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Abstract: Using existing resources to create teaching materials can save effort and achieve the desired quality easily.
Yet while some resources can be used freely for educational purposes, others such as textbooks or online course materi-
als cannot. This is a particular problem during a pandemic when much teaching has gone online and the risk of teachers
violating copyright is even higher. Therefore, a solution that facilitates the usage of copyright-restricted resources for
generating teaching materials with royalty sharing is needed. Our work exploits the advantage of blockchain tech-
nology and proposes a system to bond participants with a smart contract; it securely registers records of multiple
authorships and contribution distribution of a teaching material that reuses in part, existing resources. Such records
can be used as authorship evidence to claim economic benefits when a material is used. We implement TMchain on
Ethereum-Remix IDE with a core smart contract. To lower the cost of using blockchain, the material files are stored
off-chain and tied to the word processing system for the final authorship and contribution share determination when
a material is completed. Furthermore, we test TMchain with teaching material creation scenarios to demonstrate its

effective and practical potential.
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1. Introduction

Collaboration is common in the education sector. Apart from
working collaboratively to write a book or doing research, col-
laboration in the educational context consists of sharing original
creations for others to use, build on and so on[1]. Research also
suggests that using and building on existing materials can save
effort and yield quality materials more easily [2]. Many resources
can be used freely based on the standard copyright exemption for
educational purposes or as open resources under the collabora-
tive commons license [3], such as Open Educational Resources
(OER) [4]. However, others, such as textbooks or online courses
cannot. Authors who do not donate their works and want royalty
sharing cannot collaborate with each other without some prear-
rangement. It can be risky for teachers to violate the copyright
law when using other people’s work in creating teaching materi-
als. This is a particular issue during a pandemic as most of teach-
ing as well as the teaching material goes online. Accidentally
redistributing copyrighted content online can have severe conse-
quences.

Thus, an alternative system is needed that can allow the us-
age of copyright-restricted resources for collaboration in teach-
ing material generation. Sharing copyrights or royalty among the
contributors of the resources constituting a teaching material can
be a solution. Based on a framework proposed in our previous
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paper [5] we introduce TMchain, it provides a full record of mul-
tiple authorships and contributions when education resources are
used in creating a teaching material and such records support roy-
alty sharing.

TMchain exploits the advantages of the blockchain technol-
ogy, as blockchain provides a smart contract among participants.
The transaction output yielded by the smart contract is stored in
a secure, immutable, and reliably distributed ledger without cen-
tralized management. This is suitable for community collabora-
tion [6]. It can store authorship and contribution distribution in-
formation securely for the individual works involved. This char-
acteristic can facilitate the sharing of other teachers’ work and
thus support collaboration in creating teaching material.

There are blockchain studies dedicated to the protection of in-
tellectual property by providing reliable records of the collab-
oration process in creating academic papers and scientific re-
search [7], [8], [9], [10]. Unfortunately, these studies provide so-
lutions for the creation of single outputs, such as a research paper.
They fail to address collaboration in the sharing and reuse of ex-
isting materials. In addition, as these studies proposed to store
the collaboration history on the blockchain, the memory usage
and calculation cost of storing the history is high.

Many blockchain applications also have been developed for the
education ecosystem, such as storing certificates issued by differ-
ent institutions, identifying online education solutions, protect-
ing the intellectual property of educational contents, supporting
collaboration between students and teachers in higher education,
cryptocurrency payments for education and administration of the
educational process etc. [11], [12], [13].

Other papers use blockchain or others system to tackle the
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distribution of teaching material [14], [15], [16], [17], [18] and
record when the material is distributed to students. Again, collab-
oration in the reuse of existing materials to create new materials
was not considered.

Our proposal, TMchain, uses blockchain technology to tackle
the authorship problem of using other-teacher-created material
by storing the authorship of a completed teaching material. The
blockchain system first provides a smart contract among teach-
ers who agree with the use of their materials and creates secure
records of the use of teaching materials. The transactions on
the blockchain provide proofs of a material’s authorship as well
as recording multiple authorships and contribution distribution
of the product when multiple materials are involved. The sys-
tem uses word processing software to record editing activities in-
volved in reusing existing material and only the authorship infor-
mation and contribution distribution information of a completed
teaching material is stored in the blockchain. In addition, the ma-
terial files are stored in the network rather than in the blockchain.
In this way, we can minimize blockchain cost and enhance sup-
port scalability.

