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ABSTRACT The advent of blockchain technology over the last decade has led to the development ofmultiple
use-cases of decentralization in various fields including education. This paper presents a unique bibliometric
and qualitative analysis of the blockchain in education with novel contributions on temporal development,
emerging themes and practical case studies on adoption and integration with existing educational technolo-
gies. We focus on identifying the major actors in the space, demographic participation and adoption, current
hot topics, grey areas, and potential areas for innovation. Our analysis shows that while the blockchain has
been around for about 13 years, blockchain in education only became prominent 5 years ago. This research
also reveals that most of the efforts have been focused on reporting and verifying academic certificates and
transcripts: only very few research focused on reporting and connecting in-depth academic records such as
learning behaviour logs, learning contents and assessment data. This calls for concern as current education
blockchain systems do not consider interoperability at the blockchain level and the heterogeneous nature
in which institutes create and consume academic data. Finally, we present discussions on the implications
of our findings, potential solutions and aspects of education blockchain research that can help to improve
educational outcomes for various stakeholders.
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INDEX TERMS Academic records, analysis, application programming interface (API), artificial intelligence
(AI), bibliometric, blockchain of learning logs (BOLL), education, experience API (xAPI), information and
communication technology (ICT), latent dirichlet allocation (LDA), learning management system (LMS),
learning record store (LRS), learning tools interoperability (LTI), quick response (QR), sharable content
object reference model (SCORM), smart ecosystem for learning and inclusion (SELI).

I. INTRODUCTION20

Blockchain technology presents a decentralized paradigm21

where two parties can transact without relying on a medi-22

ating third-party. To facilitate transactions between two par-23

ties that do not trust each other, the blockchain maintains a24

ledger that is available to both parties and the authenticity25

The associate editor coordinating the review of this manuscript and

approving it for publication was Meriel Huggard .

of the ledger is guaranteed through a consensus algorithm. 26

While there are many consensus algorithms as reported 27

in [1], the main functions of a consensus algorithm are: to 28

ensure that ledger entries are consistent, verify an actor can 29

write or modify them and prevent its compromise. These 30

features among others have made blockchain technology 31

very attractive to many fields such as finance [2], supply 32

chain [3], internet of things [4], [5], healthcare [6] and 33

education [7]. 34
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FIGURE 1. Preventing double-spending on the blockchain.

