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Abstract: This study examines the implementation and impact of an internally developed ERP-based Kanban
system in a pharmaceutical company as a cost-effective alternative to commercial ERP. Utilizing a mixed-
methods case study, the research first applied Interpretive Structural Modeling (ISM) to structure key
implementation challenges, followed by a quantitative comparative analysis of operational efficiency.
Findings reveal a six-level hierarchy of challenges, identifying "Lack of Top Management Vision and
Leadership" as the fundamental driver. Equally important is the finding that “High initial investment cost”
exhibited minimal driving power. The system achieved transformative efficiency gains, reducing data input
time by 98.4% and data analysis time by 73.9%. The study provides an original, empirically validated model
of implementation barriers and demonstrates that internal development is a viable, high-return strategy for
SMEs in regulated industries, enabling enhanced compliance and data-driven decision-making.

Keywords : Kanban System, Custom ERP, Pharmaceutical Industry, Operational Efficiency, Interpretive
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INTRODUCTION
The global pharmaceutical industry operates within an exceptionally challenging
environment characterized by intensifying competition, mounting cost pressures, and
increasingly stringent regulatory requirements(Bidhya et al., 2023). In this context, the
mandate for strict adherence to Good Manufacturing Practices (GMP) creates an absolute
dependency on accurate, timely, and comprehensive documentation throughout the
production lifecycle (WHO, 2020). Simultaneously, companies face unprecedented
pressure to enhance operational efficiency and reduce time-to-market while maintaining
the highest quality standards(Erlangga et al., 2020). This dual challenge has compelled
pharmaceutical manufacturers to seek innovative approaches to streamline operations
while ensuring compliance.

In response to these pressures, companies are increasingly turning to data-driven
decision-making (DDM) as a strategic imperative. The effectiveness of this paradigm,

however, is wholly contingent upon the speed, accuracy, and accessibility of underlying
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data systems(Oliver et al., 2020). Enterprise Resource Planning (ERP) systems have
emerged as a foundational technological response, offering the potential to integrate
disparate business functions into a cohesive digital framework that can provide real-time
visibility and control over manufacturing operations(Tuli & Kaluvakuri, 2022).

Despite their potential benefits, conventional commercial off-the-shelf (COTS)
ERP solutions such as SAP or Oracle present significant implementation barriers,
particularly for small and medium-sized enterprises (SMEs). These barriers include
prohibitive licensing costs, complex and lengthy implementation cycles, and frequent
misalignment with unique, legacy operational workflows that have evolved to meet
specific regulatory requirements(Poba-Nzaou & Raymond, 2013). This mismatch between
standardized commercial solutions and specialized operational needs has prompted
growing interest in internally developed, custom ERP systems that promise greater
flexibility, cost-effectiveness, and organizational fit(Gessa et al., 2023).

This research examines one such initiative at “PT. Novell Pharmaceutical
Laboratories (NPL)” — a pseudonym for a pharmaceutical manufacturer in Indonesia that
developed an ERP system internally and integrated a digital Kanban module to manage
production workflows. While this bespoke approach offers considerable advantages in
terms of customizability and alignment with specific operational requirements, it
introduces a distinct set of implementation challenges related to resource allocation,
technical integration, change management, and organizational adaptation that remain
underexplored in the academic literature.

The existing academic literature has addressed several relevant domains in
isolation. Previous  research  has  investigated @~ Kanban  implementation
methodologies(Trebuna et al., 2023), measured ERP efficiency gains(Kalwar et al., 2022),
and analyzed digitalization challenges using structural modeling approaches(Bakhtari et
al., 2021). However, a significant theoretical and empirical gap exists in understanding the
complex interdependencies between implementation challenges and the tangible
performance outcomes of internally developed ERP-Kanban hybrids within the stringent
context of pharmaceutical production.

This gap is particularly noteworthy given the critical importance of documentation
efficiency in regulated environments and the potential of custom-developed systems to
address the unique needs of SMEs(Bidhya et al., 2023). Previous studies have typically

examined either implementation challenges or performance outcomes, but rarely both in an
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integrated framework that accounts for the hierarchical relationships between different
types of barriers and their collective impact on operational efficiency.
This study aims to address this gap through two specific research questions:

1. What is the hierarchical structure and nature of interdependencies among the
challenges faced in implementing an internally developed ERP-based Kanban
system in a pharmaceutical manufacturing environment?

2. What is the quantitative impact of this system on the efficiency of critical Good
Manufacturing Practice (GMP) documentation processes, particularly in terms of

time savings and waste reduction?

Through addressing these questions, this research seeks to provide both theoretical
insights into the implementation dynamics of custom digital systems in regulated
environments and practical guidance for organizations contemplating similar digital

transformation initiatives.

LITERATURE REVIEW AND THEORETICAL FRAMEWORK
Lean Manufacturing and Kanban Systems

Lean Manufacturing is a systematic approach to identifying and eliminating waste
(non—value-added activities) through continuous improvement while maximizing value for
the end customer (Garcia-Garcia et al., 2022). Originating from the Toyota Production
System, Lean principles have been widely adopted across various manufacturing sectors,
including the highly regulated pharmaceutical industry, where efficiency, traceability, and
quality are critical.

