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ABSTRACT 

Computer Adaptive Testing (CAT) has ushered in a new era in assessment by 

providing a more efficient, accurate, and tailored testing experience for measuring 

each test-takers' abilities. However, optimizing question selection and 

randomization remains a significant challenge. In the framework of CAT lies the 

question selection and randomization mechanism, which determines the next item 

to be administered based on the test-taker's responses. Traditional approaches to 

question selection often rely on Heuristic Randomization (HR), which can lead to 

suboptimal item selection and compromised test validity. To address these 

limitations, this study proposes a novel CAT framework that leverages Genetic 

Algorithms (GA) to optimize testlet-based question selection and randomization. 

The methodology adopted supports Object-Oriented Analysis and Design (OOAD) 

using Agile Methodology. The proposed Genetic Algorithm Randomization (GAR) 

employs a multi-parameter fitness function, incorporating question difficulty, 

discrimination, time, and learning objective coverage. Through iterative evolution, 

the algorithm identifies the optimal question set combination that maximizes test 

efficiency. By harnessing evolutionary principles, GAR optimizes the selection of 

CAT test questions. The results demonstrate that the possibility of optimizing CAT 

with GAR for a better question selection and randomization process. The findings 

of this research have significant implications for the development of more 

sophisticated CAT systems, ultimately leading to improved assessment outcomes 

and better-informed decision-making in education and professional certification. 
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1. INTRODUCTION 

 Computer-Adaptive Tests (CAT) have 

emerged as a pioneering technology in 

education and assessment. This assessment 

method has gained widespread acceptance 

among educational institutions and 

examination boards for various evaluations, 

including university and college entrance 

exams (Alsufayan and El-dakhs, 2023). The 

quality of questions in CAT has a profound 

impact on the validity, reliability, and 

accuracy of assessment results (Auwalu and 

Hayyo, 2023). Over the years, experienced 

item writers manually selected questions and 

implemented manual randomization before 

categorization. Manually, randomizing 

questions into categories like Category A, B, 

C, and D was acknowledged as a 

randomization method. Over the years, this 

approach introduced question diversity 

among test-takers and bolstered the security 

of CAT testlet questions (Rajiha and Rini, 

2023; Senja et al., 2024).. The mechanism for 
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selecting questions is a crucial component of 

CAT that requires enhancement, and 

optimizing it can significantly enhance the 

current CAT framework (Kara et al., 2024; 

Nurhikmah et al., 2021). Issues related to 

scalability, the selection of questions, and the 

usage of resources have contributed to less-

than-optimal performance and possible 

system bottlenecks. While Heuristic 

Randomization (HR) effectively replaced the 

random selection process, it can introduce 

biases and provide less-than-ideal results 

with constrained accuracy. HR often 

compromises optimal performance for the 

sake of simplicity. As the use of CATs 

increases across different fields, there is a 

growing demand for a more effective 

question selection method (Auwalu and 

Hayyo, 2023; Supriyati et al., 2021). Routine 

assessments of the CAT process have become 

essential to pinpoint strengths, weaknesses, 

and potential areas for enhancing the CAT 

randomization process (Yilmaz, 2021; 

Abiola and Okegbemiro, 2021). GA, which is 

an optimization method modeled after the 

principles of natural selection and genetics, 

can be combined with HR to enhance the 

CAT question selection process (Shin et al., 

2022). By integrating these approaches, the 

system can smartly choose questions and 

optimize resource distribution to enhance 

scalability, performance, and user 

satisfaction, taking advantage of the 

optimization capabilities of GA alongside the 

randomization features of HR (Sinha, 2024). 

 

2. RELATED WORKS 

CAT is gradually becoming a general 

assessment method used by companies and 

educational instructions in developed 

countried (Lu, 2023). The ability to handle 

testlet questions efficiently accounts for its 

acceptability (Istiyono et al., 2023). While 

the initial setup cost of CAT is substantial, it 

is shown to be economically beneficial. 

Furthermore, it reduces the necessity for 

physical infrastructure, such as examination 

venues and storage facilities (Murniati et al., 

2023; Berg et al, 2024; Burgmanis et al., 

2023. Benefits included in a CAT testlet 

system includes a reduction in test taker's 

anxiety levels, along with insights into how 

CAT influences exam-related stress among 

test takers (Ugwu and Ogbozor, 2021; 

Niragudi, 2021; Shuaibu Muhammad and 

Hayyo, 2023).  

