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ABSTRACT

It’s more important to learn to code than to learn a foreign language (Cook, 2017). Yet,

many students struggle to keep up with the school curriculum for Infocomm Studies; still

others find the curriculum for infocomm studies restrictive and are curious to learn more

and branch into competitive programming, one of the lesser-known yet fastest growing

Science Olympiad competitions. As such Project - I Can Code is three-pronged in its

approach: it serves as a resource for students to understand the structure and

fundamentals of programming in the Basic section; the Intermediate section provides more

information on more advanced codes as well as their real-life applications; lastly, the

Advanced section serves as exploration room for students who want to push their

understanding of programming to a competitive level. With interactive animations, games,

and quizzes that entertain and check understanding to an equal degree, after going

through this package, we believe students will be able to confidently say They Can Code.
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1 INTRODUCTION

1.1 Rationale

I Can Code is a project that aims to teach secondary students how to code, as this

issue is rather pertinent and relevant to secondary school students. This is important as

reflected by the fact that 7 out of the Top 10 future jobs are related to Infocomm

(Ratcheva & Leopold, 2021). There are many reasons why people do not know how to

code. One of the main reasons is because of how scarce free, high-quality, online

resources are. As such, I Can Code aims to solve this problem through developing a

resource package to teach students how to code.

1.2 Objectives

The objectives of I Can Code were to

● teach interested students how to code in multiple languages

● provide a variety of resources for students to choose from based on their ability

● allow students to better understand commonly used algorithms in informatics
olympiads
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1.3 Target Audience

The target audience was secondary school students. We chose this target audience

because it was the most suitable target for our resources, allowing us to maximise our

outreach. We believe that our resources would benefit secondary school students the

most as the students can apply these in their coding lessons or external programmes.

1.4 Resources

The resources created for this project was an integrated online platform comprising:

● Website

● Notes

● Animations

● Quizzes

● Games

An offline version of the notes was also created as part of this package to reinforce

information/ understanding.

Components of our Integrated Website
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2 LITERATURE REVIEW

The key issue is that computing is growing in importance, and this is further reinforced

by the increase in curriculum emphasis on Infocomm. For instance, the Ministry of

Education has a Code For Fun plan where P6 students are given a 10-hour enrichment

course after their PSLE (Baharudin, 2019). Similarly, China will also be including coding

into its primary and secondary school curricula (The Straits Times, 2020). This reflects

the growing importance of students’ IT skills.

There were indeed resources similar to ours such as the Geeksforgeeks online website,

and CodeForces forum, but based on our analysis, we found that these resources were

generally overly wordy, with some websites only having words but no pictures at all. The

websites generally had its information scrambled everywhere, and some of which had

excessive words, which we feel is unable to capture the user's attention. Besides, these

websites had almost no interaction with the user at all, but merely had the user read the

text.

Codeforces website link: https://codeforces.com/blog/entry/18051

Geeksforgeeks website link: https://www.geeksforgeeks.org/md5-hash-python/
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Another major problem with online code resources is that no progression is provided

from novice to expert. While websites like geeksforgeeks.com have relatively simple

explanations that allow even beginners at C++ to understand, there is almost no

bridging between them and the technical explanations of C++ usage on cplusplus.com,

or the complex uses of C++ in real-life programs asked on Stack Overflow. Informatics

Olympiad resources can also seem equally daunting as the ideas to problem solving are

often rushed through and insufficiently elaborated, and there is very little emphasis on

the inductive thought process which are so integral to problem solving, or even the

elegance of the algorithms and data structures so integral to C++. The end result is that

picking up programming seems forbidding to all but the most determined novices of

C++. This is a tragedy of programming.
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3 METHODOLOGY

Besides the literature review, we have also collected more specific data from our target

audience through a needs analysis and pilot testing. This ensures that the target

audience will find our resources suitable.

3.1 Needs Analysis

A needs analysis was conducted to ascertain the relevance of our project. A

questionnaire was given out to establish the respondents’ position on coding and

current coding resources.

3.1.1 Needs Analysis - Results

It can be seen that the majority of respondents thought that online free coding resources

are inadequate.
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A significant portion of the respondents felt that the pace of the school coding

curriculum was not suited to their pace of learning. More respondents found it to be too

slow than too fast.

Our respondents were interested in a variety of aspects of coding, but the most popular

ones were C++ syntax, Python syntax as well as Algorithms and Computational

thinking.
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Respondents were most interested in the C++ and Python languages as well as

computational thinking and algorithms. As such, these were the focus of our resources.

