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Machines Corporation (IBM) and dashboard development using Microsoft Power BI. The Cross Industry Standard Process
updated database was created by obtaining data from the Institute of Graduate Studies (IPS), for Data Mining (CRISP-DM)
UMPSA. Such data was then prepared through the process of selecting, cleaning, Microsoft Power BI
constructing, integrating, and formatting data. The dashboard was developed using a Lifelong learning

database for data visualisation and information in the form of reports. Such information can Data-driven decision making

ensure a better decision-making process and the UMPSA management’s readiness in
planning the admission process for future students. However, the data management and data
quality at UMPSA must be improved. Future research can expand the present investigation
by including data from all categories of LLL students at UMPSA to facilitate a more
comprehensive analysis. It will also enable the university management to make accurate
decisions about program offerings in the future.

1.0 INTRODUCTION

Lifelong learning (LLL) aims to not only produce graduates who are highly skilled in their respective fields but also
facilitate the development of a country’s future assets. These highly skilled workers are crucial to help develop the human
capital of a country and assist in economic development (Hamat & Che Nordin, 2012). The transformation of national
education has positioned Higher Education Institutions (HEIs) as the main platform for producing a skilled workforce
whether through full-time or part-time studies (Naemat et al., 2017). The primary plan for national growth is the regular
and continuous improvement of skills to meet the ever-changing global environment. Therefore, LLL programs ensure
that every worker has the chance to pursue education for personal as well as career growth.

In Malaysia, the prominence of LLL has been highlighted in the Malaysia Education Blueprint 2015-2025 (Higher
Education) to support the government’s effort to better educate the people in facing the challenges of sustainable
development (MOHE, 2015). The Ministry of Higher Education (MOHE) describes LLL as a strategy for democratising
education that involves acquiring knowledge, abilities, and competencies in formal, informal, or non-formal settings based
on real-world experience or training. Unlike the conventional method of studying by enrolling full-time into academic
programs, LLL programs allow individuals aged 15 years old and older to earn academic or skill credentials through
online learning, workplace learning, and part-time or remote learning.

According to the Malaysia Education Blueprint 2015-2025, LLL is the third pillar of the nation's human capital
program that offers higher-level learning options and opportunities aiming to develop fundamental skills. LLL helps to
develop all-around talent, which ultimately benefits the citizens. Malaysia must create an inclusive knowledge society
that gives people the chance to participate in the nation's socioeconomic transformation. Changes in the global
employment market necessitate ongoing learning and growth. Throughout their careers, people can anticipate switching
occupations about ten times. The recent data also denotes that 65% of elementary school pupils are anticipated to work
in jobs that are yet to exist. Therefore, Malaysia must improve the abilities of workers across all levels to boost the labour
market. LLL is believed to have the capability of maximising people’s potential by providing the opportunity for skill
development, including those who are unemployed or have left the education system.

A number of major LLL projects have been established by MOHE, including the Blueprint on Enculturation of
Lifelong Learning for Malaysia 2011-2020 (LLL Enculturation Blueprint). The Blueprint categorises the Malaysian LLL
programs into three categories: formal, non-formal, and informal (MOHE, 2011). Formal LLL encompasses learning that
takes place in formal learning institutions and can lead to academic credentials or recognised forms of learning. These
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programs often have well-organised and well-structured learning objectives and outputs. Among the examples include
executive diplomas, certificates, and diplomas from polytechnics and community colleges, undergraduate and graduate
degrees granted by public and private universities, and certificates and diplomas from community colleges (MOHE,
2011). Non-formal LLL, on the other hand, refers to learning that occurs away from a formal institutional setting. These
applications usually include excellent organisation and design. However, the issuance of specific academic certificates
may not always follow the participation in non-formal LLL. Furthermore, non-formal LLL is utilised frequently by in-
service employees with the aim of enhancing and developing professional skills (MOHE, 2011). Finally, informal LLL
is often conducted to raise students' quality of life. Informal LLL completion does not lead to academic credentials but
rather happens as a result of a person's interest or initiative in self-improvement and personal growth. This may include
community-based initiatives designed to solve current skill shortages, societal issues, or community needs (MOHE, 2011)

This study aims to achieve the following research objectives: (1) To develop a dashboard with information
visualisation for the LLL programs at UMPSA and (2) To recommend UMPSA in improving the strategies and decision-
making for LLL program offerings in the future. The findings will have an impact on the society, academia, government,
industry, and the environment based on the Quintuple Helix model. The interaction between university, industry, and
government is the centre of the Triple Helix innovation paradigm. The Quadruple Helix embeds the Triple Helix by
including a fourth helix, namely public society based on media and culture as well as civil society. Contextualising the
Quadruple Helix and including the natural environmental helix of society resulted in a bigger and more thorough
Quintuple Helix innovation model (Carayannis et al., 2012).

