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 In 2021, a decrease in High school students’ grades occurred compared to previous years in 

the Reading comprehension area, according to the MINEDU. To improve their reading 

comprehension skills, we suggest implementing gamification, a learning technique which 

helps understanding certain topics by games. To achieve this, we considered working with 

two groups. The experimental group used gamification strategies and the collaborative 

annotation tool, while the control group did not have these gamification tools. The results 

showed that the experimental group took more notes significantly when reading and 

answered more questions effectively than the control group, having a more immersive 

experience with teamwork. As there was a 17.46% improvement in scores, this shows that 

the annotation technique increases the reading comprehension skills in high school students. 

This demonstrated that the use of the annotation tool helps improve students' reading 

comprehension. 
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1. INTRODUCTION 

 

Reading is an essential skill that lays the foundation for 

individuals' academic and personal success. Through reading, 

students not only acquire knowledge, but also develop critical 

and analytical skills that enable them to face the challenges of 

the modern world. However, in many parts of the world, the 

low level of reading proficiency among students has become a 

persistent and worrying problem [1]. This situation is 

especially alarming in the Peruvian educational context, where 

statistics reveal a negative trend in the reading performance of 

young people. In Figure 1 we can see that, according to the 

Peruvian Ministry of Education (MINEDU), in 2021 the 

average performance of 2nd grade high school students 

dropped by 16 points compared to 2019. This decline is 

considerable, especially considering that the national average 

year-on-year variation for the same period was only 2 points 

[2]. This decline in reading skills not only signals a crisis in 

the educational field, but also puts at risk the academic and 

professional future of young people, who depend on these 

skills to advance in their studies and in their working life. This 

decline in reading skills not only signals a crisis in the 

educational field, but also puts at risk the academic and 

professional future of young people, who depend on these 

skills to advance in their studies and in their working life. 

Faced with this problem, it is essential to seek innovative 

solutions that can address the lack of motivation and low 

interest in reading that students often face. In this context, the 

implementation of a web-based system with gamification is 

presented as a promising alternative to enhance reading 

comprehension in secondary education institutions. 

Gamification, which consists of incorporating game elements 

into learning environments, has the potential to transform the 

educational experience into something more attractive and 

dynamic. Gamification not only makes reading more fun, but 

also allows students to interact more effectively with texts. By 

turning reading into a game, active participation is encouraged, 

which can result in greater engagement and more meaningful 

learning. This playful approach allows students to engage with 

different types of texts, from narrative to informative, and 

develop critical skills such as comprehension, analysis, and 

synthesis of information. 

In addition, a gamified web system can offer instant 

feedback, which is crucial to the learning process. Students can 

receive information about their performance in real time, 

allowing them to identify areas for improvement and work on 

them proactively. This feature not only promotes autonomous 

learning, but also helps educators monitor their students' 

progress and adjust their pedagogical strategies as needed. The 

implementation of this system not only seeks to improve 

reading skills, but also to foster a reading habit that lasts over 

time. By creating an environment where reading is associated 

with fun and play, students are expected to develop a genuine 

interest in books and literature, which in turn can contribute to 

their academic and personal success. In conclusion, the 

creation of a web-based system with gamification to enhance 

reading comprehension in secondary education institutions 

represents an innovative and necessary response to the reading 

literacy crisis in Peru. Through this approach, it is hoped not 

only to improve students' reading skills, but also to cultivate a 
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lasting love of reading that will accompany them throughout 

their lives. 

It was also found, according to a study [2], that the greatest 

drop in learning occurred in the percentage of students who 

reached the expected levels in Reading across all strata, as 

shown in Figure 2. 

 

 
 

Figure 1. Reading achievement in 2nd grade of secondary school: Comparative results from 2015-2019 to 2019-2021 by average 

measurement [2] 

 

 
 

Figure 2. Reading achievement in 2nd grade secondary school: Comparison of 2019 and 2021 Groups by sex, management, and 

area [2] 

 

 

2. BACKGROUND  
 

The existing literature on digital platforms and their impact 

on education underscores the transformative effects these 

technologies have on the form, meaning, and control of 

teaching practices [3]. The COVID-19 pandemic has 

significantly accelerated the adoption of Information and 

Communication Technology (ICT) across various educational 

dimensions, particularly in tutoring and evaluations [4]. This 

shift has led to greater accessibility and cost savings in online 

learning, eliminating additional expenses related to travel and 

printed materials that are associated with traditional face-to-

face education [5]. Consequently, online learning has emerged 

as a valuable alternative for enhancing students' reading 

comprehension [6, 7]. 

