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Abstract: Paper coding, where students write C++ codes on paper during assessments, enhances logical and 

problem-solving skills but still has challenges, particularly in manual debugging. HandSnap++ is an innovative 

application that extracts handwritten C++ codes utilizing Optical Character Recognition (OCR), compiles the 

scanned codes, provides debugging feedback, and scores the students’ codes. This study employed a descriptive and 

developmental method within the quantitative research framework, gathering interviews and evaluations from 20 

instructors and 20 students in the department of computer studies to assess the effectiveness of the HandSnap++ 

application in achieving its objectives that greatly contribute to the educational field and institution. The application, 

upon its development, proved to be an effective alternative tool for debugging in resource-limited environments, such 

as in computer laboratories, especially in state universities, as the app is portable. It also reduces overlooking errors 

in checking through OCR, provides timely feedback on scores for students, stores their answers digitally, and helps 

students adapt to utilizing compilers in an application. The application was evaluated with ISO 25010, and among 

the categories, its functional suitability attained the high score average while its performance efficiency was scored 

last. Even with these results, it is recommended to explore OCR models focused on improving special character 

recognitions as well as to expand the supported language, not just C++, for compiling. 
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1. INTRODUCTION 

 Over the past years, inventors, researchers, and technologists have continuously advanced 

today's technology by automating services, optimizing human-computer interaction, and integrating 

several systems to function as a single system. In particular, incorporating technology into traditional 

methods is innovative and revolutionary, allowing researchers and developers to modernize them. This 

provides alternative ways to complete tasks using emerging technologies.  
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 One instance is the implementation of technology in education. It is especially significant as it 

digitalizes traditional methods, instances are utilizing soft copies of learning materials and employing 

e-learning management systems. These advancements are being implemented and developed further, 

providing educational tools that enhance teaching efficacy in educational institutions. This 

transformation is evident in the Philippines, where developers are gradually integrating these 

innovative solutions into education, even making them accessible via mobile applications. 

 The utilization of mobile applications in the development of systems is now the standard for 

upgrading systems from other platforms due to their portability. In classroom settings, such technology 

can benefit students in various areas.  Using the mobile app, students can ask instructors questions 

about school-related issues and attend courses via video call. This promotes anywhere, at any time, 

access to education (Drigas & Angelidakis, 2017) 

 In accordance to that, a study by Demir and Akpinar (2018) showed the effectiveness of 

utilizing mobile app in education of undergraduate college students. The results showed a factor that 

this may promote academic achievement for students. 

 Central to these advancements is the conversion of traditional handwritten texts into digital 

text in the educational field, particularly handwritten C++ code on students' paper. C++ has been 

described as a high-level programming language developed by Bjarne Stroustrup in 1979 and first 

released in 1985. It is widely used for software development due to its effectiveness, efficiency, and 

versatility. C++ supports both procedural and object-oriented programming paradigms, making it 

suitable for a variety of applications (C++ Introduction, n.d.). 

 According to a study by Ortiz (2023), learning C++ is an excellent starting point for 

programming because it provides a strong foundation as a compiled language that converts code into 

machine language. It also offers control over memory management, allowing for efficient code without 

wasting resources. It is ideal for large-scale projects, with a variety of libraries and tools that support 

robust software development. 

 Consequently, C++ is introduced and taught extensively in computer literacy courses during 

the first and second years of a student's academic program. During this period, students gain a 

foundational understanding of the language, learning essential concepts and programming techniques 

crucial for their further studies and future careers in computer related fields.  

 Despite these developments, a gap still remains in the availability of educational tools and 

resources. This gap presents a unique opportunity for innovation, particularly through the conversion 

of handwritten C++ codes to digital text. Proposing a study that aims to debug handwritten C++ codes 

on paper is an idea that could lead to various solutions addressing challenges within educational 

settings. 

2. METHOD & MATERIAL 

In this research study, the researchers used a quantitative approach in order to test the 

development and functionality of HandSnap++, which is an Android application designed to debug 

handwritten C++ codes through OCR and a compiler. This is because a quantitative approach allows 

testing and validation of hypotheses using numerical data. Descriptive and developmental research 

methods were applied within a quantitative framework. Descriptive research was used to gather 

feedback about the effectiveness of the application, while the developmental aspect was getting made 

and improved based on ongoing feedback and testing. Purposive sampling was employed in this 
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research to select college instructors and students who are engaged with C++ programming, and 

through this sampling, relevant data was collected against the objectives set in this study. 

