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Abstract. Digital cultural heritage is increasingly available from mem-
ory institutions. However, its integration into formal education remains
limited due to a lack of education-specific metadata and weak align-
ment with curricula. This paper addresses this gap in the Japanese con-
text, where national curricula are centrally defined but rarely linked to
digital resources. We present a Linked Open Data (LOD) infrastruc-
ture that connects curriculum standards (Course of Study), textbook
units, and digital archive content through a reusable, semantically mod-
eled framework. We contribute to implementing a scalable, curriculum-
aligned metadata foundation that supports practical educational use. We
describe the structure, vocabulary design, and implementation of the in-
frastructure, and demonstrate its utility through linked applications such
as search tools and visualizations. This work lays the groundwork for
connecting curricula with cultural resources, enabling more effective dis-
covery, reuse, and integration of archival content in educational settings.
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1 Introduction

Digital archive services are increasingly widespread as libraries, museums, archives,
and other memory institutions digitize cultural resources and make them acces-
sible online. In Japan, the government officially launched a search portal site
for digital archives called Japan Search in 2020 [1]. Users can search, discover,
and use tens of millions of materials through such services. This paper uses the
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term “digital cultural heritage” to refer broadly to digitized cultural assets held
by memory institutions, including historical documents, artworks, and artifacts.
We refer to the systems and services that collect, store, and provide access to
such resources as “digital archives.” For consistency, we use the term “digital
archives” throughout this paper to represent both the resources and their asso-
ciated systems.

The educational use of digital archives is gaining attention as a promising ap-
plication [42]. Using digitized primary sources in schools can deepen learning by
encouraging critical thinking beyond textbook information. Furthermore, mem-
ory institutions can enhance their societal role by incorporating digital archives
into educational settings. Such applications can justify digitization costs and
strengthen the role of memory institutions in digital education.

However, the use of digital archives in educational settings remains lim-
ited. Various institutions provide digital archives in a decentralized manner,
making them difficult to search, access, and use effectively. While several stud-
ies [42][33][44] have discussed strategies for incorporating digital cultural heritage
into classroom settings through lesson materials and activities, these efforts re-
main fragmented and lack a unifying infrastructure to support sustainable inte-
gration across educational contexts.

In order to enhance the educational value of digital archives, it is essential to
assign appropriate metadata and establish connections between archive materi-
als and educational content [33]. Existing metadata in digital archives is often
limited to basic content descriptions. It does not support direct links to curric-
ula, learning activities, or pedagogical goals [33]. Addressing this gap requires a
structured and interoperable framework to describe, connect, and reuse resources
in a way that aligns with educational practice.

Many projects have employed Linked Open Data (LOD) to enrich and share
metadata for digital archives [18][9][32][22][29]. However, most of these initiatives
focus on academic or general public use. Only a few target the specific needs of
the educational domain, and little attention has been paid to building reusable,
domain-specific infrastructure tailored to educational content and practices.

This study focuses on designing and implementing an LOD-based infrastruc-
ture that enables the integration of digital archives into educational contexts.
Building on tools such as Textbook LOD [3][28][27], Teaching Unit LOD, and
Course of Study LOD [2], we construct a unified data infrastructure that con-
nects learning resources and digital archive materials using LOD technologies.
Our work centers on developing a reusable and extensible platform that sup-
ports linking digital archives with educational content. We analyze the structure
of this infrastructure and demonstrate how it can serve as a bridge between
cultural heritage resources and real-world teaching practices.

Our contribution lies in designing and operationalizing a practical LOD-
based infrastructure that directly responds to the unmet needs of educators
and learners, rather than proposing a novel technical method. Through close
collaboration and discussions among the co-authors, two of whom have exten-
sive experience in educational practice, we identified core challenges such as the
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difficulty of discovering educationally relevant archive content, the lack of align-
ment with curriculum objectives, and the limited metadata provided by cultural
institutions. The proposed infrastructure addresses these through reusable, se-
mantically connected components (e.g., textbook units, curriculum items) that
support educational discovery and instructional planning. The significance of this
study lies in developing a bridging architecture that facilitates the integration
of digital archives into authentic educational contexts.

