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Abstract. We introduce Dura-Europos Stories, a multimedia application for viewing artifacts and places related to the Dura-
Europos archaeological excavation. We describe the process of mapping data to the Wikidata data model as well as the process

of contributing data to Wikidata. We provide an overview of the functionality of an interactive application for viewing images of

the artifacts in the context of their metadata. We contextualize this project as an example of using knowledge graphs in research
projects in order to leverage technologies of the Semantic Web in such a way that data related to the project can be easily
combined with other data on the web. Presenting artifacts in this story-based application allows users to explore these objects
visually, and provides pathways for further exploration of related information.
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1. From Dataset to Multimedia Application

People working in cultural heritage organizations
often publish images on the web to make groups
of artefacts browsable for people who would like to
view the collection remotely. We designed the Dura-
Europos Stories project to pull data from a public
knowledge graph, Wikidata, that contains information
from multiple institutions related to the Dura-Europos
archaeological site'. Not only does this application
provide support for browsing images of artefacts, we
also present them in the context of the larger site and
connect them to as much supporting information as
possible.

Similar projects in the domain of digital humani-
ties include the Biography Sampo project and the other
Sampo applications from Finland [1, 2]. Many re-

*Corresponding author. E-mail: katherine.thornton @yale.edu.
The Dura-Europos Stories project is available at: https://dura-
europos.stories.k2.services/stories

1938.5302

Fig. 1. Detail of the Browse page in the Dura-Europos Stories appli-
cation.

searchers have explored the use of semantic technolo-
gies to support historical inquiry [3, 4]. Other projects
have also described the use of Wikidata to support re-

1570-0844/0-1900/$35.00 © 0 — IOS Press and the authors. All rights reserved

Sw N

© 0 9 o u

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51


mailto:katherine.thornton@yale.edu
mailto:kenneth@seals-nutt.com
mailto:achen@bard.edu
mailto:katherine.thornton@yale.edu
https://dura-europos.stories.k2.services/stories
https://dura-europos.stories.k2.services/stories

@ J oy U W N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

2 Thornton et al. / Dura-Europos Stories

search in the domain of archaeology [5]. Some groups
are exploring how to display 3D content related to col-
lections [6]. A diverse range of topics are covered un-
der the term ‘digital humanities’, and researchers have
reused data from Wikidata in many digital humanities
projects [7]. Our project contains some features of dig-
ital databases described in [8]. We based many of the
design decisions for this project on our previous work
creating multimedia biographies powered by Wikidata
[9, 10]. We describe a collaborative project between
art historians, information scientists and software en-
gineers to create an interactive application for viewing
multimedia content related to the excavations at Dura-
Europos.

2. Dura-Europos

The site of Dura-Europos (Syria) was founded
around 300 BCE as part of the Seleucid Kingdom, a
Hellenistic Greek successor state formed in Western
Asia after the death of Alexander the Great. Located
on the western bank of the Euphrates river, the city
stood on valuable real estate between competing an-
cient eastern and western powers. As a result, over the
course of its history, the city passed from Seleucid con-
trol through successive phases of Arsacid (Parthian)
and Roman occupation, and ultimately fell to the be-
siegement efforts of the Sasanian Persians in the 250s
CE. Attempting to shore up the city’s defenses in ad-
vance of the Persian attack, the Roman soldiers gar-
risoned at Dura constructed a massive earthen embank-
ment to reinforce the city’s vulnerable western wall.
In a move that would prove fateful for the site’s ex-
ceptional archaeological preservation, buildings in the
vicinity of the west wall-including the oldest exca-
vated Christian church, the most elaborately decorated
ancient Jewish synagogue discovered to date, and var-
ious pagan temples that attest to the city’s ethnic and
cultural diversity—were requisitioned and filled with
earth and debris.

