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Abstract: Empirical linguistic research requires access to richly annotated and
metadata-enhanced language corpora. This paper presents the ongoing develop-
ment of corpus search and analysis platforms at the Leibniz-Institute for the Ger-
man Language (IDS), which provide access to DeReKo, the world’s largest collec-
tion of contemporary written German corpora, and the Archive for Spoken German
(AGD) among others. We describe our platforms, especially focusing on improv-
ing, extending and evaluating their user interfaces. Challenges addressed include le-
gal constraints, handling large and heterogeneous datasets, ensuring reproducibility,
maintenance of legacy systems, and especially meeting accessibility and usability
standards for a diverse scientific audience from the humanities.

This work contributes to the broader effort of advancing research infrastructure in
linguistics and offers insights into sustainable and user-friendly corpus technology
design.

Keywords: Corpus Linguistics, Language Resources, User Interface Design, Legacy
Software

1 Introduction

Linguistic research on language phenomena requires access to language data, which may consist
of collections of written texts, transcriptions of spoken language or audio/video recordings. To
be suitable for empirical analysis, such data collections, called language corpora, must be ac-
companied by comprehensive metadata, such as information about the author, genre, or source
of the text, or in the case of spoken language corpora, details about the communication situation
and its participants. In addition, corpora should be sufficiently large and represent a broad range
of linguistic strata to allow for reliable generalizations about language structure and usage. It is
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equally important that these collections are prepared in a way that supports efficient linguistic
analysis. For example, recordings of spoken language need to be transcribed (converted into the
written form) while both texts and transcriptions can undergo further processing like segmen-
tation (e.g. in tokens, sentences or speaker contributions) and annotation with linguistic infor-
mation (e.g. part-of-speech tags). Finally, specialized software is required to efficiently search
and analyze large datasets and to visualize results in various statistical and graphical formats,
enabling the systematic exploration of linguistic patterns.

This paper focuses on the development of search and analysis software for linguistic corpora
at the Leibniz Institute for the German Language (IDS) in Mannheim, Germany. The IDS is the
central scientific institution for the study and documentation of the contemporary usage and re-
cent history of the German language. It provides and continuously updates two major collections
of German-language corpora, which serve as essential empirical resources for linguistic research
on the German language worldwide:

The German Reference Corpus (DeReKo) [KL14] — the world’s largest collection of cor-
pora of contemporary written German (approx. 61 billion tokens; release 2025-I), com-
prising a wide range of text media sources, text types, and genres. DeReKo follows a
so-called “primordial sample” design, which means that the aim is not to create a corpus
that is balanced or representative in any way, but rather to cover as many strata as possible
and leave the creation of subcorpora (in the form of so-called virtual corpora [KBKW10])
for research questions to the user.

The Archive for Spoken German (AGD) [SS14] — the most extensive archive of audio and
video corpora documenting spoken German in interaction and regional variation (approx.
5,000 hours). The most important corpus in the collection is FOLK, the Research and
Teaching Corpus of Spoken German [RDS23], which, with around 390 hours and 3.7
million transcribed tokens (version 2.24), is the largest corpus of authentic spontaneous
conversations from various private, institutional and public communication settings.

To make these datasets accessible to researchers worldwide, IDS develops and maintains cor-
pus search and analysis platforms and tools that enable users to explore the data online. The
following platforms, currently in active use, can be cited as examples:

COSMAS II' [Bod05] is a web application for querying IDS text corpora, including DeReKo,
historical corpora, and other collections. The development started in the mid-1990s as the
successor of COSMAS 1 [al-94]. It supports searches in multiple layers of annotations
using its own corpus query language developed specifically for linguistic research. Key
features of COSMAS II include virtual corpus building, display of corpus contents and
search results based on metadata, intra-textual properties and frequency distribution, sup-
port for lemma based word form generation, user management of word lists, conducting
collocation analysis, and the export of results and related metadata.

! https://www?2.ids-mannheim.de/cosmas2
2 https://korap.ids-mannheim.de
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KorAP? [BFF*12]is an open-source’, web-based corpus analysis platform that has been devel-

oped since 2011 as a successor to COSMAS 1I for the primary access to DeReKo, but its
data-independent architecture also enables its use with other corpora at external institutes
[KBD*24]. Thanks to its modular architecture, KorAP can be extended with additional
components tailored to specific corpus analysis tasks, with Kalamar [DS24] (see Subsec-
tion 3.1 and Subsection 3.2) being its primary user interface. It supports the querying
of large, multiply annotated corpora (across layers, sources, and structurally overlapping)
and offers a variety of visualization options, including graphical views of dependency and
syntactic annotations. KorAP is based on a fulltext search engine and supports multiple
query languages commonly used in corpus linguistics.

DGD* [Sch14] is a web-based corpus platform for browsing and querying access to some of

the transcribed corpora of spoken German from the AGD. The platform has been available
online since early 2012 and is regularly updated (approx. two releases per year). It is
built on a relational database and supports token-based concordance searches within multi-
layer-annotated transcriptions of spoken language. In addition to various filtering options
and output visualizations for search results, DGD also provides access to audio and video
data that are synchronized with the corresponding transcripts.

