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Which topics do local administrations focus on when providing refugees and other im-
migrants with information about their first steps after arrival — and how well are they re-
ceived? These questions are particularly important in federal systems, where regions bear
significant responsibility for integration efforts, despite limited resources and a complex
network of offices to navigate. This study explores “Integreat”, Germany’s largest multi-
lingual information platform designed to facilitate integration at the district and city levels.
Using the platform’s full website visit history from 2018-2024, it analyzes several million
records from 100+ participating regions. Results document significant differences in the
thematic focus across districts. While some topics, such as work and training, are widely
available, others are much less frequently covered. Multivariate analyses comparing topic
availability and the likelihood of visiting related pages reveal several key insights. Pages
offering immediate practical value (opening hours; mobility) are highly visited when avail-
able, yet absent in many districts. Topics related to acquiring essential skills or knowledge
(e.g., language learning) show intense engagement relative to supply and users readily nav-
igate detailed pages to access them. Finally, engagement differs across translations (e.g.,
Arabic, Ukrainian) for given topic availability, reflecting the diverse needs of different im-
migrant groups. The work concludes by deriving implications for administrative practice
and noting the potential of these data for further descriptive and inferential research on

refugee and immigrant integration.
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Introduction

Many countries face a structural dilemma concerning optimal information provision to refugees and
immigrants: On the one hand, central governments often struggle to provide relevant information be-
cause integration processes largely occur at the local level, where structures vary significantly between
regions and change frequently over time, particularly in decentralized countries like the United States or
Germany (Tjaden & Sporlein, 2023). On the other hand, local administrations themselves often lack the
financial and technical resources needed to deliver adequate multilingual information to refugees and im-
migrants in their jurisdictions. In particular, they frequently do not have the necessary IT infrastructure

to effectively reach their target audiences digitally.

This is critical because the internet and social media serve as a primary channel through which
refugees and immigrants gather information (Stapf, 2019). During their journeys, online research helps
refugees avoid dangers and navigate more safely, and many intensify their internet usage significantly
throughout their migration process (Borkert et al., 2018; Jauhiainen et al., 2021; Merisalo & Jauhiainen,
2019). Upon arrival, digital tools and services play a crucial role in supporting integration efforts, such
as through online video platforms, digital language courses, and apps tailored to newcomers (Bradley
et al., 2017; Juri¢, 2022; Kukulska-Hulme et al., 2015). Previous studies highlight refugees’ intense
engagement with information that originates from official sources, emphasizing the need for local ad-

ministrations to meet this demand (Siegel et al., 2024).

The present research project examines “Integreat,” a digital information platform in Germany
that equips city and district administrations with a unified digital infrastructure (Tiir an Tiir - Digitalfab-
rik gGmbH, 2023). This platform allows authorities to independently provide refugees and immigrants
with locally relevant information, accessible via mobile apps or web browsers, and available in multiple
languages (Figure 1). Administrations primarily focus on refugees, with 82% offering Arabic transla-
tions and 76% offering Ukrainian translations. By May 2024, a total of 644 region-language combina-
tions were available online, distributed across 105 regional apps. In the following, these combinations

will be referred to as platform versions.

The research questions stem from a key limitation faced by participating regions: the need to
independently create, maintain, and update their platform versions with content, which requires signifi-
cant personnel resources (Tiir an Tiir - Digitalfabrik gGmbH, 2024). Consequently, this study explores
(1) which topics are prioritized given these limited resources; (2) how this prioritization aligns with

users’ information demands; and (3) whether the supply-demand relationship varies by language.
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Figure 1. Landing pages for district Potsdam-Mittelmark in English, Arabic, and Ukrainian: Landing pages
of three exemplary platform versions (region-language combinations) out of 644 observed in this study.

To address these questions, the study examines the platform’s complete page visit history. By
processing over 11 million records from 2018 to 2024 across more than 100 participating regions, it
offers a detailed view of how regions prioritize integration topics and translations. In addition, the
study employs multivariate logistic regression models to assess how variations in content supply across

regions are associated with users’ engagement intensity.

The study finds major differences between participating regions, both in topic coverage and
topic depth. If topics are covered, an increase in topic quantity is positively associated with user engage-
ment, but the strength of this relationship varies across topics. In addition, the demand for topics varies

by access language, likely reflecting the distinct needs of migrant groups.

This study offers detailed descriptive insights into an example of how local administrations al-
locate scarce resources to integration work and how these decisions align with the needs of refugees

and immigrants. It makes use of novel digital trace data revealing the responsiveness to official com-
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munication on integration at the local level.> These findings support the design of more targeted and
effective communication strategies and provide a foundation for future research on the impact of digital

information access on integration outcomes.

Context

Initial lack of language proficiency

The vast majority of refugees and even most highly skilled immigrants arrive with low knowledge of the
German language (Kosyakova et al., 2021; Liebau & Romiti, 2014). In their year of arrival, only 15%
of refugees report good or very good German reading skills.> Therefore, mechanisms that positively
affect language acquisition — such as language courses, contact with locals, residential contexts, and the
duration of stay in reception centers — unfold their impact only some time after arrival (Kanas et al.,
2022; Khalil & Tjaden, 2025; Khalil et al., 2022; Marbach et al., 2025).

Initially, most refugees and immigrants must instead overcome significant language barriers to
manage their first steps, such as registering with the residents’ registration office, finding a language
course, applying for a work permit, or obtaining recognition of qualifications acquired abroad. Accord-
ing to the German IT Planning Council, foreign nationals rarely use online resources for administrative
services—even if available—due to incomplete translations or fragmented supply across multiple sites (IT
Planning Council, 2017, p. 15).

Regional peculiarities hinder effective communication

As in many other countries, refugees in Germany are assigned to regions through distribution systems
that do not consider individual characteristics. This lack of choice may exacerbate initial disorientation,
as refugees are unable to move closer to friends or relatives who could provide essential support (Battisti
et al., 2022; Bundesamt fiir Migration und Fliichtlinge, 2022). In addition, the regions are characterized
by very different structural conditions, for example, in terms of economic strength, urbanity or social
infrastructure (Federal Ministry for Economic Affairs and Climate Action, 2024; Federal Ministry of the
Interior and Community, 2019; Fink et al., 2019; Khalil & Tjaden, 2025; Khalil et al., 2022; Ostermayer

2The underlying data are not publicly available and may be requested from Tiir an Tiir - Digitalfabrik gGmbH
(2023).

3See Figure A1 in the supplemental materials for a descriptive analysis, based on the IAB-BAMF-SOEP study on
refugees. Until the fifth year after arrival, this share rises to 63%.
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et al., 2022). However, what is particularly obstructive to efficient communication is the decentralized

nature of most organizations involved in integration support and immigrant administration.

First, many essential integration measures are implemented by local actors—even when policies
are formally regulated at higher national or state levels. For instance, integration and language courses—
which are the most cost-intensive political measures to promote integration, costing up to approximately
one billion euros annually—are implemented by a diverse range of local organizations.* As a result, the
availability of specific contact persons and the quality of online course information can vary significantly
depending on the location. Similarly, immigration offices (Ausldnderbehérden), which serve as the
primary contact points for refugees and immigrants on their residence status, are typically integrated
into the local administrative structures of districts or cities (Eule, 2017). Consequently, appointment
scheduling is location-specific and may require non-standardized forms, emailing designated staff, or

in-person visits.

Second, the refugee migration of 2015 and 2016 placed significant pressure on local officials
and civil society when around one million refugees, mainly from Syria, Afghanistan, and Iraq, settled
in Germany. The situation led to numerous initiatives: Many cities and districts have developed in-
tegration concepts (Integrationskonzepte) with self-imposed goals® and are enhancing coordination by
appointing local integration officers (Integrationsbeauftragte) or creating dedicated integration depart-
ments (Filsinger & Gesemann, 2017). Kuhlmann et al. (2024) argue that the influx exerted external
pressure on administrative systems, fostering greater vertical interdependence across different adminis-

trative levels and prompting municipalities to supplement nationwide integration efforts.

Third, local civic engagement in refugee support experienced a remarkable increase following
the arrival of refugees. Lueders (2023) found that the number of new refugee support associations surged
from previously 15 per year to 125 in 2015 (Lueders, 2023, p. 9).° These associations often undertake
central tasks, including the initial care of refugees upon arrival, providing training measures, conduct-
ing counseling sessions, and creating various opportunities for refugees to interact with local residents.
Moreover, empirical studies have demonstrated a robust correlation between local civic engagement

and refugees’ contact with Germans, language proficiency, and life satisfaction (Barreto et al., 2022;

“4These include, for instance, adult education centers (Volkshochschulen), specialized language schools, or church
organizations (Aumiiller, 2017; BAMF, 2024; Mediendienst Integration, 2025).

SThese self-imposed goals may include comprehensive health and psychological support or limiting time in col-
lective housing (Filsinger & Gesemann, 2017; Khalil & Tjaden, 2025).

®This surge led to a doubling of the absolute number of such organizations, reaching approximately 2.5 organiza-
tions per 1,000 inhabitants.
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Priemer & Schmidt, 2019).

Overall, initiatives by community organizations and local officials highlight the essential capac-
ity to address migration-related challenges. Nevertheless, when combined with traditionally decentral-
ized state structures, the result is an exceptionally heterogeneous and dynamic integration infrastructure
that is difficult to keep track of, especially for newcomers who are not familiar with the local language

and procedures.

