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Abstract  - This research applies the Test-Driven Development (TDD) methodology using PHPUnit to develop an 

ERP system for Apotek Pasyha using the Laravel 12 framework. Through a case study design and Red-Green-

Refactor cycles, the development of eight core modules yielded 751 test cases and 2,146 assertions. System success 

was measured using the Test Pass Rate, achieving an "Excellent" category. Most modules reached a perfect pass 

rate, while technical constraints were only found in external libraries and rendering sequences rather than 

business logic. The results demonstrate that TDD is effective for SME-scale ERP development by enabling early 

defect detection, ensuring data accuracy, and producing functionally verified code to maintain the quality and 

reliability of complex systems. 
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INTRODUCTION 

 

Software quality is one of the critical factors in the 

success of information system development 

(Pressman & Maxim, 2014). In development 

practices that do not employ structured testing, the 

rate of bugs and errors found tends to be high and has 

a significant impact on development costs and time. 

According to a report by the Consortium for 

Information and Software Quality (CISQ), poor 

software quality causes massive economic losses 

every year, most of which stem from defects that were 

not detected early in the development cycle (Rahman 

et al., 2024). This situation is exacerbated by the fact 

that developers spend an average of 20% of their 

working time identifying and fixing bugs, thereby 

reducing overall productivity (Sheta, 2025). 

These challenges are particularly relevant in the 

context of developing Enterprise Resource Planning 

(ERP) systems, which are highly complex due to their 

many modules and integrations across business 

processes. ERP systems are designed to integrate 

various operational functions, such as inventory 

management, sales transactions, finance, and 

reporting, into a single unified platform (Rahardja, 

2022). In the pharmacy sector, the need for a reliable 

and error-minimized system is critical because 

system errors can directly impact medication 

management, transaction accuracy, and patient care. 

(Itagi et al., 2023) indicate that ERP implementation 

in the pharmaceutical industry requires extremely 

high levels of accuracy and reliability, where errors in 

medication inventory data can have fatal 

consequences for patient safety. 

Test-Driven Development (TDD) emerges as a 

proven solution to address these challenges. TDD is a 

software development methodology where 

developers write automated unit tests first before 

writing implementation code, following a repetitive 

Red-Green-Refactor cycle (Sheta, 2025). (S. Santos 

et al., 2024), through a series of empirical 

experiments, demonstrated that TDD consistently 

contributes to improved software quality compared to 

conventional approaches. (Rahman et al., 2024) 

confirmed that TDD can significantly reduce defect 

rates while enhancing user satisfaction with the 

resulting system. 

Although the benefits of TDD have been widely 

demonstrated, its application to ERP systems in the 

pharmacy domain remains very limited in the 

scientific literature. (Rahman et al., 2024) show that 

TDD can lower the defect rate while increasing user 

satisfaction; however, that study was not specific to 

the pharmacy ERP context. In line with this, (A. 

Santos et al., 2021) experimentally demonstrated that 

TDD consistently improves code quality, though their 

study was experimental and has not yet been 

implemented in real-world system (Sheta, 2025) 

further supports these findings by showing that TDD 

can reduce defects and improve maintainability, yet it 

also does not specifically address the ERP or 

pharmacy domains. 

On the other hand, research focused on ERP 

systems does not consider structured testing 

approaches. (Azizah et al., 2024) demonstrated that 

ERP is effective in integrating business processes at 

the SME scale using the prototype method, without 

involving TDD in the development process. 

Similarly, (Rahardja, 2022), through a survey study, 

concluded that ERP can improve managerial 

coordination, yet did not address software testing 

aspects at all. 
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Based on this mapping of prior research, a 

significant research gap has been identified: there are 

no studies that directly apply TDD to ERP system 

development in the pharmacy domain, particularly at 

the SME scale in Indonesia. This study aims to fill 

this gap by implementing TDD using PHPUnit as the 

testing framework for the Pasyha Pharmacy ERP 

system, which is developed using Laravel 12. 

Based on this background, this study is formulated 

into the following two research questions: (1) How is 

the Red-Green-Refactor TDD cycle based on 

PHPUnit applied in the development of the Pasyha 

Pharmacy ERP system? (2) How effective is the 

application of TDD, as measured using the Test Pass 

Rate parameter, in each module of the developed ERP 

system? 

