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Abstract—Learning methods have given ways of those aided by 
technological advances. The approach known as Student-Centered Learning 
(SCL) is the foundation of e-learning. Furthermore, SCL demands students to be 
self-motivated to complete courses and engage with the offered learning content. 
Programming is one of the most important subjects to study independently and 
with the aid of an instructor. The need for graduates with programming and 
computational skills in the field of web design continues to receive widespread 
attention from the industry. However, problems such as low student engagement 
are often encountered in learning about programming concepts and syntax. 
Gamification is an instructional approach to facilitate learning and boost 
motivation through game elements, mechanics, and thinking. Therefore, this 
research aims to discuss the development of Gamification-based e-learning to 
increase student engagement and motivation, especially in HTML and CSS web 
design. This system was tested using unit, system, and user testing. In user 
testing, this study involved 264 students from computer backgrounds in 
validating the system. The results show that the average level of user satisfaction 
is 4.3 out of a scale of 5.0, indicating that the proposed system gets a good 
response from users so that the system is ready to be used and integrated into 
learning. 
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1 Introduction 

Learning methods have given ways of those aided by technological advances. 
Technology usage, such as websites, social media, and mobile devices, expands and 
impacts the university’s educational process [1]. Computer-based technology is proven 
to increase collaboration in teaching and training [2]. Furthermore, internet-based 
technology has become an essential to support daily activities [3], and networks enable 
everyone to visit the website with ease. E-learning is an approach that utilizes website-
based resources to provide various methods to increase efficiency in conveying 
information [4]. The frameworks and internet-based applications are becoming 
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increasingly popular, allowing users to access information directly through internet 
media [5]. 

E-learning has become a topic often discussed in recent years [6] and has become 
the most crucial part of the learning process in the present and future [7]. Moreover, it 
refers to a process centered on the students called Student-Centered Learning (SCL) 
[8]. The application of this model emphasizes mastery of activities that allow students 
to practice their problem-solving capacity. This is introduced as a fundamental part of 
the learning experience. Furthermore, universities seek to achieve the goals and effects 
of the learning process, such as high levels of student satisfaction, motivation, 
effectiveness, and efficiency. The main goal is to invite students to be engaged and has 
a high motivation in class [9]. Therefore, when incentive programs are used, students 
will be more involved in their studies [10]. 

Self-directed learning model emphazises and focuses on a student. It is increasingly 
relevant in to today’s modern education. The trend of digitization is always supported 
by information technology, especially in data science, programming, and web design 
[11], [12]. Lectures in these fields can improve skills and relate to students’ needs and 
support career advancement [13]. However, self-directed learning requires students 
who can motivate themselves to join or accompany courses and lectures and be 
involved in the learning material presented. Self-directed learning enables students to 
engage in their learning. Engagement, therefore is as a determinant of learning success. 
Despite the research discussing this phenomenon in the classroom [14], [15], there are 
still difficulties and obstacles to get students engaged in teaching and learning activities. 

Due to student engagement, it still needs to be improved. Hence , achieving the 
required level of engagement in the goal of high learning potential [16] is challenging 
in line with programming topics. In software engineering education, programming is 
one of the critical materials to be studied independently and with the help of class 
instructors. It requires skills in critical thinking, problem-solving, computational logic, 
and system design [16]. The need for graduates with good programming and 
computational skills continues to receive widespread attention from the industry [17]. 
Since the demand for programming competencies is increasing, graduates are expected 
to possess knowledge in engineering majors or study programs [16]. However, students 
often need help learning programming concepts and syntax, such as low engagement 
[16]. The average programming ability score of first-year students is 23 out of a scale 
of 110 [19], and the attrition rate is only 30% [18], indicating difficulty in 
understanding. This could be due to low mathematical abilities, uneven problem-
solving, and lack of practice writing program code [16]. Programming languages 
require students to practice more often and write the program code continuously until 
the advanced level [19]. 