One of the strong arguments for blockchain in finance is35

how it solves and prevents the double-spending problem [8].36

In Fig. 1, we demonstrate how the blockchain prevents a37

buyer from spending the same coin when transacting with38

two different sellers A and B. When the buyer spends the39

same coin, both sellers receive it and try to add the block con-40

taining that transaction to the ledger. However, the consensus41

mechanism ensures that only one instance of this coin is42

spent on the network by retaining the longest chain of blocks43

after approval at seller A. Thus, the block which contains44

double-spending of the same coin as seen from seller B is45

abandoned and the transaction is invalidated. The double-46

spending problem usually makes the role of the third party47

in financial transactions more visible and gives further credi-48

bility to how the blockchain takes on this responsibility. How-49

ever, it is difficult to picture the double-spending problem in50

other fields that use blockchain technology such as education.51

In recent times, technological innovations have played a key52

role in redefining education [9]. From e-learning systems to53

data-driven methods, various schools have sought ways to54

use technology to solve problems such as content delivery55

and reach, recommendation, early intervention, assessments,56

credentials issuing, and verification.57

Different institutes often adopt different technologies to58

manage academic records and issue credentials. This het-59

erogeneity of systems across schools makes it difficult for60

students to import their learning data from one school to61

another in a tamper-proof and protected environment. Also,62

instant verification of academic credentials becomes more63

complicated as each credential must be validated against a set64

of rules defined by each school through the specific interfaces65

provided by such schools or the consortium they belong to.66

Consequently, it becomes desirable to solve these problems:67

how can schools easily connect and exchange information68

with little or no change to internal technology setup while69

maintaining trust and tamper-proof records management?70

This is one scenario where the blockchain fits as a solution in71

education. Other aspects of education that blockchain brings72

some innovation to include academic research, reputation,73

e-portfolio, and intellectual property [10], [11], connecting74

lifelong learning and learning analytics platforms [7], [12],75

[13], credits, credentials, and certificates [14], [15]. These76

reasons have led to the development of various technologies,77

frameworks and proposals on how the blockchain can be used78

in education. Specifically, this work focuses on providing79

answers to the following research questions:80

RQ1. What is the growth and thematic evolution of research81

on blockchain in education?82

RQ2. What are the rules and methods of implementing 83

blockchain in education? 84

RQ3. What are the learning tools and technical changes 85

associated with the adoption of blockchain in 86

education? 87

The goal of this paper is to conduct a systematic review, 88

collect and analyze peer-reviewed research article meta- 89

data and abstracts indexed in Scopus and Web of Science 90

databases and in which blockchain is used to improve edu- 91

cation services. Different from previous work, this paper 92

also presents practical case studies on how the blockchain 93

technology has been adopted to improve learning success 94

by using the technology to engender inclusivity, drive digital 95

storytelling, enable personalization, connect lifelong learning 96

data and foster privacy control by data owners. The lack of 97

existing literature on a systematic study of how the emerging 98

blockchain technology is being used in education, what key 99

changes are required, possible impacts and challenges make 100

this work a key necessity. Particularly, this paper makes the 101

following novel contributions: 102

• Present an overview of the temporal development and 103

growth of the field of blockchain technology and its 104

application in education. 105

• Critical evaluation of the current progress and limita- 106

tions of blockchain in education. 107

• Practical studies on how blockchain can be used with 108

existing educational technologies and/or as a standalone 109

new educational technology. 110

• Reveal prevailing challenges that have hindered the 111

overall use and impact of blockchain in education. 112

This study is presented in the following order and as 113

shown in Figure 2: Section II presents some related work, 114

their limitations and our unique contributions. Section III 115

details the methodology adopted in this research including 116

the justification for the chosen method of a systematic review 117

and the processes for data collection and analysis. The results 118

from the data analysis, discussions on various sub-themes and 119

practical case studies are presented in Section IV. Finally, 120

we present discussions on key implications of the findings 121

from this work in Section V and recommend potential direc- 122

tions for future work. 123

II. RELATED WORK 124

Many excellent literature reviews on blockchain in education 125

such as [10], [11], [16], [17], [18], [19] have revealed the 126

various body of work that are solving some key problems 127

in education through the blockchain. [10] presented a report 128

on the concept of blockchain and how it can be applied in 129

the education sector. However, their report focused mainly 130

on the use of the blockchain to report academic certificates 131

and accreditation information and was conducted when most 132

works on blockchain in education were proposals without 133

concrete implementations. Similarly, [16], [18] conducted 134

an exploratory review on the use of blockchain in educa- 135

tion, reported a few emerging works and discussed potential 136
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FIGURE 2. Review structure.

