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There are still many manual administrative processes involved in clinical
clerkships. However, digital technologies and software solutions can
significantly improve medical education. This paper aims to utilize extreme
programming (XP) as a methodology for developing the information system.
A total of 23 user stories have been planned for completion. The priority of
each requirement stated in the user stories is determined using the MoSCoW
prioritization technique. The results indicate that the software successfully
passed all tests among the 23 black box testing scenarios. Developing an
integrated information system to streamline clinical clerkships has been
successfully achieved. The user experience questionnaire (UEQ) is utilized
to gather the perspectives of hospital management and medical faculty
members regarding the information system. The average scores for each
category are as follows: 1.93 for attractiveness, 2.04 for perspicuity, 2.20 for
efficiency, 2.06 for dependability, 2.14 for stimulation, and 1.85 for novelty.

Therefore, it can be concluded that all existing user experience scales exhibit
an outstanding degree of user satisfaction.
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1. INTRODUCTION

Becoming a medical doctor requires a comprehensive education covering theoretical knowledge and
practical application. Medical education is unique as it includes clinical clerkships, which integrate real-
world medical practice into the learning journey. This phase is a crucial aspect of the curriculum for aspiring
medical professionals [1]. The medical education curriculum includes two phases: preclinical (four years)
and clinical (two years). To obtain a medical doctor's license, medical school graduates must complete a two-
year clinical clerkship before taking the national exam [2]. The clinical clerkship phase is completed through
rotations across 13 clinical stages. These activities are conducted with the expert guidance and meticulous
supervision of esteemed teaching staff at teaching hospitals [3]. These guiding principles ensure the
educational process aligns with the community's needs [4]. The ultimate objective of medical education is to
develop competent and qualified medical doctors who can provide health services that meet national
standards. However, despite its importance, many administrative processes related to clinical clerkship are
still handled manually. The use of conventional paper-based systems has its benefits, but they also have
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drawbacks that hinder the progress of the educational process [5]. The current method of managing clinical
clerkship rotations involves a lot of paperwork and manual tasks for administrators, students, and lecturers.
This process is time-consuming and prone to errors, which can negatively impact the outcomes. Therefore,
adopting a more innovative and efficient approach is crucial to transforming how clinical clerkship rotations
are planned and executed [6]. The persistence of manual administrative methods in rapidly advancing digital
technologies highlights a significant gap in adopting information and communication technology (ICT)
solutions in medical education. This gap is particularly notable in a global context where digital
transformation reshapes healthcare delivery and education, suggesting a pressing need for research and
innovation in managing clinical clerkships.

The rapid development of digital technologies and software solutions holds great promise for a
brighter future [7]. Hospitals and institutions can increase overall efficiency by optimizing administrative
processes, reducing the likelihood of mistakes, and switching from manual paperwork to a digital platform
[8]. Currently, advancements in information and communication technology are indispensable in all fields,
including medical or hospital [9]-[14]. Utilizing information technology can also facilitate the learning
process for the medical profession study program [15]-[17]. Especially during the coronavirus disease
(COVID-19) pandemic, a lot of research has been conducted to evaluate the novel learning process by using
information technology [18]-[20]. Quality progress in the learning process must result in positive changes,
such as motivated students who actively engage in the learning process and achieve excellent learning
outcomes [21]. Students' motivation and life skills will rise due to technology-assisted skill acquisition, and
instructors will find it easier to create learning materials [22]. The medical education of doctors involves a
complex and multifaceted learning process that can benefit from an integrated information system. This
system can be composed of numerous modules or subsystems whose data can be merged [23]-[25].

From the literature reviewed, there is a notable scarcity of discussions on leveraging ICT to enhance
the learning processes for medical doctors, particularly during the clinical clerkship stage. Instead, ICT
utilization has predominantly focused on hospital management practices, encompassing patient management,
financial operations, and archival procedures. Our research proposes developing and implementing an
integrated information system for administering clinical clerkships to address this gap. This system aims to
modernize the management of clerkships by replacing manual, paper-based processes with a digital platform
that enhances administrative efficiency, reduces errors, and improves access to information for all
stakeholders. A clinical clerkship education information system is a software platform designed to support
the education of medical students during their clinical rotations [26]-[28]. This integrated information system
will replace the paper-based method used during clinical clerkship. It is also essential to consider the
challenges of transitioning from a paper-based system to an electronic system, including the need for
specialized training, the cost of technology and equipment, and the potential for technical problems [29],
[30]. This study aims to design and develop an integrated information system for the clinical clerkship
process during medical education while evaluating faculty members' and students' experiences.

2. METHOD

This paper aims to utilize extreme programming (XP) as a methodology for developing the
information system [31]. XP is an agile software development methodology that follows a structured
approach [32]. It consists of several distinct phases, each of which plays a crucial role in the overall success
of the methodology depicted in Figure 1. XP's software development consists of exploration, planning,
release iterations, production, and maintenance phases.