Specifically, programmers have several roles, such as backend, front-end, and 
mobile developers [20]. Front-end developer is one of the most needed roles in the 
industry [20]. HyperText Markup Language (HTML) and Cascading Style Sheets 
(CSS) are core technologies to be mastered. Meanwhile, HTML and CSS are the 
underlying core technologies in website creation. Web Developer and design job 
prospects are projected to increase by 8% in 2019-2029, faster than the average for all 
professions. However, there is a phenomenon, even though programming is an essential 
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competency that computer graduates should possess, many students avoid and tend to 
be unmotivated in this course. A random survey of entry-level students at the Faculty 
of Computer Science, Universitas Brawijaya, shows that 76% of 100 students are 
interested in learning course material other than basic programming [19]. Therefore, 
students’ motivation in programming and its derivatives must be improved. Increased 
motivation will impact students’ level of engagement and understanding to achieve 
their potential [21]. 

Gamification is the latest method to increase productivity in blended and dynamic 
learning. Integrating gamification into the curriculum can increase classroom 
engagement in the learning process [22]. Its growing popularity has positively 
influenced behavioral and cognitive functions by increasing user motivation and 
engagement through a game-like experience [23]. There still need to be studies that 
discuss the concept of gamification and integration in programming topics. 
Furthermore, few gamification-based learning platforms can be applied to specific 
fields such as web programming. Research is conducted using gamification to examine 
the effect of student engagement in computer classes called the FEEPER learning 
platform to train coding skills in Java Programming [24]. The results of this study show 
that the application of gamification can significantly improve students' accuracy in 
answering questions and increase engagement for introverted students. Meanwhile, 
several other studies use typical gamification-based applications, such as Kahoot and 
Quizizz [25], Ribbon hero [26], and gamified plugin integration on Moodle [22], [27]. 
The study’s findings quantitatively indicate that gamification positively influences 
academic achievement, motivation, and student engagement in courses. 

Engagement is an essential element in learning, especially in programming. Creating 
innovations in the form of fun and intuitive learning media is essential. Combining the 
concepts of playing games and playing is interesting, so gamification will be applied to 
learning media. This study will develop a Gamification-based learning platform in Web 
Design called HSS learning, an HTML and CSS learning acronym. HSS Learning is an 
interactive learning media used in Web Design topics and material on HTML and CSS. 
This platform utilizes various game elements such as levels, challenges, experience 
points, leaderboards, hints, live coding, and courses. HSS Learning is expected to 
increase student involvement and motivation in web programming. 

2 Literature review 

2.1 Gamification in education 

In the digitalization era, there has been a shift to learning methods that are adaptive 
and not centrally distributed [28]. Adaptive learning is learning by adjusting the 
conditions and needs of the student's environment so that there is mastery of attitudes 
and skills. Studies conducted by [28] propose an adaptive framework that allows 
educators to manage learning content for serious games, and students can customize it 
according to their needs. Several other studies apply digital comics and augmented 
reality to support learning [29], [30]. The study reports that innovative learning media 
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can provide new experiences to students to increase interest in subjects that tend to be 
complicated and tedious for students (for example, Math and chemistry courses). 
Another innovation that is possible to implement is gamification. The use of games in 
education is not new, a study by [31] reported on applying a gamification environment 
in science education. Gamification is not like playing games; gamification uses game 
elements that are then applied to non-game contexts. 

The word gamification appeared in 2002, was popularized by Nick Pelling, and was 
documented in 2008. Furthermore, it is defined as applying the way of thinking and 
mechanics of a game to increase user engagement and solve a problem [32]. Game 
techniques make an activity more exciting and provoke participation [33], equipped 
with elements in non-game contexts [33]. Furthermore, no provisions govern the set of 
components in its implementation. Gamification is an instructional approach to 
facilitate learning and boost motivation through game elements, mechanics, and 
thinking. It has increased students’ motivation to work on more complex tasks and 
produce better-quality artifacts [34] and is viewed as using game elements in non-game 
contexts [35]. In its concept, student do not play games from beginning to end or 
conduct game-based learning. However, they participate in education where there are 
applications of elements such as points, challenges, receiving badges after completing 
a task, and viewing the leaderboard. The main idea is to apply elements commonly 
found in mobile games into an instructional environment to motivate and increase 
students’ engagement in learning content. 