2 Related Works

2.1 Use of Digital Archives in Education

Digital archives provide broader access to primary and historical materials, of-
fering new opportunities for teaching and learning [12]. Since the 1990s, projects
like the Library of Congress’s American Memory [16, 17,20, 51, 14] have demon-
strated their educational potential.

In recent years, initiatives such as Europeana’s Teaching with Europeana pro-
gram [6], Maekawa’s local learning platform [34], and the Sx UKILAM project [41,
43] have promoted the use of archival materials in educational settings.

Despite these efforts, challenges persist. Teachers and learners struggle to
find suitable materials due to dispersed archives and insufficient metadata [12].
Moreover, the weak links between archival content and curricula hinder inte-
gration into formal education [33,15]. Efforts to address this include adding
curriculum-aligned metadata to archival resources [33, 24, 45].

Vlachou et al. [52] further highlight the need for interoperable metadata mod-
els integrating education, cultural heritage, and XR technologies, underscoring
metadata’s key role in linking digital content to learning.

To address these challenges, we have built an “education-oriented LOD infras-
tructure” that structures curriculum elements as LOD and semantically connects
them to archival materials, supporting more effective educational use.

2.2 Metadata for Education

Describing learning resources with appropriate metadata has long been stud-
ied in education and information science. Such metadata provides bibliographic
details and pedagogical attributes (e.g., age group, difficulty level, context, cur-
riculum alignment). For instance, the IEEE Learning Object Metadata (LOM)
standard [11] defines items covering learning context, user role (e.g., teacher,
student), difficulty, and age range [19]. Standards like LOM promote consis-
tent metadata attachment, improving discoverability and interoperability across
learning management systems.

To further support this, the U.S. developed the Achievement Standards Net-
work (ASN), a machine-readable RDF model of K-12 curriculum standards [46].
ASN enables the alignment of resources with learning objectives (e.g., matching
a history lesson to a WWII standard), enhancing the retrieval of standards-
based materials. Tavakoli et al. [48] show that metadata can predict the quality
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of Open Educational Resources (OERs) with high accuracy using machine learn-
ing, suggesting metadata’s utility in quality assessment as well as discovery and
alignment.

In Japan, the Ministry of Education, Culture, Sports, Science and Technology
(MEXT) provides national curriculum guidelines, the Course of Study (CoS),
and assigns 16-digit CoS codes to each learning objective [36]. These codes offer
identifiers at fine-grained levels of content.

Recent studies have explored the use of structured data in education. Abu-
Salih et al. [13] provide a literature review on knowledge graphs (KGs) in ed-
ucation, highlighting their roles in self-directed learning, analytics, curriculum
modeling, and semantic content representation. They observe a shift from static,
descriptive metadata toward dynamic, semantically enriched structures linking
learners, content, and pedagogical goals. They emphasize the growing use of
RDF-based models and ontologies for aligning resources with standards and
learner profiles. This broader trend is exemplified by international projects such
as ASN [46] and Europeana’s Teaching with Europeana [6], which demonstrate
the value of using metadata and RDF frameworks to connect educational re-
sources with curricula and cultural heritage.

This study extends that semantic approach to the Japanese context by lever-
aging the nationally standardized Course of Study (CoS) codes. These codes
provide a fine-grained, legally defined framework for describing curriculum con-
tent. We utilize them to interlink curriculum guidelines, textbook bibliographic
data, and unit-level instructional content. While existing projects often focus on
broader standards or cultural content, our approach is characterized by its fine-
grained alignment of textbook units with the CoS codes. Through this structure,
we aim to bridge formal curricula and culturally meaningful learning resources
in a reusable and interoperable way.

3 Methods

3.1 Overview

In this study, we designed and developed a LOD infrastructure to serve as a
practical bridge between curriculum standards, textbook content, and digital
archive materials. Rather than introducing new technologies or algorithms, we
focused on developing a practical and sustainable infrastructure informed by
real-world educational needs.

