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Abstract:The National Public Transportation Driver Behavior and Competency Assessment System is 

a system designed to assess driver behavior and competence in order to improve the quality of service 

and safety of public transportation in Indonesia. The main problem in this study is the less than optimal 

testing of the program logic as a whole which has the potential to cause system errors in providing 

assessment results. Therefore, this study aims to apply the Path Testing method in White Box Testing 

to evaluate and ensure that all logic paths in the system have been completely tested and produce output 

as expected. The method used is Path Testing, which is a code-based testing approach that focuses on 

identifying and testing all independent paths in the program control structure. This process is carried 

out by analyzing the flowchart and control flow graph (CFG) of the system being tested, then designing 

and executing test cases based on the paths obtained. The test results show that the Path Testing ap-

proach is able to reveal program paths that were previously undetected by ordinary functional testing. 

This test successfully ensures that each branch of the system logic works correctly according to specifi-

cations. These findings confirm that the use of the Path Testing-based White Box Testing technique is 

very effective in improving system reliability and accuracy. The conclusion of this study is that the sys-

tematic application of Path Testing is able to improve software quality, prevent logical errors in the 

assessment process, and guarantee objective, accurate evaluation results in the national public transpor-

tation driver assessment system. 

 

Keywords: White Box Testing; Path Testing; Assessment System; Driver Competence; Software  

Testing. 

 

1. Introduction 

This study is used to assess the behavior and competence of public transportation driv-
ers, such as bus and public transportation drivers, at the national level. The assessment of the 
behavior and competence of public transportation drivers is adopted using the criteria in the 
Graduate Competency Standards (SKL) based on the Indonesian National Qualification 
Framework (KKNI) regarding level II beginner drivers. The assessment instrument is based 
on the Graduate Competency Standards (SKL). SKL has 4 competency components, the 4 
competency components include attitudes and values, abilities in the field of work, knowledge 
mastered, rights and responsibilities. [1] 

This study uses White Box testing, namely path Testing. The methodology is by con-
ducting Control Flow Graph (CFG) Analysis, namely by compiling CFG from the source 
code of each main function, analyzing the program logic flow such as branching, repetition, 
and conditions. Determining the Determination of the Basis Path and Independent Path by 
calculating Cyclomatic Complexity to determine the number of independent paths. Designing 
and Executing Test Cases by Compiling test cases based on the specified logic path. [2], [3] 

The disadvantage of Path testing on White Box is that it requires a deep understanding 
of the internal structure of the code and the logic of the program. Testing the paths that exist 
in the code, logical paths that should exist but will not be detected if not implemented (Kat-
alon. (n.d.).  

The advantage of path testing in White Box testing is that it detects logical errors com-
prehensively, checks all execution paths, so that it can find logical errors that are not detected 
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by other methods. [1] Improves understanding of algorithm design and program logic Be-
cause it requires an understanding of the structure in the code, path testing helps developers 
understand the logic of the system in depth. [2] The Problem of White Box Testing in the 
Application of Path Testing to the National Public Transportation Driver Behavior and Com-
petency Assessment System is the difficulty in identifying Independent Paths Path testing 
requires identification of path bases or independent paths through control flow graphs 
(CFG). However, the assessment system is based on many conditions and loops (eg: assess-
ment based on time, violation history, all paths accurately [3] The approach used is white box 
testing, especially path testing. By identifying the basis path or independent path using control 
flow graph (CFG). Determining independent paths manually, ensures that all paths have been 
tested [4] The contribution of this study is the implementation of path testing, based on the 
control flow graph (CFG) independent paths are identified, so that they can be used as a 
standard in system testing. [1] Gap analysis of this study, many studies only use Black Box 
Testing or ordinary functional testing for transportation systems. Transportation system test-
ing often focuses on input-output results without testing the internal logic structure of the 
program. Lack of application of White Box Testing based on Path Testing in the driver be-
havior assessment system. This study uses Cyclomatic Complexity calculations to determine 
the number of independent paths and test them all thoroughly - something that is rarely dis-
cussed in the implementation of human behavior system testing. [5] 

 

