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Lean construction: Implementing the Last 
Planner System on mining projects
by T. Govindasamy1 and M.C. Bekker1

Synopsis
The potential benefits of implementing the Last Planner System (LPS) on mining infrastructure 
projects were explored through two case studies in the South African mining industry. 

The first part of the study involved measurement of the impact of LPS through earned value 
techniques on secondary project data. The second part sought to establish the lean construction 
success factors leading to improvements in construction performance. This was done by means of 
a research questionnaire distributed to the project owner’s teams, contracted parties, and the LPS 
facilitators.

The results revealed a positive correlation between LPS application and planned percentage 
complete.  However, the performance achieved during the LPS pilot was not sustained. The success 
factors and benefits considered most evident in the case study pilot differed among the three 
stakeholder groups. 

The findings are expected to guide construction stakeholders to better define performance 
measures and focus on factors required to make LPS implementation more effective in the South 
African mining sector. 
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Introduction 
Completing construction projects within time and budget remains elusive, with only 25% of large 
construction projects achieving these goals (Abbas, Din, and Farooqui, 2016). Abbas, Din, and Farooqui  
(2016) refer to a study by Project Management South Africa (PMSA) which reveals that ‘out of 300 
global megaprojects with budgets of over $1 billion, 65% failed to meet the objectives established at final 
investment stage’. 

A project’s performance can be viewed from two perspectives. Firstly from a business perspective, which 
is normally the project owner’s view, and secondly from an execution efficiency perspective associated 
with the contractor’s interest (Enshassi, Mohamed, and Abushaban, 2009). The ability to complete projects 
on time is an indicator of efficiency in the construction process, which is subject to many variables and 
unpredictable factors related to: theperformance of different parties, availability of resources, environmental 
conditions, and contractual relationships (Assaf and Al-Hejji, 2006).

Monyane et al., (2019), with reference to Koskela (1992), suggest that lean construction ‘is an innovative 
construction method to mitigate the poor performance on construction projects. Lean concepts are 
designed to improve the efficiency and effectiveness of project execution by improving productivity and 
reliability, better quality and customer satisfaction, improved forecasting, shortened schedules, waste 
minimization, cost-effective[ness], and improved safety. Unfortunately, after an extensive literature search 
no verifiable evidence could be found suggesting that the South African construction industry has adopted 
lean concepts for performance improvement’. 

According to Sarhan et al., (2017), a variety of lean tools and techniques can be found within the  lean 
construction domain. These include the Last Planner System (LPS), Value Stream Mapping (VSM), the 
5S process, Kaizen, Total Quality Management (TQM), Increased Visualization, Fail Safe for Quality and 
Safety, Daily Huddle Meetings, the Five Why’s, Just in Time (JIT), Pull ‘Kanban’ system, and Error Proofing 
(Poka-yoke). Porwal et al., (2010) state that LPS is one of the most widely used lean construction tools. In 
a project-orientated environment LPS addresses the creation of a predictable work flow among various 
stakeholders to achieve more reliable results. Hamzeh (2011) references Ballard and Kim (2007), Hamzeh 
(2009), and Viana (2010) to suggest that the despite the many benefits of LPS, research has shown that many 
organizations find it difficult to implement successfully.
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Research objective
The objective of the study was to seek empirical evidence to 
illustrate the benefit of implementing LPS on infrastructure projects 
in the mining sector, in the hope of gaining valuable insights for the 
application of lean construction in the industry.

Research was conducted to assess whether the implementation 
of LPS had a positive impact on construction performance in two 
case study projects. Construction performance was measured 
using earned valued management indices of schedule and cost 
performance. The research also aimed to determine the impact 
LPS had on planning reliability during construction. Ballard (2000) 
describes Percent Plan Complete (PPC) as the number of planned 
activities completed, divided by the total number of planned 
activities, expressed as a percentage. A focus on plan realization 
diminishes the risk of variability spreading to downstream flows 
and tasks (Ballard, 2000). Further objectives were to understand the 
perceived critical success factors required, and benefits achieved, 
through the application of LPS on the two projects from the 
perspectives of three stakeholder groups. 

Literature review
Lean production was developed by Toyota engineer Taichii Ohno. 
His idea behind the concept is the elimination of inventory and 
waste through small batch production with reduced set-up time and 
collaboration with suppliers for just-in-time deliveries (Ningappa, 
2011).