The approach of question selection in CAT 

has demonstrated a considerable perceived 

effect on test takers’ performance based on 

individual differences (Aletan et al., 2022; 

Lync, 2022). An evaluation of test takers’ 

performance indicates that CAT is more 

efficient and effective for knowledge-based 

assessments, as it is capable of identifying 

suspicious behavior among test takers during 

exams via surveillance in examination halls 

(Genemo, 2022; Rice, 2022). CAT is 

recognized as a convenient method for 

evaluating a test taker’s knowledge and 

comprehension, offering advantages such as 

security, consistency, convenience, 

efficiency, innovation, and advanced 

management, along with lower costs and 

logistical challenges (Chatterjee et al., 2022). 

A descriptive and comparative study 

indicates that the existing plugins utilized for 

importing questions through parameterized 

queries, such as the FastTest Plugin, coupled 

with a large test question bank, are effective 

for selecting questions in CAT (Huerta et al. 

2022). 

Recognizing the hurdles encountered by test 

takers with limited or no ICT training is a 

valuable approach to evaluate preparedness 

for CAT among test takers (Ukwueze and 

Uzoagba, 2021). Providing training for test 

takers lacking proficiency in ICT is essential 

before engaging in CAT (Sheu and Evanero, 

2022; El-Gamams et al., 2022). Introducing 

test takers to randomized questions and ICT 

prior to participating in CAT can enhance 

examination results (Dung et al., 2022; 

Usman and Olaleye, 2022; Ebimgbo et al., 

2021). The randomization feature of CAT 

serves as an effective method for test takers 

to gauge their understanding and learning 
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progress, and it holds the potential to drive 

changes in the assessment procedures (Chun 

et al., 2023); (Campero et al., 2022). 

Through both qualitative and quantitative 

evaluations of test takers' performances in 

CAT, it has been validated that CAT is a 

more effective examination system (Yu and 

Iwashita, 2021; Jalo et al., 2021). Neural 

Computerized Adaptive Testing (NCAT) 

represents a fully adaptable framework that 

employs a question selection algorithm that 

adjusts to the candidate's performance, 

implements a feedback mechanism, detects 

intricate relationships between test takers and 

questions (such as guessing and slipping 

factors), and accurately assesses test takers' 

proficiency, thereby decreasing test duration 

(Zhuang et al., 2023; Schurig et al., 2021). 

CAT has also been utilized in creating 

instruments for assessing learning outcomes, 

which enhance efforts to integrate questions 

into the question banks (Agusta, 2022; Horita 

et al., 2021; Lin et al., 2022). Applying the 

Simple Additive Weighting Method (SAW) 

helps overcome test takers' doubts about the 

legitimacy of results produced by the CAT 

system and aids in analyzing and enhancing 

the result-checking process of the CAT 

(Negoro et al., 2021). Expanding coverage 

across various areas of the student curriculum 

can enhance question variety and improve 

test takers' reading skills when preparing for 

a CAT examination (Adigun et al., 2021). 

Incorporating CAT for theoretical 

examinations necessitates a backup database 

structure, a scalable network system capable 

of handling numerous users, upgraded CAT 

software, a user-friendly interface, and an 

optimized approach (Addah et al., 2021). The 

implementation of CAT demands an 

innovative network meta-analysis method 

that enables comparison (i.e., ranking) of 

various feedback types regarding their impact 

on both lower- and higher-order 

performance, in addition to assessing 

feedback mechanisms and establishing 

feedback as a crucial element for effective 

learning (Mertens et al., 2022). An adaptive 

testing algorithm for optimization, coupled 

with a strategic method for item selection in 

a Computer Adaptive Test (CAT), indicates 

that the Efficiency Balanced Information 

(EBI) Method can serve as a viable technique 

for achieving more efficient scores, 

enhancing adaptive functionality testing, and 

maintaining consistency across CAT 

components and EBI backtracking (Joko and 

Pramono, 2023). The incorporation of 

biometric features in CAT offers a sufficient 

security measure, and with the use of 

Advanced Encryption Standard (AES), the 

security becomes more robust, as the system 

will incorporate biometric fingerprint 

verification, image capture, and processes for 

data encryption and decryption (Huh, 2022; 