To this end, we adopted a layered modeling strategy that reflects the struc-
ture of the Japanese school curriculum. The platform comprises three interre-
lated datasets: the Course of Study (CoS) LOD, which formalizes government-
issued learning objectives; the Textbook LOD, which captures bibliographic
metadata of authorized textbooks; and the Teaching Unit LOD, which mod-
els chapter-level units from textbooks. These layers are linked through consis-
tent URIs and shared properties, enabling semantic traversal across curriculum
objectives, textbook content, and related teaching resources.
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The need for interoperability, extensibility, and clarity for human users and
machines guided each design choice. We adopted standard vocabularies such
as Schema.org [31] and DCMI Metadata Terms [23] to describe core metadata.
URI design followed consistent patterns based on existing identifiers, such as the
official CoS code. We used the Shapes Constraint Language (SHACL) [10] to
validate data consistency, document data shapes, and express metadata applica-
tion profiles during the development. These choices support robust interlinking
among the datasets and promote reliable reuse in educational applications.

This chapter describes the components of this educational LOD infrastruc-
ture, URI design, vocabulary design, and resource linking. We also explain how
applications can be integrated using the infrastructure.

3.2 Components and Designs of LOD infrastructure

This section outlines the components and design principles of the proposed LOD
infrastructure. This infrastructure integrates multiple education-related infor-
mation resources as LODs. It converts them into an interconnectable structure,
thereby improving the discoverability, scalability, and reusability of the data for
educational purposes.

Datasets that make up the LOD infrastructure The proposed LOD in-
frastructure is composed of the following three LOD datasets:

1. Course of Study LOD (CoS LOD)
This dataset was created by reorganizing the “Course of Study Code” [36]
provided by the Ministry of Education, Culture, Sports, Science and Tech-
nology of Japan (MEXT) in 2020 in spreadsheet format such as Excel and
extracting the structure and content of CoS established by MEXT, includ-
ing its hierarchical structure (subject — grade — objectives — content), and
creating an RDF data model. Each item is assigned a unique URI based on
the CoS Code, and hierarchical relationships and links to related content are
described using vocabulary such as Schema.org [5].

2. Textbook LOD
Based on the bibliographic information created by the Education Library at
the National Institute for Educational Policy Research for library services,
this is an RDF dataset of bibliographic information metadata. In addition to
basic bibliographic information such as the title and editor of the textbook,
this dataset contains education-specific information such as the subject, year
of textbook authorization, and year of use.

3. Teaching Unit LOD
This LOD dataset defines educational content at the unit level based on
a textbook’s chapter and section structure. The dataset is provided with
the same namespace URI and on the same site as the textbook LOD dataset
mentioned above. It is structured by linking textbook unit information listed
in the compiling prospectus for the textbooks [37] provided by the textbook
publisher at the time of screening with a CoS resource that indicates the
content to be learned in that unit.
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URI design Each LOD resource is assigned a persistent and identifiable URI
using the following structure:

1. CoS LOD: Base URI is (https://w3id.org/jp-cos/).
Individual resource URIs are expressed in the following format, with the 16-
digit CoS Code added to the base URI: https://w3id.org/jp-cos/8220263213000000
2. Textbook LOD: Base URI is (https://w3id.org/jp-textbook/).
Individual resource URIs are expressed as follows, with the school type,
examination year, textbook symbol, and textbook number connected with a
slash symbol: https://w3id.org/jp-textbook//]\27F% /2019/ #1 4> /602
3. Teaching Unit LOD: Base URI is (https://w3id.org/jp-textbook/) (same as
textbook LOD).
Individual resource URIs are expressed in the following format using a 14-
digit sequential management number: https: //w3id.org/jp-textbook/A A100000002045

Please note that our infrastructure, especially in the Textbook LOD, follows
the IRI (Internationalized Resource Identifier) specification [25] rather than be-
ing limited to ASCII-based URIs. While many LOD projects adopt ASCII-only
URIs as a conventional and convenient practice to support international use, our
design intentionally allows Japanese characters in IRIs to reflect authentic edu-
cational contexts and provide more intuitive identifiers for local users. As IRIs
natively support non-ASCII characters, this approach remains technically valid
and interoperable, while also promoting a broader view of internationalization
that embraces diverse writing systems.