Aziz and Hafez (2013) state that Koskela (1992) first proposed 
adaptation of lean production for construction whereby production 
is presented in the three elements of transformation, flow, and 
value generation. To achieve lean construction, Bashir et al., (2011) 
reference Koskela (1992) to identify the following le construction 
principles:
 ➤  Reduce variability
 ➤  Reduce cycle timesminimize the number of steps
 ➤  Focus control on the complete process
 ➤  Balance flow improvement with conversion improvement
 ➤  Increase output flexibility 
 ➤  Increase process transparency. 

In order to contextualize the LPS approach in construction, the 
following paragraphs outline the background to LPS, challenges and 
success factors for implementation, as well as potential benefits.

The Last Planner System
Dos Santos and Tokede (2016) reference Grenho (2009) to indicate 
that LPS was introduced in construction projects by Glen Ballard 
in 1993. With LPS, Ballard focused on improving weekly work 
plans and controlling work flow of design and construction on 
projects. Tayeh et al., (2019) reference Porwal, et al, (2010) to 
describe LPS as a planning, monitoring, and control tool based on 
lean construction principles of ‘just-in-time’ (JIT) delivery, value 
stream mapping (VSM), and pull scheduling (also known as reverse 
phase scheduling). Dos Santos and Tokede (2016) reference Ballard 
(2000) to indicate that the project master plan objectives are taken 
to a lower level of planning which is referred to the ‘look-ahead 
schedule and weekly work plans’. The look-ahead schedule involves 
the following process steps:
 ➤  Identify the assignments that can be completed in the next 

work period
 ➤  Consult with production experts to confirm that the 

assignment can be completed within the specified period 

and that the material and equipment is in place for the 
assignment to proceed

 ➤  Identify assignments that cannot be completed and amend 
the look-ahead schedule.

Dos Santos and Tokede (2016) cite Ballard (2000) to indicate 
that the weekly work plan is derived from the look-ahead plan by 
identifying and sequencing what work needs to be completed each 
day of the specified assignment, whereby the person or team who 
translates the objectives into assignments for implementation is 
said to hold the ‘last planner position’. The planner investigates if 
all constraints to an assignment can be removed; if not, then the 
assignment must be postponed.

The PPC metric of measure will depend on the type of activity 
being executed. Examples of the PPC metric used during the LPS 
pilot included tons of steel installed per day for planned steel 
installations and tons of concrete poured per day for the planned 
construction of a silo. Alarcón, Diethelm, and Rojo (2002), 
in assessing the impact of lean construction using a database 
of 77 construction projects in Peru, found that after LPS was 
implemented,  the collective PPC metric increased on average 6% 
year on year over a three-year period.  Vignesh (2017), in a case 
study of implementing LPS in a district of Tamil Nadu of India, 
found that the PPC metric increased from a baseline of 38% to an 
average of 85% after implementation.

Challenges to LPS implementation
Samorow et al., (2018) suggest that lack of appropriate education 
and training on LPS is likely to lead to LPS being implemented 
incorrectly, and thus ineffectively. Alarcón, Diethelm, and Rojo 
(2002) identified the following inhibitors that prevents successful 
LPS implementation: lack of time to implement change, lack 
of training, poor organizational role definition, inadequate 
understanding of LPS concepts, weak administration, poor 
communication, and a lack of integration. To counter this it is 
suggested that LPS teams work together to plan effectively and share 
knowledge around the planning of tasks. 

Hamzeh (2011) suggests that LPS implementation challenges 
the old practice of developing schedules during the early feasibility 
phases of the project without input from the implementation 
team. Instead, there is an emphasis on collaborative planning 
and constraint analysis in a continuous learning environment. 
The author asserts that meaningful participation of all parties is 
crucialfor successful LPS implementation.

Success factors for LPS implementation
Tayeh et al., (2018) state that commitment to planning and 
coordination between the different participants is most critical 
for LPS success. They also listed other factors that support LPS 
implementation (Table I).

Benefits of LPS implementation 
In a review to determine the impact of LPS on 77 Chilean 
construction projects, Alarcón et al., (2011) found that LPS 
improved the reliability of planning , yielded an improvement in 
PPC, and (over time) an improvement in management control, 
greater involvement of middle management, and a reduction in 
urgent procurement requests was observed.