Higher education is unquestionably essential for innovation. The economy must strongly emphasise knowledge
generation and innovation for it to be compatible with the knowledge economy. In terms of knowledge creation and
innovation, this study can promote the ideas of a knowledge society and a knowledge democracy. The knowledge
economy must change socio-ecologically to fit into the current economy and society, co-evolving with the information
society (MOHE, 2011). The economy, society, and environment will work together more effectively as a result of
knowledge and innovation. The primary benefit that most people who utilise electronic systems solely consider is
convenience. Additionally, the use of the latest technology, such as a dashboard, also helps the environment (MOHE,
2011). By reducing paper usage, UMPSA management can see the analysis of a report through a dashboard while reducing
its impact on the environment and can highlight the paperless UMPSA's concern for the environment.

This study can also assist the UMPSA management in making decisions to offer formal LLL programs in the future.
The findings hope to provide a better understanding about adult challenges for UMPSA to deliver improved services to
students in the future. This research is crucial to obtain accurate data from the dashboard display regarding the official
LLL programs offered at UMPSA. With the aid of this dashboard display, UMPSA will be able to conduct an analysis
and propose appropriate improvements to the services offered to new students in the future. The findings of this study
can also be included as part of the marketing plans for official LLL programs in catering for the intended audience.

Furthermore, the present study stands as an initiative under the UMPSA Strategic Plan 2021-2025. It particularly
addresses Core 1B (1): Academics Together with the Community: Industry Students, aiming to increase targeted students
from the industry. For premier and executive programs, students from the industry refer to those who are employed by
the industry while also enrolled as students in an academic or learning program. It seeks to acquire information and
abilities for both career and personal growth. The presence of students from the industry not only improves learning
opportunities but also exposes them to the work culture and perspectives of seasoned professionals. The inclusion of
industrial workers in the academic programs at UMPSA also demonstrates the working group's endorsement regarding
its adequacy (Universiti Malaysia Pahang, 2021).

This paper is organised as follows: Section 2 presents the literature review, Section 3 explains the research
methodology, Section 4 discusses the results, and Section 5 presents a conclusion of the paper.

2.0 METHODS AND MATERIAL
2.1 Lifelong Learning in Malaysia

Each person needs to be endowed with dynamic knowledge and constantly improve their quality of life as part of the
efforts to develop individuals who think logically, ingeniously, and artistically. Therefore, it is important for every level
of the society to understand the goals and principles of LLL. Many students have cited self-satisfaction and self-
improvement as the motivating factors for learning. Lifelong learning refers to all learning events, whether formal,
informal, or non-formal, that contribute to the development of knowledge, skills, abilities, experience, and values over
the course of a person's lifetime (Abdullah et al., 2005). An individual interested in learning, whether formally or
informally, will (i) acquire a high level of self-assurance, notably when learning about the education and training system;
(i1) be ready in terms of their drive to study; and (iii) demonstrate particular learning practices and skills, including
proficiency in reading, writing, and mathematics.

The LLL effort has been enthusiastically embraced in Malaysia, especially by people who work in the manufacturing
industry. This tendency has been observed across many industrialised nations due to the importance of lifelong learning
in the knowledge-based economy (Ting et al., 2015). Any nation that wants to be considered completely developed must
have a population of educated inhabitants that can satisfy the demands and needs of the day. Conversely, LLL maximises
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the potential of persons who are currently unemployed by providing possibilities for reskilling and upskilling. It also
assists Malaysians in meeting the changing skill requirements of a high-income economy. Additionally, LLL promotes
the development of individual goals and talents for a fuller life. Malaysia aspires to move away from a society in which
education is viewed as something that exclusively happens to children towards one in which citizens of all ages actively
seek out educational opportunities to further their own development (MOHE, 2015). According to Edwards (2019), the
benefits of LLL include the complete development of innate skills as well as the production and expansion of inquisitive,
ravenous intellects, helping individuals to grow in wisdom. It also facilitates individuals to adjust to changes and
encourages them to participate responsibly in society in order to discover their intended purpose in life. Ultimately, LLL
enables the formation of meaningful connections and meeting new acquaintances, resulting in an enriching life of self-
fulfilment.