 A structured approach to development based on Scrum, Agile methodology, guided the 

development of HandSnap++. This was important for Scrum, allowing for a very iterative process of 

development to divide the project into manageable sprints with focused and clear development, 

making the feedback applicable at every stage of development. In the "Plan" phase, the researchers 

interviewed and surveyed college instructors and students about their user needs, challenges, and 

expectations. This information gathered by the researchers was then summarized to develop a detailed 

backlog that also included features and user storyboards, wireframes, application flowcharts, as well 

as data base designs; hence the approach taken toward the development proved to be user and 

educator-aligned. 

 The Design stage included developing an interface amiable to users and a solid database 

structure. The researchers aimed at designing an intuitive and user-friendly layout for the system's user 

interface. Both students and instructors would appreciate it. Instructor feedback from the C++ was 

included in the system to guarantee it met educational requirements. Simultaneously, the ERD of data 

storage was created to hold data in the most efficient and organized manner possible. This stage was 

essential to make the application work and ensure data integrity. 

 The Develop phase focused on the development of HandSnap++. Here, researchers were busy 

creating the core functionalities. The front-end user interface was designed and coded. A database 

connection was also set up and integrated with Amazon Textract for OCR to extract C++ code from 

images. Furthermore, the system integrated a compiler for debugging and analyzing the extracted code. 

Throughout this development phase, tools such as Flutter, XAMPP, and Visual Studio Code were used 

to provide a smooth development environment and to ensure efficient cross-platform compatibility. 

 The Test phase is where the functionality and performance of the application are evaluated. 

Alpha and beta testing were both performed. The alpha testing was first done by the research team in 

a controlled environment to catch bugs and to stabilize the application. Following this, beta testing is 

conducted to permit the application to be tested by a limited number of instructors and students for 

usability and functionality purposes. This testing cycle is crucial for the improvement of the application 

toward the needs of its intended users. A pilot test was conducted within the Computer Studies 

Department of a private school in Region 3, Philippines, to evaluate its effectiveness and suitability 

before applying it to other institutions. 

 Finally, Implementation is about the roll out of the application to its users for real time testing. 

Through this, invaluable feedback was garnered by the researchers on how effective the application 

will be in actual practice. From this stage of feedback, it was guided how further adjustments to the 

application were made while ensuring that it was able to achieve the goal of the research study. Ethical 

standards on informed consent, confidentiality, and voluntary participation during all stages. 

3. FINDINGS 

The researchers conducted pre-survey questionnaires using Google Forms with instructors and 

students from private higher education institutions and a state university in Region 3, Philippines, 

allowing them to respond at their convenience. The goal was to analyze the gathered data and gain a 

better understanding of the proposed system, ensuring that it would be both efficient and effective.   

3.1 Developing an application that addresses the insufficiency of student-to-computer ratio in the computer 

laboratories by providing an alternative solution for debugging C++ codes using mobile devices 
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The figures 3.1 and 3.2 show the result of the responses of instructors and students from various 

colleges based on the pre-survey. 

 

From the pre-survey of instructors, Figure 3.3 shows a mixed perception regarding the 

availability of computers in computer laboratories during the pre-survey among instructors. 

Specifically, 66.7% of instructor respondents (4 out of 6) reported that the computers available are not 

enough for each student. However, a significant minority (33.3%, or 2 respondents) indicated that they 

do have sufficient computers, highlighting potential gaps in resource availability that could hinder 

effective assessment practices among instructors. 

 

Figure 3.4 reveals that most instructors, 66.7% (4 out of 6), agreed that not having enough 

computers makes it harder for students to learn programming, as hands-on practice is essential for 

understanding coding and problem-solving. In contrast, 33.3% (2 instructors) felt that the lack of 

computers does not necessarily prevent students from learning. 

 

 

 Figure 3.1. Students’ Pre-survey 

 

Figure 3.2. Instructors’ Pre-survey 

 

 Figure 3.3. Q1 (instructor): Do you have enough computers for each student in computer laboratories during 

assessments (e.g., assignments, activities, exercises, or quizzes)? 