To fully capitalize on these benefits, it is crucial to develop 

effective digital strategies. Research highlights that focusing 

on metacognitive aspects, reading support strategies, and 

enhancing working memory are essential components of these 

strategies [8]. Metacognitive activity has been shown to be 

significantly linked to digital text comprehension in e-

Learning environments [9], emphasizing the importance of 

promoting self-regulation and providing continuous feedback 

throughout the learning process. Strategies such as instructions, 

feedback, and suggestions are effective in supporting self-

regulated learning [10]. Additionally, integrating collaborative 
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annotations and gamification has proven to enhance student 

engagement and participation [10-14]. Effective examples of 

collaborative digital reading annotations (CDRAS) and 

general discussion boards (GDB) are illustrated in Figure 3, 

which demonstrate how these tools can facilitate interaction 

and support learning. 

 

 
 

Figure 3. Rest API architecture diagram 

 

In parallel, managing information effectively is critical. 

Systems like GOAL, which monitor academic progress and 

track student performance, play a crucial role in preventing 

dropout and supporting timely decision-making [15-17]. 

Addressing dropout involves considering factors such as 

economic constraints, internet access limitations, and family 

issues, which can impact students' academic performance and 

retention. 

This study builds upon these insights by integrating 

gamification with digital annotations to enhance reading 

comprehension. While prior research has explored the benefits 

of gamification [10, 12] and digital annotations [13] separately, 

our approach combines these elements to create a 

comprehensive system designed to improve educational 

outcomes at the secondary level. By leveraging a REST API 

architecture, our system efficiently manages high traffic 

volumes and provides scalable solutions, addressing the 

performance challenges discussed by Di Francesco et al. [18] 

and Milovanović [19]. This integrated approach not only 

advances our understanding of the combined impact of 

gamification and annotations but also offers a robust technical 

framework to enhance accessibility and effectiveness in digital 

educational platforms. 

On the technological front, the microservices architecture 

has gained prominence for its advantages in performance and 

maintainability since 2014 [18-20]. This architecture supports 

flexibility and reusability, allowing applications to scale 

rapidly and adapt to changing needs [21]. Hybrid architectures, 

including serverless microservices, are particularly effective 

in managing high traffic volumes and reducing costs [22]. 

Furthermore, deep neural networks have demonstrated 

significant potential in optimizing planning and solving 

complex problems, highlighting the importance of efficient 

data organization for application success [23-26]. 

In line with this, the works [27, 28] emphasize the crucial 

role of having key performance indicators (KPIs) and 

dashboards to support decision-making processes. These tools 

are vital for managers and decision-makers in sectors such as 

gastronomy and healthcare, as they enable real-time tracking 

of critical metrics, facilitating informed decisions. The use of 

data mart systems further enhances this capacity, ensuring 

data-driven insights that improve operational efficiency. 

Moreover, the research [29, 30] highlight the importance of 

mobile applications in sectors like neurorehabilitation and 

education. These technologies, including gamified systems 

and interactive tools like chatbots, can significantly improve 

engagement and provide personalized support. In the context 

of enhancing reading comprehension, mobile applications 

offer opportunities to create dynamic learning experiences that 

boost student interaction, motivation, and educational 

outcomes. 

 

 

3. PROPOSAL DESIGN  

 

3.1 Methodology 

 

In this study, a sample of 20 first-year high school students 

was selected from a larger population of 200 students. 

Participants were randomly chosen to ensure equitable 

representation and minimize bias, based on criteria such as 

academic level and availability. They were then randomly 

assigned to two groups: the experimental group and the control 

group. 

The experimental group used a gamification tool for making 

annotations while reading online materials, whereas the 
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control group did not use this tool. The experiment lasted for 

four weeks, with reading and annotation sessions evenly 

distributed over this period. To measure student motivation, 

the total number of annotations and their types were recorded 

and analyzed. 

A pre-assessment and post-assessment of reading 

comprehension skills were conducted. Statistical analysis was 

used to identify significant differences between the groups. 

Ethical considerations, including informed consent and 

participant confidentiality, were ensured. A pilot study refined 

the design and validated the assessment tools, allowing for a 

thorough evaluation of the gamification tool's impact on 

academic performance and motivation [31]. 

 

3.2 Requirements 

 

3.2.1 Functional requirements 

• Reading Annotations: Allow students to highlight, 

underline, or add notes to specific parts of the text as they read. 