use cases. In this paper, we conduct a specific review on137

how these potential use cases have been implemented and138

adopted in education. [17] conducted a systematic review on139

blockchain-based educational applications. While this work140

is closely similar to our focus, [17] limited their focus to141

identifying education blockchain applications, their benefits142

and challenges: failing to reveal thematic areas driving the143

adoption of blockchain in education, how such technologies144

are integrated with existing learning tools and implications145

for the field of education technology research.146

This paper presents a different viewpoint: a quantita-147

tive, and qualitative bibliometric analysis of the research on148

blockchain in education with practical case studies that can149

guide future adoption. The result from this analysis provides150

useful information on milestone articles, key authors, differ-151

ences across countries, bibliometric trends, hot topics and152

emerging areas. The qualitative analysis is done by review-153

ing 47 selected articles which addressed specific aspects of154

education blockchain research (milestone articles) and have155

continued to inspire other efforts. The results show a common156

trend of blockchain in education being more focused on157

credentials. It also reveals that despite the lopsided focus on158

reporting and verifying academic credentials, standardization159

is still a problem and it is rarely discussed in most studies on160

blockchain in education.161

III. METHODOLOGY162

To answer RQ1, we adopted the scientific method of bib-163

liometric analysis [20] which has been acknowledged as164

a useful tool for understanding a research field’s tempo-165

ral evolution across disciplines without subjective bias [21],166

[22]. This technique has been applied by scholars across167

different domains including finance [23], [24], [25], supply168

chain [26], big data [27], [28], and education [29], [30] to169

analyse a research area, identify thematic boundaries, lead170

authors and possible directions for future research. Conse-171

quently, our study uses the bibliometric technique to under-172

stand how various research on the application of blockchain173

in education have evolved. The bibliometric analysis is con-174

ducted using bibliographic coupling, co-occurrence relations,175

thematic evolution, and network (author, countries and net- 176

work) analysis. 177

To answer RQ2 and RQ3, it is necessary to carefully and 178

correctly select candidate papers that can provide answers to 179

technologies, changes andmethods requiredwhen integrating 180

blockchain with existing learning tools. The task of indexing 181

unstructured data or documents such as research papers with 182

varying formats is non-trivial given a large number of papers. 183

Thus we employed the topic modeling approach of document 184

indexing by Latent Dirichlet Allocation (LDA) [31] which 185

has been found useful and effective in previous work [32], 186

[33]. To decide terms for topic modeling, we curated a list 187

of key terms that are expected to be found in papers that 188

would provide answers to RQ2 and RQ3 which include: 189

‘‘technology. implementation. system. application. tool. app. 190

server. software. program. smart contract. rules. permission. 191

privacy. access. security. validate. verify. credentials. certifi- 192

cates. transcripts. diploma‘‘. It is important to also mention 193

that the chances of missing relevant papers that do not use 194

these exact terms are very low as LDA provides a suitable 195

algorithm to detect the occurrence of key terms [34]. 196

The data collection for this study was conducted from 197

two main databases, namely, the Scopus and Web of Sci- 198

ence which includes papers from top venues such as IEEE 199

conferences and journals, and ACM conferences and jour- 200

nals. To reduce the risk of missing relevant studies, we also 201

used the backward and forward snowballing technique for 202

each paper selected from these two databases. The backward 203

snowballing was carried out by examining the reference list 204

of the primary selections while the forward snowballing was 205

conducted by reviewing other papers that cited the primary 206

list. The choice of these two databases is based on their repu- 207

tation as scholars consider themworld-leading and competing 208

databases based on their science citation index [35], [36]. 209

Also, most bibliometric studies used Web of Science and 210

Scopus databases as their common data sources [37] and both 211

Web of Science and Scopus provide a well-structured journal 212

classification system suitable for collecting bibliometric data. 213

More so, recent data scientists are developing bibliometric 214

analysis tools that can conveniently accept data downloaded 215

from the Web of Science and Scopus databases [20], [38]. 216

A. DATA COLLECTION PROCEDURE 217

The primary article search was carried out by using selected 218

keywords. These keywords were jointly selected by the 219

authors, with criteria that were based on the frequently used 220

authors’ keywords found in most of the related articles. For 221

example, the list of keywords such as ‘‘blockchain’’ com- 222

bined with ‘‘education’’, or ‘‘lifelong learning’’ or ‘‘life-long 223

learning’’ or ‘‘digital certificate’’ or ‘‘academic record’’ or 224

‘‘e-learning’’ were used. Table 2 presents details on how 225

these keywords were combined with the use of the operators 226

(AND/OR). The table also shows the result of the number 227

of data entries returned. Notably, the search was focused on 228

the metadata of the articles: the title, abstract, and authors’ 229

keywords. 230
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TABLE 1. Search keywords and outputs from the databases.

B. DATA EXTRACTION AND PROCESSING231

The searchwas conducted in early June 2021. After collecting232

the data from these two databases, the authors used two main233

software RStudio and Biblioshiny developed by Aria and234

Cuccurullo [20]. The RStudio software is an open-source235

solution for data science analysis while Biblioshiny is a web236

tool that can be launched from the RStudio to provide a237

web interface for data visualization. Upon merging the data238

from the two sources, 37 duplicates were found and removed.239

Therefore, the total number of data utilized in this study,240

which emanated from the two data sources became 468.241

While this number of data may seem to be moderately low,242

it depicts the nature of the field, which is still emerging.243

However, the data is sufficient to provide insights into how244

blockchain in education has progressed and where it is head-245

ing in terms of adoption and technology deployment within246

the field.247

C. DATA SYNTHESIS248

A total of 468 data entries published between 2017 and249

June 12, 2021, were used in this analysis. These documents250

emerged from sources such as journals, books, conference251

proceedings, and book chapters as described in Table 2.252

In addition, the dataset consists of 1,104 authors, 117 single-253

authored papers, and 959 authors’ distinct keywords. Also,254

the data entries collected only had a time attribute of pub-255

lication year and our trend analysis have been conducted in256

yearly time spans.257

D. CONTENT ANALYSIS FOR CASE STUDY258

To provide answers to RQ2 and RQ3 which addresses edu-259

cation blockchain infrastructure, technologies and methods,260

we conducted a content analysis on all the 468 records. First,261

we excluded 5 entries with missing abstracts and performed262

topic modelling with the abstract data using LDA as used263

TABLE 2. Main information about the dataset used in the bibliometric
analysis.

FIGURE 3. Coherence score vs number of topics.

in some previous studies [39], [40]. To obtain the optimal 264

number of topics to classify the abstract data, we calculated 265

the topic coherence score [41] for various models while 266

changing the number of topics: starting at 2 topics to 50 topics 267

in steps of 6. We then plotted the topic coherence score of 268

eachmodel against the number of topics. The optimal number 269

of topics would be that of the model which had the highest 270

coherence score just before the line flattened out. In our 271

analysis and plot shown in Fig. 3, the optimal number of 272

topics is 14 with a coherence score of 74%. We then created 273

these keywords that represent concepts that can answer RQ2 274

and RQ3: ‘‘technology. implementation. system. application. 275

tool. app. server. software. program. smart contract. rules. 276

permission. privacy. access. security. validate. verify. creden- 277

tials. certificates. transcripts. diploma’’. 278

The LDA model was then used to determine the topic that 279

best fit the terms in RQ2, RQ3 and their associated abstracts. 280
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212 papers matched similar topics as RQ2 and RQ3 but to281

