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Abstract - The increasing demand for digital transformation in the mining sector highlights the
importance of developing efficient data management approaches, particularly in Corporate Social
Responsibility (CSR) reporting. Current practices in mining companies often rely on conventional
spreadsheet-based systems, which lead to inefficiencies such as inconsistent data formats, limited
searchability, and difficulties in historical data tracking. This study explores a conceptual
approach to data model design that can support the digitalization of CSR reporting in a mining
company context, emphasizing efficiency, accuracy, and transparency. Adopting the Design
Science Research (DSR) methodology, the study involves problem identification, formulation of
solution objectives, and the development of an initial conceptual model using data modeling
techniques. Data will be gathered through literature review, interviews, and observation of CSR
reporting practices within the mining sector. This work aims to provide an early-stage foundation
for future research and system development, offering both theoretical insights into data modeling
for CSR digitalization and practical directions for subsequent implementation and evaluation.
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I. INTRODUCTION

The rapid advancement of information technology has reshaped how organizations operate and
interact with stakeholders. In particular, the shift from manual to digital systems has become a
global imperative, affecting industries ranging from finance to healthcare. Although mining is
traditionally considered a resource-driven sector, the integration of digital solutions into mining
operations is increasingly recognized as essential, not only for operational efficiency but also for
fostering accountability and sustainability (Danava, 2021). Putra et al. (2024) emphasized that
digitalization functions not only as a medium for data storage but also as a means to enhance
accessibility and transparency of information.
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One of the key areas where digitalization plays a transformative role is Corporate Social
Responsibility (CSR). Mining companies, especially those operating in developing regions, often
face significant pressure from both government regulators and local communities to demonstrate
that their operations generate positive social and environmental outcomes (Kereh, Supardjo, &
Lintong, 2023). CSR programs are therefore not optional but a critical component of maintaining
a company’s social license to operate. However, the effectiveness of CSR initiatives depends
largely on how well they are planned, documented, monitored, and reported.

In practice, CSR programs span multiple pillars, including health, education, environment, and
infrastructure, and are often implemented across various communities (Pulukadang, 2018).
Despite the breadth of these initiatives, the reporting process in many companies still relies heavily
on Microsoft Excel spreadsheets. While Excel provides flexibility for small-scale data
management, it becomes increasingly inefficient as data volume grows. Common problems
include inconsistent formats, difficulties in retrieving historical data, and challenges in performing
structured analysis. For example, if management wishes to identify all health-related programs
conducted in a specific year, staff must manually search across multiple spreadsheets, leading to
time-consuming and error-prone reporting (Kauwo, 2016).

These limitations underscore the urgent need for a more structured data management approach.
Without a robust system, CSR reporting risks being fragmented and inconsistent, undermining
both internal decision-making and external accountability. In contrast, a structured database
supported by a carefully designed data model can reduce redundancy, ensure accuracy, and
facilitate real-time analysis (Suryadi, 2019). This aligns with global trends in corporate
governance, where transparency and evidence-based decision-making are increasingly demanded
by stakeholders (Cristofel & Kurniawati, 2021).

Data modeling, and specifically the use of an Entity-Relationship Diagram (ERD), provides
an effective solution to these challenges. By systematically identifying entities, attributes, and
relationships, an ERD enables the design of a relational database that reflects the complexity of
CSR operations (Pakpahan, 2023). Such a model not only streamlines reporting but also enhances
scalability, ensuring that the system can accommodate future growth in program scope and data
volume. Furthermore, integrating normalization principles into the model ensures that data is
consistent, logically organized, and free from redundancy (Qiu, Wu, Ding, Xu, & Feng, 2016).

The purpose of this study is to design a conceptual and logical data model for CSR reporting
in the mining sector. The study adopts the Design Science Research (DSR) methodology, which
is well suited for developing practical artifacts grounded in academic rigor. Specifically, the
research seeks to address three questions: (1) What is the current state of CSR data management?
(2) How can a data model be designed to support the digitalization of CSR reports? and (3) How
can the model be validated to ensure alignment with organizational needs?
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By addressing these questions, this study contributes both theoretically and practically. From
an academic perspective, it enriches the literature on CSR digitalization and data modeling,
particularly within the mining industry, which has historically lagged behind other sectors in
adopting digital tools. From a practical standpoint, it provides a structured foundation for digital
transformation, enabling more accurate, transparent, and efficient CSR reporting. Ultimately, the
study demonstrates that data modeling is not merely a technical exercise but a strategic enabler of
corporate accountability and community engagement.

II. LITERATURE REVIEW

The literature review builds a theoretical foundation for CSR report digitalization.

1. CSR in the Mining Sector. Mining companies are expected to implement community
programs in health, education, environment, and infrastructure as part of their Corporate
Social Responsibility (CSR) commitments (Kereh, Supardjo, & Lintong, 2023).

