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Executive summary

This study presents a comparative analysis of the health sector ecosystems in Massa-
chusetts (MA) and Baden-Wirttemberg (BW) using WebAl, an Al-driven large-scale web
intelligence. The conducted comparison is illustrative, not exhaustive, and is designed
to showcase the method rather than produce a definitive ranking in a transatlantic set-
ting. Its central aim is to illustrate how WebAl can surface near-real-time insights into

regional health innovation landscapes.

Health sector in numbers (2024):

« Health-related firms: 4.952 in MA, 4.498 in BW

* Research-active firms: 1,284 (25.9%) in MA, 522 (11.6%) in BW.

« Al-using firms: 420 (8.5%) in MA, 137 (3.0%) in BW.

« Strongest geographic centres: Boston, Cambridge (MA); Stuttgart, Heidelberg,
Mannheim, Karlsruhe, Freiburg, Ulm (BW).

Corporate website texts were systematically collected and analysed with unsupervised
machine learning methods, Large Language Models (LLMs) and retrieval-augmented
generation (RAG) to provide actionable insights into ecosystem dynamics. The two re-
gions were chosen as both Massachusetts and Baden-Wdirttemberg are leading centres
of health and innovation, with dense networks of hospitals, research institutions, and
technology firms, while also offering contrasting socio-economic and regulatory con-
texts that enable a meaningful comparative analysis. Massachusetts can be character-
ized as a global hub for biopharmaceutical discovery, with high-risk, venture-backed
firms developing e.g. RNAi therapeutics and scalable Al-driven health platforms. Baden-
Wirttemberg excels in medical technology and precision engineering, with a dense net-
work of specialised, privately owned providers, producing e.g. implantable neurotech-
nology and Al-enabled clinical tools. The analysis highlights opportunities for transat-
lantic collaboration, where Massachusetts companies can leverage Baden-Wurttem-
berg's manufacturing and clinical infrastructure, while German firms can benefit from
the US biotechnology and digital health innovation. The study demonstrates that com-
bining web intelligence, machine learning, and LLM-based synthesis enables real-time,
large-scale insight into complex health ecosystems. The insights of this study can be
used by state officials, cluster managers, university tech-transfer bureaus, investors,

and hospital innovation leads.
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Zusammenfassung

Diese Studie prasentiert eine vergleichende Analyse der Okosysteme im Gesundheits-
wesen in Massachusetts (MA) und Baden-Wirttemberg (BW) unter Verwendung von
WebAl, einer Kl-gestilitzten groB angelegten Web-Intelligence. Der durchgefiihrte Ver-
gleichistillustrativ und dient eher der Veranschaulichung der Methode als der Erstellung
einer endgultigen Rangliste im transatlantischen Kontext. Sein zentrales Ziel ist es, zu
veranschaulichen, wie WebAl in Echtzeit Einblicke in regionale Gesundheitsinnovations-

landschaften liefern kann.

Gesundheitssektoren in Zahlen (2024):

« Unternehmen im Gesundheitssektor: 4.952 in MA, 4.498 in BW

« Forschungsaktive Unternehmen: 1,284 (25.9%) in MA, 522 (11.6%) in BW.

« Kl-nutzende Unternehmen: 420 (8.5%) in MA, 137 (3.0%) in BW.

« Starkste geographische Zentren: Boston, Cambridge (MA); Stuttgart, Heidel-
berg, Mannheim, Karlsruhe, Freiburg, Ulm (BW).

Texte von Unternehmenswebsites wurden systematisch gesammelt und mit Hilfe von
unlberwachten maschinellen Lernverfahren, Large Language Models (LLMs) und Ret-
rieval-Augmented Generation (RAG) analysiert, um Erkenntnisse Uber die Dynamik der
Okosysteme zu gewinnen. Die beiden Regionen wurden ausgewahlt, da sowohl MA als
auch BW fuhrende Zentren flr Gesundheit und Innovation sind, Uber ein dichtes Netz-
werk von Krankenhausern, Forschungseinrichtungen und Technologieunternehmen ver-
fligen und gleichzeitig kontrastierende soziodkonomische und regulatorische Rahmen-
bedingungen bieten. Massachusetts kann als globaler Knotenpunkt fir biopharmazeuti-
sche Forschung charakterisiert werden, mit risikoreichen, von Risikokapital finanzierten
Unternehmen, die z.B. RNAi-Therapeutika und skalierbare Kl-gesteuerte Gesundheits-
plattformen entwickeln. Baden-Wiurttemberg zeichnet sich durch Medizintechnik und
Prazisionstechnik aus und verfligt Uber ein dichtes Netzwerk spezialisierter, privater An-
bieter, die z.B. implantierbare Neurotechnologie und Kl-gestltzte klinische Instrumente
herstellen. Die Analyse zeigt Moglichkeiten fur eine transatlantische Zusammenarbeit
auf, bei der Unternehmen aus MA die Fertigungs- und klinische Infrastruktur in BW nut-
zen kdnnen, wahrend deutsche Unternehmen von der US-amerikanischen Biotechnolo-
gie und den Innovationen im Bereich der digitalen Gesundheit profitieren kdnnen. Die