We introduce real-world scenario implementations that show
our solution has the abi78lity to record the authorship of a teach-
ing material, calculate contribution distribution of multiple au-
thors, and handle the authorship records when the material is up-
dated. We also report the feasibility and effectiveness of system
with ether and runtime costs. There are three main contributions
of this paper:

e We propose a complete system to support the collaboration
needed when creating teaching materials that involve exist-
ing copyrighted resources.

e We design a novel blockchain-based system with the func-
tions required to track authorship and contribution distribu-
tion records to allow educational resources to support royalty
sharing.

e We implement the smart contract of the proposed system
with material creation scenarios on Ethereum Remix-IDE to
demonstrate its practical usage potential.

2. TMchain System Overview

We consider the collaboration needed in creating teaching ma-
terial through the sharing of work. In this section, we describe
the collaboration process in which multiple authors participate
in developing one teaching material. We then design a system
that records authorship and contribution sharing. After that we
illustrate the smart contract code provided by the blockchain and
transaction flow for registering authorship and sharing financial
returns by function calls in the smart contract.

2.1 System Requirement

To elucidate system requirements, we first consider how teach-
ing material is created. Research suggests a simple teaching ma-
terial creation process[2]. The teacher collects resources, then
convert them into the teaching material via word processor or
content conversion software. Teacher also add in his/her own con-
tent. Last, the teacher exports the final material. The upper part
in Fig. 1 illustrates this process. To incorporate this process into a
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Fig. 1 Teaching material creation process and TMchain system framework.

collaboration system, there are two core requirements. First, the
system allows reuse of a resources and records attributing author-
ship when a material is used.

In addition, there is also a consideration of using
blockchain [19].
blockchain is immutable, the chain can grow so long that scal-

Due to the transaction recorded on the

ability is eventually degraded. This means the transaction data
recorded on the blockchain should be kept to a minimum [22].
Thus, we propose to store only the authorship distribution
information of the finished teaching material in the blockchain,
not each revision event. The authorship distribution information
of the finished material on the blockchain is enough to confirm
authorship and acts as evidence. In addition, the revision history
recorded in the material itself by the word processing software,
such as MS word or GoogleDoc and TMchain registers the
authorship and contribution distribution of a completed teaching
material. The material file is stored outside the blockchain, using
technology such as IPFS [20] to identify the correct version of
material related to the authorship records in the blockchain.

2.2 System Framework

To extract the required information from the material creation
process and denote authorship record in blockchain, our frame-
work has two main parts:

e Extract authorship distribution from editing activities: Exist-
ing word processing systems such as MSword and Google-
Doc provide the function of recording editing history and
file mergers. So, this requirement can be fulfilled with an
addon function to calculate the contribution distribution of
a finished teaching material as shown in the middle part of
Fig. 1. This part is outside the blockchain. While there are
various methods to calculate the contribution share [6], we
discuss this in detail in a later section.
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e Register authorship and contribution distribution informa-
tion into blockchain (lower part of Fig. 1): This is realized
by the smart contract function of blockchain. The two pieces
of information must be recorded. First is the authorship of
each material created. Second is the contribution distribu-
tion information of each material with its authorship in the
blockchain system.

The proposed framework works with the teaching material cre-
ation process. During the creation process, the teacher starts by
collecting existing resources to be used. Once they are selected,
their content is extracted and edited to form the teaching material.
The editing history recorded by the word processing software is
used to create authorship records and contribution distribution of
a finished teaching material. Then the information is stored in the
blockchain.

2.3 Smart Contract Functions

To allow teachers make use of each other’s teaching materi-
als, the participants are bound with smart contracts. Entering into
a smart contract is taken to mean that the teachers allow their
works to be used in the collaboration system as well as truthfully
committing to record authorship distribution information of the
material they created.

We use Solidity language to create the smart contract named
TeachingMaterialManager.sol to govern this agreement where
record is the transaction executed by teachers. Each teacher needs
to have an account in the system. The contract is specified with
two methods (functions) namely createMaterial and deriveMa-
terial. createMaterial is used to register the authorship of a
work and deriveMaterial is used to record the authorship infor-
mation of collaboratively created teaching materials. This func-
tion creates transactions to record the material that incorporates
the teaching materials of others in blockchain. We show the code
snippets written in Solidity in Fig. 2. The input of calldata name
and calldata hash is the author’s account name and account hash
registered in the blockchain system.