Vocabulary Design In constructing the LOD infrastructure, we ensure inter-
operability with other LOD projects and external services by adopting a stan-
dard, widely used, and highly versatile vocabulary. Table 1 shows the vocabulary
used in designing the LOD infrastructure. Schema.org [5] and DCMI Metadata
Terms [23] are used to describe basic metadata and bibliographic information
of resources. At the same time, RDF Schema [21] and SHACL [10] are used to
describe and define metadata schemas. However, since standard vocabulary is
insufficient to express educational terms and concepts in the educational system,
we independently defined a new vocabulary based on the base URI of the dataset
itself.
For example, properties for concepts such as the following are relevant:

— textbook:grade: Target grade of a textbook or teaching unit.
— textbook:authorizedYear: Authorization year of a textbook.
— textbook:subject: Subject that the resource corresponds to.
— cs:cosItem: CoS item that the resource corresponds to.

— cs:sectionNumber: Section number of the description of a CoS item (e.g.,
A and (1)).

A key principle in designing a LOD infrastructure is to ensure that resources
are interconnected, not isolated. For example, we aim to create a structure that
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Table 1: List of vocabulary used in the LOD platform (excerpt)

Vocabulary
name

Main purpose/role

Examples of properties used

Schema.org [5]

Description of bibliographic infor-
mation metadata for textbooks
and units, description of hierarchi-
cal structure of curriculum items

schema:name,
schema:publisher, schema:isbn,
schema:description,
schema:isPartOf

DCMI Metadata

Description of basic resource infor-

dct:identifier, dct:source

Terms [23] mation (identifier, source, etc.)
RDF Schema Class and property definitions, de- rdfs:label, rdfs:subClassOf,
(RDFS) [21] scriptions of basic type relation- rdfs:seeAlso
ships between resources, reference
descriptions of related web pages
SHACL (Shapes Describing application profiles for sh:property, sh:path,

Constraint Lan-

LOD resources, description of con-

sh:minCount

guage) [10] straints for consistency verification
(validation)
Original (our Expression of concepts specific to textbook:grade, text-

own) vocabulary
(textbook:, cs:)

the education system, such as tar-
get grade, examination year, corre-

book:authorized Year,
cs:cosltem, cs:sectionNumber

sponding subjects, CoS items

enables searches to begin with a CoS item associated with a teaching unit in
a textbook and then to discover corresponding digital archive materials and
external teaching materials sequentially. To achieve this, we proactively add
cross-reference links (schema:isPartOf, rdfs:seeAlso, etc.) to each resource to
enhance the navigability of the LOD.

In particular, among the three LOD datasets, the CoS LOD is a hub that
connects various teaching materials and content. Figure 1 demonstrates links to
a CoS LOD resource representing standardized learning content. Not only are
links made from a teaching unit resource in a specific textbook, but also from
teaching material content of the Sx UKILAM workshop [41] and digital content
in the Tokyo Gakugei University Library Digital Collection [50]. These links are
connected using the LOD property cs:cosltem we provide. This way, not only can
unit resources within the LOD platform be linked to the CoS LOD resources, but
teaching materials and other digital content can also be linked to the CoS LOD
resources. Because these links are distributed and loosely coupled in a LOD way,
external teaching material providers can freely add links, which is advantageous.
Even if an external educational material provider does not support LOD links, if
the external content has a CoS code number in a metadata record, it is possible
to use a web API to search for it and connect content that shares the CoS code.
Figure 1 also shows links to educational video material provided by the public
broadcaster NHK [40].
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Resource for a Textbook =
textbook: /¥ /2020/EFE/701 NHK recorded
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Fig. 1: Links to a course of study item resource from the LOD datasets and from
digital archive contents and external educational materials

3.3 Designing for Data Updates and Expansion

The three LOD-based datasets originate from different information sources. CoS
guidelines have undergone revisions approximately every ten years. Each CoS
version uses a different code system, which also applies to the source data for
the CoS LOD. When creating a LOD dataset, the process treats the CoS codes
directly as LOD resources, meaning that the items in each revised version appear
as distinct LOD resources. In addition, each CoS version serves as a basic LOD
resource, linked to its corresponding items, thereby clarifying which version each
set of items belongs to.