AlSehaimi, Tzortzopoulous, and Koskela (2009), Dave, 
Hämäläinen, and Koskela (2015), and Koskela, Stratton, and 
Koskenvesa (2010), as mentioned by Tayeh et al., (2019), indicate 
that recognized benefits of LPS are ‘minimize variability in 
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workflows, foresee work plans, push toward improving the 
productivity, compressing time of a project, minimize project cost, 
maximize co-operation and confidence among team members’.

LPS and project performance
According to Novinsky et al., (2018), EVM and LPS can support 
a holistic mechanism to measure project progress accounting for 
economic and process quality in terms of collaboration and work 
flow. The authors explain that EVM determines project progress by 
measuring variance between planned and actual values for schedule 
and budget. LPS enhances planning with the PPC metric measuring 
reliability of achieving planned commitments (Novinsky et al., 
2018). The authors further indicate that only a few studies have been 
completed on the combined application of EVM and LPS and the 
benefits to construction.

In a field test implementing LPS, Kim and Ballard (2010) found 
that the PPC improved from 54% to 94%, and the Schedule Variance 
(SV) index improved by 10%. In a review of 18 projects Ballard et 
al., (2007) found an improvement of more than 10% on CPI, which 
supports other researchers‘findings on the relationship between 
planning reliability and project performance. Leal and Alarcón 
(2010), in assessing the impact of LPS on industrial mining projects, 
found that there was a correlation between PPC and EVM indices of 
SPI and CPI with a significant relationship between the variables.

Novinsky et al., (2018) suggest that organizations intending to 
implement EVM and LPS establish a standard that supports the 
application of the concept as well as consider a long pre-planning 
phase. They indicate that if standards are set and processes are 
controlled the application of EVM and LPS can improve project 
performance. In a study to quantify the impact of implementing 
LPS on industrial mining projects, Leal and Alarcón (2010) 

monitored performance measures such as schedule variance, profit 
margin variance, project productivity index, labour efficiency index, 
and project safety indicators for projects that had implemented LPS 
and projects that had not.

Conceptual model

Project process model
This study focuses on the transformative process of planning, 
controlling, and executing a project.. Tayeh et al., (2019) mention 
Munje and Patil (2014), who suggest that traditionally, construction 
allocates effort and resources to the planning stage of a project, 
to guide personnel during the execution as well as  the control 
function. Tayeh et al., (2019) propose that this approach tends to 
overlook the flow and value considerations in the transformative 
process (Figure 1). 

Figure 2 depicts the conceptual model for this research. Before 
LPS implementation the construction performance baseline is 
derived using EVM indices such as Schedule Performance Index 
(SPI) and Cost Performance Index (CPI). The construction 

Table I

Success factors for LPS implementation (Tayeh et al., 2018)

No Critical Success Factors (CSFs)

1 Top management support

2 Commitment to promises

3 Involvement of all stakeholders

4 Communication between parties to achieve team work

5 Robust relationship with suppliers

6 Push employees to create change

7 Coordination and cooperation between parties

8 Manage resistance to change

9 Definition of roles and responsibilities

10 Involvement of project manager

11 Increased support and monitoring of management

12 Failed to update and meet the program daily

13 Lack of defined roles and responsibilities for monitoring LPC implementation

14 The project does not have all the subcontractors, implementing LPS through the different stages

15 Lacking greater commitment by management for LPS implementation

16 Lack of integration among subcontractors

17 Managers lacked participation

Figure 1—Project process model
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performance during and post LPS implementation was derived 
using the same EVM indices. The quantified benefit is the difference 
in performance from the baseline. The benefit achieved through 
LPS must be viewed systematically and consider the Critical Success 
Factors (CSFs) required to support LPS implementation.

Research questions
The primary research questions are focused on the impact LPS has 
on construction planning reliability, construction performance, and 
the CSFs required for successful LPS implementation. The research 
questions are stated as follows. 

1.  What is the construction performance trend prior to and 
post LPS implementation?

2.  How does construction performance compare to the PPC 
performance during LPS implementation?

3.  Rank the CSFs for LPS Implementation from the perspective 
of the owner’s team, contracted parties, and the LPS 
facilitators. 

Research methodology
We used a descriptive case study method to establish a comparison 
in construction performance related to the use of LPS. Zainal (2007) 
states that a case study method is descriptive when it sets out an 
accurate account of the characteristics within a selected data-set. 
Yin (2013), as referenced by Easterby-Smith, Thorpe, and Jackson 
(2015), views the case study method as subject to criticism as it 
does not have the rigour of scientific designs and rarely allows 
the conclusions from the case study to be extended to the general 
population. Brent and Pretorius (2009) cite Flyvbjerg (2006), that a 
case study can be employed, in specific circumstances to formulate 
general propositions and theories. The authors argue that the 
practical knowledge generated by a case study can be equal to or 
of greater value than theoretical knowledge (Brent and Pretorius, 
2009).

