
 

 
Abstract: In digital transformation, the next 
generation OERs will be more “materials”-oriented 
and in smaller granularity. They will function in 
digital ecosystems under the collaboration with 
other educational information systems and tools. 
The data transaction and analysis are carried out 
automatically through IoT (Internet of Things). The 
roles of human beings will be “consumers as end 
users” (learners) or “operation mangers” (teachers 
and mentors). The expected attributes of the 
metadata will be 1) machine readable (e.g. JSON 
and JSON-LD), 2) portable (interoperable), 3) 
secure (data encryption, anonymization, especially 
in cases that include personal data), 4) efficacious 
and evident (verification and endorsement, 
optional), 5) will contain the information of 
Academic goals and objectives with GUID (Globally 
Unique Identifier, optional) and 6) will be a subset 
of next-generation LOM with OER copyright 
permission elements. 

Index Terms: Digital Transformation, 
International Standards, Learning Object, Metadata, 
OER, Personalized Learning, Repository, Search 

1. INTRODUCTION: OER 

bout twenty years ago,  under the 
leadership of Massachusetts Institute of 

Technology (MIT) and UNESCO, OER (Open 
Educational  Resources) movement was initiated. 
At UNESCO's 2002 Forum on Open Courseware, 
OER as a term was introduced and defined as 
"teaching, learning and research materials in any 
medium, digital or otherwise, that reside in the 
public domain or have been released under an 
open license that permits no-cost access, use, 
adaptation and redistribution by others with no or 
limited restrictions. Open licensing is built within 
the existing framework of intellectual property 
rights as defined by relevant international 
conventions and respects the authorship of the 
work" [1].  After the launching, visionary pioneers 
realized the social implementations and many 
stakeholders have found the various roles and 
niches in the communities. At the 2nd World OER 
Congress in Ljubljana, Slovenia (2017), it was 
confirmed that the sustainable development and 
management, quality assurance, copyright and  
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open license and technical supports using 
advanced search systems have been the main 
issues [2]. As the contribution from technologies, 
while the storage and discovery of the OERs were 
the priority issue, the new usage of OERs was 
spotlighted in the context of digital transformation. 
In the 40th session of the General Conference of 
UNESCO (12-27 November 2019), the new 
recommendation on OERs for member countries 
will be discussed. 

2. OER REPOSITORY AND SEARCH 

At the beginning, the number of the OERs was 
very limited and the users had often difficulties to 
find the locations. One of the solutions was to 
store at central repositories or to make the link 
lists. However, as the number increased rapidly 
and some managements issues (e.g. the 
copyright permissions and version managements) 
appeared, the federated search systems sharing 
metadata and search results were introduced.  

In Japan, while NIER (National Institute for 
Educational Policy Research) had constructed 
NICER (National Information Center for 
Educational Resources) mainly for K-12 
Education, NIME (National Institute of Multimedia 
Education) started educational portal service 
mainly for higher education. In March 2005, NIME 
launched a new gateway service on Japanese 
educational content, called “NIME-glad (Gateway 
to Learning for Ability Development, [3]). In the 
same framework, NIME also started “JOCW 
Search” in October 2006 under the collaboration 
with the Japan OpenCourseWare Consortium 
(JOCW). NIME collected the information of OCW 
content from JOCW member organizations and 
generated metadata of the content, which were 
then accumulated in a metadata repository called 
a ‘referatory’. Both NICER and NIME aggregated 
the metadata based on LOM (Learning Object 
Metadata [4]). They exchanged each other 
periodically for users’ conveniences. In NIME’s 
mid-term plan of FY2004-2008, a national 
infrastructure for the sharing and distribution of 
digital learning resources was one of the strategic 
goals. While NIME had already begun several 
services before [5][6][7], NIME integrated them 
into the new “NIME-glad” system (Figure 1, at the 
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end of this article, shown in NIME Handbook by 
Yasutaka Shimizu). 

2.1 International Collaborative Framework: 
GLOBE as a Federation of Metadata 
Repositories 

As a result, numerous OERs had been 
accumulated in repositories worldwide, some 
common platforms and strategies for collecting 
information and content are indispensable in order 
to find and retrieve quality content efficiently from 
scattered and distributed sources. 