Future revisions of the CoS will likely introduce new codes, and the corre-
sponding LOD resources will be added accordingly. Because of this structure,
updatability and scalability are not major concerns. However, a challenge arises
when aligning learning resources linked to older CoS with the latest versions.
To address this, it will be necessary to re-associate existing learning resources
with the new CoS items. Ideally, this process would involve defining explicit re-
lationships between old and new items by preparing mapping data that captures
their correspondences. Managing these relationships between different versions
will remain important for future development. Though not yet implemented,
mapping between old and new Course of Study versions is important. In Japan,
curricula are distributed without alignment annotations, complicating item-level
links. Nonetheless, partial alignment is feasible in structured subjects like sci-
ence or math. We plan to explore using SKOS [38] to support interoperable,
machine-readable mappings.

As mentioned in Section 3.2, textbook and teaching unit data are based on
two information sources, the Education Library and the MEXT. We obtain the
data and build and update the LOD dataset as soon as these information sources
are updated. However, the textbook compiling prospectus [37] provided by the
MEXT in PDF format, which is in a human-readable booklet format but not
machine-readable. As a result, updating the LOD-based dataset based on this in-
formation requires labor-intensive manual review and transcription, which puts
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a significant constraint on updateability. In our experience, mapping approx-
imately 300 textbooks required four months and cost around USD 6,000. We
advocate for curricula released in machine-readable formats (e.g., Excel, JSON)
to scale, reducing integration costs. We are engaging stakeholders (e.g., govern-
ment, publishers, educators) to discuss cost-sharing and maintenance strategies.

3.4 Approach to Data Quality Assurance

We use two validation tools to ensure the quality of the LOD infrastructure.

The first tool is an in-house script that checks for disconnected LOD re-
sources. For example, librarians at the Education Library manually transcribe
textbook property values such as subjects and grades. Although rare, transcrip-
tion errors can cause broken links between resources. The script performs isola-
tion checks to identify such issues easily.

The second is validation based on SHACL [10], which specifies constraints
on the graph shapes of LOD resources. For example, a resource of the cs:
TeachingUnit class, which represents a teaching unit, must have a schema:name
property that corresponds to the unit name, the value of the textbook:grade
property, which indicates the target grade, is a numeric expression (xsd:integer),
and a maximum of six links can be added per unit resource, and these constraints
are specified and described in SHACL. These SHACL constraint definitions fa-
cilitate the detection of errors in class assignments and property occurrences
within the dataset. We use SHACL not only for constraints but also for docu-
mentation, essentially organizing descriptions and communicating them to users
as metadata application profiles [35].

3.5 Applications

The proposed LOD platform is designed to support practical educational use
by integrating integration visualization and search applications. Informed by
collaboration with teachers, librarians, and educational content developers, we
identified three key user profiles:

Teachers and educators (E): When preparing classes, they search for exter-
nal teaching materials and resources corresponding to textbook units and
curriculum guidelines .

Educational materials developers (D): They design educational content while
ensuring alignment with CoS guidelines.

Learners (L): They search for learning materials related to specific teaching
units and topics for self-directed study.

These users require an intuitive interface that allows them to browse and
explore the relationships among the information stored in the LOD infrastructure
and related teaching materials.

We envision the following applications, each tailored to the aforementioned
user profiles.



10 M. Takaku et al.

Curriculum Visualization Tool (E, D, L): An application that visualizes
the hierarchical structure of the Course of Study (subject — grade — objec-
tives — content), allowing users to browse curriculum items and see linked
textbook units and external resources.

Federated Search Interface (E, L): A search platform that integrates mul-
tiple LOD datasets, including textbook metadata, teaching units, and archive-
linked materials, using a combination of SPARQL queries and full-text search.
Users can filter by subject, school level, or curriculum item to locate relevant
resources for both teaching and self-directed learning.

