How to Enhance Data Literacy of a Cloud of
Heterogeneous Cultural Heritage Collections: Case
SampoSampo - Connecting Everything to Everything Else

Henna Poikkimiki®*, Eero Hyvonen’ and Petri Leskinen’?

! Aalto University, Espoo, Finland
‘?Universiry of Helsinki, Helsinki, Finland

Abstract

Computational analysis of cultural heritage (CH) data can be difficult due to distribution of the data into separate
data sources, where different data models are used, inconsistent data may appear, formats used vary from scanned
images to machine readable data, different natural languages are used, and different identifiers are used for
resources. Aggregated web services for CH data have been built, such as the pan-European Europeana and the
Sampo systems in Finland, to provide enriched global views to distributed local data sources. This paper argues
that in such systems it is important not only to provide the aggregated data but also make its heterogeneity
transparent to the end user; this is especially important if the aggregated data is used for data analyses. To
facilitate this, we present a case study using the Linked Open Data (LOD) alignment service and web portal
SAamMpoSAampPo — Connecting Everything to Everything Else. It aligns entities such as people, organizations, and
places in different collections in a way similar to the international VIAF.org mapping service for national library
collections around the world. However, SAMPoSAMPO but is built on CH knowledge graphs (KGs) from different
application domains, not only libraries, and includes also a semantic portal for end users. The challenge from a
data analysis point of view in systems like these is that the data about entities in multiple Knowledge Graphs (KG)
can be not only mutually complementary but also incomplete and conflicting and data provenience is important,
i.e., how the data has been enriched. This paper demonstrates how such aggregated data can be made more
understandable to the end user, thus enhancing her/his data literacy for computational analysis.
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1. Introduction

Cultural history data is often stored in separate data sources in different data formats, making collecting
and harmonizing data for computational analyzes a tedious process. Transforming digitized archival data
into linked data produces machine readable data that is suitable for digital humanities research methods.
Such data also follows FAIR Guiding Principles (Findable, Accessible, Interoperable and Re-usable) [1].
Linked archival data also improve knowledge discovery, information search, and retrieval, and helps
with data integration and enrichment [2]. In a larger setting, linked datasets form clouds of intelinked
knowledge graphs, such as the Linked Open Data (LOD) cloud’. In this paper, the SaAMPoSampo cloud
of knowledge graphs [3, 4] is considered from a data literacy point of view: how to make aggregated
linked data more transparent and understandable to the user. SAMPOSAMPO combines alignment data
about people, organizations, and places from related cultural history datasets into one knowledge graph,
allowing access and computational analysis of these datasets on a global level in new ways. The data
service is analogous to VIAF.org [5] that aligns entities of tens of national library collections around
the world, but adapted to a dozen instances of the Sampo series of LOD services and semantic portals
[6] and a dozen external datasets, such as Wikidata.

For example, letters are often stored in different archives. In the case of LetterSampo Finland [7],
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our previous study [8] shows that the letters that an actor A has received are mostly found in one data
source (i.e., his/her fond), but by combining multiple letter collections can add the recipients B of A’s
letters to the actor’s personal network using the letters sent by A to B. Such information about how
the aggregated data are actually compiled is useful for the end user for a data literacy point of view.
Furthermore, it can be difficult to say what type of relationship the actors had based only on letter
metadata, and how meaningful the correspondence was to the actors themselves [9]. In that case, it
could be of interest to try to look up the actors in other data sources in addition to letter collections to
see a possible explanation for the letters sent.

Sampo systems aggregate data from different domains into knowledge graphs. The SaAMpoSamro
system acts as an alignment service for entities in different Sampos, and can therefore be of great
help in finding connections between entities, such as people, in different domains to enrich the data.
In addition to finding explanations for connections found in one data set, one can also find possible
connections that are missing in the first data set (e.g., there are no letters between two actors, even
though one could assume they are intimately connected based on a different data set). New data sets
can also bring new information about the actor, as well as conflicting data (e.g., different dates of birth
for an actor). Aggregated data sets offer new possibilities for computational analysis and allow more
in-depth explanations of the results.

2. Related Work

Heterogeneous cultural heritage information has been combined and interlinked using semantic web
technologies on many occasions, ensuring interoperability of data and improving the unified man-
agement, search, and retrieval of cultural heritage data, as well as data integration, data mining, and
knowledge extraction [10]. One such system is Europeana which combines cultural heritage content
across Europe using linked data principles [11] and Sampo systems listed in table 1.