Multilingual information and integration

Conceptually, refugees’ and immigrants’ access to locally relevant and multilingual information can be
considered part of their navigational integration, meaning the “ability to manage basic needs in the host
country, such as seeing a doctor, addressing legal problems, and searching for jobs ” (Harder et al., 2018,
p. 11484). Additionally, providing information in familiar languages may ease anxiety and uncertainty

and enhance trust in new systems (de Alpuim-Gongalves et al., 2025; Potter et al., 2024).

Empirical evidence on how official information provision is associated with immigrants’ en-
gagement or integration remains limited. Siegel et al. (2024) analyze several thousand Facebook posts
from Arabic-language pages targeting Syrian refugees and find that posts produced by or linking to of-
ficial sources consistently garnered more engagement than those from unofficial sources. Tjaden et al.
(2022) demonstrate that Arabic, Turkish, and Russian speakers living in Germany were 1.2 to 2.4 times
more likely to engage with advertisements promoting COVID-19 vaccinations when the information
was presented in their native languages, compared to German. Similarly, an Australian RCT showed
that a multilingual, culturally adapted website increased depression knowledge and reduced personal

stigma among Greek- and Italian-born immigrants (Kiropoulos et al., 2011).

Case and research question

Concept

Integreat is an open-source platform that offers tailored local information and services for refugees and
immigrants in Germany. Its content is curated by local authorities and is available in the languages
most relevant to each community. The platform was developed by Tiir an Tiir - Digitalfabrik gGmbH,
a non-profit enterprise (Tir an Tiir - Digitalfabrik gGmbH, 2023). With more than 100 district and city

administrations participating by 2025, it represents the most widespread multilingual platform with local
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information for immigrants in Germany, presumably even across Europe.’

Users access content on the platform using mobile apps (Android, i0S) or directly via web
browsers. Initially, they need to select the region and language relevant to them. The platform covers
topics such as social services and administrative procedures (e.g., language courses, health services,
childcare). Importantly, local authorities are independently responsible for the content of their platform
versions, meaning that they must allocate internal resources to provide content and translations. As
a result, the availability can vary significantly across regions, which may reflect distinct integration

environments but also regions’ priorities or available resources.

Limited resources of participating regions

Setting up and maintaining the application initially entails a considerable amount of extra work for city
and district administrators. This effort is often taken on by employees who originally performed other
tasks, for instance, local integration managers, migrant advisory boards, or secretaries. According to the
annual user survey from 2024, 58.3% reported investing less than four working hours per week to update
the app, and only 10% reported investing more than eight hours per week (Tiir an Tiir - Digitalfabrik
gGmbH, 2024). It was reported in comments that the time available to maintain the application depends
heavily on the scope of other tasks and that the time that would be necessary for a satisfactory provision
of information often cannot be found (ibid.). The task of providing information thus represents one of
several areas of responsibility in the context of local integration that potentially suffer from a lack of

I'GSOI.II'CCS.8

Research questions

Building on the challenges posed by the limited resources of participating regions, this study explores

three interrelated questions in the following:

7 Alternative integration solutions in Europe-such as BLEND IN, a mobile orientation toolkit offering language,
cultural, and social guidance in Italy, Greece, Malta, and Cyprus, and RefAid, a map-based app connecting
refugees with local service providers in Malta-are typically funded as short-term projects that often become
inactive once grant funding ceases. By contrast, Integreat is maintained in a decentralized manner by local
municipalities that continuously update region-specific information, offering a more sustainable and resilient
model for refugee integration.

80ther areas that are often discussed include, for instance, the provision of sufficient housing. In 2024, 71.2%
of municipalities reported a “challenging but still feasible” situation when accommodating refugees, and 22.9%
even reported an “overload in emergency mode” (Kithn & Ziegler, 2024).
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(RQ1) Topic supply and prioritization: Which topics do administrative staff prioritize in
their communications about integration, given their typically limited resources available?
This question aims to document regional variations in topic availability and in the propor-
tion that topics represent of their respective local platform version, thereby highlighting

both commonalities and differences across administrations.

(RQ2) Alignment with user engagement: 70 what extent does the (prioritized) selection
of topics align with actual user engagement? This inquiry examines to what extent the
proportional allocation of topics corresponds with the intensity of page views, thereby

revealing potential over- or under-representation of certain topics.

(RQ3) Language-specific variations: How does the relationship between information
supply and demand differ across languages? Immigrant groups face different information
needs—for instance, due to varying legal situations or durations of stay. This descriptive
question explores how topic engagement differs across provided translations, thereby re-
flecting these group-specific needs. It also highlights that providing targeted information
is challenging for administrations, as it requires both accurate translations and careful as-
sessment of the topics most relevant to each immigrant group. Without sufficient staffing,
administrations may rely on simple translations of the German reference platform version,

a practice that might be associated with lower relevance and engagement.

Data

To answer the formulated research questions, this study utilizes anonymous website logs from the plat-
form, capturing all individual page visits dating back from its initial implementation in May 2018 until
data provision in May 2024. The raw dataset comprises 11.8 million records and three variables: (1)
the page URL, (2) the exact date and time of page visits, and (3) the user-agent string, which is sent by
web browsers and contains information on the viewers’ browser provider, operating system, and device
used. As such, the data represent digital trace data that were not originally collected for scientific usage
but potentially hold very valuable information for social science research (Cesare et al., 2018; Tjaden,

2021). The data were provided upon request by Tiir an Tiir Digitalfabrik gGmbH.
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Sub-Sampling and cleaning

Several reduction steps were implemented to enhance accuracy and relevance as far as possible. Ta-
ble A3 in the supplemental materials provides an overview of all reduction steps. For the multivariate
analyses presented below, 2.96 million cases remain, representing a 74.9% reduction, mainly due to the
exclusion of the German platform versions and of data from periods before 08/2021, when information

on viewed topics was not yet available.

Descriptive context

Evolution of the platform

This section provides an overview of the platform’s geographical reach and its target groups, thereby
establishing the necessary context for later analyses. By May 2024, 105 regional apps over 108 dis-
tricts” and cities have been launched, covering 27% of all German regions on the level of districts and
cities (Figure 2). Several East German states remain underrepresented, while early adopters are some-
what clustered in West German states Bavaria and North Rhine-Westphalia.!® User survey responses
from administrations often indicate that they first learned about the platform through local networks
or neighboring districts (Tiir an Tiir - Digitalfabrik gGmbH, 2024). Nevertheless, the shortest “walk”
across borders between new and already participating regions does not differ significantly from sim-
ulated random diffusion (Figure A11; Table AS5), which contrasts with these statements and points to

supra-regional diffusion of knowledge and platform adoption.

There is a steady increase of about one additional active region per month. Shortly after the
start of the invasion of Ukraine, ten regions launched the app until April 2022, likely in response to
the information needs of arriving refugees. Overall, platform usage increased substantially from 12.3
thousand page visits in June 2018 to 344.4 thousand visits in April 2024. This growth reflects both more
participating regions and higher activity per region, with median visits rising from 884 in 2018-Q4 to
5,571 in 2024-Q1.

The page visits notably surged after the onset of the war in Ukraine. Thus, from 2021-Q4 to

This discrepancy arises from three regional apps that cover two districts each.

0East German states: Thuringia (N = 1, 4.6%), Saxony (N = 2, 15.4%), Saxony-Anhalt (N = 2, 14.3%), and
Mecklenburg-Vorpommern (N = 0). Of the first 27 districts launching until early 2018, 13 are located in Bavaria
and six in North Rhine-Westphalia. Until May 2024, Hesse became the most strongly represented state, with
42% of participating districts.
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Figure 2. Integration platform — spatial and temporal activity: (a) Time of platform launch across German
counties and independent cities (N = 400). Grey areas indicate no launch by 2024. (b) Number of simultaneously
active regions (N = 27-99 regions, depending on the month). (c) Total page visits per month (d) Quarterly page
visits, summarized as box plots (min, Q25, median, Q75, max), calculated from region-quarter totals (N = 1,480
region-quarters), separately by quarter.

2022-Q2, median page visits per region increased from 2,826 to 6,178 (+118.6%), and the overall page
visits increased from 115,000 to 371,000 only between February and March 2022 (+222.6%).

Participating (N = 105) and non-participating (N = 292) regions exhibit largely similar distri-
butions across key regional characteristics, including the share of residents from asylum countries (Fig-

ure A2). Urban areas—with higher population density, rents, and incomes—tend to participate slightly
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more frequently, though the differences are modest. Similarly, the election results for the far-right and
Green parties are distributed in a comparable way, suggesting that the political landscapes in both groups

are similar.

Translations

Local administrations independently decide which groups of refugees and immigrants to target by select-
ing translations that reflect their target groups’ native languages. The way they make this decision may
be guided by strategic considerations or perceived needs. For instance, they may face limited resources
and therefore prioritize languages spoken by the largest immigrant groups or those who are perceived the
neediest for information in their mother language. Figure 3 reports the share of the 15 most frequently

offered languages from June 2018 to May 2024.

Share

German I 100

English
Arabic
Ukrainian
Russian 75
Farsi
Romanian
Turkish
50
French
Polish
Bulgarian 2
Espafiol 0 2 8.6 10.3 12,5 16.7 25
Italian 0 0 5% 7.4 10.2 15.6
Croatian 0 2 8.6 11.8 10.2 9.4
Greek 0 0 6.9 8.8 8 7.3
I I I I I I 0
Q\,’& 0\,’0\/ Q\,’& Q\,’Q\/ Q\,’& Q\,’Q\/
S N N 9 o ¥
> v v v v v
v v v v v v

Figure 3. Languages provided (2018-2024): Percentage of regions offering each language over time (top 15
languages as of January 2024). Languages are sorted in descending order based on their share in January 2024.