2. Preliminaries or Related Work or Literature Review 

White box testing is performed at the unit, integration, and system levels to detect logical 
errors, debug, and validate programming assumptions. This method includes thorough testing 
of all code paths, helps with optimization, and provides guidelines for stopping testing. How-
ever, this testing is complex, requires high expertise, can be expensive, and is less practical for 
large applications. Therefore, it is recommended to be performed at the unit testing phase in 
the software development cycle. [1] Path Testing to improve system reliability is one of the 
techniques in white box testing that focuses on testing all logical execution paths in the pro-
gram code. Because every part of the code logic is tested, potential bugs or failures can be 
found and fixed before the system is used. This will result in a more stable, accurate, and 
reliable system. [2] White box testing is a software testing method that involves a deep under-
standing of the internal structure of the program. One of the techniques used in White Box 
Testing is Basic Path Testing, which focuses on testing every possible execution path in the 
program. This testing aims to ensure that the program functions properly and can manage 
the lending process well ([3] White-box testing is an important component of the automated 
development process carried out in the Continuous Integration (CI) or Continuous Delivery 
(CD) pipeline. The white-box testing methods used are Branch Testing and Basis Path Test-
ing. White-box testing is done by analyzing the application source code first, determining the 
files and functions that must be tested, and creating a flow graph from the source code ([4] 
White box testing involves access to the source code and is carried out during software de-
velopment. The test results generated from white box testing depend on the flowchart that is 
transformed into a flowgraph. The white box testing method with the basic path technique 
produces test results that are increasingly large along with the size of the system being tested 
[5] White box testing is also known as structural testing, where the tester has access to the 
entire structure or logic of the software being tested (Selfia & Arimby, n.d.). The steps used 
for path testing are Flowchart/Sourcecode Analysis, create Flow Graph, Cyclomatic Com-
plexity, Determining Independent Paths, Designing Test Cases. Cyclomatic Complexity is a 
measure of the number of different execution paths in a program. The higher the number, 
the more complex the code, and the harder it is to test and maintain. V(G) = E – N + 2.  

Description: E = number of edges in the flowgraph N = number of nodes in the flow-
graph, P = number of predicates nodes in the flowgraph [6] This study uses White Box testing 
to use several testing techniques based on path testing consisting of several processes, namely 
independent path testing, flow graph development, cyclomatic complexity calculations, and 
graph matrix development. [7]. The white box testing method prioritizes knowledge of the 
system structure. In real practice, this method can be applied in testing information system 
products to ensure their reliability and quality [8]. Software testing is one aspect of the soft-
ware design method. Research by taking a case study on the inventory information system of 
goods in a goods delivery service business. This information system testing technique uses 
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the black box testing method, with the Equivalence Partitioning testing technique. [9] White 
box testing requires an in-depth understanding of the internal structure of the software and 
the programming language used. This makes it less suitable for testing teams that do not have 
adequate technical knowledge or access to the source code. [10] 

White Box Testing functions as Clear Box Testing or Structural Testing to assess the 
internal structure of the application and logical functions and programming code. [11] 

The strength of White-Box Testing can be ensured that all code paths, branches, loops, 
and conditional statements have been covered as identification for hidden errors. Helps detect 
Early Bugs in Code to find bugs and security vulnerabilities early in the code, which cannot 
be done in black-box testing. [12] 

Web application testing is a software practice designed to ensure quality by verifying that 
the functionality of a particular web application is functioning correctly or in accordance with 
the specified requirements. Web testing makes it possible to find bugs at any time, before 
release or every day. [13] 

The problem with this software development is often the lack of testing that causes 
software failure. To maintain high-quality products in excellent performance conditions, test-
ing becomes important. Software can be tested using White Box, Black Box, or Gray testing 
techniques. [14] 

This study aims to produce a method for optimizing white box testing on Java programs 
by utilizing branching and repetition structures using the basis path method, and analyzing 
the effectiveness of the proposed method in generating test cases. [15] 

White box testing methods are tailored for transformer-based NLP models. These meth-
ods include Mask Neuron Coverage (Mncover) which measures how thoroughly the attention 
layers in the model are exercised during testing. It further shows how Mncover can be used 
to guide the creation of Checklist inputs, evaluate alternative NLP testing methods, and en-
courage data augmentation to improve accuracy.[16] 

Two methodologies are used in both conventional and object-oriented approaches: 
White box testing and black box testing. White box testing focuses on the control structures 
in the program, to verify all statements in the program are executed at least once and all logical 
conditions are executed. It includes basic path testing, condition and data flow testing, pro-
gram logic, and loop testing. Unlike white box testing, black box testing does not require 
knowledge of the internal workings of the program. Testing is done to verify functional re-
quirements. It includes equivalence partitioning, boundary value analysis, error-based testing, 
random testing, partition testing, cause-and-effect graph techniques.[17] 