Data sources
This research was based on two mining infrastructure projects. In 
both cases the project scope included construction, installation, and 
commissioning of new mining and plant infrastructure required 
to support mining operations. Two types of data were obtained, 
namely primary data through a questionnaire and secondary data 
from the actual project data.

Survey
To address the third research objective, primary data was 
collected through a survey which was completed by the project 

owners' teams, construction contractors, and LPS process 
facilitators. Saunders, Lewis, and Thornhill (2016) state that 
using a questionnaire is economical as it allows the researcher to 
collect standardized data from a specified population. The survey 
questionnaire was developed using the success factors obtained 
from the literature review on LPS implementation.

The questionnaire consisted of 17 questions with 43 variables 
and was distributed electronically to selected respondents. The 
questionnaire consisted of four parts: 
 ➤  Demographic information about the respondents and their 

role on the construction project
 ➤ Success factors required for LPS implementation
 ➤ benefits of using LPS
 ➤   Relative importance (ranking) of factors that support LPS 

implementation. 
A five-point Likert scale was used to capture and process the 

responses. 

Project data
According to Sørensen, Sabroe, and Olsen (1996) the main 
advantage of using secondary data is its accessibility. The 
secondary data used related to project data generated for reporting, 
performance management, and control purposes for the respective 
case study projects. The specific secondary data sources relevant to 
this case study were as follows.
➤  Baseline project master schedule and budget
➤  Progress updates to master schedule and project cash flows, 

including budget forecast
➤  LPS implementation data, including PPC performance 

tracking data generated by the project under review.
A construction performance baseline before and after LPS 

implementation was evaluated using the EVM cost and schedule 
performance indices. Linear correlation was used to determine if a 
change in the PPC trend had an impact on the SPI and CPI indices. 
The primary and secondary data was analysed with Microsoft Excel, 
using descriptive statistics: mode, frequency, correlation, and linear 
regression.

Results 
Eighty-four invitations were sent to selected project team members. 
A total of t34 were returned, with one incomplete (Table II). This 
resulted in a response rate of 39% from the three targeted groups.

The project owner’s team had the highest response rate of 72%, 
followed by the LPS  facilitator group with 71%. A poor response 
was received from the contracted parties group, mainly due to 

Figure 2—Conceptual model for study evaluation
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some contractors having completed work on the project. Prior 
to distribution, the survey content was validated by piloting the 
questionnaire with two respondents.

Zikmund (2003) defines validity as the ability of a scale or 
measuring instrument to measure what it is intended to measure, 
and states that a pilot study is any small-scale exploratory research 
technique that uses sampling but does not apply rigorous standards. 
Zikmund (2003) defines reliability as the degree to which measures 
are free from error and thus yield consistent results. The calculated 
Cronbach’s alpha assesses the internal consistency among the test 
variables. Murguia (2019) indicates that a threshold score of 0.70 as 
a minimum is an acceptable value to measure the factor for cases 
studies. 

Table III depicts the Cronbach’s alpha score for each of the 
specified groups. The scores across the three groups are above 0.70, 
which indicates a good internal consistency of the items in the scale.

Project data analysis
The secondary data for the case study review was selected to align 
with the LPS pilot duration. The LPS pilot on both projects was six 
months, therefore for comparison purposes a six-month period 
prior to the LPS pilot was selected for baseline performance and 
six months post the pilot to evaluate if the performance attained 
during the pilot period was sustainable. The data-set was screened 
to obtain the planned and actual construction progress as well as the 
construction budget and actual costs on a monthly basis.

The SPI and CPI for each project were derived using the 
formulae in Table IV (Novinsky et al., 2018). The evaluation data-
set references a specific period during the construction phase of 
each project, therefore to validate the SPI and CPI trends it was 
compared to the historical reporting trend for each of the projects.