 

 Figure 3.4. Q2 (instructor): Do you think the lack of computers in laboratories hinders students' ability to learn 

programming effectively? 



Malaysia Journal of Invention and Innovation (MJII) Volume 4, Issue 4 | eISSN: 2976-2170 

14 

 

In addition, Figure 3.5 shows that 50% (3 instructors) reported asking students to handwrite 

code due to insufficient computers, while the other 50% (3 instructors) stated they have not done so. 

This indicates that some instructors may require students to manually write code not only because of a 

lack of computers but also as a part of their teaching methods to help students learn the structure and 

logic of coding without relying on compilers. 

 

Correspondingly, in Figure 3.6, 16 out of 20 students (80%) reported being required to write 

C++ code or code in other programming languages by hand because there were not enough computers 

available. This aligns with the instructors' experiences of resource limitations. 

 

In Figure 3.7, it revealed that 19 out of 20 students (95%) feel they lack experience using 

compilers because they spend limited time on computers during coding lessons. This reflects the 

instructors' concerns that without sufficient time to practice on computers, students may struggle to 

understand how to compile and run their code, which is essential for becoming proficient 

programmers. 

 

 Figure 3.5. Q3 (instructor): Have you ever required students to write C++ or any programming language code 

due to lack of available computers during their assessments? 

 

 Figure 3.6. Q1 (student): Have you ever been required to write C++ code or any programming language by hand 

due to a lack of available computers in the lab? 

 

 Figure 3.7 Q9 (student): Do you feel that you lack experience using compilers due to limited time on computers 

during coding lessons? 
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Due to this challenge, the researchers were driven to develop an app that offers an alternative 

solution for debugging programming codes, specifically in the C++ language, utilizing android mobile 

devices and not with just computers as shown in Figure 3.8.  

 

The goal was to provide a more accessible and portable way for students to debug their code. 

This has been made possible through the use of Flutter as a development tool, allowing for the creation 

 

 

 

 Figure 3.8 A Screenshot of HandSnap++ Installed in Android Device. 

 

 Figure 3.9. Screenshot of CodeM in student Account  
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of the HandSnap++ app. The app can effectively compile and debug beginner-level C++ code, bridging 

the gap in resources for traditional debugging tools. As shown in Figure 3.9, the app includes the 

CodeM feature that allow students to write their code directly in the editor. 

 

 

Additionally, the respondents have agreed to utilize such a tool as this app if it is developed, 

as it is shown in Figure 3.10 and Figure 3.11. With 100% of students saying they would use the app, it 

shows that there is strong interest in this kind of tool. If developed, it could help many people by 

improving the way they check, debug, and evaluate code in the classroom. 

 

3.2. Developing an application that reduces the likelihood of overlooked handwritten codes, ensuring more 

accurate evaluations of students' work. 

 

 

 Figure 3.10 Do you feel that you lack experience using compilers due to limited time on computers during 

coding lessons?(Instructors) 

 

 Figure 3.11 Q15 (student): Would you consider using an application that allows you to debug your code during 

practice lab activities? 

 

 Figure 3.12 Q6 (instructor): When manually checking handwritten code, do you sometimes overlook syntax 

errors, logical mistakes, or inconsistencies?  
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In Figure 3.12, it showed that 100% (6 out of 6) instructors agreed that manual checking can 

lead to missed errors, which may affect the accuracy of assessments and hinder students' learning. The 

inability to catch these errors can result in students not fully understanding their mistakes, potentially 

leading to repeated issues in their coding practices. 

 

 

 In Figure 3.13, 11 out of 20 (55%) student respondents from table 2 experience receiving a wrong 

score due to overlooked errors in their handwritten code. This finding underscores the challenges 

instructors face when manually grading written assignments, as it can lead to mistakes that affect 

students' overall performance. 

 As a response to this challenge, the researchers have proposed an application that attempts to 

reduce the likelihood of overlooking handwritten code errors to ensure more accurate evaluations of 

student’s assessments. Utilizing the OCR as a first phase before debugging a handwritten C++ code, 

this ensured the accuracy in the evaluation process of instructors. This technology allows the 

HandSnap++ to examine students' handwritten code for syntax and logical errors, not just instructors. 