Studie zeigt, dass die Kombination von Web Intelligence, maschinellem Lernen und LLM-
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basierter Synthese einen Echtzeit-Einblick in komplexe Gesundheitsokosysteme in gro-
Bem MaBstab ermdglicht. Die Erkenntnisse dieser Studie kdnnen von staatlichen Stellen,
Clustermanagern, Technologietransferstellen von Universitaten, Investoren und Innova-

tionsleitern von Krankenhausern genutzt werden.
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1. Introduction

The health sector represents one of the most dynamic, multifaceted and socially signif-
icant areas of economic and societal activity, encompassing prevention, diagnosis,
treatment, and care across an increasingly complex biomedical and healthcare land-
scape (Johnson, 2011). Understanding the current developments, key actors, and pre-
vailing trends in this sector is critical for evidence-based policymaking, strategic plan-
ning, and the effective allocation of resources. Traditional data sources, such as official
statistics, scientific publications, or funding databases, provide valuable insights but
capture only a partial picture of the sector (Kinne & Axenbeck, 2020). They thus often
overlook emerging activities, informal collaborations, and the broader organizational and

socio-economic context that shapes the health sector’s structure and performance.

To address these limitations, our approach builds on the WebAl paradigm, i.e. the large-
scale, automated collection and analysis of web-based information through web scrap-
ing combined with artificial intelligence (Al) analysis methods (Dahlke et al., 2025). This
methodological framework enables the extraction of real-time, high-resolution insights
into organisational activities, research topics, and network dynamics across the health
innovation ecosystem. The vast scale and wide scope of web data allow observations
across diverse organisations, from small enterprises to multinational corporations,
providing a more complete picture than traditional, sampled datasets (Kinne & Axenbeck,
2020). Websites serve as self-curated, multi-stakeholder representations of organisa-
tions, encompassing both explicit information — such as products, services, and partner-
ships — and implicit signals about strategies, technological capabilities, and market po-
sitioning (Oertel & Thommes, 2018; Powell et al., 2016). The continuous availability and
updating of web data enable near real-time monitoring of organisational activities, as
well as tracing the evolution of topics and networks over time (Oberg et al., 2022). Fur-
thermore, web data captures relational dimensions through direct connections, such as
hyperlinks between websites, offering a consistent and systematic approximation of or-
ganisational networks (Abbasiharofteh et al., 2023; Katz, 2006; Vaughan et al., 2007).
Using these properties of web data to generate data-driven insights, we aim to provide
a more comprehensive and timely understanding of health-related innovation and its so-

cietal impact.
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Studies using the WebAl paradigm have already been conducted on topics of product
innovation (Kinne & Lenz, 2021), Al diffusion (Dahlke et al., 2024), 3D printing (Dehghan
et al., 2023; Schwierzy et al., 2022), corporate sustainability (Schmidt et al., 2022), and
firm collaborations (Abbasiharofteh et al., 2023; Schmidt et al., 2025). This report rep-

resents the first large-scale study on health-related topics.

The states of Massachusetts, USA and Baden-Wirttemberg, Germany were selected as
focus regions for this study due to their prominent positions in the health and innovation
sectors within their respective countries (FaiBt et al., 2022; Pilger & Jahn, 2013; Reynolds
& Uygun, 2018). Both regions are characterised by a high density of health-related or-
ganisations, including hospitals, research institutions, and technology-driven firms.
Moreover, Massachusetts and Baden-Wurttemberg represent distinct socio-economic
and regulatory contexts, allowing for an exploration of how organisational practices,
sector priorities, and innovation dynamics manifest across different institutional environ-
ments. By comparing these regions, the study aims to uncover both shared patterns and

region-specific characteristics in the health sector.

The report is structured as follows: First, we provide an overview of the five focus topics
of our analysis. Then, we describe in detail the results of our regional comparative anal-
ysis between Massachusetts and Baden-Wirttemberg. For this, we employed both a su-
pervised and an unsupervised machine learning approach. In addition, we evaluate the
results from a spatial perspective and inspect collaboration networks through hyperlink

analysis. Finally, the main takeaways are summarised in our conclusion.

2. Focus topics

This study was conducted for five dedicated focus topics. These topics were selected
to capture a broad spectrum of organisational activities, ranging from technological in-
novation and clinical research to public health initiatives and social impact. By examining
these diverse areas, the study aims to provide a comprehensive understanding of sector
priorities, emerging trends, and patterns of engagement across different types of health-

related organisations.
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Health-focused NGOs & Social Enterprises

Health-focused non-governmental organisations and social enterprises play a vital role
in improving population health through community health programs, disease prevention
campaigns, and enhanced access to healthcare, particularly for underserved popula-
tions. They promote health education and awareness, address health equity and inclu-
sion, and contribute to global health initiatives (Delisle et al., 2005). Many focus on ca-
pacity building, maternal and child health, mental health programs, vaccination cam-
paigns, and innovative health financing (George et al., 2018; Humphries et al., 2011; Wal-
ton, 2017). By engaging in health advocacy, coordinating emergency health responses,
and applying social impact measurement, these organisations strengthen healthcare

systems and support sustainable, inclusive health ecosystems.