This research aims to equip these algorithms with explainable AI (XAI) features to im-
prove transparency. Testing this methodology on three different medical datasets reveals con-
sistent correlations between the adapted White box models and their black box counterparts. 
Notably, integrating this strategy with established methods such as locally interpretable 
model-agnostic explanations (LIME) and SHapley Additive explanations (SHAP) further en-
hances transparency, underscoring the potential value of decision trees as the preferred White 
box algorithm. in medicine because of its inherent explanatory power. These findings high-
light a promising path for integrating black-box algorithm performance with the need for 
transparency in critical decision-making domains.[18] 

Testing can never completely identify all defects in software. Instead, testing provides a 
warning or evaluation that compares the state and behavior of the product against principles 
or mechanisms that one might use to recognize a problem. Software testing is an important 
term for software reliability. Testing provides the original structure and validity to the soft-
ware for efficient performance under operational conditions.[19] Automated white-box test-
ing is a major problem in software engineering. 

Over the years, several tools have been proposed to support different parts of the testing 
process. However, these tools are mostly separate and most of them support only a small set 
of fixed and limited test criteria. In this paper, FRAMA-C/LTEST, a generic and integrated 
tool for automated white-box testing of C programs, is presented. LTEST provides integrated 
support for various test criteria as well as easy integration of new criteria. [20] 

Evolutionary white-box testing is a promising approach for the complete automation of 
structure-oriented test case generation. Evolutionary testing cannot find valid test data. The 
termination criteria of evolutionary white-box testing can be tailored to the test objectives 
with problem cases in such a way that problematic test objectives are excluded from testing 
in advance or can be covered due to adequate termination criteria according to the software 
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size. This can lead to increased efficiency and effectiveness of evolutionary white-box testing. 
[21] 

Evolutionary white-box testing has so far not been able to make statements about the 
existence of unattainable test goals, which can be improved with the help of evolutionary 
software measurements. This improvement is based on the ability of evolutionary software 
measurement to estimate in advance the effort To implement software measurement requires 
the calculation of dynamic stopping criteria, it is also necessary to examine the distribution of 
the actual measured test effort compared to the effort estimated by software measurement. 
[22]. This study shows that this method successfully identifies and fixes most errors in pro-
gramming logic and system vulnerabilities, which contributes to a 20% increase in perfor-
mance, increased stability, and reduced risk to security threats. [23]. White box testing has a 
fairly popular technique, namely the basis path. White box testing with the basis path tech-
nique is applied to the population administration system website, which is a computer appli-
cation for carrying out population administration. Testing is carried out on the features on 
the RT account after testing is carried out by creating a flowchart of the features to be tested, 
then creating a flowchart according to the source code, and testing the source code, after that 
calculating the entire scenario to be tested using Cyclomatic Complexity (CC), and comparing 
the results of the tests carried out with the expected results. It was obtained that the path of 
each feature that had been passed was in accordance between the results of the CC and the 
Flowgraph created. [24] 

Testing is the process of running a program to identify errors, need to improve the ac-
curacy of the coverage area by including data flow elements based on aliases and avoiding 
redundant elements that reduce the overall coverage to improve the applicability and effec-
tiveness of data flow testing. This test describes the steps to perform data flow testing as well 
as how to design a test suite that accounts for anomalies. Examines and discusses the methods 
used to date to perform data flow testing. These approaches include node-based design, trend 
discovery coverage, web application comparison, and analytical testing.[25] 

3. Proposed Method 

Implementation of Path Testing in White Box Testing for the National Public 
Transportation Driver Behavior and Competency Assessment System. The assess-
ment is carried out by passengers, supervisors, trainers, supervisors and e-learning. 
From the assessment carried out by passengers, supervisors, trainers and e-learning 
are entered into the system that has been created. From the assessment system, 
white box testing is carried out using Path testing. The methodology used is using 
the Software Testing Life Cycle (STLC) and the White Box Testing Stages. Regard-
ing STLC and the White Box Testing Stages are explained as follows: 

Software Testing Life Cycle (STLC) is a systematic process consisting of several 
stages carried out to ensure the quality and reliability of software through structured 
testing. STLC not only includes the testing process itself, but also the planning, 
preparation, implementation, and evaluation of test results.  

STLC is a series of stages carried out in the software testing process, starting from test 
planning to test closing, with the aim of finding and fixing bugs, and ensuring that the soft-
ware works according to the expected specifications. 