This phase ensures the instructors have a tool that assists them in identifying subtle mistakes that are 

often overlooked during manual checking.  

 

 

 Figure 3.13 Q14 (student): Have you ever received a wrong score due to overlooked errors in your handwritten 

code? 

 

(a) (b) (c) 
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During the development of the application, various handwritten C++ codes were tested to determine 

the application’s accuracy in terms of extracting them. Some of it are the images in a, b, c, and e, under 

Figure 3.14, the app demonstrated high accuracy in extracting codes despite having crossed-out or 

erased words. However in image d, its performance in extracting special characters and symbols used 

in programming was lower by about 10%, resulting in its accuracy of 90%. To address this, the code 

field remains editable, allowing users to correct any missed scans. Additionally, the app supports 

multiple scans, enabling users to piece together code by scanning it in sections and combining them as 

needed. Symbols such as semicolons, colons, question marks, exclamation points, quotation marks, 

parentheses, brackets, braces, operators, underscores, vertical bars, and others were sometimes skipped 

or incorrectly extracted, indicating a need for further refinement in recognizing special characters 

critical to C++ syntax. 

3.2. Developing an app that reduce the time instructors spend manual checking on handwritten C++ codes, 

allowing students to receive timely feedback. 

 

 

(d) (e) 

Figure 3.14. Extracting Handwritten Codes of a Student 

 

 Figure 3.15. Q5 (instructors): Does scoring handwritten coding assessments take a significant amount of your 

time? 
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In Figure 3.15, it illustrated that 100% (6 out of 6) of instructors agree that manually checking 

handwritten coding assessments requires an excessive amount of time. This overwhelming consensus 

underscores a common frustration among instructors, who must navigate numerous handwritten 

submissions. The labor-intensive nature of this process can detract from the overall teaching experience, 

as instructors may feel burdened by the volume of work and the need for meticulous attention to detail. 

 

In Figure 3.16, it showed that 100% (6 out of 6) of instructors agree that the lengthy grading 

process directly impacts their ability to provide timely feedback. This delay can have serious 

implications for students, as timely feedback is essential for their learning and development. It allows 

students to understand their errors, learn from them, and apply this knowledge to future assignments. 

The excessive waiting time for feedback can lead to missed critical learning opportunities, resulting in 

confusion regarding their progress. 

 

Figure 3.17 revealed that 66.7% (4 out of 6) of instructors believe that delayed feedback 

significantly impacts students' learning. This majority opinion highlights the crucial role of timely 

assessment in the educational process. 

 

 

 Figure 3.16. Q7 (instructor): Do you think the process of manual checking of handwritten code assessment of 

students prevents you from giving timely feedback to your students? 

 

 Figure 3.17. Q9 (instructor): Do you believe the delayed return of students' handwritten code assessments affects 

their learning? 

 

Figure 3.18. Q12 (instructor): Do you think manual checking of handwritten codes takes excessive time 

compared to checking digital submissions?  
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Figure 3.18 has supported these findings, showing that all instructors agree that grading 

handwritten coding assignments takes significantly more time than evaluating digital submissions. 

This agreement highlights a critical challenge in the current assessment process. Manual grading not 

only requires a detailed review of each handwritten submission but also demands greater cognitive 

effort as instructors strive to identify syntax errors, logical mistakes, and formatting issues. In contrast, 

digital submissions often facilitate a more streamlined grading process. 

 

Due to these challenges, Figure 3.19 indicates that 16 out of 20 student respondents (80%) have 

faced delays in receiving feedback on their handwritten assignments, while 4 students (20%) stated 

they have not. This significant number suggests that feedback on handwritten assignments often takes 

longer than desired, which can be disappointing for students eager to learn and improve their coding 

skills. 

 

The Figure 3.20 further emphasizes this concern, as all 20 student respondents (100%) agreed 

that receiving late feedback on their handwritten code affects their ability to learn and improve. This 

highlights the crucial role of prompt feedback for students. When feedback is delayed, students miss 

opportunities to understand their mistakes and make corrections before moving on to new material. 

