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Abstract: Poor productivity of labor construction causes project cost to increase and project 
completion schedule behind target. Underground mining company such as PT Freeport Indonesia 
(PTFI) struggle to overcome problem with productivity. It is critical for mining underground 
company to keep up labor productivity due to importance of mining production. Therefore, the 
purpose of this research are: (1) to identify the factors that influence labor productivity; (2) to 
formulate alternative strategies to increase the productivity; and (3) to formulate recommendations 
carried out by PTFI in order to increase the productivity. This research use literature review and 
expert discussion to identify factors affecting labor productivity in the construction industry. The 
analytical Hierarchy Process (AHP) method used to find the best strategies to increase labor 
productivity. The result of this research showed that the factors that has the most influence is labor 
management, the most influencing actor is construction management, the most important goal is to 
improve project management implementation and the best strategy to increase labor productivity is 
to create a Project Management Office (PMO) system. The recommendation that can be given is that 
PTFI needs to develop guidelines and programs for PMO system development and apply PMO to 
all PTFI mining activity.

Keywords: Analytical Hierarchy Process (AHP), Labor productivity, Project Management Office 
(PMO), Strategies, Underground mining   

Abstrak: Produktivitas pekerja konstruksi yang buruk menyebabkan biaya proyek bertambah dan 
jadwal proyek tertinggal. Perusahaan tambang bawah tanah seperti PT Freeport Indonesia (PTFI) 
kesulitan untuk memperbaiki masalah produktivitas tersebut. Sangat kritis bagi perusahaan untuk 
menjaga produktivitas karena berkaitan dengan produksi tambang. Oleh karena itu, penelitian ini 
bertujuan  (1) mengidentifikasi faktor – faktor yang berpengaruh terhadap produktivitas pekerja; (2) 
merumuskan strategi peningkatan produktivitas pekerja; dan (3) merumuskan rekomendasi bagi PTFI 
untuk meningkatkan produktivitas pekerja. Penelitian ini menggunakan metode ulasan literatur dan 
diskusi pakar untuk mencari faktor pengaruh produktivitas pekerja. Metode Analytical Hierarchy 
Process (AHP) digunakan untuk mencari strategi terbaik untuk meningkatkan produktivitas pekerja. 
Hasil penelitian menyatakan bahwa faktor yang paling memengaruhi produktivitas pekerja adalah 
pengelolaan pekerja, aktor paling memengaruhi adalah manajemen konstruksi, tujuan paling utama 
agar produktivitas pekerja meningkat adalah meningkatkan implementasi manajemen proyek 
dan strategi terbaik untuk meningkatkan produktivitas pekerja adalah membuat sistem Project 
Management Office (PMO) dalam pelaksanaan proyek konstruksi tambang bawah tanah. Saran yang 
direkomendasikan adalah PTFI perlu membuat pedoman dan program untuk pengembangan sistem 
PMO dan menerapkan PMO di semua kegiatan operasional tambang PTFI. 

Kata kunci: Analytical Hierarchy Process (AHP), Produktivitas pekerja, Project Management 
Office (PMO), Strategi, Tambang bawah tanah
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INTRODUCTION

Labor productivity has become an often-discussed topic 
in the construction industry since it affects the costs 
and schedule of construction projects. Construction 
companies aim to keep great labor productivity so 
that company profits are not affected. Not only that, 
it can also affect the economy of the nation (Naoum, 
2016; Durdyev et al. 2018; Alaghbari et al. 2019). 
According to Central Statistics Agency (BPS), the 
construction industry sector contributes approximately 
10% of Indonesia’s Gross Domestic Product (GDP) 
so it is important for stakeholders who are involved to 
maintain labor productivity in order to continue giving 
contribution to the company and the state.