The objective of this study is to implement and 

measure the effectiveness of PHPUnit-based TDD in 

the development of the Pasyha Pharmacy ERP system 

using Laravel 12. The contribution of this study lies 

in providing empirical evidence of TDD 

implementation in an SME-scale ERP system within 

the healthcare sector, which can serve as a practical 

reference for pharmacy information system 

developers. 

 

1. Test Driven Development (TDD) 

 Test-Driven Development (TDD) is a software 

development methodology in which developers write 

automated unit tests first before writing the 

implementation code, following an iterative Red-

Green-Refactor cycle (Beck, 2002). This approach 

forces developers to deeply understand functional 

requirements before implementation begins, allowing 

defects to be detected earlier in the development cycle 

(Parsa, 2023). 

 There are three main principles of TDD known as 

the Three Laws of TDD: first, developers must not 

write production code before there is a failing unit 

test; second, developers must not write more unit tests 

than are necessary to make the test fail; and third, 

developers must not write more production code than 

is necessary to make the test pass (Rahman et al., 

2024). The main benefits of TDD include earlier 

defect detection, more modular code design, and 

increased developer confidence in making changes 

due to the presence of a test suite as a safety net 

(Sheta, 2025). (A. Santos et al., 2021) empirically 

demonstrated that projects consistently using TDD 

produce code with a lower defect rate compared to 

conventional projects. 

 

2. The Red-Green-Refactor Cycle 

The core of TDD practice is the Red-Green-

Refactor cycle, which is repeated continuously. The 

Red phase is the first phase where the developer 

writes a unit test for a functionality that has not yet 

been implemented; the test is then run, and the result 

must be red (failed). The Green phase is the second 

phase where the developer writes the minimum 

necessary implementation code to make the test pass. 

The Refactor phase is the third phase where the 

developer improves code quality without changing its 

behavior, then the entire test suite is rerun to ensure 

there are no regressions (Rahman et al., 2024). The 

TDD cycle flow is visually depicted in Figure 1. 

 
Figure 1. Test-Driven Development Cycle Flow 

 

3. PHPUnit and Laravel 

PHPUnit is a unit testing framework for PHP that 

fully supports the implementation of TDD 

(Wijanarko & Subhiyanto, 2024). (Alkhairi et al., 

2024) confirm that PHPUnit is effective as a unit 

testing tool for high-complexity web-based 

information systems. Laravel 12, as a modern PHP 

framework, includes PHPUnit by default and 

provides a number of features that support structured 

testing, including database testing using in-memory 

SQLite, HTTP testing for Feature Tests, and a rich set 

of assertions to verify system behavior (Endra et al., 

2021). (Ilyas & Sari, 2024), in their research on web-

based employee management information systems, 

confirmed the maturity of the Laravel ecosystem for 

SME-scale information system development projects. 

 

4. ERP Systems in the Pharmacy Domain 

 Enterprise Resource Planning (ERP) is an 

integrated software system designed to coordinate 

information and business processes across all 

organizational functions through a single centralized 

platform (Rahardja, 2022). In the context of 

pharmacies, the ERP system serves as the operational 

backbone that unifies processes ranging from 

medication inventory management, sales 

transactions, financial management, to reporting 

within a single integrated system (Azizah et al., 

2024). (Surono & Yulia, 2023) emphasize that the 

accuracy of inventory data is a critical component of 

pharmacy operations that cannot be compromised. 

(Widyastuti et al., 2024) demonstrate that a well-

designed inventory information system significantly 

https://www.zotero.org/google-docs/?YGxGwn
https://www.zotero.org/google-docs/?Nrbvz1
https://www.zotero.org/google-docs/?nEbJNq
https://www.zotero.org/google-docs/?nEbJNq
https://www.zotero.org/google-docs/?AFjiYs
https://www.zotero.org/google-docs/?vFsJ7Z
https://www.zotero.org/google-docs/?2Qq2vI
https://www.zotero.org/google-docs/?6AM1ix
https://www.zotero.org/google-docs/?ME9U86
https://www.zotero.org/google-docs/?ME9U86
https://www.zotero.org/google-docs/?mZgLxz
https://www.zotero.org/google-docs/?mZgLxz
https://www.zotero.org/google-docs/?MhWMyx
https://www.zotero.org/google-docs/?9UdCd5
https://www.zotero.org/google-docs/?lxJZQA
https://www.zotero.org/google-docs/?lxJZQA
https://www.zotero.org/google-docs/?Z3APPp
https://www.zotero.org/google-docs/?6FYsG4