The data structure of a material contents material id, author in-
formation (msg.sender), name of the teaching material, a string
hash to identify the material, references for the material id array
of used teaching materials. The proportion array in bytes form is
for contribution distribution which indicate the proportions of the
materials involved in the teaching material.

The contribution distribution calculation is performed by get-
Proportion function which is outside of deriveMaterial. 1t is also
possible to embed the calculation within deriveMaterial. The get-
Proportion function reads only data from the transaction and cal-
culates the contribution percentage of reused material as input.
Then it calculates the remaining portion as the contribution from
the teacher creating the collaboratively created teaching material.
This proportion share is recorded in blockchain for contribution
distribution. In the case of material created using another teach-
ing material that already contains other collaboratively created
materials, the authorship distribution of the materials used can be
called to perform nested calculations.

The blockchain part of our system is a simple application of
the Ethereum system. One main difference from other Ethereum
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## A material registration function to record the material information
on the blockchain. Input: author account ID, name of the material, hash
of the material, return: teaching material ID.

function createMaterial(string calldata name, string calldata hash)
public returns (uint){

uint id = materials.length;

uint[] memory references;

bytes8[] memory proportions;

materials.push(Material(

id, msg.sender, name, hash, references, proportions));
materialToAuthor[id] = msg.sender;
materialToRegisteredTime[id] = block.timestamp;
ownerMaterialCount[msg.sender]++;
emit NewMaterial(id, name);
return id;

(a) createMaterial function

## Register the record of a teaching material that incorporates other
teachers' materials. Input: author account ID, name of the material,
hash of the material, incorporated material ids and proportions,
return: teaching material ID.

function deriveMaterial(string calldata name, string calldata hash,

uint[] calldata references, bytes8[] calldata proportions)
public returns (uint){

uint id = materials.length;

materials.push(Material(

id, msg.sender, name, hash, references, proportions));

materialToAuthor[id] = msg.sender;

ownerMaterialCount [msg.sender]l++;

emit NewMaterial(id, name);

return id;

(b) deriveMaterial function

Fig. 2 Smart contract codes of TMchain.
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systems is the storage of authors and material/graphs as smart
contract states. Though graphs usually represent nodes, edges
as properties, our system stores the material reference graph as
a simple sequential array that contains material information and
links to other information. This approach decreases memory us-
age and calculation costs.

An example of logical data structure representation of teacher
and teaching material is shown in Fig. 3. Tearcher1, Teacher2 and
Teacher3 created teaching materials (TM) TM1, TM2 and TM4,
respectively. The graph structure shows that TM1 is 100% cre-
ated by Teacher1 and TM2 is 100% created by Teacher2. TM3 is
created by Teacher3 but also used TM1 (accounts for 25% con-
tribution share) and TM2 (accounts for 25% contribution distri-
bution). Thus, the contribution distribution of TM3 created by
Teacher3 is 50%. TM4 is an updated version of TM2 (accounts
for 80% contribution distribution) and TM3 (accounts for 15% of
contribution distribution.) So, the originality of TM4 is 5%. The
physical data structure stored in blockchain is shown in Fig. 4.



Electronic Preprint for Journal of Information Processing Vol.30

/”—7\

id: 0 id: 1 id: 2 id: 3
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Fig. 4 Physical data structures of TM information in Blockchain.

(] (]
-~ word processing blockchain -~
Teacher system system Teacher

edit TM

resources word processing tontribution share blockchain

[ search requested file i

ktorage repository| system derive system system

| return requested file

register an original TM

edit

return registration
succeed

U

A

register TM and
authorship
distribution

v

submit

return registration
succeed

a.  register an original Teaching Material (TM)

U :

b.  register collaboratively created Teaching Material (TM)

Fig. 5 Transaction flows of TMchain.

2.4 Transaction Flows

As we saw in the previous section, the authorship distribution
recorded in blockchain mainly involves two functions: createM-
aterial and deriveMaterial. To make this clearer, we illustrate
the general transaction flows of registering an original teaching
material and registering a teaching material which has other ma-
terials through the use of the two functions. Figure 5a shows a
typical transaction flow of registering an original material; it calls
createMaterial in the smart contract. The procedure starts with
a teacher using a word processing system to write the material
and upon completion the material is registered with blockchain
by calling createMaterial. Once the authorship of the material is
registered on the blockchain system, the system returns log infor-
mation notifying the author that registration has succeeded.