The German language usually serves as a reference for all others and is therefore always avail-
able. Likewise, English translations are practically always available (99%). Further very frequently
available languages as of January 2024 are Arabic (82.3%), Ukrainian (76%), and Russian (72.9%),

reflecting the languages spoken by the two largest refugee groups in Germany from Syria and Ukraine.

Many languages experienced increasing coverage over the years. Thus, most administrations
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reacted quickly to the altered demand after the arrival of refugees from Ukraine. Just three months after
the full invasion began, 70% of the regional apps provided Ukrainian and 60% Russian as language
options to choose from. Besides, steady increases are observable for Romanian and Bulgarian, which
indicate that many regions use the platform increasingly not only to address refugees but also immigrant
EU workers.

Topic modelling & empirical strategy

Supply side

To map the supply side, statistics were calculated at the level of distinct URLs (N = 128,420), each
annotated with additional information: (1) the region, (2) the display language, and (3) the viewed fopics.
Topic components of the URL were originally stored as non-standardized, language-specific strings!!
and were harmonized into English using the Google Translate API in R for further classification (El-
Desouky, 2023). Subsequently, a systematic keyword search using regular expressions was applied to
identify 20 recurring topics,'? which were then coded as dummy variables. Furthermore, it is assumed
that pages were online and accessible during the period between the earliest and latest observed page
visit per URL. Consequently, the number of available URLs per topic and the number of available URLs
overall could be calculated on a daily basis—and separately for all region-language platform versions.
This procedure enables the mapping of a detailed longitudinal picture of administrations’ emphasis on
topics. Finally, the supply-side data were re-merged with individual page visit data based on region,
language, and date (daily), providing information on the content available in the same platform version

at that time.

Topic selection

The selection of the 20 topics proceeded in a semi-supervised manner. First, candidate topics were
derived inductively from the most frequent terms and co-occurrences within URLs (Figure A7). Second,

supervised adjustments were implemented by adding topics with sufficient but less prevalent issue areas

E.g., English: “https://integreat.app/potsdam/en/language”; German “https://integreat.app/potsdam/de/deutsch-
lernen”; Arabic “https://integreat.app/potsdam/ar/\JJg5”.

12(1) Work & Training, (2) Counseling & Help, (3) Family & Children, (4) Learning German, (5) Childcare &
School, (6) Health, (7) Welcome / First Steps, (8) Legal Issues, (9) Info on Region, (10) Housing, (11) Offices,
(12) Mobility, (13) Women, (14) Clubs & Sports, (15) LGBTQ, (16) COVID-19, (17) Open. hours & Holidays,

(18) Ukraine, (19) Elderly, (20) Racism & Discrimination.


https://integreat.app/potsdam/en/language
https://integreat.app/potsdam/de/deutsch-lernen
https://integreat.app/potsdam/de/deutsch-lernen
https://integreat.app/potsdam/ar/اللغة
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whose importance is well reported in academic literature or governmental reports on integration, such
as housing or discrimination (Commissioner for Migration, Refugees and Integration (IB), 2024; Khalil
& Tjaden, 2025). The premise here is that less frequently offered topics may signal scarcity, especially

when user engagement proves to be disproportionately higher than (low) supply-levels would suggest.

To validate and contextualize this manner of topic modeling, a fully unsupervised topic model
(also with N=20) was estimated using the Latent Dirichlet Allocation (LDA) algorithm with Gibbs sam-
pling, as implemented in the topicmodels R-package (Griin & Hornik, 2024), specifically designed to
work well with very short segments of text such as those present here (Phan et al., 2008). In the supple-
mental materials, the top-10 most frequent and distinctive terms per LDA-topic are presented (Figure AS;
Figure A9) and compared against the chosen semi-supervised RegEx-based model (Figure A10). Strik-
ingly, about three-quarters of the RegEx topics show concentrated signals within a single LDA topic,
supporting their distinctiveness and relevance. The remaining quarter shows signals across two LDA
topics, suggesting they combine subtopics in which specific terms frequently co-occur. For example,
the RegEx category “Racism & Discrimination” shows strong signals in the LDA topic on women, but

also moderately elevated signals in the LDA topic on the recognition of professional qualifications.

Further materials on topic modelling are documented in the supplemental materials: (1) Ta-
ble A1 documents the exact RegEx queries used to identify the topics; (2) Table A2 reports the topics
alongside the most frequent words with which they co-occur, providing an evaluation of the identifica-
tion quality; and (3) Figure A3 presents a coincidence matrix assessing the extent to which topics can

be clearly distinguished from one another.

Empirical strategy

The methodological approach differs for the three research questions posed: RQ1 (topic prioritization
by regions) is analyzed using uni- and bivariate methods at the level of platform versions (i.e., region-
language combinations), whereas RQ2 (alignment with user engagement) and RQ3 (language-specific
variations) are examined using multivariate models at the level of individual page visits. Thus, for
analyzing RQ2 and RQ3, logistic regression models are performed separately for each of the identified
topics (N=20):
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Logit(Pr(TopicView; = 1)) = By + By TopicSupply,.; ; + BoLang, + B3(TopicSupply,. ; ;¥
Lang,;) + B,Month; 4+ BsWeekend; + g Device;+
B7SocialMedia; + By AppSize,. | ; + BgMonthsLive,. | ,+
BroDistrict, + €; .1 4
(1)
where subscript ¢ denotes the level of analysis of individual page visits, v denotes NUTS-3

regions, | denotes language versions of the app, and ¢ denotes the time in days. In total, the 105 regions

provide 644 region-language platform versions.

Table 1 lists all variables. The dependent variable T'opicView, is set to missing whenever
TopicSupply, ; , = 0 to restrict the analysis to visits where the topic could, in principle, have been
viewed. This design yields topic-specific samples from 885,103 (Racism & Discrimination) to 2,928,689
(Work & Training); see Table A4. T'opicSupply,. ; , captures the supply side by measuring the share of
topic-specific URLs within the platform version observed in %, i.e., the emphasis a region places on that
topic. Lang; groups display languages into seven categories to obtain sufficient cases for differentiation

(RQ3), thereby reflecting major immigrant communities in Germany.

Table 1: Variables used in the regression models and their operationalization.

Variable Symbol Type Scale / Coding

Topic view (DV) TopicView, Binary 1 = page contains the
topic; 0 = otherwise;
missing if

TopicSupply, ;=0

Topic supply (share of ~ T'opicSupply,.; , Continuous 0-100;
Nurl(topic),.
URLSs) (percentage) ( Nulilr(évﬁfl)l) ’Tl’ltt) X

100
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Variable Symbol Type Scale / Coding

Language group Lang, Categorical (7 groups)  Levels: (1) English; (2)
Arabic; (3) Farsi; (4)
Russian/ Ukrainian; (5)
Turkish/ Kurdish; (6)
East- European
languages;'3 (7)

African languages'#

Month indicator Month,; Categorical (factor) Monthly fixed effects

Weekend Weekend,; Binary 1 = weekend day; 0 =
weekday

Referred from social SocialMedia; Binary 1 = referred from

media social media; 0 =
otherwise

App size (URLs) AppS 12€ ] ¢ Continuous (count) Absolute number of
distinct URLs

Time since launch MonthsLive,. ; 4 Continuous (duration)  Duration since launch

of (r, 1) platform
version

District indicator District, Categorical District fixed effects

Monthly indicators Month, absorb shocks or usage spikes (e.g., after the influx of refugees
from Ukraine). Weekend; accounts for potential residual activity by administration staff assumed
to occur on workdays (see Table A3). SocialMedia,; flags social-media referrals, e.g., to control for
advertisement-driven over-representation of topics. AppSize,.; , (distinct URL count) proxies invested
human resources into the app. MonthsLive, ; , (time since launch) allows topic emphasis to evolve
with experience and inter-agency exchange. Finally, District,. introduces district fixed effects to absorb

remaining unobserved regional heterogeneity.

Standard errors in Equation 1 are clustered at the level of platform versions r, [, as the web-

3 Romanian (N = 333158), Bulgarian (N = 107909), Croatian (N = 98458), Polish (N = 67152), Hungarian (N =
14213), Serbian (N = 8068), Albanian (N =2721), Czech (N =217).
“French (N = 35327), Amharic (N = 10295), Tigrinya (N = 1594), Somali (N = 101).
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page usage is likely more similar within these groups, for instance due to varying quality and supply of

information across topics as well as varying interest by language.

Based on Equation 1, predictive margins of the models are calculated using STATA’s
margin command (StataCorp, 2023) to map page visit probabilities for different specifications in
TopicS upply, ; 4+ First, for analyzing RQ2 (alignment with user engagement), predictive margins are
calculated at the sample’s median of T'opicSupply,. ; , across i to obtain insights based on a simplified
setting in which individual page visit probabilities are only compared to the most “typical” topic shares.
In a second step, this restriction is eased and predictive margins are calculated at five equally spaced
supply values in T'opicSupply, ;,. The minimum and maximum values of these five values are
defined by each topic’s observed distribution across 7 to ensure that they are sufficiently covered by the
data.!> The idea here is to use the observed variation in T opicSupply,. ; ; across platform versions
and compare page visit probabilities across multiple realistic supply levels. Finally, for analyzing
RQ3 (language-specific variations), predictive margins are calculated at the same sample’s median of
TopicSupply,. ; , as before and by categorical language levels defined in Lang, to assess if page visit

probabilities for typical supply levels vary by language groups.