What was at the time a highly destructive process,
in fact, created (together with the hot, dry climate) the
conditions for the site’s extraordinary degree of preser-
vation. Thanks to these unique circumstances, large
sections of rare mural painting, and hundreds of ob-
jects made from organic materials survive at Dura-
Europos. These rarely-preserved artifact types were
found together with sculptures, inscriptions, arms and
armor, ceramics, coins, and other objects of everyday
life. The site therefore provides unparalleled glimpses

into the multicultural, religiously-diverse frontier life,
and the running of a military garrison with coexisting
soldiers and civilians.

Dura-Europos is just one of a number of blockbuster
archaeological sites that present significant challenges
thanks to long and complex histories of research in
multiple languages, resulting in dispersed and hetero-
geneous datasets. With methodological developments
in many areas of the humanities that embrace the epis-
temological value of material culture and lend seri-
ous weight to context, perhaps more than ever be-
fore, archaeological datasets need to be able to “speak”
across traditional disciplinary boundaries. Similarly,
ethically-informed reflections on collecting and re-
search practices have made evident the entrenched Eu-
rocentric knowledge and accessibility hierarchies that
frequently exist in the wake of foreign-run excavations
in colonial contexts, and have soundly made the case
for the need for interventions that include multilin-
gual access. Semantic Web technologies offer possi-
bilities for mitigating some of these challenges. Our
work in the context of Dura-Europos, therefore, stands
as a test-case for the development of methods that may
prove valuable in responding to similar challenges in
the context of analogous cultural heritage sites.

3. Dura-Europos Data Model

The core of Dura-Europos data set consists of meta-
data created by the Yale University Art Gallery. The
International Digital Dura-Europos Archive (IDEA)
team then created mappings from the metadata to
Wikidata properties to align with the Wikidata data
model. For each artefact there are pieces of informa-
tion about the title, location, height, width, length, ap-
proximate age, place of excavation, materials used, and
type. Currently there are more than fourteen thousand
items in the Dura-Europos collection.

After aligning the existing metadata to the Wikidata
data model, the IDEA team created thousands of new
items to represent the artifacts, and contributed tens
of thousands of statements about them. The artifact
with greatest number of statements is ‘Large bowl with
rounded sides (twenty-seven rim and side fragments),
Yale University Art Gallery, inv. 1938.5999.490° at
66 statements 2. The bowl consists of twenty-seven
fragments. The large number of statements is due

Zhttps://www.wikidata.org/wiki/Q100716223
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made from material $ wood ... 2 edit

~ 0 references.

$ rawhide ... £ edit
- 1 reference
@ copy
reference URL https://artgallery.yale.edu
Jcollections/objects/5959
+ add ref
$ paint... 2 edit
» 1 reference
+ add val
depicts $ lion «ee 2 edit
~ 0 references
+ add ref
$ eagle... £ edit

~ 0 references

$ Victoria +.. £ edit

~ 0 references

$ Victoria -« 7 edit

~ 0 references.
+ add reference

+ add value
Fig. 2. Properties and values used on the Wikidata item for a scutum.

to the fact that measurements for the dimensions of
each fragment are provided on this item. The arti-
fact with the lowest number of statements is ‘Lizard,
Yale Peabody Museum of Natural History, YPM ANT
015992’ 3. On average, artifacts from this collection
have fifteen statements.

4. Wikidata Data Model

Wikidata is a knowledge base of structured data
that allows community members to contribute data
[11]. More than 12,000 editors are active in Wiki-
data each month [12]. The Wikidata data model con-
sists of items and properties. Items have identifiers,
called Qids, structured as unique resource identifiers
(URIs). Properties are identified with Pids. For exam-
ple, in Figure 2, we see that the property ‘made from
material’ (P186), is used with three different values
‘wood’, ‘rawhide’ and ‘paint’. Similarly, property ‘de-
picts’ (P180), is used with four values to indicate what
figures are represented on the scutum.