 

 Figure 3.19. Q5 (student): Have you experienced delays in receiving feedback on handwritten coding activities? 

 

Figure 3.20 Q6 (student): Do you believe that receiving late feedback on your handwritten code affects your 

ability to learn and improve? 
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To address these challenges, the researchers integrated a digital scoring system in their 

proposed application in addition to debugging handwritten C++ codes, aiming to reduce time spent on 

manual verification using traditional methods. By utilizing the application, instructors can evaluate 

students’ assessments both during their laboratory activity and after they have completed answers on 

paper. The system allows teachers to instantly view compiled output for each student’s code, making 

it easier to assess correctness in real time. Under Figure 3.21, Image a illustrates the compiled result of 

a student’s response to an assessment question, while Images b and c show class scores and detailed 

reports of each student’s answers. 

This approach solves the challenge of delayed feedback by enabling immediate score entry and 

record-keeping. After students submit their handwritten answers, they pass through the system, where 

scores are quickly recorded and instantly visible in the student’s app account. This makes it easier for 

teachers to spend less time on paperwork and more time giving feedback to students, thus maximizing 

classroom productivity. 

 

3.2. Developing an application that minimizes the loss of papers by recording activity sheets digitally 

 

(a) (b) (c) 

Figure 3.21. User Interface of HandSnap++ that highlights the scoring system. 
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The Figure 3.22 shows an even split with instructors, 50% (3 respondents) saying yes and 50% 

(3 respondents) saying no. This suggests that while some students struggle with keeping track of their 

activity sheets, others manage to maintain their submissions, reflecting variability in student 

organization skills. 

 

 

 In response, Figure 3.23 has shown 13 out of 20 student respondents (65%) reported that they 

have misplaced or lost their handwritten coding assignments or quizzes, while 7 respondents (35%) 

stated that they have not. This finding shows that a lot of students faces challenges in keeping track of 

their written work, which can lead to unnecessary stress and hinder their ability to study effectively. 

 

In Figure 3.24, where 19 out of 20 student respondents (95%) indicated that they find it harder 

to review for exams or quizzes without their previous handwritten activity sheets. Only 1 respondent 

(5%) disagreed. This highlights the importance of having access to past assignments for effective exam 

preparation. Without these materials, students may struggle to recall important concepts or practices, 

making it more difficult to perform well in assessments. 

 

 

 Figure 3.22. Q10 (instructor): Have any students frequently reported losing their handwritten code assessment 

papers?  

 

 Figure 3.23. Q7 (student): Have you ever misplaced or lost your handwritten coding assignments or quizzes? 

 

 Figure 3.24. Q8 (student): Do you find it harder to review for exams or quizzes without your previous 

handwritten activity sheets? 
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With having different role accounts in the application for instructors and students, as shown 

in Image a under the Figure 3.25, students will have digital access to their scores and codes (Images b 

and c). Each student has a digital copy of all their activities and other assessments, which serves as a 

reliable backup if they lose any paper documents.  

 

3.2. Developing an application that enhances student’s familiarity in using compilers, allowing them to adapt to 

real-world compiler environments and bridge the gap between handwritten code and practical debugging skills 

 

 

Figure 3.26 shows that all 20 student respondents (100%) agreed that writing code by hand is 

more difficult than typing it on a computer. This highlights the challenges of manual coding, which 

lacks the immediate feedback and ease of editing that computer-based coding provides. 

 

 Figure 3.26. Q2 (student): Do you feel that writing code by hand is more difficult than typing it on a computer 

 

(a) (b) (c) 

 Figure 3.25. User Interface of the HandSnap++ That Highlights the Assessment Report in Student Account 
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In Figure 3.27, all student respondents also reported (100%) that they find it more challenging 

to spot syntax errors when handwriting code compared to using a compiler. This indicates that the 

absence of real-time error detection while writing by hand increases the likelihood of mistakes going 

unnoticed. 

 

The Figure 3.28 further supports this concern, as all student respondents (100%) stated they 

have struggled to understand their mistakes in handwritten code without the ability to test it in a 

compiler. This lack of testing capabilities makes it difficult for students to learn from their errors, as 

they do not receive clear guidance on what went wrong or how to fix it. 