Findings

Topic coverage (RQ1)

Figure 4 shows information on how often and deeply administrations offer the 20 topics considered.
Panel (a) displays the share of platform versions providing at least one page URL for which a topic has
been identified. Some topics are served by almost all platform versions, such as Work & Training, which
appears in 91.2% of platform versions across time, just like Counseling & Help (89.2%), Learning Ger-
man (87.5%), or Family & Children (85.7%). Much less frequently offered is information on Opening
Hours & Holidays (29.4%), The Elderly (15.0%), or Racism & Discrimination (13.3%). A topic that
experienced major changes in coverage comprises information on COVID-19, which was covered in

90.1% of platform versions in November 2021 and decreased to 9.7% in February 2024.

As a measure of relative topic depth, panel (b) reports distributions of topic shares in percent,
given that they are provided by at least one page (URL >= 1), and on the level of platform-version-days.

For instance, across all platform-version-days for which Work & Training is observed with at least one

SDue to the right-skewed distribution of the topic supply, the start and end values are defined by each topic’s 1st
and 90th percentiles of T'opicSupply,. | ;-
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(a) Topic Prevalence (b) Topic Depth
Work & Training Work & Training :I:
Counseling & Help Counseling & Help :I:
Learning German Share Family & Children —El:l—
Family & Children Welcome / First Steps —El:li
Welcome / First Steps Learning German —D:l—
Childcare & School Childcare & School T — | ———
Health 75 Health | — [ ———
Legal Issues Legal Issues —D:l—
Info on Region Ukraine —D:l—
Offices Info on Region —D:l—
Housing 50 offices —{_F——
Mobility Housing —D:l—
COVID-19 covip-19 | ] +—
Women Mobility -[[I—
Clubs & Sports 2 Clubs & Sports -|]:|—
LGBTQ Women -[D—
Ukraine LGBTQ -I]—
Open. hours & Holidays Elderly -I[I—
Elderly 0 Open. hours & Holidays -I]—
Racism & Discrim. Racism & Discrim. -I]—
L Y B B
0’&»’& V/Q»/\/ng/gw@w v’&/\’o\lo’&\,’& SN N R A S
NN O N O
S S P PP P
R 2 A e 2

Share of topic in platform version (%)

Figure 4. Prevalence and depth in integration topic: (a) Share of region-language platform versions that contain
at least one URL for the given topic, by month. (b) Relative topic depth, defined for platform versions as the
number of URLs in the topic divided by the total number of URLs, measured daily. Box plots summarize the
distribution (min, Q25, median, Q75, max) of relative topic depth across platform-version-days with at least one
URL in the respective topic (N = 2,275-15,444 platform-version-days, depending on topic).

page, the median coverage this topic consumes of its overall platform version is 15.4%. In general, the
topics that are offered most often also tend to be the ones with the highest shares. Nevertheless, there is
major variation observable within topics and across platform versions. For example, considering Work
& Training, the upper quarter of platform versions dedicates a share of 20% or more to this topic, while
the lower quarter dedicates only 11.8% or less. Even more evident, Welcome & First Steps shows <8.3%
in Q1 versus >20.0% in Q3.

Overall, these findings indicate that while certain topics-particularly those targeting the acquisi-
tion of resources and language-are consistently represented, there is substantial variation across platform
versions in terms of frequency and intensity of topic provision, indicating that administrations may be
selectively emphasizing specific themes. The subsequent analyses further examine how these varying

emphases are associated with actual user engagement.
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Probability of page visits at median supply (RQ2)

Turning to the multivariate models assessing the alignment between topic supply and user engagement,
Figure 5 presents two panels. Panel (a) illustrates the probability of page visits (represented by point
markers) computed at the sample’s median values of T'opicS upply,. ; ; (indicated by diamond markers).
One way to think about the relationship between the two is that if users were to interact indiscriminately
with all topic contents (“as if random™), page visit probabilities (in %) would equal T'opicS upply, ;4
(in %). Consequently, any deviation between these measures indicates under- or over-engagement rela-
tive to the topic supply. Panel (b) explicitly plots these discrepancies by showing the percentage point
differences obtained by subtracting the median topic supply from the probability of page visits, with a

reference line denoting perfect alignment.

(a) Probability of Page-Visit (b) Probability of Page-Visit
relative to Supply
Ukraine —Q— Open. hours & Holidays i ——
Open. hours & Holidays —— Ukraine : —o—
Work & Training —@— LGBTQ ! @
Counseling & Help —Q— Offices : L
Legal Issues —@— Mobility .
Learning German @ Legal Issues : -~
Family & Children @~ Housing : @
Childcare & School @ Learning German o
LGBTQ -@~ Women -’
Welcome / First Steps @ COVID-19 [ ]
Housing @ Elderly 9
Offices @ Racism & Discrim. e
Mobility -@- Clubs & Sports .:
Health ® Info on Region Q!
COVID-19 b) Childcare & School -0 |
Women D J Welcome / First Steps @ !
Info on Region [ ] Work & Training @~ :
Clubs & Sports ® Health [ ) :
Elderly € Family & Children @ I
Racism & Discrim. @ Counseling & Help —@~ :
0% 5% 10% 15% -5 0 5 10

Diff. to Supply (in pp)
@ Demand: Probabilty of Page-Visit (%)

Supply: Median Share of Topic (%)

Figure 5. Prediction of integration-platform visits at median supply: Panel (a): probability of a page visit
for each topic in % (with 95% CIs), evaluated at the sample’s median of T'opicSupply,. ; ; in %, marked as
diamonds. Panel (b): percentage-point differences (probability minus median supply); vertical dashed line at 0
denotes perfect alignment.

One topic that stands out is Opening Hours & Holidays with an estimated 12.1% probability of
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a page visit. With a median supply of only 0.8% of URLSs, it represents a very large positive discrepancy
between page visits and supply (+11.3pp). Due to its federal structure, school holidays and many public
holidays vary from state to state in Germany, and opening hours of stores may additionally vary across
districts or municipalities. Thus, the topic represents a type of information that is of central importance
for users living in the region to organize their everyday lives, and is a type of information not often
available in multiple languages outside of the app due to the small-scale particularities. Furthermore,
more than 70% of region-language versions do not cover this topic at all, which may indicate a lack of

awareness on behalf of the responsible administrations around the importance of offering this topic.

The topic with the highest likelihood of a page visit in general is the information for refugees
from Ukraine, at 12.8%. This is particularly noteworthy, as the median supply for this topic is only
4.1%, i.e., the relative interest lies substantially above the relative provision (+8.7pp). Looking at the
specific URLs contributing to this discrepancy, it is especially those that specifically address refugees
from Ukraine on the start screen. Thus, the first URL-level that defines the selection of tiles frequently
reads “Help to people from Ukraine”, “Information for people from Ukraine” or “Ukraine crisis”. Nev-
ertheless, many pages also represent forwarding pages from the ones above, i.e., providing more detailed
information following a click on the first tile. They contain information on aspects such as driving li-
censes, accommodation, or information on social benefits in Germany (ibid.). Overall, this implies that
directly addressing Ukrainians on the start screen attracted relatively high interest from users compared

to other selections that were topic-specific only.

Information specific to people who are lesbian, gay, bisexual, transgender, or queer (LGBTQ) is
visited with a probability of 6.4%. Given the supply share of only 1.4%, this topic likewise represents
information with relatively high engagement (+5.0pp). The language versions driving this interest are
first and foremost Farsi and Dari, and to a lesser extent Arabic (Figure A4). Farsi, along with its dialect
Dari, is most prevalent in Iran and Afghanistan (where it is called Dari). In these two countries, LGBTQ
individuals endure severe persecution and discrimination, with same-sex relations being criminalized
and punishable by violence, imprisonment, or even death (Ahmady, 2018; Razai et al., 2023). In this
sense, the comparatively high interest may reflect the specific causes of migration for these specific

groups of refugees and their associated demand for specific information.

Some topics are accessed with a probability approximately matching their median supply. These
include, among others, Legal Issues (+1.8pp), Learning German (+1.0pp), Housing (+1.3pp), informa-
tion on COVID-19 (+0.2pp), and information specific to Women (+0.3pp). The assessment by the re-
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gional administrations regarding the approximate relevance of these topics can therefore be considered
relatively accurate. This is particularly noteworthy for Learning German and Legal issues, as these top-
ics are given a relatively high proportion in the application. Topics whose page visit probabilities are
remarkably lower than their shares of supply include Counseling & Help (-5.6pp), Family & Children
(-4.7pp), Health (-4.4pp), and Work & Training (-3.1pp).

