: Jurnal Info Sains : Informatika dan Sains
s ’ Volume 14, Number 01, 2024, DOI 10.54209/infosains.v14i01
: ESSN 2797-7889 (Online)
https://ejournal.seaninstitute.or.id/index.php/InfoSains

JEAN [NSTITUTE

Implementation of extreme programming in field service
management system development to enhance
efficiency in construction projects

Denny Jean Cross Sihombing
Faculty of Engineering, Atma Jaya Catholic University of Indonesia

Article Info ABSTRACT

Keywords: This research addresses efficiency challenges in field service
Field Service Management, management on construction projects by applying the Extreme
Extreme Programming, Programming (XP) Method. Faced with the complexity of construction
Construction Projects. projects and the Llimitations of conventional software development

methods, this research focuses on applying XP principles as an
adaptive and responsive approach. The results showed that the
application successfully provided an efficient solution and increased
user satisfaction through the stages of data collection, application
development using XP, and user acceptance analysis. User data
reflected that features such as real-time monitoring, adaptive planning,
task management, and field change notifications were perceived to
contribute to operational efficiency positively. Out of 50 users, about
85% expressed high satisfaction with the app. The main contribution
of this research is validating XP's success in overcoming the dynamics
of construction projects and providing solutions that fit the field
context. Thus, this research not only provides deep insight into the
effectiveness of XP in construction software development but also
offers practical contributions to improving the efficiency and
responsiveness of construction project management.
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INTRODUCTION

Construction projects, as entities that involve coordinating and integrating various
elements, often set the stage for challenges of varying complexity. In this context, every
construction project faces technical, logistical, and managerial dynamics (Alzahrani &
Emsley, 2013; Divya Sankar & Selvam, 2020; Trask & Linderoth, 2023). The construction of
a structure requires careful harmonization of various factors such as design, materials,
safety, and environmental factors. A construction project's success is determined by its
technical quality and ability to cope with changes, field challenges, and uncertainties that
may arise during implementation(Ingle & Mahesh, 2022; Lai et al, 2016; Nguyen &
Robinson Fayek, 2022).

Field service management becomes an essential element in managing this
complexity. In construction projects, the field is often where strategic decisions must be
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made quickly and precisely. Therefore, effective field service management is critical to
keeping the project under control, optimizing processes, and ensuring the involvement of
all relevant parties. The role of field service management in construction projects must be
considered. Substantially, it not only focuses on the maintenance and supervision of the
physical site but also involves integrating information, coordination between teams, and
customer engagement and satisfaction(Choi & Ha, 2022; Gao, 2022; Guo et al.,, 2023; Jato-
Espino et al., 2014).

In ensuring the smooth running of a construction project, field service management
serves as the frontline that responds to changes, responds to technical challenges, and
keeps the workflow on track. A project's success is measured by how well it is physically
constructed and by the extent to which field service management can harmonize all
components, overcome obstacles, and ensure that the customer feels well served. As such,
the significance of field service management in the construction context relates to
operational efficiency and company reputation, customer satisfaction, and overall project
success. Achieving continuity in field service management paves the way for achieving
construction project goals holistically and providing a sustainable positive impact for all
stakeholders involved(Celik et al., 2023; Khodabakhshian & Re Cecconi, 2022; Pham et al,,
2023; Rajabi et al., 2022; Tessema et al., 2022).

During a construction project, efficiency challenges need to be overcome to ensure
smooth implementation and overall project success. The existence of specific problems
related to field service management in construction projects is the main focus to be studied
and resolved. Identifying efficiency challenges in field service management is crucial to
formulating appropriate solutions. Efficiency issues can take many forms, including but not
limited to slow response to field changes, lack of coordination between teams, or even
logistical bottlenecks that impede workflow. Therefore, an in-depth understanding of the
specific efficiency aspects of construction projects is essential to achieve the research
objectives(Altaf et al., 2022; Gupta et al,, 2023; Taylan et al., 2014; Tushar et al.,, 2022;
Vasilevski & Birt, 2020).

