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ABSTRACT
The book publication history is valuable for understanding
how past cultures evolved over time and how knowledge
spread cross cultures. To construct the publication his-
tory of a book, we need to identify relevant versions (e.g.,
the original, editions and translations) and relevant con-
tributors (e.g., authors, editors and translators), as well as
important attributes (e.g. year and location of the pub-
lication). Such information is traditionally catalogued in
different bibliographic records, many of which are recently
transformed into linked data or knowledge graphs (often in
the form of RDF triples). Despite being friendly for auto-
mated processes, these RDF triples do not necessarily con-
struct the publication history easily. In this research, we
propose a data model for book publication history, based
on which we collect data from the underlying knowledge
graph and construct the publication history. We develop a
prototype using zoomable icicle graphs to visually present
the book history that uses can interactively explore. A
preliminary user evaluation shows that this interactive vi-
sualisation tool helps to locate the right information faster
and improves the user experience in general.

Keywords
book publication history, data model, interactive visual-
ization

1. INTRODUCTION
Books, especially classic ones, often have different editions
and translations in the long course of history. For ex-
ample, The Dream of the Red Chamber, one of China’s
Four Great Classical Novels, has been translated into 23
different languages and has more than 160 different ver-
sions, since it was originally published nearly 300 years
ago. Even within the same language, the original book or
its different versions could be translated different transla-
tor. During this creation process, the translators usually
integrated his/her own understanding of the original work
into his/her translation, which might have further influ-
ences on the spread of the original knowledge or ideas.
Therefore, the book publication history is valuable for his-
torians or other researchers as it helps understanding how
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past cultures evolved over time and how knowledge spread
cross cultures.

However, constructing a book publication history is not
trivial. As describe above, there are many entities related
to book history, and the relationship among these entities
are also complicated. we need to identify relevant ver-
sions (e.g., the original, editions and translations) and rel-
evant contributors (e.g., authors, editors and translators),
as well as important attributes (e.g. year and location of
the publication). Such information is traditionally cata-
logued in different bibliographic records, many of which
are recently transformed into linked data or knowledge
graphs (often in the form of RDF triples). Within large
aggregations systems, such as WorldCat1 and Wikidata2,
simple gathering these RDF triples does not necessarily
construct the publication history. Furthermore, browsing
the RDF triples is not an intuitive way to study the com-
plex relationships that exist in book histories. An inter-
active visualisation is therefore desirable to address this
issue.

In this research, we address two research questions:

• How to model the important entities and their rela-
tionships for constructing book publication history?

• Once constructed, how can we visualise the book
publication history interactively?

Inspired by the FRBR model [18], we propose our data
model for representing the book publication history, as
illustrated in Figure 1. This model incorporates a time
line with the traditional FRBR model, which allows for
the expression of historical events, such as the publica-
tion of new editions or translations. Based on a data set
that consists the RDF triples extracted from WorldCat
and Wikidata about five classic books, we design specific
SPARQL queries to collect data that are relevant for con-
structing book publication history according to the data
model. Once the publication history is constructed, we
use a zoomable icicle graph to visually present the book
history that users can explore interactively.

The rest of the paper is organised as the following: after
the related work is introduced in Section 2, we describe
the details of the data model in Section 3. Visualisation
requirements are listed in Section 4 and implementation
details are given in Section 5. We report our verification
process and results in Section 6, before we conclude in
Section 7.

2. RELATED WORK
1https://www.worldcat.org/
2https://www.wikidata.org/
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Figure 1. Data model of book publication history

2.1 Book history
Stephanie [1] has conducted research on the book history
of Europe. besides introducing some research on the his-
tory of books, there is a tool to teach the expansion of
European printing technology in a socioeconomic context,
which is a visualization tool called Atlas of Early Print-
ing 3. At the same time, there are also other researches
on the history of books, such as the researches on the
journals [11], poetry [25] and linguistics [16]. Meanwhile,
some organizations are working on it. For instance, an
organization named “book history research network” was
established and managed by the University of London [2],
which aims to bring together current and former gradu-
ate students, teachers, and independent researchers work-
ing in any field or period of “History of this Book”. How
to automatically construct book publicatin histories based
on available structured data (e.g. RDF triples) remains a
challenge.