eliminate papers with weak topic scores, we set a topic match282

threshold of 0.4 and above. Only 79 documents matched this283

condition. Finally, we excluded review papers and papers that284

were published in venues with an H-index of less than 15285

(except 5 papers from emerging publications on blockchain in286

education). A total of 44 papers were selected for a full paper287

read. These papers were queried to answer questions such as:288

Does a working solution exists?What learning tools are being289

used with the blockchain? What changes are being made to290

these tools to accommodate the blockchain? Are additional291

tools required to enable blockchain systems? what limitations292

exist with such modifications and tools? How does the work293

enable the connection and exchange of data across schools?294

what key technologies are used for such exchange on the295

blockchain? Are changes required to existing infrastructure296

and to what extent?What rules on the blockchain govern such297

communication and exchange of data?298

Thus, LDA was useful in discovering papers on similar299

topics related to RQ2 and RQ3, selecting only papers whose300

topic match score is above a set threshold (≥40%). Our301

content analysis involved a full paper read of these selected302

works. This led to the discovery of two blockchain implemen-303

tations that can answer RQ2 and RQ3. We present these case304

studies and how they address RQ2 and RQ3 in Section IV-B.305

IV. RESULTS AND DISCUSSION306

This section is dedicated to the findings that address the307

research questions considered in this study. We begin by308

presenting the quantitative bibliometric aspect of the result309

followed by the content analysis.310

A. GROWTH AND TRENDS OF BLOCKCHAIN IN311

EDUCATION RESEARCH312

This section provides answers to RQ1 which examines the313

growth and trends of research on blockchain in educa-314

tion including an analysis of thematic evolution, publication315

sources, keywords, authors and countries.316

1) THEMATIC EVOLUTION317

Our findings show that between 2016 and 2018, there was no318

significant growth in terms of the integration of blockchain319

with educational technologies. As shown in Fig. 4, the two320

main terms - ‘‘blockchain based’’ and ‘‘educational tech-321

nology’’ were independently established fields. While this322

period witnessed a scholarly discussion about the conceptu-323

alization of integrating blockchain in education, online edu-324

cation had already created a niche.325

On the other hand, the evolution of blockchain in edu-326

cation between 2019 and 2021 revealed a slightly signifi-327

cant growth as Fig. 5 shows an overlap between the two328

fields ‘‘blockchain-based data’’ and ‘‘blockchain education’’.329

In addition, it was shown that during this period, one of the330

core use of blockchain in education was for certification and331

certificate distribution. By 2020, the use of blockchain in332

education seemed to have grown such that the term ‘‘smart333

TABLE 3. Most relevant publication sources.

application’’ emerged. One could argue that blockchain tech- 334

nology is one of the smart applications, state-of-the-art edu- 335

cation systems powered through secure authentication. 336

Another noticeable evolution of blockchain in education 337

between 2019 and 2021 is the appearance of sub-themes 338

such as ‘‘future blockchain’’, ‘‘commercial’’, and ‘‘cloud 339

developing’’, in the niche component of the thematic graph 340

as shown in Fig. 4. While earlier years showed ‘‘online’’ as 341

the only established niche theme, recent years showed more 342

themes with cloud development as one of the technologies 343

driving the integration of blockchain in education. Although 344

blockchain in education is still maturing, it can be deduced 345

that emerging themes such as ‘‘quality service’’, ‘‘authentica- 346

tion secure’’, and ‘‘chain model’’ can contribute to building 347

the trust required for educational administrators and other 348

stakeholders to fully embrace the integration of blockchain 349

technology. 350

2) PUBLICATION SOURCES ANALYSIS 351

The analysis of publication sources is shown in Table 3, 352

which revealed that ‘‘Advances in Intelligent Systems and 353

Computing’’ tops the list of 20 most widely used publication 354

outlets for research on blockchain in education with a total of 355

36 articles that were already published by mid-2021. 356

The Advances in Intelligent Systems and Computing jour- 357

nal which is dedicated to publishing articles that are focused 358

on foundational ‘‘theory, design methods, and applications 359

of intelligent systems’’ may have gained relevance for pub- 360

lishing blockchain in education articles since blockchain 361

integration in education requires technical design method. 362

Next among widely used publication sources is the ‘‘ACM 363

International Conference Proceeding Series’’ with a total 364

of 32 articles already published in mid-2021. This publica- 365

tion outlet publishes proceedings from several conferences 366

focused on computer science and engineering field. Further, 367
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FIGURE 4. Thematic evolution 2016 - 2018.

FIGURE 5. Thematic evolution 2019 - 2021.

it was revealed that Lecture Notes in Computer Science,368

Communications in Computer and Information Science, and369

Journal of Physics: Conferences Series were among the top370

20 sources with publication counts of 13, 12, and 9, respec-371

tively. One important thing to note here is that the publication372

sources are not core education research publication venues.373

From the analysis, one observed that most of the sources are374

publishing articles within the scope of computer science and375

information system while the only publication source with376

the flavour of education is the ‘‘E-learning and Software for377

Education Conference’’. While the reason for this finding378

remains unclear, it can form a research topic for scholarly 379

discussion. 380

3) KEYWORD ANALYSIS 381

The foundational keywords for this quantitative study 382

remain the dominant ones. For example, keywords such as 383

‘‘blockchain’’ occurred 222 times in the data set, whereas 384

‘‘engineering education’’, ‘‘students’’, and ‘‘higher educa- 385

tion’’ appeared 50, 40, and 33 times, respectively as shown 386

in Table 4. Aside from keywords that are related to platforms 387

driving blockchain in education - ‘‘e-learning’’, ‘‘education’’, 388
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FIGURE 6. Keywords network analysis.