In order to facilitate the international sharing 
and exchange of high-quality learning content, the 
core organization in each country and region, 
which managed the functions for federated 
repositories and meta-referatory, established the 
“Global Learning Objects Brokered Exchange 
(GLOBE)” consortium in September 2004. The 
original members were ARIADNE (EU), 
education.au limited (Australia), eduSource 
Canada (Canada, [8]), MERLOT (North America), 
and the National Institute of Multimedia Education 
(NIME, Japan) [9]. Currently, the number of 
GLOBE members is 14; eduSource Canada was 
replaced with LORNET in February 2006, NIME 
was merged into the Open University of Japan as 
Center of ICT and Distance Education 
(OUJ-CODE) in April 2009 and education.au 
limited was merged into Education Services 
Australia in March 2010. Korea Educational 
Research and Information Services (KERIS, 
Korea), European Schoolnet (EU), the Center for 
Open Sustainable Learning, Utah State University 
(COSL, USA), and Latin-American Community of 
Learning Objects (LACLO, Latin America) joined 
GLOBE in 2007, Institute for Information Industry 
(III, Taiwan) and Institute for the Study of 
Knowledge Management in Education (ISKME, 
USA) in 2008, Thailand Cyber University Project 
under the Higher Education Commission (TCU, 
Thailand) in 2009, Inter-University Center for 
e-Learning (MEITAL, Israel), Eummena 
Organization and Al-Quds University (Arabic 
countries), and OER Africa (African countries) in 
2010. One of the GLOBE’s objectives is to assure 
the quality of the cross-institutional searches by 
sharing the metadata, which GLOBE members 
have collected. ([10]). Several GLOBE members 
are also members of OCWC and/or have deep 
commitments to other OER movements. 

2.2 Technologies for Cross-Institutional Search 

In order to realize a cross-institutional search, 
the participating institutions should share both the 
technical standards on the description and 
communication and the policy for sharing content 
and metadata.  

 “Federated search” is one of the cross- 
database search methodologies without sharing 

the full set of or a part of the metadata among 
database(s). For example, at the establishment in 
2004, GLOBE member organizations could not 
share the full metadata set with others because 
they were not always the copyright holder of the 
metadata. GLOBE adopted a federated search 
architecture and connected in “one-to-one 
correspondence” fashion using Simple Query 
Interface (SQI, cf. [11]) as the query language.  

“Metadata harvesting” is a means of collecting 
metadata from multiple repositories and the Open 
Archives Initiative Protocol for Metadata  
Harvesting (OAI-PMH, cf. [12], 2002) provided an 

Table 1 Metadata elements used in “JOCW Search” 
No. Metadata elements Corresponding element 

to IEEE 1484.12.1-2002 
1. ID of the metadata 3.1 Meta-Metadata - 

Identifier 
2. ID of the LO1 1.1 General - Identifier 
3. Title 1.2 General - Title 
4. Language(s) used 

within the LO 
1.3 General - Language 

5. Description 1.4 General - Description 
6. Keyword(s) 1.5 General - Keyword 
7. Aggregation level 1.8 General - 

Aggregation Level 
8. Contributor to the 

LO 
2.3 Life Cycle - 
Contribute 

9. Language of the 
metadata 

3.4 Meta-Metadata - 
Language 

10. MIME media types 
of the LO 

4.1 Technical - Format 

11. URL 4.3 Technical - Location 
12. Technical 

requirements to use 
the LO 

4.4 Technical - 
Requirement 

13. Educational stages2 5.6 Educational - Context 
14. Intended learning 

time 
5.9 Educational - Typical 
Learning Time 

15. Intended user of the 
LO 

5.10 Educational - 
Description 

16. Paid-for or free 6.1 Rights - Cost 
17. Restriction of usage 6.3 Rights - Description 
18. Classification3 9. Classification 
19. Copyright4 - 
20. Quality5 - 
21. Permission to 

Harvesting 
- (for GLOBE 

Harvesting) 
22. Permission to 

Federated Search 
- (for GLOBE Federated 

search) 
LO: Learning Object, Gray-colored cells show 
GLOBE Mandatory fields; Italic cells show GLOBE 
Recommended fields. 
Note: 1) ID of the LO is generated automatically as 
Catalog is “URL”. Entry is the actual URL. 2) 
Educational stages have unique value space matched to 
Japanese educational system. 3) Classification shows 
the taxonomy system and its value(s). 4) Copyright 
shows the right management system and its value(s). 5) 
Quality shows the quality assurance system and its 
value(s). 