Ndun, 2021). By utilizing TF-IDF, Multiple-

Choice Questions (MCQs) can be widely 

applied across different assessment methods 

to introduce features such as feedback 

mechanisms. Feedback conditions during 

exams have been shown to enhance affective-

motivational outcomes, attributed to 

Knowledge Result (KR) feedback 

incorporated into various delivery formats 

(Kuklick and Lindner, 2021). The Fisher-

Yates Shuffle Algorithm (FYSA) effectively 

randomizes exam questions in CAT with 

quick execution speed while avoiding 

repetition and duplication. Their system 

employs the ADDIE model and is developed 

using a web framework (with PHP as the 

backend, JavaScript for client-side 

processing, and MySQL for the database). 

This approach was successful in establishing 

a database system for CAT and integrating 

functionalities related to accessibility, useful 

tools, and CAT content. The design and 

structure of the system were thoroughly 

detailed, and the user interface specifications 

were clearly outlined (Febriani et al., 2021; 

Abah et al., 2022). 

The conventional method for selecting 

questions in CAT has been a fundamental 

aspect of assessment strategies within 
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educational contexts. Although these 

traditional approaches have fulfilled their 

roles, they fall short in terms of the efficiency 

and flexibility necessary for contemporary 

educational settings (Oladele, 2021; 

Kamaludin, 2023). Through different 

techniques employed by various researchers, 

there is significant potential in enhancing 

multiple elements of the CAT exam process, 

such as test generation, resource 

management, question selection, and 

decision-making (Paci and Kote, 2023). A 

variety of frameworks have been utilized to 

improve the question selection process in 

CAT. The Evidence-Centered Design (ECD) 

framework, created for the development of 

assessments, tests, and evaluations, focuses 

on collecting evidence that supports 

conclusions regarding an individual's 

knowledge, skills, and abilities (Clarke-

Midura et al., 2021). The core principles of 

ECD revolve around designing with evidence 

in mind, gathering pertinent evidence related 

to assessment questions, representing student 

knowledge, skills, and abilities through 

student modeling, outlining tasks that 

generate specific evidence via task modeling, 

accumulating and integrating evidence from 

various tasks, and constructing validity 

arguments backed by empirical evidence 

(Farrell et al., 2024). ECD employs software 

tools such as the ECD Toolkit, assessment 

design studio, and evidence center 

(Fredriksson et al., 2021). Another prominent 

assessment framework is the Cognitive 

Diagnostic Assessment (CDA) approach, 

which seeks to assess students' cognitive 

abilities and knowledge in a detailed and 

sophisticated manner (Wang et al., 2024). 

Models used in CDA include the Rule-Space 

Model (RSM), Attribute Hierarchy Model 

(AHM), Cognitive Diagnostic Model 

(CDM), and Bayesian Network Model 

(BNM). The software tools affiliated with 

CDA consist of the CDA Toolkit, 

Assessment Design Studio, and the Cognitive 

Diagnostic Assessment Platform (CDAP) 

(Wu et al., 2023). In contrast, the Item 

Selection Model (ISM) is an exclusive 

psychometric framework for item selection 

designed to choose questions or tasks for 

assessments, tests, or evaluations. ISM seeks 

to enhance the item selection process to meet 

specific assessment objectives, which may 

include maximizing reliability, reducing bias, 

improving validity, and increasing 

efficiency. Its essential components 

encompass an item bank, a collection of items 

with established characteristics, item 

parameters that describe the statistical 

features of each item (such as difficulty and 

discrimination), a test specification that 

outlines assessment objectives, targets, and 

constraints, and an optimization algorithm 

involving a mathematical procedure for 

selecting optimal items (Panphet et al., 2024). 