The PPC data-set for both projects was obtained from tracking 
reports compiled during the LPS pilot phase. For Project A, the 
LPS pilot was four months and for Project B it was seven months. 
For comparative purposes an equal prediction period of a six-
month LPS phase was determined in the middle of the two project 
life-cycles.  For Project A the PPC performance was predicted for 
six months using the linear regression equation derived from the 
four-month data-set.  For Project B the same was applied from the 
seven-month data-set. With the durations of the PPC measurement 
periods equally normalized, some comparisons could be made 
indicating the impact of LPS application on both projects. The PPC 
metric was tracked on a weekly basis on each of the projects and 

Table II

Survey response rate and completion ratio 

Response Rate Completion Ratio

Collector Sent out Responded % Completed Partial %
Email Invitation 1 (Project Owners Team) 25 18 72.0% 18 100.0%
Email Invitation 2 (Contracted Parties) 45 6 13.3% 6 100.0%
Email Invitation 3 (LPS Facilitators) 14 10 71.4% 9 1 90.0%
Total 84 34 33 1 39.3%

Table III

Cronbach's Alpha for variables in selected groups
Select Group Number of variables Cronbach's Alpha
Project Owners Team 43 0.91
Contracted Parties 43 0.84
LPS Facilitators 43 0.76

Table IV

EVM metrics and indices (Novinsky et al., 2018)

Metrics Alternative 
designations

Interpretation

Planned Budgeted cost of work Indicates how much work should be done to date
Value = PV Scheduled = BCWS Actual project progress is measured against the PV.
Earned 
Value = EV

Budgeted cost of work 
Performed = BCWP

The value of work performed expressed in terms of 
the approved budget assigned to that work.

Actual cost 
= AC

Actual cost of work 
Performed = ACWP

Are the total costs that have actually incurred in a 
given time to accomplish a cetain amount of work.

Variance or index Formula Interpretation

Scheduled variance = SV SV = EV – PV Measures deviations from schedule
Schedule performance
Index = SPI

SPI = EV / PV Indicates overall time efficinecy and how efficient 
time is used by the project team.

Cost variance = CV CV = EV – AC Measures deviations from budget
Cost performance
index =CPI

CPI = EV – AC Indicates overall cost effeciancy and how efficient 
financial resources are used
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was averaged to provide a monthly PPC performance that could be 
compared to the monthly SPI and CPI of each project. 

Project SPI, CPI, and PPC performance trends
Figure 3 presents Project A’s SPI and CPI trend for the 18-month 
period. The PPC trend for six months represents the LPS pilot 
duration. The project objective for implementing LPS was to 
accelerate the project schedule by six months. To achieve this 
objective the project team focused on delays in construction of bulk 
earthworks (i.e. terraces, roads, dams, and office blocks). To keep 
the bulk earthworks construction on track and not adversely impact 
the targeted project completion, LPS was implemented with the 
construction contracted parties involved.

The SPI and CPI trends for Project A are consistently above 
unity for the 18-month observation period. This indicates that the 
project was on track to be completed within budget and on time. In 
the period before LPS the CPI was trending just below at 0.97 for 
four consecutive months, while the SPI was averaging 1.05 for the 
six-month period. During the LPS phase the SPI was stable with an 
average SPI index of 1.04. The CPI increased to an average index 
of 1.12. The PPC trend for the six-month average performance was 
67%. Post the LPS phase the SPI was on average 1.02 and the CPI 
index averaged 1.06. The SPI and CPI trend closer to unity as the 
project nears completion.

Figure 4 presents the SPI and CPI trends for Project B for 
the 18-month period. Again, the PPC trend is captured for six 
months which represent the LPS pilot duration. The project 
faced many challenges related to changes in scope arising from 
unforeseen site conditions and poor construction productivity 
due to financial distress of the main contractor on the project. The 
project implemented LPS to improve the poor productivity of some 
construction teams to help improve the overall progress of the 
project.

The SPI an CPI trends for Project B indicate an overall 
deterioration over the 18-month observation period. The project’s 
current status is over budget and behind schedule. In the period 
before LPS the SPI index averaged 0.87. The CPI is trending at 
an average of 1.14; this is a result of costs increasing through site 
instructions early in the construction work without an adjustment 
to the schedule. It is evident that the integration between schedule 
and cost is not optimal on this project. During the LPS phase there 
is a slight decline in the SPI with an average of 0.84, and a bigger 
decline in CPI with an average of 0.97. The PPC during this phase 
averaged 63%. Post the LPS phase the SPI increased slightly and 
averaged 0.88% while the CPI further declined to an average of 0.79.