‘‘informationmanagement’’, and ‘‘internet of things’’ leading389

with 25 occurrences each, other core terms that delineate390

the relevance of blockchain in education were found. For391

example, terms such as digital certificate (n=24), artificial392

intelligence (n=22), educational computing (n=20), digital393

storage (n=18), and authentication (n=17) were among the394

top 20 keywords found in articles on blockchain in education.395

In addition, the keyword analysis presented in Fig. 6 revealed396

that blockchain in education is closely linked to big data, data397

models, and computational modeling, which are key elements398

of blockchain implementation.399

Fig. 7 revealed several clusters that depict the characteris-400

tics of the application of blockchain technology. For example,401

we can see the connection between blockchain and decen-402

tralization, certificate contract, verification, trust, validity,403

accountability, ubiquitous, etc. In addition, Fig. 8 provides404

more detailed information on the authors’ keywords analy-405

sis between 2019 to 2021. Blockchain being at the center406

of the keywords is connected to business, finance, admin-407

istration, and multimedia. However, more keywords linked408

to education can be seen in the period under consideration409

TABLE 4. Keywords analysis - most relevant words.

compared to the previous years. For example, keywords such 410

as students diploma, certificate, grading, and courses only 411
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FIGURE 7. Keyword network analysis 2016 - 2018.

FIGURE 8. Keyword network analysis 2019 - 2021.

emerged recently. This finding depicts that blockchain adop-412

tion in education is gaining ground in recent times, but, its413

application in other domains such as finance and commerce 414

is still dominant. 415
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FIGURE 9. Author’s citation.

4) AUTHOR ANALYSIS416

The authors’ analysis aims to investigate scholars promoting417

blockchain in education by publishing scientific articles. The418

analysis between 2016 to 2021 in Fig. 9 revealed the top419

20 authors with the most citations with Aini Q. ranking420

first. Aini’s first paper on blockchain in education entitled421

‘‘Design framework on tertiary education system in Indonesia422

using blockchain technology’’ was published at a conference423

proceeding in 2019. Afterwards, this author published sev-424

eral papers in 2020 and some were hopefully prepared for425

publication in 2021 when the data was collected. The author426

with a long history of contribution is Domingue J. whose427

first publication appeared in 2016 followed by 2019 and428

2020, respectively. Other prolific scholars found in the top429

20 authors are listed in Fig. 9, showcasing the number of430

articles and their history of publication per year.431

Regarding authors’ collaboration network, Fig. 10 shows432

the visualization of collaborative networks existing between433

authors. The result revealed two kinds of networks: (1) a434

network of collaborators where each author within the net-435

work establishes equal link and weight, and (2) a network436

where an author dominates and influences other collabora-437

tors. An example of the first case is the network between438

Fernando E., Prabowo H., Surjandy S., Cassandra C., and439

Chandra Y. Similarly, Ogata H., Flanagan B., Oyelere S.,440

and Ocheja P. also exhibited the kind of network with equal441

weight. On the other hand, both Wang J. and Wang Y.442

exhibited a collaboration network of type (2) and influenced 443

other researchers in their network as shown in Fig. 10. This 444

shows that scholars try to address certain educational prob- 445

lems by bringing together different expertise in blockchain 446

and education, however, the collaboration effort is still 447

minimal. 448

5) COUNTRY ANALYSIS 449

This study further investigated contributions made by coun- 450

tries and institutions in advancing blockchain in education. 451

While Fig. 11 shows top 30 countries advancing research 452

on blockchain in education based on the number of articles 453

published, Fig. 12 presents the top 20 countries’ impact based 454

on their citation counts. It can be seen that China is leading 455

in terms of article production whereas the USA ranks first 456

in the citation count implying that articles from the USA put 457

together have more impact than those from China. Also, it is 458

interesting to see that Slovenia whose number of publications 459

is very small and came 28th out of the 30 top countries 460

gained huge citations (n=155), and came 3rd among the top 461

20 countries after Spain based on citation analysis as shown 462

in Fig. 12. It is worthy of note that only Slovenia and India 463

have published articles with multiple countries publication 464

(MCP) status. In addition, the result also shows that countries 465

such as Mexico, New Zealand, Pakistan, and Singapore that 466

could not feature among the top 20 countries in terms of 467

the number of articles, received citations that qualified them 468
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FIGURE 10. Author’s collaboration network.

to belong to the 20 most cited countries on blockchain in469

education.470

The result of the most relevant affiliations presented in471

Table 5 shows that the University of Raharja in Indonesia472

tops the list. This university is widely known for its recent473

study on seeking how to transform the educational landscape474

with blockchain technology championed by scholars such as475

Qurotul Aini and other colleagues. Other affiliations visible476

in the analysis include Beijing Normal University in China,477

Kyoto University in Japan, Bina Nusantara University in478

Indonesia, and Kennesaw State University in the USA. From479

Europe, the University of Barcelona in Spain is one of the480

learning affiliations.481

B. CASE STUDY IMPLEMENTATIONS482

The results from our content analysis carried out by a full483

paper read revealed that very few papers could provide484

answers to some of the research questions. For example, out485

of the 44 papers selected to answer RQ2 and RQ3, only486

5 papers had a working solution, only 1 paper integrated487

with an existing LMS, and one other paper proposed a new488

LMS along with its blockchain implementation. Our analysis489

also showed that most of the research efforts on blockchain490

in education have been focused on certificates and did not491

TABLE 5. Most relevant affiliations.

necessarily require integration with existing learning tools as 492

the systems were built independently. Consequently, we con- 493

ducted a case study analysis on 2 papers to provide concrete 494

answers to the questions posed in RQ2 and RQ3. These two 495
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FIGURE 11. Most relevant countries.