Meanwhile, the limitations of conventional software development methods become
an additional obstacle in addressing the dynamics and frequent changes in construction
projects. Conventional methods may need to be more responsive to urgent change needs,
or they may need to be able to provide flexible solutions to manage the changing
complexities of the field. By detailing these limitations, research can identify areas requiring
special solution development attention. Addressing the limitations of conventional methods
will open the door to more adaptive and innovative approaches, thus strengthening the
foundation for increased efficiency in field service management on construction
projects(Aulawi et al., 2023; Awad & Fayek, 2012; Saad et al,, 2022; Zhang et al., 2022).

Field service management in construction projects involves coordinating and
managing activities on the project site. This includes monitoring progress, completing daily
tasks, and managing changes that may occur. The scope of field service management
involves everything related to field operations, from human resources to logistics and
reporting. Field service management plays a critical role in keeping construction projects
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running efficiently. By ensuring good coordination between teams, prompt handling of field
changes, and effective management of resources, field service management helps keep
projects on track and prevent potential bottlenecks. Emphasizing the role of field service
management not only ensures the quality of the physical execution of the project but also
affects customer satisfaction and the overall reputation of the construction project.
Therefore, an in-depth understanding of this concept is essential to optimize the efficiency
and success of construction projects(Bahamid et al.,, 2022; Brodskiy, 2022; Pham et al,,
2023; Sihombing, 2023; Xu et al., 2022).

In software development, the methodology chosen has a significant impact on the
success of a project. This research begins the analysis by detailing software development
methodologies, distinguishing between conventional methods and Agile approaches, with
a particular focus on Extreme Programming (XP)(Al-Saqga et al.,, 2020; Dingsoeyr et al,,
2019; Dingseyr et al, 2012; Santos et al.,, n.d.; Serrador & Pinto, 2015). Conventional
methods, which often refer to the waterfall approach or traditional software lifecycle
models, have specific characteristics. These methods use a linear approach, from planning
to implementation and maintenance. However, weaknesses arise due to the lack of
flexibility to changes that may occur midway. This limitation can hinder a construction
project's ability to respond to frequently changing field dynamics(Akhtar et al, n.d.
Almeida et al,, 2022; Hasan et al., 2013; Mishra & Alzoubi, 2023; Paasivaara et al., 2018).

On the other hand, the Agile approach, with sub-approaches such as Extreme
Programming (XP), offers a more adaptive and collaborative paradigm(Beecham et al,
2021; Hinderks et al., 2022; Pérez-Piqueras et al., 2023; Persson et al., 2022; Udvaros et
al,, 2023). Agile emphasizes responsiveness to changing customer needs and iterative
iteration to produce higher-quality software. In this context, Extreme Programming (XP)
introduces concepts such as adaptive planning, pair programming, and iterative testing to
overcome limitations that may arise in conventional methods(Ahmed et al., 2023; Sarhadi
et al., 2022; Senabre Hidalgo, n.d.; Wiechmann et al., 2022).

The main objective of the research was to identify, design, and implement an
innovative and efficient Field Service Management System. As such, the research aimed to
address the efficiency challenges faced in the context of field service management on
construction projects. This is achieved by detailing strategies and processes that can
optimize workflows, improve coordination between teams, and respond quickly to dynamic
changes in the field. Achievement of these objectives is expected to positively impact the
overall productivity and smooth running of the construction project. By improving
operational efficiency, construction projects can be completed more effectively and at a
more manageable cost.

METHODS
This research was designed through three main stages to optimize construction project
efficiency by developing a field service management system using the Extreme
Programming (XP) Method. The first stage involved comprehensive data collection through
field surveys, stakeholder interviews, and project document analysis. Next, the application
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development phase applied XP principles, including adaptive planning, pair programming,
and iterative testing, to create a solution responsive to field changes. Finally, user
acceptance analysis helps evaluate the success of XP implementation by collecting
feedback from field users and ensuring that the application adds significant value in
maintaining the efficiency and smooth operation of construction projects.