The exploration phase establishes the foundation for the project, while the planning phase constructs
a plan that adapts to the constantly evolving nature of software development. Iterations to release enable
continuous testing, validation, and adaptation, ensuring the software remains closely aligned with the
customers' needs. During the production phase, the software undergoes iterations that result in its evolution
into a more comprehensive and robust system. Finally, the maintenance phase emphasizes maintenance and
evolution based on user feedback. The final stage is the death phase, which encourages a careful evaluation
of the project's accomplishments and areas that require improvement, enabling valuable insights to be utilized
in future endeavors. The strength of XP lies in its adaptability and ability to accommodate changing
requirements at any stage of development. This adaptability is the key to its success in projects characterized
by evolving needs and dynamic environments.

The final step is to acquire the perspectives of students and faculty members regarding the novel
integrated information system for clinical clerkship that needs to be evaluated [33]. The user experience
questionnaire (UEQ) is a standardized tool used to measure and assess the user experience with a product or
service [34]. The UEQ typically consists of questions related to different aspects of the user experience, such
as ease of use, satisfaction, and overall impression. The responses to these questions are used to generate
scores and provide insights into the strengths and weaknesses of the product or service. The UEQ can be used
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to gather feedback from users, identify areas for improvement, and optimize the user experience over time
[35]-[37]. Six scales representing the most essential user experience (UX) features for a more extensive
selection of items came from the empirical creation of the questionnaire. The UEQ questionnaire was
administered to respondents selected using a form of purposive sampling. Respondents in this study were
students and faculty members who were users of integrated clinical clerkship information systems. To fulfill
the study's primary objectives, namely the user experience evaluation, the user must utilize the information
system at least once. According to the UEQ manual, at least 20 to 30 respondents are required to provide
accurate results [38]. This research used 30 participants, including 18 students and 12 faculty members, who
completed a 26-question questionnaire with seven answer options. Values from the UEQ statements were
transformed by reducing each datum by four. Cronbach's alpha test evaluated the UEQ [39].
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Figure 1. The extreme programming (XP) methodology [40]

3. RESULTS AND DISCUSSION
3.1. Exploration phase

The exploration phase in XP is critical to developing a clinical clerkship information system. It has
two objectives: to investigate current business processes and to develop user stories. The team aims to
comprehend clinical clerkship processes at Abdul Moeloek General Hospital and identify strengths,
weaknesses, and areas for improvement. User stories describe functionalities, features, and interactions and
anticipate end-users requirements. Although the system was initially designed for the University of
Lampung, its design can be utilized in other universities, particularly in Indonesia. The exploration phase is
crucial in establishing the groundwork for the following stages of development in the extreme programming
method. Its primary objective is to guarantee that the system fulfills its users' requirements and expectations.
The proposed integrated information system for clinical clerkship consists of several modules, i.e., lecture
and student, attendance, clinical rotation, scheduling, stages, grades, and graduation. Figure 2 shows the main
modules of developing an integrated clinical clerkship information system. The integrated data will make it
easy to create a dashboard or business intelligence tool to monitor students' performance, schedule, supply,
and other relevant information.

3.2. Planning phase

During the planning stage, the team creates a project plan that includes timelines, deliverables, and
resource allocation. They use nominal scale prioritization mechanisms to categorize requirements into
different groups based on their level of importance [41]. The MoSCoW prioritization technique helps
determine the priority of user stories [42]. A focus group discussion is organized with the hospital
management and academic staff to evaluate and rank the relative importance of the user stories. This
collaborative exercise helps gather valuable insights into individuals' preferences and perspectives on
information system features. The prioritization process results in 21 must-have and two could-have priorities
from the 23 user stories currently in existence. The team estimated labor hours for each user story using the
narrative point sizing method [43]. One-point equals eight hours of work. Based on 23 requirements, 59
points were assigned, ranging from 1 to 7 points. The project is estimated to require 59 working days or
approximately 472 hours to complete. Each user story will be processed individually, and the developed
features will only be approved by the customer when satisfied.
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Figure 2. Integrated clinical clerkship information system module

3.3. lteration phase

The concept of iterations lies at the core of XP. These iterations are short development cycles
designed to deliver functional increments of software. These iterations have three crucial phases: design,
coding, and testing. During the design phase, the development team works together to design the structure
and architecture of the software increment that will be built. This phase is characterized by close
collaboration with stakeholders, including end-users, to ensure a clear understanding of the requirements. The
focus is on simplicity, which allows for minimal design documentation. Instead, the focus is on just-in-time
design, which involves creating only what is necessary for the current iteration. The code phase entails the
practical execution of the software increment. Developers collaborate to write, review, and integrate code
collectively. One of the defining characteristics of XP is pair programming. This practice encourages the
sharing of knowledge, problem-solving, and the improvement of code quality. The code increments are
expected to be simple, straightforward, and functional while adhering to the design created during the
previous phase. Testing is an essential component of XP and is conducted consistently throughout
development. Figure 3 illustrates the implementation of the clinical rotation group feature. The automatic
group creation and rotation features are crucial in simplifying the intricate process of assigning and rotating
student groups during clinical clerkship.
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Figure 3. User interface for clinical rotation group implementation