Project PPC correlation with and regression to SPI and CPI
During the LPS pilot the observed PPC trend and the SPI and CPI 
indices were analysed to determine if there was any correlation 
between the different variables. The correlation coefficient measures 
how well the relationship between two or more variables can be 
described by a straight line (Page and Meyer, 1999). A correlation 
coefficient is measured on a scale from +1 through to –1, where 
+1 is an indication of a positive correlation between variables, zero 
indicates no correlation, and –1 indicates a negative correlation. 
Page and Meyer (1999) state that the p-value indicates if there is a 
significant relationship between the variables.
 ➤  If p ≤ 0.05, there is a significant relationship between the 

variables.
 ➤  If p ≥ 0.05, there is no significant relationship between the 

variables.
Table V depicts the correlation coefficients and p-values for the 

PPC-SPI and PPC-CPI for the case study projects. For Project A the 
PPC–SPI correlation coefficient is 0.479, which indicates a positive 
relationship between the variables. The PPC–CPI correlation 
coefficient is 0.834, which also indicates a positive relationship. The 
p- value for PPC–SPI is greater than 0.05 and therefore indicates 
that there is no significant relationship between the variable. The 
p-value for PPC-CPI is less than 0.05 and therefore indicates a 
significant relationship between the variables.

For Project B the PPC–SPI correlation coefficient is 0.377, 
which indicates a positive relationship between the variables. The 
PPC–CPI correlation coefficient is 0.073 which indicates a negative 
relationship between the variables. The p-values for PPC-ISP and 
PPC- CPI are greater than 0.05 and therefore there is no significant 
relationship between the variables.

Figure 3—Project A: SPI, CPI, and PPC trends

Figure 4—Project B: SPI, CPI, and PPC trends

Table V

PPC metric correlation and regression with SPI & CPI indices
Linear Correlation and Regression PPC - SPI

Project r r2 Std Error P value

Project A 0.23 0.479 0.044 0.335
Project B 0.142 0.377 0.008 0.462

Linear correlation and regression PPC - CPI

Project r r2 Std Error P value

Project A 0.696 0.834 0.048 0.039
Project B 0.005 -0.073 0.054 0.889
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Quantifying SPI and CPI performance per phase
Table VI illustrates the difference (delta) in SPI and CPI from the 
baseline before LPS to performance during LPS, as well as the 
SPI and CPI performance post-LPS for both projects. The results 
reveal some variation. On Project A the SPI declined by 1% during 
implementation, while the CPI increased by 13% during the LPS 
phase. The performance declined on both SPI and CPI post the LPS 
pilot. Project B shows a decline in SPI of 4% during implementation, 
while the CPI declined by 17% during the LPS pilot. The 
performance on the SPI improved by 4%, and CPI declined by 23%, 
post the LPS pilot.

Survey results
The survey respondents were asked to rate their perceived 
experience from the LPS pilot using a five-point Likert scale 
according to the following coding: (1) strongly disagree; (2) 
disagree; (3) neutral; (4) agree; and (5) strongly agree.

Ranking ot critical success factors 
The respondents were asked to rank the success factors for LPS 
implementation, using a scale from 1 (least important) to 8 (most 
important). The mode was used to define the most frequently 
occurring rank for each success factor per respondent group. 
According to Boone and Boone (2012), Likert-type ranks, which 
distinguish a greater-than relationship but do not quantify the 
relationship, comprise an ordinal measurement scale. The authors 
recommend the use of the mode or median for central tendency in 
ordinal-scale date,  and frequencies for variability. 

Table VII depicts the modes of the critical success factors 
asranked by the three stakeholder groups, arranged in descending 
order according to the project owner’s team ranks. The rankings of  

of subsequent groups, the contracted parties and LPS facilitators, 
is reflected alongside the project owner’s team for comparison 
purposes. It is evident that the three stakeholder groups have 
different perceptions of the critical success factors required for 
LPS implementation. The LPS facilitators ranking differed from 
the two comparison groups, although three of the top four factors 
selected by this group were among the top four factors ranked by 
the project owner’s team. The most important success factor for 
LPS implementation differed among the three stakeholder groups. 
The project owner‘s team ranked integration and communication, 
contracted parties ranked good leadership and management 
commitment, and LPS facilitators ranked human capital as the most 
important success factor.