Kanban is a foundational Lean tool designed to establish a pull-based production
system that synchronizes material and information flow with actual consumption.
Traditionally implemented using physical cards as visual signals, Kanban enables just-in-
time production, reduces work-in-progress inventory, minimizes bottlenecks, and increases
workflow transparency(Senapathi & Drury-Grogan, 2021). In modern manufacturing
environments, these systems have evolved into electronic Kanban (E-Kanban) solutions
that leverage digital technologies to automate signal transmission, enhance real-time
visibility, and enable more responsive production control (Trebuna et al., 2023)

Kanban implementation is commonly supported by analytical tools such as Value

Stream Mapping (VSM), which helps organizations visualize material and information
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flows, identify process inefficiencies, and design optimal future-state workflows (Poswa et
al., 2022). In pharmaceutical operations—where standardized documentation and
regulatory compliance are central—Kanban’s visual management capabilities offer
particular value by improving process clarity while supporting adherence to GMP

requirements(Erlangga et al., 2020).

Industry 4.0 and ERP Systems

Industry 4.0 represents the digital transformation of manufacturing through the
integration of cyber-physical systems, the Internet of Things (IoT), cloud computing, and
advanced analytics(Imran et al., 2021). These technologies enable the development of
“smart factories” characterized by extensive digitization, real-time data exchange, and
enhanced automation that fundamentally reshape production processes(Gessa et al., 2023).

Enterprise Resource Planning (ERP) systems serve as the backbone of Industry 4.0
initiatives by providing integrated digital platforms that connect previously siloed business
functions such as production planning, inventory management, quality assurance, and
supply chain coordination (Kalwar et al., 2022; Rahman et al., 2024). ERP systems create a
unified source of data truth, promote process standardization, and support data-driven
decision-making—capabilities that are essential in complex and highly regulated
manufacturing environments(Tuli & Kaluvakuri, 2022).

While large multinational companies often deploy commercial ERP packages (e.g.,
SAP, Oracle), small and medium-sized enterprises frequently encounter challenges in
adopting such systems due to their high cost, implementation complexity, and limited
flexibility(Rahman et al., 2024). These constraints have prompted increasing interest in
internally developed, custom ERP systems that can accommodate unique process
requirements while reducing dependency on costly commercial solutions(Zheng & Khalid,

2022).

Implementation Challenges in Digital Transformation

Implementing integrated digital systems such as ERP-Kanban hybrids constitute a
significant organizational change effort that typically involves multiple interrelated
challenges. Bakhtari et al. (2021) identify twelve key obstacles to Industry 4.0 adoption,
including technological incompatibility, lack of standardization, insufficient skills,

organizational resistance, and uncertain return on investment. Understanding the structural
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relationships among these challenges is essential for designing effective implementation
strategies.

Interpretive Structural Modeling (ISM) offers a robust methodology for analyzing
such complex relationships (Sreenivasan et al., 2023). ISM transforms dispersed or implicit
mental models into clear hierarchical structures that reveal direct and indirect relationships
among variables. When combined with Matrice d'Impacts Croisés Multiplication
Appliquée a un Classement (MICMAC) analysis, ISM further classifies variables
according to their driving and dependence power, enabling researchers to identify leverage

points that can accelerate successful system implementation (Alawamleh et al., 2023).

Performance Measurement in Digital Systems

Evaluating the effectiveness of digital transformation requires performance
measurement frameworks that capture both quantitative efficiency gains and qualitative
improvements in organizational capability. Time-based metrics are frequently used to
assess ERP performance, with studies such as Kalwar et al. (2022) demonstrating
significant reductions in process cycle times following ERP adoption. In pharmaceutical
manufacturing—where documentation activities constitute a substantial portion of
operational workload—reductions in data recording and processing time directly improve
productivity and support faster, more accurate decision-making.

Integrating Lean principles with digital technologies yields strong synergies in
waste reduction. Digital systems can automate the detection and elimination of non—value-
added activities targeted by Lean methodologies (Buer et al., 2021). This combination
supports both the continuous improvement philosophy of Lean and the real-time
responsiveness of Industry 4.0 systems, forming a robust foundation for operational

excellence.

METHODS
Research Design and Approach

This study employed a mixed-methods research design combining qualitative and
quantitative approaches within a single-case study framework. This design was selected to
provide both an in-depth understanding of implementation challenges and a rigorous

measurement of performance outcomes. The case study approach was performed due to the
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contemporary nature of the phenomenon and the need for contextualized insights into

implementation dynamics(Imran et al., 2021).

The research site was PT. Novell Pharmaceutical Laboratories (abbreviated to NPL), an
Indonesian pharmaceutical manufacturer that internally developed and implemented an
ERP system with an integrated digital Kanban module for managing production
workflows. The company is an example of a business entity operating in a regulated
environment, facing the need to balance compliance with operational efficiency. Prior to
implementation, documentation processes were fully manual—relying on paper-based
logbooks and spreadsheets—which resulted in delays, redundant data entry, and limited

real-time visibility into production activities.

Analyzing Implementation Challenges with ISM

The study adopted the 12 implementation challenges proposed by Bakhtari et al.
(2021), which are widely validated within Industry 4.0 research. This framework aligns
conceptually with the integrated ERP-Kanban system, as both represent digital
transformation initiatives aimed at achieving connected and intelligent manufacturing. The

challenges include:

high initial investment cost;

lack of training and education;

lack of a skilled workforce;

data security and digital trust;

lack of digital regulations;

lack of standardization;

technological incompatibility and integration issues;

organizational hurdles;

A S AR N A e

uncertainty of return on investment;

[S—
=]

. employment disruption;

—_—
—_—

. outdated business models; and

—_—
\S)

. lack of vision and leadership.
The listed challenges are then translated to indonesian and are briefed to

respondents to ensure the same understanding of each point before filling in the
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questionnaire. The 12 challenges are assembled into 66 pairwise combination each
corresponding to the standard ISM directional symbols which are: V (i influences j), A (j
influences 1), X (mutual influence), and O (no significant relationship) for the
questionnaire.