Digital Health & HealthTech

Digital health and health technology companies are at the forefront of transforming med-
ical care through innovative technologies that enhance diagnosis, treatment, and patient
engagement. By leveraging artificial intelligence, these companies enable advanced
clinical decision support, improve diagnostic accuracy, and facilitate personalised treat-
ment strategies. Telemedicine and remote patient monitoring expand access to care,
particularly for patients in rural or underserved areas, while wearable health devices and
consumer health platforms empower individuals to actively manage their health and
wellness (Haleem et al., 2021; Igbal et al., 2021). Digital therapeutics are increasingly
used to deliver evidence-based interventions for chronic conditions such as diabetes
and mental health disorders, complementing traditional care pathways (Carl et al., 2022;
Ramakrishnan et al., 2021). There has been a steep increase in such digital health solu-
tions since the COVID-10 pandemic (Shah et al., 2022).

Dermatology & Dermatopathology

Dermatology and dermatopathology centres specialise in diagnosing, treating, and re-
searching skin diseases, including chronic, infectious, and aesthetic conditions. They
combine clinical expertise with advanced imaging, histopathology, and molecular diag-
nostics to enhance early detection and personalised treatment strategies (Bolognia,
2024). These institutions are increasingly adopting Al and digital tools to improve diag-
nostic accuracy and streamline workflows. Teledermatology services have emerged as
a critical tool for expanding access to specialised care, particularly for underserved pop-

ulations or patients in remote area (Nami et al., 2012). The field is also advancing in
10
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personalised skincare, integrating patient-specific data with clinical assessment to tailor
treatments for conditions such as eczema, psoriasis, and acne. Environmental factors
affecting skin health, including ultraviolet radiation and air pollution, are increasingly
considered in both clinical practice and research, recognising their role in disease pre-
vention (Krutmann et al., 2014). Dermatopathology specifically focuses on diagnosing
complex conditions, such as skin tumours, leveraging high-resolution imaging and Al-
assisted interpretation to improve diagnostic precision and workflow efficiency (Wells et
al., 2021).

Genomics & Cancer Research

Genomics and cancer research institutions are at the forefront of understanding the ge-
netic and molecular mechanisms that drive cancer development and progression. By
investigating tumour biology through approaches such as single-cell genomics, spatial
transcriptomics, and proteomics, these centres identify novel biomarkers and therapeu-
tic targets, enabling the development of personalised treatment approaches tailored to
individual patient profiles (Califf, 2018; Dias-Santagata et al., 2010; Garraway & Lander,
2013). Cutting-edge technologies, including CRISPR gene editing and epigenomic pro-
filing, facilitate functional studies of cancer genes, while concepts such as synthetic
lethality are leveraged to design targeted therapies with increased specificity and re-
duced toxicity (Kaminski et al., 2021; Zhan et al., 2019). Institutions increasingly employ
Al-driven personalised screening tools and Al in drug discovery to enhance early detec-
tion, optimise treatment selection, and accelerate the identification of novel drug candi-
dates (Esteva et al., 2019).

Cardiovascular Research

Cardiovascular research organisations are dedicated to the prevention, diagnosis, and
treatment of heart and vascular diseases, which remain leading causes of mortality
worldwide (Mathers et al., 2009). These institutions develop innovative therapeutics,
medical devices, and monitoring technologies to improve patient outcomes and reduce
cardiovascular risk. By investigating genetic risk factors and exploring targeted ap-
proaches, they contribute to precision strategies for preventing and managing cardio-
vascular disease. Advanced computational methods, including Al-based risk assess-
ment, enable researchers to predict disease progression and tailor interventions to indi-
vidual patient profiles (Khera et al., 2024). Organisations are also advancing structural

heart interventions, such as minimally invasive therapies like transcatheter aortic valve
(



ISTARLAI Future Forum 2025 - Using WebAlI to monitor health landscape

replacement (Srinivasan et al., 2024), which reduce patient recovery times while main-
taining clinical efficacy. Moreover, regenerative medicine and stem cell therapies offer

promising avenues for repairing damaged cardiac tissue (Golpanian et al., 2016).

3. Regional comparison

The present study aimed to compare the health sectors in Massachusetts and Baden-
Wirttemberg through a systematic analysis of firm websites. By examining publicly
available online content, the analysis sought to identify differences and similarities in

focus areas, service offerings, and organizational priorities across these two regions.

To achieve this, two complementary analytical approaches were employed. The first ap-
proach utilized unsupervised machine learning to cluster website texts based on their
intrinsic similarities. This method allowed patterns and thematic groupings to emerge
without prior categorisation, providing an overview of the structural organisation of the
health sector without relying on predefined categories. The second approach was a su-
pervised analysis using a retrieval-augmented generation (RAG) framework in combina-
tion with a large language model (LLM). This method enabled the extraction of targeted
information and classification of firms according to five specific focus topics, facilitating
a detailed comparison of sector priorities and services between Massachusetts and Ba-

den-Wirttemberg.

3.1 Cluster analysis

In the first step, an unsupervised cluster analysis was conducted to identify patterns in
the text data without having to rely on predefined categories. This can be understood as

a preliminary analysis step that helps to uncover interesting trends or topics.

