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ABSTRACT

In this paper we discuss the goals, motivations and other particulari-
ties of a visual exploratory analysis tool for historical dictionaries of
the Bavarian dialects in Austria. As an input data set we employ the
digitized version of the Historical Dictionary of Bavarian Dialects
in Austria (Worterbuch der bairischen Mundarten in Osterreich or
WBO), an initiative started in 1963 which compiles more than five
million paper slips collected during the years 1911-1998 in different
areas of current Austria, the Czech Republic, Hungary and northern
Italy. In the 1990s these paper slips started to be progressively dig-
itized, becoming part of the Database of Bavarian Dialects (DBO)
and in 2010 nearly 32.000 records related to plant names were made
available online on the DBO electronically-mapped (dbo@ema) plat-
form'. In more recent efforts, the project exploreAT!: Exploring
Austria’s Culture Through the Language Glass, which this work
is part of, started in 2015. Its aim is “to reveal unique insights
into the rich texture of the German Language, especially in Aus-
tria, by providing state of the art tools for exploring the unique
collection (1911-1998) of the Bavarian Dialects in the region of
the Austro-Hungarian Empire”, and it has originated other publi-
cations in conference proceedings that we encourage the reader to
review [8,19].

Index Terms: H.5.2 [ Information Interfaces and Presentation]:
User Interfaces—User-centered design

1 INTRODUCTION

Among the many definitions for the concept of a dictionary pro-
vided by several authors over the years, one was taken under special
consideration in our research: “A lexicographical product which
shows inter-relationships among the data” [18]. Consequently, one
of the goals of our tool is to serve the purposes of a variety of
scholars and also the general public curious to explore such inter-
relationships found in the historical dictionaries under study in an
easy and fun way. In order to fulfill this initial requirement, we
designed our tool on top of a set of well-defined computational tasks:
Spatio-temporal analysis, fast full-text search and network anal-
ysis (NA), which are exposed to the final user by means of data
visualization. All these computational tasks serve the ultimate pur-
pose of browsing, exposing, projecting and exploring these inter-
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relationships by applying well-known data visualization techniques.
Thus, the role of data visualization is specially important in our ap-
proach, given the profile of such final users, which is expected not to
be necessarily technical or academic. This means final users might
not know -or even want to know- the inner workings of any of the
aforementioned computational techniques, but still want to benefit
from the advantages they can bring to their activity. Data visualiza-
tion helped to reduce the cognitive load involved in the exploration
tasks and also in lowering the user’s level of digital mastery needed
to operate the proposed tool resulting from our research.

2 RELATED WORK

It is believed that visualization can be extremely helpful while work-
ing in humanities, as it can make arguments relevant to its researchers
in easier and faster ways. This calls for a more prominent research
of non text-based approaches to the field of humanities [5].

Directly linked to the topic of this paper, we evaluated one of the
first attempts to create a digital edition of a dictionary that could be
explored visually. At the core of this work resides an ad-hoc search
engine with potent natural language processing and string search
capabilities that allow final users to launch fuzzy searches in order to
detect mispellings and alternative spellings of headwords [16]. In our
study we place searching capabilities at the core of the architecture
that supports the proposed pilot tool.

For text-based materials, John et al. [13] developed a method for
visualizing the combination of distant and close reading, arguing that
a good visualization strategy is vital to understand large amounts
of quantitative data. Similarly, Jahnichen et al. [12] devised an
interactive visualization of topic models, where the main topics of a
text are automatically modeled and visually implemented so users
can browse through relations between documents, topics and words,
and navigate through the data by concatenating single exploration
tasks. Visual analysis techniques have also been used in combination
with social network analysis as in the “Early Modern Network Of
Networks” (EMNON) presented by Wilson [20] to access, explore
and participate in the reconstruction of the social network of scholars
working in Europe and America between 1500 and 1750 and thus
show how social relationships drove an intellectual change in this
period on a global scale.