Data were collected using a Structural Self-Interaction Matrix (SSIM) questionnaire
administered to a panel of six internal experts. The panel consisted of a Production
Manager, two senior supervisors, and three production operators, ensuring representation
from both strategic and operational levels. This multi-level composition enabled the study

to capture comprehensive insights into the system’s implementation challenges.

Participants were selected through purposive sampling based on three criteria:
A. direct involvement in using or developing the ERP-Kanban system;
B. relevant knowledge of operational efficiency and documentation processes; and
C. willingness to be involved in the research.

Individual SSIM responses were consolidated into an aggregate SSIM using modal
values, with discrepancies resolved through follow-up discussions to achieve consensus.
The aggregate SSIM was converted into an initial reachability matrix using standard ISM
rules: V =(1,0), A =(0,1), X=(1,1), and O = (0,0).

The initial matrix was then enhanced with transitive links to produce the final
reachability matrix, which reflects both direct and indirect relationships among challenges.
Level partitioning was performed iteratively by comparing reachability and intersection
sets, beginning with top-level challenges (those with no influence on others) and
proceeding downward until all variables were assigned hierarchical levels.

All ISM procedures were conducted using SmartISM (Ahmad & Qahmash, 2021),
which automates matrix conversion and level partitioning to ensure computational
accuracy. The resulting hierarchical model was subsequently validated with the expert
panel directly from the company to confirm alignment with their understanding of real-

world implementation dynamics.

Measuring Operational Efficiency
Data were obtained through controlled simulations comparing the time required to
complete key documentation tasks using both the legacy manual processes and the new

ERP-Kanban system. Two critical documentation activities were evaluated: (1) data
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input—recording production parameters such as product identity, process times, and
operator details; and (2) data analysis—calculating man-hours for performance monitoring.

For data input, ten operators performed identical recording tasks using both the
manual method (paper logbooks followed by spreadsheet entry) and the ERP-Kanban
system. For data analysis, three production supervisors completed equivalent tasks using
the manual spreadsheet method and the ERP reporting module. All simulations were
conducted under controlled conditions, and task durations were captured using precision
stopwatches to ensure accuracy. Time data were analyzed using comparative statistical
techniques. For each participant and task, the time required in the manual method was
compared with the time required in the ERP-Kanban system. Efficiency gain was

calculated using:
Efficiency Gain (%) = [(Manual Time — ERP Time) / Manual Time] x 100

Ethical Considerations

Ethical approval was obtained from organizational management. All participants
were informed of the study’s purpose and procedures and provided written consent.
Confidentiality was ensured through the use of pseudonyms for the organization and
individual participants, and all data were anonymized during analysis and reporting to

protect privacy

RESULTS
Hierarchical Structure of Implementation Challenges

The analysis began by consolidating the expert responses from the Structural Self-
Interaction Matrix (SSIM) questionnaire. Through modal selection and consensus-building
discussions, a final aggregated SSIM matrix was established. This matrix, presented in
Table 4.1, represents the collective expert judgment on the pairwise directional

relationships between all challenges, using the symbols V, A, X, and O.

Table 4.1. SSIM Matrix

el LD

O o0 0O 0O 0o o0 OV o o o
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3 O O O 0O 0O O V 0 A
4 O 0O A O O O O O
5 O 0O 0O 0O O 0 O
6 vV OV O A O
7 O VvV vV O O
8 O O A A
9 A O O
10 O O
11 A
12

Source: Processed by author

The final SSIM matrix was then transformed into a binary format following ISM
conversion rules. This produced the Initial Reachability Matrix (Table 4.2), which
documents the direct influences between challenges. Subsequently, transitivity was
incorporated—meaning if Challenge A influences B, and B influences C, then A is
considered to indirectly influence C. This step generated the Final Reachability Matrix
(Table 4.3), which captures the complete set of direct and indirect relationships, forming

the foundation for the structural model.

I 1 1 O o O

1 0 0 0 0 O O

2 6 1 0 0 0 0O O O O 1 0 0 2

3 6o 0 1 0 0 0 O O O 1 0 0 2

4 0o 0 0o 1 0 0 O O 0 O 0 0 1

5 0o 0 0 01 0 0 O 0 O 0 0 1

6 o 0 0 0 0 1 1 0 1 0 0 0 3

7 o 0 0 1 0 0 1 0 1 1 0 O 4
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9 o 0 0 06 06 00 0 1 0 0 01
10 o 0 0 0 0 0 0 0 1 1 0 0 2
11 o 0 0 0 0 1 0 1 0 0 1 0 3
12 o 1 1 0 0 0 0 1 0 0 1 1 5

Dependence Power 12 2 2 1 2 2 3 5 4 2 1

Table 4.2. Initial Rechability Matrix

Source: Processed by author

Table 4.3. Final Rechability Matrix

e LD LD Tl e o
1 1 0 0 0o 0 o0 o0 o 1 0 0 0 2

2 o 1 0 o0 0 o O o0 1*1 0 0 3
3 o o 1 o0 o0 o O O 1* 1 0 0 3
4 o 0 o 1 0 O O O o0 0 O0 0 1
5 o 0 o0 o0 1 0 O O o0 0 O0 0 1
6 o o0 o0 1*0 1 1 0 1 1* 0 0 5
7 o 0 o0 1 o0 O 1 O 1 1 0 0 4
8 o 0 o o0 o0 o O 1 0o O 0 0 1
9 o 0 o o0 o0 o O O 1 0 0 0 1
10 o 0 o o0 o0 o0 o o0 1 1 0 0 2
11 o o o 1* o0 1 1* 1 1* 1* 1 0 7
12 o 1 1 1* 0 1* 1* 1 1* 1* 1 1 10
Dependence Power 1 2 2 5 1 3 4 3 9 7 2 1