2.2 Cross-Industry Standard Process for Data Mining (CRISP-DM)

Cross Industry Standard Process for Data Mining, or CRISP-DM, is a framework widely used to conduct data science
projects. It gives a realistic account of the data science life cycle, also known as the workflow in data-focused projects
(Hotz, 2024). According to Chapman (2000), CRISP-DM was published in late 1996 by three “veterans” of the young
and immature data mining market. Daimler Chrysler (previously Daimler-Benz) had experience with data mining in its
business operations before most industrial and commercial organisations. Data mining services have been provided by
SPSS (previously ISL) since 1990, and in 1994, the company published Clementine, the first commercial data mining
workstation. The purpose of TTo was to better serve its clients and offer added value to Teradata data warehouse users.
Additionally, NCR assembled teams of data mining consultants and technical experts. According to Schroer et al. (2021),
CRISP-DM offers a common data mining process as a generic approach to problem-solving from a business or research
organisation. CRISP-DM divides the life cycle of a data mining project into six stages, with the subsequent stages in the
sequence are determined by the outcomes of the prerequisite step. These procedures aim to process the data after the
CRISP-DM approach has been used to analyse the need for a dataset.

Data generally refers to unprocessed letters, numbers, or symbols. Information is created when raw data is turned into
something useful or significant (Berwind et al., 2017). The information is broken down into who, what, when, and where.
Some experts define data as discrete facts, statistics, or pieces of knowledge that frequently take the shape of numbers
forming a collection of qualitative or quantitative values related to one or more individuals or objects (Berwind et al.,
2017).

Today, data science and analytics are employed by enterprises all over the world in enabling them to make the most
profitable decisions. Firms use a variety of models for organising business data (Parate, 2020) through a methodical
presentation of information, such as facts, concepts, or instructions, that is suitable for machine or human interpretation,
processing, or transmission (Bag, 2017). Additionally, big data requires data processing and storage solutions. These
systems play a key role in many data management frameworks by frequently working along with platforms and
technologies for big data analytics.

Business i Data
Understanding é Understanding
= Data Preparation
_—
e\ Em AV
-_—

Modeling
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Figure 1. CRISP-DM method for data mining (Parate, 2020)

CRISP-DM consists of six iterative, partially affiliated steps, as shown in Figure 1. The foundation of the entire
process is formed by the phases of Business Understanding, Data Understanding, Data Preparation, Data Modeling,
Evaluation, and Deployment, which define a project's needs and objectives. These phases are also responsible for
modelling, evaluating, and deploying a data mining process (Berwind et al., 2017).

i) The Business Understanding phase oversees the project's objectives and needs from a business perspective and
creates an overall project solution process, including a project plan.

ii) Data understanding begins with the gathering of data and initial ad-hoc analysis to familiarise oneself with the data,
identify issues (such as poor data quality), and develop initial insights into the data.
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iii) Based on the raw data gathered in the Data Understanding phase, the Data Preparation phase coordinates all necessary
tasks to produce a final dataset. Data preparation procedures can be conducted several times and in different
sequences to load, process, or clean data.

iv) Modelling is the process of using different modelling and data mining techniques to gain fresh insights based on
mathematical and statistical models. When using different modelling or data mining approaches, it may be essential
to adapt the initial dataset depending on the data preparation process.

v) The Evaluation phase examines the constructed model to guarantee the accuracy of the analysis. The findings will be
contrasted with the project and business goals established during the Business Understanding phase.

vi) The model's "go live" occurs during the Deployment phase. However, it is essential to structure and display this
model so that a client or user can use its output to enhance decision-making.

2.3 Data Analytics

Business analytics, also referred to as analytics, is the use of data, information technology (IT), statistical analysis,
quantitative methods, and mathematical or computer-based models to better understand business operations and make
informed decisions. It describes the process of transforming data into actions through analysis and insights in the context
of organisational decision-making and problem-solving. A variety of tools can assist business analytics, including
Microsoft Excel and numerous Excel add-ins, paid statistical software programs like SAS or Minitab, and sophisticated
business intelligence suites that connect data with analytical software (Evens, 2021). Large datasets can now be used for
statistical and quantitative analysis, predictive modelling, optimisation, and simulation owing to the technology that is
now accessible to businesses. In other words, the same quantitative tools that have been available for years have now
become more successful by employing big data and the associated technologies (Albright & Winston, 2020).

According to Evens (2021), data collection, organisation, and manipulation are the first steps in business analytics.
Depending on the extent of the data analytics maturity curve, the term "data analytics" is broad and can indicate many
different things; nonetheless, data without analytics is not particularly valuable (Ramaswami et al., 2022). All four pillars
of the contemporary analytics approach are collectively referred to as "analytics". Each pillar is crucial to assist a better
understanding of the information given by the data and how these insights can be used to advance corporate objectives.

2.4  Data Visualisations

Data visualisation describes the process of visualising a dataset that is done after data correction, enabling users to
comprehend the significance of the data through a visual context. These days, visualisation is more helpful in business
intelligence and analytics across all industries. There are various approaches for visualising datasets, which can be
interactive or dynamic in nature and can be displayed in a variety of visual insights (Bhargava et al., 2018).