2.2 E-learning 

Distance learning is developing rapidly after the COVID-19 pandemic. Distance 
learning is a learning model that reduces face-to-face meetings between teachers and 
students. In the distance learning model, the learning process at all levels of education 
is required to use digital tools [36] to support the learning process. Studies conducted 
by [36] report that tools such as Photodentro, WordWall, Quiziiz, Google Docs, and 
Zoom are used massively at the preschool education level. E-learning is a term often 
used to describe electronic-based learning processes. 

E-learning uses electronic-based technology and computer networks as supporting 
media [37]. It can be implemented in a web-based information system with the growing 
computer network. Meanwhile, the presentation of web-based e-learning can be more 
interactive. Users can carry out the process anywhere and anytime by using e-learning 
[7]. The advantages include reaching a wider geographic area, ease of accessing 
information, and the cost of implementing effective and efficient technology [38]. 

Learning in e-learning is divided into synchronous and asynchronous [39]. These 
approaches can be applied by adjusting the students’ condition and objectives. The 
synchronous method is conducted online but still requires the presence of teachers and 
students simultaneously. It is relatively cheap and easy but has drawbacks, such as the 
students cannot be flexible. Meanwhile, e-learning in an asynchronous method is 
carried out without being bound by time. There are several models: self-study, 
video/audiotape, computer-based training, social learning, simulation, and 
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gamification. This study develops gamification-based e-learning to support web design 
courses, especially HTML CSS, for undergraduate students. 

2.3 Web design course 

Web design is a governance arrangement for the content displayed on a website to 
clients or recipients of information through the world wide web. Web design is an 
essential part of developing a website because it will be said to be of quality when not 
only highlighting the functionality, artistic and aesthetic side, and user interface. In its 
manufacture, designing a website uses a markup language, namely HTML, which 
regulates the structure. Stylesheet language is CSS used to set the appearance of 
components. Meanwhile, HTML and CSS are a core technology in website creation. 
HTML consists of several elements arranged like a directory. The main elements are 
opening tags, content, and closing tags. Currently, the number of tags used is 111 tags, 
and CSS regulates how an HTML element is displayed on the user’s device screen. 
HTML and CSS are one of the programming languages studied at the Faculty of 
Computer Science (FILKOM). In traditional learning, students practice is consistent 
with instructions/demos from the lecturer, watching video tutorials, reading articles, 
and studying in class during practicum. These activities often leave students in a passive 
learning mode, which tends to receive material without engagement and willingness to 
practice regularly. Using traditional learning models in courses can cause students to 
feel bored, so it is necessary to apply dynamic and interactive learning methods [30]. 
The e-learning that implements gamification can increase student engagement and 
motivation. The choice of gamification, both in terms of the correct game elements and 
the use of attractive visuals to represent the output of HTML CSS, can help increase 
student engagement. The use of visuals in the form of images in the learning process is 
fundamental to achieving learning objectives for specific courses [29] 

2.4 Application testing 

Software testing is a procedure, or a series of processes, designed to ensure computer 
code performs as designed. Software should be predictable and consistent without 
surprising users [40]. In this research, three stages of testing were carried out, namely 
unit, validation, and user testing, using the End-User Computing Satisfaction (EUCS) 
model. 

3 Research methods 

3.1 Research design 

This study implied research and development model. It adapted the Waterfall Model, 
as shown in Figure 1. This model is carried out systematically, starting from the system 
requirements stage and moving on to the analysis, design, development, and 
testing/verification stages. In this model, the system development process starts with 
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requirements analysis. In this phase, mapping is performed from universal principles 
on applying gamification in education to system needs. The determination of these 
situational principles is adapted to the context of learning in the Web Design field while 
considering the students’ characteristics. The system requirements modeling was 
carried out using use case diagrams. The modeling results are a basis for system design, 
divided into architectural, component, and interface design. This design is the basis for 
the development/coding process. In the final phase, the testing process is carried out, 
such as development and user testing.  