These features significantly reduce the administrative workload for educators and save valuable
time. This allows them to focus on delivering high-quality education instead of getting entangled in the
complexities of group management. Furthermore, this application provides a useful attendance recap feature,
an invaluable tool for educators. The system compiles and presents a comprehensive summary of student
attendance statistics. This feature enables instructors to monitor and evaluate attendance patterns efficiently,
detect possible concerns, and implement proactive measures to maintain a consistent and interactive learning
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environment. This feature enhances the teaching experience and facilitates data-driven decision-making,
ultimately improving educational outcomes. The black-box testing approach plays a pivotal role in ensuring
the quality and reliability of the application. This method utilizes the capabilities of a black box to thoroughly
examine the application from the user's point of view, accurately representing real-life situations. It is a
robust methodology designed to evaluate the system's functionality by exposing it to external stimuli that
simulate potential scenarios in which software failures could occur. The main focus here is on the input
provided to the software and the resulting output that it generates, ensuring that it is in line with the end-user
experience. The results indicate that out of the 23 testing scenarios, the software passed all of the tests.

3.4. Production phase

The production phase in XP represents the final stage of the software development process. During
this phase, the emphasis transitions from code creation to the deployment and maintenance of the software.
The process encompasses conducting final testing, deploying the system, and ensuring ongoing maintenance
and improvement. XP places a strong emphasis on customer collaboration, even in this particular phase. The
main objective is to guarantee that the software effectively fulfills the needs and expectations of the users.
The user experience questionnaire (UEQ) assesses user satisfaction with the developed information system.
To determine the dependability of each scale, a Cronbach alpha calculation is performed on the mean
correlation, which displays the result value of each correlation divided by the number of related statements
on the UEQ scale. According to Cronbach alpha calculations, all scales, including those for attractiveness
(0.78), perspicuity (0.76), efficiency (0.88), dependability (0.70), stimulation (0.86), and novelty (0.84), are
more significant than 0.70 (the minimum degree of Cronbach's alpha reliability).

The research aimed to take an additional step by comparing the test results with benchmark data
established by the UEQ. The results of this comparative analysis are visually depicted in Figure 4, enabling a
clear and concise interpretation of the outcomes about their position and significance. The benchmark
statistics displayed in Figure 4 indicate that all user experience scales are positive. According to the UEQ
manual, a number is considered positive if greater than 0.8. The average scores for each category are as
follows: 1.93 for attractiveness, 2.04 for perspicuity, 2.20 for efficiency, 2.06 for dependability, 2.14 for
stimulation, and 1.85 for novelty. Therefore, all user experience scales are already at an excellent level.
However, some experience scales need to be reviewed to enhance the user experience as part of the
subsequent design enhancement. According to the benchmark result, attractiveness and novelty have lower
scores. The low score on the novelty scale can be interpreted as the fact that because most users use
smartphone applications, they want a better novelty by developing a mobile version.
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Figure 4. UEQ-determined benchmark diagram

The comprehensive study on developing an integrated information system for clinical clerkship
management, utilizing the XP methodology, has resulted in a usable information system product. The study
also addresses the inefficiencies of traditional, manual administrative processes in clinical clerkships by
proposing a digital solution. This solution modernizes management practices, enhancing educational
outcomes and organizational efficiency. The research findings demonstrate significant improvements in
administrative processes and user satisfaction, as evidenced by positive UEQ scores across various metrics.
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However, attractiveness and novelty were identified for further enhancement, suggesting mobile application
development as a future direction. This study underscores the potential of digital transformation in medical
education, offering a model for similar interventions in healthcare education globally. The scheduling process
for clinical rotations, assessments, and other clinical clerkship activities, which typically require extensive
time and are prone to errors, can now be completed more swiftly and accurately. These features benefit
faculty, staff, and clinical clerkship students' educational processes. Furthermore, these capabilities can be
further integrated with various information systems to develop dashboards or business intelligence tools. The
implications of these findings suggest a move towards more agile, user-centered approaches in educational
administration, with a focus on continuous improvement and adaptation to user needs.

4. CONCLUSION

Developing an integrated information system to streamline clinical clerkship has been successfully
achieved. The features that have been successfully integrated include a curriculum module, stages,
class/group, schedule, grades, attendance, clinical rotation, and the graduation process. During the focus
group discussion, a total of 23 user stories were obtained and subsequently developed with success. The UEQ
is utilized to collect the perspectives of hospital management and medical faculty members regarding the
information system. The average scores for each category are as follows: 1.93 for attractiveness, 2.04 for
perspicuity, 2.20 for efficiency, 2.06 for dependability, 2.14 for stimulation, and 1.85 for novelty. As a result,
all user experience scales currently demonstrate exceptional user satisfaction. However, there is room for
improvement in some regions of the experience scales to further enhance the overall user experience. The
improvements above will be integrated into our future design enhancements. Based on the benchmark results,
it is evident that the categories of attractiveness and novelty have received lower scores. The lower novelty
score indicates there is a need for increased novelty. One potential way to achieve this is by developing a
mobile version of the application, considering that most users utilize mobile applications.
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