One of the engaging techniques that promotes fresh invention and discovery is data visualisation. It is a dynamic
instrument that aids in the scientific method. Every day, a significant amount of data is produced due to the widespread
use of the internet, necessitating large and complex datasets to be understood. This can be achieved by processing the
data using different data processing techniques and presented using various approaches and methodologies. Data
visualisation is essential for any business to succeed because it enables them to manage data effectively and use it to their
advantage (Anouncia et al., 2020).

The success of data visualisation depends on the speaker's ability to effectively convey information to the audience.
Data visualisation is a method of transforming data or information into a visual object, such as points, lines, or graphic
figures. Analogies between the past and present have been used to visualise data as a storage strategy, transforming it into
clear information.

2.5  Dashboard Development Using Microsoft Power BI

According to Widjaja and Mauritsius (2019), Power BI is an analytical tool used in business for data analysis and
information sharing. Power BI's cloud connectivity offers several data warehouse services, including data preparation,
data discovery, and interactive dashboards. It has the capability to merge numerous databases, files, and web services to
swiftly make changes or automatically fix data and issues. Power BI also automatically updates data while maintaining
anonymity when sharing internal reports. Microsoft's Power BI is perceived as a Software as a Service (SaaS) product
that enables users to create dashboards, reports, datasets, and visualisations for business intelligence. The tool can
establish connections to a variety of different data sources, aggregate and shape the data obtained through those
connections, and produce reports and dashboards that can be shared with others (Cybersecurity and Infrastructure Security
Agency, 2022).

According to Biswal (2020), Power Bl stands as one of the useful tools for data visualisation and business intelligence.
It is helpful for converting data from many sources into interactive dashboards and BI reports. Power BI is available in
many different versions, including desktop, service-based (SaaS), and mobile apps. One of the most important authoring
and publishing tools is Power BI Desktop, which is mostly used by users and developers to produce new brand models
and reports. This free program enables users to connect to a variety of data sources in order to create collections and
visualisations as well as share reports with other employees. Most customers utilise BI desktop to produce and share
reports with other users.
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3.0 METHODOLOGY

Data mining can be conducted using the CRISP-DM standard process model to investigate databases for patterns,
trends, and correlations. It outlines six distinct steps that must be completed once or a few times (Berwind et al., 2017).
Figure 2 shows the flow of the research design. This study sought to enhance the manner in which pay data is provided
to UMPSA management and to incorporate data analysis into dashboards for enhancing decision-making.

Past evidence suggests that analysing and deploying big data analytics often results in a greater impact on decision-
making, making it more transparent, accurate, efficient, and faster (Bjorkman et al., 2017).

Phases Process Descriptions

Summary of the study.
Background of the Research To discuss the initial project proposal.

v

Identify the Research Problem, Issues,
and Research Gaps

Phase 1 1

Define the research problem.

- Research objectives are defined as questions that can be
Develop the Research Questions and satisfactorily addressed to answer the research questions.
Research Objectives

Approved?

If everything is allowed, can continue with the development of
Research Background Development and introduction.
Related Chapters

'

Literature review with citations related to the field of study,

Phase 2 Literature Review underpinning theories, and an informational summary.
Phase 3 Research Methodology Determine the appropriate methodology to be used in the

l research.

Data Collection Data collection from official data sources.
Data from IPS, UMPSA.
Phase 4 Data Analysis Data extraction, cleaning, and analysis.
Development of Dashboard Development of dashboard using Microsoft Power BI.
l - Conclusion and research implications.
] - Limitations of the research.

Phase 5 Conclusion - Recommendations for future research.

'

Figure 2. Flow of research

journal.ump.edu.my/ijim 122



Mat Jusoh et al. | International Journal of Industrial Management | Vol. 18, No. 2 (2024)

3.2 Developing a Dashboard Using Microsoft Power BI

Microsoft Power Bl is a data visualisation and business intelligence tool that can assist in converting data from many
sources into interactive dashboards and BI reports (Biswal, 2020). CRISP-DM comprises six iterative, sporadically
connected phases, namely Business Understanding, Data Understanding, Data Preparation, Data Modeling, Evaluation
and Deployment, along with the Modeling, Evaluation, and Deployment of the Data Mining Process. These phases serve
as the foundation for the entire process and direct the goals and objectives of the project (Berwind et al., 2017). The
following section explains the six steps involved in creating a dashboard.

Step 1: Business Understanding

Understand the organisation's goals and identify elements that may affect a decision. The result is useful to develop a
visualisation of the implementation planning of the LLL program dashboard at UMPSA.