Resource Recommendation Function (E, L): Based on a selected CoS item
or textbook unit, this component recommends linked digital archive materi-
als or lesson content. Semantic relationships in the LOD graph allow dynamic
generation of related materials, thereby improving discoverability.

URI Reference and External Linking Function (E, D, L): Each resource
detail view displays its LOD URI and enables linking to external LOD re-
sources such as Wikidata [8] or the National Diet Library Search [39].

While some of these application components are under active development,
early prototypes have demonstrated the feasibility and usefulness of the LOD-
based approach in real educational scenarios. The tools also serve as reference
implementations for how structured curriculum-aligned metadata can enhance
discoverability, integration, and reuse of diverse educational resources.

4 Results and Discussion

4.1 Basic Statistics of LOD Infrastructure

Textbook LOD includes textbooks for elementary, junior high, and high schools,
covering Course of Study (CoS) revisions from 1989 to the current. As of July
2025, the dataset contains information on 9,178 textbooks, comprising 344,962
RDF triples.

Teaching Unit LOD is based on certified textbooks aligned with the current
CoS (revised in 2017-2019). It includes unit-level information from all elementary
and junior high school textbooks and about half of high school textbooks [49].
In the past year (2024-2025), we fully included unit-level data for all elementary
and junior high school textbooks and expanded coverage for high school text-
books. This enhancement enables comprehensive navigation from textbooks to
curriculum objectives, which was not feasible in earlier iterations of the dataset.
The current dataset includes 37,082 units and provides 1,092,195 triples.

CoS LOD focuses on the two most recent CoS revisions. It includes CoS for
kindergarten, elementary, junior high, high school, and special needs education
schools. It represents all CoS-coded items as LOD resources. There are 39,958
such items, with 949,284 RDF triples.

Regarding the interlinking of datasets, 298,532 links connect unit resources
to CoS items, with an average of 8.05 links per unit. Rather than simply tran-
scribing CoS item references from the textbook compiling prospectus, the rela-
tionships were expanded to include hierarchically related items—both broader
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and narrower—based on the chapter and section structure. These related items
were grouped per unit, enabling detailed semantic connections that are useful in
various educational applications.

Additionally, the LOD platform links basic teaching materials and video
content from NHK for School [40]. This web-based service incorporates CoS codes
and offers search and display functionalities for teaching materials developed
through the SXUKILAM workshop [41], transforming digital archive content
into educational resources.

All components of the LOD platform — Textbook LOD, Teaching Unit LOD,
and CoS LOD — use persistent URI identifiers assigned via w3id.org [53], man-
aged by the W3C Permanent Identifier Community Group. The datasets are
published using GitHub Pages [30], and the entire LOD infrastructure site is
built with the static site generator tt12html [47].

4.2 Application Prototypes

The LOD provider site visually presents its relationships through explicit linking
to demonstrate the interconnectivity of the three LOD datasets. For example,
as shown in Figure 2a, textbook-unit resources corresponding to CoS items are
displayed as linked entries. Similarly, Figure 2b shows an example of a CoS re-
source linked to a list of related video materials from NHK for School, illustrating
connections to external learning resources.

These link relationships can be easily implemented using publicly available
Web APIs or the URI resolution functionality of LOD resources. For example,
machine-readable data in RDF /Turtle format for any specific LOD resource can
be retrieved by sending an HTTP request specifying that format. In contrast,
external services such as NHK for School do not support LOD-based access.
Instead, search results can be retrieved by submitting the relevant CoS code
as a query to their dedicated Web API (e.g., the NHK for School API [4]). By
combining such APIs with a client-side scripting language like JavaScript, link-
based browsing and search functionalities like those illustrated in Figures 2a
and 2b — can be readily implemented.