2.2 Data model visualization
A data model is an abstract model used to organize data
elements and standardize their relationships and attributes
with real-world entities [9]. Meanwhile , as the main method
of knowledge representation for complete machine under-
standing, ontology is widely used in different application
fields [8]. Where the ontology is the way to display the
attributes of the subject area and how they are related
by defining a set of concepts and categories that represent
the subject [20]. The most related work of data modelling

3https://atlas.lib.uiowa.edu/

visualization is ontology visualization. Normally, the data
in the ontology format of the data model is used for ma-
chines, one of the difficulties is that the full machine under-
standing data is hard to be easily understood by a human
[8]. That is also the reason why there are a large num-
ber of approaches and visualization tools. For example,
FLEXViz [10] was created to improve the exploration of
bio-ontologies. Olsvis [22] use a folder-interface to explore
hierarchies.

Recently, knowledge graphs become a popular data model
that is used to store interlinked entities [23]. The most
relevant work that could be found is a visualization of a
musical knowledge graph [4], which was founded by Cam-
bridge University enterprise accelerator. It details how to
make a music knowledge map. It could help the music ex-
pert to easily understand the evolution of music through
the knowledge graph. Furthermore, there are some differ-
ent knowledge graph achievements in other fields, such as
tabular data [6], Hubway data [21], etc. Meanwhile, the
knowledge graph is also applicable to the field of film [14],
smart grids [12], geoscience [24] and etc.

Although visualizations are applied in some fields, visu-
alization of book publication history is completely new.
This is the contribution of this research.

3. DATA MODEL
The data model was inspired by the work of the IFLA
Study Group, they developed a conceptual entity-relationship
model called Functional Requirements for Bibliographic
Records (FRBR) [18]. “This model consists of four enti-
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1 <http://www.worldcat.org/oclc/804697385> <http://schema.org/inLanguage> "en" <http://www.worldcat.org/
oclc/804697385.nt> .

2 <http://www.worldcat.org/oclc/804697385> <http://purl.org/library/oclcnum> "804697385" <http://www.
worldcat.org/oclc/804697385.nt> .

3 <http://www.worldcat.org/oclc/804697385> <cdf:workId> "312338454" <http://www.worldcat.org/oclc
/804697385.nt> .

4 <http://www.worldcat.org/oclc/804697385> <http://schema.org/name> "The Grand design" <http://www.
worldcat.org/oclc/804697385.nt> .

5 <http://www.worldcat.org/oclc/804697385> <http://schema.org/publication> <http://experiment.worldcat.
org/entity/work/data/312338454#PublicationEvent/london_bantam_press_2010> <http://www.worldcat.org/
oclc/804697385.nt> .

6 <http://experiment.worldcat.org/entity/work/data/312338454#PublicationEvent/london_bantam_press_2010> <
http://schema.org/startDate> "2010" <http://www.worldcat.org/oclc/804697385.nt> .

7 <http://www.worldcat.org/oclc/804697385> <cdf:StdRT2> "PrintBook" <http://www.worldcat.org/oclc
/804697385.nt> .

8 <http://www.worldcat.org/oclc/804697385> <http://schema.org/creator> <http://viaf.org/viaf/102304634> <
http://www.worldcat.org/oclc/804697385.nt> .

9 <http://www.worldcat.org/oclc/804697385> <http://purl.org/library/oclcnum> "804697385" <http://www.
worldcat.org/oclc/804697385.nt> .

10 <http://www.worldcat.org/oclc/804697385> <http://schema.org/datePublished> "2010" <http://www.worldcat.
org/oclc/804697385.nt> .

