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Abstract
The COVID-19 pandemic has accelerated the digitization of education. Educators in different educational institutions began
searching diverse online learning methods and tools in present materials, ensuring the quality of student learning. Open Educational
Resources (OER) have been one of the significant trends of online learning platforms. During the pandemic, OER educators tried
to reduce or eliminate tuition fees to raise students’ motivation of learning; however, it found that learners’ course completion
rates turned lower than before as well as the instructor never updated the course and responded to student questions after the
course was released. Recently, researchers have been searching for different ways to raise students learning motivation effectively,
gamification is one of the popular methods. In this paper, the learning token system for OER was implemented by compiling block
chain smart contracts, tokenizing the learners’ learning experience after completing the course into learning Non-Fungible Token
(L-NFT), and using gamification elements such as learning tokens and social platforms to promote motivational effects
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Introduction
The COVID-19 pandemic has changed people’s lifestyles and
learning channels. Many courses were forced to change to online in
the middle of the semester. This worldwide change has had a huge
impact on universities [1] and colleges [2]. Educational institutions
were beginning to think about which online learning platforms
and tools should be used to present materials to ensure the quality
of student learning. Open Educational Resources (OER), such as
Massive Open Online Course (MOOCs) have become an important
solution in the epidemic [3-5]. Since the pandemic in March 2020,
there has been a significant increase in the number of free course
enrolments [6]. Many OER educators were responding to the crisis by
reducing or eliminating tuition for thousands of courses. However,
learners tend to have much lower completion rates in digital
courses than in traditional physical classes [7], as well as instructor
never updated the course and responded to student questions
after the course was released. Recently, researchers have been
looking for different ways to effectively increase students’ learning
motivation, and gamification is one of the popular methods. In past
Copyright © All rights are reserved by Liu Wei Chen.

research, digital badges allowed learners’ achievements in different
e-learning platforms to be presented visually and embedded with
uniform metadata to reflect individual abilities. Digital badges have
gained increasing recognition as innovative tools for improving
learning outcomes in higher education through the integration of
gamification elements into teaching and learning [8,9]. For instance,
[10] investigated learners’ motivation and learning attitudes using
digital badges in college composition courses. The results showed
that for learners with higher goals, digital badges were effective in
improving their motivation.

Furthermore, in terms of academic performance, [11] experimented on technology competency and academic performance in
college technology courses and found that badges led to increases
in both learners’ confidence in using technology and overall course
performance. Even though Digital badges are becoming increasingly popular, there are still not fully accepted as valid credentials
and reflect accurately student achievement. In addition, its metadata is at risk of being tampered with. Therefore, this study uses
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blockchain technology for implementing a learning token system
for OER by compiling smart contracts on the blockchain. The learning tokens of the proposed system are implemented using the ERC721 contract standard introduced by the Ethereum blockchain in
2017 and are unique in their characteristics and cannot be split or
merged [12], hence the learning token of the proposed system is
also known as Learning Non-Fungible Token (L-NFT). The purpose
of tokenizing the learning experience is exploring export the learning tokens of learners after completing the course on social media.
Through sharing and comparing with others, learners understand
their shortcomings and set corresponding learning goals, determine which tokens are appropriate to obtain, and improve motivation for learning. Learners can also store token metadata acquired
from different learning platforms or institutions on the blockchain
using a uniform and unique format to ensure data integrity and security. In the future, authorized verifiers will be able to trace back
to the original course for information such as the course’s grading
criteria, and understand the quality of the tokens received, which
will accurately reflect a person’s true ability.

Copyrights @ Liu Wei Chen, et al.

System Structure
This research uses the Ethereum blockchain [13] to build a
consortium blockchain and compile smart contracts using the
solidity programming language. Each learner in the proposed
system possesses a learning token wallet, they can earn the learning
tokens when completing the courses. The verification node in the
consortium blockchain is expected to be implemented by authorized
institutions and set up by various educational institutions, such as
learning platforms or universities. All participants interact with a
smart contract on the blockchain, and the interaction is recorded
on the blockchain. In addition, users are restricted to access only
their learning data on the blockchain through access controls. In
particular, the execution records generated from the execution
of smart contracts are only available for users to view or share
on social media. However, the learner’s data can be accessed by
other users through authorization. In the following, we explain
the architecture of the proposed system from the perspective of
instructors, students, and authorized persons, as shown in Figure 1.

Figure 1: Architecture of the learning token system.

Instructor
After entering the system, the learning token wallet will
automatically create an address and private key inside the wallet,
then the instructor can use this private key to deploy the course.
Then the instructor can input course information such as Course
Title, Location, etc., and uploading them to the Interplanetary
File system (IPFS), which is decentralized storage space. After
uploading, an IPFS Hash value will be returned and stored on the
blockchain. This approach can greatly improve the performance
of the system and reduce the gas cost of transactions [14]. The
instructor is authorized to view enrolled students’ learning tokens
to design customized educational materials. And for those who pass
the minimum standard, the instructor can call the token minting
method in the course contract for them to mint tokens. The result of

the casting, such as the learner’s name, location of study, and other
metadata is stored in IPFS and returned as a Hash value which is
recorded in the blockchain.

Student

After entering the system, a learning token wallet is
automatically created with an address and private key inside the
wallet. The student will use this private key to enroll in the courses
of interest on the homepage. Instructors’ learning tokens can be
viewed as a basis for course selection. And for those who pass
the minimum standard, the instructor can call the token minting
method in the course contract for them to mint tokens. The result
of the casting is stored in IPFS and returned as a Hash value, which
is recorded in the blockchain. Finally, student’s learning tokens can
be shared on social media to further enhance learning motivation.
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Authorized Person
Once an organization such as a company or school receives an
authorization letter from an applicant, they can verify the learner
information to the blockchain through the QR-code. Namely, the
person who gets the blockchain address (or public key) can be
authorized.

Smart Contract Implement

All participants in the proposed system are primarily interacting
with the smart contracts on the blockchain. In order to make the
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proposed system work properly, three smart contracts, namely
Course Fectory, Course and Minting Tokens, have be deployed. The
section explains the code and interactions between contracts in
three different situations.

The instructor creates a course

After entering the course information, the instructor creates
the course. When the instructor sends the course information,
which triggers the red block to generate a new course contract, as
shown in Figure 2.

Figure 2: Contract implement for generating courses.

Students enroll a course
The student sends a transaction to the course contract that triggers the yellow block, as shown in Figure 3.

Figure 3: Contract implement of enrollment course.

Students pass the course standards and Cast learning
tokens
Learners with scores greater than the minimum pass criteria

will trigger red block and interact with the minting contract to
generate a unique learning token, as shown in Figure 4.
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Figure 4: Contract implement of minting tokens.

Conclusions and Discussion
This paper uses blockchain technology and smart contracts
to construct a learning token system for OER that tokenizes the
learning experiences earned from students’ course completion
and puts them into their personal learning token wallets. It is
expected that the collection of tokens and social media sharing
will increase the motivation and attendance rate, as well as the
motivation of instructors to update their courses. It also addresses
the issues raised in the past literature on blockchain and education
[15]. Giving students full control of their learning experience data,
making it easy to access and share, increasing system security and
transparency, simplifying the process of validation, and increasing
opportunities for learners to cooperation with companies. In
addition, the proposed system can provide a tool for the researchers

in the field of education to conduct experiments on the learning
motivation of future learners.
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