FIGURE 12. Most cited countries.

papers proposed the systems: Smart Ecosystem for Learning496

and Inclusion (SELI) platform [42], [43] and the Blockchain497

of Learning Logs (BOLL) platform [7], [44]. What follows is498

a discussion of these two works and how they address RQ2499

and RQ3.500

1) INTRODUCTION OF THE CASE STUDIES501

Project 1: The SELI platform provides the teachers and502

learners with an environment that supports the different503

needs for successful learning based on an inclusive and504

constructivist model of education. SELI platform supports 505

the teacher to create online courses with the authoring tool 506

and manage the courses in the learning management system, 507

which complies with conventional instructional design prin- 508

ciples [42], [43]. For example, the teacher applies a three- 509

step process based on pedagogical principles to create a 510

course using the authoring tool. The tool provides the teacher 511

the flexibility to decide and include varieties of pedagogical 512

content that are suitable for a specific learning context and 513

received a personalized report of the student’s progress [45]. 514
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The SELI platform adopts emerging technologies such as515

blockchain (for skills and credential management) and peda-516

gogical techniques such as digital storytelling, flipped learn-517

ing and educational games to ensure individualized learning518

and instruction.519

Project 2: The Blockchain of Learning Logs (BOLL)520

project is focused on developing connected lifelong learning521

logs on the blockchain [7], [13], [46], [47]. In the initial spec-522

ification, Ocheja et al. [13] proposed the BOLL framework523

as a blockchain platform for connecting the learning logs of524

students when they change school. The primary objective of525

the framework is to solve the cold-start problem and improve526

learning analytics for students who face numerous challenges527

when adapting to a new learning environment. The BOLL528

system has different kinds of data such as the schools a529

student has previously enrolled in, the courses taken and530

grades obtained, granular data and logs of student interactions531

on various learning tools, derived insights from data, and532

learning contents including books, slides, quizzes and their533

solutions. Students can use the BOLL system to decide who534

can access this information.535

2) LEARNING TECHNOLOGIES BEING DEPLOYED WITH THE536

BLOCKCHAIN537

The architecture of the SELI platform is based on three sup-538

porting infrastructure: blockchain, microsites and analytics.539

The SELI platform was designed and implemented from the540

scratch, it comprises of a new learning management system541

(LMS), and an authoring tool (AT). LMS as a web applica-542

tion was implemented for the automatic creation, manage-543

ment, administration, documentation, tracking, reporting, and544

delivery of learning activities, tasks and courses. Learners can545

have the ability to view, listen, and interact with the learning546

contents. The AT comprises features that support the teacher547

to implement the courses by planning the proper content and548

activities with special requirements for inclusion. It assists549

teachers to create accessible didactic materials and allows550

sharing, instruction, guidance, and feedback, according to551

standardized web content and authoring tool accessibility552

guidelines [48], [49]. The platform also has a learning ana-553

lytics supporting infrastructure comprised of a descriptive554

analytics dashboard that enables students and teachers to gain555

an understanding of learning progress.556

To answer RQ3, the BOLL project connects with tools such557

as the Moodle LMS, A digital ebook reader called BookRoll,558

Learning Locker (a learning record store), a learning analytics559

dashboard and the BOLL system. The Moodle LMS serves560

as the main entry point. When a student enrols in a course561

for the first time on the LMS, a new account is created for562

them on the blockchain. For each student account created563

on the blockchain, the blockchain address of the student,564

their student ID at the current school (Moodle ID) and their565

current school’s blockchain address are written to a smart566

contract for future reference. When a student change school,567

they can re-use their previously created account at their new568

school and link their student ID at the new school and the569

FIGURE 13. Example identity handling on BOLL.