IRT models the connection between item 

responses and latent traits by focusing on 

simulating item parameters (difficulty, 

discrimination, and guessing) along with 

person parameters (Huda et al., 2024). IRT 

can be utilized in testing, item banking, and 

test equating, while Classical Test Theory 

(CTT) is utilized in test creation, validation, 

and assessment. CTT emphasizes reliability, 

validity, and item analysis, assuming that 

observed scores are a combination of true 

scores and error. It provides estimates for test 

reliability, validity, and item statistics (such 

as difficulty and discrimination) (Alghamdi 

et al., 2024). In contrast to IRT and CTT, 

Cognitive Load Theory (CLT) and Working 

Memory Theory (WMT) are relevant in 

instructional design and assessment. The key 

distinction is that CLT is primarily used in 

learning analytics, whereas WMT focuses on 

cognitive training. CLT analyzes the mental 

effort needed to process information, 

differentiating between intrinsic, extraneous, 

and germane load. It plays a role in 

instructional design and assessment 

(Pengelley et al., 2024). WMT investigates 

the function of working memory in 

information processing, identifying 

limitations and capacity constraints, and also 

informs instructional design and testing 

(Ngiam, 2024). Although CTT and 
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Information Processing Theory (IPT) share 

similar applications, they differ in their 

descriptions. IPT outlines how individuals 

process and store information, with an 

emphasis on attention, encoding, and 

retrieval, and provides insights for 

instructional design and assessment (Ali et 

al., 2023). Cognitive Diagnostic Models 

(CDM) have notable similarities with CLT, 

particularly in learning analytics and 

instructional design; however, while IPT is 

employed in instrumental testing, CDM is 

geared towards diagnostic assessments. 

CDM identifies the cognitive skills and 

knowledge necessary to complete tasks and 

offers in-depth information about test takers' 

strengths and weaknesses while assuming 

cognitive processes that underlie task 

performance (Zhai et al., 2023).  

 

To fulfill some specific criteria, IRT has been 

expanded into the Testlet Response Theory 

(TRT) framework. TRT is a psychometric 

framework that models responses to testlets, 

which are groups of items that share common 

stimuli, contexts, or requirements. TRT 

consists of components such as testlet 

definitions and characteristics, testlet and 

item parameters, and response models (Aşiret 

and Ömür, 2024). TRT models include the 

Linear Logistic Testlet Response Model 

(LLTRM), Generalized Linear Mixed Model 

(GLMM), and Bayesian Hierarchical Model 

(BHM). The software tools used for TRT are 

Testlet Response Theory Software (TRTS), 

IRTPRO, and Mplus (Kocaoglu and Sahin, 

2024). In the mechanism for question 

selection, Content Balancing guarantees the 

representation of various content areas, while 

Exposure Control (EC) restricts the access to 

sensitive or critical questions, serving as a 

security measure to manage questions (Lu et 

al., 2023). 

 

3. QUESTION SELECTION 

MECHANISM 

A successful question selection mechanism is 

essential for refining CAT systems. Factors 

such as alignment with curriculum standards, 

suitability of difficulty levels, variety of 

question formats, statistical validity and 

reliability, and control of item exposure are 

vital for guaranteeing that chosen questions 

effectively evaluate student understanding 

and improve the overall assessment 

experience.  

 

 

 
Dynamic question selection strategies offer a 

method that adapts to question selection in 

real-time, based on various parameters, 

which enhances both the assessment process 

and accuracy in measuring test takers’ 

knowledge. Critical components of dynamic 

question selection include adjusting 

difficulty adaptively, monitoring 

performance in real-time, creating 

personalized learning pathways, and utilizing 

data-driven insights.  

Assessing the effectiveness of question 

selection methods in CAT is important for 

confirming that the evaluations accurately 

reflect the test takers’ knowledge and 

abilities. When looking to optimize these 

methods through GA, various performance 

metrics can be applied, such as reliability, 

validity, discrimination index, item difficulty 

index, and response time analysis.  

GA have become increasingly recognized as 

a strong optimization tool across numerous 

domains, including education. Their ability to 

Figure 1: Question selection framework  
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address complex issues and adjust to 

evolving environments makes them 

particularly valuable in educational contexts. 

Creating a GA requires establishing certain 

parameters that facilitate the optimization 

process to reach an optimal outcome. 

The process of selecting questions using GA 

starts with the random generation of a 

population made up of various question 

subsets. Each subset can differ in its size and 

arrangement. These subsets are assessed 

using a fitness function that evaluates how 

well the questions correspond to learning 

objectives, maintains an even distribution of 

question types (such as theoretical and 

practical), and ensures that the overall 

difficulty level of the chosen questions aligns 

with the abilities of the intended audience. 