Source: Processed by author

After the reachability matrix is constructed, the next step in the Interpretive
Structural Modeling (ISM) method is to calculate the Reachability Set (R(i)), Antecedent
Set (A(i)), and Intersection Set (R(i) N A(i)) for each challenge element. The reachability
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set is the set of elements that can be reached or influenced by a given element, including
the element itself. For example, if element A influences elements B and C, then the
reachability set for A is {A, B, C}. Conversely, the antecedent set is the set of elements
that influence the element in question, also including itself. Thus, if A and B influence C,
then the antecedent set for C is {A, B, C}. Meanwhile, the intersection set is the overlap
between the reachability set and the antecedent set. The results of these calculations are
used to identify the level of each challenge, allowing them to be depicted in a hierarchical

system structure.

Table 4.4. Level Partitioning (First Iteration)

Reachability Set Antecedent Set Intersection Set

Elements(Mi)
R(Mi) A(Ni) R(Mi)NA(Ni)

2 2,9, 10, 2,12, 2,

3 3,9, 10, 3,12, 3,

4 4, 4,6,7,11, 12, 4, 1

5 5, 5, 5, 1

6 4,6,7,9, 10, 6,11, 12, 6,

7 4,7,9, 10, 6,7,11, 12, 7,

8 8, 8, 11,12, 8, 1
1,2,3,6,7,9,10, 11,

9 9, 9, 1
12,

10 9, 10, 2,3,6,7,10, 11,12, 10,

11 4,6,7,8,9,10, 11, 11, 12, 11,

2,3,4,6,7,8,9, 10,
12 12, 12,
11,12,

Source: Processed by author

The process of establishing hierarchical levels, known as Level Partitioning in the
ISM method, is carried out gradually through layered iterations that group the challenge

elements based on their Reachability Set, Antecedent Set, and the intersection of the two.
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This step aims to identify the hierarchical order of challenges, from the most dependent to

the most fundamental (root causes).

The Level Partitioning process follows these steps:

1. Identify elements that satisty the condition **R(i) = R(i) N A(i)** and designate them
as elements at the highest level (Level I).

2. Remove the elements whose level has been identified from all Reachability Sets and
Antecedent Sets.

3. Repeat the process from steps 1 and 2 until all elements have been assigned a level.

Table 4.5 Level Partitioning (Final Iteration)

Elements(Mi) | Reachability Set R(Mi)| Antecedent Set A(Ni) | Intersection Set R(Mi)NA(Ni)
1 1 1 1 2

2 2, 2,12, 2, 3
3 3, 3,12, 3, 3
4 4, 4,6,7,11, 12, 4, 1
5 5, 5, 5, 1
6 6, 6,11, 12, 6, 4
7 7, 6,7, 11, 12, 7, 3
8 8, 8, 11,12, 8, 1
9 9, 1,2,3,6,7,9,10, 11, 12, 9, 1
10 10, 2,3,6,7,10, 11, 12, 10, 2
11 11, 11, 12, 11, 5
12 12, 12, 12, 6

Source: Processed by author

Following the completion of the iterative level partitioning procedure, the definitive
hierarchical ordering of the implementation challenges is established and presented in the

summary below.
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Level 6 (Root Driver):Lack of vision and leadership from top management (Challenge
12) emerged as the dominant root driver. This challenge influenced nearly every other
element in the system while remaining largely uninfluenced by them, underscoring the

centrality of leadership commitment.

Level 5 (Strategic Driver): Expiring old business models (Challenge 11) occupied the
second-lowest foundational level, reflecting how strategic misalignment and outdated

business assumptions propagate upward to procedural and technical challenges.

Level 4 (Procedural Driver): Lack of standardization (Challenge 6) served as a key
procedural barrier affecting system integration, documentation consistency, and

workflow harmonization.

Level 3 (Technical & Human Resource Linkages): These challenges functioned as
conduits through which deficiencies in leadership, strategy, and standardization

translated into operational difficulties.
This level contained three strong linkage challenges:

1. Technological incompatibility (Challenge 7)
2. Lack of skilled workforce (Challenge 3)
3. Lack of training and education (Challenge 2)

Level 2 (Operational Outcomes): These challenges represented operational concerns

that arise as consequences of deeper systemic issues.

1. Employment disruption (Challenge 10)

2. High initial investment cost (Challenge 1)

Level 1 (Dependent Challenges): These dependent challenges were strongly

influenced by other elements but exerted minimal influence themselves.

1. Data security and digital trust (Challenge 4)
2. Lack of digital regulations (Challenge 5)
3. Organizational hurdles (Challenge 8)
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4. Uncertainty of return on investment (Challenge 9)

To synthesize these hierarchical relationships into a comprehensive structural framework,
the Final ISM Model is constructed, as shown in Figure 4.6. This directed graph translates
the level assignments and contextual relationships from the reachability matrix into a

visual map of influence among the challenges.