 
Fig. 1. Research model  

3.2 Participants 

Participants or subjects involved 4th and 6th students in Basic Information System 
Development, User Interface Design Basics, and Information System Analysis and 
Design. The total number of participants consisted of 264 students. They have various 
abilities in the field of web design, especially HTML and CSS, including high, medium, 
and low skills. However, the participants are currently taking introductory courses 
related to their abilities. This research involves a large group of students to examine the 
satisfaction of using a gamification-based platform. During observation, the students 
used the HSS Learning platform for five weeks in a hybrid format. For five weeks, the 
subject explores features and completes the exercises and challenges in HSS Learning.. 
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3.3 Data collection 

In week 5, students fill out the 5-Likert scale End-User Computing Satisfaction 
(EUCS) Instrument as a model to assess satisfaction with a system. EUCS was 
formulated by [41] with five aspects: content, format, ease of use, timeliness, and 
accuracy. Similarly, [41] has compiled 12 item questions for EUCS research, and they 
were adopted and used as a guideline for making questionnaires [42]. Each question 
item is translated into Bahasa to make it easier for participants to understand the 
context. The sample from the EUCS Questioner Items used in this study is shown in 
Table 1.  

Table 1.  Sample of items of EUCS questionnaire 

Variable Question ID Question Item 
Accuracy A2 Do you be satisfied with the accuracy of the system? 
Content C1 Does the system produce the information you need? 
Easy of Use C4 Does the system produce enough information? 
Format F1 Is the output displayed in a useful format? 
Timeliness T2 Does the system produce up-to-date information? 

3.4 Validity and reliability 

Before analyzing the student response data, the internal consistency of the 
questionnaire items was validated by calculating using Cronbach's Alpha to describe 
their reliability. The summary of the analysis results for each questionnaire item is 
presented in Table 2. The results indicate that the alpha value for each variable is in the 
range of 0.7 to 0.8, meaning good reliability. Alpha calculation results imply that each 
variable's response to the set of questions is reliable, so the response data can be 
analyzed further to be evaluated. 

Table 2.  EUCS questionnaire Cronbach’s Alpha 

Variable Cronbach’s Alpha Alpha Cronbach Result 
Accuracy 0.838 0.60 Reliable 
Content 0.829 0.60 Reliable 
Ease of Use 0.779 0.60 Reliable 
Format 0.769 0.60 Reliable 
Timeliness 0.731 0.60 Reliable 

3.5 Data analysis 

This research obtained quantitative data through validation sheets and student 
questionnaires, and the analysis was performed using descriptive statistics. Meanwhile, 
qualitative data in comments, student suggestions, and work were used for discussion 
in e-module revision. The instrument uses a Likert scale to measure content, format, 
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ease of use, timeliness, and accuracy. Table 3 shows a table of categories and scores 
related to each category. 

Table 3.  Satisfaction level 

Level Score (0-5) Satisfaction Level 
1 0-1.5 Very Dissatisfied 
2 1.6-2.5 Not Satisfied 
3 2.6-3.0 Neutral 
4 3.1-3.5 Satisfied 
5 3.6-4.0 Very Strong 

4 Results and discussion 

4.1 Requirement analysis 

The development of gamification-based E-learning creates a web-based system to 
support HTML and CSS learning. The system was developed to increase student 
engagement and motivation in programming courses. Meanwhile, programming 
material can be understood through text, images, and interactive media provided. 
Students can also complete the existing challenges, and the material provided only 
accommodates beginners. Furthermore, there are two actors in this system, namely, the 
guest and the user. The guest is an actor that the system has not authenticated but can 
access the system’s main features. The user is an actor authenticated to access all the 
features. The determination of the element refers to the three universal principles 
described in the previous chapter, as in Table 4.  

Table 4.  Universal principle 

Universal 
Principle 

Situational 
principle 

Implementation of the system  
(gamification elements) 

Engagement 

Challenge Challenge is useful feature. The actor will be given a target as an image to 
be traced using HTML and CSS code.  

Space 
Retrieval 

Practice is a useful feature to train actors to apply the concepts that have 
been learned in code form by following the instructions given, 

Actors will get immediate feedback. There is help (hints) when players find 
it challenging to work on. 

Character Each player has an avatar that the player can customize at any time. 
Retrieval 
Practice 

Players can access learning content, re-listen, and retrain the material 
learned through interactive playgrounds and modules. 

Autonomy & 
Safe 
Environment 

Minimal 
Control 

Players have autonomy and are in safe conditions for learning. However, 
because HTML CSS is a material completed sequentially and the player is 

still at the beginner level, the system will limit the player’s choice to several 
material options. 