Those subsets that perform well are chosen 

for reproduction, and methods like Crossover 

and Mutation allow question subsets to merge 

and evolve, leading to new configurations 

that boost diversity and adaptability. The 

iteration continues until the most effective 

question subsets are determined. By pursuing 

optimization strategies, CAT can establish a 

more efficient, inclusive, and trustworthy 

system for administering fair and credible 

assessments to its test takers. 

 

4. MATERIALS AND METHODS 

The approach for the suggested CAT 

question selection system utilizes a Software 

Centric Methodology, emphasizing the 

essential principles for software quality 

through an Agile Software Development 

Model and Object-Oriented Analysis and 

Design (OOAD) Methodology. The 

programming languages employed primarily 

include Hypertext Markup Language (HTML 

5), JavaScript (JS) and related libraries, and 

PHP (Hypertext Preprocessor) within an Item 

Selection Model (ISM) framework, taking 

advantage of flexible web development 

features to incorporate web-based 

capabilities.  

 

The rationale for adopting this methodology 

encompasses (but is not limited to) the 

following points:  

• While HTML is a markup language 

that does not inherently enforce OOAD 

principles, it can be effectively combined 

with JS and PHP technologies to facilitate 

OOAD. HTML is chosen for its platform 

independence, ensuring consistent display 

across various browsers and operating 

systems. Its benefits include quick rendering 

and adaptable layout, while the combination 

with CSS, PHP, and JS leads to visually 

engaging effects.  

• JavaScript and its associated libraries 

represent a collection of multi-paradigm 

languages that support different 

programming styles such as Object-Oriented 

Programming (OOP), Functional 

Programming (FP), and Event-Driven 

Programming (EDP), all of which are vital 

for the question selection process. Although 

JavaScript does not strictly adhere to 

traditional OOAD principles, it 

accommodates many OOP concepts, 

including encapsulation, abstraction, 

inheritance, and polymorphism.  

• PHP serves as a server-side scripting 

language that supports several programming 

paradigms, incorporating Object-Oriented 

Programming (OOP), Functional 

Programming (FP), and Procedural 

Programming (PP). The use of PHP 5+ in the 

programming process allows for full-fledged 

OOP features, including encapsulation, 

abstraction, inheritance, and polymorphism.  

 

4.1 Analysis of the Existing System 

The existing CAT System is proprietary 

software designed by Multilent. It is a 

distributed assessment management 

platform, crafted to be adaptable, highly 

secure, and capable of accommodating a 

significant number of simultaneous test 

takers. Its functionalities encompass content 

creation, data security, exam content delivery 

network, cloud-based distribution, reporting, 

and analytics. Figure 2 display the existing 

CAT model. 

Figure 3: Architecture of the existing CAT System 

using HR 
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The existing system architecture is illustrated 

below in Figure 3.  

 

 

The framework of the existing system 

consists of the CAT interface, question 

repository, and randomization engine. By 

tackling challenges and capitalizing on 

opportunities, the proposed system seeks to 

refine the question selection HR process in 

CAT examinations utilizing a Genetic 

Algorithm Randomizer. 

 

4.2 Analysis of the Proposed CAT System 

Enhancing the CAT examination system 

centers on refining the process of question 

selection within the CAT framework.  

 
 

 
 

 

The proposed model consists of multiple 

components working together to provide a 

seamless pre-examination experience. The 

architecture contains CAT Interface module, 

Question Bank module, and Randomization 

Engine module.  

Figure 2: Existing CAT System Model using the 

Heuristic Randomizer (A Silent refactoring Design 

as described: Rapid Test Multilent JAMB 2024 CAT 

Manual, 2024) 

 

Figure 3: Existing CAT System Architecture using 

the Heuristic Randomizer (A Silent refactoring 

Design as described: Rapid Test Multilent JAMB 

2024 CAT Manual, 2024) 

 

Figure 4: Model of the Proposed Optimization 

CAT System 
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Figure 5: Architecture of the Proposed CAT System 

 

The question selection process using GA 

starts with the selection of a random 

generation from a population made up of 

various question subsets. Each subset can 

differ in its size and arrangement. These 

subsets are assessed using a fitness function 

that evaluates how well the questions 

correspond to learning objectives, maintains 

an even distribution of question types, and 

ensures that the overall difficulty level of the 

chosen questions aligns with the abilities of 

the intended audience. The subsets that 

perform well are chosen for reproduction, 

and genetic operators (crossover and 

mutation) allow question subsets to merge 

and evolve, leading to new configurations 

that boost diversity and adaptability. 