In addition, we have developed and released a “Textbook, Unit, and CoS
Item Relationship Visualization Tool” [7], which visualizes the interconnections
among datasets comprising the LOD platform. As shown in Figure 3, the tool
represents direct link relationships between textbooks, teaching units, and CoS
items as a network structure. In the visualization, blue nodes represent textbook
resources, green nodes indicate teaching unit resources, and red nodes correspond
to CoS item resources. Users can interactively explore the network by dragging
and dropping nodes, helping them grasp the overall structure and interrela-
tions among these resources. We developed this prototype application using the
SPARQL engine, which enables flexible queries across the linked datasets and
supports dynamic integration of CoS items, textbooks, and external teaching re-
sources. We have made an experimental SPARQL endpoint available to support
data reuse by external researchers and developers.
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Fig.2: Links and search capabilities on the LOD website (Source: [26])

Figure 3 illustrates the relationships between two elementary school history
textbooks published by Tokyo Shoseki Co., Ltd. It highlights changes in the
connections between teaching units and CoS items before and after textbook
revisions. By analyzing these differences, teachers can compare editions and
identify textbook variations, supporting classroom instruction and enhancing
their understanding of textbook characteristics. This tool thus demonstrates the
potential utility of LOD-based educational infrastructure in practical teaching
scenarios.

Implementing the applications described in Section 3.5 can be achieved as
extensions of the functionalities outlined above. However, these application pro-
grams are still under development and represent ongoing challenges for future
work.

5 Conclusion

This study presented a Linked Open Data (LOD) infrastructure that connects
curriculum standards, textbook units, and cultural heritage content to support
the educational reuse of digital archives. Instead of proposing a novel algorithm
or technical method, our contribution lies in designing and implementing a prac-
tical, curriculum-aligned metadata foundation. This foundation addresses long-
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Fig. 3: Screenshot of the visualization tool for the relationships between text-
books, units, and CoS resource

standing challenges in the educational use of digital content, such as fragmented
access, insufficient metadata, and a lack of alignment with learning objectives.

The infrastructure comprises three interoperable datasets — Course of Study
LOD, Textbook LOD, and Teaching Unit LOD — linked through persistent
URIs and shared vocabularies. With the recent completion of unit-level data
for elementary and junior high school textbooks, the platform enables seamless
navigation from curriculum goals to textbook units and linked learning materi-
als, including digital archives and teacher-developed resources. This capability
supports new applications, including curriculum-based resource discovery, per-
sonalized learning, and cross-institutional resource sharing.

Several issues remain for future work. First, further applications should be
implemented, especially tools that connect and search across educational re-
sources and digital archive materials. While a prototype network visualization
tool has already been developed as shown in Section 4.2, additional and more
diverse applications will be important. These include not only advanced search-
oriented functions but also richer forms of visualization, such as gallery-based,
map-based, or timeline-based views, to further enhance the ways users can ex-
plore and engage with the educational materials.

Second, the methodology should be evaluated to determine how well it max-
imizes the utility of structured linked data while minimizing manual efforts to
establish semantic links. This includes improving connectivity to specific digital
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archive content and introducing mechanisms such as automated link recommen-
dations. We plan to evaluate the practical usefulness of the LOD infrastructure
in real educational settings, including field trials with teachers and students us-
ing the developed tools and datasets. We also collaborate with projects such
as SXxUKILAM [41], which explore curriculum-resource linkages. In addition, a
large-scale questionnaire survey on the perceived usefulness of the LOD infras-
tructure for archive-based learning is in preparation.

Third, it will also be important to assess the effectiveness of this framework in
international contexts, particularly in linking educational metadata and content
distributed outside of Japan. Although we have not tested other countries’ curric-
ula, our method — linking structured curriculum statements to external learn-
ing resources — is potentially generalizable to similar structured educational
systems. With structured or semi-structured formats (e.g., standardized objec-
tives), similar vocabularies could enable adaptation. However, manual alignment
remains a common challenge. Shared infrastructures and reusable vocabularies
will be essential for broader adoption.

Finally, clarifying the roles and responsibilities of stakeholders, such as edu-
cators, content developers, and policymakers, is essential. This involves building
consensus on data quality and determining appropriate platforms for managing
and maintaining structured educational data.

Resource Availability Statement The datasets we constructed are available from
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book LOD. The sources of datasets are also deposited on Zenodo for archival purposes

at https://doi.org/10.5281 /zenodo.15389358 and https://doi.org/10.5281 /zenodo.15389408,
respectively, for long-term accessibility.
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