Step 2: Data Understanding

Focuses on data collection and ensures accuracy to avoid errors or missing numbers while gaining a basic
understanding of the data. At this stage, the data was gathered in the Microsoft Excel format from the Institute of Graduate
Studies (IPS), UMPSA. The data obtained was raw and further processing was required to obtain actual research data.

Step 3: Data Preparation

Following the raw data gathered in the Data Understanding phase, the Data Preparation phase coordinates all necessary
tasks to produce a final dataset. Data preparation involves the process of loading, processing, and cleaning the data, which
can be conducted several times and in different sequences. The benefits of data preparation include the ability to spot
problems or errors before processing begins, which may lead to the production of higher-quality data. This produces
better insights that are useful for organisations to make better decisions.

Step 4: Data Modelling

Data modelling involves applying various modelling and data mining techniques to gain fresh insights based on
mathematical and statistical models. The modelling technique should be appropriately evaluated and utilised. In this step,
the clean data that was processed in Phase 3 was uploaded into Microsoft Power BI in Microsoft Excel format. The
potential graphics that might be displayed in response to the processed data were thoroughly evaluated using a prototype
dashboard.

Step 5: Data Visualisation

Data visualisation is an integrated view and collection of reports from several databases. Users can view an
organisation's performance in real-time by using dashboards, which can collect, arrange, and show data from various
sources. Dashboards can also improve decision-making by enabling understanding and leveraging human perception.

Step 6: Data Synchronise and Update

Before any decisions can be made, it is important to have up-to-date dashboards and reports. The development of an
interactive dashboard to compile all important performance indicators for LLL programs’ student data at UMPSA will
take place in this phase.

4.0 RESULT AND DISCUSSION
4.1  Business Understanding

The first stage aims to gain an in-depth understanding about the company’s objectives by making the problem, goals,
and resources clear. Among the tasks that must be completed during this phase include clear business objectives, situation
analysis, project goal formulation, and project planning. An interview with the IPS administration was held to obtain
background information regarding the current state of managing the admission of LLL students. The success of data
mining depends on the information acquired in this step.

4.2  Data Understanding

The second stage of CRISP-DM examines the necessary data in greater detail by examining the accessible data. This
can be achieved by performing the activities in this phase, including gathering preliminary data, describing the data,
studying the data, and confirming the data's quality. Among the knowledge gained from business understanding includes
the data pertaining to program offerings, gender, current address, and income. This can be used as a basis for UMPSA to
enhance strategies and decision-making for future LLL program offerings. Data owners were identified and contacted,
and their data was gathered since the primary aim of this phase was to collect initial data. For this investigation, IPS
UMPSA provided the datasets and data owners.

Since the data was provided in the requested format and was based on their database, there were no issues with data
acquisition. After the subsequent assignment, each dataset was described in terms of general information, investigated to
find connections between data, and verified for data quality, along with potential fixes in the occurrence of any issues.
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In collecting the student datasets, the available columns encompassed name, student ID, status, level description,
program code, program description, entry qualification, entry CGPA, country, gender, income, birthplace, address, city,
state, study mode, type of mode, race, and religion. The main source for acquiring and matching other additional
information in the future was the student ID. The current address is the most interesting and useful set of information
among all the accessible columns. Although the students must manually enter the current address, other address-related
columns with drop-down menus, like city and state, are crucial. Overall, the data acquired was appropriate for this study.

4.3  Data Preparation

The third stage of CRISP-DM is data preparation with the goal to prepare and produce a set of data that would be used
in this study. This phase is crucial because it allows the search for problems or errors before the processing begins, which
can lead to better data. Processing often involves six tasks, namely gather, discover, cleanse, transform, enrich, and store
data. Better insights come from processing high-quality data and help organisations to make better decisions.

4.4  Data Modelling

Data modelling is the process of using various modelling and data mining techniques to obtain new insights based on
mathematical and statistical models. It is important to evaluate and use modelling techniques correctly. In this step, the
data that was processed and cleaned in Phase 3 was uploaded to Microsoft Power BI in the form of Microsoft Excel. The
prototype dashboard was used to thoroughly evaluate the graphics that were displayed in response to the processed data
using the following methods:

i)  Choosing the best modelling technique
i)  Implement or adopt to develop a model
iii) Develop the dashboard prototype

Figure 3 illustrates the first stage of uploading the data onto Microsoft Power BI using the Microsoft Excel format.
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Figure 3. Visualisation of data uploading

4.5  Data Visualisation

Data visualisation is the process of carefully creating graphics that depict the data in a way that facilitates
understanding, speeds up the identification of patterns, trends, or anomalies, and encourages lively debate (Moore, 2017).
It involves the use of visual elements such as charts, graphs, and maps to present complex patterns or datasets in a way
that allows users to see clearly, find trends, and make informed decisions.