Progression 
Earning Point The system can give experience points to players after completing training. 

Earning 
Achievement 

The system provides a list of available badges, their level, how to obtain the 
badge, and the number of users. 
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The game elements are applied to the system design based on the mapping. Use case 
diagrams can explain the relationships between actors, such as generalization, functions 
available on the system, and conducted processes. The use case diagram can be seen in 
Figure 2. 

 
Fig. 2. Use case diagram 

4.2 Design 

The design is divided into three stages : architecture, components, and interface. 
These stages refer to the needs analysis results, and Figure 3 shows the architectural 
design of HSS Learning. The system is based on a client-server, and the interface was 
developed using vue.js and Tailwind CSS. Users can access gamification features and 
elements through the interface on the client side. Furthermore, the editor used to 
conduct live coding utilizes the codemirror library. CodeMirror is a code editor 
component for the web to implement text input fields with support for many editing 
features and a complete programming interface. Live coding allows students to practice 
coding and conduct exercises. Students can easily simulate program code interactively 
by taking advantage of the feature. Furthermore, they can get instant feedback regarding 
error messages, and the assessment results of the cases worked.  
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Fig. 3. HSS learning architecture model 

On the server side, the modules manage learning materials, including exercise and 
challenge modules. Auto-grading module is used to carry out an automatic assessment 
process of each activity by students. The knowledge-based system handles predefined 
test cases for the “exercise” and “challenge” features. In the challenge feature, the test 
case uses the Pixelmatch library to examine the pixel suitability of the output images. 
Meanwhile, the exercise test case feature is built using an XML-based interface known 
as the Document Object Model (DOM). The converter module will convert the 
automatic assessment into gamified elements and then be managed as log data. 

The design of the components in Figure 4 describes the algorithm of a particular 
process in HSS Learning and the logical flow of a process. To explain the structure of 
components in HSS Learning, Sequence and Class Diagrams are used. A sequence 
diagram illustrates the objects in the system and the interactions based on time. 
Meanwhile, a class diagram describes the relationship between objects. 
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Fig. 4. Sequence diagram 

The sequence diagram of the function performing this challenge depicts the 
interaction while completing the challenge. At the beginning of the process, the system 
shows the target image that the actor should imitate in the provided code editor. After 
coding, the actor presses the submit button, and the system uses the check similarity 
method to check the violation due to the created code. For example, an actor uses an 
HTML image tag containing an image that matches the target. Therefore, the system 
can show a toast containing the violation committed. It can convert the results of the 
Actor code in the iframe preview into an image which is then compared with the given 
Target when no violations are found. 
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Figure 5 shows the Learning Journey page interface with a list of available materials, 
exercises, and learning progress. This page also has a search feature, and the material 
whose practice has all been completed will have a distinguishing mark.  

 
Fig. 5. Interface design 

The Exercise page interface displays the instructions to follow, the code editor to 
complete the exercise, and also the rendering of the typed code. There is a hint button 
to determine the test cases used in the exercise. The exercise interface design can be 
seen in Figure 5. 

4.3 Implementation 

The subsequent step in developing HSS Learning is implementation, which is 
conducted based on architectural, component, database, and interface design. HSS 
Learning is implemented using the PHP and Javascript programming languages. The 
development process uses the Laravel framework with the MVC concept on the server 
side. The Vue framework creates a dynamic user interface on the client side, and the 
Tailwind framework makes it easier to style CSS for HTML markup. Meanwhile, the 
system refers to needs analysis, mapping of gamification elements, and design results. 
The software specifications used are shown in Table 5. 

Table 5.  Software specification 

Component Names Specifications 
Operating System Ubuntu 20.04.2 LTS x86_64 
Programming Language PHP, JavaScript 
Programming Framework Laravel, Vue.js, Tailwind 
Database Server MySQL 
Code Editor Visual Studio Code 
Design Editor GitMind, ERDPlus, Figma, Navicat Data Modeler 
Browser Chrome, Mozilla Firefox 

 
The implementation results of the previous interface design are explained in the 

interface. Figure 6 shows a sample interface for e-learning gamification HTML CSS. n 
our implementation, we implement game elements such as points, leaderboards, 
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avatars, badges, and playgrounds. The game playground element was extended to 
provide an environment to try out the lines of code being learned. Programming 
learning is unique in that students must often do trial and error as often as possible to 
get an advanced level. 