 

4.3 Genetic Algorithm Optimization 

Question selection entails the process of 

picking questions from a broader set to 

construct customized assessments. This 

procedure can be affected by several factors, 

including the intended audience, educational 

aims, and the level of difficulty desired. GA 

can enhance question selection by 

pinpointing the most appropriate questions 

that satisfy established criteria. The Sequence 

flow utilizes an Object-Oriented Analysis 

and Design (OOAD) approach alongside an 

n-tier client-server Architecture within a 

distributed system. The interface of the CAT 

application is designed to be flexible, 

interactive, secure, and efficient for all test 

takers or users of the CAT system. It 

incorporates features that allow for real-time 

responses, and each interface will be 

developed using JavaScript, harnessing the 

principles of Object-Oriented programming 

and aiding in the application of GA. The n-

tier client-server Architecture is divided into 

multiple layers, where the presentation layer 

functions as the CAT Interface, the 

Application layer contains the CAT logic, 

and the Database layer is present. Although 

these layers collaborate to form a single 

application, they also function independently 

of each other. This separation is intended to 

enhance efficiency, security, scalability, 

maintenance, and upgrades. An Application 

Programming Interface (API) is integrated to 

facilitate smooth data flow. 

This framework aims to establish a CAT 

System that incorporates a GAR in its 

question selection process. CAT is an 

increasingly popular platform that evolves in 
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conjunction with technological 

advancements. 

 

 

4.3.1 GAR Test Generation 

Creating an assessments that accurately 

measure a test taker’s knowledge and skills 

requires an optimized system.. HR test 

creation can be time-consuming and may lead 

to inconsistencies in difficulty levels and 

content coverage. GA offers a systematic 

approach to automate and optimize this 

process. 

 