 

application-independent interoperability.  

The globally accepted metadata standards in 
educational field were IEEE LOM (Learning 
Object Metadata, cf. [4]) and Dublin Core (DC, cf. 
http://dublincore.org/). The metadata standard of 
GLOBE was Learning Object Metadata (LOM) 
version 1.0 (Table 1). 

With the dissemination of OER concept, it was 
considered that the metadata of both open and 
proprietary content should be free and open to the 
public. As a result, metadata harvesting spread for 
the sharing and reuse. 

2.3 Limitation of GLOBE and Advent of xMOOCs 

After the advent of xMOOCs in 2012 (in North 
America; in 2013 in Japan), the presence of OER 
repositories were unobtrusive temporarily and the 
purposes and roles were reexamined.  

In Japan, after the abolishment of NIME, the 
metadata of OERs at universities were managed 
at each institutional repository and are shared 
through JAIRO Cloud which were operated by 
National Institute of Informatics (NII) [13]. The 
issues at that time were 1) the cost of tagging 
metadata and 2) difficulties of the new 
value-added services utilizing a variety of 
metadata information. The balance between the 
cost and the quality of information was not 
maintained in sustainable way. In 2013, while the 
author started a new repository project focusing 
on materials-oriented content mainly for teachers 
and course developers (called “Materials 
repository”, [14][15]), it was not realized in the 
community because technologies had not 
matured sufficiently for it. Thereafter, GLOBE 
entered a long silent period until today (Table 2). 

3. OERS IN DIGITAL TRANSFORMATION 

In recent years, the governments in the world 
announced the new framework of industries (e.g. 
“Industries 4.0” in Germany, “Made in China 
2025”) and societies (e.g. “Society 5.0” in Japan). 

“Society 5.0” (Japanese Cabinet Office, [16]) 
showed not only the future of industries and 
factories but that of human societies. In Society 
5.0, the roles of ICTs (Information and 
Communication Technologies) are expected to 
change from the methods of digitization to the 
drivers of digital transformation (DX). 

In “Society 4.0”, the relationship of granularity of 
the learning content and reusability was as 
follows: 

 “Top-down” usage: The copyright holder opens 
the content in large-granular size, such as 
courseware and textbooks, with the 
permission to break down the parts 
(“materials) and reuse. 

 “Bottom-up” usage: The copyright holder opens 
the content in small-granular size, such as 
images, short concept movies, tables and 
figures, simulation and so on. Generally, 
learners as end-users use the content as a 
finished product without reedit by themselves 
(“Top-down” usage). Teachers and course 
providers need small-granular materials in 
order to appeal the originality even if the parts 
and materials belong to others. 

Learning environments and processes will 
change drastically. EDUCAUSE and IMS Global 
Learning Consortium launched Next Generation 
Digital Learning Environments (NGDLE) in 2014 
[17][18]. Five characteristics of NGDLE were; The 
fair and personalized (i.e. individually optimized) 
learning process was included as a goal. Each 
courseware as a phenotype of the standard 
curriculum will be specific and original in each 
personal context, while each component and 
module of the courseware should be sharable for 
the sustainable development. In addition to 
 

 



 

 
other in more interoperable ways and exchange 
and share data in more standardized fashions. 
Innovative tools and services which utilize such 
imported and linked data will induce new 
stakeholders and value-added activities. 

When conventional online course (that is, 
SPOC) providers or MOOC providers construct a 
fair and personalized (individually optimized) 
learning process in sustainable fashion, digital 
ecosystem of tools and content materials is 
indispensable. The prerequisite of the digital 
ecosystem is interoperability, and IMS technical 
standard is a set of the agreements for 
interoperability among stakeholders in 
educational fields. 