ZuRecht® [FHW23] is a prototype implementation of a web-based graphical user interface for

CQP-based queries on transcriptions of spoken language. The underlying search engine is
implemented using the open source ZuMult® architecture [SFF'23] that applies MTAS’
[BBK17], a Lucene-based® linguistic search engine. Currently, ZuRecht serves both as an
extension of the DGD platform and as an experimental environment for developing new
features tailored to the analysis of spoken language data, such as searches for time-aligned
annotations, speaker turns, and repetitions.

grammis’ [SL22] is a hypermedia-driven online platform offering comprehensive resources on

German grammar. Initially launched in the mid-1990s and optimized for mobile use since
2018, it transcends static digitization by integrating multimedia (e.g., audiovisual exam-
ples of intonation, animated grammar explanations) and interactive tools for corpus-based
analysis. The platform integrates empirical corpus linguistics with systematic grammatical
descriptions by grounding its grammatical analyses in observable language data derived
from large, annotated corpora of contemporary German. In addition, grammis includes
dictionaries, terminological databases, and curated data collections, which serve both as
analytical tools and as the empirical basis for scientific publications. With over 100,000
monthly page views, grammis ranks among the most widely used online resources for
linguistic research on the German language.

3 KorAP consists of multiple components, most of which are published under the BSD-2-Clause license, accessible
via https://github.com/KorAP.

4 https://dgd.ids-mannheim.de

3 https://zumult.ids-mannheim.de

6 https://github.com/zumult-org

7 https://github.com/textexploration/mtas

8 https://lucene.apache.org/

9 https://grammis.ids-mannheim.de/
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In this paper, we draw on several years of hands-on experience in developing and maintaining
these corpus analysis platforms to present selected design strategies and implementation ap-
proaches that have proven effective in this context. We begin by outlining challenges associated
with the nature of language corpora in Section 2. In Section 3 we will focus in particular on the
developments that are of great importance to the end user. These are improvements regarding
the user experience (in Subsection 3.1) and enhancements of functionalities in the user interface
(in Subsection 3.2), which are made especially for the corpus systems for written language and
are presented as examples. These improvements and enhancements were developed both against
the background of user feedback and in order to achieve functional parity with the predecessor
system. With regard to the systems for spoken language, an extensive evaluation was carried out,
which we present in Subsection 3.3 — and which we intend to adapt for the systems for written
language in the future in order to be able to coordinate further developments on this basis.

Developments that are not immediately noticeable to users are described in Section 4. In
addition to the maintenance of existing functionalities, this primarily involves ensuring the avail-
ability of functionalities that are no longer maintained or that use dependencies of functions that
are no longer maintained (maintenance of legacy software). Here, too, we present examples of
how to deal with such software. Section 5 concludes the paper with a summary.

2 Conceptual Challenges and Related Work

Corpora, used in linguistic research, consist of language data essentially structured around three
main components: a) the primary data, b) the metadata and c¢) annotations that add further infor-
mation to the primary data.

In the case of non-native digital input, primary data is based on raw data. In the case of oral
corpora, primary data is usually manually created transcripts that convert audio data into a textual
form. In the case of written corpora, the primary data is often based on image data (see Figure 1;
Step “Processing”). It is important to understand that the primary data of a corpus can have an
interpretative distance to the original raw data, which is often resolved by adding the underlying
media to the corpus in a non-interpreted form. In the case of oral language primary data, this
means that ideally a direct association between individual transcript parts and their equivalents
in audio and video files is kept (cf. [LZ10], p. 44), as is the case for DGD and ZuRecht.

Metadata describes the linguistic material and also has different properties for written and
spoken corpora. For example, written texts usually contain a title, a publication date and author
information, which is encoded for each individual document. In oral corpora, on the other hand,
due to their more individual nature, a richer set of metadata categories is usually employed. It
includes, for example, time and place of the underlying (audio or video) recording, the general
communication situation (e.g. private conversation, TV show, teaching situation, etc.), and most
notably speaker information. This, in turn, includes information like age and gender, but can
also extend to biographical data like place of birth and language socialisation, language skills, or
education (cf. [DR23] for the FOLK corpus).

Annotations describe parts of the primary data. In order to assign these to the content, the
data is usually segmented. This normally takes the form of tokenization (i.e. splitting into
graphemic words), but in the case of oral data, segmentation is also concerned with assigning
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Figure 1: Data preparation and search in corpora of written language (left) and corpora of spoken
language (right). The diagram highlights, on an abstract level, those processing steps that are
different for corpora of written and spoken language (lower part), and those that are identical
(upper part). On a technical level, however, the systems for written (COSMAS II and KorAP)
and spoken data (DGD and ZuRecht) are kept separate, mostly because of different user access
limitations and different data storage and querying requirements of written vs. spoken language
corpora.
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sections of speech to different speakers, and with structuring the data on the basis of pauses
and speaker changes in order to ease reading and navigation. Annotations can reflect structural
information that is already present in the raw data but has been lost during the transfer to primary
data. In the case of written corpora, for example, this could be chapter sections, headings or
footnote markings. Linguistic annotations are added to these structural annotations and can
contain morphological, syntactical, lexical, phonological and other information (see Figure 1;
Step “Data enrichment”).

Linguists refer to such curated and enriched corpus data for various purposes. For example, to
search for examples for dictionary work, but also for quantitative studies of linguistic patterns in
both written and spoken data. Depending on the perspective, studies can also be conducted on
different dimensions of the data, for example for the investigation of diachronic language states,
regional varieties, or different text and conversational genres. To address these different needs,
corpus analysis systems (see Figure 1; Step “Software development™) must offer complex search
functionalities and filters for data exploration and produce result views that provide immediate
access to the underlying corpus data, including its primary data, metadata and annotations. In
addition, corpus analysis systems must provide a high degree of reproducibility across different
development stages [DMK21].