To conduct a semantic cluster analysis, website texts have to be converted into numer-
ical representations, so-called embeddings, which capture the semantic meaning of the
content in a high-dimensional vector space (Wang et al., 2024). These embeddings can
then be grouped by diverse algorithms into similar clusters, allowing naturally occurring
themes and patterns to emerge across the corpus. For this, we used a k-Means ap-

proach, the most frequently employed clustering method. It partitions data into clusters

12
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by minimising the distance between points and their assigned cluster centres (Sinaga &
Yang, 2020). We chose a cluster size of 20, so that the output of our analysis was 20 dis-

tinct clusters.

For this cluster analysis, we created two datasets: We extracted the website texts of all
relevant firms in Massachusetts and Baden-Wirttemberg in 2024 with our proprietary
web scraping tool. In addition, we also accessed the website data from 2015 from Com-
monCrawl, a popular Internet archive (Kriesch & Losacker, 2025). Clustering was then
performed on the entire text corpus to ensure consistency in topic detection over time,

allowing for comparisons between 2015 and 2024.

The output of textual cluster analysis generally consists of the most representative
words for each cluster. Since this is rather difficult for interpretation purposes, we sub-
sequently used a Large Language Model (LLM) to generate a concise summary of the

underlying topic of each cluster.

Top 10 Clusters by Share Growth

Cosmetic & Family Dentistry
Patient-Centered Healthcare
Veterinary Healthcare

Skin Wellness

Personal Injury Law & Funeral Services
Wellness Care

Biotech Healthcare

Fitness & Wellness

Insurance Advisory Services

Pharmacy Healthcare Services

0 1 2 3 4 5 6 7 8
Percentage Point (pp) Change in Share

Figure 1 Analysis of cluster share gains (2015-2024) in Massachusetts

Figure 1 illustrates the distribution of percentage point (pp) change in topic share be-
tween 2015 and 2024 for the ten clusters with highest gains for the Massachusetts use
case. The “Cosmetic & Family Dentistry” cluster demonstrated the most substantial
growth, realising a gain of approximately 8.0 pp. This gain is significantly higher than

that of all other semantic clusters. The next highest performers, “Patient-Centered

13
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Healthcare” and “Veterinary Healthcare"”, form a secondary tier with more moderate but
still robust gains, registering share increases between 2.0 pp and 2.5 pp. The majority
of the remaining clusters, including “Skin Wellness”, “Personal Injury Law & Funeral Ser-
vices”, and “Biotech Healthcare”, cluster between 1.5 pp and 2.0 pp. Consequently, the
remaining clusters did not have any significant gains from 2015 or 2024 or even showed

a relative decrease.

Figure 2 shows the most significant percentage point losses in clustering share, indicat-
ing topics that have lost relevance between 2015 and 2024 in the health sector in Mas-
sachusetts. The three clusters with the most substantial losses were “Technology Com-
munity Services”, “Community Health Education”, and “Community Engagement Ser-
vices". Each of these saw decreases exceeding -5.0 pp, with “Technology Community
Services" leading the decline at over -8.0 pp. In contrast, the remaining four clusters
experienced much more marginal contractions, indicating a relatively stable perfor-
mance of these health subdisciplines. Consequently, more clusters experienced a rela-

tive increase than decrease in their share between 2015 and 2024.

Top 7 Clusters by Share Decline

Technology Community Services

Community Health Education 4

Community Engagement Services -

Wellness Products

Healthcare Technology Services

Holistic Wellness Care -

Patient Care Services

-8 -7 -6 -5 -4 -3 -2 -1 0
Percentage Point (pp) Change in Share

Figure 2 Analysis of cluster share decline (2015-2024) in Massachusetts

Figure 3 illustrates the distribution of percentage point (pp) change in topic share be-
tween 2015 and 2024 for the ten clusters with highest gains for Baden-Wirttemberg.
The data shows that “Holistic Wellness Care"” achieved the largest increase, with a gain

of approximately 10 percentage points, followed closely by the cluster “Pharmacy

14
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Healthcare Services". "Patient Care Services" and “Insurance Advisory Services" also
experienced notable growth, both gaining around 3-4 percentage points in the reference
period. Meanwhile, the clusters ,Fitness & Wellness" and "“Skin Wellness" still demon-
strated moderate improvements, indicating a rising importance of preventive and life-

style-related health services.

Top 10 Clusters by Share Growth

Holistic Wellness Care

Pharmacy Healthcare Services
Patient Care Services

Insurance Advisory Services
Fitness & Wellness

Skin Wellness

Technology Community Services
Cosmetic & Family Dentistry
Community Engagement Services

Patient-Centered Healthcare

o
~n

4 6 8 10
Percentage Point (pp) Change in Share

Figure 3 Analysis of cluster share gains (2015-2024) in Baden-W(irttemberg

Top 8 Clusters by Share Decline

Healthcare Services {

Community Support Services -

Biotech Healthcare

Wellness Products -

Community Health Education -

Healthcare Technology Services -

Veterinary Healthcare |

Wellness Care

ol

-14 -12 =10 -8 -6 -4 -2
Percentage Point (pp) Change in Share

Figure 4 Analysis of cluster share decline (2015-2024) in Baden-W(irttemberg
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Conversely, Figure 4 shows the clusters that have lost relative importance over the ten-
year period. This applies most strongly to “Healthcare Services", which has declined by
14 percentage points. “Community Support Services” and "Biotech Healthcare” have
also decreased in their share of the total population of health-related firms in Baden-
Wirttemberg. These also include two wellness-related clusters, the content of which is
difficult to differentiate from similar clusters, that mostly experienced significant growth,

using this unsupervised methodology.