In these five years, IMS technical standards 
were drastically changed ([19]) and they got 
potentials to realize a fair and personalized 
(individually optimized) learning process. With 
developing of the optimization algorithm, the 
standardizations of both learner record and 
learning pathway are also discussed.  

4. REQUIREMENTS IN NEXT GENERATION OER 

METADATA 

If online courses, whether open or private, 
change to be personalized, the content to be 
shared will be “materials”-oriented. Comparing 
with finished and fixed courseware or textbooks, 
the number of contents will become bigger and 
some automatic generation is inevitable. If each 
learning process should be optimized, it is 
necessary to identify the goal of the learning 
process and the context (location at the curriculum 
or learner’s personal history) in more minute 
fashion. Considering cross-institutional and 
cross-border distribution, it is preferable to 
describe issues in some standard curriculum and 
personal record (fine structure). As the evidences 
on the effects will be experiential, some data 
collecting and storing mechanism is also 
necessary for the quality assurance of metadata. 
Although it is a content management system 
(CMS), the records of the usage should be also 
necessary. At Initial OER repositories, it was 
examined that human users can tag (social 
tagging) and it was known as folksonomy 
approach. In DX, CMS may automatically retrieve 
the evidences on outcomes from log-data at LMS 
and LRS. The blockchain technologies to store the 
learner record in distributed fashions is another 
option to utilize personal data under data subject’s 
control. 

To sum up, expected attributes of next 
generation OER metadata are as follows: 

1. Machine readable (e.g. JSON and JSON-LD) 
2. Portability (i.e. Interoperability) 
3. Security (data encryption, anonymization, 

especially in cases which include personal 
data) 

4. Academic goals and objectives with GUID 
(optional) 

5. Efficacy and the evidence (verification and 
endorsement, optional) 

6. Subset of next-generation LOM with OER 
copyright permission elements 

5. CONCLUSION; NEXT GENERATION OER 

REPOSITORIES 

In the midst of Digital Transformation (DX), 
OER repositories will also evolve. One of the 
purposes of Next Generation Digital Learning 
Environment (NGDLE) and the followers (that is, 
N2GDLE, “Next Next Generation Digital Learning 
Environment”, [20]) is “personalized learning”. 
What is shared is materials, that is, modules and 
components of courseware and e-books as 
original meaning of Learning Objects. OERs will 
be managed in smaller granular level and the 
main users will be not only human learners and 
teachers but, also, AI (Artificial Intelligence), that 
is, machines. Next Generation OER repository will 
be one of the tools in digital ecosystem, in which 
tools exchange data in a standardized fashion 
(e.g. RESTful API). In order to find and retrieve the 
right content in each environment and context, the 
next generation metadata in OER repositories will 
include the metadata elements on academic 
information using GUID in addition to conventional 
keywords. Also, OER repositories will have 
functions to store records of usages and 
outcomes. The records will be sorted by content in 
LRS or collected from learning platforms directly. 
As the records include some personal data, when 
sending them back to CMS (OER repositories), 
anonymization is indispensable under the 
regulations in each country and region (such as 
FERPA (Family Educational Rights and Privacy 
Act) in USA and GDPR (General Data Protection 
Regulation, enacted in 25 May 2018) in EU). 

 The elements of data transaction are as 
follows: 

1. Use identification 
2. Sending query 
3. Return search results (list or material) 
4. Return outcome results or issue a badge 
5. Reflect the outcomes into the metadata 

database 

While IMS technical standards are effective to 
realize these transactions, it is still necessary to 
develop or revise standards. 

The next generation OERs will be more 
“materials”-oriented and in smaller granularity. 
They will function in digital ecosystems under the 
collaboration with other educational information 
systems and tools. Data transactions and analysis 
will be carried out automatically through IoT 



 

(Internet of Things). The roles of human beings 
will be “consumers as end users” (learners) or 
“operation mangers” (teachers and mentors).  In 
10 years break of GLOBE, technologies and 
standardization have progressed. Toward 
personalized learning as a final goal, the 
restructuring the metadata standard (LOM 2.0) 
and international collaboration of repositories 
(GLOBE 2.0) is expected. 
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Figure 1 The concept of “NIME-glad (Gateway to Learning for Ability Development)”  
(from NIME handbook, by Shimizu, Y.) 
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