Probability of page visits by supply share (RQ2)

Figure 6 shows predicted page-visit probabilities across five levels of T'opicSupply,. ; ; values above
(below) the 45° line indicate demand exceeding (falling short of) supply. Some findings should be
highlighted. First, the increased demand for topics such as Opening Hours & Holidays, Ukraine and
LGBTQ identified for the median supply before, remains consistent across other observed supply ranges.
This is indicated by the predicted page visits running relatively parallel to the diagonal, suggesting stable
positive discrepancies between supply and demand. Second, all topics show a positive relationship
between supply (the share of topics provided on the platform) and demand (the probability of page
visits). As the supply of content on a particular topic increases, the probability of page visits generally
rises, but at varying rates depending on the topic. Third, certain topics, such as Housing, Legal Issues,
Learning German, LGBTQ, and Opening Hours & Holidays, can be described as both highly demanded
and responsive. These topics have demand curves that are equal to or even above the supply line, and
their slopes are at least as steep as the diagonal. This suggests that (a) there is higher user engagement
as more content is provided, and (b) there is no observable saturation effect, as the probability of page
visits does not flatten with increasing supply levels. Fourth, topics such as Mobility and Offices are best
described as highly demanded but less responsive. These topics show predicted page visits above the
diagonal throughout the observed supply range, but their demand curves are flatter than the diagonal,
indicating that further increases in supply could eventually result in excess supply relative to demand.
Fifth, topics such as Clubs & Sports, COVID-19, and Information on the Region may be best described
as moderately in demand but low in responsiveness. These topics show predicted page visits that are
equal to or above the supply line at lower supply levels, but demand does not proportionally increase
with additional content. Consequently, their page visit curves are relatively flat and fall below the supply
diagonal. Strictly, topics such as Childcare & School and Welcome / First Steps also fall into this category.
However, these are still relatively more responsive, as their predicted page visits remain just below the

diagonal.

Finally, the topics Racism & Discrimination and The Elderly exhibit both low demand and low
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Figure 6. Prediction of integration-platform visits over varying supply levels: Predictive margins are eval-
uated at five equally spaced values of T'opicSupply,. ; , for each topic panel. The red 45° line indicates
perfect alignment-where the predicted probability of a page visit (%) equals the share of information provision
(%). Curves above the line imply engagement exceeds supply; curves below imply engagement falls short relative

to supply.

responsiveness. The demand curves for these topics are significantly below the supply line and nearly
flat, indicating that increases in content are not associated with a substantial increase in visits within the

supply ranges considered.

Probability of page visits by language (RQ3)

Finally, this section addresses RQ3, which investigates whether information needs vary by language —
reflecting the diverse socio-economic and cultural backgrounds of the immigrant population in Germany
(German Federal Office for Statistics, 2024a). Figure 7 displays, for selected topics and language ver-

sions, the difference between page visit probability and the median topic supply. All topic and language
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combinations are provided in the supplemental materials (see Figure A4).

Housing Legal Issues Learning German
1 1 1
Russian/Ukrainian - I e o+ —e—i

1 1 1
1 1 1

English A ol —e—i 1-e-
1 1 1
1 ] 1

Arabic A eyl . —e— —e—
1 1 1
] ] 1
Total ~ o Jhed gl
1 1 1
Mobility Offices Work & Training

1 1 1
Russian/Ukrainian - 1o+ lol —e— |
1 1 1
1 1 1
English H e 1 —e—i| | e 1
1 1 1
. | 1 1
Arabic A o e —e—
1 1 1
] ] ]
Total 4 | 1o , . e
1 1 1

-0.16-0.050.00 0.05 0.10 —0.16-0.050.00 0.05 0.10 —0.16-0.050.00 0.05 0.10
Demand as Difference to Supply (in pp)

Figure 7. Prediction of integration-platform visits at median supply, by language: Percentage-point differ-
ences (probability of page visits minus median supply) by used language; vertical dashed line at 0 denotes perfect
alignment.

The engagement with the topic area of Housing is comparatively high for users in Ukrainian
and Russian. One plausible explanation is the relatively short duration of stay of this group during
the observation period (German Federal Office for Statistics, 2024b). Many Ukrainian refugees were
just about to move from reception centers into private flats, compared to, for instance, Arabic-speaking
Syrians, who on average had been living in Germany for several years longer (German Federal Office
for Statistics, 2024b; Siegert et al., 2023). Similarly, Learning German shows higher engagement in
Ukrainian and Russian platform versions. Due to their relatively short duration of stay and long waiting
times for language courses, many Ukrainian refugees are still in the early stages of integration and
actively seek information on language learning, whereas other groups may have already completed their

courses prior to the observation period (Kosyakova et al., 2024).

Likewise, Legal Issues show higher engagement among Arabic-speaking users, likely reflecting
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their often complex legal situations during the observation period and the associated increased need for
information. Thus, while many Syrians who arrived in 2015 and 2016 are eligible to apply for naturaliza-
tion due to sufficiently long periods of residence (Kassam & Becker, 2023), the ones who arrived later
may strive obtaining a permanent residence permit. Furthermore, some Arabic-speaking groups like
Iraqis or Lebanese generally face lower protection rates and thus more uncertain legal statuses, which

can further drive the demand for legal information (German Federal Office for Statistics, 2025).

Other noticeable findings include a comparatively high level of engagement from English-
speaking users in the topics of mobility and public offices, as well as a reduced demand for information
on work and training compared to other languages considered. It is important to note that the English
version likely attracts a heterogeneous mix of immigrant groups-often serving as a fallback when
users’ native languages are unavailable or poorly covered-making the interpretation of these results

particularly challenging.

Overall, these patterns suggest that engagement with integration-related topics varies markedly

by language, reflecting distinct integration trajectories and legal circumstances across immigrant groups.

Conclusion and discussion

Multilingual information helps refugees and other immigrants navigate their first steps; digital channels
are essential because many obtain information via smartphones, tablets, or PCs (Borkert et al., 2018;
Jauhiainen et al., 2021; Merisalo & Jauhiainen, 2019; Stapf, 2019). In federal systems like Germany,
centralized services risk low local relevance, while city and district administrations often lack the IT and
staff to prepare and update content across languages (Kiihn & Ziegler, 2024; Tiir an Tiir - Digitalfabrik
gGmbH, 2024).

This study examines a digital platform that provides municipalities a shared infrastructure to
publish locally tailored, multilingual information via app and web. Because content creation is decen-
tralized, many administrations report resource constraints (Tiir an Tir - Digitalfabrik gGmbH, 2024).
The analysis therefore investigates which topics are prioritized under such constraints and how these
priorities correspond to users’ engagement. Using up to 2.9 million visit records, multivariate logistic
regressions are estimated to model engagement, complemented by evidence on regional diffusion and

language availability.

The study arrives at several key findings. First, thematic coverage differs markedly across
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districts and cities: labor-market integration and language acquisition are almost always available, while
mobility, opening hours, and anti-racism are less common. Even when topics are present, their share
of total content varies widely, indicating that districts and cities may prioritize different topics or make

assumptions about which topics are likely relevant to users within their jurisdictions.

Second, the relative supply of a topic is positively associated with visit probability, with strength
varying by topic and access language. Immediate, practical information (e.g., opening hours/holidays,
office addresses, mobility/tickets) and audience-specific pages (e.g., for Ukrainian refugees or LGBTQ
users) attract disproportionate engagement, yet are unevenly provided, indicating a potential undersup-

ply in some areas.

Third, legal status, language, and housing show consistently high demand and remain responsive
as content expands: up to ~10-15% of a local platform, we find no saturation in visit probabilities.
This suggests that users tend to explore more detailed and extensive subpages when such content is
available. Regions that currently provide limited information on these topics may enhance their target
audience’s knowledge by expanding the content offered. This is particularly relevant because these
topics primarily concern the acquisition of essential resources (Beauftragte der Bundesregierung fiir
Migration, Fliichtlinge und Integration, 2021) that are crucial in the early stages after arrival and form

the basis for many subsequent integration processes.

Fourth, it was demonstrated that the relative demand for certain topics varies depending on
the access language, and these differences can often be plausibly linked to the situations commonly
experienced by these groups during the observation period. For example, the demand for information
on housing is particularly high among Russian- and Ukrainian-speaking users, who often still live in
communal accommodations, while the demand for legal topics is higher among Arabic-speaking users,

whose legal situations tend to be relatively complex.

Some important limitations remain. First, engagement of users is not only shaped by their
interest and needs but also by the app’s design. Although all regions use the same uniform platform,
they retain some design discretion that can affect engagement. For example, the arrangement of home-
screen tiles may vary and influence user behavior. An implicit assumption in the analyses is that, on
average, the number of pages on a topic is linearly related to its in-app visibility. If, at equal topic
depth, certain topics are systematically placed more prominently, part of the observed engagement may

be attributable to this placement.
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Second, the presented supply-demand comparison is designed to show how regions’ relative
thematic priorities are associated with users’ relative likelihood of access across core topic areas. When
a topic receives strong emphasis alongside similarly high engagement, its relevance is supported. Con-
versely however, low supply with high engagement does not necessarily imply undersupply if the topic
can be covered adequately on a few pages (e.g., holiday dates and opening hours). Interpretation on
relevance therefore depends on combining these results with earlier findings indicating whether these
topics are offered at all (Figure 4). Furthermore — while the analysis of engagement across different
supply intensities approximates the identification of an “optimal” relative emphasis per topic (Figure 6)
— this perspective is also constrained by the variation that ca be observed across platform versions. For
example, it remains unknown whether engagement in “Learning German” would continue to rise propor-
tionally if supply shares exceeded the observed values (~15%). Therefore, the “optimal” topic emphasis

may be unobserved.

The practical implications of these findings center around optimizing the communication be-
tween local administrations and immigrants within their jurisdiction. With limited resources, some re-
gions likely have made simplified assumptions about information needs. The results provide initial
insights into the topics of greatest importance and can guide informed decisions beyond this specific
use case. Moreover, a closer look at regional demographics (e.g., length of stay, country of origin) or
surveys of immigrants could more effectively address diverse information requirements. Ensuring ade-
quate funding for administrations is essential to enable such tailored strategies and enhance the overall

utility of local digital platforms for refugees.