GA for test generation in CAT  
Test Generation: 
`// Define classes 
class Question { constructor(id, d, r) { this.id 
= id; this.difficulty = d; this.relevance = r; } } 
class Test { constructor(q) { this.questions = 
q; } fitness() {} } 
// Set constants 
const PS = 100, TL = 10; 
// Initialize variables 
let QB = [], P = generateInitialPopulation(); 
// Define functions 
function generateInitialPopulation() {} 
function selection(p) {} 
function crossover(p1, p2) {} 
function mutate(t) {} 
// Main loop 
for (let i = 0; i < iterations; i++) { 
  P = selection(P); 
  const child = crossover(P[0], P[1]); 
  P[0].questions.set(index, mutate(child)); 
} 
// Select best tests 
const bestTests = selection(P); 
 

``` 

GA can be applied to test generation by 

encoding potential test configurations as 

chromosomes. Each chromosome represents 

a unique test, with genes corresponding to 

specific questions or topics. The process 

typically involves the following steps: 

• Initialization: A population of test 

configurations is generated randomly, 

with each configuration representing 

a different combination of questions. 

• Fitness Evaluation: Each test 

configuration is evaluated based on a 

fitness function that measures its 

quality.  

 

4.3.2 GAR in Question Selection 

Question selection involves choosing 

specific questions from a larger pool to create 

tailored assessments. This process can be 

influenced by various factors, such as the 

target audience, learning objectives, and the 

desired difficulty level. Genetic algorithms 

can optimize question selection by 

identifying the most suitable questions that 

meet predefined criteria. Question selection 

in the Genetic Algorithm (GA) for test 

generation in Computer-Based Testing 

(CAT) in JavaScript: 

 
Question Selection:  
// Question Selection 
let questionBank = []; // Initialize question 
bank 
questionBank.push(new Question(id, 
difficulty, relevance)); // Add questions 
 
const testLength = 10; // Define test length 
let selectedQuestions = []; 
 
for (let i = 0; i < testLength; i++) { 
  const randomIndex = 
Math.floor(Math.random() * 
questionBank.length); 
  const randomQuestion = 
questionBank[randomIndex]; 
selectedQuestions.push(randomQuestion); 
} 
// Fitness Calculation 
let fitness = 0; 
selectedQuestions.forEach(question => 
{fitness += question.difficulty * 
question.relevance; 
}); 
 
// Selection 
population.sort((a, b) => b.fitness - a.fitness); 
population = population.slice(0, 
populationSize / 2); 
 

 

 

 



Eyehorua et al.(2025)/ FUPRE Journal, 9(1): 321-338(2025) 

Fupre Journal 9(1), 321 - 338(2025)  330 
 
 

 

In GA-based question selection, each 

chromosome represents a subset of questions 

from the available pool. The process follows 

a similar structure to test generation: 

• Initialization: A population of 

question subsets is randomly 

generated. Each subset may vary in 

size and composition. 

• Fitness Evaluation: Each subset is 

evaluated based on a fitness function. 

• Mutation Function: This selects a 

random question in the 

`selectedQuestions` array and 

replaces it with a random question 

from the `questionBank`. 

• Crossover Function: This creates a 

new test by combining questions from 

two parent tests. It selects a random 

crossover point and takes questions 

from the first parent up to that point, 

then adds questions from the second 

parent after that point. 

 

 

5. RESULTS 

The optimized CAT system features modules 

that serve as logical containers for organizing 

objects related to specific tasks, along with 

optional programming logic. Specifically, 

these modules encapsulate the models 

associated with each task and the code used 

to execute these tasks.   

 

As illustrated in Figure 6, the control panel 

provides a variety of features that empower 

test item writers to effectively administer the 

question bank. Through this platform, test 

item writers can generate and submit new 

questions to the question bank, which are 

subsequently preserved in the database. It is 

designed to facilitate easy editing of existing 

questions, allowing for seamless updates or 

alterations as required. Questions that have 

already been saved can be accessed from the 

database, enabling Item Writers to search, 

filter, and retrieve particular questions, while 

also offering tools for organization, including 

categorization and assigning question 

difficulty level, discrimination, and time. 

The GAR Configuration Panel is designed for 

administrators to manage and configure the 

Genetic Algorithm Randomizer (GAR) 

“” 
Mutation Function: 
function 
mutate(selectedQuestions) { 
  // Select a random question 
index 
  const index = 
Math.floor(Math.random() * 
selectedQuestions.length); 
 
  // Select a random question 
from the question bank 
  const randomQuestion = 
questionBank[Math.floor(Math.ra
ndom() * questionBank.length)]; 
 
  // Replace the question at the 
selected index with the random 
question 
  selectedQuestions[index] = 
randomQuestion; 
 
  return selectedQuestions; 
} 
``` 
 
Crossover Function 
``` 
function crossover(parent1, 
parent2) {// Select a random 
crossover point 
  const crossoverPoint = 
Math.floor(Math.random() * 
parent1.length); 
 
  // Create a new test with 
questions from parent1 up to the 
crossover point 
  const child = parent1.slice(0, 
crossoverPoint); 
 
  // Add questions from parent2 
after the crossover point 
  
child.push(...parent2.slice(crossov
erPoint)); 
 
  return child; 
} 
 

``` 
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parameters to ensure optimal question 

selection. This panel offers a platform for 

administrators to activate the GAR, 

guaranteeing that questions are chosen in a 

manner that optimizes the validity and 

reliability of the evaluation. Administrators 

can adjust the GAR by modifying parameter 

setups such as population size, mutation rate, 

crossover rate, etc. This capability allows the 

customization of the GAR to meet the 

specific requirements of their evaluation. 

Figure 7 illustrates the GAR Configuration 

Panel for the CAT system.  

 

This information aids administrators in 

refining the GAR and optimizing the overall 

quality of the evaluation. 

 

 

 

 

 

 

 

 

 

 

 
Figure 6: Question Control Panel 

Through the GAR Configuration Panel, 

randomized questions in the question bank 

can be managed. This includes actions like 

altering, inserting, and removing questions, 

as well as organizing them by topic. The 

GAR Configuration Panel allows 

administrators to set assessment parameters, 

such as the total number of questions, 

assessment duration, instructions, and 

scoring guidelines. This ensures that the 

GAR selects questions that align with the 

objective of the assessment. The panel offers 

analytical insights into question selection, 

including data on question frequency, level of 

difficulty, and discrimination index. 