2. Data Modeling. Data modeling provides the structure for organizing, storing, and
managing information systematically. Conceptual, logical, and physical models each play
arole in ensuring efficient and integrated data management (Pakpahan, 2023).

3. Entity-Relationship Diagram (ERD). ERD is a conceptual tool for visualizing entities,
attributes, and relationships in a database. It supports communication between developers
and stakeholders and serves as the basis for relational schema design (Qiu, Wu, Ding, Xu,
& Feng, 2016).

4. Metadata. Metadata describes and manages data, ensuring efficiency in retrieval and
integration. It plays a crucial role in structured digital systems (Cristofel & Kurniawati,
2021).

5. CSR and Digitalization. CSR reflects a company’s responsibility toward social and
environmental sustainability. The digitalization of CSR reporting improves transparency,
efficiency, and decision-making while reducing errors from manual reporting (Danava,
2021).

6. Database Design. Relational database design, supported by normalization, improves
efficiency, reduces redundancy, and supports accurate reporting (Suryadi, 2019).

7. Research Methodology. Previous studies show that qualitative descriptive methods and
Design Science Research (DSR) are effective for system design, enabling solutions that
combine theory with organizational needs (Kauwo, 2016).

Several studies highlight the role of data modeling in ensuring system reliability and
scalability. For example, normalization principles are widely discussed in database design
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literature as a way to eliminate redundancy and ensure data integrity (Suryadi, 2019). Similarly,
CSR digitalization has been shown to enhance corporate transparency, especially when supported
by robust metadata management (Cristofel & Kurniawati, 2021).

The Entity-Relationship Diagram (ERD) remains a central tool in conceptual modeling.
According to Qiu et al. (2016), ERDs provide a shared language between technical designers and
organizational stakeholders, bridging the gap between abstract requirements and implementable
systems. In the context of CSR, previous research emphasizes that a well-structured data model
not only improves efficiency but also contributes to corporate reputation by facilitating clearer
reporting (Kereh et al., 2023).

Based on these insights, this study develops a conceptual framework that integrates CSR data
sources as inputs, digitalization and data modeling as processes, a structured data model as the
output, and efficiency, accuracy, transparency, and future development as the expected outcomes.

Conceptual Framework.

This study proposes a simplified conceptual framework (Figure 1). CSR data sources serve as
the input, which are processed through digitalization and data modeling techniques such as ERD
and normalization. The process produces a structured data model as the output. Finally, the model
is expected to lead to efficiency, accuracy, transparency, and provide a foundation for future
system development.

CSR Data Sources | Input

h 4

Digitalization & Data Modeling Process

A 4

Structured Data Model Output

Qutcome: Efficiency — Accuracy —
Transparency — Future Development
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Figure 1. Conceptual Framework

III. METHODOLOGY

This research employs the Design Science Research (DSR) approach, which is widely
recognized as a robust methodology for developing and evaluating artifacts that address real-world
problems. The DSR framework consists of six iterative stages: problem identification, defining
solution objectives, design and development, demonstration, evaluation, and communication. By
following this cycle, the study ensures that the proposed data model is not only theoretically sound
but also practically relevant to the needs of CSR reporting in the mining sector.

Research Design. The primary objective of this study is to create a conceptual and logical data
model that addresses the inefficiencies of conventional spreadsheet-based CSR reporting systems.
To achieve this, a qualitative descriptive method was adopted to capture practical challenges in
managing CSR data and to translate them into structured requirements for system design. This
approach emphasizes understanding the context and environment in which the artifact will be
implemented, ensuring that the resulting model aligns with organizational practices and
constraints.

Data Sources. Data for this study was obtained from both primary and secondary sources.
Primary data included in-depth interviews with CSR staff and direct observation of reporting
processes within a mining company’s CSR department. These interactions provided insights into
the practical difficulties of managing large volumes of CSR data using spreadsheets, such as
duplication, formatting inconsistencies, and limited search functionality. Secondary data consisted
of CSR reports, government compliance documents, and scholarly literature related to CSR
reporting, data modeling, and digital transformation. Together, these data sources formed a
comprehensive foundation for analyzing the current state of CSR reporting and designing an
improved data model.

Sampling Strategy. A purposive sampling method was applied to ensure that the most
representative and data-intensive CSR programs were analyzed. Health and education programs
were chosen as the focus of model testing, as these areas involve a large number of beneficiaries,
multiple performance indicators, and significant budget allocations. By concentrating on these
pillars, the study was able to stress-test the proposed model under complex conditions, increasing
its applicability across other CSR domains such as environment and infrastructure.