Figure 4.6. Final ISM Model

Source: Processed by author

Operational Efficiency Gains
Under the manual system, data input required two sequential activities: operator

logbook writing and administrative spreadsheet entry. The average time required for
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manual logbook entry by operators is 479 seconds while the average time required for
manual spreadsheet entry by admin is 216 seconds. The result for total average duration of
manual system amounts to 695 seconds per cycle.

For data analysis by supervisors, the complete workflow from opening the Excel
file to calculating results required an average of 84.9 seconds per analysis cycle. The
process was dominated by the data preparation phase (Sorting/Filtering), which consumed
an average of 48.0 seconds, or approximately 56% of the total manual effort. The
subsequent calculation step took an average of 34.8 seconds. Notably, there was significant
variability between individuals, particularly in the sorting/filtering stage (ranging from 43.33 to
56.11 seconds), suggesting a dependence on user proficiency and the specific complexity of the

dataset being handled.

Table 4.7. Time Required for Manual Logbook Entry by Operators

Work duration
(hh:mm:ss)

Operator 1 00:09:07

Operator 1 00:08:55

Subject

Operator 1 00:07:23 Average
Operator 2 00:06:26 =00:07:59
Operator 2 00:09:38 =479 seconds

Operator 2 00:09:36
Operator 3 00:05:35
Operator 3 00:08:56
Operator 3 00:06:18

Source: Primary data collected by author

Table 4.8. Time Required for Manual Spreadsheet Entry by Admin

. Work duration Average
Subject
(hh:mm:ss) | =00:03:36
Admin 1 00:03:49 =216 seconds
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Admin 2 00:03:09
Admin 3 00:03:50

Source: Primary data collected by author

The time required of data entry via Kanban ERP by operators are summarized in Table 4.9.
The complete process required an average of 11.42 seconds per steps. The workflow
consisted of six distinct steps. The initial system access phase—comprising opening the
application, logging in, and navigating to the Kanban menu—took an average of 5.47
seconds in total. The core transactional task of entering the product batch number and
selecting the machine was the most time-intensive single step, averaging 5.01 seconds.
Performance was consistent across simulation by ten operators, with total times ranging

narrowly from 11.15 to 12.03 seconds.

Tabel 4.9. Time Required for Data Entry via Kanban ERP by Operators

Work duration (Seconds)

Steps Taken for
OP1

Data Entry OP1 | OP2 | OP3 | OP4 | OP5 | OP6 | OP7 | OP8 | OP9 0 Average
Opening the

o 1,45 | 1,32 | 1,63 | 1,47 | 1,48 | 1,54 | 1,42 | 1,31 | 1,52 | 1,54 1,47
application

Login 2,18 | 2,15 | 1,89 | 1,92 | 2,11 | 1,87 | 1,84 | 2,16 | 1,87 | 2,17 2,02
Selecting

2,09 | 2,04 | 1,87 | 2,05 | 1,88 | 1,83 | 2,07 | 1,90 | 2,19 | 1,84 1,98
Kanban Menu

Entering
Product Batch
Number & 5,04 | 5,08 | 487 | 486 | 5,01 | 5,18 | 498 | 507 | 511 | 4,88 5,01
Selecting
Machine Used

Clicking Start | 0,36 | 0,31 | 042 | 0,42 | 0,54 | 0,69 | 0,35 | 0,43 | 0,68 | 0,32 0,45

Clicking End | 0,36 | 0,69 | 0,51 | 045 | 032 | 0,62 | 0,50 | 0,51 | 0,66 | 0,43 0,50

Total time 11,4 | 11,5 | 11,2 | 11,1 | 11,3 | 11,7 | 11,1 | 11,3 | 12,0 | 11,1
taken (Seconds) 9 9 0 5 4 3 6 8 3 7

11,42

Source: Primary data collected by author

The manual data analysis workflow required a substantial and variable amount of

time, as detailed in Table 4.10. The complete process averaged 84.9 seconds per analysis.
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The workflow was dominated by the data preparation phase (Sorting/Filtering), which
alone consumed an average of 48.0 seconds, accounting for approximately 57% of the total
manual effort. The subsequent data calculation step took an average of 34.8 seconds.
Significant variability was observed between the three supervisors, with total completion
times ranging from 77.08 to 97.67 seconds. This variation was most pronounced in the
sorting/filtering stage, where times differed by nearly 13 seconds, indicating that the
manual method's efficiency is highly dependent on individual user proficiency and the

specific complexity of the dataset.

Table 4.10. Time Required for Manual Data Analysis via Spreadsheets by Supervisors

Work Duration (Seconds)
Steps Taken for Data Analysis
SPV1 SPV2 SPV3 Average
Opening Spreadsheet File 1.44 2.44 2.34 2.1
Manually sorting and/or filtering to get the
56.11 43.33 44.52 48.0
necessary data
Calculating from selected data 40.12 34.11 30.22 34.8
Total 97.67 79.88 77.08 84.9

Source: Primary data collected by author

The results for the digital data analysis workflow are presented in Table 4.11. Using
the internally developed Kanban ERP system, the complete analytical process was
completed in an average of 22.18 seconds. The procedure involved six sequential steps.
The most time-consuming phases were selecting the data time range (average of 5.92
seconds) and waiting for the system to process the query (average of 6.62 seconds), which
together constituted over half of the total time. Completion times across the three
supervisors (SPV1-SPV3) showed moderate consistency, ranging from 20.33 to 23.29
seconds. This digital process demonstrates a significant reduction in time and variability
compared to the manual method, shifting the primary time burden from manual data

manipulation to automated system processing.