Linguistics is in the special situation that its research data are typically affected by third par-
ties’ rights. These rights include intellectual property rights, mainly but not exclusively affected
in the case of written corpora, and general personal rights such as privacy and data protection,
mainly but not exclusively affected in the case of spoken corpora. In addition, the affected rights
holders do not belong to the research community so that open data models are not as easily appli-
cable as in other disciplines. For these reasons, licenses usually need to be obtained to use texts
for linguistic research purposes, and informed consent needs to be obtained for spoken language
recordings. Alternatively, for spoken data, if no such wide-ranging consent can be obtained from
the affected rights holders (usually the recorded persons), measures have to be taken to techni-
cally control and limit user access to the data. Regarding texts, the Text and Data Mining (TDM)
limitation, first introduced in 2017 in EU copyright laws, has improved the situation by allowing
for non-commercial use of texts. However, under this limitation, corpora can only be shared with
a specifically defined group of people and not with the entire research community [Kam18].

These conceptual challenges lead to technical challenges that the applications presented here
address and can also be viewed in the context of related work. Especially at the beginning of
the development of each platform, there were no systems available that fulfilled the specific
requirements '’ targeted by the respective project. Even today, only a few systems fully meet the
set of requirements that led to the development of KorAP and ZuRecht.

Since the corpora presented cannot be downloaded for legal reasons, web access is essential.
However, some corpus systems for analyzing written language, such as AntConc [Ant22] or
CorpusExplorer [Riid20], and for spoken corpora, such as ELAN [Will9] and EXAKT/EX-
MARaLDA [SW09], are primarily intended for use with project corpora on desktop systems,
which is why they are not suitable for this application. The legal restrictions also mean that

10 1 addition to these conceptual challenges, the required functionality of KorAP was specified at the start of the
project by conducting a survey followed by an evaluation of existing systems [BFF"12]. Likewise, systems were
evaluated in advance for ZuRecht/ZuMult [BFS21] and a user study for the DGD was conducted [FFH' 16].

6/26



Eg ECEASST

the corpus search and analysis platforms used to provide DeReKo and AGD must have a user
management and a finely differentiated rights management, in order to guarantee that the rights
of authors and speakers are not infringed upon on the one hand, and on the other hand, to restrict
the possibilities of usage as little as possible [MDKK?24].

Furthermore, given the sheer volume of data, especially in written language, the system must
be able to deal with that. Established systems, however, often focus on smaller sized corpora.
The IMS Open Corpus Workbench, for example, has a technical size limitation of 2.1 billion
tokens [EH15]. Similarly, the widely used ANNIS [ZJLC09] is primarily aimed at smaller,
albeit highly annotated corpora, which does not meet the requirements for user created virtual
corpora. Multiple annotations, on the other hand, are only supported to a limited extent by other
systems. Many older systems only support individual annotation layers (e.g., only one POS
annotation) such as MonoConc'! — but not multiple, especially conflicting, annotation levels.
Only recently have systems emerged with requirements similar to those formulated for KorAP,
such as BlackLab'? [DND17], which has a similar feature profile and approach as KorAP.

Comparable requirements apply to spoken language, which also necessitates special handling
of overlapping speech, close linking of queries with metadata, and integration of audio and video
material in the presentation of results. At the time of the development of the DGD, comparable
platforms already existed online (e.g., Talkbank [Mac07]). However, these platforms were based
on architectures that did not support deployment in other data repositories or for other data
formats (cf. [MS09] for an overview of corpus analysis platforms for spoken language at the
time). Today, many open-source platforms offer flexible, data-independent architectures, but
only a few of them support the search for features specific to spoken language — such as pauses,
speaker overlaps, time-aligned annotations and non-verbal events like laughter or frowning —
as is possible with ZuRecht (cf. [FS25] for a current overview of search platforms for spoken
language).

3 Developing User Interfaces

The majority of users of our corpus analysis platforms come from the humanities (access to the
corpora mentioned in this paper is granted upon registration and is restricted to scientific, non-
commercial purposes only), which is why in-depth technical understanding cannot necessarily
be assumed. In addition, the different underlying research interests result in a very broad and
diverse user base that requires correspondingly different functionalities (cf. [SZR08]). A multi-
level access system was therefore established for the written corpora [KDM22], which enables
users with technical skills to access the database very effectively and beyond the functionalities
of the graphical front end. For the oral corpora, two separate software accesses to the data were
developed, DGD and ZuRecht, in order to satisfy the different user groups. DGD is aimed at a
general user audience with limited query options, while ZuRecht, with its support for complex
CQP queries, is intended to appeal to expert users willing to use a more powerful, but more
complicated query console.

Especially for less tech-savvy users (but with a strong scientific research background), the

1 https://monoconc.com/
12 http://inl.github.io/BlackLab/
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Figure 2: Interaction path adding “extras on demand”

usability of the interfaces is of great importance and is — in our experience — an aspect that
is often neglected in the development of research software. In the following, we would like to
present examples of how we are continuously improving, expanding and evaluating our platforms
in order to meet the evolving demands of users and data.

3.1 Improving

Kalamar [DBK19] is the user front-end for the KorAP corpus search and analysis engine. It was
developed as a separate component [DHM " 16] that communicates with the backend using the
publicly accessible web interfaces of KorAP [KDM22]. In this respect, Kalamar acts as an API
client.

Due to the wide range of interested researchers who use the web frontend, each of whom only
needs part of KorAP’s functionality but should not be distracted by too many functions, the de-
sign of the user interface follows the principle of “extras on demand” (see [Tid06], p. 45f). This
means that basic functionalities are readily accessible, while advanced or less frequently needed
options are only displayed on request (see Figure 2). More generally, this approach aligns with
the broader principle of progressive disclosure, which recommends presenting information and
branching options only when they become relevant to the user’s current task. According to estab-
lished models of human-computer interaction, users typically pursue their goals in user interfaces
by following sequential action paths that are shaped by their current task context [DFARO4]. This
approach reduces cognitive load and helps to meet different user requirements [Nie06, SPC*17].

As part of improving the user interface, the navigation structure was recently revised to enable
a more contemporary and intuitive user experience. The implementation was based on estab-
lished design principles of visual perception — in particular the principles of proximity, simi-
larity, and continuity — which are considered a central component of modern human-computer
interaction [LHB10].