Data Collection

A

Application Development

A 4

User Acceptance Analysis

Figure 1. Research Stages

Data Collection

The first phase of the research will begin with comprehensive data collection. This
includes field surveys, stakeholder interviews, and document analysis related to
construction projects. The field survey will provide an in-depth understanding of the field
conditions and operational needs. Interviews with various involved parties, such as
construction managers, software developers, and field personnel, will provide a
comprehensive perspective. Document analysis, such as previous project reports and
related documentation, will provide historical data that can support application
development and a better understanding of the challenges faced.
Application Development

Once the data is collected, the next stage involves applying the Extreme
Programming (XP) Method to develop the application. This activity includes adaptive
planning, where field needs are analyzed continuously to adjust the development plan. Pair
programming will involve intensive collaboration between software developers and
construction experts to ensure the right solution. lterative testing will be conducted
continuously throughout the development process to ensure the quality and functionality of
the application. Periodic updates will allow the software to adapt to field changes and
customer needs continuously.
User Acceptance Analysis

The final stage of this research is the user acceptance analysis of the developed
application. This activity involves collecting feedback from field users and other relevant
parties. Interviews, surveys, and direct observations will be used to evaluate how the
application meets users' needs and expectations. The user acceptance analysis will help
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identify areas of improvement, validate the successful implementation of the Extreme
Programming Method, and ensure that the application provides added value appropriate to
the context of the construction project.

RESULTS AND DISCUSSION
Data Collection
The results of the data collection phase demonstrate a deep understanding of the
construction project's field conditions and operational needs. Field surveys provide rich data
regarding the field environment and the dynamics that occur within it. Interviews with
stakeholders, such as construction managers, software developers, and field personnel,
provided a holistic view of the aspects affecting field service management. Document
analysis, including project reports and other documentation, provides a valuable historical
perspective, helping better understand the challenges once faced in construction projects.
The results of this stage formed a solid foundation for further development, ensuring that
the proposed solutions would be relevant and effective in addressing the issues identified.
Table 1. Data Collection Results

Data Results

Field Survey Number of field areas 5, High traffic importance, extreme
weather field constraints

Stakeholder Construction Manager: Focus on progress monitoring and

Interviews operational plans. Software Developer: Highlight the

weaknesses of the current system. Field Personnel: Describe
Daily Challenges
Project Document Previous project reports indicate delays in implementation and
Analysis the original plan document contrasts with the recorded plan.

The data collection results, Table 1, show that this construction project was
characteristically challenging, with five site areas that required careful management and
coordination. High traffic density and extreme weather constraints emphasized the need for
a responsive and adaptive site management solution. Interviews with stakeholders, such as
construction managers, software developers, and site personnel, highlighted the need for
practical progress monitoring and adaptive operational planning. Identifying weaknesses in
the system signaled the need for improvement through a new solution. Previous project
documents reflected delays in implementation, demonstrating the importance of a solution
capable of overcoming previous obstacles. Given this pattern of findings, the proposed
application development should provide real-time monitoring, flexibility to plan changes,
and software integration to improve efficiency and overcome the weaknesses of the
previous system. Regular updates are also required to keep the solution relevant to the
changing dynamics of the field.
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Application Development

After the data collection stage, the focus shifted to developing the application using
the Extreme Programming (XP) Method. The process begins with adaptive planning, where
the development plan is continuously analyzed and adapted to the changing needs of the
field. This approach provides the flexibility needed to cope with dynamic changes in the
construction project field. Intensive collaboration in pair programming between software
developers and construction experts ensures that the solutions produced match the needs
of the field and have a deep understanding of the construction context. Iterative testing
became an integral element in the development process, conducted on an ongoing basis to
ensure the quality and functionality of the application. This approach aims to detect
potential bugs and issues early, so that solutions can be improved as the development
process progresses. With iterative testing, it is expected that the application can achieve a
high level of reliability from the start of use. Regular updates became the strategy adopted
to keep the application relevant. Regularly updating the software allows the system to
adapt quickly to field changes and customer needs that may evolve. This creates an
environment where the application can continuously evolve and meet the dynamic
demands of construction projects. Thus, the outcome of this application development stage
leads to a solution that is adaptive, high-quality, and responsive to the dynamics of
construction projects.

Table 2. Application Features

Features Function
Real-time Provides direct, real-time field activity monitoring, information on
Monitoring construction progress, personnel movements, and current field

conditions. This allows the management team always to have an up-to-
date on-site picture of the situation.
Adaptive Provides direct, real-time field activity monitoring, information on
Planning construction progress, personnel movements, and current field
conditions. This allows the management team always to have an up-to-
date on-site picture of the situation.
Task Facilitate quick changes and adaptation of project plans based on
Management changing field conditions or newly emerging project needs. Project
managers can efficiently manage and distribute tasks to field personnel
with this feature.
Field Change Send instant notifications to relevant teams whenever significant
Notification changes occur in the field. This feature enhances the team's ability to
respond quickly to changing situations, optimizing efficiency and
reducing the risk of non-conformance.