In recent work, Bernard et al. [3] introduced a digital library sys-
tem for time series research data. Based on an overview visualization,
the user can delve into large collections of data in an exploratory
way while utilizing different views (geographical, calendar-based....)
to reach multiple and different conclusions. Also, Mayer et al. [17]
created a visual solution to the CLICS database, which includes infor-
mation about 200 different languages. It presents usage tendencies
for different words with similar definitions in different languages,
allowing to analyze temporal evolutions and enabling comparisons
between those languages’ tendencies. The main aim is simple yet
innovative: to identify tendencies in the usage of certain works re-
ferring to the same concepts in different languages across time. As a
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Figure 1: Proposed tool interface: 1) Spatial projection/map. 2)
Temporal projection or timeline. 3) Textual search bar. 4) Network
analysis view.

solution, they present a web application with three, two-way linked-
views that enables geographical, textual and network analyses to
be performed at the same time. Network analysis is achieved by
means of a force-directed graph in which nodes represent the differ-
ent concepts and connecting edges their coincidences in meaning.
In a similar manner, we employ a network visualization in our pilot
tool to present words as interrelated lemmas.

Regarding the proposed workflow of our tool, it has been deeply
influenced by work of data visualization experts, and particularly
the extension of the visualization mantra: “Analyze first, show
the important, zoom, filter and analyze further, then details on de-
mand” [14]. This workflow has proven to behave specially well
with massive data sets such as the ones employed in our research,
resolving the problematic announced years ago by the cited authors:
“[...] current and especially future data sets are complex on the one
hand and too large to be visualized straightforward on the other
hand,” [14].

3 PILOT VISUALIZATION ToOL

Our prototype is a multidimensional, visual analysis tool that allows
the exploration of the data mentioned in earlier sections. Despite
supporting several dimensions, the analysis workflow is guided by
the spatial dimension and the user interface is thus greatly based on
the use of maps, projections and other visualization artifacts built
on top of those two. In Figure Fig. 1 we present a screen shot of the
tool, showing all of its views.

The interface depicted in Figure Fig. 1 shows four views, of which
only three are made available from the beginning to the user (the
network analysis area is shown or, conversely, hidden dynamically
depending of the current stage of the analysis the user is at). In a
similar approach to work by other authors [1], we also propose a
dynamic multiple linked views exploration system. We expand and
adapt work on the reactivity of web applications and visualization
systems by some authors [9, 15] and introduce the component of
the search engine as a data-management entity that plays the role of
predictable state container often seen in these approaches. Below
we provide a short explanation of each of these views:

1. Spatial view: Here the data with available coordinate informa-
tion is projected. It supports the panning, zooming and filtering
by selecting specific visual elements on the map.

2. Timeline: This histogram is linked to the spatial view and
makes a representation of the records with temporal informa-
tion (projected over the Y axis).

3. Textual search bar: This element collects the text queries
performed by the user. It employs instant search or “Search as
you type”: In this technique filtering is performed on each user

Figure 2: Initial state. Hovering on the different aggregation buckets
displays stats about the relevant section of the data.

keystroke, leaving out of the current selection the documents
that does not match the search criteria.

4. Network analysis area: This area shows the graph represen-
tations of the networks present in the current selection. It helps
the user to identify patterns and hidden connections between
lemmas in a certain geographical area. Closing the linked-view
cycle, this view relates to the timeline and textual search bar
and permits a fast tuning of the temporal and textual filters.
For this purpose two views are employed, as it can be seen in
the image. The top view is a modified force directed graph that
represents lemma co-occurrences, visually grouped in commu-
nities computed by an algorithm which is run on demand [4].
Communities with less than the average members are filtered
out from the graph by default as they are considered less rel-
evant, but they can be brought back into the visualization by
employing the control on the top left corner. The bottom view
is a tree graph that, employing the same data input as the force-
directed graph, sorts such occurrences in numerical order for
an specific lemma, depending on its role withing the words
(prefix or lexeme). This lemma acts as the root of the tree and
its position can be switched according to the user’s needs using
the corresponding control.

In Figure Fig. 2 the initial state of the interface is shown. Bucket
aggregations at the lowest supported resolution level are displayed
on screen, providing a general view of the dictionary data. The
user can in turn slice the data by filtering using one of following
dimensions: text, time or space. When the number of results has
been reduced to a reasonable amount, NA can be launched for a
specific portion of terrain, revealing more insights on the underlying
nature of the data (See Sect. 4 for examples of this work flow).