Table 4.11. Time Required for Data Analysis via Kanban ERP by Supervisors

Work Duration (Seconds)
Steps Taken for Data Analysis
SPV1 SPV2 SPV3 Average
Opening ERP application 1.67 1.54 1.54 1.58
Login 2.46 2.44 2.34 241
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Selecting Kanban Menu 3.11 2.77 2.82 2.90
Selecting The Equipment to analyze 2.44 2.67 3.11 2.74
Choosing data range 4.88 5.43 7.44 5.92
Waiting for the application to process 5.77 8.44 5.66 6.62
Total Time (Seconds) 20.33 23.29 2291 22.18

Source: Primary data collected by author

DISCUSSIONS

Analysis of Implementation Challenges

The results of this study provide important insights into both the implementation
challenges and operational benefits of custom-developed ERP-Kanban systems in
regulated manufacturing settings. The ISM analysis reveals a deeply interconnected
hierarchy of implementation barriers that challenges common assumptions about digital
transformation obstacles. Meanwhile, the efficiency analysis demonstrates the substantial
operational value that can be unlocked when digital solutions are closely aligned with

existing processes and regulatory requirements.

Several important directional relationships emerged from the ISM model:

1. Leadership (Challenge 12) directly influenced the availability of training (2),
workforce capability (3), organizational support (8), and strategic orientation
(11), showing that leadership weaknesses cascade broadly across the system.

2. Standardization (6) directly influenced technological incompatibility (7),
indicating that procedural inconsistency is a key antecedent to technical
integration issues.

3. Technological incompatibility (7) influenced data security concerns (4),
ROI uncertainty (9), and employment disruption (10), highlighting those
technical limitations manifest as both financial and human-resource
challenges.

4. High initial investment cost (1) had limited systemic influence, affecting
only ROI uncertainty (9), implying that cost concerns were outcomes

rather than core drivers.

The identification of “Lack of vision and leadership from top management” as the
foundational driver in the hierarchical structure is particularly noteworthy. This finding

disputes the common belief that digital transformation struggles are primarily caused by
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technological or financial barriers. Instead, it emphasizes that leadership commitment and
strategic clarity are the most critical prerequisites for successful system implementation.
The ISM results demonstrate how leadership deficiencies cascade upward, influencing
training availability, workforce preparedness, change readiness, and even strategic

decision-making such as business model evolution.

Equally important is the finding that “High initial investment cost” exhibited minimal
driving power. This implies that in highly regulated sectors such as pharmaceuticals—
where documentation efficiency, auditability, and data integrity are mission-critical—
financial constraints tend to be secondary considerations. Instead, they may function as
surface-level explanations that obscure deeper cultural or organizational barriers. This
offers a valuable lesson for practitioners: strengthening leadership readiness may be more

impactful than focusing on cost-reduction strategies during early planning phases.

Analysis of Efficiency Gains

The comparative analysis of manual and digital workflows reveals dramatic
efficiency improvements, as summarized in Table 5.1. The implementation of the ERP-
Kanban system resulted in substantial time savings and efficiency gains across two core

tasks

Table 5.1. Comparison of Manual Data Entry and Analysis between Manual Workflow and

Via Kanban ERP
Work Duration (seconds)
Workflow Time Saving Efficiency Gain
Manual Kanban ERP
Data Entry 695.3 11.4 683.9 98.4%
Data Analysis 84.9 222 62.7 73.9%

Source: Primary data collected by author
For data input, the manual process required 695.3 seconds, while the digital system
reduced this to just 11.4 seconds. This represents a time saving of 683.9 seconds and an
efficiency gain of 98.4%, effectively near-total automation of the task. In data analysis, the
manual method took 84.9 seconds compared to 22.2 seconds with the digital system,
yielding a saving of 62.7 seconds and a significant efficiency gain of 73.9%. The results
demonstrate that the system delivers transformative operational performance, with the most

profound impact on the repetitive data entry process.
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The substantial efficiency gains realized through the Kanban ERP system confirm

the theoretical alignment between Lean manufacturing principles and digital technologies.
The 98.4% reduction in data input time represents a near-total elimination of waste
associated with manual documentation processes. This outcome directly aligns with Lean’s
focus on eradicating non-value-added activities and reinforces the argument that digital
tools can significantly amplify the waste-elimination potential of traditional Lean
practices(Lanza-Leon et al., 2021; Rahman et al., 2024). Similarly, the 73.9% reduction in
data analysis time strengthens the argument that digital transformation enhances visibility,
responsiveness, and proactive decision-making—core components of the Lean continuous
improvement mindset(Maware & Parsley, 2022).

Another key insight is the transformation of supervisory roles. Digitalization shifted
supervisors away from repetitive data processing toward higher-order analytical work. This
demonstrates how digital systems can complement rather than replace human capabilities,
empowering staff to focus on interpretation, decision-making, and improvement initiatives
(Tuli & Kaluvakuri, 2022). Such alignment between human expertise and digital capability
reflects a mature integration between Lean philosophy and Industry 4.0 tools, positioning

the organization for sustainable long-term performance.

Theoretical Implications

This study contributes several important insights to the academic literature on
digital transformation in regulated manufacturing contexts. First, by applying ISM, this
analysis moves beyond listing independent factors to illustrate the structural
interrelationships among implementation challenges. The resulting hierarchical model
reveals how foundational organizational factors shape technical and environmental
outcomes, providing a more dynamic and nuanced understanding of digital adoption. The
ISM model provides a hierarchical map of these relationships, revealing how foundational
organizational factors shape technical and environmental outcomes. This offers a more
nuanced understanding of digital adoption dynamics compared to traditional factor-based
models.