Procedures. The methodological procedures consisted of four main steps:

1. Analyzing existing CSR data — identifying redundancies, inconsistencies, and
inefficiencies in spreadsheet-based reports.
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2. Designing the ERD — constructing a conceptual and logical model that represents the key
entities (programs, beneficiaries, locations, budgets, and indicators) and their relationships.

3. Validation with experts — conducting structured discussions with academic supervisors and
industry practitioners to confirm the accuracy and relevance of the model.

4. Evaluation of efficiency, consistency, and scalability — assessing how well the model
reduces redundancy, ensures data integrity, and supports potential expansion of CSR
programs in the future.

Tools. The tools used in this research were selected to reflect both accessibility and practical
implementation. Spreadsheet applications served as the primary tool for collecting and analyzing
existing CSR data. For the modeling stage, ERD design software (such as draw.io or Lucidchart)
was employed to construct the data model. A relational database management environment was
also utilized to test the feasibility of implementing the ERD in practice, ensuring that the
conceptual design could be translated into a working system.

Input-Process—Output Framework. The methodology can also be explained using the
Input—Process—Output (IPO) framework. The input consisted of spreadsheet-based CSR data,
including historical program reports and beneficiary records. The process involved multiple stages:
data normalization, ERD design, validation, and expert feedback. The output was a structured data
model that provides a conceptual foundation for future digitalization of CSR reporting. The IPO
framework illustrates how raw CSR data is systematically transformed into a structured model,
emphasizing the logical flow of the research.

By combining the DSR methodology with qualitative descriptive analysis, purposive sampling,
and practical validation, this research ensures that the resulting conceptual data model is grounded
in both theory and practice. The methodological rigor provides confidence that the model can serve
as a reliable foundation for the digitalization of CSR reporting in the mining sector, while also
being adaptable to future system development and application design.

IV. RESULTS AND DISCUSSION

Normalization Result
Prior to designing the ERD, the CSR data originally stored in spreadsheets was normalized
to eliminate redundancy and ensure consistency. The normalization process followed the

standard database normalization rules, moving progressively from the first normal form (1NF) to
the third normal form (3NF).

In the first stage, data was organized to ensure atomicity, meaning that each cell in the
dataset contained only a single value. This resolved one of the key problems in the existing
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spreadsheet-based system, where a single cell sometimes stored multiple pieces of information,
such as the name of a beneficiary along with their location.

In the second stage, the process eliminated partial dependencies by ensuring that all
attributes were fully dependent on the primary key. For example, in the original spreadsheet
structure, program names were often repeated in rows where budget details or beneficiary data
were recorded. This design created unnecessary duplication and increased the risk of
inconsistencies. By restructuring the data into separate entities, such as health-related and
education-related programs, each entity became more clearly defined, reducing redundancy.

Finally, in the third normal form, transitive dependencies were removed to ensure that non-
key attributes were only dependent on primary keys. A clear example of this improvement can be
seen in the treatment of location data. Initially, each program entry contained village and district
information, which meant that when one location detail changed, it had to be updated across
multiple rows, risking inconsistency. Through normalization, the Location entity was created as
a standalone table, which was then connected to programs via relational keys. As a result, any
updates to a location automatically propagate across all related records, ensuring data integrity.

Additionally, beneficiaries and indicators were modeled as independent entities rather than
being embedded within program records. This separation allowed the database to handle many-
to-many relationships more effectively. For instance, a single program could serve multiple
categories of beneficiaries, while at the same time, one beneficiary group might be included in
several different programs. Similarly, indicators were defined in a way that they could be reused
across different programs, enabling standardized monitoring and evaluation.

The normalization step not only simplified the data structure but also established a scalable
foundation for future expansion. As more CSR programs are implemented across multiple
locations, the relational model ensures that new records can be integrated seamlessly without
disrupting existing data. Moreover, the normalized structure supports advanced querying,
making it possible to generate complex reports such as tracking the allocation of funds per
village, comparing program outcomes by year, or analyzing beneficiary trends across multiple
pillars of CSR.

Entity-Relationship Diagram

The proposed data model was designed using an Entity-Relationship Diagram (ERD) to
represent the main entities and their relationships in CSR reporting. As emphasized by Pungus,
Yahaya, Deraman, and Bakar (2019), data modeling is not merely about representation but about
accurately capturing entities and the relationships among them. In this context, the ERD serves
as a conceptual tool to ensure that CSR data is structured systematically and consistently. Figure
2 illustrates the ERD of the CSR program data model.
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The ERD provides a conceptual map of how CSR data should be structured. The schema is
designed to be applied across all CSR pillars, including health, education, environment, and
infrastructure. Each program is represented as an entity and is linked to beneficiaries, locations,
and indicators, ensuring that all dimensions of CSR initiatives are interconnected. This relational
structure not only supports day-to-day reporting but also enables management to generate cross-
cutting insights, such as comparing budget allocations across villages or evaluating program
effectiveness through indicator trends.

|

Program

Program_ID (PK)

Program_Name
Location

Year
Location_ID (PK)

Status

Village
Indicator

District
Indicator_ID (PK)

Program_ID (FK)

Type (Qualitative/Quantitative)

Beneficiary Program_Location Achivement

Category Program_ID

Quaniity Location_ID

Beneficiary_ID (PK)

Program_ID (FK)

Figure 2. Entity-Relationship Diagram of the CSR Program Data Model.