• Answering Questions: Provide students with the ability to 

answer specific questions related to the text or reading 

activities. 

• Teacher Comments and Feedback: Allow the teacher to 

add comments and provide feedback to students on their 

annotations and responses. 

• Organizing and Searching Notes: Provide students and 

teachers with the ability to organize and search notes by 

category, topic, and date. 

 

3.2.2 Non-functional requirements 

• Security and privacy: Ensure the security and privacy of 

student notes and data, ensuring that only the teacher and 

authorized students can access the information. 

• Usability: The tool must be intuitive and easy to use for 

both students and teachers, with a clear and well-designed 

interface. 

• Performance: The tool must be fast and efficient, with 

minimal response times when performing annotation actions 

and viewing annotations. 

• Availability: The tool must be available at all times for 

students to make notes and for the teacher to access them. 

• Scalability: The tool must be able to handle increasing 

numbers of students and annotations without degrading its 

performance. 

• Integration: Enable integration with other tools or 

platforms used in the educational environment, such as 

learning management systems or online collaboration 

platforms. 

 

3.3 Annotation tool 

 

For the annotation tool, an interface was implemented on 

the web page that will allow students to make reading and 

response annotations. The reading annotation is what the 

student will make to the text and the response annotation will 

be directed towards another student's annotation. Additionally, 

the option to publish these annotations anonymously or with 

the student's name will be included. A specific limit will not 

be established for the number of annotations, but we sought to 

encourage the generation of a large number of annotations, 

prioritizing quality. It will be the teacher's responsibility to 

evaluate whether an annotation meets the requirements to be 

considered high level. To guide students regarding the notes 

that the student can make, this is shown in Table 1. 

Table 1. Descriptions of read and response annotation types 

[10] 

 
Annotation 

Type 
Reading Annotation Response Annotation 

HE 

Provide understanding 

or known facts from a 

text 

Answer questions posed 

in other students' notes 

New 

Knowledge 

Identify new knowledge 

learned 

Identify new knowledge 

learned from other 

students' notes 

I don't 

understand 

Indicate an annotated 

text that I do not 

understand 

Indicate notes from 

other students that I do 

not understand 

Different 

ideas 

Indicate the text that is 

different from what I 

think, and give reasons. 

Indicate notes from 

other students that are 

different from what I 

think, and give reasons 

Additional 

Information 

Provide supplementary 

information for an 

annotated text using an 

online search tool in 

WCRAS 

Provide supplemental 

information for other 

students' annotations by 

using an online search 

tool in WCRAS 

I mean 

Give comments to an 

annotated text and 

invite other students to 

discuss their ideas 

Respond to other 

students' comments or 

discussions about an 

annotated text 

Correction - 

Reminds other students 

to correct problematic 

annotations or 

inappropriate use of 

annotation types or 

wording 

 

3.4 Gamification strategy 

 

A range will be established based on the number of high-

level annotations made by the student or the identification of 

relevant keywords. To establish the ranges and permissions, 

the article [10] was taken as a reference, where a 5-level 

system is proposed. Level 1 will correspond to the rank of 

"Soldier", level 2 to the rank of "Knight", level 3 to the rank 

of "Bishop", level 4 to the rank of "Castilian" and level 5 to 

the rank of "King". For each of these ranks, specific 

permissions and requirements will be established to advance 

levels, as shown in Table 2. 

In addition, there will be a forum where students can share 

ideas related to reading. Both the information on the content 

and the number of annotations made, as well as the messages 

published in the forum, were stored to be able to periodically 

evaluate the student's progress and monitor their progress 

throughout the course. 

The teacher will have access to an interface from which they 

can view the progress of each student. This information was 

presented through graphs and tables that allowed the 

performance of each student to be observed. 

 

3.5 Web service design 

 

As shown in Figure 3, the system is based on a REST API 

service for communication, with the frontend developed using 

Angular and the backend using Spring Boot. The frontend 

includes authentication, teacher, and student modules. The 

authentication module determines whether a user meets the 

requirements to access a specific profile based on their 

username and password. The teacher module features pages 

for the dashboard, annotations, exams, and exam list, making 
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HTTP requests to the controllers for annotations, user, 

dashboard, exams, and student. The student module can only 

access the exams and annotations endpoints and does not have 

access to the dashboard endpoint. All controllers will handle 

POST, DELETE, GET, and PUT requests. 