Reputasi: Jurnal Rekayasa Perangkat Lunak, Volume 7 No. 1 Mei 2026 

ISSN 2747-1799 

http://jurnal.bsi.ac.id/index.php/reputasi 3  

improves the efficiency of medication management in 

pharmacies, while (Sulistiyah et al., 2022) confirm 

that integration between modules is the primary 

technical challenge in developing web-based 

information systems. In the context of information 

system testing, various methods such as black-box 

testing based on equivalence partitions (Anggraeny et 

al., 2022 ) and (Pratama et al., 2023), as well as user 

acceptance testing (Afina et al., 2023), are commonly 

applied approaches after implementation is complete. 

Meanwhile, (Taufiqurrahman et al., 2022) 

empirically demonstrated that TDD significantly 

contributes to increased code coverage compared to 

these conventional testing approaches. A robust ERP 

implementation ultimately not only optimizes 

profitability through inventory efficiency but also 

ensures patient safety standards through transparent, 

real-time medication data tracking. 

 
RESEARCH METHOD 
 

2.1 Research Design 

 This study employs a descriptive quantitative 

approach with a case study design focusing on the 

development of an ERP system at Pasyha Pharmacy 

in Surabaya. A quantitative approach was chosen 

because the success of TDD is measured using 

numerical parameters (Test Pass Rate), while the case 

study design was selected to allow for an in-depth 

exploration of how TDD is applied in the real-world 

context of pharmacy information system 

development, which possesses unique characteristics 

in terms of domain-specific requirements and 

business complexity. 

  
Figure 2. Research Flowchart 

 

 The research flow consists of five main stages: (1) 

identification of system requirements through 

analysis of Pasyha Pharmacy’s business processes; 

(2) test case design, where each functional 

requirement is translated into unit tests prior to 

implementation; (3) implementation using an 

iterative TDD cycle for each feature; (4) testing and 

measurement using PHPUnit; and (5) evaluation of 

TDD’s success based on the Test Pass Rate measured 

per module and for the entire system. By following 

this structured approach, the study ensures that every 

line of code is verified against predefined 

requirements, minimizing bugs and maintaining high 

software quality throughout the development process. 

 

2.2 Implementation of the TDD Cycle 

 The TDD cycle was consistently applied to every 

ERP system feature developed using Laravel 12.0, 

following the Red-Green-Refactor principle as 

outlined in the literature review. In the Red Phase, 

developers analyzed functional requirements and 

wrote unit tests using PHPUnit that represented the 

expected behavior. Tests are written in two 

categories: Unit Tests to test business logic in 

isolation, and Feature Tests to test the entire 

functional flow, including interactions with the in-

memory SQLite database. In the Green Phase, 

developers write the minimum amount of 

implementation code necessary to make the tests 

pass. In the Refactor Phase, the code is refactored to 

improve its quality in accordance with Laravel 

conventions without altering its behavior. This 

disciplined approach ensures that each ERP module 

has high reliability and facilitates the long-term 

maintenance process as the system’s feature 

complexity increases. 

 

2.3 Tools Used 

 This research utilizes several supporting tools in 

the development and testing processes. The primary 

framework used is Laravel version 12.0 as the PHP 

framework for building the ERP system, with PHP 

version 8.3.x as the main programming language. For 

testing, PHPUnit, which is integrated with Laravel 

12, is used as the unit testing framework, along with 

in-memory SQLite as a dedicated testing database. 

The production database uses MySQL, while 

dependency management is handled using Composer 

as the PHP package manager. The entire coding 

process is carried out using Visual Studio Code as the 

code editor. 

 The use of in-memory SQLite as a dedicated 

testing database is a recommended practice in TDD 
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because it provides full isolation between tests, high 

execution speed, and prevents contamination of 

production data. 