Feedback from respondents
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In conclusion, students believed that current coding resources were mostly inadequate

and the coding curriculums in their schools were not at the optimal pace for the

students. Students wanted to see comprehensive notes, a website, games and quizzes

regarding C++, Python and computational thinking and algorithms as a resource to help

them in coding.

3.2 Development of Resources

A review was carried out on the various websites on computing and information was

collected from various competitive programmers in school, as well as published

materials such as research papers. The information was then collated into our

subpages entitled Content to allow the user easier access to the information.

Photographs and animations were included to provide visual support to the gallery for

an in-depth guide on how the algorithms worked. Finally, all these were uploaded to the

online platform and shown to the students for their feedback and for them to rate.

An online quiz as well as game was also incorporated to help students assess their

understanding of the resources we provided. Furthermore, notes were included so

students could print them and use them in Informatics Olympiads.

3.3 Pilot Test

2 pilot tests were conducted for secondary school students, the first one in May, and the

second one over the June holidays. In the first pilot test, a product demo was conducted

where the online platform was shown and their views were sought. Recommendations

from the students were incorporated into the fine-tuning of the resources. Generally, the

feedback from the students.
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Screenshots of the first version of our website
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For our first pilot test, Most of the respondents felt that the resource package, in

general, was useful, with 90% of respondents rating the resources' usefulness at least a

4 out of 5.

The resource was also found to be rather interesting, as it averaged a rating of 4.5 out

of 5 from the respondents.

Senior Consultant of Infocomm Studies, Mr Tan Choo Kee also commented that the

resource “has good content knowledge, that is very important in teaching your juniors”.

However, feedback we collected suggested that there was little interaction between the
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user and the resources, whilst some concepts were difficult to visualise. To solve that

issue, we implemented a game and added more animations, before moving on to our

pilot test.

For our second pilot test, a significant portion of the respondents felt that our resources

were useful, with more than 90% rating its usefulness at least a 6 out of 10.
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The quiz had at least 80% of users rating it a 7 out of 10, reflecting its usefulness.

The games averaged 7.1/10 for ratings, showing that it has been quite useful.
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The website was very well received by the students as 80% of them rated it at least an 8

out of 10.

Like the website, the majority of students found the notes provided were very useful,

with more than 80% of them rating it an 8 out 10.

Among all the resources, the animations were the most popular among the students.

More than 85% of the students rated the animations at least a 7 out of 10, with 27.8% of

students rating it a 10 out of 10.
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Lastly, most of the users felt that the resource changed their mindset of computing, with

about 50% of the respondents rating the resource's impact at least a 9 out of 10, and

slightly more than 85% of the respondents rating the impact at least a 6 out of 10

The resource package was generally found to be an eye-opener, meaningful, concise

and creative. This made it stand out from existing resources which were lengthy, had
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information overload and had its information scrambled everywhere.

Feedback from respondents who participated in the pilot test

2021 National Olympiad in Informatics (NOI) silver medallist Ivan Tung added that “the

resources provided by I Can Code explain complex topics in an easy to understand way

with interactive animations. The quizzes are also very useful checkpoints to assess your

learning.”

3.4 Final Design

During the proposal evaluation, our judge Mr Bryan Lum suggested that we target the

school curriculum to help students who are struggling with the current curriculum. To

address his concerns, we included the topics C++ data structures as well as Python

classes and data structures which we had identified as the more challenging aspects of

the school curriculum.

We started work on the resources with a few simple goals in mind: we wanted our

resources to be accessible, friendly and enlightening. We felt that this was especially
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important as we may be dealing with students who may not be fully devoted and

confident towards computing, and thus the most important thing to do is to connect and

excite them.

Analogies found on our website (Data Structures Basic)

To be accessible, we put our findings on a Google Site so that students would be able to

find it. We also tried our best to avoid technical language in our explanations. This

became challenging as the nature of many competitive programming questions is

inherently very technical. As such we made it a point to use analogies to real-life

situations that modelled the data structures in the questions so as to cut through the

abstraction so central to computing.
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The style of writing found on our website (Graph Theory Intermediate)

Our project title serves as the mission of our project - we want to be welcoming and not

forbidding, so as to convince students that they Can Code. As such, we wrote the

website in a conversational style, so as to give the feeling of a peer-to-peer sharing

session to the readers.