The importance of labor productivity to construction 
projects forces construction companies to take 
measurements to keep an effective labor productivity. 
Before the measurements are made, it is important 
for companies to know how productivity is defined. 
In general, the definition of productivity is the ratio 
between input and output. This comparison model 
can be used according to the orientation applied such 
as economy, construction, and activity (Thomas et al. 
1990). In this study, the definition of productivity is the 
ratio between earned manhours and actual manhours 
(Reid, 1999). Earned manhours are the sum of labor 
manhours earned according to the physical achievement 
of progress. Actual manhours are the sum of labor 
manhours spend to achieve progress. A measurement 
that uses working hours provides flexibility and usually 
suitable for the construction industry since there are 
various activities involved. The difficulty of measuring 
CLP using working hours is usually caused by a 
different perspective in terms of progress achievement. 
That is why, it is important to clarify before conduct 
measurement.  

As one of the largest coppers and gold mining 
companies in the world, PT Freeport Indonesia (PTFI) 
currently expand their underground mining after the 
surface mining is closed. The expansion project requires 
capital expenditure with a total project cost of US $ 861 
million dollars. This project involves a large number 
of workers, so PTFI measures labor productivity as 
part of supervision and control. Labor productivity 
report shows that around 63% of the total underground 
mining projects are experiencing a decrease in labor 
productivity. Poor productivity has led to project cost 
overruns and causes the project schedule to slip. Abdel-

Hamid et al. (2020) stated that 18% of time and cost 
loss happens due to poor productivity. PTFI policy 
stated that cost variance that exceeds 15% of the direct 
cost will require a supplemental budget, and that is not 
good for the company cashflow. 

Previous studies that discussed labor productivity 
was carried out by most researchers by looking for 
factors that influence labor productivity. This research 
produces influencing factors for labor  productivity 
such as worker ability (Muqeem et al. 2011; El-Gohary 
and Aziz, 2014; Naoum, 2016; Chaturvedi et al. 2018; 
Alaghbari et al. 2019; Hamza et al. 2019), material 
management (Kaming et al. 1997; Makulsawatudom et 
al. 2004; Kadir et al. 2005; Enshassi et al. 2007), and 
project planning (Naoum, 2016; Hamza et al. 2019; 
Doloi, 2008). 

However, studies that discussed strategies in increasing 
productivity are very limited. Research from Ghodrati 
et al. (2018) shows that management strategies such as 
communication, incentives, and worker management 
have an effect on labor productivity. However, strategies 
such as training, supervision and work methods have 
shown no effect which is contradictory to what Koch 
and McGrath (1996) has stated. The study stated that 
companies that systematically train and develop their 
workers are more likely to enjoy rewards in the form of 
a more productive workforce than those that don’t. 

On the other hand, discussion and research on 
determining factors and strategies to increase labor 
productivity may be found, but researches that address 
mining productivity are very rare. Only a few studies 
have discussed it such as research by Garcia et al. 
(2000); Joaquín et al. (2010) and de Solminihac et al. 
(2018). There are several reasons why this research is 
difficult to find: 1. Limited data access. Mining company 
policies limit the release of internal company data; 2. 
Limited underground mining area. Not all countries 
have underground mines, so researches are limited only 
to countries that have underground mining areas; 3. 
Low research interest. Research in underground mining 
areas requires strict permissions and costs a lot, which 
discourages researchers from choosing the topic.

The author saw that there are gaps after knowing the 
importance of labor productivity for construction 
projects, seeing the decreasing productivity data of 
PTFI workers which could potentially cause losses, 
and the lack of previous research. Therefore, the author 
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learned that there should be a research that discusses 
labor productivity in underground mining areas. Hence, 
the purpose of this study is to identify the factors that 
mostly influence the productivity of underground 
mining project labor, formulate alternative strategies, 
and provide recommendations for PTFI to increase 
labor productivity.

METHODS

This research was conducted at the PT Freeport 
Indonesia mine in the underground mining area, 
Tembagapura, Mimika Regency, Papua Province from 
November 2019 to October 2020. The preparation for 
this research included collecting previous research 
information, research supporting data, taking survey 
data, interviewing the expert, data processing, writing 
and research consulting.  This research uses quantitative 
and qualitative approaches. The quantitative approach is 
carried out by survey methods using a questionnaire as 
an instrument for collecting research data. A qualitative 
approach is carried out through in-depth interviews 
with respondents to gather information about the 
variables researched. This research used primary and 
secondary data as research materials. Primary data for 
this study were collected through in-depth interviews 
on construction expert who has 10 years of experience 
or holds the management positions. Meanwhile, 
secondary data were obtained from a review of previous 
research literature and a review of statistical data from 
the Central Statistics Agency (BPS).