The Wikidata community uses this identifier struc-
ture in order to be neutral with regard to human lan-
guages. Wikidata currently supports more than 300 hu-
man languages, so labels for each language are then
associated with the numeric identifiers [13]. The mul-

Finnish patsas

Arpitan Statua
Western Frisian Stanbyld
Irish dealbh
Gan Chinese B
Gan (Simplified) 24§
Gan (Traditional)

Galician estatua
Guarani Tera'dnga

Ancient Greek dyaipa

Swiss German Statue

Hebrew ninT 709
Hindi wfi

Croatian kip

Fig. 3. A sample of labels in different languages for the Wikidata
item ‘statue’.

tilingual support available in Wikidata is relevant for
Dura-Europos because people from many different
language backgrounds are interested in the excavation
and artifacts. Institutions in several different countries
hold materials related to the Dura-Europos excavation,
and the excavated objects have been described in sev-
eral human languages. Due to the fact that the Dura-
Europos data is now in Wikidata, people can now add
information in many different languages that make this
data accessible for more people.

When searching for artifacts, some people will
search for the type of object in general. For exam-
ple, if people use the word ‘statue’ as a search term,
they will find that there are multiple statues that were
excavated from the Dura-Europos site. The Wikidata
item for ‘statue’ is Q179700*. As of April, 2022 there
are more than one-hundred-fourteen labels in differ-
ent languages on the Wikidata item for ‘statue’. In the
current version of the Dura-Europos Stories applica-
tion we have support for search functionality in En-
glish. In the future we plan to extend this to additional
languages. The multilingual data in Wikidata will al-
low us to extend search functionality for different lan-
guages for words describing types of objects by adjust-
ing the SPARQL query we use to identify these types
within Wikidata. If we contrast this with the alterna-
tive of commissioning translators to create additional
labels in many human languages, leveraging the mul-
tilingual data from Wikidata can conserve time and
work for people building upon this data.

The Wikidata data model also includes references
[14]. Editors can add references to any statement on
any Wikidata item. The members of our team who

3https://www.wikidata.org/wiki/Q98931969

“https://www.wikidata.org/wiki/Q179700
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contributed the Dura-Europos data to Wikidata cre- more mature projects in the GLAM sector, for ob- 1
ated many references that point back to the Yale Uni- jects whose precise date of creation could not be estab-2
versity Art Gallery website pages for the artifacts. lished (ex. via externally datable references in inscripi- 3
For researchers interested in Dura-Europos, these ref- onal content) the institution-supplied date column was 4
erences provide pathways to additional information parsed into three new columns: an “inception' (P571) s
about these materials. column whose value corresponded to “placeholder for 6
somevalue' (Q53569537), and two additional columns 7

to hold values corresponding to “earliest date' (P1319) s

5. Getting Dura-Europos Data into Wikidata and ‘latest date' (P1326) as quali ers on the “incep- 9
tion' property. This modeling strategy allows one to 10

To bring about the creation of Wikidata items for ar- query the data according to a span of years rather thani1
tifacts excavated from Dura-Europos, the IDEA team forcing the arti cial tethering of an object to a single 12
worked from spreadsheets of metadata provided by date. 13
partner institutions. Using their own internal collection More sustained and specialized human input was re- 14
management system, each partner institution provided quired to extract Wikidata “depicts' (P180) and ‘loca- 15
a CSV export of items in their collection related to tion of discovery' (P189) statements, as well as item 16
Dura-Europos. Metadata pertaining to each item was labels and descriptions that would allow easy dis- 17
listed in sheet columns. The CSV was then processed ambiguation and capture metadata content not other-1s
using Open Re né to regularize equivalent expres- wise re ected in standalone statements. In the Dura 19
sions and correct spelling and spacing errors. datasets, the 'title' values provided by the host insti- 20
In preparing the initial upload into Wikidata, the tutions contained information that pertained to discov- 21
aim was to re ect all of the metadata provided by the ery context (ie. “location of discovery' (P189)) and/or 22
institution as completely as possible. Some metadata the scholarly interpretation of content depicted. The 23
elds recorded by partner institutions in CSV column institutional labels were thus manually assessed to 24
headings were easily matched with equivalent Wiki- create new ‘location of discovery' (P189) and “de- 25
data properties with minimal research using the SQID picts' (P180) columns; values for each eld were ei- 26
toolf. For instance, the object ‘medium’ provided inin-  ther matched with an existing item, or a new Wikidata 27
stitutional metadata mapped neatly to Wikidata Prop- item for the corresponding value was created (prior to 2s
erty ‘made from material' (P186). Other elds sup- running the batch uploal)A summary of the proper- 29
plied by the institution, like classi catory categories of  ties used to translate the institutional CSV exports and 3o
artifact (ex. coin, lamp, statue), translated to linstance rationale for speci c modeling decisions is available 31
of' (P31) Wikidata statements. on the Wikiproject IDEA pagé 32
A few metadata elds, like those expressing uncer- The expanded and modi ed CSV was then used as 33
tainty around the time of an object's date of creation the basis for a batch upload. Data was written from the 34
or the object's dimensions required parsing of a single CSV into Wikidata using QuickStatemettsand the 35