Benefits observed during LPS implementation
Table VIII represents the perceived benefits of LPS implementation 
by the three stakeholder groups. Tthe project owner’s team agreed 
that benefits were perceived during the LPS pilot, and strongly 
agreed that LPS helped management to better visualize the planned 
work. The LPS process facilitators also agreed or strongly agreed 
that the LPS benefits were observed during the LPS pilot, but 
were neutral on whether LPS helped minimize project costs. The 
contracted parties’ observation on benefits contrasted with that of 
the other two groups. The contractor team was neutral or disagreed 
that benefits was observed during the LPS pilot, with the exception 
of enhance co-operation and confidence among project team 
members.

Discussion
The research model aimed to determine the impact of LPS on 
construction performance and understand the critical success 

Table VI

SPI and CPI delta in performance 
SPI and CPI delta per phase 

Project Before % change Implementation % change Post

Project A - SPI 1.05 -1.0% 1.04 -2.2% 1.02

Project B - SPI 0.87 -3.6% 0.84 4.4% 0.88

Project A - CPI 0.97 13.2% 1.12 -5.9% 1.06

Project B - CPI 1.14 -17.7% 0.97 -23.2% 0.79

Table VII

Success factors ranked per stakeholder group 
Project Owners Team Contracted Parties LPS facilitators

Success Factors Mode Mode Mode
Integration and Communication 7 6 6
Contractual Support 6 7 7
Clear roles and project structures 6 7 5
Human Capital 4 4 8
Good Organization climate 3 5 2
Stakeholder support 2 2 5
Good leadership and management commitment 1 8 3
Continuous learning environment 1 1 6
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factors for LPS ranked by the three stakeholder groups. A secondary 
aim was to explore the perceived benefits observed during LPS 
implementation.

LPS impact on construction performance
During the LPS pilot the PPC metric had a positive trend and 
improved during the implementation period on both projects. This 
supports the findings of Vignesh (2017) and Alarcón et al., (2011), 
who found a distinct improvement in planning reliability.

The PPC and EVM indices show a positive linear correlation 
on both projects, which supports the findings of Leal and Alarcón 
(2010). There was a positive correlation between PPC and SPI for 
projects A and B, and a positive correlation between PPC and -CPI 
for Project A. However, the correlation between  PPC and CPI 
for Project B was negative. The correlation for Project A PPC-CPI 
showed the only significant p-value. This is in contrast to Leal and 
Alarcón‘s (2010) findings of a significant p-value tfor both PPC-SPI 
and PPC-CPI.

The EVM indices suggest that there was no visible impact on 
construction performance from the LPS pilot. The SPI trend for 
Project A during LPS implementation presents a slightly more 
consistent performance compared to the period before LPS, 
suggesting that LPS had a positive impact on construction. The 
LPS impact for Project B is not apparent and the EVM indices do 
not reflect any improvements. This could be a result of underlying 
factors impacting the project that the LPS pilot could not adequately 
address. Project B suffers from poor productivity from contractors, 
which is exacerbated by financial distress. Poor productivity 
affecting construction performance is consistent with factors cited 
by Tayeh et al., (2018).

The delta values for project SPI performance observed during 
and post LPS pilot on Project A did not show an improvement, 
while on Project B the SPI performance declined during the LPS 
pilot but improved post the pilot. The results suggest that while the 
PPC performance on both projects improved during the LPS pilot 
period, the improvement in planning reliability is not visible in the 
project SPI and CPI performance.

Critical success factors and benefits of LPS Implementation
The aim was to explore the opinions of the three stakeholder 
groups participating in the LPS pilot on the critical success factors 

important for LPS implementation. The results depict a varied 
opinion among the three groups regarding the ranking of success 
factors, and differ from the sequence of success factors ranked by 
Tayeh et al., (2018) and Murguia (2019). This is to be expected 
as the implementation of LPS is specific to the environment and 
organizational culture in which the project is executed. The varying 
opinion on success factors required for LPS implementation 
among the three stakeholder groups could have led to challenges 
experienced during the pilot phase. Evidence for this is indicated 
by answers to the open question: ‘What should be changed or 
stopped when using the short-term planning process?’ It is worth 
mentioning that the Lean Construction Last Planner System (LPS) 
process was referred to as the ‘short-term planning process’ within 
the organizations during the pilot phase. The responses were varied 
and are summarized in Table IX, highlighting that some of the 
success factors were not well implemented in the case study pilot. 
There was no clear indication of what planning took place before 
the LPS pilot on the projects and no evidence of how success was to 
be measured during this phase. Therefore, the benefits could not be 
measured using secondary project data.