 

Figure 7: GAR Configuration Panel 

 

By providing a comprehensive platform for 

configuring the GAR, managing the question 

bank, setting assessment criteria, and 

analyzing data, the GAR Configuration Panel 

contributes to improved assessment validity, 

increased efficiency, optimized security, and 

better decision-making. This ultimately 

results in a more effective and dependable 

evaluation process. The CAT module in 

Figure 8 displays the required assessment of 

the test-takers. During registration, test-

takers are expected to   

 

 
Figure 8: List of CAT Assessment Subjects 
 

The CAT Assessment Module serves as the 

platform through which candidates interact 

with assessment questions. The CAT 

Assessment questions are dynamically 

created by the GAR, guaranteeing that every 

candidate receives a distinct set of questions 
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customized to their assessment needs.  

 

 
Figure 9: GAR CAT Assessment Platform 

 

 

register 4 subjects each. The list of subjects 

are displayed before the commencement of 

the CAT assessment to ensure accuracy. On 

starting the assessment, the test-takers 

confirms that the assigned subjects were 

selected for assessment. 

 

The CAT Assessment interface presents 

candidates with a user-friendly layout that 

offers clear instructions and guidelines for 

completing the assessment. This page 

generally contains a question display section 

where the GAR-selected questions are shown 

to the candidate. Figure 9 displays the GAR 

CAT platform. 

 

This section includes functionalities such as 

scrolling and text formatting to ensure that 

questions are presented clearly and 

succinctly.  The timer or countdown that 

displays the remaining time the candidate has 

to finish the assessment, and the progress 

tracker that indicates the candidate's 

advancement through the assessment, 

detailing the number of questions answered 

and the total number of questions in the 

assessment.  The CAT assessment page is 

crafted to be very interactive, enabling 

candidates to engage with the assessment 

questions dynamically. The page features 

multiple-choice questions, offering options 

for selecting answers. By integrating these 

features and functionalities, the CAT 

assessment page delivers a comprehensive 

and inclusive platform for candidates to 

demonstrate their knowledge and skills. 

6. CONCLUSION 

CAT has revolutionized the education and 

assessment sphere, providing a globally 

accepted approach for evaluating candidates. 

The combination of GA with HR has yielded 

promising advancements in question 

selection optimization. GA’s capability to 

assess question sets based on factors like 

difficulty, discrimination, and estimated 

timing allows the system to intelligently 

choose questions and improve resource 

allocation. The introduction of the GAR 

presents a notable enhancement to the 

existing systems, boosting scalability, 

performance, and user satisfaction. By 

utilizing the optimization strengths of GA 

along with the randomization aspects of HR, 

GAR guarantees that question selection is no 

longer a hindrance within CAT systems. 

Essentially, this research illustrates the 

effectiveness of optimization methods in 

enhancing the efficiency and quality of CAT 

systems. The outcomes of this study can be 

utilized across various assessment contexts, 

ultimately resulting in more trustworthy, 

valid, and precise evaluation outcomes. As 

CAT maintains its critical role in education 

and assessment, incorporating advanced 

optimization techniques like GA will be vital 

in providing high-quality assessments that 

accurately reflect a candidate’s 

understanding. 

7. RECOMMENDATIONS 

Recommendations Based on research and 

findings, it is highly advised that educational 

institutions and testing organizations 

integrate GAR to optimize the CAT question 

selection mechanism. This approach offers 

benefits that improve the validity, reliability, 
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efficiency, and effectiveness of test 

development and administration. To ensure a 

seamless adoption, researchers are 

encouraged to investigate the application of 

GA for optimizing question selection 

mechanisms in diverse assessment types. 

Also, researchers are encouraged to advocate 

for the adoption of GAR in educational 

assessment and testing through policy 

initiatives and stakeholder engagement. 

Comprehensive testing and validation of the 

GAR system should also be conducted and 

regular assessment and evaluation of 

system’s performance should be made. 

Continuous updates and enhancement of 

GAR algorithm to maintain peak 

performance.   By adopting GAR, 

educational institutions and assessment 

organizations can significantly improve the 

quality and efficacy of their CAT systems, 

ultimately resulting in improved assessment 

outcomes and a better learning experience for 

candidates.  
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