column into multiple columns in preparation for Wiki- DuraEuroposBdt. 36
data upload. In institutional records, object dimensions 37
were expressed with height, width, and depth mea- 5.1. Getting Images into Wikimedia Commons 38
surements in the same “dimensions' column. In Wiki- 39

data, however, each dimensional angle corresponds to _ | "€ IDEA team uploaded thousands ofimages ofar-
its own property (ex. height (P2048), width (P2049), tifacts to Wikimedia Commons. Wikimedia Commons |
horizontal depth (P5524)). To ease the process of item 42
creation, each facet of measurement was parsed into "For the Dura‘dataset, all art'ifacts were given a ‘_Igcation of dis- 43
ts own column with & new heading corresponding to gReE J° 20, BRESIER (R, 8 eeaton
the relevant Wikidata property. The IDEA team SOUght identi ers down to the building level of granularity with Pleiades 45
the advice of the Wikidata community on how to pre-  an online gazetteer authority for ancient Mediterranean place-related 46
serve the uncertainty surrounding an object's precise data. The Dura-Europos urban gazetteer data from Pleiades will ul- 47

date of creation. Following the pattern established by timatgly be‘mirrored in Wikidata to enable on-the- y visualizations 4
of artifact discovery locations.

Ohttps:/www.wikidata. org/wiki/Wikidata:WikiProject_IDEA 49
Shttps://openre ne.org/ 10nttps://quickstatements.toolforge.org/#/ 50
Shttps://sqid.toolforge.org/#/ W https:/iwww.wikidata.org/wiki/User:DuraEuroposBot 51
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is a repository for multimedia content that is used by
many projects of the Wikimedia Foundation [15].

Other organizations that hold material related to
Dura-Europos may also contribute images or models
to Wikimedia Commons. Currently four organizations
have uploaded media related to materials from Dura-
Europos: Yale University Art Gallery, Beinecke Rare
Book & Manuscript Library, Bibliothéque nationale de
France, and the Department of Near Eastern Antiqui-
ties of the Louvre. As additional organizations make
the decision to publish media on Wikimedia Com-
mons, additional images may become available. This
means that a more holistic set of images could become
available for reuse in the Dura-Europos Stories appli-
cation. Rather than exclusively reusing images from
a single institution, the images can be sourced from
multiple collections. All of the metadata for these im-
ages is presented alongside them in the IlIF viewer
we embed into the stories. In this way we are bring-
ing images together from multiple collections, but also
clearly communicating the provenance of the images
and crediting the institutions that have made them
available online.

5.2. Getting Polygons into Wikimedia Commons

Members of the IDEA team contributed data to
Wikimedia Commons in the form of shape les, which
represent multiple points on a map rather than a sin-
gle set of coordinates. These shape les in Wikimedia
Commons can be connected to Wikidata items through
the use of Property 3896 “geoshape'. In Figure 4, we
see a dark gray polygon on a light brown background
that represents the footprint of Tower 3 at the Dura-
Europos site. By connecting Wikidata items to shape-
les, we can reuse the data in the shape le within map-
ping applications to indicate the layout, position, and
relative sizes of these features in the Dura-Europos
site.