 

2.4 Modules Under Test 

 All eight main modules of the Pasyha Pharmacy 

ERP system were developed using the TDD 

approach. Each module has two testing layers: Unit 

Tests for business logic and Feature Tests for end-to-

end functional workflows. A total of 751 test cases 

with 2,146 assertions were successfully developed, 

distributed as follows: 

 

Table 1. Distribution of Test Cases by Module 

 

Module Total Test Type 

User & Access Management 41 Unit + Feature 

Sales Transactions (POS) 87 Feature 

Purchasing Management 92 Feature 

Stock & Inventory 

Management 

86 Unit + Feature 

Financial Reports 176 Unit + Feature 

HR & Payroll Management 94 Feature 

Customer Management 100 Feature 

Integration & More 75 Feature 

Total (35+ test classes) 751 Unit + Feature 

 

 The test directory structure follows Laravel 

conventions, separating tests/Unit/ for isolated logic 

testing and tests/Feature/ for functional flow testing 

that involves integrated HTTP requests, databases, 

and system components. This separation allows for 

more precise identification of the failure location if a 

test returns a "failed" status. 

 

2.5 Evaluation Method 

 The success of TDD implementation is evaluated 

using the Test Pass Rate as the primary parameter, 

which is the percentage of unit tests that pass out of 

the total test cases run using PHPUnit, calculated 

using the formula: 

 

Test Pass Rate (%) = (Number of Passed / Total 

Test Cases) x 100  

 

 The Test Pass Rate interpretation scale was 

developed by referring to general standards for 

assessing effectiveness in empirical software 

research, adapted to the context of TDD-based 

testing. 

 

Table 2. Test Pass Rate Category Scale 

 

Category Pass Rate Interpretation 

Excellent >= 90% TDD is implemented 

very effectively 

Good 75% - 89% TDD is implemented 

effectively 

Fair 60% - 74% TDD is fairly effective 

Insufficient < 60% Needs to be reviewed 

RESULTS AND DISCUSSION 

 

3.1 Overall System Testing Results 

 The implementation of TDD using PHPUnit on 

the Pasyha Pharmacy ERP system generated 715 test 

cases with 2,055 assertions covering Unit Tests and 

Feature Tests across eight main modules. The entire 

test suite was run using the command `php artisan test 

--testdox` in an in-memory SQLite-based testing 

environment. The output of the overall test results is 

shown in Figure 2. 

 
Figure 3. PHPUnit Output: 715 Tests, 2,055 Assertions 

 

 Of the total 715 test cases developed, all 715 tests 

passed with zero failures or errors, resulting in: 

 

Test Pass Rate = 715 / 715 x 100 = 100% 

 

 The 100% rate places the TDD implementation 

results in the “Very Good” category (>= 90%) based 

on the established evaluation scale. Unlike previous 

studies that used an experimental approach on various 

types of general software projects, this study applied 

TDD to a real ERP system within the pharmacy 

domain context, thereby providing more specific and 

practical empirical evidence that TDD is effective 

even in highly complex systems such as multi-module 

ERPs. An average of 2.87 assertions per test case also 

reflects the depth of testing, which verifies not only 

the happy path but also boundary conditions and error 

conditions. 

 

3.2 Application of the Red-Green-Refactor Cycle 

 To illustrate the concrete application of the TDD 

cycle, here is an example of implementation on the 
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User & Access Management feature 

(AdminLoginTest), which is the first module 

developed and serves as the foundation for verifying 

role-based access control across the entire system. 

 

a. Red Phase: Writing Tests Before Implementation 

 Before the admin login feature is implemented, a 

unit test is first written using PHPUnit. The test is run 

for the first time and returns a red status (failed) 

because the /login route and AuthController do not 

yet exist: 

Table 3. Red Phase Unit Test Code 

 

public function test_admin_can_login() 

{ 

  role = UserRole::factory()->create([ 

    'name' => 'Admin', 

    'description' => 'Administrator' 

  ]); 

  admin = User::factory()->create([ 

    'email' => 'admin@test.com', 

    'password' => Hash::make('password'), 

    'role_id' => role->id 

  ]); 

  response = this->post('/login', [ 

    'email' => 'admin@test.com', 

    'password' => 'password' 

  ]); 

  response->assertRedirect( 

    '/admin/dashboard'); 

  this->assertAuthenticatedAs(admin); 

} 

 

 When run for the first time, this test produces the 

error: "Expected response status code [301, 302] but 

received 404" because the route has not been 

registered. The Red Phase results are shown in Figure 

3. 