3.2 Al detail analysis

To derive more in-depth insights, we therefore implemented a semi-supervised machine
learning approach in our analysis. This approach leverages advanced Al techniques,
combining Large Language Models (LLMs) and Retrieval-Augmented Generation (RAG).
LLMs are Al models trained to understand and generate human-like text, while RAG en-
hances their performance by retrieving and incorporating relevant information from ex-
ternal data sources before generating responses (Arslan et al., 2024). Together, this

method enables a more precise and context-aware analysis of complex datasets.

3.2.1 Focus topics

One of the main goals of the analysis was the identification of firms pertaining to the five
focus topics described in Section 2. Consequently, we analysed each company website
in our corpus with the aim to generate a robust classification. If a company did not be-
long to any of the dedicatedly described topics, it was sorted into a separate category

called "Other health-related firms".

Figure 5 shows the distribution of all companies analysed according to these six cate-
gories for both regions. It becomes apparent that the majority of all companies under
consideration do not fall under the five focus topics of this study. Overall, the distribution
of categories was relatively similar between the two regions. While ‘Digital Health &
HealthTech’ was the largest category in Baden-Wirttemberg (7.2%), 'Health-focused
NGOs & Social Enterprises’ was the most frequently represented focus topic in Massa-
chusetts (10.0%). The topic ‘Genomics & Cancer Research' was also relatively more im-

portantin Massachusetts. The fact that companies related to our focus topics accounted

16
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for an 8 percentage point higher share of the company population can also be taken as
an indication that the health industry in Massachusetts tends to be more oriented to-

wards current trends.

Baden-Wiirttemberg Massachusetts

4.6% 4.0%
4.4%

7.2%

10.0%

71.8%
791%
Cluster Category

Cardiovascular Research Digital Health & HealthTech Hl Health-focused NGOs & Social Enterprises
B Dermatology & Dermatopathology Genomics & Cancer Research Other health-related firms

Figure 5 Relative distribution of health sector firms per focus topic

If companies that do not fit the focus topics are excluded from the descriptive analyses,
the distribution in Figure 7 can be plotted as a direct comparison. Here, too, it is clear
that the topic ‘Genomics & Cancer Research’ was significantly more strongly repre-
sented in Massachusetts, with an almost threefold share. Conversely, it should be noted
that considerably more companies in Baden-Wirttemberg could be assigned to the fo-
cus topic ‘Dermatology & Dermatopathology’ than in Massachusetts. However, this can
possibly be explained by a higher proportion of medical practices included in our Ger-
man data set. For the other focus topics, the differences between the two regions were

rather marginal, below 5 percentage points.
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Figure 7 Comparison of focus topics

Figure 6 shows the distribution of focus topics with absolute numbers. This shows that

the health-related company populations of the two regions are quite comparable in size.
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None of the categories contained more than 500 companies. The smallest category was

‘Cardiovascular Research’ in Baden-Wiurttemberg with 44 companies.

3.2.2 Research focus

In addition to categorisation, we were able to answer explicit questions based on the
website content in our corpus. Since health represents an economic sector closely re-
lated to academia, often forming industrial-university-research cooperations (Xia & Jia,
2023), we wanted to inquire how many companies were actively involved in research.
Figure 8 compares the absolute number of relevant companies for Massachusetts and
Baden-Wurttemberg. It becomes apparent that the number of firms in Massachusetts
with a clear research focus is considerably higher, at 1.284 firms in comparison to merely
522 firms in Baden-Wirttemberg. This also holds true when looking at relative number,
where 25.9% of health-related firms in Massachusetts reported some direct collabora-
tion with academia. In Baden-Wiurttemberg, only 11.6% of all health-related firms under

consideration displayed a certain closeness to research.
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Figure 8 Health sector firms with research focus

3.2.3 Alengagement

As it was stated in chapter 2, Al is currently a "hot topic” across several health-related

disciplines. For this reason, we investigated for each website in our data sample whether
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the respective firm employed any Al tools in their daily business. Figure 9 summarises
this for both states, showing that the number of health-related firms using Al was higher
in Massachusetts, where we identified 420 health-related firms engaged in Al (8.5%). In

Baden-Wiurttemberg, we were only able to find 137 such firms (3.0%).

Using a LLM to summarise our firm-level findings, we could identify that both regions
leverage Al, but in different ways. Massachusetts companies build scalable, Al-driven
platforms that are often the product itself, targeting national or global adoption. In con-
trast, Baden-Wiurttemberg companies develop Al-enabled tools to enhance existing clin-

ical products or processes, emphasising precision and integration rather than scale.
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Figure 9 Health sector firms with Al usage

3.2.4 Corebusiness activities

For each website, we also determined the most important keywords that describe the
companies' core activities. In Baden-Wurttemberg, the health sector is dominated by
companies focused on pharmaceuticals, patient care services, and integrative health
offerings. Keywords like pharmacy (410), e-prescription (266), and community phar-
macy (246) indicate a strong presence of businesses providing medication distribution,
digital health solutions, and pharmacy-related services. Aligning with our previous un-

supervised cluster analysis, there is also a notable emphasis on wellness, holistic care,
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and alternative therapies, with high frequencies for naturopathy (227), homeopathy
(194), acupuncture (157), and holistic health (142). Primary and patient-centred services
are also reflected in keywords like general practice (210), patient care (201), and pre-
ventive care (165), showing that firms providing services to healthcare providers or di-
rectly to patients have a significant footprint. Overall, the Baden-Wurttemberg health
sector appears diverse, spanning pharmaceuticals, digital health, patient support ser-

vices, and wellness/alternative health companies.