new school’s blockchain address in the same smart contract 570

registry. For example, If Alex has enrolled in two different 571

schools on the BOLL network, the following entries in Fig. 13 572

will be created in the smart contract. While the student ID 573

may change across schools, their blockchain address (Decen- 574

tralized ID - DID) remains the same. The communication 575

interface between the LMS and the blockchain (BOLL sys- 576

tem) is implemented using Learning Tools Interoperability 577

(LTI) Application Programming Interface (API) and Secure 578

Box within the BOLL system [7]. 579

3) RULES SPECIFIED AND USED TO VALIDATE AND REPORT 580

ACADEMIC CREDENTIALS 581

The decentralized, distributed characteristics of blockchain, 582

and the opportunity to run smart contracts give it an edge to 583

be implemented in the SELI project. The Blockchain com- 584

ponent in the SELI platform aims to connect all microsites 585

in a blockchain structure so that all transactional aspects are 586

intended to be dealt with in a distributed manner, such as 587

authentication, course accreditation, and micro-certification 588

of students. SELI already has a blockchain network of four 589

nodes, located in Ecuador, Finland, Turkey andUruguay. This 590

network will allow that after the completion of a course, 591

the certificates are generated and stored as smart contracts 592

and non-monetary transactions in SELI’s private Ethereum 593

blockchain network. The SELI platform also promotes the 594

use of blockchain by supporting open communities and story- 595

telling services (SELI Digital Storytelling) as a tool for social 596

interaction. The SELI Digital Storytelling service is already 597

implemented and is under evaluation among teachers from 598

the different countries of the project [50]. SELI blockchain 599

implementation offers badges for skill and learning achieve- 600

ments. A student may receive a badge of Digital Storytelling 601

Creator in the sustainable development course. The same stu- 602

dent may also receive a badge of Digital Storytelling Creator 603

in the Information and Communication Technology (ICT) for 604

Education course. The system resolves that the student has 605

2 badges of Digital Storytelling Creator and in their profile, 606

both badges indicate details of the courses identified with 607
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different hashes and this is reachable with Quick Response608