Second, the research provides empirical evidence supporting the viability—and in
some cases superiority—of custom digital systems over commercial ERP solutions. In
highly specialized environments such as pharmaceuticals, the ability to tailor workflows,

documentation flows, and user interfaces appears to deliver greater operational fit and
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substantially higher efficiency gains than what is commonly achievable with standardized
commercial platform. Third, the study enhances the literature on Lean—digital integration.
It demonstrates that digital systems do not replace Lean methods but instead function as
powerful enablers that amplify Lean’s core objectives. As Industry 4.0 technologies
continue to evolve, this empirical evidence strengthens the argument for integrated Lean—

digital transformation strategies rather than standalone technological upgrades.

Practical Implications

The findings offer several important practical implications for decision-makers
responsible for digital transformation in regulated manufacturing environments First,
leadership commitment is non-negotiable, as strong executive understanding of operational
and regulatory contexts is foundational to ensuring technical and financial investments
yield sustainable results. Consequently, for firms in strict regulatory environments, custom
system development presents a strategic and viable alternative to commercial solutions,
given the significant efficiency gains and superior process alignment demonstrated. To
navigate implementation, the ISM model provides a structured roadmapping tool, enabling
managers to prioritize resources by first addressing root-cause drivers like leadership and
standardization. Finally, the clear benchmarks of reduced processing time offer powerful
quantitative evidence to strengthen the business case, helping to justify investments and

secure stakeholder buy-in for digital transformation initiatives.

CONCLUSION
Main Contributions

This research contributes to both theory and practice in the domain of digital
transformation within regulated manufacturing environments. Theoretically, the study
develops and validates a hierarchical model of implementation challenges for internally
developed digital systems. The identification of top-management leadership as the
fundamental driver—surpassing traditional emphases on technical capacity or financial
resources—offers a reconceptualization of digital transformation barriers in highly
specialized, compliance-driven contexts.

Practically, this research provides empirical evidence that internally developed
ERP-Kanban systems can serve as high-value alternatives to commercial ERP solutions for

small and medium-sized enterprises operating under strict regulatory frameworks. The
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observed improvements—particularly the 98.4% reduction in data input time and 73.9%
reduction in data analysis time—demonstrate not only the cost-effectiveness of bespoke
systems but also the strong operational synergy between Lean principles and digital
technologies. These findings highlight how custom digital tools can eliminate waste,

enhance responsiveness, and elevate human decision-making capabilities.

Limitations and Future Research

Several limitations of this study open opportunities for further investigation. First,
the single-case design, while valuable for in-depth contextual insights, restricts the
generalizability of the proposed implementation challenge hierarchy. Broader quantitative
validation across multiple firms and sectors is needed to confirm whether the hierarchical
structure holds in diverse regulatory or organizational environments. As mentioned in
previous statements, study on hierarchical structure of implementation challenge is done
based on a set of challenges listed on previous studies by Bakhtari et al. (2021). More in
depth research by re-evaluating the challenges based on each organization context could
also be performed instead of using a pre-determined lists of challenges.

Second, this research assessed performance outcomes primarily through
documentation efficiency. Digital transformation, however, often influences multiple
dimensions of organizational performance—such as quality, compliance robustness,
process flexibility, and innovation capability. Future research should incorporate these
additional dimensions to build a more comprehensive understanding of the benefits of
custom digital solutions. Further studies by connecting to the commonly used
Technological-Organizational-Enviromental ~ (TOE)  framework is one  such
reccommendation.

Finally, the focus on the pharmaceutical sector limits the ability to distinguish
between industry-specific and cross-industry challenges. Comparative studies across other
regulated environments—such as medical devices, aerospace, or food processing—would
strengthen understanding of which barriers are universal and which arise uniquely due to
sectoral regulatory pressures.

Despite these limitations, this study provides a strong foundation for both
scholarship and practice. By integrating a theoretically grounded challenge hierarchy with

empirical evidence of substantial efficiency gains, it offers actionable guidance for
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organizations seeking to pursue custom digital transformation while maintaining regulatory

compliance and strengthening competitive advantage.
REFERENCES

Ahmad, N., & Qahmash, A. (2021). Smartism: Implementation and assessment of
interpretive  structural modeling.  Sustainability  (Switzerland),  13(16).
https://doi.org/10.3390/sul3168801

Alawamleh, M., Al-Twal, A., Lahlouh, L., & Jame, R. O. (2023). Interpretive structural
modelling of organizational innovation factors: An emerging market perspective.
Journal of Open Innovation: Technology, Market, and Complexity, 9(2).
https://doi.org/10.1016/].joitmc.2023.100067

Bakhtari, A. R., Waris, M. M., Sanin, C., & Szczerbicki, E. (2021). Evaluating Industry 4.0
Implementation Challenges Using Interpretive Structural Modeling and Fuzzy
Analytic Hierarchy Process. Cybernetics and Systems, 52(5), 350-378.
https://doi.org/10.1080/01969722.2020.1871226

Bidhya, S., Anmol, G., Prena, P., Depesh, D., & N., K. (2023). Navigating the Regulatory
Landscape: Key Trends Shaping Today’s Regula tory Affairs Environment.
International Journal of Drug Regulatory Affairs.
https://doi.org/10.22270/ijdra.v11i14.639

Buer, S. V., Semini, M., Strandhagen, J. O., & Sgarbossa, F. (2021). The complementary
effect of lean manufacturing and digitalisation on operational performance.
International ~ Journal of  Production  Research, 59(7), 1976-1992.
https://doi.org/10.1080/00207543.2020.1790684