One key measure was the introduction of an additional navigation bar at the top of the page.
This now bundles basic functions such as logging in and out, a documentation link and further
pages. Previously, for example, login and logout elements were located in different parts of
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the application — contrary to the design principle of proximity, which recommends a spatial
grouping of functionally related elements (see Figure 3).

The visual appearance of the navigation components was also adapted to the findings of de-
sign theory: Related content was made recognizable as belonging together through consistent
coloring and clearly defined spacing. This makes it easier to quickly grasp the user interface and
improves user orientation. For example, the previously isolated help button, which was located
below the search bar in the form of a question mark, has been integrated into the top navigation
bar and thus positioned more prominently (see Figure 4). The logo, which serves as a link to
navigate to the home page, has also been moved from the search bar to the top navigation bar —
a placement that meets current user expectations.

Subtleties such as the display of a profile icon next to the user name also enable the recognition
of the login status at a glance (see Figure 5). These design elements follow proven principles of
user guidance and reduce the cognitive load of recurring use.
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To improve accessibility, attention was also paid to a high-contrast display of fonts and icons
as well as sufficient font sizes. These adaptations meet accessibility requirements and make the
application easier to use for all user groups.

Last but not least, the user interface has been adapted to the new navigation in terms of re-
sponsive design to ensure that all functions can still be used comfortably on smaller screens (see
Figure 6).

Overall, the revised navigation contributes to the effectiveness, efficiency, and user-friendliness
of the application and creates a more consistent design basis for future enhancements.

3.2 Extending

Recent developments in linguistics (especially in corpus linguistics), but also the emergence of
new forms of corpus data (e.g., from the field of computer-mediated communication), make
it necessary for developers of corpus analysis platforms to constantly provide users with new
methods for data exploration (such as new visualization options or the integration of external
resources).

Kalamar allows the integration of additional functions in the form of web-based plugins. Plu-
gins are web services that are developed and operated independently from the Kalamar User
Interface and can easily be integrated via widgets. Communication between widgets and the
user interface, for example with regard to the user’s current query, takes place via standardized
client-side browser interfaces (i.e. service workers). Communication between widgets and the
database, for example to retrieve additional data, is done via the KorAP web APL
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Figure 7: Export plugin

The plugin architecture adheres to KorAP’s principle of designing small, independent compo-
nents [DHM " 16]. This ensures maintainability, which, given the diverse scientific backgrounds
of the users and the limited developer resources, is one of the most challenging tasks in develop-
ing research software in computational linguistics [DMK21]. It does not only provide modularity
but also a foundation that allows other projects or institutions to develop their own plugins for
Kalamar, which can be maintained and extended by the project members themselves and cus-
tomized for their users’ needs. Plugins have to be registered and can be made accessible for the
users through a marketplace,'® which allows the installation and deinstallation of plugins. The
security is granted through a restricted security policy of the Kalamar plugin system and KorAP’s
support of OAuth 2.0. All plugins need to be registered with an OAuth Client ID in case they
require OAuth access.

Right now, a number of supported plugins have been developed at IDS including the export
and the GlemmService plugin. These are currently not installed separately by the user but are
configured as part of Kalamar and are therefore accessible for all users.

Example 1: Support for Exporting Data

In contrast to the COSMAS II export we decided to keep KorAP’s export quite simple. Over
the years we received many requests addressing additional configuration requirements. To meet
the different needs, COSMAS I offers a wide range of user options for configuration, includ-
ing result and corpus views, different sorting options, various context settings for the result and
detailed possibilities regarding the layout of the exported file. From our user feedback, we re-

13 The marketplace is not yet public.

11/26



Linguistic Corpus Research Software at the IDS E}

alized that the manifold possibilities are quite overwhelming for beginners and also tend to be
confusing for experienced users. Additionally, maintaining and upgrading to different file for-
mat versions is significantly resource-intensive. Therefore we offered a reduced export selecting
JSON and CSV file formats in addition to RTF, which allow automatic post-processing of the
data. To accommodate additional export configuration requirements, it is now possible to design
and implement custom export plugins tailored to individual user’s or project’s needs.

As illustrated in Figure 7, the export widget is located on top of the search results and embed-
ded only, when results exist (following the aforementioned “extras on demand” principle). The
location of the widget and the icon used for export is part of the plugin’s configuration. The plu-
gin sends a request to KorAP’s backend for the results to be exported and subsequently converts
them into the requested file format. Plugins can be implemented not only to send or receive data
from a remote service, but also to toggle on or off a remote service or invoke an assistant that
interacts with the query line.

Example 2: Integration of External Resources

As the size of the corpora searched increases, the word form lists generated by search expres-
sions come into focus for developers. In COSMAS 11, these lists are generated from at least three
types of search expressions: expressions with simplified wildcards (e.g. “Ab*ung+mittel?”),
regular expressions (e.g. “#REG ("Ab[a-z]*ung[s]?mittel [sn])”) and lemma expres-
sions (e.g. “sC&Mittel”, i.e. compounds of the lemma “Mittel”). These lists may well reach
sizes of several 10 or 100 thousands of word forms (= types), and even more in a large corpus
(e.g. 304,374 list entries for the compounds of “&Haus” on a selection of DeReKo).

While some users will be happy to get more hits, others may even find it useless if they
are unable to edit the list and weed out unwanted word forms before performing the search.
Browsing through numerous results in search of the desired hits can be very time-consuming or
even impossible, since there is no best-fit order COSMAS II and KorAP could sort the results
accordingly. Having too many false positives makes a quantitative approach difficult. Last but
not least, as with COSMAS 11, the longer the list, the longer the user has to wait for the results
(up to several minutes). To address this issue, COSMAS 1I offers editable word form lists that
can be sorted and whose entries can be switched on and off and saved for repeated use. It is also
necessary to provide filters which allow users to switch off ranges of word forms using substring
matching or word frequency.