(QR) codes.609

With respect to RQ2, the rules for validating and reporting610

academic credentials and lifelong learning logs on the BOLL611

system are encoded in the smart contracts deployed on the612

network. These rules include:613

1) Check that a school is rightly approved on the consor-614

tium blockchain to mine transactions (Proof of Author-615

ity (PoA) consensus algorithm)616

2) Check that a school is rightly approved to write or read617

records of their students and other students who have618

permitted them.619

3) Ensure that lifelong learning logs written to the620

blockchain are resulting from learning interactions621

within a learning tool (direct read from a Learning622

Record Store (LRS) to the blockchain).623

4) Verify that a student or their school has authorized624

any data copying operation by verifying the signatures625

appended to data copy requests.626

5) Ensure students’ data are rightly catalogued in their627

own smart contract by maintaining a lookup table on628

the blockchain.629

4) ENABLING INTEROPERABILITY, CONNECTING AND630

EXCHANGING INFORMATION WITHOUT CHANGE TO THE631

UNDERLYING TECHNOLOGY632

The SELI platform supports interoperability by allowing part-633

ner institutes to set up an instance of the platform on-site and634

connect to the global network. The approach to interoperabil-635

ity here is basic and institutes practically use the same SELI636

system but different instances.637

The BOLL project answers RQ3 by providing an imple-638

mentation where schools can interface their existing learning639

tools with the BOLL network by using LTI and an experience640

API (xAPI) compliant record store such as Learning Locker.641

To do this, the BOLL system has a Secure Box component642

that can be pre-configured to stream data from the LRS643

as they are being emitted from learner actions on learning644

systems, process and encode them into blockchain specific645

format before writing to the blockchain. The BOLL system646

also provide endpoints that any party on the BOLL network647

can query to retrieve the full records of all data stored on the648

blockchain. These endpoints are protected from unauthorized649

access by requiring a signed message from the record owner650

or their institute. Thus, in the BOLL project, schools can651

connect and exchange information without making many652

changes to their current technology stack. Interoperability in653

the BOLL project is fostered by its requirement that learning654

logs that are written to the blockchain use a learning data655

specification format such as xAPI, Caliper, Sharable Content656

Object Reference Model (SCORM), etc. In the pilot imple-657

mentation, the project demonstrated the use of logs in xAPI658

format [7]. Also, the use of LTI API for authentication and659

account creation procedures makes it interoperable with other660

learning tools.661

V. IMPLICATIONS OF THE FINDINGS AND CONCLUSION 662

In this section, we discuss the implications of the findings 663

from this work and how we can advance the research on 664

blockchain in education. 665

A. AN EMERGING FIELD 666

The use of blockchain in education continues to gain popular- 667

ity since its first occurrence five years ago. The analysis from 668

this research showed how the qualities of the blockchain have 669

been used to solve various challenges in education including 670

certificate issuing and verification [51], [52], credits valida- 671

tion and transfer [53], [54], [55], and connecting lifelong 672

learning [7], [56], [57]. While these efforts are notable, the 673

results from the thematic evolution analysis showed that 674

most of these use-cases have relied mainly on the transaction 675

aspects of the blockchain. For example, certificate issuing and 676

verificationmainly checks for an exact match between hashes 677

stored within a blockchain transaction. We propose that other 678

attributes such as links between transactions (as seen in [58]), 679

negotiation and consensus mechanisms, rewards and penal- 680

ties, and other behaviours of peers on a decentralized network 681

be harnessed as well. For example, it is possible to use smart 682

contracts as negotiation tools between learners and teachers 683

to ensure non-tampering and transparency of learning goals 684

and objectives. The SELI project is a good example of one of 685

the few works that provided such functionality. 686

B. A COMMUNITY FOR EDUCATION BLOCKCHAIN 687

RESEARCH 688

From the bibliometric analysis of authors and publication 689

details, we observed that most works on blockchain in edu- 690

cation have been published in venues whose core focus is 691

not education research. One of the possible reasons for this 692

could be the fact that most papers often had more techni- 693

cal aspects than empirical results relevant to teaching and 694

learning. Thus, it becomes imperative for researchers in edu- 695

cation to provide more empirical studies on the relevance 696

and usefulness of education blockchain systems. Another 697

probable cause of fewer publications in education centred 698

journals is that the discussions on blockchain in education 699

are yet to gain adequate attention in various research gath- 700

erings. The authors’ analysis also showed very few collabo- 701

rations across networks. For instance, while most education 702

conferences and journals may have special tracks or sub- 703

conferences for discussions on Artificial Intelligence (AI) in 704

education, we rarely see such special attention being given 705

to blockchain in education. Forming interest groups and talk 706

series on blockchain in education will play a crucial role 707

in advancing the community to grow and contribute more 708

research to the field. There is also a need to encourage the 709

sustainability of projects on blockchain in education through- 710

out their lifetime and ensure that the results of such projects 711

are openly available to different stakeholders. For example, 712

the scientific and technical results of the SELI project are 713

open-source. Furthermore, forward-looking initiatives such 714
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as CHAISE [59] promised to generate an open, inclusive715

blockchain-based skills administrative system, which will716

deliver appropriate education and training, and address skill717

mobility and mismatches across different sectors.718

C. INFRASTRUCTURE AND STANDARDS719

Despite the blockchain being a decentralized technology, one720

observation about most papers on blockchain in education721

is that each work proposes or deploys its own blockchain722

network separate from others. We agree that it takes a great723

deal of effort and collaboration to have multiple researchers724

and institutes come together to adopt a single system. But,725

is this not the primary reason why a decentralized network726

is preferred over centralized systems? Here, we make a case727

that education blockchain research needs to begin conver-728

sations on how to standardize blockchains within the field729

ranging from core settings to smart contracts definitions and730

deployment. There is an ongoing effort by the International731

Standards Organization (ISO) Technical Committee (TC)732

ISO/TC 307 on the standardisation of ‘‘blockchain and dis-733

tributed ledger technologies’’. The ISO/TC 307 is focused on734

addressing issues such as reference architecture, taxonomy735

and ontology, use cases, security and privacy, identity and736

smart contracts [10]. Similar initiatives that handle education-737

specific concerns are desirable for education blockchains.738

For example, the ISO/IEC JTC 1/SC 36 on information739

technology for learning, education and training – Learning740

analytics interoperability could also guide interoperability of741

blockchain in education.742

One quick gain with the availability of such standards is743

interoperability: multiple parties can easily co-exist on the744

same network, interact and exchange information with less745

challenge of difference in standards as seen in other education746

systems like the LRS. The BOLL project is one of the few747

research moving in this direction. In its implementation, the748

BOLL system delegates the job of data standards compliance749

to the LRS and only provides extendable base smart contracts750

for various kinds of log data. Also, studies have shown that751

blockchain technology can connect and interlink different752

learning experiences through different learning platforms753

and modalities [57]. However, there is no common agree-754

ment among stakeholders to implement a fully decentralized755

blockchain in education.756

D. CONCLUSION757

In this research, we conducted a bibliometric and quali-758

tative analysis of education blockchain research. Our bib-759

liometric analysis revealed the current state of the field760

including the growth of research publications and citations,761

contributions from authors and various research commu-762

nities, co-occurrence patterns and thematic evolution. This763

paper further showed that collaborations across networks and764

a community focused on blockchain in education research765

are still lacking. Our qualitative inquiry through content766

analysis showed that only a handful of papers provided a767

working solution or even integrated with a core learning768

system. Also, we found out that the use of blockchain to issue 769

and verify academic certificates has gained more attention 770

over the years compared to other use cases of blockchain 771

in education. We presented two case studies: the BOLL 772

and SELI projects that used the blockchain to address other 773

education-specific needs different from certificates as well as 774

the requirements for adopting blockchain in education. One 775

of the breakthrough points of this work is the potential to use 776

the distributed ledger technology to offer an easier transfer 777

of academic records, traceability of learning data, inclusion, 778

privacy and information security for learners. The emerging 779

research themes discovered in the thematic evolution analysis 780

allude to these types of applications. This further suggests the 781

possibility for wider adoption of blockchain in education as 782

more concerns of education stakeholders such as scalability, 783

latency and throughput are addressed. 784

E. FUTURE WORK 785

While the research on blockchain in education is still emerg- 786

ing, it is important to lay proper foundations that can guide 787

the field in the right direction. Hence, we recommend that 788

future work on blockchain in education should address key 789

issues such as the interoperability of education blockchains 790

and learning systems in general through proper standard- 791

ization. Also, it is important to continuously consider other 792

possible areas in education that can be improved by using 793

blockchain technology. Future systematic reviews can present 794

how blockchain in education is used to support students’ 795

learning goals. Also, as the field is continuously evolving, 796

periodic systematic reviews will be beneficial. 797
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