3.1 A search engine for the dictionaries

As we anticipated in previous sections, a key feature of the pilot tool
to implement was the full-text search. Also, another important soft-
ware requirement was to build a web-ready piece of software able
to run in browsers. For these reasons, the chosen data storage and
search engine was the open-source, Apache-licensed ElasticSearch
documental search engine. Despite its short lifetime, ElasticSearch
has become a strong software alternative in real-time analysis of
human-readable, machine-generated computer logs. Given the simi-
larity of these formats to those employed in our context and taking
previous work of other DH practitioners as example [11], Elas-
ticSearch presented itself as a suitable solution for indexing and
querying our data.



The results of this addition were promising. With more than two
million different indexed documents, the search engine adapted very
well to work in a web environment, acting as a predictable state con-
tainer in the context of the reactive paradigm that we employ in our
tool. Along with its strong text search capabilities, the search engine
offers the possibility to obtain summaries of the response data sets
by using aggregations®. These summaries are condensed in special
data structures called buckets that, upon receipt, are processed by
data controllers which in turn trigger the necessary changes in the
linked-view system. The calculation of these metrics is embedded
at the core of the search engine and it can be pre-programmed by
supplying appropriate data-modeling mappings. Therefore, the com-
mon tasks of querying data and obtaining summaries performed
substantially faster in comparison to other simpler data-management
alternatives.

4 Use CASES

This section presents the results of a short test session performed by
the team of lexicographers that collaborated in this research. The
two use cases that were found during the session demonstrate the
advantages of the proposed workflow in the free exploration of the
dictionary and its ability to facilitate the extraction of different kinds
of knowledge.

4.1 Colour term usage

At the beginning of the session, the participants chose to base the
exploration on the usage of colours through the language. Colours
form an integral part of our lives and are also a prominent topic
spanning across several academic disciplines. Moreover, colour
concepts play an important role in the representation of cultural
knowledge [7]. In this case, they looked for common referents and
associations of red (ror) with other terms, as this practice can provide
insight on the cultural ramifications of such colour [7]. In order to
do this, they looked for the presence of red (rof) in compound words
such as weinrot (red wine) or blutrot (red blood) and compared the
results obtained for different regions. As a first step, the colour term
rét (note the pronunciation mark on the “0”) was manually entered
in the lexeme input box, while the prefix input box was intentionally
left blank. Non-temporal data was selected to be included in the
results since temporal analysis was not considered relevant in this
case. Then, the spatial view presented the results returned by the
search engine, showing an even spatial distribution of the query
results. Finally, they selected a bordering area between modern Italy
and Austria containing 272 sources to perform the NA task. Results
are presented in the interface depicted in Figure Fig. 3. Notice how
the geographical area for which NA is run is highlighted in the map.

4.2 Using fuzzy searches to find similar headword pro-
nunciations

This second use case expands the work flow by centering the atten-
tion on one of the top combinations of red found in the previous
example: the lemma prinn. The participants launched a new textual
query by using the contextual menu of the particle, which returns
results of headwords containing this particle at the beginning of the
compound word. In addition, they opted to add fuzzy parameters to
the search query in order to analyze a different kind of phenomenon.

Variations in the pronunciation and written representation vary
greatly among dialect areas. On the segmental level, vowels are a
particularly prominent example of showing high variability. Fuzzy
searches are therefore particularly well suited to tackling such
queries and have also been employed by other authors [16]. When
the search term was modified to “prinn~", obtained results included
lemmas that varied in maximum one character from the input term.

Zhttps://www.elastic.co/guide/en/elasticsearch/reference/current/search-
aggregations.html
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Figure 3: Visual output of the colour term red (rét) in compound words
and its possible referents.
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Figure 4: Network visualization showing two pronunciations of the
same underlying form prenn/prinn

In turn, NA was launched for the region of Vienna, producing in-
triguing results (See Figure Fig. 4).

The network visualization showed the network with the different
communities detected by the algorithm which are dominated, as
expected, by terms matching the fuzzy query. At first sight, the
users’ attention is drawn to the more populated communities of
prenn and prunn, which are not connected and therefore appear
distant in the force-directed graph, repelling each other. This is not
the case, however, for the prinn community, which is connected
to the prenn node by two different paths: h-eiss () and ror. At
the top of the visualization appears yet another particle, trenn (to
separate), which is less tightly connected to prenn than the previous
one, having only one lemma in common, sch<dre (scissors).