The research started by conducting a literature review 
to find out information about the factors that influence 
the productivity of construction labor. Literature 
review plays an important role as a foundation for 
research, serves as a basis for knowledge development, 
establishes guidelines for policy and practice, provides 
evidence of the effect that, if done well, has the capacity 
to generate new ideas and directions for a particular field 
(Snyder, 2019). Therefore, by reviewing the literature, 
the authors have insight about influencing factors so the 
interviews with experts become more focused and on 
target. The influence factor then discussed with experts 
to find out what factors are relevant to the research. 
In-depth interviews with 5 construction experts, who 
has 10 years of experience and holds the management 
positions, are expected to help assess and determine 
the critical factors based on knowledge and expertise 
in construction. 

After getting the factors that are considered relevant, the 
next step was to formulate a strategy to increase labor 
productivity using the AHP method. The AHP method 
uses the principle of hierarchical composition to obtain 
alternative priorities by referring to the priority of 
several criteria. The AHP method can measure physical 
and social sizes as well as provide comprehensive 
solutions to a problem, both intuitively, rationally, and 
simultaneously. This method also provides easy and 
complex solutions simultaneously in the sense that it 
can handle complex real problems (Saaty, 1986; Saaty, 
1987).

In the AHP, the first step was to define the problem 
and determine the focus or the goal. In this study, the 
focus or goal the author want to achieved is to choose a 
strategy for improvement to increase labor productivity. 
Therefore, the box belong to improvement strategy is 
placed at the top of the hierarchy. The second step was 
to create a hierarchical structure starting from the top 
level, namely the focus or goal to be achieved. The 
second level is the factors that affect labor productivity. 
After these factors, the hierarchy is passed down to the 
actors. Actors will contain parties who are considered 
to influence the focus and factors. The third level is 
the goals to achieved and the bottom level is alternatif 
strategies to increase labor productivity. The third step 
was to make a pairwise comparison. Descriptive analysis 
was carried out to explain the factors, actors, goals 
and strategy improvements that are most influential 
for the Central Service Division as a construction 
project implementer in dealing with labor productivity 
problems and to analyze the managerial implications 
for PTFI. In general, the research framework can be 
seen in Figure 1

RESULT

Identification of Relevant Influence Factors

Some relevant labor productivity influence factors based 
on the results of previous research reviews as well as the 
discussion with construction expert sources resulted in 
5 influencing factors. The selection of these factors was 
made after considering the different work locations in 
general, which in this case is the underground mine. 
Therefore, the consideration of problems often arises in 
labor productivity which is often faced by experts when 
they are carrying out the project in the underground 
mining areas. These factors are:
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Material. The availability and quality of materials 1. 
considered by experts can increase labor productivity 
(Alaghbari et al. 2019; and El-Gohary and Aziz, 
2014).
Labor management. Labor management activities 2. 
include but are not limited to supervision of labor 
(Enshassi et al. 2007; Hickson and Ellis, 2014; Hughes 
and Thorpe, 2014; Durdyev et al. 2018; Hamza et al. 
2019), management of conflicts among labor, skills, 
and knowledge development of labor (Naoum 2016; 
Hamza et al. 2019; Chaturvedi et al. 2018; Robles et 
al. 2014; Alaghbari et al. 2019; Muqeem et al. 2011). 
Project planning. This includes activities such 3. 
as preparing a schedule of activities, obtaining 
materials and equipment, preparing labor allocations, 
engineering, and administration. The more time 
allocated to the planning process, the more likely to 
achieve the project target (Dvir and Lechler, 2004; 
Armstrong, 1982; Urbański et al. 2019)
Communication and coordination. Through an 4. 
effective communication style, work activities can 
be efficiently assigned, implemented and supervised 
(Solaja et al. 2016).
UG (underground) work area. Usukhbayar and 5. 
Choi (2018) stated that work location and weather 
conditions can affect labor productivity.