  

  
Fig. 6. UI implementation 

4.4 Testing 

This research validated the platform using Unit, System, and User testing. The 
strategy began with unit testing through a base path that will model the pseudocode as 
a flowgraph. Unit tests are performed to determine system complexity and independent 
paths. The second test ensures that the system’s functional requirements run as expected 
using the black box testing method. The final test is user testing on groups of students 
to provide content, format, ease of use, timeliness, and accuracy. 

The results using the unit testing method are shown in Table 6. The tests were carried 
out in three basic modules: exercise, auto-grading, and leaderboard. The three ways are 
taken randomly from the methods related to the gamification of elements. The test 
results report that the system has passed the test cases, so it can be said that the system 
has no weaknesses and can be predicted for its use by students [40]. 
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Table 6.  Unit testing 

Method R N E P VG Status 
Take exercise 4 9 10 2 6 Valid 
Display leaderboard 3 9 10 3 5 Valid 
Auto grading 3 6 7 3 5 Valid 

 
The results can be seen in Table 7 using black box testing techniques. Validation is 

carried out to ensure that all functional requirements are as expected. The system tested 
display exercise, counting experience points, and progression. Meanwhile, user testing 
is performed by distributing questionnaires to 264 students. The classroom was 
explored for five weeks to complete exercises and challenges through HSS Learning. 
Table 8 shows user satisfaction results with variable question instruments presented in 
descriptive statistics. These results are similar to a study conducted previously by [41] 
user satisfaction above 4.00 indicates that the system is ready to get a good response 
from users. The system is ready to be used and integrated into learning. 

Table 7.  System testing 

Method Expected result Status 

Display exercise 
The system can show exercises in HTML and CSS groups. 
Each topic provides exercise groups based on the difficulty 

level, namely basic, intermediate, and advanced. 
Valid 

Count Experience Point The system can calculate experience points based on the 
level of difficulty being worked on. Valid 

Display Progression The system can calculate the progress of the user’s work in 
a percentage format. Valid 

Table 8.  User satisfaction testing 

Variable N Min Max Mean Std Dev Level Predicate 
Accuracy 0.838 2 5 4.17 0.627 5 Very Strong 
Content 0.829 1 5 4.22 0.645 5 Very Strong 
Ease of Use 0.779 2 5 4.48 0.646 5 Very Strong 
Format 0.669 1 5 4.32 0.502 5 Very Strong 
Timeliness 0.731 2 5 4.31 0.505 5 Very Strong 

5 Conclusion 

Learning in the programming field has unique and different characteristics compared 
to others. students are expected to familiarize themselves with the programming 
language. In web design, mastering HTML and CSS is a critical skill. Students’ 
engagement and high motivation are determining factors for learning success. High 
engagement and motivation can stimulate them to practice in and outside the classroom. 
Innovations in learning media are needed to increase interactivity, and the objective is 
to develop a Gamification-based learning platform in web design. The elements applied 
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are point, experience point, leaderboard, badge, avatar, progress, and challenges. 
Learning in the field of HTML and CSS is included as a case study. The SDLC 
Waterfall approach method is used in system development. This system is validated 
using three testing methods: unit, system, and user. The research developed a 
gamification-based e-learning platform that can increase student motivation and 
engagement. Students will be more interested in and enjoy learning web design topics 
using this platform. HSS Learning is expected to support the learning model based on 
student center learning mentioned at the beginning of the introduction; SCL requires 
students to practice independently often and not be centralized to the teacher. With 
game elements such as points and leaderboards where there is an element of social 
influence, there is a possibility that students can be provoked to learn because of the 
power of other students. 

This research is in the early stages of development and needs much improvement. 
Some inputs to be considered include other gamification elements such as social media, 
interaction with other users, and collaborative learning. In the future, it can be 
developed into learning analytics to examine user characteristics when accessing the 
system. Moreover, user logs and valuable expressions can be considered for this 
purpose. In addition, testing related to student’s perceptions of the application of 
technology in gamification-based learning using acceptance models such as TAM and 
UTAUT also be done before the system is operated. 
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