Given the previously unknown data, it is also one central aim of this work to provide the descrip-
tive knowledge necessary to form a basis for further ideas and follow-up studies. One promising avenue
involves examining local political contexts. Prior research has linked regional asylum recognition rates,
court decisions on asylum law, and expulsion rates to residents’ or local governments’ attitudes toward
immigration (Gundacker et al., 2024; Schneider et al., 2020). These political peculiarities may also be
associated with local communication on integration, with administrations favoring pro-integration poli-
cies potentially emphasizing other topics (e.g., social services, education, or legal support), while other

administrations might prioritize rapid labor market integration or security.

Another promising direction leverages the platform’s staggered roll-out across regions. This
setup is well-suited to inferential methods-such as staggered difference-in-differences-to estimate the

causal impact of the platform’s introduction (Callaway & Sant’Anna, 2021; Goodman-Bacon, 2018).
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By comparing regions before and after implementation, as well as against areas yet to adopt the plat-
form, researchers may assess effects on region-level outcomes (e.g., refugee employment or language
course participation) or individual-level outcomes from panel surveys such as the IAB-BAMF-SOEP
study on refugees (Briicker et al., 2024). This might enable an explicit measurement of outcomes, re-
lated to navigational integration (Harder et al., 2018) or emotional integration and institutional trust (de
Alpuim-Gongalves et al., 2025; Potter et al., 2024). Similarly, the continuous updates and maintenance
of platform versions by local administrations represent quasi-experimental interventions to causally iden-
tify how different content updates affect user engagement compared to regions that do not implement
such updates simultaneously. Complementing the limited number of experimental studies on multilin-
gual interventions (e.g., Kiropoulos et al., 2011; Tjaden et al., 2022) with such observational approaches
may represent a promising avenue for future research and would directly address some of the limitations

outlined above.
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Figure Al. German & English reading skills (2014-2021): Weighted share of refugee respondents stating good
or very good reading skills (in %) with 95% confidence intervals among the literate sub-population with (very)
good reading skills reported in the first language. Source: SOEP v38.1 2016-2021 (Goebel et al., 2023), own

calculations.
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Figure A2. Characteristics of (non-)participating regions: Continuous county-level characteristics (N = 397),
summarized as box plots (min, Q25, median, Q75, max), by participation status (app ever introduced by May
2024). Source: Tir an Tiir - Digitalfabrik gGmbH (2023); Bundesinstitut fiir Bau-, Stadt- und Raumforschung
(BBSR) (2024). Own calculation and illustration.
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Figure A3. Coincidence matrix of topics (2021-2024): Brackets report the number of unique URL strings
containing the respective topic keywords, and the percentage relative to all unique URLs. Cell values indicate the
share (0-1) of co-occurrence between categories, given that categories in rows are observed. Reading example:
Topic Counseling is identified in 23,768 URLs, representing 17.4% of URLs overall. If counseling is observed,
it shares 12% of the cases that are also identified as belonging to the topic Work & Training. Source: Tiir an Tiir
- Digitalfabrik gGmbH (2023), own calculations.
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Figure A4. Prediction of page visits relative to supply: Percentage-point differences (probability of page visits
minus median supply) by used language; vertical dashed line at 0 denotes perfect alignment.
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Table A1: Topic identification.

Topic

Search Query (RegEx)

Learning German

Health

Counseling & Help
Work & Training
Mobility

Childcare & School
Legal Issues
Housing

Offices

Welcome / First Steps
Ukraine
COVID-19

Clubs & Sports
LGBTQ

Women

Family & Children
Racism & Discrim.
Elderly

Info on Region

Open. hours & Holidays

\blearn german\b|\blanguage\b|integration(?:course|skurs)|
(?:1anguage|sprach)(?:\s|-)?(?:course|kurs)| \bsprache\b
healthjmedicine[\bdoctor\b|hospital|\barzt\b|physician
counsel(?:ing|ling)|advice|help|assistance|consultation|consultancy
work]|\bjob\bjemployment|apprenticeship|vocation
\btrain\b|transport|\bbus\b|\bcar\bjmobility
child(?:\s|-)?care|kindergarten|day(?:\s|-)?care[\bkita\b|school
asyluml|legal|rights|\blaw\b|\blaws\b|rights
housing|apartment|\bflat\bjJaccommodation
\boffice\bjauthorit(?:ylies)

welcomelfirst steps

ukraine

coronajcovid
club|sports|football|soccer|pools|swimming|tennis
lgbt|trans(?!port|lat)\bgay\b|lesbian|bisexual|bi-sexual|queer
wom|[ae]n

children|family

racism|racist|discrim

elder|senior

kreis|stadt|county|district|city

opening hour(?:s)|holiday(?:s)|vacation
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Table A2: Topics-Top 20 occurring words in URL.

Topic (# URLs) Top 20-words (% observed in topic)

Counseling & Help  advice (39.3%), help (29.9%), assistance (24.4%), counseling (21.8%), centers

(N =22407) (12.4%), health (12.3%), support (11.3%), family (10.9%), information (9.9%),
consultations (9.3%), welcome (9.0%), children (8.5%), work (7.8%), youth
(7.5%), people (7.2%), counselling (7.2%), services (7.0%), authorities (6.9%),
migration (6.8%), centres (6.7%)

Work & Training work (75.9%), training (40.5%), education (36.6%), vocational (21.8%), job

(N =20224) (14.7%), information (13.7%), study (13.5%), employment (12.4%), school
(10.6%), professional (9.7%), studies (8.2%), higher (6.4%), advice (5.9%),
university (5.7%), general (5.5%), center (5.2%), recognition (4.9%), career
(4.9%), find (4.7%), important (4.6%)

Family & Children  family (79.8%), children (67.8%), youth (36.9%), young (13.4%), families

(N =14381) (12.7%), pregnancy (11.4%), people (10.7%), support (10.1%), care (8.3%),

Welcome / First
Steps (N = 12971)

school (8.2%), offers (7.9%), women (7.7%), advice (7.0%), child (6.7%),
counseling (6.4%), childcare (6.0%), help (5.9%), birth (5.9%), education
(5.8%), leisure (5.5%)

welcome (91.0%), district (17.8%), important (16.2%), germany (12.6%), first
(11.8%), steps (10.8%), offices (8.0%), advice (7.9%), office (6.9%), asylum
(6.7%), assistance (6.5%), information (6.4%), living (6.3%), help (4.4%), city
(4.3%), together (4.2%), social (4.2%), migration (3.9%), integration (3.5%),
area (3.5%)
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Table A2: Topics-Top 20 occurring words in URL.
Topic (# URLs) Top 20-words (% observed in topic)

Health (N = 11380)

Childcare & School
(N =11308)

Legal Issues (N =
10519)

Learning German
(N =10255)

health (95.4%), information (13.0%), general (9.0%), help (8.5%), care (8.3%),
counseling (7.9%), assistance (7.9%), insurance (6.7%), emergency (6.6%),
centers (6.5%), advice (6.1%), pregnancy (5.3%), mental (5.2%), people (5.0%),
services (5.0%), medical (4.9%), doctor (4.9%), system (4.8%), offers (4.6%),
pharmacies (4.1%)

school (79.4%), education (49.2%), schools (20.7%), children (17.7%), training
(16.1%), family (15.6%), study (14.6%), work (14.1%), kindergarten (12.9%),
childcare (12.9%), care (12.1%), vocational (10.9%), child (10.3%),
information (9.8%), studies (9.3%), 6 (8.5%), general (8.5%), youth (8.0%),
years (7.9%), day (6.3%)

asylum (57.7%), legal (31.5%), information (18.7%), rights (18.5%), refugees
(13.4%), welcome (12.4%), residence (12.3%), work (11.8%), germany (9.7%),
law (9.2%), procedure (9.1%), advice (7.9%), seekers (7.7%), migration (6.9%),
issues (6.5%), immigration (5.8%), assistance (5.6%), training (5.6%),
important (5.4%), application (5.4%)

language (92.9%), german (51.1%), courses (42.3%), learn (19.5%), learning
(12.2%), integration (12.2%), course (9.5%), education (8.9%), online (7.1%),
offers (5.7%), information (5.6%), level (4.4%), orientation (4.0%), school
(3.9%), study (3.5%), classes (3.4%), initial (3.1%), certificates (2.9%), work
(2.9%), training (2.8%)
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Table A2: Topics-Top 20 occurring words in URL.