 

Table 2. Annotation function achievement and permission 

tasks of each level [10] 

 

Level 
Annotation 

Permission 
The Task of Leveling Up 

1. Soldier reading notes 

Annotations on the text using 

different types of annotations 

for each annotation 

2. Knight 
reading notes, 

response notes 

Annotations on the text 

including "I know" and "I don't 

understand" 

3. Bishop 

Read classmates 

reading notes, 

personal reading 

notes 

Respond other students' entries, 

Annotations on the text, for 

"New knowledge" and for 

"Additional information" 

4. 

Spanish 

response notes, 

Read classmates' 

reading notes, 

Read classmates' 

response notes, 

personal reading 

notes 

Respond other students' entries 

Annotations on the text, for 

"New knowledge" and for 

"Additional information" 

Respond other students' entries 

Get response from students 

5. King 

response notes, 

Read classmates' 

reading notes, 

Use "heart" icon 

Number of scores contributed 

remains in the top three in the 

class 

 

3.6 Conceptual model 

 

This model covers all the tables necessary for the system to 

function, including exams, categories, teachers, levels, among 

others. The visual representation, as shown in Figure 4, 

provides a complete view of the database structure. This model 

will be used in conjunction with Spring Data JPA, allowing 

the efficient mapping of each class for the automated creation 

of tables in the database. 

 

3.7 Views 

 

3.7.1 Login 

This page will allow the user to access the main interface, 

the content shown will depend on the role assigned to their 

account, as shown in Figure 5. When the user registers, a token 

will be generated that will be stored in the Local Storage, 

which will allow the user to continue accessing the page 

without having to register again. This will stop working if the 

user closes their session or if the token expires. 

 

3.7.2 Description of the levels 

This section describes the permissions that each user has 

according to their level, as shown in Figures 6 and 7. In 

addition, the activities they must carry out to advance to the 

next level are detailed. 

 

3.7.3 Student level 

Through this interface, users can understand their position 

within the level hierarchy, the privileges associated with their 

current status, and the key activities that will take them to the 

next educational milestone. This information can be seen in 

Figure 8. 

 
 

Figure 4. Conceptual model of the project 

 

 
 

Figure 5. System login 
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Figure 6. Description of levels - part 1 

 

 
 

Figure 7. Description of levels - part 2 

 

3.7.4 Exam-notes 

The exam interface clearly and orderly presents the five 

questions, each designed to assess different aspects of the 

student's knowledge, as shown in Figure 9. Users have the 

ability to select and provide answers, allowing them to 

demonstrate their understanding of the exam. study material. 

In addition to solving questions, the exam view allows 

students to make personalized annotations. These notes can 

range from personal reflections to the identification of key 

concepts. 

Figure 10 also shows that, depending on the student's level, 

they will be able to make annotations of responses to their 

classmates' annotations. 

 

 

Figure 8. User level 

 

 
 

Figure 9. Read annotations 
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Figure 10. Response annotations 

 

3.7.5 Dashboard 

 

 
 

Figure 11. Teacher dashboard 

In this section, various graphs will be displayed that will 

allow the teacher to observe the most used annotation 

categories, using a donut graph. Also, you can monitor the 

total number of notes made per week through a progress bar. 

Additionally, a table will be presented that will show the 

individual progress of each student, making it easier to identify 

those who may need help, as shown in Figure 11. 

 

 

4. RESULTS  

 

4.1 Normality tests  

 

To evaluate the distributions of scores of the experimental 

groups (Group B, with the gamification tool) and control 

groups (Group A, without the gamification tool), the Shapiro-

Wilk normality test was applied. This test is used to determine 

if a sample comes from a population with a normal distribution. 

A significance level (alpha) of 0.05 was established. In this 

context, the null hypothesis (H0) states that the data come from 

a population with a normal distribution. 

Table 3 shows that the p values obtained for both groups are 

greater than 0.05. Therefore, there was insufficient evidence 

to reject the null hypothesis of normality in either group. This 

suggests that, according to the Shapiro-Wilk test, the data in 

both groups can be assumed to come from a normal 

distribution. 

 

Table 3. Normality test 

 
 Pre B Pos B Pre A Pos A 

N 20 20 20 20 

Lost 0 0 0 0 

Half 12.2 17.4 11.9 12.7 

Median 12.0 18.0 12.0 13.0 

Standard desviation 2.04 1.19 1.93 1.66 

Minimum 10 15 8 10 

Maximum 16 19 16 17 

Shapiro-Wilk W 0.880 0.869 0.952 0.939 

Shapiro-Wilk p-value 0.118 0.211 0.404 0.227 

 

Since the normality of the data is assumed according to the 

results of the Shapiro-Wilk test, the student test will be used to 

compare the means of the experimental and control groups. 