The original sources of the records displayed confirm there is a
reason why prenn and prinn appear closer in the graph: prenn/prinn
h-eiss (very hot) and prenn/prinn rét (burning red) are manifestations
of the same underlying word form, both meaning the same. On
the other hand, the team of experts stated that they could not find
any semantic coincidences between prenn and trenn, because the
introduction of the fuzzy character modified in this case the lexical
root and thus the origin of these two words was completely different.
This comment also confirmed the validity of the chosen visualization,
which placed the node farther apart than it did with the lemma prinn.

5 DiscussiON AND FUTURE WORK

DH prove a highly interesting field for the application of classic
computational techniques in novel ways. The necessity to create
open standards, methods and frameworks able to adequately direct
this experimentation has become an academic imperative. Envision-
ing new interactive and plastic techniques capable of managing the
increasing volume of data related to humanistic studies and foster
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knowledge extraction has become a core component of data visual-
ization in recent years and will be the origin of many of the future
applications of this discipline.

This work draws attention to the key role of data visualization
in enhancing the accessibility to computational methods usually
employed in linguistics. Furthermore, we put into practice a novel
architecture specially oriented towards the analysis of big data sets
and the creation of responsive visualizations in the web using open
standards. The software methodologies and paradigms adopted dur-
ing the conception of the pilot tool were adequate for the problem
domain of this research, specially those concerning the alternation
of micro-prototypes and testing sessions with the team of lexicogra-
phers involved in this investigation, which contributed greatly to the
suitability and usefulness of the resulting software. Additionally, the
reactive paradigm proved to adapt well to the inclusion of the search
engine as a state manager although and we felt it was good enough
for a first attempt. However, in future research they will have to be
more tightly connected in order to create more complex interfaces,
such as adding more logic to the controllers that allow a complete
exploitation of the search engine capabilities.

We identified other possible lines of work that arose over the
course of this research. Visual treatment of uncertainty would have a
tremendous impact on the study of cultural evolution and the dating
and classification of dictionary entries with missing information.
The study of the past is, by definition, uncertain and in consequence
some of the sources in the study could not be dated accurately by
automatic means, while others presented incomplete or missing
information. Incorporating elements that are able to transmit this
uncertainty and lack of information in visual terms to the user, as
showcased in previous work [2, 6], will suppose one of the most
important challenges in future investigations.

Regarding the network analysis capabilities, we noticed certain
degree of detachment (in interface terms) between the elements
in the NA area (and more specifically, the graph nodes) and their
counterparts on the map. This fact made the establishment of a direct
visual correspondence difficult for some of the participants and as
a consequence, the multidimensional nature of the sources was at
times hard to grasp. We also noticed this problematic arose more
often in medium/large sized computer screens. A common solution
for this issue implies merging the two representations, creating a
new visualization that allows spatial and network analysis to be
performed using the same visual elements and areas of the screen,
as seen in other famous visualizations. Moreover, time could also
be brought into this same view as other authors have attempted in
their work [10]. This could enable more self-contained and effective
forms of dynamic network analysis and novel ways to represent the
temporal uncertainty that is present in some of the sources.

The analysis of massively populated graphs still needs to be ad-
dressed in future versions of the tool. When the number of nodes
analyzed reaches the order of thousands, the amount of edges dis-
played on screen grows exponentially, producing the unwanted,
so-called hairball graphs and impeding the extraction of knowledge.
A common approach to solve this issue involves clustering the data
in order to create a more intelligible representation. Although we
looked into possible alternatives, more work is needed to be done
in conjunction with the team of lexicographers collaborating in this
research in order to find a combination of algorithms able to produce
meaningful results. Treatment of overlapping nodes in the graph has
not been addressed yet and calls for more elaborate solutions like
collision detection or similar approaches. If these questions are to
be solved, NA will be promoted to a first-class element in our analy-
sis, placed at the same level of time and space. This addition will
open new doors to more complex and exciting ways of multivariate
analysis.
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