SAMPOSAMPO acts as an alignment service: it collects identifiers of entities in various sources [4],
similarly to the Virtual International Authority File (VIAF) and The International Standard Name
Identifier (ISNI) [12]. Wikidata is also a relevant addition for authority control [13]. The many roles of
Wikidata in digital humanities, ranging from content provider to technology stack, are discussed in
[14].

Despite its advantages, Europeana and other digital archives suffer from heterogeneous and incon-
sistent metadata that has a direct effect on the ability to search, retrieve, and interpret records [15].
Similarly the letter and the writer metadata quality vary in LetterSampo Finland [8], making it difficult
to query the letter metadata, e.g., from a group of writers with a certain occupation and hindering
temporal analyses of the data as the sending dates of the letters have poor accuracy.

Data literacy, the ability to read, understand, and evaluate data and results of basic analysis as well
as use that information for decision-making has become a vitally important skill as the volume of
data has increased exponentially [16]. In the context of digital humanities there are several sources of
uncertainty: 1) uncertainties within data sources such as missing, ambiguous, conflicting, and unverified
data as well as human subjectivity 2) digitization errors 3) datafication issues and 4) statistical models
and model appropriateness [17]. It is important to consider these uncertainties when designing analyzes
and before making conclusions.

3. SAmMpoSAmMPo Data Service

SampoSampo linked open data service aligns almost 100 000 people, over 55 000 organizations and over
27 000 places from Sampo systems built on data in different domains: academic records, biographies,
historical letter collections, art collections, opera performances, parliamentary speeches, military history
and Finnish fiction literature. In addition, entities are linked to various other data sources. Data sources
and number of people in each source are shown in table 1. The beta version of SAMPOSAMPO web portal
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is currently available. The data has been published as a linked open data service including as SPARQL
endpoint’, and as data dumps in Zenodo®.

Each actor in a data source is described as a proxy, and proxies representing the same actor in different
data sources are connected to one person type instance, combining URLs of actors from various data
sources into one knowledge graph. Systems like SAMPoSAMPO make it easier to query information about
an actor from different databases, using e.g. federated SPARQL queries [18] if the SPARQL endpoint is
available.

SamroSamPo also contains almost 200 000 person-place relations derived and deduced from different
Sampos, for example actor A has sent letters from place X or actor B has had a career related event in
place Y. Similarly, pipelines for obtaining person-person relations from different Sampo systems could
be created, and the resulting relations can be used as links between actors in historical social network
analysis. In order to study how and with whom the actor interacts in different contexts, queried data
could be modeled using multilayer networks where each layer presents interactions of actors in different
contexts [19].

| Sampo System People || Other Source | People |

LetterSampo Finland [7] 31266 Wikidata.org | 48568
AcademySampo [20] 23097 ISNlLorg 36093
BiographySampo [21] 21584 KANTO® 33031

BookSampo [22] 9841 Wikipedia.org | 32920
WarSampo [23] 4154 Geneanet® 30195

LetterSampo Finland:
J. V. Snellman Letters
LetterSampo Finland:
Albert Edelfelt Letters

3523 VIAF.org 22599

3327 Wikitree.com 7377

ParliamentSampo [24] 2111 Geni.com 6059
LetterSampo Finland: ;
Abo Akademi 1372 ULAN 2292
ArtSampo [25] 1095 HISTO [26] 534
OperaSampo [27] 950

Norssi High School Alumni [28] 703

Table 1
Number of people in Sampo systems (first and second columns from the left)) and external data sources (third
and fourth columns) from which entities in SampoSampo are found.

4. Overview of the SAMPOSAMPO Metadata

Figure 1 shows the actors shared between the data sources. On each row the color represents the
proportion of actors in the row data source who appear also in the column data source. The diagonal
tells the proportion of actors in the data source who do not appear in any other data sources. Data
sources are ordered by the number of actors, and data sources naturally share a larger proportion of
actors with larger data sources than smaller ones. If the number of shared actors is relatively high,
one might want to consider including both data sets in the analysis for additional information. For
example, if one goes through the artist in ArtSampo, in addition to larger data sets, one could check
what information is available in ULAN or Albert Edelfelt Letters.