This structure reduces redundancy by separating program, beneficiary, location, and indicator
data into distinct entities, while maintaining integrity through the use of primary and foreign keys.
For example, the Program entity captures key attributes such as program name, year, and status;
the Beneficiary entity records categories and quantities; the Location entity stores geographical
information; and the Indicator entity defines both qualitative and quantitative measures of
achievement. The Program_Location table serves as a bridge entity, enabling a single program to
be implemented across multiple locations.

By normalizing data in this way, the model ensures consistency, scalability, and efficient
management of CSR information. Unlike spreadsheets, which are prone to duplication and human
error, the relational database enforces data integrity rules, guaranteeing that CSR reporting remains
reliable and consistent across reporting periods. Moreover, the structure allows for faster and more
flexible query processing, enabling real-time insights that were previously difficult to obtain. In
line with this, findings from Lontaan and Sinadia (2024) demonstrate that a well-designed system
is capable of integrating diverse data—such as user profiles, schedules, and institutional records—
into a unified framework, thereby reducing redundancy and improving consistency. This parallel
reinforces the argument that structured data modeling in CSR reporting can deliver similar benefits
by ensuring accuracy, transparency, and scalability.
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The model also aligns with stakeholder demands for greater accountability and transparency.
As highlighted by Mambu et al. (2022), the alignment between technology and organizational
needs is essential to optimize performance and ensure the sustainability of the system. In this
context, government regulators, community stakeholders, and corporate decision-makers can all
benefit from clearer, more structured reports that reduce ambiguity and improve trust. Compared
to existing literature, this study provides a unique contribution by focusing specifically on CSR
data modeling in the mining sector, an area that has historically lacked structured digitalization
initiatives (Kereh, Supardjo, & Lintong, 2023; Suryadi, 2019).

Interface Design (Dashboard Prototype)

To complement the proposed data model, a dashboard prototype was developed to illustrate
how the structured data could be visualized and managed in practice. The dashboard provides
several key functions, including program input, progress tracking, user management, and report
generation. Figure Y shows the interface for the Health Program, which integrates a geographic
map view of CSR activities in different locations.

It is important to note that this dashboard design was created as part of a collaborative
academic project, while the focus of this study remained on the conceptual and logical data
model. Therefore, the contribution of this research is limited to the data modeling stage, whereas
the development of the full application, including dashboard functionalities, will be continued in
future work by collaborating researchers.
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Figure 3. Dashboard prototype for CSR program monitoring (designed by collaborating
group).

The dashboard prototype provides a tangible glimpse into how the data model could be
operationalized. Designed in parallel with this study, the dashboard includes features for inputting
new programs, visualizing data on a geographic map, and generating reports based on selected
indicators. Although the focus of this research is limited to the conceptual data model, the
dashboard illustrates its potential applicability in practice and highlights the importance of
structured evaluation. As noted by Sondakh, Pungus, and Putra (2022), structured evaluation offers
not only a snapshot of current capabilities but also a foundation for continuous improvement. In a
similar way, the proposed CSR data model provides a conceptual basis that can be further
developed into a comprehensive digital system in future studies.

It is emphasized that the full development of the application will be undertaken in future
research. The separation of responsibilities ensures clarity in academic contributions: this paper
provides the conceptual and logical foundation, while the next stage of research will focus on
technical implementation and user interface design.

V. CONCLUSION

This study proposes the design of a conceptual and logical data model to support the
digitalization of CSR reporting in the mining sector. The model addresses inefficiencies inherent
in spreadsheet-based systems by applying normalization principles and representing entities
through an Entity-Relationship Diagram (ERD). The resulting structure enhances efficiency,
accuracy, and transparency while providing a scalable foundation for digital transformation in CSR
reporting.

Although the scope of this research is limited to data modeling, the study contributes both
theoretically and practically. Theoretically, it demonstrates the applicability of design science
research and data modeling techniques in the context of CSR digitalization, particularly in
industries that have historically lagged in adopting digital tools. Practically, it provides a structured
conceptual framework that organizations can adopt as a foundation for future system development.

Future studies may extend this research to the full implementation of a CSR information
system, focusing on application design, user interface usability, and real-time reporting. Additional
research could also explore integration with advanced technologies such as big data analytics and
machine learning, thereby maximizing the impact of CSR initiatives on corporate accountability
and community outcomes.
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