Stages in STLC: 
1. Requirement Analysis (Requirement Analysis) 

The QA (Quality Assurance) team analyzes the requirement document to understand 
what should be tested with the objectives: identifying test needs and test feasibility. 

2. Test Planning (Test Planning) 
Develop a test strategy, determine resources, budget, schedule, and tools to be used. 
With the main output of the Test Plan or Test Strategy Document. 

3. Test Case Development (Test Case Development) 
Write test cases and test scripts based on functional and non-functional requirements, 
including test data preparation. 

4. Test Environment Setup (Test Environment Setup) 
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Prepare the environment needed to run the test, such as servers, databases, and sup-
porting software. 

5. Test Execution 
Running test cases and recording the results. Bugs or errors found will be reported 
using a bug tracking tool. 

6. Test Cycle Closure 
Evaluating the entire test cycle, documenting the final results, lessons learned, and 
submitting a final test report. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Software Testing Life Cycle (STLC) 

 

White Box Testing Stages 
The testing stages consist of flowchart/sourcecode analysis, creating flow graphs, 

cyclomatic complexity, determining independent paths, and designing test cases as 
shown in Figure 2. 

 
 

 
 

Figure 2. White Box Testing Stages 
 

Explanation of figure 2 is as follows: 

Flowchart/Sourcecode analysis, is a graphical representation of a process or logical 
flow. In software testing, flowcharts are used to: Visualize business processes or sys-
tem logic. useful for understanding how the program flow runs, determining critical 
points for testing (decision points, loops, input-output). 

2. Flow Graph is a directed graph that describes the flow of program execution. 
Nodes represent blocks of instructions, and edges indicate the direction of program 
execution. 

3. Cyclomatic Complexity is a quantitative measure of the number of independent 
execution paths in a program or module. Introduced by Thomas McCabe in 1976, 
this metric is used to: Assess the logical complexity of code, Determine the mini-
mum number of test cases required for full path coverage. Assist in the process of 
code refactoring and code maintenance. 

4. An independent path is a path in the program control flow (flow graph) that 
passes through at least one new edge (new direction) that has not been passed by 
other paths. Represents a unique combination of branching conditions, loops, or 
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other logical structures. The goal is to: identify all major logical paths in the code. 
Design minimal test cases that touch the entire program logic. 

5. Designing Test Cases 

After determining the independent paths from the flow graph above, the next step 
is to create a test case for at least the number of independent paths that have been 
created, ensuring that a test case is created for every possible path that will be 
passed. 

4. Results and Discussion 

In the results and discussion of this research, what is discussed is the use case of Super-
visor and Trainer Assessment in Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Use Case Supervisor and Trainer Assessment 

 
Table 1 explains the description of the image Figure 3 Use Case Supervisor and Trainer 

Assessment 
 

Table 1. Description of Figure 3 Use Case Supervisor and Trainer Assessment 
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For the Application, the menu used in the driver system application system is ex-
plained as follows: 

1. Login Display 

The Login Display for the Transportation System is in Figure 4. 

Main Scenario 

Initial Conditions The actor has logged in to the driver's 

website 

Actor Action System Reaction 

 The system responds by displaying the 

main menu. 

Final Condition Actors can access the main menu 

Use Case Login- Supervisor and Coach Assessment 

Objective login   

Deskripsi Supervisors and trainers log in, if they 

have not registered then register. 

Actor   Supervisor and Coach Assessment 

Main Scenario 

Initial Conditions The actor has logged in to the driver's 

website 

Actor Action System Reaction 

 Sistem  The system responds by 

displaying the main menu. 

Final Condition Actors can access the main menu 
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Figure 4 Login View 

 

2. Dashboard Display 
The main menu consists of administrator, driver, assessment, exit/logout as shown in figure 
5. 

 

 

 

Figure 5 Main Menu 

3 Driver Profile 
Figure 6 Driver Profile, if the driver is clicked it displays the driver profile which contains driver 

data such as name, email, date of birth, address. 
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Figure 6 Driver Profile 

 
4. Passing Indicator 
Figure 5 illustrates the passing indicator. The passing indicator contains the passing indicator 
for the driver. 

 

 

Figure 5 Graduation Indicators 
 

5. Assessment System  
The assessment system is taken from the graduation indicator data by giving questions to e-
learning, supervisors, trainers, passengers as in Figure 6. 
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Figure 6 Assessment System 
 
 

6. Questions  
Questions are taken from the graduation indicator data by checking the bottom button for pas-

sengers, trainers, supervisors, e-learning as in figure 7. 
 