The Kalamar plugin system presented above is a welcome opportunity to adopt modules from
COSMAS II which support the issue just outlined without having to carry out integration work in
KorAP. First, a web service called GlemmService (because it obtains its data from the so called
“German Lemmatizer” [Bel94]) was integrated, which enriches a search query for each basic
form found with the corresponding inflectional forms and/or compounds. This service can be
toggled on or off using a Kalamar widget and is invoked during query processing.

The GlemmService also delivers a wizard which is loaded via another widget located below
the search input window. This wizard assists users to insert the desired combination of lemmati-
zation options into the search expression (see Figure 8, excerpt from the upper part).

A further service currently under development is the Word Form List Service which will enable
users to visualize, sort and edit word form lists generated e.g. by the GlemmService to suit their
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Figure 8: Adding a search expression via the wizard loaded into the search widget area (upper
part)

needs as detailed above. To illustrate the interaction between the plugin and Kalamar, it should
also be noted that this plugin would benefit from a cache resource offered by Kalamar to store
the edited lists.

3.3 Evaluating

Evaluation is a fundamental aspect of software development and serves to systematically measure
the quality and suitability of software applications. In computational linguistics, evaluation is
likewise an established practice (cf. recent LREC conference proceedings). In corpus linguistics,
however, evaluation often remains neglected in favour of the pursuit of more data and innovative
methods for corpus processing. This trend is especially evident today, as much of the field’s
attention is focused on the evaluation of Large Language Models (LLMs). In contrast, there are
only a few studies that systematically examine, for instance, the search functionality of existing
corpus query tools in terms of accuracy, speed, and performance — either in comparison with
other tools (see e.g., [CRM20]) or across varying corpus sizes (see e.g., [Sch12]).

More commonly, evaluations focus on the functional aspect of linguistic software: What can
users actually do with the tool? Examples of studies comparing different systems based on a set
of software features include [FSB12, BBK17, Davnd].

With regard to user-oriented evaluations of linguistic software, studies such as [SFO7, SZRO0S,
Llal2] provide insights into the process of collecting user requirements and evaluating the us-
ability of user interfaces.

With our study, we aim to contribute to this research field by presenting a systematic evalua-
tion of the DGD user interface, using think-aloud experiments. Considering the time and costs
involved in conducting useful and meaningful usability testing, we think it is important that we
share the experiences in the field of usability evaluation and demonstrate how established eval-
uation methods from software engineering can be adapted and applied to the development of
linguistic research software.
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Goals and Methodology

With the primary goal of identifying limitations of the user interface and potential starting points
for improving DGD design, the following questions served as the basis for the evaluation:

* Do new DGD users find the desired information and use the intended navigation paths and
user interface elements?

* Do they locate the desired information quickly, or do they require several attempts be-
cause they intuitively search elsewhere or do not understand the underlying navigation
principles?

* Which terms used by the platform are unclear or confusing to new users?

The think-aloud method, which we selected as our approach for this evaluation study, goes be-
yond simply observing user behaviour. It not only makes it possible to watch what participants
do, but also encourages them to verbalize their thoughts while interacting with the software.
This provides insights into their reasoning processes and helps to uncover what participants do
not understand or how they might misinterpret certain aspects of the user interface.

Initially, the study design included ten participants who had never worked with DGD before
but had experience in using corpus analysis platforms. However, after conducting sessions with
the first three participants, a substantial amount of data had already been collected, and it was
decided to analyze this data material before proceeding with further experiments. The analysis
provided enough of valuable findings, identifying several usability issues in the DGD design.
Consequently, the decision was made not to recruit any further participants, despite recommen-
dations in the literature suggesting a minimum of four or five participants for such studies (cf.
[Vir92]).

It also should be noted that the think-aloud experiments described in this paper were a supple-
mentary component of a larger user study, which also included an extensive user survey with 669
participants and ten contextual interviews (see [FFH"16]). The three think-aloud experiments
presented in the following can thus be considered as a pilot study to test the suitability of this
method for evaluating corpus search platforms.

Three participants (two men, one woman; aged 25-34) took part in the think-aloud experi-
ment. All held academic degrees in Linguistics and worked as research associates at the IDS.
All had experience working with corpora, though their backgrounds varied: one participant spe-
cialized in written language corpora and regularly used other corpus analysis tools, but had no
experience with spoken data. Another worked extensively with spoken language, particularly
in phonetics, conversation analysis, and signal processing, and was familiar with different tran-
scription and annotation tools but not with corpus search software. The third participant had
extensive experience with various corpus analysis tools and even developed similar software.

The experiment consisted in observing test persons working with DGD on some predefined
tasks, asking them to speak aloud their thoughts, feelings and opinions about their interaction
with the software at all times. During the think-aloud experiment, it is not allowed to interrupt
the test person. In a traditional “strong” think-aloud experiment, the administrator intervenes
only after a certain time when the test person stops talking, and only by reminding him or her to
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“please keep talking” [OMHA10]. In our experiment, we have chosen the “relaxed” form of the
think-aloud experiment where the administrator is not bound to the time and to limited verbal
statements, which obviously simplifies the test management efforts. To get as much information
as possible we combined the “relaxed” method with the “coaching” method that allows to make a
break after every task and ask the test person for task-specific feedback (with the question “How
was it?”’). If the feedback was felt to be too limited, the administrator was allowed to ask some
additional questions (e.g. “Why did you first go to ... ?”, “Did you expect that ...?”). At the
end of the experiment, the test person was asked about his/her general impression of DGD and
his/her opinion about the design and intuitive usability of the program.