In Massachusetts, the health sector has a stronger focus on dental, cosmetic, and spe-
cialised health services, reflecting a business environment centred on elective, high-
value, and niche markets. Leading keywords include cosmetic dentistry (298), dental
implants (262), general dentistry (193), and teeth whitening (191), showing the preva-
lence of companies providing dental products, clinical services, and aesthetic treat-
ments. Recurring terms such as botox (145), dermal fillers (93), and laser hair removal
(75) suggest a substantial market for cosmetic interventions. Preventive and patient-
focused services appear, but less prominently (preventive care, patient education),
showing a secondary market emphasis. Other health sector niches, including telehealth
(85), nonprofit (268), and nutrition (69), indicate emerging or specialised segments
within the market. In sum, the Massachusetts health sector seems highly specialised,
with a strong focus on dental and cosmetic companies, alongside some emerging digital

and patient-oriented services.

3.2.5 Comparative summary

Massachusetts is characterised by a high-risk, venture-fuelled R&D ecosystem, partic-
ularly in biopharma and scalable digital health solutions. The region contains many bio-
tech and health tech startups, often backed by venture capital and associated with large
academic medical centres. These companies focus on developing novel therapeutic
platforms, such as RNAi, CAR-T, or gene therapies, or building scalable, Al-driven digital
health platforms. Innovation in Massachusetts is generally platform-first and disruptive,
with high-risk, high-reward funding profiles, and exit strategies often relying on acqui-
sitions or IPOs. Digital health companies in the region aim to create national or global

solutions for patient engagement, data analytics, and remote care. The talent pipeline is
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strongly fuelled by university and hospital spinouts, ensuring a continuous influx of

highly skilled researchers and scientists.

By contrast, Baden-Wurttemberg's health sector ecosystem is engineering- and appli-
cation-driven, anchored in precision manufacturing, medical device engineering, and a
dense network of family-owned companies. Its dominant company archetypes include
specialised SMEs, physician-owned clinics, and community pharmacies. Innovation
tends to be product-first and incremental, focused on improving tangible medical de-
vices, diagnostics, and clinical workflow tools, with an emphasis on reliability, quality,
and long-term customer relationships. Funding is typically private or grant-supported,
favouring sustainable growth over high-risk ventures. Digital health solutions in Baden-
Woirttemberg are designed to enhance existing clinical workflows rather than replace
them, with Al-enabled tools augmenting imaging, diagnostics, and hospital data man-
agement. Talent development is supported by applied science universities, producing a
highly technical workforce well-suited for MedTech manufacturing and engineering-in-

tensive innovation.

Key differences between the two regions are evident in company focus and business
models. Massachusetts companies concentrate heavily on biopharmaceutical discovery
and scalable digital platforms, exemplified by startups developing RNAI therapeutics,
CAR-T therapies, or Al-driven patient engagement solutions. Baden-Wdurttemberg, on
the other hand, demonstrates its strength in medical technology and precision engineer-
ing, with companies producing high-precision diagnostic tools, neurotechnology im-
plants, and clinical workflow solutions. The Massachusetts ecosystem is largely venture
capital-driven, while Baden-W(rttemberg relies on a network of privately owned or fam-

ily-run companies, often with practitioner-led clinical services.

3.3 Spatial analysis

Since we are able to link every company website to a physical location based on its
postal address through geocoding, we can also transfer the insights generated into ge-
ographical space. Spatial analysis helps to visualise and understand how health-related
firms are distributed across regions. Mapping these patterns reveals industrial concen-

trations, regional strengths, and potential gaps in the innovation landscape. By
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examining where firms are located, we gain insights into the geography of health-sector

activity and its relationship to research and regional development.

In the following, we show the distribution of firms that were classified into our focus
topics. Figure 10 and Figure 11 show the location of firms in cardiovascular research and
the field of dermatology, respectively. Figure 12 reveals patterns for firms specialising in

genomics and cancer research.

All maps show similar patterns: in Massachusetts, the health sector is clearly concen-
trated in Boston and Cambridge, which are also the state's most important urban areas.
Inland, however, e.g. near Springfield, there are hardly any relevant companies. The only
category that deviates somewhat from this are companies in the field of dermatology,
which are also found in rural areas. However, it should be noted here that many of these
hits are small businesses and medical practices. In Baden-Wurttemberg, there is a clear
focus of the health industry on the large urban centres. The university cities of Stuttgart,
Heidelberg, Karlsruhe, Mannheim, Freiburg im Breisgau and Ulm are particularly note-
worthy in this regard. In contrast to Massachusetts, however, companies are also more
frequently found in more rural regions here. The border region with Switzerland in the
far south-west also stands out, which could be explained by its proximity to Basel, an

important chemical industry location.
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3.3.1 Boston