Conclusions
Construction performance
The study’s primary aim was to investigate whether the lean 
construction tool LPS had a positive impact on construction 
performance. The proposition was that an improvement in planning 
reliability observed from the PPC metric will have a positive impact 
on the construction EVM indices. The case study results indicate 
that the PPC performance measured during the LPS pilot period 
had a positive upward trend. The delta SPI and CPI performance 
for the three distinct evaluation phases of before, during, and after 
the LPS pilot did not show consistent percentage improvement in 
the EVM indices. There was a positive correlation between PPC 
and SPI and PPC and CPI for the case study projects,although the 
correlation was not significant.

Critical success factors for LPS implementation
The study’s secondary objective was to explore the factors required 
for successful LPS implementation. A questionnaire was utilized 
to survey the opinions of the three stakeholder groups (project 

Table VIII

Perceived LPS benefits mode per stakeholder group
Project Owners 

Team
Contracted 

Parties
LPS 

Facilitator

LPS Benefits Mode Mode Mode
Allows better understanding of project controls and planning 4.00 1.00 5.00
Enhances co-operation and confidence among project team members 4.00 4.00 5.00
Improve predictability of work plans 4.00 2.00 5.00
Minimize variability in work flow 4.00 2.00 4.00
Enables accurate predication of resource requirements 4.00 2.00 5.00
Shorten project time on certain tasks 4.00 3.00 4.00
Minimize related project cost 4.00 2.00 3.00
Improves productivity on construction site 4.00 3.00 5.00
Improved site management 4.00 3.00 4.00
Allows management an opportunity to better visualize work planned 5.00 3.00 5.00
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owner’s team, contracted parties, and LPS facilitators) related to the 
important factors for LPS implementation and perceived benefits 
of using LPS as a lean tool on the project. The critical success factor 
ranking among the three groups differed, with minor alignment 
in ranking of factors related to integration and communication, 
clear roles and project structures, and contractual support for 
suppliers. The variability in the success factor rankings by the three 
stakeholder groups points to possible challenges experienced during 
LPS implementation in this case study. The project owner’s team 
and the LPS facilitators indicated agreement with the perceived 
benefits of LPS implementation, while the contracted parties 
generally disagreed that the perceived benefits were observed in the 
case study.

Contribution of the study
The research sought to find empirical evidence that the application 
of the lean tool LPS on infrastructure projects in the mining 
sector will improve construction performance. Implementing 
lean construction will help improve poor planning, poor site 
management, coordination problems, and chronic problems with 
waste (Tayeh et al.,, 2018). The study contributes to the knowledge 
of applying lean construction in the mining sector as follows.

 ➤  A positive PPC trend was observed, indicating an improved 
planning reliability on the case study projects.

 ➤  A positive correlation was observed on PPC and EVM 
indices of SPI and CPI. However, the actual causation could 
not be validated with the information available. Although 
not part of this research, the various factors that may 
have caused the correlation should also be investigated to 
indicate the cause-and-effect influencing factors.

 ➤  The study provides a perspective on the perceived 
important success factors and benefits associated with 
LPS implementation from the perspective of the three 
stakeholder groups.

 ➤  The study failed to show a clear and definitive improvement 
in construction performance during and post the LPS pilot 
phases. This could be attributed to the following:

 •  Poor planning. Performance baselines; and how benefits 
will be measured werwas not defined.

 •  LPS was implemented after construction started, which 
may have contributed to implementation challenges.

 •  Construction performance was measured on the project 
master level, instead of the work package level.

Recommendations
The case study is limited to two mining infrastructure projects, and 
hence the results are exploratory. The contractor participants in 
the study consisted solely of contractors involved in the two case 
study projects, and therefore the findings of the study cannot be 
generalized.

Based on the results and conclusions, the value of this research 
lies in improving the approach to implementing Lean Construction 
principles on projects in the mining industry. It is suggested that in 
future studies, different construction performance metrics should 
be utilized, which have a better correlation with PPC. 

The final recommendation is that the use of an implementation 
framework should be considered to make LPS successful in mining 
projects. Hamzeh (2011) suggests that the meaningful participation 
of all parties in construction is a key factor for successful LPS 
implementation because LPS changes the way people think and 
execute work. Thus, managing LPS implementation issues in 
advance could help construction teams adapt to the new way of 
working (Hamzeh, 2011). To achieve this aim in a consistent and 
repeatable manner, the authors suggest an LPS implementation 
framework be used to facilitate the organizational change required 
for successful LPS implementation. 
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