The experiment was audio and video recorded with the camera directed to the monitor to cap-
ture the probands’ mouse movements on the screen, and we used the same technical environment
(Windows PC, Mozilla Firefox, 24”’-monitor) for every experiment. The DGD developer was not
present in the room during the experiment to avoid any influence on the test person. The whole
experiment took one hour and included five task blocks with a total of 16 tasks covering the core
application functions: registration, browsing (getting corpus information), querying corpora, us-
ing filters, downloading data and managing virtual collections.

The tasks were first tested in a pilot think-aloud experiment and revised afterwards, especially
focussing on clear, non-ambiguous and simple instructions. The challenge was also to prepare
tasks with the appropriate level of difficulty. Very simple tasks like “Go to Page X, Press Button
Y” would not provide the feedback we were interested in. On the other hand, relatively complex
tasks like “Create a virtual collection on the topic you are interested in”” would let the test persons
think about the content (“What do I do?” instead of “How do I do it?””) and would distract them
from verbalising their behaviour.

To analyse the think-aloud data we used two quantitative measures — accuracy and com-
pleteness (cf. definition of effectiveness in ISO 9241-11:201 8!4). We checked whether the test
person could complete the task at all and counted the deviations in performing tasks. The time
the probands needed to perform a task was not measured in order to avoid the feeling of scrutiny.
Furthermore, the relevant data was annotated with ELAN [Slo14] and analyzed qualitatively.

Quantitative Analysis

In all three think-aloud experiments, more than 80 percent of tasks could be completed by the
test persons (cf. Table 1). A task was classified as completed when the proband could find the
information required in the task, even if he or she did accomplish it in a manner different from
the one previewed by investigators.

Every task was divided into a sequence of simple actions. In order to complete the task, the test
person was supposed to perform all actions in the specified sequence. If the proband intuitively
performed other actions by e.g. going to another tab or choosing the wrong menu button, this was
counted as a deviation. Overall, we recorded a few deviations, the accuracy was between 0.75
and 0.78. Some actions could not be evaluated because the test person had chosen a different
way to complete the task and did not come to the view where these actions could be performed

14180 9241-11:2018(en): Ergonomics of human-system interaction — Part 11: Usability: Definitions and concepts;
https://www.iso.org/obp/ui/#iso:std:is0:9241:-11:ed-2:v1:en
15 The last task was omitted due to time constraints.

15/26


https://www.iso.org/obp/ui/#iso:std:iso:9241:-11:ed-2:v1:en

Linguistic Corpus Research Software at the IDS

i

Table 1: Summary of the quantitative analysis

Experiment 1 | Experiment 2 | Experiment 3
Total number of tasks 15(100%) 16 (100%) 16 (100%)
Number of completed tasks 13 (86.7%) 14 (87.5%) 14 (87.5%)
Number of tasks not completed 2 (13.3%) 2 (12.5%) 2 (12.5%)
Completeness 0.87 0.88 0.88
Total number of actions 53 (100%) 59 (100%) 59 (100%)
Number of actions not evaluated 0 9 (15.3%) 8 (13.6%)
Number of actions evaluated 53 (100%) 50 (84.7%) 51 (86.4%)
Number of deviations 13 11 11
Accuracy 0.75 0.78 0.78
(number of actions evaluated — number of
deviations) / (total number of actions —
number of actions not evaluated)

at all.

One significant outcome of our experiments was the identification of tasks that multiple par-
ticipants either failed to complete or completed with similar deviations. These tasks were thor-
oughly analyzed to determine potential causes of failure.

Example 1: In one of the tasks, participants were asked to determine the number of tokens in
a specific corpus. Two of them intuitively searched for this information in the “Corpus
Description”, where it was not available. Instead, the token count could only be found by
scrolling down to the “Quantification” section. Based on this observation, a recommenda-
tion was made to display the token count directly within the “Corpus Description” section
to improve accessibility.

Example 2: During another task, all three participants struggled to use the context filter to refine
KWIC (Keyword in Context) results by specifying multiple optional tokens. Although the
participants indicated in the survey that they were familiar with regular expressions, it
took them several attempts to create a working pattern. Based on these observations, it
was recommended to improve the documentation by adding more illustrative examples.
Additionally, a dropdown menu containing sample expressions could be placed near the
filter input field, allowing users to test predefined examples. This would reduce the need
for users to formulate expressions from scratch and instead enable them to adapt existing
samples to their specific needs.

Qualitative Analysis

The qualitative analysis of the experiment data consisted of the selection of relevant user state-
ments containing positive or negative remarks, as illustrated in Table 2.

The fact that positive user statements are rare should not necessarily be seen as an indication
of bad usability per se, since the nature of the experiment itself could lead the test person to focus
more on critical feedback when confronted with situations different from the ones expected. We
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Table 2: Sample user statements from think-aloud experiments

User statement Concerned GUI element
1. | This is too small for me, my eyes are not the best. general font size

I make it bigger.
2. | What puts me off here is that I have to enter a registration form

lot of information.

3. | I go back to the home page. I think this is taking speed

too long.
4. | I'like it that something like this is offered. additional corpus materials
5. | I would have expected this under information about corpus duration

“corpus description”. But I can’t find it here.

therefore did not compare the number of negative and positive statements, but focussed on the
reasons for user criticism (e.g. software speed, too small font etc.) and identified the areas of
DGD to which these comments referred. Particular attention was given to instances where mul-
tiple participants expressed negative feedback regarding the same software components. After
identifying the corresponding components, we reviewed their design and developed suggestions
for their improvement.