Listing 1. Example data in RDF format

ties: The entities defined as work (a distinct intellectual or
artistic creation) and expression (the intellectual or artis-
tic realization of a work) reflect intellectual or artistic con-
tent. The entities defined as manifestation (the physical
embodiment of an expression of a work) and item (a sin-
gle exemplar of a manifestation), on the other hand, reflect
physical form.“ IFLA Study Group (2009) states that these
entities represent the different aspects of user interests in
the products of intellectual.

The data model for this research is based on this FRBR
model, which has some custom designs for book history
(As depicted in figure 1). In order to explain the data
model clearly, some example data was used to illustrate
how the data model was constructed. The entities of the
book history are stored in the RDF format, there are some
example data in listing 1. The data model will be ex-
plained by these example data.

The first level of the data model is the work ID of the work
entity, which is the ontology representation of all the ver-
sions of a book, and the example data is the third line in
listing 1. The second level is the language of work entity,
which is the expression entity, and the example data is the
first line in listing 1. The relation between the work entity
and expression entity is the work is realized through the
expression. The third level contains the OCLC control
numbers, each representing one of the manifestations of
the same work. The OCLC control number [5] is the iden-
tifier for a unique bibliographic record in OCLC’s World-
Cat and the example data is the ninth line in listing 1.
The relation between the manifestation entity and the ex-
pression entity is that the expression entity is embodied
in the manifestation entity. At the same time, the third
level is grouped by the year, as the timeline is important
in constructing book histories. Since the item entity is
a single exemplar of a manifestation, it could be a book
stored in the library around the world, so it will not be
considered in this data model.

In conclusion, the data model is an idealized model. How-
ever, in the real world, data may be unbalanced or unclear,
which brings challenges to visualization.

4. VISUALIZATION REQUIREMENTS
4.1 The results should be clear and reliable.

The purpose of this project is to provide an interactive vi-
sualization of book publishing history. If the visualization
data is not reliable, it is meaningless for users. Thus, the
requirement of this part is that the result should be the
same as the users’ demand at the ontology level.

4.2 The visualization should be efficient and
easy to use

The most important part of the requirement is the vi-
sualization, which directly affects the efficiency and user
experience. First of all, users could get a clear overview of
the publication history of the book. This overview helps
users take the next step. Second, the process of find target
information should be easy for novice users. For example,
there is a task to find the English version of a book pub-
lished in 1990, users should complete this task in a few
steps. Additionally, it does not need to put a lot of effort
to learn it. Finally, the data distribution is uneven, so the
system should properly handle these unbalanced data.

5. IMPLEMENTATION
5.1 Data collection
5.1.1 Dataset
In this research, we work with a data set, which was made
availabe during the“Visualizing Digital Humanities”work-
shop held at the Lorentz Center at the University of Lei-
den in 2017 [3]. This data set consists of the RDF triples
extracted from Wikidata and WorldCat. These triples de-
scribes different editions and translations of five classic
books, including The Grand Design used in Figure 1. The
data is stored in a Apache Jena Fuseki server and accessi-
ble via SPARQL queries, as shown in Figure 2.

5.1.2 Query
The next step is to query the correct information from the
dataset. First, the target entities need to be determined.
Base on the data model built before, it is capable to find
that the book title, author, publication year, version and
translator are the important entities related to book his-
tory. Consequently, the logical chain of the query process
is clear. Step one is to get the ontology of target book from
Wikidata. Step two is to find all the OCLC control num-
ber of this book, which represent every single version of
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Figure 2. Framework of prototype

1 PREFIX wdt: <http://www.wikidata.org/prop/direct
/>

2 PREFIX library: <http://purl.org/library/>
3 PREFIX schema: <http://schema.org/>
4 PREFIX wd: <http://www.wikidata.org/entity/>
5 SELECT DISTINCT ?date ?inLanguage ?ocn ?

translatorName ?book
6 WHERE {
7 ?wd wdt:P243 ?ocn.
8 ?wc library:oclcnum ?ocn;
9 schema:name ?book;
10 schema:datePublished ?date;
11 schema:inLanguage ?inLanguage.
12
13 VALUES ?wd {wd:Q93773 # ‘‘The Grand Design"}
14 OPTIONAL{
15 ?wc
16 schema:translator ?translator.
17 ?translator schema:name ?translatorName.
18 }
19 }
20 ORDER BY ?date

Listing 2. SPARQL code of querying information
of “The Grand Design”

this book. Step three is to pass these OCLC control num-
bers to the WorldCat database. According to the OCLC
control numbers, it can find all other entities required by
the project. The final step is to filter out the erroneous
data in the client-server. For example, a book was first
published in 2010, so that all the result with publish year
before 2010 should be removed. The SPARQL [7] query
code can be found in listing 2.