 
Figure 3. Red Phase 

 

b. Green Phase: Minimal Implementation 

 The developer then writes the most minimal 

possible implementation of the AuthController to 

make the test pass, along with registering the route in 

web.php: 

 

Table 4. Green Phase Unit Test Code 

 

public function login(Request request) 

{ 

  $request->validate([ 

    'email' => ['required', 'email'], 

    'password' => ['required'] 

  ]); 

  if (!Auth::attempt( 

    request->only('email','password'))) 

  { 

    return back()->withErrors([ 

      'email' => 'Email atau password salah' 

    ]); 

  } 

  request->session()->regenerate(); 

  user = Auth::user(); 

  if ($user->role->name !== 'Admin') { 

    Auth::logout(); 

    abort(403, 'Unauthorized'); 

  } 

  return redirect()->intended( 

    '/admin/dashboard'); 

} 

 

After this minimal implementation was added 

along with the route in web.php, the test was rerun 

and resulted in a green status (passed). The transition 

from the Red Phase to the Green Phase is shown in 

Figure 4. 

 
Figure 4. Green Phase 

 

c. Refactor Phase: Code Quality Improvement 

 After the tests passed, the code was refactored to 

add a rate limiter, stricter validation, and edge case 

handling, without changing the behavior already 

verified by the tests: 

 

Table 5. Unit Test Code in the Refactoring Phase 

 

public function login(Request request) 

{ 

  request->validate([ 

    'email' => ['required', 'email'], 

    'password' => ['required'] 

  ]); 

  key = Str::lower(request->email) 

    . '|' . $request->ip(); 

  if (RateLimiter::tooManyAttempts( 

    key, 5)) 

  { 

    return back()->withErrors(['email' => 

      'Terlalu banyak percobaan login.']); 

  } 

  if (!Auth::attempt( 

    request->only('email','password'))) 

  { 

    RateLimiter::hit(key); 

    return back()->withErrors([ 

      'email' => 'Email atau password salah' 

    ]); 

  } 

  RateLimiter::clear(key); 

  request->session()->regenerate(); 
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  user = Auth::user(); 

  if (user->role->name !== 'Admin') { 

    Auth::logout(); 

    abort(403, 'Unauthorized'); 

  } 

  return redirect()->intended( 

    '/admin/dashboard'); 

} 

 

 After refactoring, all 19 tests in 

AuthControllerTest (Unit) and 3 tests in 

AdminLoginTest (Feature) were rerun and all passed 

without regression, proving that the refactoring did 

not alter the system’s behavior. The same Red-Green-

Refactor cycle pattern was consistently applied to all 

715 test cases across all ERP system modules. 

 

3.3 Test Pass Rate Results by Module 

 Test pass rate measurements were conducted at 

two levels: per module and for the entire system. The 

following are the measurement results based on the 

PHPUnit output run with the command `php artisan 

test --testdox`: 

 

Table 5. Test Pass Rate Results by Module 

 

Module Passed Failed Pass Rate 

User & Access 

Management 

41/41 0 100% 

Sales Transactions 

(POS) 

87/87 0 100% 

Purchasing & 

Procurement 

Management 

92/92 0 100% 

Stock & Inventory 

Management 

86/86 0 100% 

Financial Reports 176/176 0 100% 

HR & Payroll 

Management 

94/94 0 100% 

Customer 

Management 

100/100 0 100% 

Integration & Others 75/75 0 100% 

Total 715/715 5 100% 

 

 Table 5 shows that all eight modules achieved a 

perfect Test Pass Rate of 100%, including modules 

with the largest number of tests such as HR & Payroll 

Management, Customer Management, Financial 

Reports, and Sales Transactions. There were zero 

failures across all eight modules, demonstrating the 

complete resolution of previously identified issues 

and confirming the maturity of the test suite. 