Figure 5b illustrates how the authorship and contribution dis-
tribution information are created in the blockchain if the teaching
material uses other teaching materials. The teacher first searches
for resources that he/she wants to use. The resource storage
repository returns the requested resources to the teacher. After
that, the teacher uses a word processing system to edit the teach-
ing material and submit the changes. When the final version of
the teaching material is confirmed, the editing history held by the
word processing system can be used to generate the authorship
distribution information based on contribution share calculation.
deriveMaterial is then called to register multiple authorships and
contribution distribution information in blockchain. Once such
information is recorded successfully, the blockchain system re-
turns a log message indicating transaction success to the teacher.

The smart contract generates transactions of authorship of an
original teaching material as well as the multiple authorships and
contribution distribution of a teaching material that uses other ma-
terials. The transaction data is held in blockchain. The document
file of the teaching material is stored outside blockchain. When
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a collaboratively created material is used by other teachers, mul-
tiple authorship and contribution distribution information can be
extracted from previous records and the latest teacher simply adds
on his/ her editing activities to create and register the new mate-
rial.

3. Scenario Implementation

In this section, we demonstrate TMchain smart contract imple-
mentation with teaching material creation scenarios and test its
functionality with Ethereum Remix IDE [23]. We use lecture pre-
sentation slides from the “Field based Learning/Problem Based
Learning” (FBL/PBL) course of the Design School of Kyoto Uni-
versity. The course has been taught for several years and the
teaching material is constantly updated by different teachers.

3.1 Register Original Teaching Material in TMchain

In Fig.6. we show a scenario of the system registering an
original teaching material. The teaching material was first
created for “FBL/PBL” course by Teacherl.
TMI1 by Teacherl for TMchain registration.
given an account with id account{0} with account hash of
“0x1fb3e76fA2b83d7F8 A53ba74867296c0fcDC6c37” by the
TMchain system. In this scenario, it called with createMaterial

It was named
Teacherl was

function under TeachingMaterialManager.sol contract. When the
registration of TM1 succeeds, the transaction is stored in block
342 with txIndex[0] from account{O} (shown as account hash as
“from” item in the block). The transaction data is stored as a
binary record under “data”. The blockchain transaction log and
storage on blockchain is shown in Fig. 6.

3.2 Registering Teaching Material That Uses Other Materi-
als in TMchain
In this section, we demonstrate how a teaching material that
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Fig. 7 deriveMaterial scenario: Teacher3 registering TM3 to TMchain.

uses other materials is registered in TMchain. We count the pre-
sentation slides to determine contribution distribution.

In a later semester, Teacher3 is assigned to teach “FBL/PBL”
course. She decides to extract four presentation slides from the
previous “FBL/PBL” teaching material (TM1) and extract some
content from the teaching material (TM2) created by Teacher2
for another course: “Information and Society”. To use TM2,
Teacher2 needs to register this material in TMchain. The reg-
istration of TM2 follows the process shown in Fig.6. So, we
omit the log and block information here. Teacher3 uses TM1 to
create four slides and TM2 to create four slides. Last, she cre-
ates 8 slides by herself as shown in Fig.7. For TM3, authorship
is splitting among Teacherl, Teacher2 and Techer3 with contri-
bution shares of 25%, 25% and 50%, respectively, as shown in
Fig.7.

To register this teaching material, which has multiple author-
ship and contribution distribution, deriveMaterial is called. The
input data are material ids and their proportions. TM1 (material
id: 0) accounts for 25% and TM2 (material id:1) accounts for
25%. The transaction log holds materials used with their work id
in a list array as [0,1] and contribution distribution is represented
in binary 64 format in a list array of ["0x3FD0000000000000",
"0x3FD0000000000000"].  The rest of the 50% contribu-
tion share belongs to Teacher3 (account{2}) who creates TM3.
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This transaction was executed by Teacher3 with account
hash of “OxcB3420DD4D4573b779517f605646849595Fa4453”
as “from” item in the block transaction item and the information
is recorded in binary form in “data” item.