 

Gambar 7 Sistem Pertanyaan 

7. Questions for Supervisors  
Questions are obtained from the question system in Figure 4.20, if the supervisor is checked, 
then the questions displayed to assess the driver are carried out by the supervisor as in Figure 
8. 
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Figure 8 Questions for Supervisors 
 

Testing Stages consist of, Flowchart/Sourcode Analysis, create Flow Graph, Cyclomatic Com-
plexity, Independent Path Determination, Test Case Design as illustrated in Figure 2. 
 
Testing Stages consist of, Flowchart/Sourcode Analysis, create Flow Graph, Cyclomatic Com-
plexity, Independent Path Determination, Test Case Design 
 
1. Flowchart Analysis 
The first stage is the flowchart analysis of the White Box testing system with Path testing as 
illustrated in Figure 9. 

 
 

Gambar 9 Analisa flowchat 
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2. Stage 2 Create a Flowgraph 
 
The second stage is to create a flowchart of the White Box testing system with Path testing 

as depicted in Figure 10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 10 Flowgraph 
 

3. Cylomatic Complexity  

The third stage is the calculation of Cyclomatic Complexity of the White Box testing 
system with Path testing as below 
V(G)= (E-N) +2 
V(G)= Number of Regions 
E= Number of edges determined by the arrow image 
N= Number of graph nodes (nodes) with circle images 
VG = (16- 13) + 2 
VG = 5 

4. Independent path 
The fourth stage is determining the independent path of the White Box testing system with 
Path testing as below 

Path 1 = 1,2,3,4,5,6,7,11,12.13 
Path 2 = 1,2,3,4,5,6,8,11,12,13 
Path 3 = 1,2,3,4,5,6,9,11,12,13 
Path 4 = 1,2,3,4,5,6,10,11,12,13 
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5. Test Case Design 
The fifth stage is the design of test cases taken from the independent paths that have been 
created. as follows 

 

Path  1 

Track 1,2,3,4,5,6,7,11,12.13 

Scenario  1. Start 

2. Login 

2. Main Menu Page 

3. Driver Profile 

4. Graduation Indicator Data 

5. Rating System 

6. Assessment by passengers? 

 If Yes 

11. Driver Registration 

12. Driver Entry Test 

13. Stop 

 

Test Results Succeed 

Path  2 

Track 1,2,3,4,5,6,8,11,12,13 

Scenario  1. Start 

2. Login 

3. Main Menu Page 

4. Driver Profile 

5. Graduation Indicator Data 

6. Rating System 

7. Assessment by Supervisor? 

      If Yes 

11. Driver Registration 

12. Driver Entry Test 

13. Stop 

 

Test Results Succeed 

Path  3 
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Track 1,2,3,4,5,6,9,11,12,13 

Scenario  1. Start 

2. Login 

3. Main Menu Page 

4. Driver Profile 

5. Graduation Indicator Data 

6. Rating System 

10. Assessment by Coach? 

      If Yes 

11. Driver Registration 

12. Driver Entry Test 

13. Stop 

 

Test Results Succeed  

Path  4 

Jalur  1,2,3,4,5,6,10,11,12,13 

Scenario  1. Start 

2. Login 

3. Main Menu Page 

4. Driver Profile 

5. Graduation Indicator Data 

6. Rating System 

8. Assessment by e learning?? 

      If Yes 

14. Driver Registration 

15. Driver Entry Test 

16. Stop 

 

Test Results Succeed 

 
 
Conclusions 
The application of Path Testing as one of the techniques in White Box Testing on the national public 
transportation driver behavior and competency assessment system has proven effective in identifying 
program execution paths that contain logical errors. By evaluating all independent paths in the pro-
gram code, this test is able to ensure that each control flow has been thoroughly tested. The results 
of this test indicate that the system works according to the expected logic, and is able to provide 
accurate output based on the input given. 
Suggestion 
The application of Path Testing in White Box Testing for the National Public Transportation Driver 
Behavior and Competency Assessment System is recommended that each logical path in the program 



 

LJISSEN-AI. Lovelace Journal of Information System, Security, Education and Network Artificial Intellingence, 15 of 16 

 

 

 

code be documented systematically. This makes the path testing process easier in the future. path 
testing is integrated with automated testing tools so that the testing process can be carried out re-
peatedly and consistently every time there is a change in the code. 
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