Erlangga, H., Ode Sifatu, W., Wibisono, D., Onny Siagian, A., Salam, R., Mas, M.,
Oktarini, R., Dumarya Manik, C., Nurhadi, A., Sunarsi, D., Purwanto, A., Kusjono,
G., & Author, C. (2020). Pharmaceutical Business Competition in Indonesia:
A Review. Systematic Reviews in  Pharmacy, 11(10), 617-623.
www.pharmaboardroom.com

Garcia-Garcia, G., Singh, Y., & Jagtap, S. (2022). Optimising Changeover through Lean-
Manufacturing Principles: A Case Study in a Food Factory. Sustainability
(Switzerland), 14(14). https://doi.org/10.3390/su14148279

Gessa, A., Jiménez, A., & Sancha, P. (2023). Exploring ERP systems adoption in
challenging times. Insights of SMEs stories. Technological Forecasting and Social
Change, 195. https://doi.org/10.1016/j.techfore.2023.122795

Imran, F., Shahzad, K., Butt, A., & Kantola, J. (2021). Digital Transformation of Industrial
Organizations: Toward an Integrated Framework. Journal of Change Management,
21(4), 451-479. https://doi.org/10.1080/14697017.2021.1929406

Kalwar, M. A., Khan, M. A., Phul, Z., Wadho, M. H., Shahzad, M. F., & Marri, H. B.
(2022). The analysis of performance before and after ERP implementation: a case

167

@ @ Copyright at authors some right reserved this work is licensedUnder a
Creative Commons Attribuation-ShareAlike 4.0 International License.



https://e-journal.citakonsultindo.or.id/index.php/index
https://doi.org/10.3390/su13168801

of a manufacturing company. Journal of Applied Research in Technology &
Engineering, 3(2), 115—121. https://doi.org/10.4995/jarte.2022.17789

Lanza-Ledén, P., Sanchez-Ruiz, L., & Cantarero-Prieto, D. (2021). Kanban system
applications in healthcare services: A literature review. In International Journal of
Health Planning and Management (Vol. 36, Issue 6, pp. 2062-2078). John Wiley
and Sons Ltd. https://doi.org/10.1002/hpm.3276

Maware, C., & Parsley, D. M. (2022). The Challenges of Lean Transformation and
Implementation in the Manufacturing Sector. Sustainability (Switzerland), 14(10).
https://doi.org/10.3390/su14106287

Oliver, J. F.,, N, W., J., E., R, W., Laura, P., Darren, B., M., R., & R., G. (2020).
Considerations, challenges and opportunities when developing data-driv en models
for process manufacturing systems. Computers and Chemical Engineering.
https://doi.org/10.1016/j.compchemeng.2020.106881

Poba-Nzaou, P., & Raymond, L. (2013). Customizing ERP systems in SMEs: A multiple
case study. Journal of Small Business and Enterprise Development, 20(4), 924-960.
https://doi.org/10.1108/JSBED-12-2011-0035

Poswa, F., Adenuga, O. T., & Mpofu, K. (2022). Productivity Improvement Using
Simulated Value Stream Mapping: A Case Study of the Truck Manufacturing
Industry. Processes, 10(9). https://doi.org/10.3390/pr10091884

Rahman, A., Bhowmik, J., Ahamed, S., & Rahman, R. (2024). Opportunities And
Challenges In Data Analysis Using Sap: A Review Of Erp Software Performance.

International Journal of Management Information Systems and Data Science, 1(4),
50—-67. https://doi.org/10.62304/ijmisds.v1i104.192

Senapathi, M., & Drury-Grogan, M. L. (2021). Systems Thinking Approach to
Implementing Kanban: A case study. Journal of Software: Evolution and Process,
33(4). https://doi.org/10.1002/smr.2322

Sreenivasan, A., Ma, S., Nedungadi, P., Sreedharan, V. R., & Raman, R. R. (2023).
Interpretive Structural Modeling: Research Trends, Linkages to Sustainable
Development Goals, and Impact of COVID-19. Sustainability (Switzerland), 15(5).
https://doi.org/10.3390/su15054195

Trebuna, P., Pekarcikova, M., Kliment, M., Kopec, J., & Svantner, T. (2023). Online E-
Kanban System Implementation In A Manufacturing Company. International
Journal of Simulation Modelling, 22(1), 5-16. https://doi.org/10.2507/1JSIMM?22-
1-614

Tuli, F. A., & Kaluvakuri, S. (2022). Implementation of ERP Systems in Organizational
Settings: Enhancing Operational Efficiency and Productivity. Asian Business
Review, 12(3), 89-96. https://doi.org/10.18034/abr.v12i3.676

WHO. (2020). Quality assurance of pharmaceuticals: a compendium of guidelines and
related materials.

168

@ @ Copyright at authors some right reserved this work is licensedUnder a
Creative Commons Attribuation-ShareAlike 4.0 International License.



https://e-journal.citakonsultindo.or.id/index.php/index

Zheng, J., & Khalid, H. (2022). The Adoption of Enterprise Resource Planning and
Business Intelligence Systems in Small and Medium Enterprises: A Conceptual

Framework. Mathematical Problems in Engineering, 2022.
https://doi.org/10.1155/2022/182934

169

Copyright at authors some right reserved this work is licensedUnder a
S aer—rer—wnn Creative Commons Attribuation-ShareAlike 4.0 International License.



https://e-journal.citakonsultindo.or.id/index.php/index

