean RII Rank 

LBMS was very effective within this project 0 0 5 10 5 3 0.75 2 

The results achieved from implementation on 

previous projects are satisfactory 
0 2 3 14 1 2.7 0.68 3 

The weekly work plans and weekly quantities 

trackers were very useful 
0 1 4 7 8 3.1 0.78 1 
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Table 3 Critical success factors to the implementation of LBMS in GCC. 

Success 0 1 2 3 4 Mean RII Rank 

Training   0 1 2 9 8 3.20 0.75 4 

Involvement of all stakeholders (teamwork) 0 2 2 12 4 2.90 0.73 7 

Motivating people to make changes 0 1 4 10 5 2.95 0.74 5 

Having the appropriate human capital 0 0 3 11 6 3.15 0.79 3 

Top management support 0 0 0 10 10 3.50 0.88 1 

Management resistance to change 1 5 3 8 3 2.35 0.59 8 

Close relations with suppliers and subcontractors 0 0 5 11 3 2.90 0.73 6 

Skilled BIM engineers   0 0 3 10 7 3.20 0.80 2 

 

The findings from the survey suggest that management support, skilled BIM engineers and having 

the appropriate human capital, are the major success factors being considered to LBMS 

implementation. 

 

Table 4 Benefits of the implementation in construction projects in GCC 

Benefits 0 1 2 3 4 Mean RII Rank 

Identifying and addressing potential problems 

before they become obstacles in the project 
0 1 0 0 9 3.35 0.84 2 

Reducing the incidence of bad news and to get 

what bad news there is early 
0 0 4 1 5 3.05 0.77 6 

Developing supervisory skills and reducing the 

load on management 
0 1 2 0 7 3.15 0.79 4 

Creating a more predictable and reliable 

production programme 
0 1 4 1 4 2.90 0.73 9 

Delivering projects more safely, faster and at 

reduced cost 
0 2 0 3 5 3.05 0.77 7 

Improving construction logistics on projects 0 0 3 3 4 3.05 0.76 8 

Improving predictions of labour required 0 0 2 4 4 3.10 0.78 5 

Reduces the risk of catastrophic loss 0 0 2 3 5 3.15 0.79 3 

Completes projects on schedule 0 0 1 1 8 3.35 0.84 1 
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The findings from the survey suggest that delivering projects on schedule, avoiding delays and 

decreasing risks are the major benefits to be anticipated from LBMS implementation in 

construction projects in GCC countries. 

  

Conclusion 
 The findings from the survey are that during LBMS implementation, the following hurdles were 

confirmed as anticipated from the literature reviews: cultural issues, lengthy approvals, resistance 

to change, supervision and quality control, subcontractor’s involvement, fluctuations and 

variations. Accordingly, a framework is developed to overcome the hurdles identified. This 

framework included the need to; identify purpose, identify stakeholder’s impact, obtain 

sponsorship, build cross functional teams, create measurement indices, create a healthy working 

climate and provide training on lean techniques and LBMS. This framework was further validated 

by industry practitioners within the field of the study and positive feedback was obtained from 

focus group discussions. Considering the survey results above, it is concluded that visualisation 

tools for construction operations are beneficial for resource planning and aid in producing effective 

construction schedules. 

 

Recommendations 
The proposed framework is not a pick and choose toolbox or a rigid step-by-step framework, rather 

it is a guideline as to what should be in place to promote the successful and effective 

implementation of LBMS. Location-based schedules and visually analysing scheduling 

information of leaner scheduling projects improves its planning, control and coordination. 

Construction professionals agreed that location-based schedules and visual analysing is valuable in 

resource planning at the required locations, and when necessary, throughout construction 

operations, particularly in linear projects. Location-based schedules and visual analysing is also 

useful in communicating scheduling information amongst project stakeholders.   

 

Future Research 
Further research should focus on the holistic barriers of the implementation of LBSM and 

development of a universal implementation framework that can fit into any construction 

environment. Further work should be undertaken on applying the same research in other developing 

countries. Similarly, additional research should be made in the adoption of other lean construction 

tools and techniques within UK.  
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