Emphasis on decision-making in programming on our website (Dynamic Programming Intermediate)
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We aimed to plug the gap in online coding tutorials which often do not emphasise

enough on the decision making process - or, in olympiad speak, how the various ideas

are motivated. Thus, we made it a point to explain the iterative thought process through

relatable, concrete diagrams, as well as writing detailed case-studies of how the ideas

are translated into code.

Converting thoughts into code on our website (Dynamic Programming Intermediate)
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We noted that certain concepts were still difficult to comprehend, owing to the complex

nature of the algorithm. To resolve this issue, we incorporated animations into our

website, to aid students in visualizing the ideas behind the data structures and

algorithms.

Visualising a segment tree on our website (Data Structures Advanced)
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To differentiate ourselves from the already existing resources, we included a game in

the resource package for the students to interact with. This was also to keep the

students engaged in the resource package.

Understanding Breadth First Search on our website (Graph Theory Intermediate)
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To reinforce the learning of the students. Every section of the content had a quiz at the

back. Students were encouraged to try out the questions to understand how much of

the content they had grasped. At the end of the quiz, students were also given the

solutions to the questions for them to learn from their mistakes.

Reinforcing learning through quizzes on our website (Data Structures Advanced)
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4 OUTCOME & DISCUSSION

4.1 Outcome of Project

The entire resource was finalized to be accessible on the Internet, while the notes were

in downloadable pdf format, allowing users to print out the notes for reference. This

would be useful in informatics competitions, as they usually only allow for hardcopy

notes.

The feedback was generally good, but the quiz scored the lowest amongst the five

resources. We thus improved on it by splitting it into multiple sections, to prevent users

from quitting the quiz halfway, as students might have a low attention span.

Besides, the game was made to be more interactive by adding a character which the

user could control. To further improve, we made it available offline and added a high

score function for users to compare their score to others worldwide.

The entire resource package includes:

- Content (Notes and quiz)

- Basic

- Syntax (Python and C++)

- Data Structures

- Graph Theory

- Dynamic Programming

- Intermediate

- Data Structures

- Graph Theory

- Dynamic Programming

- Classic Techniques

- Advanced

- Data Structures
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- Graph Theory

- Games

- Breadth First Search

- Depth First Search

- Binary Search

- Animations

The integrated platform can be viewed at

https://sites.google.com/student.hci.edu.sg/i-can-code/home

4.2 Limitations of Project

The game is only available on Windows, MacOS and Linux, not on iOS or Android and

requires the user to be able to run Scratch, while the website is only on Data Structures

and Algorithms and because it is made by Google sites, has very little design

customization. Lastly, the quiz was also made by Google forms, so we were limited to

only 9 question types, while the quiz was not very eye-catching too due to the limited

styles.

4.3 Future Developments

Other value-adding resource possibilities include interviews with professionals/experts

to get their testimonies, comics in the form of illustrations, board games, and posters.

For the game, it could be embedded into the website, while the quiz could have more

question types and lastly, the website could be made with HTML, rather than Google

sites, so there will be more design customization.
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5 CONCLUSION

5.1 Lessons Learnt

A key skill acquired from designing the resources was creativity. In order to create

something different from the current coding resources out there, thinking critically and

having the imagination to think about how to make the website more readable and

user-friendly. For example, the website and quizzes could not be too wordy and

technical, and had to be in small sections so as to sustain users’ interest. We also

honed our creativity skills through designing a website with aesthetic appeal and

improved our ability to source for reliable information. As for the quiz, we picked up

important skills such as understanding what would be too hard and too easy for the

users. Our resilience, perseverance, and innovation were our assets in completing this

project.

5.2 Challenges Faced

During the sourcing of information, it was extremely difficult to find a reliable source of

information as there were plenty of repositories and even Wikipedia which provided

sources of information. However, it was deemed unsuitable. We eventually used our

access to legitimate sources such as the geeksforgeeks website to obtain these

sources of reliable information. Technical difficulties from the use of Scratch due to not

using it for an extended period of time, and creating and gathering assets for the game

were a challenge. Due to the COVID-19 pandemic, it was hard to arrange meetings to

update each other on our progress and decide what work had to be done as we had

conflicting schedules. It was also difficult to conduct the meetings in school as well. As a

result, it slowed down our progress and it was a challenge for us to find another date

where all of us were free to continue working on the resource.
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