 

When transitioning from handwritten code to a compiler environment, Figure 3.29 shows that 

18 out of 20 student respondents (90%) faced difficulties, while 2 of them (10%) reported no issues. This 

suggests that the shift from manual coding to using a compiler presents challenges for most students. 

 

 Figure 3.27 Q3 (student): Do you find it more difficult to spot syntax errors when handwriting code compared 

to using a compiler? 

 

Figure 3.28. Q4 (student): Have you struggled to understand your mistakes in handwritten code without the 

ability to test it in a compiler? 

 

Figure 3.29. Q10 (student): Have you faced difficulties transitioning from handwritten C++ or any programming 

language code to coding in a compiler environment? 
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In Figure 3.30, all student respondents (100%) agreed that more hands-on experience with a 

compiler would help them debug their code more effectively. This reinforces the importance of practical 

experience in learning programming, as hands-on practice with compilers is crucial for developing 

coding skills and building confidence in debugging. 

 

Correspondingly, Figure 3.31 indicates that 83.3% (5 instructors) believe that insufficient 

practical experience with compilers limits students' ability to use them effectively, while 16.7% (1 

instructor) disagreed. This highlights a critical gap in the learning process, emphasizing that familiarity 

with compilers is essential for writing and testing code. 

 

 

 Figure 3.30. Q11 (student): Do you think that more hands-on experience with a compiler would help you debug 

your code more effectively? 

 

 Figure 3.31. Q8 (instructor): Are students struggling to adapt to compilers due to a lack of hands-on experience in 

the lab? 

 

(a) (b) (c) 

Figure 3.32. User Interface of HandSnap++ Highlighting the Practice Mode in the Student Account  
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With these responses from respondents, the researchers developed the application which 

mainly features debugging programming code, particularly C++ language written in papers. This 

mobile feature assists students who lack experience with compilers by offering a portable solution 

while utilizing the paper coding still as their learning method. With the app’s Practice Mode (as shown 

in Images a, b, and c, under Figure 3.32), students can gain hands-on experience with compilers as they 

try and practice their codes, helping them adapt more effectively and overcoming this challenge. 

 

4. DISCUSSION 

To assess the application’s software quality, the researchers distributed an evaluation form to 

selected respondents from private higher education institutions and a state university in Region 3, 

Philippines. The respondents included instructors from the computer studies department and college 

students enrolled in computer-related programs. Two (2) sets of evaluation forms were used: one for 

instructors and another for students, ensuring that feedback was gathered from both perspectives of 

respondents. 

Table 3.1. Overall mean for all the categories of ISO 25010 evaluation from All Respondents. 

 

The table 3.1 overall evaluation from all respondents showed a grand mean of 3.69 across all 

categories, indicating strong agreement from both instructors and students that the application meets 

the ISO 25010 standards. This suggests that the application has successfully passed the quality 

assessment criteria set by the ISO 25010 model. 

5. CONCLUSION 

Therefore, the researchers conclude that the HandSnap++ can serve as an alternative tool for 

compiling handwritten C++ programming code, especially in situations where there is a shortage of 

computer lab facilities. Using OCR in HandSnap++ improves the accuracy of evaluating handwritten 

C++ codes, helping instructors identify subtle errors that may be missed in manual reviews. The app 

provided a digital scoring system when checking handwritten codes, modernizing manual methods, 

and it enabled the instructors to have timely feedback for students. HandSnap++ allows instructors to 

store students' scores and scanned answers, offering convenience as students can access their 

assessments through their accounts. By using the app, students gain hands-on experience with 

compilers, helping them adapt to this while enhancing their practical debugging skills. The results and 

overall system evaluation rating, based on ISO 25010 standards, indicate that respondents strongly 

agree the system meets software quality standards. 

 

CATEGORY Mean Descriptive Interpretation 

Functional Suitability 3.87 Strongly Agree 

Performance Efficiency 3.45 Strongly Agree 

Compatibility 3.48 Strongly Agree 

Capability/Usability 3.81 Strongly Agree 

Reliability 3.69 Strongly Agree 

Security 3.72 Strongly Agree 

Maintainability 3.69 Strongly Agree 

Portability/Flexibility 3.80 Strongly Agree 

Overall Mean for Category 3.69 Strongly Agree 
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