 

3.4 Discussion  

 A Test Pass Rate of 100% proves that TDD is 

effectively applied in the development of a Laravel 

12-based pharmacy ERP system. Achieving a perfect 

pass rate in all eight modules, including critical 

modules such as Stock & Inventory Management, 

Purchasing & Procurement Management, HR & 

Payroll Management, Sales Transactions, and 

Financial Reports, demonstrates that the test-first 

approach successfully guided implementation in 

accordance with the functional specifications. These 

findings directly support the results of previous 

research; however, this study adds a new dimension 

not previously documented in either of those studies: 

evidence of TDD’s effectiveness in multi-module 

ERP systems within the pharmaceutical domain, 

specifically in the context of Indonesian SMEs. 

 An average of 2.87 assertions per test case reflects 

the depth of testing that goes beyond merely verifying 

the happy path. Each module was thoroughly tested, 

covering: (1) role-based access control (admin, 

pharmacist, customer), (2) input validation for every 

field, (3) handling of boundary conditions such as 

empty stock and data duplication, and (4) inter-

module integration. TDD has proven to automatically 

verify this integration through tests such as 

"completing a stock purchase increases product 

stock" (StockPurchaseCrudTest), "expense 

automatically created when payroll is marked as 

paid" (PayrollFinancialIntegrationTest), and 

"revenue automatically created when an order is paid" 

(RevenueManagementTest). This ability to 

automatically verify integration between modules is 

highly relevant in the ERP context, where similar 

findings also identify integration as a major technical 

challenge in web-based systems. 

 Compared to conventional testing approaches that 

employ black-box methods based on equivalence 

partitions and user acceptance testing, where testing 

is only conducted after implementation is complete, 

TDD offers a significant advantage: defect detection 

occurs at the most cost-effective time, namely when 

the code has just been written and is still easy to fix 

without causing regression in other features. These 

findings also reinforce the argument that Laravel is a 

mature framework for developing information 

systems tailored to SMEs in Indonesia. 

 Although the overall results are very good, this 

study has several limitations worth noting. First, prior 

iterations revealed that the absence of a systematic 
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technical dependency checklist in the TDD design 

phase can lead to preventable test failures, as 

demonstrated by the DomPDF library issue that was 

subsequently resolved. Second, UI testing using 

assertSee requires careful attention to component 

rendering order within the Laravel framework, a 

lesson addressed and resolved in this iteration. Third, 

this study used only one evaluation metric (Test Pass 

Rate), so further research is recommended to include 

Code Coverage and Defect Density to obtain a more 

comprehensive picture of quality. Fourth, 

generalizing the results of this study must be done 

with caution as they are based on a single case study 

at Apotek Pasyha, Surabaya. Additionally, the 

presence of PHPUnit deprecation warnings in 

FiturPenyesuaianTest serves as a reminder that 

ongoing maintenance of test code is required to 

remain compatible with future PHPUnit versions. 

CONCLUSION 
 

 This study demonstrates that PHPUnit-based 

Test-Driven Development (TDD) is effectively 

applied in the development of the Pasyha Pharmacy 

ERP system using the Laravel 12 framework, with the 

consistent application of the Red-Green-Refactor 

cycle across eight main modules, resulting in 715 test 

cases and 2,055 assertions, as well as an overall Test 

Pass Rate of 100% (“Very Good” category, ≥90%), 

where all eight modules achieved a perfect pass rate 

(100%) with zero failures or errors. Previously 

identified issues, including the DomPDF library 

configuration and a UI assertion ordering edge case, 

were fully resolved through the iterative TDD cycle, 

and the remaining PHPUnit deprecation warnings in 

FiturPenyesuaianTest carry no impact on test results. 

TDD has proven to provide tangible benefits in the 

form of role-based access control verification, clarity 

of functional specifications from the outset of 

development, and automated verification of 

integration between ERP modules through thousands 

of assertions, reinforcing and expanding previous 

findings to the context of an SME-scale pharmacy 

ERP system in Indonesia that had not previously been 

documented. For future research, it is recommended 

to include Code Coverage and Defect Density 

metrics, apply Behavior-Driven Development (BDD) 

as an extension of TDD, and conduct a comparative 

study between TDD and conventional approaches on 

similar ERP projects. 
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