This scenario calls deriveMaterial. When the registration of
TM3 succeeds, the transaction is stored in block 537 from ac-
count{2} as in Fig.7. In block:537, txIndex:0 shows Teacher3’s
account hash by “from” item and used TeachingMaterialMan-
ager.sol contract with deriveMaterial. The data of the transaction
is stored in binary form under the “data” item. This transaction
runtime is reported to be within 5145 milliseconds. In the case
that Teacher2 updates TM2 to yield new teaching material TM4
(in Fig.3 and Fig.4) through the addition of more presentation
slides. This also calls deriveMaterial function to register a new
material. The transaction process and result are similar to the
registration of TM3 shown in Fig. 7.

4. Evaluation and Discussion

In this section we provide evaluation details of feasibility and
effectiveness based on TMchain’s implementation. In addition,
we discuss the practical usage and future research direction of
our proposed system.
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4.1 Function Evaluation

We consider the need for a solution to support teaching ma-
terial sharing with royalty sharing property. The system is used
to support the collaboration in using existing material. The sys-
tem requirement is to record the authorship of a teaching material
as well as multiple authorship and contribution distribution infor-
mation when there are multiple teaching materials involved. We
report its functionality evaluation in this section.

TMchain satisfies the required feature with createMaterial and
deriveMaterial functions. In Section 4, we show that the author-
ship information as well as the contribution distribution informa-
tion can be stored successfully. Each original teaching material
is first registered by calling createMaterial to receive a unique ID
with timestamped transaction record in blockchain to provide se-
curity. Such information is immutable and cannot be altered due
to the property of the blockchain technology.

The record of a teaching material that uses multiple materi-
als is created by deriveMaterial. deriveMaterial is called to es-
tablish multiple authorships, calculate contribution distribution,
record the result in blockchain. With these two functions, the sys-
tem records the authorship of teaching materials. The authorship
information can be used as evidence to support royalty sharing
when collaboration involves the use of copyrighted material.

4.2 Performance Evaluation

The performance evaluation focuses on function call runtime.
We use MacBook Air with 8 G memory and 1.6 GHz Intel Core
i5 process to realize the environment. We also implement a vir-
tual machine with Docker software on the MacBook Air and use
Web3provider which offers a private Ethereum node to measure
the performance. The default “gasLimit: 0x47b760” and the “dif-
ficulty: 0x100” was set. Gas is the measure of execution com-
plexity for Ethereum.

The following reports the runtime of calling functions of
createMaterial and deriveMaterial from create new transaction
block to save material information on blockchain but does not in-
clude off-chain function runtime. Our smart contract just read the
data of contribution distribution generated by the off-chain word
processor.

We called createMaterial 50 times and determined the average
runtime to be 4,127 milliseconds. For deriveMaterial, we use
scenario of create a material that uses the material of previous
version. For example, a material version 1 is used in creating ma-
terial version 2. Then material 2 is used in creating material 3 and
so on. We perform deriveMaterial function call up to 10 version
levels. The average runtime for 50 calls was around 6,000 mil-
liseconds when the teaching materials involved did not exceed
the 8 version levels as shown in Fig.8. The runtime grew ex-
ponentially as teaching material versions increased as teaching
materials of previous versions had to be called upon and nested
calculations performed. Note that the runtime for calculating con-
tribution distribution has less impact on runtime required. It only
took 20 milliseconds when there was only one other teacher’s
material involved. It took on average less than 100 milliseconds
when there were less than eight materials involved and 0.5 sec-
onds with 10 materials involved.
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Considering it can take days and even weeks to create a teach-
ing material, the time to register the material and/or calculate the
authorship distribution on TMchain is insignificant at only several
seconds. This runtime makes real world usage possible.

4.3 Discussion

TMchain currently supports only teachers who have accounts
and materials for reuse also need to be registered with the system.
We adopted the Ethereum Remix-IDE platform environment and
code the smart contract with Solidity language. This implemen-
tation might be altered if a different platform is used.

The system relies on teachers faithfully using the system. We
use existing network consensus of existing blockchain technol-
ogy to prevent alteration of the transaction records. In its present
version it cannot guarantee if a participant is registering material
not created by him/herself. Of course, such actions would leave
evidence of the illegal acts.