5.2 Design choice
Base on the format of the query result, it is convenient
to construct a knowledge graph from the data. The rea-
son is that the knowledge graph is considered as a tool
for describing entities and their relationships [17]. Fur-
thermore, knowledge graphs have a great ability in pro-
viding semantically structured information [26]. For the
design choice of the knowledge graph, the first idea is a
tree graph. It clearly introduces the affiliation between
versions. The tree has five levels: title, year, language,
version and translator from left to right. However, unbal-
anced data will destroy the graph, as it may happen that
one of the nodes may be incredibly huge and another one
contains only one child. For example, if a book has 800
versions published in 2000, these versions all displayed in
the tree graph. When user looking for a book which pub-
lished in 2011, they need to scroll down through all the
books published in 2000. This will make the graph looks

awful and difficult to use. Whereas a zoomable treemap
is a better way to visualize it. The visualization will be
represented by a zoomable icicle graph, which is a sub-
class of a zoomable treemap, and its shape is similar to
figure 3. The zoomable icicle graph can fold the unbal-
anced data, as well as display the proportion of the data.
These attributes are very helpful for a better overview.

A color map is used to enhance the performance of pre-
senting the information. MacDonald [15] demonstrated
that color provides an important dimension in visual com-
munication, it can greatly enhance the effectiveness of in-
formation if used well. Kenneth [13] also stated that the
process of visualization is providing a visual representa-
tion of data. One of the most fundamental and import as-
pects is mapping the information to colors. For the color
schema, Rogowitz [19] believed that human perception is
less sensitive to changes in saturation or hue than changes
in luminance. Thus, a color map with a brightness gradi-
ent is used for year layer. Meanwhile, a strong contrasting
color map was used for the language layer, which makes
it easier for users to distinguish the language represented
by different colors.

In short, by using these two methods in combination, it
provides users with an impressive overview when using the
visualization.

5.3 Prototype
5.3.1 Framework
The prototype consists of three primary parts (As depicted
in figure 2). The first part is the basis of the prototype. It
is an Apache Jena Fuseki server with the prefabricated
database, which simulates the real servers of Wikidata
and Worldcat. The next part is a client-server written
in python, which queries the data from the Apache server,
and then parses and reformats the data to meet the format
requirement of visualization. The last part is the interac-
tive visualization, which is a zoomable icicle graph. The
year and language are mapped to variable colors to bring
a better overview. At the same time, some books have a
long history, so an extra layer of year groups may be added
to maintain usability. Another highlight is that the total
number of nodes is labelled after the node name, and the
graph is distributed proportionally based on these num-
bers. Finally, the prototype enables the users to filter the
language and change to another book, these functions are
completed by the two drop-down menus in the upper left
corner.

5.3.2 Workflow
This prototype has 6 layers, namely the book title, year
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group, single year, language, OCLC control number with
book title of this version, and translator (if any). Figure
3 is the visual homepage of a book, including the first
three layers. When clicking the “1966-1976”, it will go to
figure 4, which shows the language distribution of every
year. Then clicking the “1966” to go to figure 5, where the
OCLC control number and book title are displayed after
the language layer. If a translator of this book recorded in
this database, it could be found when clicking the OCLC
control number layer.