Since Boston and Cambridge were identified as particularly relevant communities in the
state-level analyses, Figure 13 shows a zoom map with all health-related firms that we
could find there. It suggests that there are clear clusters of the health industry in Boston.
These are particularly evident in the downtown area (Financial District, Back Bay, Beacon
Hill). Other districts, such as East Boston, South Boston or Roxbury, on the other hand,
have only a few relevant businesses. In Cambridge, clear clusters can be seen in close
proximity to the Massachusetts Institute of Technology (MIT) and Harvard University.
Harvard's medical and public health schools drive advances in clinical medicine, popu-

lation health, and translational research, generating new knowledge in disease
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prevention, treatment, and health systems while training clinicians and researchers who
bridge science and patient care. Relevant institutes include the Department of Popula-
tion Medicine, which focuses on improving healthcare delivery and outcomes (HPHCI,
2025), and the Harvard T.H. Chan School of Public Health, which conducts research on
global health, epidemiology, and disease prevention (HSPH, 2025).

MIT contributes transformative breakthroughs in biotechnology, biomedical engineer-
ing, and health data science. For instance, the Institute for Medical Engineering & Sci-
ence (IMES) at MIT pioneers research at the nexus of science, engineering, computation,
and medicine, with interdisciplinary scientists, engineers, and clinicians collaboratively
engaged in developing new ways to prevent, diagnose, and treat human disease (IMES,
2025). At the intersection of these institutions stands the Broad Institute, a joint research
centre founded in 2004 that accelerates discoveries in genomics, molecular biology, and
precision medicine. The institute accelerates discoveries in genomics, molecular biol-
ogy, and precision medicine by enabling cross-disciplinary collaboration, developing
and sharing advanced technologies, and translating research into clinical applications.
Broad's work spans major projects such as the Human Genome Project, the Cancer Ge-
nome Atlas, and the Human Cell Atlas, and supports clinical trials for diseases including

cancer and heart disease, improving health outcomes globally (Broad Institute, 2025).
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Figure 13 Distribution of health sector in Boston, MA
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3.3.2 Stuttgart

Due to its pluricentric structure, we decided to take a closer look at several cities in
Baden-Wurttemberg. We selected the state capital Stuttgart, the university cities of Hei-
delberg and Freiburg im Breisgau, and the industrial centre of Mannheim.

Driven by a strong background in mechanical engineering and R&D (Eickelpasch, 2008),
Stuttgart is positioning itself as a leading center for health innovation in southern Ger-
many. As shown in Figure 14, there is a clear cluster of companies in the health sector in
the downtown area (Mitte) in Stuttgart. Other relevant centres are the districts of Ost,
Bad Cannstatt and Feuerbach. In some districts, such as Fellbach or Degerloch, there
are a few health-related companies, but hardly any companies that could be assigned

to the focus topics of this study.
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Figure 14 Distribution of health sector in Stuttgart, Germany

3.3.3 Freiburg im Breisgau

A very similar pattern can be observed in Figure 15 for Freiburg im Breisgau, a university
city with around 230,000 inhabitants in the south of the federal state. The majority of
the companies identified are located in the historic city centre (Altstadt). In addition, the
neighbouring districts of Betzenhausen, Brihl and, in particular, Neuburg, where some

of the university's institutes are located, and Wiehre are also relevant. The eastern part
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of the city, which topographically blends into the foothills of the Black Forest, has hardly

any relevant companies.

3.3.4 Heidelberg

Heidelberg is structurally quite similar to Freiburg, both in population size and urban
planning, but has a remarkably different distribution of health companies, as can be seen
in Figure 16. While Freiburg's focus was strongly on the old town, this is less relevant in
Heidelberg, presumably because the district Altstadt is very touristy. Much more signif-
icant is the Neuenheim district, where a large part of the university is located, including
the German Centre for Cancer Research (DKFZ). However, there are also some districts
in Heidelberg, such as Pfaffengrund, Handschuhsheim and Ziegelhausen, which have

hardly any relevant companies.
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Figure 16 Distribution of health sector in Heidelberg, Germany

3.3.5 Mannheim

Figure 17 shows the distribution of health-related firms in Mannheim, which is a rather
industrialised and large city in the northwest of Baden-Wirttemberg. Once again, the
city centre (Innenstadt) is particularly relevant, where many health-related businesses
are located, especially in the eastern part. However, most of these do not fall within the
five defined focus areas. Only a few relevant companies are in districts further away
from the city centre, such as Seckenheim or Kafertal. As Mannheim is located directly
on the state border with Ludwigshafen am Rhein in the state of Rhineland-Palatinate,
which was not examined in this study, it should be mentioned that the western part of

the map omits a significant agglomeration of health-related companies.
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Figure 17 Distribution of health sector in Mannheim, Germany

3.4 Hyperlink network analysis

Collaborations play a central role in the creation and dissemination of innovations, es-
pecially in knowledge-intensive industries such as the healthcare sector (Stoumpos et
al., 2024). They enable the exchange of expertise, resources and technologies between
stakeholders and make a decisive contribution to transforming new ideas into marketa-
ble solutions. However, it is often difficult to compile a database of such cooperation
networks, especially on a large scale, as the available information usually only provides
a fragmentary picture of the actual network structures. Traditional indicators such as co-
patents or joint publications provide valuable insights but only capture part of the real
interactions (Dahlke et al., 2025).