6. Semantic Web

After contributing data related to Dura-Europos
to Wikidata, we can leverage additional data from
the Semantic Webh. An example of data that is not
in Wikidata itself, but is connected to items from
the Dura-Europos dataset in Wikidata is the Pleiades

Gazetteer. The Pleiades Gazetteer is a web-based dig-

ital gazetteer that describes places in historical con-
texts [16]. Wikidata has two properties related to the

© 0O N O U~ W N P
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Fig. 4. A shape le for Tower 3 of Dura-Europos stored in Wikimedia
Commons.
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Fig. 5. Information related to the Dura-Europos synagogue from the 33
Pleiades Gazetteer. 34

35
Pleiades Gazetteer project: Property 1584 “Pleiades36
ID' and Property 2938 "Pleiades category identi er' 37
which can be used to connect Wikidata items to 38
relevant content from the Pleiades Gazetteer. Cur- 3°
rently more than thirty Wikidata items represent- 40
ing parts of Dura-Europos have Pleiades identi ers. 4!
This means that for each of those items we can fol- 4
low that external identier and nd out additional *3
information about these places from the Pleiades #
Gazetteer. For example, the Dura-Europos synagogue45
has the Pleiades identi er "335307374". in Figure 5,
we see the Pleiades page for the Dura-Europos syna-47
gogué?https://pleiades.stoa.org/places/335307374.  *°

50
Lhttps:/ipleiades.stoa.org/places/335307374 51
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Fig. 6. Searching for "E:coin_hoard' in the Wikidata search box re- Fig. 7. Searching for "E:' and Arabic word in the Wikidata search
turns schema E366. box returns schema E366.
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N

13

Combining data from many different sources allows In Figure 7, when searching in Arabic, people will 14
us to create a more detailed and complex representa- nd schema E366. If people who prefer specic lan- 15
tion of the people, places, and artifacts related to Dura- guages for interaction add the “EntitySchemaHigh- 14
Europos. lighter.js' user script to their accounts, they will be 7
able to see labels for items and properties used in the ;g

schema when they hovér Through the use of this 49

7. Data Quality user script, Wikidata editors have multilingual access ;g
to schemas making them an important data modeling »;

Many different stakeholders contribute data to Wiki- tool that reduces barriers to communication about data »,
data related to Dura-Europos. Multiple institutions structuring for people from different language con- 3
have collection material related to the Dura-Europos texts. When collaborating with others in different lan- 5,
site and excavation and independently create items guage communities, sharing data models via schemas,s
in Wikidata that describe their holdings. Many stu- in Wikidata's schema namespace allows people to read »¢

dent researchers are also involved in projects related schemas in the language of their choice. 27
to data describing Dura-Europos. With a diverse group 28
of contributors, we employ the strategy of sharing rel- 29
evant data models on-wiki. We share our data mod- 8. Digital Storytelling with Stories Services 30
els in Wikidata's E namespace which is dedicated to 31

schemas [17]. The Wikidata community uses ShEx to ~ The Stories application supports both browsing and 3,
encode schemas within the schema namespace. ShExgearching for stories. The browse page consists of as;
is a formal data modeling and data validation language Set of cards representing individual artifacts excavated 5,
for RDF graphs [18]. from Dura-Europos. The cards include an image of 55

We compose our schemas in ShEXC, the compact the artifact, if available, as well as the Q|d for the 36
syntax. ShEXC is concise, which makes it appro- item representing the artifact in Wikidata as well as a 4,
priate for human data modelers. It is also machine- !€arn more’ button which takes the visitor to the story 4
actionab'e, thus our schemas can be used for valida- for the artifact. Visitors can also use the search bar to 39
tion of entity data from Wikidata. In this way we can ~ Search for terms, names, places, and more. For exam-
share our data models with human editors who can Ple, searching for the word "amphora’ in the search 4
then con dently contribute additional data in align- bPar of the Dura-Europos Stories application will return
ment with these data models. We can also test entity twenty-six results. A subset of the results can be seen 43

data for conformance with these schemas to identify in Figure 8. o . _ 44
items that need review or curation. We decided to highlight the images of these artifacts ,5