Summary

The outcomes of the think-aloud experiments primarily helped us to unveil software limitations
(e.g. missing links between some DGD views, missing “stop” or “search field clean” buttons) and
to identify the software parts where the users’ understanding of the software strongly differs from
those of the DGD developer (e.g. the registration procedure, the structure and terminology of the
main menu). Based on the collected results, we were able to elaborate concrete recommendations
on how to improve the DGD usability. As a result, many new features and GUI elements have
been added to the system over the past few years.

The use of this user-oriented evaluation methodology in the field of corpus linguistics is new,
but we could successfully adopt it for testing the corpus search platform DGD. Looking ahead,
we plan to apply this approach to KorAP and to conduct such evaluations regularly across all
our corpus search platforms. Usability should not be underestimated in research software de-
velopment. Developers benefit significantly from the knowledge their users share with them
and user satisfaction should be regarded as a key factor influencing the development of research
applications.

4 Dealing with Legacy Software

Maintaining legacy software presents a unique set of challenges, particularly for linguistic re-
search institutions that curate extensive corpora and provide critical services for internal and
external researchers. These services must ensure reliability and reproducibility, as scientific
rigor depends on consistent findings and sound results. Maintaining the software infrastructure
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underlying these tools presents persistent challenges. Legacy systems, often developed years
ago, form the backbone of critical services, yet their upkeep demands balancing innovation with
stability. This tension is exacerbated by the evolving needs of researchers, who require flexible
tools to analyze ever-growing datasets while adhering to strict methodological standards.

A primary obstacle lies in regular software updates and addressing Common Vulnerabilities
and Exposures (CVEs)!®. Many systems rely on outdated dependencies, making them suscep-
tible to security risks. Patching these vulnerabilities often requires extensive code revisions,
particularly in monolithic architectures where updates risk destabilizing core functionalities. Au-
tomated update mechanisms are limited by the heterogeneity of deployed systems, necessitating
manual intervention. This process consumes significant resources, diverting attention from fea-
ture development. Furthermore, tracking and prioritizing CVEs demands specialized expertise,
which is scarce among teams focused primarily on linguistic research rather than software engi-
neering.

Running services reliably introduces additional complexity, especially when handling diverse
user inputs. Requests range from simple keyword searches to complex workflows involving APIs
that connect user-provided corpus data with custom code snippets for data processing. Ensur-
ing consistent execution across these scenarios requires rigorous input validation and sandbox-
ing, which complicates system design. For instance, allowing users to conduct corpus analyses
through APIs using our supported R'7 and Python'® clients for KorAP [KDM20] demands secure
execution environments to prevent resource exhaustion or malicious behavior. Maintaining re-
producibility further requires precise versioning of processing pipelines, as even minor changes
in algorithms or dependencies can alter results, undermining scientific validity.

Security concerns escalate with features involving user-written code. While empowering re-
searchers to implement custom analyses, these capabilities create attack vectors if not prop-
erly sandboxed. Even simple, overlooked vulnerabilities could affect resource allocation, allow
privilege escalation, or denial-of-service attacks. Mitigating these risks requires continuous au-
diting and adopting least-privilege execution models, which demand expertise rarely found in
linguistics-focused teams, while logging and monitoring for anomalous behavior adds overhead,
straining already limited computational resources.

Example 1: COSMAS 11

After REFER and COSMAS I and II, KorAP is now the 4th generation of corpus research sys-
tems for written corpora developed at IDS. REFER was written in Fortran 77 and assembler in the
1980s [Brii89], COSMAS I then in C and finally offered a user interface designed in HTML'?.
COSMAS 1I is also realized in C on the server side with all database construction tools and a
script-based access, while the user interfaces were developed successively in C++, Java with
Struts and finally Java with Java Server Faces; to enable communication between Java and C, a
separate JNI wrapper (Java Native Interface) needed to be programmed. Finally, KorAP is based

16 https://www.cve.org/

17 https://github.com/KorAP/RKorAPClient

18 hitps://github.com/KorAP/PythonKorAPClient

19 See Cyril Belica: “The overall corpus linguistic concept of the COSMAS platform™; https://www.ids-mannheim.
de/digspra/kl/projekte/cosmas-i/gesamtkonzept
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on a newly designed microarchitecture that uses programming languages and frameworks such
as Mojolicous®” (Perl), JavaScript, Java, Go, etc. and provides open APIs with supported clients
written in R and Python.

Each of these new beginnings was motivated by the fact that the use of new programming
environments and frameworks meant that more powerful software could be developed with less
development effort, larger and more complex data volumes could be managed and new concepts
could be implemented more quickly. Nevertheless, development time is a factor that should not
be underestimated when planning a new search system. A pragmatic approach is therefore to
ensure that the system to be developed and its predecessor can be operated in parallel over a
longer period of time. If this requirement is met, the new system can primarily implement new
ideas as a kind of proof of concept, while all the proven functionalities of the predecessor are
gradually transferred to the new system before it can be replaced.

COSMAS 1I replaced its predecessor in 2003 and has been in use ever since. 10 years later,
it became apparent that DeReKo (the corpus to be managed) would grow much faster than orig-
inally envisaged in the software concept. This was a crucial feature where COSMAS II was
slowly becoming a legacy system, as it would soon no longer be able to accommodate DeReKo
in a single database. In fact, today the entire DeReKo is spread across four databases, so that
a search across the entire DeReKo, if desired, must be carried out by users in several steps.
Looking at the life cycles of the three user interfaces mentioned, it is noticeable that they were
technically obsolete even after a shorter period of time.