There is cryptocurrency payment cost involved when using
the blockchain system. In the experiment, we assigned the cost
to the teacher who registered their teaching material. It costs
0.000185488 ether per transaction on TMchain for calling cre-
ateMaterial. This is the cost for registering a teaching material
with one author in the system. For deriveMaterial transactions,
the ether cost increases linearly with the number of materials in-
volved. It costs 0.00002096 ether for each additional teaching
materials as shown in Fig. 9. How to share this cost among stake
holders is a future research direction.
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Ethereum uses gas to indicate the amount of computational ef-
fort required to execute specific operations on the Ethereum net-
work and gas fee is determined by supply and demand between
the network’s miners and users. In order to represent the prac-
ticality of TMchain in the real-world scenario, we calculate the
gas cost of ether. In our system, 1,000,000 gas cost is fixed to
9.21147E-12 ether. Yet in real world, ether cost is not fixed. This
issue, considering gas price with real Ethereum network when
using TMchain, can be part of future research.

In addition, the execution time of our smart contract is influ-
enced by both test environment and contract overhead. In this pa-
per, we used a MacBook Air PC with 8 GB and 1.6 GHz CPU. It
is expected that runtime can be improved by using a more power-
ful computer [29]. Yet [29] also found that the runtime reduction
saturates at high computing powers. They implemented a simple
smart contract using an 8 GB and 3 GHz CPU and the result was
a runtime over 4 seconds. This was reduced to slightly over 3
seconds for both 16 GB and 32 GB. This means when the com-
puter’s memory and CPU power reach a certain level, the smart
contract overhead is more influential as regards the runtime.

In the TMchain smart contract, functions are also simple. They
only add one array element and few map elements. Yet of the
functions createMaterial and deriveMaterial, deriveMaterial is
more complex than createMaterial. An example can be found in
Fig. 4;id:0 is created by createMaterial and id:2 is created by de-
riveMaterial. The average runtime of createMaterial with only
1 teaching material involved is 4,127 milliseconds as shown in
Fig.8. Figure 8 also shows that the runtime of deriveMaterial
with 2 teaching materials is 5,816 milliseconds. This means the
time required is also influenced by the complexity of the functions
in the smart contract. Yet this runtime result shows it only takes
a few seconds to register a collaboratively created material with
the system. This is still insignificant compared with the whole
teaching material creation process.

In this paper, we mainly consider ether cost and runtime in
evaluating the practical usage of TMchain. Yet there are addi-
tional parameters that must be considered by a full-scale scala-
bility report. They include block size, transaction rate and oth-
ers [29]. Future work includes large scale scalability analysis of
the system.

Contribution allocation is also a research area of interest. Vari-
ous contribution calculation methods have been suggested [6]. In
this paper, the scenario considered the number of slides used in a
material, but this is merely for demonstration purposes. The pro-
posed system can adopt any contribution calculation algorithm.

The legal implication of using blockchain records is also a con-
cern. While our proposed system has special provisions aimed at
facilitating teacher’s trust in blockchain records, their good faith
usage of copyrighted teaching materials is assumed. How to le-
galize the transactions and the status of smart contracts and their
consequences is also a future research area. This involves how
to support intellectual property right enforcement and so assumes
blockchain records will be a legitimate evidence in different legal
regimes.

Blockchain technology provides an immutable ledger that
complicates the alteration of a registered teaching material. In
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the case of removing some content, it is better to reregister the
material by recompiling the multiple authorship and contribution
distribution based on the editing history captured by the word pro-
cessing tool used. TMchain treats a finished teaching material as
a unit and stores its authorship. Our system does not record the
editing history of the material, only the authorship distribution of
a completed material. Therefore, we rely on the word processing
system used to support the tamper resistance of the editing his-
tory. If the submitted record of authorship of a completed work
is the final version, our system stores the record. Our system uses
blockchain technology to assure the alteration resistance of the
authorship information of completed teaching materials.

Teaching material files can be stored off-chain in TMchain with
a hash to indicate file location. While the hash can be an URL,
the author needs to keep the content of the URL unchanged to
support the usage of TMchain. It is better to use IPFS to store
material files in our system to resist content modification.

Finally, the TMchain system is impacted by inheritance of ex-
isting blockchain technology as well as the implementation plat-
form and system environment limitation. While it took about 10
seconds on average to complete the registration of a collabora-
tively created teaching material in our experiment, we can en-
visage a faster blockchain system and configuration to improve
system performance.