People looking for schemas in Wikidata's E names- s the entry pointinto the stories. For each artifact with 4

pace use the search bar to nd relevant options. By us- @n image, the rst moment on the story is the image
ing the pattern E: in combination with a search term, and descriptive name of the object or location. These 44

people can search across the labels of the schemasiMages are also used on the cards that make up theyg
in the E namespace. In Figure 6, when searching for 50

“"E:coin hoard' the schema E366 is returned. Bhttps:/lwww.wikidata.org/wiki/User:Zvpunry/EntitySchemaHighligbtter.js



© 0O N O U~ W N P

a g b B b D DB B D DB D DWW WWWWWWWWNDNDNDNDNDDNDNDNDNDNERERPRPRRERPRRPRRERPRPRP B
P O © 00 N O O h W NP O O 0 N O O B~ WNP O O 0N OO O M WNERP O O 0NO O MWNDNPRP O

Thornton et al. / Dura-Europos Stories 7

© 0O N O U~ W N P

e =
w N B O

Fig. 8. Results after searching for "amphora' in the Dura-Europos Fig. 9. 3D model of scutum visible in the Sketchfab moment in the
Stories search bar. Dura-Europos Stories application.
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Browse page in the application as seen in Figure 1. The
list of moments is presented on the left-hand side of
the screen and serves as the navigational menu for each
story. Users click on a moment to select it, and then the
content is rendered in the primary window within the
application. The moment menu is always available so
that users can select the next moment of interest. Mo-
ments are interactive, and users can explore the content
presented within each moment by hovering, clicking,
and scrolling.
The Sketchfab moment provides a viewer for three
dimensional models that have been uploaded to Sketch-
fab. Sketchfab is a website that allows people to up-
load 3D mOdels and share th_em on the web [19]. For Fig. 10. Detail of the Stats moment in the Dura-Europos Stories ap-
example, in one story there is a 3D model of a scu- pjication.
tum excavated from Dura-Europos, as seenin Figure 9. 31

The ability to view a 3D model of an artifact supports The Library moment contains a set of shelves on 32

users in getting a sense of what the object looks like \hich icons are displayed that represent each article or %
from different angles and_prowd_es a sense of dePth- book that describe these artifacts, as seen in 12. This>*
In future work we would like to integrate with addi- 5 e strategy for weaving the images of the artifacts >
tional sources of 3D content, such as tours of the Dura- yhemselves into the context of the scholarly literature
Europos site itself, building on the work in [20]. which describes them 3

The Artefact moment provides an overview of the The Dura-Europos Digital Archive team annotated S
dimension of the objects and the materials of which | 1o images using the Wikidata Image Posi-

g;lf) %Nirﬁsce?rrgfooszséizseiizno:‘nhzﬁL':rri:t%;;lfngorr?;vnettions Tool*. This process involved using Wikidata
9 ) Y property P2677 “relative position withinimage' as well

been created and an understanding of scale. R,
. . o as property P180 “depicts' to indicate a where some-
The Map moment is a visualization of any geocoor- . = . : . .
. . " thing is and then provide an annotation of what is be-
dinates related to the object, such as location of exca- . . . :
. . SRR S ing depicted. This tool uses the International Image In-
vation and location of the institution in which it is cur- o . . 4
teroperability Framework (IlIF) to display the image

rently held, as seen in Figure 11. Plotting these coordi- L
nates provides the user with an understanding of how asa HiF canvas W'th hlghllghted_rectangles around de- a7
tail areas with tool tips that provide the label for what

people have moved the object since the time it was ex- . devicted. The ability to h i t parts of 48
cavated. For certain artifacts, such as the Dura-Europos IS depicted. The ability to hover over ditterent parts ot

Route Map, this moment provides detailed information 50
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of places mentioned in the artifact itself. Lhttps:/lwww.wikidata.org/wiki/User:Lucas_Werkmeister/Wikidata Sitnage_Posi
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