Out of Sampo systems, AcademySampo and WarSampo share the smallest proportion of actors with
larger data sources: AcademySampo contains generally people from earlier time period than the big

3SaMPoSAMPO LOD service: https://www.ldf.fi/dataset/sampo
4SampoSAMPO Zenodo data: https://zenodo.org/records/18188936
*https://finto.fi/finaf/en/
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data sources (see figure 3), and WarSampo includes soldiers, many of whom may have been general
workers rather than politicians or artists and therefore do not appear often in other data sources. Both
also have relatively high proportion of unique actors who do not appear in any other data sources.
Smaller Letter data sources share most of their person type entities with LetterSampo Finland, as the
same letter metadata is also found from there.

Figure 2 shows the number of people, places and organizations of SAMPoSAMPO that appear in a
certain number of data sources. The majority of people and organizations appear in more than one data
source, for people the most common number of data sources is two, and for organizations three. Places
usually appear in fewer data sources, but that could change depending on what level the places are
considered: in the SAMPOSAMPO places vary from very local places like manors to continents. When
resources appear in more than one data source, there is a possibility to enrich the information about
the resource by combining data sources.
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Figure 1: Each cell (i, ) tells the proportion of actors in data source i who appear also in data source j. The
diagonal (i, i) tells the proportion of actors in data source i who do not appear in any other data sources.

Because data comes from different domains, the life times of people in different knowledge graphs
also varies. One might want to focus on people who were active at the same time: for example, static
networks over large observation periods can produce temporally overlapped, difficult to interpret
communities as the node pairs are constrained by the corresponding actors’ active lives [29]. Figure 3
shows the number of proxies whose time of birth and death is known, who are alive during the years
in each data source. For example, AcademySampo and LetterSampo Finland have more people from
earlier years, many of whom do not appear in most of the other sources.

As an alignment service, the purpose of SAMPOSAMPO is not to bring in all information about the
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Figure 2: Number of people, places and organizations that appear in a certain number of data sources.
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Figure 3: Number of people alive across the years in each data source.

actors, but rather to provide some very basic information that can help with alignments and queries of
actors for closer study. However, this information might not be available in all data sources and the
information in different data sources might be inconsistent. Figure 4 shows the proportion of actors
who have information on time and place of birth and death, sex available, and the number of different
types of inconsistencies. The gender of the actor and time of birth and death are well known. The
time of birth and death have the most inconsistencies, while gender is rarely conflicting information.
The places of birth and death are known for over 60% of actors. In addition, some actors have images
available. The process of automatically detecting conflicting information and showing it to end users
of data is described in [30]. In addition to different metadata in figure 4, SAMPOSAMPO also contains
different name variations of actors. To get an idea about the more detailed metadata available and its
quality in each data source, one has to consider each data source separately as has been done in the
case of LetterSampo Finland [8].
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Figure 4: Available information about the actors (beside names and/or name variants) and the number of
inconsistencies in the data sources.

5. Discussion and Future Work

This paper discussed the challenge of making data in an interlinked knowledge graph cloud more
transparent and understandable to the end user for Digital Humanities research. It was argued that
data-analyzes based on a data alignment LOD service can be used for this purpose. The argument was
supported by presenting practical examples using the SamMPoSamMro cloud of knowledge graphs and its
LOD alignment service.

Poor metadata quality has a negative effect on the ability to query and analyze data from aggregated
data sets. It is important to recognize the characteristics and limitations of the data during different stages
of the data analysis. SAMPOSAMPO combines some metadata about people, places and organizations,
and metadata about people was looked into here. Many of the people belong to more than one data
source, indicating the sources can enrich each other. Some sources share more actors than the others,
which could be a deciding factor on what to include in potential data analyzes. One reason is similar
domains that the data sources share, aother reason is the similar time period they cover.

SamPoSAMPO contains a very limited amount of metadata, that could be useful when linking people
across the systems and querying them. Times of birth and death are well known, but there are some
inconsistencies. Places of birth and death are less known. Gender of the person is in most of the cases
known and has rarely inconsistencies across data sources. To further increase understanding about
the data in Sampo systems, pipelines and tools for evaluating the metadata quality in different Sampo
systems could be developed and also include organizations and places in the quality assessment.

Person-place relations form links between people and places. In future, it would be of interest also to
construct pipelines for obtaining person-person relations in different Sampo systems, and use those
relations as basis for network analysis. This could share more light with whom some people have
interacted with in different contexts, and how combining different Sampo systems enriches personal
networks of historical Finnish people.
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