Topic (# URLs)

Top 20-words (% observed in topic)

Info on Region (N

= 7813)

Offices (N = 5642)

Housing (N =4903)

Ukraine (N = 4766)

district (61.6%), welcome (40.5%), city (25.2%), information (9.9%), important
(9.0%), cities (7.4%), advice (7.3%), office (7.1%), life (6.4%), work (6.0%),
ukraine (6.0%), education (5.0%), living (4.9%), help (4.9%), integration
(4.8%), munich (4.8%), county (4.5%), aschaffenburg (4.5%), hof (4.5%),

municipalities (4.5%)

office (55.4%), authorities (50.0%), important (32.8%), offices (26.9%), advice
(20.9%), welcome (18.3%), youth (10.8%), social (10.2%), district (9.7%),
welfare (9.6%), immigration (9.6%), migration (8.2%), authority (7.9%),
services (7.8%), foreigners (6.8%), integration (6.4%), refugees (6.4%),
counseling (6.0%), asylum (5.9%), counselling (5.9%)

housing (49.2%), apartment (30.2%), life (28.0%), accommodation (24.8%),
everyday (18.3%), living (13.3%), search (12.5%), asylum (9.5%), reside
(9.2%), residence (8.9%), information (7.8%), rent (7.4%), daily (7.3%), social
(6.9%), ukraine (5.7%), own (5.6%), leisure (5.3%), live (4.8%), find (4.3%),
moving (4.1%), refugees (4.1%)

ukraine (98.3%), information (36.8%), help (25.7%), people (15.2%), crisis
(12.2%), refugees (11.9%), war (10.0%), ukrainian (9.0%), current (8.1%),
everyday (6.9%), district (6.9%), life (6.7%), aid (6.3%), arrival (5.3%), school
(4.8%), work (4.5%), accommodation (4.1%), topics (4.1%), first (3.6%),
augsburg (3.6%)
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Table A2: Topics-Top 20 occurring words in URL.

Topic (# URLs) Top 20-words (% observed in topic)

COVID-19 (N = corona (71.3%), virus (63.1%), coronavirus (35.6%), information (32.0%),

3748) vaccination (19.3%), against (9.7%), covid (8.0%), app (7.5%), 19 (7.0%),

Women (N =3712)

Clubs & Sports (N
=2815)

Mobility (N =
2195)

district (7.0%), health (6.5%), current (6.2%), warn (5.7%), rules (3.5%),
vaccinate (2.9%), test (2.8%), important (2.5%), crown (2.4%), misinformation

(2.2%), general (2.1%)

women (85.2%), children (25.8%), girls (23.1%), family (22.4%), offers
(21.8%), help (17.6%), women’s (15.5%), advice (14.8%), violence (13.6%),
health (13.2%), youth (13.1%), support (11.3%), counseling (10.2%), assistance
(9.6%), families (9.1%), rights (8.5%), young (8.2%), services (8.0%), culture
(7.8%), leisure (7.6%)

sports (71.9%), leisure (52.8%), culture (44.9%), clubs (24.6%), time (22.6%)),
life (16.4%), free (16.0%), sport (13.7%), everyday (13.0%), offers (9.9%),
health (9.4%), swimming (8.5%), pools (8.1%), children (6.9%), people (6.7%),
activities (6.6%), youth (6.2%), meeting (5.3%), freetime (4.8%), associations
(4.5%)

mobility (76.9%), life (62.9%), everyday (52.1%), transport (21.2%), daily
(17.5%), public (16.4%), car (12.3%), bus (11.1%), bicycle (10.3%), train
(9.6%), license (9.4%), driving (9.4%), germany (8.9%), transportation (7.5%),
living (7.4%), leisure (6.3%), means (5.5%), time (5.1%), travel (5.0%), free
(4.3%)
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Table A2: Topics-Top 20 occurring words in URL.

Topic (# URLs)

Top 20-words (% observed in topic)

LGBTQ (N = 1306)

Elderly (N = 870)

Open. hours &
Holidays (N = 616)

Racism & Discrim.

(N =461)

bisexual (22.8%), Igbti (22.4%), gay (21.7%), lesbian (19.8%), life (19.2%),
leisure (16.5%), trans (16.0%), culture (14.3%), advice (12.6%), welcome
(12.3%), everyday (11.9%), offers (11.8%), inter (11.6%), queer (11.3%), Igbt
(10.7%), group (10.2%), lesbians (9.9%), people (9.5%), sport (9.2%), germany
(8.9%), transition (8.9%)

family (47.9%), elderly (47.5%), children (37.2%), seniors (36.3%), care
(24.8%), youth (22.6%), people (22.3%), offers (19.9%), health (18.4%), senior
(15.5%), young (14.9%), women (13.0%), families (12.5%), information
(10.8%), advice (10.5%), citizens (10.1%), counseling (7.6%), centers (7.0%),
social (6.1%), leisure (5.9%)

holidays (88.3%), life (42.5%), hours (36.2%), everyday (34.7%), public
(30.2%), school (28.2%), opening (23.1%), time (13.3%), working (13.3%),
education (11.4%), daily (11.0%), information (9.3%), germany (8.8%), bavaria
(8.1%), news (7.8%), leisure (7.6%), work (6.5%), vacation (6.3%), children
(5.8%), latest (5.5%)

discrimination (86.3%), anti (42.3%), advice (29.1%), rights (27.5%),
assistance (22.6%), support (22.1%), violence (18.7%), legal (16.7%), inclusion
(16.5%), welcome (16.5%), right (16.3%), racism (16.1%), against (15.8%),
help (13.9%), wing (12.4%), counseling (11.9%), life (9.8%), information
(9.3%), germany (7.8%), victims (7.6%)
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Table A3: Reduction of dataset.

Step

Explanation

OBS

Excluded Excluded Excluded
(%) (Cum.%)

N)

10

11

12

Raw count.

Remove duplicate rows, defined as identical
URL and time (by seconds).

Remove rows if URL erroneous, defined by
non-valid language-code.

Remove rows for very rare languages <=100
observations.

Remove rows if base-URL represents
test-environments or other non-relevant
sites.

Remove rows if city sub-page does not
show up on sundays: indicates test-use only.
Keep only city sub-pages with at least 1,500
observations.

Remove rows for city sub-pages indicating
regions outside Germany, non-counties or
test-environments.

Remove rows that only represent start-page
visits, i.e. no topic-specific content.
Remove rows for city sub-pages with >90%
Offline usage. Online research suggests that
they never went live.

Remove rows that fall into lead or trail
periods within city- language groups with
<10 observations or with <10 % of expected
visits on weekends, assuming univariate
distribution across weekdays.

Remove rows that fall into city-language

series shorter than three months.

11813123
11442666

11439196

11438980

10751030

10721371

10710585

10666671

9637789

9593831

9441368

9409592

370457

3470

216

687950

29659

10786

43914

1028882

43958

152463

31776

3.1

0.0

0.0

5.8

0.3

0.1

0.4

8.7

0.4

1.3

0.3

0.0
3.1

3.2

32

9.0

9.2

9.3

9.7

18.4

18.8

20.1

20.3
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Table A3: Reduction of dataset.

Excluded Excluded Excluded

Step Explanation OBS (N) (%) (Cum.%)

13 URL contains no information on topics: 6955500 2454092 20.8 41.1
Offline-usage & all visits prior 08/2021

14 Delete further languages: German (N = 3653490 3302010 28.0 69.1

3,198,832), Centr/South Europe (N =
102,648), Brazilian Portuguese (N = 253)
and Chinese (N = 277).

15 Delete cases if one topic represents >80% of 3571680 81810 0.7 69.8
all URLs.
16 Delete cases if prior 09/2021 or after 2959802 611878 5.2 74.9

02/2024 as Topic Supply-Identifaction

works less well on Edges.
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Summary statistics (RQ2, RQ3)

Table A4 presents summary statistics for all logistic models as outlined in Equation 1. The mod-
els vary between 885,103 observations (Racism & Discrimination) and 2,928,689 observations (Work
& Training), which is a result of the design restriction to include cases only if a respective topic page

could have been visited, i.e., T'opicSupply,. ; , > 0.

This is also reflected in the number of platform versions, considered per model, which varies
between 165 and 634, all of them still providing a sufficient amount of variation to compare levels of
supply. The median of T'opicSupply,. ; , across i varies by model from 0.7 to 15.8%, similar to that

1.16

observed on the regional level."® The analysis years are fairly similar across topics, with the exception

of COVID-19 which is less often observed in later years. The median number of distinct URLs for
platform versions observed in ¢ varies from 114 to 158 and appears to be higher for topics that are less
frequently provided, like The Elderly or Racism & Discrimination. This indicates that these topics tend

to be represented by regions with a generally larger overall information supply.

Column explanation:

* Total (N) presents the number of observations per model.
* Visit (%) presents the share of observations that is identified as the topic in question.
* Year (Mean) returns the mean year across all observations.

» #URLs (p50) represents a median indicator for the app size across all observations. Specifically,

it measures the median of the URLs available to ¢, across all observations.
* %Topic (p50) returns the median of T'opicSupply,. ; , in i, across all observations.

* Region-Lang (Dist.) returns the number of unique platform versions, i.e., region-language com-

binations, observed in the respective model.