Hierarchy Structure of Analytical Hierarchy Process 
(AHP)

The determination of AHP structure was done by 
breaking the problem into several parts in a systematic 
way. After obtaining the relevant influence factors, the 
researcher then divided the problem into a hierarchical 
structure that has several levels. The first level is the 
focus on increasing labor productivity. The second level 
is the influence factor based on the results of discussions 
with experts. The third level is the actor that shows 
labor productivity. The selection of actors was based 
on the criteria of responsibility and their role in project 
implementation. The fourth level is the goal that must 
be achieved to increase the labor productivity. The fifth 
level is a strategy to increase labor productivity. This 
strategy was made by referring to the whole hierarchy 
above it. The AHP hierarchical form was determined 
through literature reviews and discussions with experts. 
The structure describes the whole process and some 
problems arise based on historical data. Overall, the 
AHP hierarchical structure of this study can be seen in 
Figure 2.

Figure 1.  Research framework
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Figure 2.  AHP hierarchical structure

The Effect of Factors on Focus
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Material factors was the next influencing factors that 
can affect labor productivity. Experts considered the 
material as a factor since it is related to project activities. 
The availability, the quality and the delivery of material 
are important things that can affect labor productivity in 
the field. This is in line with the statement of Thomas et 
al. (1989) that investing in material management such 
as storage, accelerating and sequencing the delivery of 
materials can give an impact on productivity. 

The last factor was communication and coordination. 
According to Riel and Fombrun (2007) in their book 
Essential of Corporate Communication, communication 
described as a blood in an organization, knowing as 
a medium for organizational resources. It is through 
communication that an organization can access resources 
such as labor, materials, equipment and others. Without 
communication, it is impossible for the organization to 
operate. According to Roberts and O’Reilly (1979), 
workers who are connected through communication 
tend to have a higher work performance compared to 
those who are isolated from communication.

The Effect of Actors on Focus

Based on the judgement of the expert, Table 2 shows 
the rank of the actor influence on focus. The actor 
that mostly influences the focus on increasing the 
productivity of underground mining workers is 
construction management. The role of a construction 
management can be seen in a project manager. 
Project managers have the authority to regulate and 
direct the process of a project. Experts viewed this 
strategic position as having a role in increasing worker 
productivity. The project manager also responsible for 
most of the factors affecting labor productivity such as 
labor management, activity planning, communication 
and coordination, as well as materials. Therefore, the 
role of actors in construction management is very 
important in increasing labor productivity. This is in line 
with Lee et al. (2015)  and Kusumawati et al. (2019) 
who stated that a project manager can increase labor 
productivity by controlling the influence factors in the 
construction phase. A manager must also pay attention 
to things such as discipline and the ability of workers 
to increase productivity. Meanwhile, Kerzner (2009) 
stated that to be more efficient as a project manager, 
one must have management and technical skills. So, it 
is very important for organizations to choose the right 
project manager. When project requirements and project 
manager competencies are considered, the project will 

Project planning was the second factor affecting labor 
productivity. According to Doloi (2008) the elements 
of human resource planning, work scheduling, activity 
programming, and location coordination planning 
must be the initial focus of construction organizations 
if the company want to increase labor productivity. 
In his research, Doloi stated that these elements fall 
into the category of project planning (work planning). 
This indicated that the relationship between activity 
planning and the main factors in labor management was 
interrelated. Doloi considered that labor management 
is part of activity or work planning. According to the 
existing conditions, in the past, activity programming 
was carried out using the Primavera project planning 
software. The Primavera preparation work schedule 
includes the loading of labor, which will be used 
by the construction team for workforce allocation. 
Construction experts think that the lack of workforce 
allocation will have an impact on labor productivity.

The underground area has high safety risks such as 
hanging rock, wet muck, and toxic gas. These risk 
potentially occurs in the middle of the project phase and 
it will give an impact on productivity. But from expert 
judgment, the work area factor only occupies the third 
position under performance management and activity 
planning. This can be explained for reason the safety 
and health of PT Freeport Indonesia’s underground 
mining work areas have been very well-handled so these 
factors do not significantly affect labor productivity. 