Nevertheless, the term legacy system is not necessarily to be understood negatively, as we will
see in this section. Nor does it refer exclusively to the service life of the software, but also to
the occurrence of a number of symptoms [RSVT24]. How some of these symptoms relate to
COSMAS 1II will be presented and discussed below:

* Maintainability of the sources: Some of the programming languages (GNU-C, Java and
JNI) and technologies (Tomcat and JSP) involved are 30 years old or more, but can still be
used without any problems as they are continuously maintained and further developed by a
strong community. The very straightforward list of technologies used is also an advantage
for understanding and maintaining the overall system.

* Hardware locking: The programs were written in GNU-C from the outset with portabil-
ity in mind. This made it relatively easy to port them to different architectures over time
(approx. 5-6 ports so far). Most recently, the sources of COSMAS II were ported from
SOLARIS to Linux, whereby only a very small part contained Linux-incompatible func-
tions that had to be adapted.

* The central free’! Managing Gigabytes library [WMB99], which takes over the indexing
and compression of the corpus data, is characterized by very high quality and stability and
has been in use for over 20 years without any failures. As it is open source, troubleshooting
would be possible in the event of a problem, but probably not easy (it is no longer officially
supported). To prevent the older data width in the data structures from overflowing, size-
limited, parallel sub-databases were introduced. This partitioned architecture in turn has

20 https://mojolicious.org/
21 L icensed under GNU GPL v2
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the advantage that the indexed data can be accessed more efficiently (e.g. by parallel
threads and Data Skiping). From the outset, it was decided not to modify the sources of
this library in order to facilitate the integration of newer versions. In addition, a program
layer for general read and write access to index structures was introduced, which makes
the functioning of the MG library transparent; in the early development phase of COSMAS
I1, it would thus have been conceivable to replace the MG library with another one.

* The knowledge about the architecture of COSMAS II, the processes within the server and
during the database building are still available in-house. Necessary changes and enhance-
ments to the software can be made at the designated points, thus avoiding unnecessary
redundancies and code changes that are contrary to the design. This is an important tech-
nical aspect in order to avoid a deterioration in the maintainability and the execution of the
sources.

* Documentation: In the initial phase, COSMAS II was developed and funded as part of two
projects, so that the concepts and initial results were published, while the documentation
of the programs and functions shifted more and more mainly to the programm sources
and scripts: the usual function and interface documentation, references to design aspects,
discussions and URLs to background information can be found there. Changes were often
marked with the date and initials of the author; over time, the projects were first versioned
using Apache Subversion SVN??, and later on using git*>. How detailed the documenta-
tion is depends strongly on the individual developers involved in the project. The longer
someone has worked on the project, the more extensive the explanations often are. On the
other hand, it can be said that external developers usually have little or no time to devote
to this aspect.

* Security vulnerabilities have been closed so far. Either the self-written source code was
affected and could be enhanced, or it involved free program libraries for which new ver-
sions were available. Although COSMAS Il is proprietary software, it contains only open-
source program libraries and is independent of commercial libraries and their maintenance.

* Data security: Anomalies in data access usage can be monitored script-based and ap-
proaches to data theft can be prevented by appropriate extensions in the server code.

* Maintenance of the corpus data in the database: Faulty corpus data can be reindexed sub-
sequently, while metadata, frequencies, word annotations etc. can also be corrected at any
time using our own tools on the indexed data structures.

Example 2: grammis

The modernization of grammis also exemplifies these challenges. Originally built on PHP** 5.6
with a tightly coupled CakePHP? framework and an Oracle database”®, its architecture hindered

22 https://de.wikipedia.org/wiki/Apache_Subversion
23 https://git-scm.com

24 https://www.php.net/

25 https://cakephp.org/

26 hitps://www.oracle.com/database/
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scalability. The framework’s rigid ORM layer struggled with Oracle’s SQL dialect, causing
frequent query-generation errors. Upgrading PHP versions broke backward compatibility with
legacy extensions, while CakePHP’s outdated dependency tree resisted modern package manager
integration. Migrating to a microservices architecture required decoupling database interactions,
rewriting business logic with a modern HTMX?’ framework, and re-implementing the backend
in Go?®, all while maintaining feature parity for active users. Addressing the Oracle dependency
also highlighted tensions between open-source ideals and practical constraints. While IDS as
a research institute must prioritize open-source solutions, legacy contracts and performance-
critical workloads tie it to Oracle’s proprietary database. A migration to PostgreSQL, the adop-
tion of a CI/CD pipeline, and upskilling researchers in modern practices such as infrastructure-
as-code, albeit competing with the primary research objectives, are our upcoming tasks.

5 Summary and Conclusion

Empirical linguistic research depends on large, well-annotated corpora of both written and spo-
ken language, accompanied by rich metadata. IDS maintains two flagship corpora — DeReKo
and the AGD — and provides multiple online platforms to query and analyze these resources.

These platforms are primarily aimed at users with a background in the humanities, which is
taken into account when designing the access options. Therefore, different access options are
offered depending on the level of technical and computational linguistic knowledge and taking
into account the different research questions of the users. Multi-level access is offered for the
written corpora, with the lowest level of access being via the KorAP and COSMAS II user
interfaces. The spoken corpora allow low-threshold access with DGD and more sophisticated
data access with ZuRecht.

The development of this software poses many challenges, which we have illustrated in this
article using various examples and which should be taken into account in the development of
future systems. Some of these challenges are not apparent to the user, such as dealing with legal
(e.g. intellectual property or personal rights), technical (e.g. regarding the handling of legacy
software) and scientific issues (e.g. regarding the reproducibility of results). Other challenges
have a direct impact on the user experience and require continuous improvement, expansion and
evaluation of the user interfaces of corpus analysis systems.

Looking forward, the insights gained from spoken-language evaluation studies will inform
upcoming enhancements to written-language platforms. Continued emphasis on user-centered
design, open standards, and modular architectures will be crucial for navigating future challenges
in order to meet both the growing data volumes and the changing user requirements.
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