16The median values are not identical to Figure 4 because the platform versions may vary in individual page
visit size, i.e., platforms with more page visits contribute more strongly here when directly calculated from
1 as compared to Figure 4 where aggregated on the level of platform-version-days r, [, ¢t for emphasizing a
cross-regional comparison and administrations decisions.
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Table A4: Summary statistics for each regression model

Region-

Total Visit Year #URLs %Topic Lang

DV N) (%)  (Mean) (p50) (p50) (Dist.)
Overall 2959802 2022.631 114 644
Work & Training 2928689 11.761 2022.636 115 13.485 633
Counseling & Help 2918955 12.043 2022.636 115 15.789 634
Family & Children 2874051 7.418 2022.635 117 11.741 614
Learning German 2873500 11.377 2022.643 117 8.159 621
Childcare & School 2850456 7.420 2022.643 118 8.589 608
Health 2818202 4.697 2022.632 119 8.421 609
Welcome / First Steps 2809700 10.368 2022.638 118 9.091 613
Legal Issues 2710351 12.242  2022.653 120 7.764 586
Info on Region 2706629 3.469 2022.640 121 3.374 568
Housing 2640500 8.053 2022.647 123 3.774 529
Offices 2402629 6.057 2022.648 127 2.508 526
Mobility 2402532 5.169 2022.640 130 2222 483
Women 2228264 2.770  2022.655 132 2.128 464
Clubs & Sports 2094988 1.716  2022.600 132 2.048 383
LGBTQ 1773393 6.660 2022.742 136 1.395 334
COVID-19 1637852 3.813 2022.196 124 2.756 463
Open. hours & Holidays 1634083 12.372  2022.635 146 0.820 289
Ukraine 1343875 17.999 2022.667 129 4.054 337
Elderly 929562 1.502 2022.708 156 0.694 187
Racism & Discrim. 885103 0.321 2022.680 158 0.667 165
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work (N=15806) -
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health (N=10856) -
train (N=9861) -
school (N=9850) -
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(b) Top-30 term co—-occurrences

child + family (N=8312) -

life + everyday (N=7203) -
work + train (N=7108) -
education + work (N=6386) -
education + school (N=5475) -
child + youth (N=5172) -
family + youth (N=5029) -
course + language (N=4818) -
german + language (N=4550) -
work + study (N=3695) -

train + vocational (N=3557) -
education + train (N=3398) -

education + study (N=3352) -
german + learn (N=3191) -
daily + life (N=3060) -

work + vocational (N=3001) -
study + train (N=3001) -
leisure + culture (N=2950) -
course + german (N=2895) -
study + school (N=2591) -
help + advice (N=2490) -
information + work (N=2422) -
language + learn (N=2400) -
important + office (N=2381) -
corona + virus (N=2342) -
center + counsel (N=2289) -
sport + culture (N=2275) -
sport + leisure (N=2253) -
welcome + district (N=2251) =

o
(<)

4
% of all URLs

Figure A7. URL-level prevalence of terms: Displayed are URL-level (N = 128,420) statistics on (a) the preva-
lence of single terms and (b) co-occurrences of two terms in any order. Restricted to URL parts containing page
contents. Further cleaning: filling words removed (snowball stop word list), lemmatization of words (‘textstem’
R-package), removal of duplicate terms within one URL, removal of city names.
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level -1 vaccination -l department - I reside -l study -
orientation - app-1 step - Il daily - Il career -
interpreter -1 current-1 reg|strat|on [ ] search- education -
class-1 test-1 government -l accommodation - Il professional -l
initial -1~ news -1 affair - home-H profession - i
0 510152025 O 10 20 30 0 5 lO 15 0 5 10 0 5 101520

Predicted occurences per 100 terms within a topic

Figure A8. Unsupervised topic modeling (LDA): Most frequent terms per topic.: Unsupervised topic model-
ing (Latent Dirichlet Allocation, Gibbs sampler), applied to a document-term matrix built from terms contained
in URLs where each document equals one URL. For each topic, the ten terms with the highest topic-word proba-
bility (3) are shown. Bar length is 8 x 100 and can therefore be read as the predicted number of occurrences per
100 terms within that topic. Further cleaning: filling words removed (snowball stop word list), lemmatization of
words (‘textstem’ R-package), removal of duplicate terms within one URL, removal of city names.
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Figure A9. Unsupervised topic modeling (LDA): Most distinctive terms: Unsupervised topic modeling (La-
tent Dirichlet Allocation, Gibbs sampler), applied to a document-term matrix built from terms contained in
URLs where each document equals one URL. Panels show the 10 most distinctive terms per topic, ranked by
log2[Btopic/mean(Bothertopics)|; a value L means the term is 2 times more likely in that topic. For
example, the word ‘ukraine’ in topic 1 has a log-ratio of 15, meaning that its probability within topic 1 is about

2 15
were

omitted here to reduce noise.

~ 33, 000 times higher than its average probability across all the other topics. Rare terms with 8 < 0.005



JQD:DM 5(2025) Information on Integration 55

Work & Training = 9% -11% -9% -7% -11% -9% -9% -11% -9% -11%+25%-11% -9% -11% -9% -11% -9% -9% -11% +27%
Women - —11% -9% —12% -12% —12% -11% —12% -12% -11% -11% -12% —11%—12%—11%-—12%—12% -12%-12% -12%
Welcome / First Steps = -9% -9% -9% -7% -9% -7% -7% *+32% -7% -7% -9% -9% -9% -9% -7% -9% -9% -6% -9% -9%
Ukraine--—Q% 7% 7% -7% -7% -7% -7% 7% -7% -9% -9% -7% -7% -7% -9% -6% -7% -7% -9%
Racism & Discrim. - =11% -12% -12%-12% -12% -9% +11%-11% -9% -11%-12% —12%—11%—12%-—12%—11% -11%-12%-12%
Open. hours & Holidays - -9% -9% -9% —9%-—9% 9% -9% -9% -9% -9% -7% -9% -9% -9% -9% -9% -9% -9% -9%
Offices - ~11%-11%-11% —9% —11% —7% —11% —-9% -9% -11%-11%-11%-11%-11% —11%—11%—11%-—11%—11%

Mobility - -9% -9% -9% —9%.—9% -9% -9% -9% -9% -9% -9% -9% -9% -9% -9% -9% -9% -4% -9% Ay, =100(median(y) -0.05)/0.05

g LGBTQ - —12% —-12% —14% —-14% -12% -12% —12% —12% —-12% —-12% 714%-*12% —14% -11% —14% —-14% -14% -12% -14% +120%
g‘ Learning German- -7% -7% 7% -7% -7% -7% -7% -7% -7% -7% -7% -7% -7% -7% —7%.—7% 7% -7% -7% +80%
U:-l.’ Legal Issues- -9% -11%-11% -9% -11% -9% -7% -9% -9% -11%-11% —11%-—11% -11%-11% -9% -9% -11%-11% 0%
&) Housing- -7% -9% -9% -9% -7% -9% -7% -9% -9% -9% -9% -9% -7% -9% -9% -9% -9% —9%-—9%

Health- -7% -7% -7% -7% -7% -6% -7% -7% -6% -7% -7% -7% —7%-—6% =% -7% -7% -7% -7% +0%

Family & Children- -9% - -9% -11%-11% -9% -11%-11% -9% -11%-11% -9% -11%-11% -7% -11%-11%-11%-11%-11%
Elderly - +21%+32% -9% -11%-11% -9% -11%-11% -9% -9% -11% -9% -11%-11% -7% -11%-11%-11%-11%-11%

Info on Region- -9% -11% -9% -9% -11% -9% -9% +32% -9% -6% -11% -9% -9% -11% -9% -11% -9% -9% -9% -11%
Counseling & Help- -9% -9% -11% -9% -11%+19% -11% -11% +23% -11%-11%-11%-11%-11% -6% -11%-11% -9% -11%-11%
COVID-19- -6% -7% -7% -7% -7% -7% -7% -6% -7% -7% -7% -7% -7% -7% -7% —7%.—7% 7% -7%

Clubs & Sports- =9% -9% -11% -9% -9% -9% -11%-11%-11% -9% —11%.—11%—11% -9% -11%-11%-11% -9% -11%
Childcare & School - -9% —7%-—9% -9% -9% -9% -9% -9% -9% +17% -9% -11% -9% -9% -9% -9% -9% -11% -9%

LDA topics

Figure A10. Supervised (RegEx) versus unsupervised (LDA) topic modeling: Each cell reports the percent
deviation of the median URL-topic probability v among URLs tagged by a RegEx topic — from the ‘no-signal’
baseline of 1/K = 0.05 (K =20): A% = 100 X (median(y)—0.05)/0.05. Example: For “Clubs & Sports,” the
median - for the LDA topic labeled “sport, leisure, culture” is 0.10, so A% = 100 x (0.10 — 0.05)/0.05 =
+100% (twice the ‘no-signal’ baseline).



Khalil Journal of Quantitative Description: Digital Media 5(2025) 56

c
Xe]
>
e
o
£
g .
5 6- e
©
ks
3 5-
T 5 »
e e Observed adoption
< (N =d108) g
% , 28 % @8 7 Random adoption,
@ 47 | BePeEoe ® simulated (N = 50+108)
G
o
® 3- (R T R Y R
5]
°
8
~2- % s 08 o oo § P °
£’ » ' .
2
1- % P e% 9 094% 8 0V Q %0 00y 3
o- &

0 30 60 90
Nr. of participating regions

Figure A11. Observed and simulated diffusion of app-adoption across German districts: Each point is one
district in the month it first adopts. The x-axis shows the cumulative number of adopters up to and including
that month; the y-axis is the shortest path border distance: the minimum number of district borders that must be
crossed from the adopting district to reach any earlier adopting district. Distances are calculated based on NUTS-3
county shape files for Germany and their adjacencies. First adopters are set to 0 by definition. Black points are the
observed adoptions (N = 108 counties). Red points are simulated adoptions (N = 108*50 counties) that preserve
the observed monthly counts of new adopters per simulation while selecting adopters uniformly at random from
the pool of not-yet-adopting districts.
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Table AS: Difference in walk distance between observed and simulated adoptions

term Coef. P_value N_observed N_simulated

Observed vs. Simulated -0.033 0.663 94 4700

Note. Coefficient reports the average difference in walk distance (observed minus simulated) with treated-

cumulative fixed effects. Standard errors are robust. A negative coefficient indicates shorter observed diffusion

paths relative to random allocation.
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