Previous research that discussed work area as an effect 
of productivity was carried out by Ibbs and Sun (2017) 
and Usukhbayar and Choi (2018). The research does 
not directly address the work area as an influence 
factor, but discusses the extreme weather and climate 
that is often found in underground mines. According to 
Usukhbayar and Choi (2018), strong winds and rainfall 
affect worker productivity. Both of these can be found 
at PTFI underground mining sites and the strong wind 
in the underground mine came from the Main Fan in 
the underground mining tunnel.

Table 1. Influence of factor to focus
Factor  Weighted  
Labor management      0.235 
Project planning      0.223 
Underground working area      0.221 
Material      0.201 
Communication and coordination      0.120 
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project. Its role enabled the organization to carry out 
projects effectively and efficiently. This is considered 
by experts to increase worker productivity. This 
opinion is supported by Al-Hajj (2018) which stated 
that the success of a project depends on the training 
of practitioners, the achievement of time and level of 
project management implementation, while the human 
factor plays an important part in achieving project 
success. Meanwhile, the role of project management 
to increase worker productivity is related to the 
main influence factors, such as worker management 
(Agrawal, 2019) and activity planning.

The next goal after project management was to 
improve the skill of supervisors as an effort to 
increase labor productivity. The main role of the 
supervisor is to supervise the field activities to run 
smoothly and achieve project targets. This supervisory 
function is important for project workers in order to 
achieve the planned productivity. The productivity of 
unattended workers tend to decrease, while workers 
with supervision have high productivity. This was in 
line with Jimoh et al. (2017) that looked further at 
monitoring problems in communication, experience 
and commitment, inadequate record documentation, 
and lack of motivation and unclear instructions.

The next goal to increase labor productivity was to 
create a safe and secure workplace. According to the 
opinion of experts, workplace safety and security 
could affect the psychological factors of workers. If 
the workplace is safe and secure, workers will feel 
comfortable and that will increase their productivity. 
This was in line with Sudwiyatmoko et al. (2014) 
which stated that safety has a significant effect on 
productivity. Furthermore, Lee et al. (2020) stated that 
the climate of the workplace affects labor productivity. 
The final objective was to improve the project material 
management in terms of quality and delivery time. The 
quality of project materials that appropriate with the 
specifications of the plan can increase the success of 
installing these materials in the field. If the quality of 
the material is not suitable, it requires rework or repair 
so the material can be installed.

be assigned to a project manager who is competent 
and can respond to a set of project requirements. Such 
assignments should lead directly to project success 
(Patanakul, 2011).

The next actor who affected worker productivity was 
the safety officer. The safety officer has a duty to ensure 
that safety and health procedures in the PTFI work 
environment are carried out. The role of the safety 
officer in productivity is to provide a sense of security 
and safety to workers during the implementation of 
construction activities. In the process of doing so, the 
safety officer actor will depend on the project manager. 
The project manager as project coordinator, has the 
authority to supervise the safety officer.

Project control are actors in the third rank that affects 
worker productivity. This was the result of expert 
judgment because project control plays a role in the 
activity of planning process. Discussions with experts 
stated that project control actors have a strategic role 
in project implementation. Apart from playing a role 
in project planning, project control act as a team that 
manage productivity, project schedule and project costs. 
Project control can provide feedback to the project 
manager on labor productivity during the project. This 
feedback can be used by the project manager to make 
improvements to the construction process in order to 
increase labor productivity.

The final actor is the material control team. The material 
control team is a group that responsible for managing 
project materials. According to experts, material 
control actors have a fairly large role in increasing labor 
productivity. This was related to the provision of project 
materials to be installed in the field. The consistent 
supply of materials ensures that field activities continue 
so that work targets can be achieved. The achievement 
of job targets will directly affect labor productivity.