4.5.1 Design and Build a Dashboard

The most important phase in this study is the designing and building of a dashboard. The design of the dashboard can
vary depending on the specific needs and goals of the project. Dashboards allow users to view and analyse data in real-
time as it provides an overview of key metrics or data points. The target audience and purpose of the visualisation are
important when creating data visualisation. There are many important things to consider for effective data visualisation,
such as choosing the right type of visualisation, appropriate colours, labels, and titles, and ensuring that the visual
representation is accurate and easy to interpret. Table 1 shows the dashboard page and purposes.
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Table 1. Dashboard page and purposes

Dashboard Page Purposes

Main Page To highlight an overview of the student enrolment dashboard for the master’s
by coursework programs at UMPSA.

Demographics Page To highlight the student enrolment dashboard for the master’s by coursework
programs at UMPSA by demographics.

Academic Affairs Page To highlight the student enrolment dashboard for the master’s by coursework

programs at UMPSA by academic affairs.

To highlight the student enrolment dashboard for the master’s by coursework
programs at UMPSA by income classification by household.

Income Classification by
Household Page

To highlight the student enrolment dashboard for the master’s by coursework
programs at UMPSA by race and religion.

Race & Religion Page

4.5.2 Overview of Student Enrolment Dashboard for Master’s Course Work Programs at UMPSA

The Student Enrolment Dashboard for the Master’s by Coursework Programs at UMPSA provides an overview of
student enrolment data for the master's programs, which is organised by coursework structure from 2018 to 2022 (see
Figure 4). This dashboard provides important data and information about the student population, helping the UMPSA
management to make decisions and monitor the programs’ progress. An overview of the functionality of this dashboard
is as follows:

i)  Total Enrolment: The number of students enrolled in the UMPSA master's by coursework programs can be seen on
the dashboard. This gives a general picture of the student population.

ii) Program Breakdown: It shows the breakdown of students based on the programs offered by UMPSA. This allows
for a comprehensive analysis of enrolment distribution across different fields of study.

iii) Annual Enrolment Trends: The dashboard presents data for each academic year and shows the enrolment trends over
time. It enables the UMPSA management to look for patterns, monitor changes, and predict future enrolments.

iv) Student Enrolment by Gender: It displays the percentage of student admissions by gender and by program.

v)  Student Enrolment by Type of Student: It displays the admission of local and international students. This is important
for the UMPSA management to identify the number of international student admissions.

vi) Student Enrolment of Age Range: It displays the admission of students by age range as a whole and by study
program. This is important for UMPSA management to set future marketing targets and strategies.

vii) Student Enrolment of Age Range by Generation: It displays the student enrolment according to age range by
generation (see Table 2). This study used expert opinion and evaluation of historical events to make a classification,
although many different classifications are likely to be found when studying international and national literature
(Berkup, 2014).

viii) The design and features of the Student Enrolment Dashboard for the Master’s by Coursework Programs at UMPSA
may vary depending on institutional requirements, data availability, and stakeholder requirements. It is a useful tool
to monitor, analyse, and optimise the management of UMPSA's master’s by coursework programs.
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Table 2. Chronological generation classification used in this study

Generation Name Chronological Generation

Classification
Baby Boomers 1946 — 1964 (= 59 years)
Generation X 1965 — 1979 (44 — 58 years)
Generation Y 1980 — 1994 (29 — 43 years)
Generation Z 1995 - .... (£ 28 years)

4.5.3 Student Enrolment Dashboard for the Master’s by Coursework Programs at UMPSA by Demographics

The Student Registration Dashboard for the Master’s by Coursework Programs at UMPSA may use various
demographic factors to determine the number of students accepted to enrol into the program. Some of the demographics
included in the dashboard are:

i)  Citizenship: It can show the distribution of students by country of origin or their citizenship status. The diversity of
the student body is better identified with this data, especially at the international level.

ii)  Geographic Location: Data about a student's geographic location, such as state or region, can be entered into the
dashboard. This provides information on the distribution of student enrolment at the regional level.