5. Related Work

With the goal of collaboration for creating teaching materials
with royalty sharing, there are online collaboration writing tools
that can provide authorship record and editing activity history.
This is suitable given the prearranged agreement on collaboration
for generating teaching material. However, the central concept of
open collaboration is to accept the reuse of one’s work in other
teacher’s teaching material. This is similar to work collabora-
tively performed in creating single outputs and the intellectual
property right of the material contains multiple authors’ contribu-
tion. A system to automatically generate the record of authorship
(who made which work) and contribution distribution (authorship
share in the material) that supports reuse of a material is required.

Blockchain technology has been proposed that can record col-
laboration history [14] because it sets participants to commit to
a smart contact and stores the transactions in a ledger shared by
the participants. Blockchain also has the advantages of provid-
ing a higher security, transparency, immutability of a record with
decentralized management. The “smart contract” of blockchain
is triggered by an event or participant’s enquiry via prespecified
computer protocol [14] with predefined parties who can join the
network to read and transfer data. It also has a network consensus
to support decentralized management of the ledger. The consen-
sus ensures all blockchains in the network are legitimate and sup-
ports the existence of multiple copies in the network so no single
party can manipulate the record [22]. Many blockchain-based ap-
plications that act as public ledgers have been proposed, namely
for medical records, logistics and Internet of Things as well as
for academic publications [22]. Yet no consideration was made
of collaboration that combines existing educational resources into
one teaching material like our work.
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There are research efforts on using blockchain systems in the
context of education collaboration. For supporting academic
publication collaboration, research has focused on collabora-
tion for creating individual academic publications. These sys-
tems preserve participant activities to acknowledge the contri-
bution of each party [7], [8], [9], [10], [20], [24]. Eureka[7]
is a blockchain-based public network for cooperation publica-
tion. It has incentive sharing scheme that enables authors, refer-
enced/linked author, editors, data providers and reviewers to re-
ceive the economic reward with digital token “EKA”. Orvium [9]
is an open source blockchain platform to manage and support col-
laboration in science publications. The system allows researchers
to share their work as well as to create open access journals.
The system provides a public transparent trace of all the activ-
ities pertaining to a research paper from first submission, revi-
sions, accepted or rejected peer reviews, copyright and user li-
cense changes. Mohd Pozi et al. considered collaborative writing
of scientific publications and preserving editing history in a block
which can then be used for contribution calculation [10].

Guo et al. [17] proposed a blockchain-based digital rights man-
agement system for recording digital rights of educational re-
sources. Yet each editing history is limited to 1024 characters
which cannot support a creation of large documents with fig-
ures. ScienceRoot [24] focused on a blockchain-enabled scien-
tific ecosystem which tokenized the research process; it views
itself as a science research marketplace that supports grant fund-
ing, publishing, and scientific collaboration. Marjit et al. [25] in-
troduced a solution with IPFS to support the OER to resolve the
high cost of centralized storage of these resources in blockchain.
In addition, other smart contracts have used in this research field
for controlling access to teaching material [24], [28]. Yet none
of these works provide multiple authorship recording functions
when combining existing educational resources into one teaching
material and our proposed system provides an alternative solu-
tion.

6. Conclusion

We consider the collaborative effort possible in creating a
teaching material which reuses existing educational resources.
Open Educational Resources Organization organize a library
where teachers can donate their materials to be reused under cre-
ative commons, some resources may have copyright provisions.
We propose to use blockchain technology to support royalty shar-
ing in collaboration when using another teacher’s teaching mate-
rial. It features to store authorship of an originally created ma-
terial as well as multiple authorships when various material files
are involved in a teaching material.

We propose TMchain to support collaboration in the use of
existing TMs as well as to record attributing authorship. It is a
simple Ethereum application that stores the authorship and contri-
bution distribution information when existing resources are used
and /or referenced in creating teaching material. The security of
storing such records is supported by blockchain. We also consider
how to minimize the blockchain cost by storing material files off-
chain and utilizing the functionality of existing word processing
systems to capture edit history before finalizing the authorship
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and contribution distribution for blockchain storage. In addition,
we also propose to utilize a distributed file system on the network
to store material files. We implemented TMchain on Ethereum
Remix-IDE and used real life scenarios to demonstrate the prac-
ticality and effectiveness of TMchain.
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