The Effect of Goals on Focus

The most important goal to increase labor productivity 
according to experts was improving the implementation 
of project management (Table 3). According to 
the Project Management Institute (2007), project 
management includes the application of knowledge, 
skills, tools and techniques for project activities 
to achieve project goals. Project management was 
achieved through the appropriate application and 
integration of identified management processes for the 

Table 2. Influence of actor to focus
Actor  Weighted 
Construction management 0.352
Safety officer 0.275
Project control 0.218
Material control 0.155
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The second strategy with a score of 0.258 is referring 
to the leadership training for supervisors. This strategy 
was carried out because supervisors are the front line 
of management in the implementation of construction 
projects. Supervisors know the needs of the project, 
especially in terms of managing materials, equipment 
and most importantly managing workers. The leadership 
training strategy is carried out so that supervisors are 
able to manage project resources so that productivity 
increases (El-Gohary and Aziz, 2014; Naoum, 2016).

The third strategy is a strategy in making safety 
risk management with a value of 0.237. Safety risk 
management includes activities to ensure the safety and 
health of workers are protected. These activities include 
carrying out 5 steps to safety, Master Observation, and 
Fatal Risk Management (FRM). 5 steps to safety are 
activities that must be performed by workers before 
carried out the work.

The last strategy is to create a JIT (Just in Time) 
material management system. Material management is 
the last strategy that requires proper coordination with 
all parties involved in projects and other divisions such 
as Supply Chain Management (SCM). The JIT-based 
material management strategy in the construction 
industry is still very limited in application and very 
lagging behind compared to the manufacturing industry 
(Akintoye, 1995). According to Seng et al. (2018) the 
processes of an effective material supply chain are 
critical to the success of any construction project and 
are the determining factor between a successful project 
with a project fraught with delays and claims.

Alternative strategies to increase worker 
productivity

Based on the opinion of experts, the strategy to increase 
the productivity of PTFI’s underground mine workers 
shows that the strategy of making the Project Management 
Office (PMO) system in project management is the most 
important strategy (Table 4). According to PMI (2017) 
PMO is an organizational structure that standardizes 
project-related governance processes and facilitates 
the sharing of resources, methodologies, tools and 
techniques. The responsibilities of PMO can range from 
providing support functions for project management 
to direct management of one or more projects. The 
functions of PMO include managing and conducting 
project resources, providing and developing methods, 
best practices and work standards, coaching, training, 
developing and managing project policies, procedures, 
templates, and other joint documentation (organization 
processing assets); and the coordination of cross-project 
communication (PMI, 2017).

By using PMO, work planning, communication, 
and coordination in the PTFI became more focused 
and direct. Activity planning requires input from all 
stakeholders involved. One important thing that is 
currently overlooked is the intellectual property of 
project management. Even during this time, there is 
no lesson learned system for projects that have been 
undertaken by the PTFI. This knowledge is still in a 
form of scattered tacit (implicit) knowledge. With 
the help of PMO, this knowledge can be converted 
into explicit knowledge which can provide input to 
project planning. Not only lessons learned, PMO also 
regulates risk management, earn value management, 
and change management that can provide input to 
the project planning process. The PMO also manages 
communication and project coordination. Through 
PMO, a Project Dashboard will be created that 
contains all of the information about the project. This 
information system can improve communication 
and coordination between functional project teams, 
so it can increase worker productivity. Overall PMO 
can ascertain whether the implementation of project 
management is carried out correctly which can directly 
improve performance or productivity (Dai and Wells 
2004). In addition, PMO can also reduce the risk of 
uncertainty in working on construction projects and 
increase performance or productivity (Liu and Yetton, 
2007).

Table 3. Influence of objective to focus
Objective Weighted
Improving project management 
implementation

     0.275 

Improving the skills of supervisor      0.271 
Creating safe workplace area      0.267 
Improving material management      0.187 

Table 4. Alternative strategy improvement
Strategy  Weighted 
Creating Project Management Office (PMO) 
system

     0.331 

Leadership training for supervisor      0.258 
Creating safety risk management      0.236 
Creating JIT material management      0.175 
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Recommendations

Based on the results and the conclusions, the 
recommendation that can be given is that PT Freeport 
Indonesia needs to develop guidelines and programs 
for PMO system development. The recommendation 
also include apply PMO to all PTFI activities including 
maintenance and operation.  Future research can be 
done on other activities including maintenance and 
operation of PTFI to see whether different strategies 
can be obtained. 
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