Both UMPSA management and stakeholders can gain a better understanding about the demography of students
enrolled in the master’s by coursework programs by entering demographic information into the Student Enrolment
Dashboard (see Figure 5). Such data can aid the decision-making process, support efforts for diversity and inclusion, and
find specific needs or problems faced by certain demographic groups.
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Figure 5. Example of dashboard — student enrolment dashboard for the Master’s by Coursework Programs at UMPSA
by demographics

4.5.4 Student Enrolment Dashboard for the Master’s by Coursework Programs at UMPSA by Academic Affairs

The Student Enrolment Dashboard for the Master’s by Coursework Programs at UMPSA can provide insights into the
students’ enrolment based on various factors related to academic affairs. Among the examples include:

i)  Breakdown by Program: The dashboard can display the number of students enrolled for each master's program
offered by UMPSA. This helps the management to understand the distribution of students across various fields of
study.

ii)  Academic Status: The dashboard can monitor the students’ academic status. This allows the monitoring of students’
achievement and identifies areas where additional support may be needed.

iii) Mode of Study: The dashboard was created to determine the mode of study, which informs UMPSA management
about the number of students enrolled in full-time or part-time mode. Such information is important to prepare the
teaching and learning platform as well as physical infrastructure.

iv) Enrolment by CGPA: It refers to the student admission process based on their Cumulative Grade Point Average
(CGPA). CGPA is a numerical representation of a student's academic performance, which is calculated by averaging
the grade points earned in all completed courses. In general, HEIs set minimum CGPA requirements for admission
to various programs. This ensures that students admitted to a particular program demonstrate a certain level of
academic ability and preparation. Finally, the registration process by CGPA serves as a criterion for evaluating
students' academic performance and determining their eligibility for admission to a particular program.
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By entering information related to academic affairs in the dashboard for student admissions (Figure 6), UMPSA
management can gain insight into various aspects of the master’s by coursework programs. Such data can facilitate
informed decision-making, curriculum planning, and student support initiatives to improve the overall academic
experience and students’ success.
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4.5.5 Student Enrolment Dashboard for the Master’s by Coursework Programs at UMPSA by Income
Classification by Household

The master’s by coursework programs at UMPSA can benefit from a student registration dashboard that is developed
based on household income classification to gain more information about the students’ socioeconomic background
(Figure 7). It is crucial to remember that information about income classification may be delicate and subject to privacy
restrictions. The following elements are included in the dashboard:

i)  Income Category: The dashboard categorises students based on income classification (i.e., low income, middle
income, and high income). This classification can be determined by household income or any other relevant criteria.

ii)  Enrolment by Income Category: It shows the percentage of students in each income category who enrolled in the
master’s by coursework programs at UMPSA. It facilitates the understanding about the socioeconomic diversity of
the student body.

The information gathered will allow UMPSA management to assist students with scholarship and financial planning.
The number of students who receive scholarships, grants, or financial assistance in each income category can be included
as part of the data in this dashboard. This facilitates the evaluation of financial assistance programs’ efficacy and outreach.
It is important to ensure the privacy and confidentiality of information related to student income while implementing the
dashboards. To protect the privacy of individual student data, all data must be anonymous and aggregated. It is also
important to adhere to institutional norms and data protection laws when handling sensitive information.
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by income classification by household
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4.5.6 Student Enrolment Dashboard for the Master’s by Coursework Programs at UMPSA by Race and Religion

Developing a student admission dashboard based on race and religion can offer information concerning the diversity
of the student body (see Figure 8). However, it is important to handle such demographic information carefully and ensure
that institutional and privacy policies are adhered. The developed dashboard comprises the following components:

i) Racial/Ethnic Categories: The dashboard can classify students into different categories based on various racial or
ethnic groups, such as Malay, Chinese, Indian, and other groups.

ii)  Enrolment by Race/Ethnicity: It displays the percentage of students enrolled in the master’s by coursework programs
at UMPSA based on their respective race/ethnicity. This helps to explain the diversity and representation among
various racial or ethnic groups.

iii) Religion Category: The dashboard displays sections for various religions, including those associated with Islam,
Christianity, Buddhism, Hinduism, and others.

iv) Enrolment by Religion: It shows the ratio of students enrolled in UMPSA’s master’s by coursework programs based
on religion. This provides an insight into the religious diversity of the student population.

v)  Representation Ratios: The dashboard calculates and displays representation ratios to compare the enrolment of
students into the master’s by coursework programs across different racial or religious groups. It serves as their
respective representation across a broader population or specific demographic benchmarks.

vi) Support and Inclusion Initiatives: The dashboard displays any inclusion or support programs that are geared towards
specific racial or religious subgroups among students. It measures the impact of these aspects in promoting diversity
and creating an inclusive atmosphere.