The features integrated with the application, Table 2, field service management
provide a robust solution focused on the specific needs of construction projects. Real-time
monitoring provides immediate visibility into field activities, allowing management to make
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informed decisions. Adaptive planning features provide crucial flexibility in addressing
changing field conditions or newly emerging project needs, ensuring that plans remain
relevant and up-to-date. Efficient task management through the app enables rapid
response to changes, while field change notifications enhance the team's ability to respond
to dynamic situations. These features combined create a management environment that is
adaptive, transparent, responsive, and suited to the often-changing complexities of
construction projects.
User Acceptance Analysis

The last stage of this research focuses on evaluating user acceptance of the
developed application. Involving field users and other relevant parties, this activity uses
interviews, surveys, and direct observation to measure the degree of success of the
Extreme Programming Method implementation and the extent to which the application
meets users' expectations and needs. The feedback obtained provides deep insights into
user response to the application, helping to identify strengths, weaknesses, and areas of
improvement that may be needed. User acceptance analysis is instrumental in assessing
the technical quality of the application but also in ensuring that the resulting added value is
appropriate to the context of the construction project in question. As such, this stage
provides critical information for further development and continuous improvement,
ensuring the application positively impacts the efficiency and sustainability of the
construction project.

Table 3. Application Feature Testing

Features Testing Scenario Results
Real-time Monitored construction Live monitoring demonstrates high
Monitoring progress on two field areas accuracy, with information updates
simultaneously and evaluated immediately visible. The speed of
the accuracy and speed of real- updates also meets expected standards,
time information updates. providing optimal visibility into field
conditions.
Adaptive Replace existing project plans Plan changes can be made quickly and
Planning with alternative plans in seamlessly. The system adjusts tasks
response to sudden changes in and schedules automatically,
weather conditions. demonstrating the desired flexibility in
coping with dynamic changes in the
field.
Task Assign specific tasks to field The process of assigning and monitoring
Management teams, monitor progress, and tasks runs smoothly. Progress can be
identify bottlenecks or delays. monitored in real-time, and automatic

notifications are sent if there are any
delays, allowing management to
respond immediately.
Field Change Make changes to field Notifications are received almost
Notification conditions and check how instantly, allowing teams to respond
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Features Testing Scenario Results
quickly notifications are quickly to significant changes in field
received and responded to by conditions, enhancing proactive
the team. response.

The results of testing the application features, Table 3, reflect the successful
implementation of the Extreme Programming Method in building a responsive and high-
quality field service management solution. The real-time monitoring feature demonstrated
high accuracy and rapid information updates, providing optimal visibility into field
dynamics. The adaptive planning feature successfully responded to changing field
conditions with flexibility, providing project planning sustainability. Task management and
field change notifications effectively distributed tasks, monitored progress, and responded
quickly to changing field conditions. Testing identified that the application provided a
reliable, stable solution that met user expectations, adding significant value to the
efficiency and effectiveness of construction project management.

Through data collection involving field users, construction managers, and software
developers, analysis of user acceptance of the field service management application
showed positive results. User data reflected that features such as real-time monitoring,
adaptive planning, task management, and field change notifications were perceived to
contribute to operational efficiency positively. Out of 50 users, about 85% expressed high
satisfaction with the app. This data illustrates that the application was successfully
accepted by users, validating the Extreme Programming Method's successful
implementation in creating a responsive, high-quality solution aligned with expectations in
managing dynamic construction projects.

CONCLUSION

This research highlights the complexities of construction projects and emphasizes the
crucial role of field service management. Every construction project faces complex
technical, logistical, and managerial dynamics determining its success. Field service
management is critical in effectively meeting these challenges. Construction projects
require real-time monitoring, planning flexibility, efficient task management, and field
change notification. This research identifies and addresses efficiency challenges in field
service management by developing an innovative Field Service Management System using
the Extreme Programming (XP) Method. The research stages included data collection
through surveys, interviews, and document analysis; application development with XP
principles such as adaptive planning, pair programming, and iterative testing; and user
acceptance analysis to evaluate the success of XP implementation. The results show that
field users recognize the successful application, overcome efficiency challenges, and
positively impact the efficiency and smooth operation of construction projects.
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