6. VERIFICATION
The goal of this section is to validate whether the re-
quirements are met. There should be a complicated ex-
periment to compare the new solution with the existing
solution. However, because of the time limitation and
the outbreak of COVID-19 pandemic, the scale of the ex-
periment was limited and the participant’s group must
be free of COVID-19 risks. As a result, the experiment
only tested with 3 participants who are the roommates
of the researcher. Such participants may lead to bias in
results. For example, participants may simply choose the
researcher’s product is better because they are friends of
the researcher. Although the results may be biased, the
positive results prove that this interactive visualization is
effective to a certain extent. The experiment tasks and the
questionnaire are attached in the appendix. The results
reveal that the time consumption of each task is greatly
reduced compared to existing solutions (As depicted in
table 1).

Table 1. Average time to complete the task
Task number New visualization(s) WorldCat(s)

1 6.5 32.7
2 7.3 19.9
3 13.2 36.1

Additionally, according to the results of the questionnaire
survey (As depicted in table 2), all participants believed
that this tool was better than the existing tools. Nev-
ertheless, the participants still have some question about
this tool. For example, “why there are only two books?
what happened if I want to check other books?”, “Why
are some language filters not working?” etc. These ques-
tions are all about the incomplete parts of the prototype.
This problem can be fixed in the actual product, but it is
not necessary to spend time on these repetitive work since
it is just a prototype. Additionally, there is a productive
suggestion. It suggests that there should be a search box
where the user can make inputs, and if the input content
is the same as the string stored in this system, the visual-
ization tool should directly go to that part. This can bring
a better experience to users.

Table 2. Survey result
QN Participant 1 Participant 2 Participant 3
1 A A A
2 A A A
3 A A A

In conclusion, although there are still some problems with
the prototype, the verification experiment indicates that
this interactive visualization of book publication history is
effective to a certain extent.

7. CONCLUSION AND FUTURE WORK
This research proposes a novel interactive visualization
of book publishing history. It not only provides a bet-
ter overview of book history but also reduces the query
time. This research especially contributes to the knowl-
edge graph visualization of book publishing history. Fur-
thermore, a practical tool has been built for digital hu-
manities researchers or layman users who are interested in
book history [2].

A data model was established for book publication history
in this paper, which is based on the Functional Require-
ments for Bibliographic Records model. It consists of three
entities. They are the work entity, expression entity and
the manifestation entity. There are two relations between
the entities. One is the expression entity is the intellec-
tual realization of the work entity, and the other one is
the manifestation entity is the physical embodiment of an
expression of a work.

For the design of the visualization, a zoomable icicle graph
is used to increase the usability and handle unbalanced
data. Additionally, a color map is used for the language
and year, together with the proportional graph to provide
a better overview. Users are able to clearly acquire the
total number of every section. Meanwhile, the steps of
querying a book are reduced.

Future research can look into showing more entities in the
visualization so that the user could get more information
from that. The other aspect is to build visualizations from
scratch. An existing library was used in this research be-
cause of time limitation. Hence, some functions cannot be
flexibly adapted to this research. Therefore, the visual-
ization established from scratch brings benefits for future
research. Finally, the search box is also a good choice as
suggested by one of the participants.
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Figure 3. Workflow of prototype 1

Figure 4. Workflow of prototype 2
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Figure 5. Workflow of prototype 3
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APPENDIX
A. USER TEST AND QUESTIONNAIRE
A.1 Task
In principle, the participants had to learn SPARQL lan-
guage to finish this test, consider no one would like to
spend more than five days for that, the test will com-
pare the performance between Worldcat website and the
project. Test book is the grand design. The method is to
measure the time-consuming to do the task in both web-
sites.

1. Find the OCLC control number of the Polish (pl)
version published in 2015

2. Find the title of the Portuguese(pt) version published
in 2011.

3. Find the translator of the Finnish(fi) version pub-
lished in 2011.

A.2 Questionnaire
IV: the new interactive visualization.

LB: the old list based visualization.

1. Which tool do you think can save more time?

A IV B LB

2. Which tool do you think is more convenient to use?

A IV B LB

3. Which tool do you think can provide a better overview?

A IV B LB

4. Do you have any suggestion for IV?
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