The t test is appropriate when the assumptions of normality 

and homogeneity of variance are met. The choice of this test 

is based on its sensitivity to detect significant differences 

between the means of two groups when these assumptions are 

met. 

 

4.2 T-test for paired samples 

 

Given that the Shapiro-Wilk test confirmed the normality of 

the data for both the experimental and control groups, and the 

assumptions of homogeneity of variance are met, the student’s 

t-test is the appropriate statistical method for comparing the 

means of the two groups. The t-test is particularly suitable for 

this scenario as it is designed to detect significant differences 

between the means of two normally distributed groups when 

these assumptions are fulfilled. 

The null hypothesis (H0) for this analysis posits that the 

results obtained in the pretest are equal to or superior to those 

obtained in the post-test. Conversely, the alternative 

hypothesis (H1) suggests that the results in the post-test are 

greater than those in the pre-test, indicating an improvement. 
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Table 4 reveals a p-value < 0.0001. With a confidence level 

of 95%, this p-value is well below the threshold for statistical 

significance, leading us to reject the null hypothesis. This 

result provides strong statistical evidence that there is a 

significant improvement in students' reading comprehension 

following the use of the web system with gamification. 

 

Table 4. T-test for paired samples 

 
   Statistical GL p 

Pre B Pos B Student 's T -15.5 19.0 < .001 

Note. Hₐ μ Measurement 1 - Measurement 2 < 0 

 

4.3 Comparison of both groups for dysgraphia 

 

Table 5 highlights that Group B experienced a significant 

increase of 47.46% in the mean score between the pretest and 

the posttest regarding their reading comprehension. In contrast, 

Group A showed a more modest improvement of 

approximately 0.84%, which is considerably smaller 

compared to Group B. These results suggest that the 

intervention or change implemented, possibly related to the 

gamification system, had a more substantial impact on Group 

B's scores compared to Group A. 

Additionally, Table 6 shows that Group B experienced an 

impressive 60% increase in the average word structuring 

between the pretest and the posttest. Similarly, Table 7 

indicates a 65% increase for the correct use of words. The 

difference in improvement percentages suggests that the 

gamification system was particularly effective for Group B in 

enhancing text comprehension and related skills. 

 

Table 5. Comparison of groups regarding the reading 

comprehension score 

 
 Half Median 

Groups Pretest Posttest Pretest Posttest 

Group B  11.8 17.4 12.0 18.0 

Group A 11.9 12.0 12.0 13.0 

 

Table 6. Comparison of groups regarding the qualification in 

word structuring 

 
 Half Median 

Groups Pretest Posttest Pretest Posttest 

Group B  11.8 19.5 12.0 18.0 

Group A 11.9 11.97 12.0 13.0 

 

Table 7. Comparison of groups regarding the rating of 

correct use of words 

 
 Half Median 

Groups Pretest Posttest Pretest Posttest 

Group B  11.8 19.47 12.0 18.0 

Group A 12.0 11.97 13.0 14.0 

 

Importantly, these findings support the idea that 

implementing specific strategies, such as gamification, can 

positively impact academic performance. In addition to the 

improvement in scores observed in the experimental group, it 

was identified that the gamification elements, such as the 

scoreboard, icons for each level, and the evolving permissions 

granted at each level, contributed to continued learning and 

engagement. This was evident from the comparison of the 

number and types of annotations made by students. The 

availability of extra materials and interactive features also 

played a role in sustaining student motivation and enhancing 

overall learning outcomes. 

 

 

5. CONCLUSIONS  

 

The gamification design implemented in this annotation 

tool proved to be effective in improving students' performance 

in the annotation activity during reading. Through 

gamification, it was possible to increase the reading 

comprehension grade by 47.46% compared to the pretest. 

With the assistance of the system, a notable 60% increase in 

word structuring score was achieved compared to the group 

that did not use the system with gamification. This result 

highlights the effectiveness of the implemented approach in 

improving participants' ability to structure words in a 

meaningful way. 

In the context of correct word use, an even more notable 

increase of 65% in scores was observed, compared to the 

control group. These findings highlight the positive and 

differential influence of system implementation, particularly 

in precision and appropriateness of word use. 

Based on the results of this research, as a future work, it is 

proposed to use different types of gamification strategies 

linked to personalized profiles of students, different courses 

and the different levels of study in primary education. 
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