The ethical handling of racial and religious data is important and such sensitive information must be aggregated and
anonymised to protect the people's privacy. The data will be used in accordance with relevant privacy laws and
regulations. Additionally, it is important to promote inclusiveness and respect for all individuals in the academic
environment regardless of their race or religion.
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Figure 8. Example of dashboard — student enrolment dashboard for the Master’s by Coursework Programs at UMPSA
by race and religion

4.5.7 Dashboard Evaluation

An evaluation of the designed dashboard aims to monitor and evaluate its performance and impact. It enables UMPSA
management to monitor important metrics, visualise data, and make defensible decisions by considering the results of this
evaluation. The assessment dashboard is reviewed and updated frequently to reflect the most recent data and assessment
conclusions. It involves tracking the dashboard performance, fixing any flaws or problems, and accepting adjustments to
stakeholder or assessment needs. It is feasible to design and create an assessment dashboard that effectively presents
evaluation data, simplifies decision-making, and offers insightful information to the stakeholders engaged in the
dashboard development project by regularly assessing the dashboard.

4.5.8 Dashboard Testing

Several factors must be taken into account throughout the dashboard testing process to guarantee its dependability,
performance, and usability. In this testing phase, it is important to concentrate on the following areas:

i)  Data Accuracy: This ensures that the data on the dashboard is correct and consistent with the anticipated outcomes.
It is done by checking the values against the original data and making manual calculations.
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ii)  Functional Testing: It examines the dashboard's interactive features and functionality, including data manipulation,
drill-down, sorting, and filtering. This procedure ensures that the function performs as expected and yields the
desired outcomes.

iii) Test dashboard adaptability to various screen sizes and types, including PCs, laptops, tablets, and mobile devices. It
is tested against various systems and browsers for any display flaws, layout issues, or usability issues.

iv) Track any problems, bugs, or suggestions for improvement that are discovered during testing by documenting them
and tracking their resolution. It involves iterative testing, refining, and updating the dashboard in response to user
and stakeholder feedback.

4.6  Data Synchronise and Update

It is important to have up-to-date dashboards and reports before making any assessments. At this stage, an interactive
dashboard will be created to compile all important performance metrics for UMPSA’s LLL programs student data. In this
study, a data synchronisation and updating mechanism must be implemented to ensure that the interactive dashboard
provided for LLL programs student data at UMPSA is up-to-date and offers accurate information. This is achieved via
the following general strategies:

i)  Determine how often the data on the dashboard needs to be updated by determining the frequency of source system
updates and the need to have real-time or near-real-time data. Common update intervals include daily, hourly, and
even real-time.

i) Perform Data Transformations: Once the data has been integrated, perform any necessary data cleansing or
transformations to ensure accuracy and consistency. This can involve data standardisation, de-duplication,
validation, or formatting changes. A clean and consistent dataset is required for analysis and visualisation.

5.0 CONCLUSION

This study shows that CRIPS-DM is a reliable tool that can be used by any organisation for data analysis purposes. It
allows the identification and preparation of data required for analysis. Student enrolment trends based on data from the
previous five years enable UMPSA to predict student enrolment trends in the coming year. Conversely, UMPSA
management can predict and make early decisions in the admission management of LLL students, resulting in better
decisions. This can ensure the readiness to accept the admission of new students by providing suitable infrastructure and
facilities, hostels, lecturers, teaching materials, and scholarships.

These tools can be used for other departments in UMPSA. Additionally, UMPSA management must adapt to the needs
of the ongoing IR4.0, which relies heavily on automation, machine learning, the Internet of Things (IoT), and real-time
data. UMPSA must be relevant in its operating methods, keep up with the current technology, and be able to compete
with other competitors. This can be achieved through an emphasis on data culture and data analysis used in its operations.

In conclusion, the data analysis enables UMPSA to make decisions concerning academic development that involve
offering new programs in the future. The management can also make decisions involving the planning of student
recruitment as well as formulating an effective marketing strategy. They must implement drastic changes to increase the
number of student enrolments. Among the initiatives to be implemented include targeted academic collaboration with
several overseas universities by signing an agreement aimed at implementing academic collaboration and getting students
to continue their studies at UMPSA. The university also can establish a Satellite Campus in Kuala Lumpur to offer
programs with high potential. Like any other research, the present study has its own limitations in terms of time, lack of
reliable data, and financial resources. This study only focused on the use of existing data which requires extensive data
preparation and data cleaning due to the quality of the data which had missing values, duplicate values, and errors. For
example, the range used for household income data did not follow the national standard set by the Department of Statistics
Malaysia (DOSM). Furthermore, this dashboard did not reflect the entire LLL students at UMPSA but rather focused
only on formal LLL student data, which was geared towards the master’s by coursework programs. Future research can
analyse the data as a whole using Power BI by incorporating other LLL programs offered at UMPSA.

This study can be further expanded by including the data of all LLL students at UMPSA, allowing for a more
comprehensive analysis. The UMPSA management can also obtain more accurate decisions regarding LLL program
offerings. Additionally, future dashboard construction proposals should include data from formal and informal LLL
programs, including short-term courses as well as diploma, degree, and doctoral programs.
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