More recently, hyperlinks have proven to be a promising approximation for large-scale
corporate networks. Studies such as Abbasiharofteh et al. (2023) or Dahlke et al. (2024)
have shown that hyperlink data is a suitable and innovative data source. This holds par-
ticularly true for analysing interregional linkages (Schmidt et al., 2025). Building on these
findings, the following chapter examines how digital connections between companies

can be used to identify and evaluate innovation networks in the health industry.
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The basic assumption is that creating a hyperlink is a deliberate decision, indicating a
real-world connection between two entities (Dahlke et al., 2025; Vaughan et al., 2007).
Hyperlinks can be transformed into networks by representing companies as nodes and
the links between corporate websites as directed edges. Using the postal address of
each company, these networks can even be mapped into geographic space, allowing

for visualisations on maps.

Firstly, we were interested in finding out which regions were home to relevant coopera-
tion partners of the health sector. The majority of outgoing links from Massachusetts
targeted other U.S. states, with California (4,543), Massachusetts itself (4,101), New York
(1,429), lllinois (736), and Florida (649) leading. Internationally, the most linked countries
were the United Kingdom (951), Ukraine (633), China (608), Canada (397), and France
(376). Germany was only the eight most linked country, with 240 unique hyperlink con-

nections.

Table 1 Regions with most outgoing hyperlinks from health sector firms in Massachusetts

Country State
1 United States (21,079) California (4,543)
2 United Kingdom (951) Massachusetts (4,101)
3 Ukraine (633) New York (1,429)
4 China (608) lllinois (736)
5 Canada (397) Florida (649)
6 France (376) Texas (601)
7 Australia (276) Virginia (485)
8 Germany (240) District of Columbia (481)
9 Belgium (238) Washington (458)
10 United Arab Emirates (216) Pennsylvania (437)

We were able to identify a similar pattern for Baden-Wiurttemberg. Most hyperlink con-
nections led to companies in the local context, i.e. either in the federal state itself (4,936)
or in other German regions (7,803). Other European countries such as Spain (769), the

UK (725), France (261) and German-speaking neighbouring countries were also

30



ISTARLAI Future Forum 2025 - Using WebAlI to monitor health landscape

particularly relevant. What is striking here, however, is the greater importance of the USA
(3,164), which was by far the most frequently linked foreign country. Overall, firms from
the state of California (2,242) were even linked more frequently than firms from any

German federal state other than Baden-Wirttemberg itself.

IST/ARIAI

Figure 18 transfers the hyperlink connections into a map representation. The underlying
principle is known as edge bundling, which combines frequently occurring connections
and visualises them according to a predefined colour scheme. Particularly frequent con-
nections are shown in red, while less frequent connections are shown in blue and are
thinner. If we take the health-related companies in Massachusetts as the starting point
of the network, i.e. only examine their connections, interesting patterns emerge. Basi-
cally, we were able to identify a global network, with the aforementioned national focus
standing out. California (especially Los Angeles and the Bay Area) and the rest of the
East Coast were particularly prominent. However, there were also strong connections to
Europe, with the south of the UK and parts of Central Europe being particularly notable.
Still, many regions of the world, such as large parts of Africa and Russia, were virtually

unrepresented.

Figure 19 shows the same edge-bundled network map for health-related companies
from Baden-Wirttemberg. The network in Central Europe, especially within the German-
speaking region, was much more pronounced, with connections radiating in all direc-

tions. The connection to the USA was also strong, especially along the axis from New
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York to San Francisco. In less represented regions of the world, the destinations were

mostly the same as for US companies, e.g. the major Brazilian cities, the Australian east

coast and Hong Kong. For both firm samples, the connections to Asia communicated on

websites were relatively weak.

Table 2 Regions with most outgoing hyperlinks from health sector firms in Baden-W(irttemberg

Country

State

—

Germany (12,739)
United States (3,164)
Spain (769)

United Kingdom (725)
Mexico (388)

Ukraine (263)

France (261)

Austria (234)

© 00 N o o b W DN

Switzerland (215)
10 Kenya (134)

Baden-Wirttemberg (4,936)
California (2,242)
Nordrhein-Westfalen (1,625)
Bayern (1,465)

Berlin (1,096)

Hessen (966)

Thiringen (622)

Hamburg (594)
Niedersachsen (331)
Rheinland-Pfalz (290)
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Figure 18 Global hyperlink networks for Massachusetts firms
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Our web analysis also unveiled several notable collaborations between health-related
entities in Baden-Wirttemberg and Massachusetts. These partnerships span corporate
research, ecosystem development, and academic exchange, demonstrating a solid

foundation for transatlantic innovation in health technology.

IST/ARIAI

Figure 19 Global hyperlink networks for Baden-Wiirttemberg firms

Several examples highlight these collaborations. In terms of corporate and research
partnerships, Blueprint Medicines, a precision therapy company based in Cambridge,
Massachusetts, has an active collaborative research programme with Roche, whose di-
agnostics division is headquartered in Mannheim, Baden-Wirttemberg. This partnership
connects a leading Massachusetts biotechnology company with a global health technol-
ogy enterprise in Baden-Wirttemberg. Actome, a life-science start-up based in Frei-
burg, Baden-Wurttemberg, collaborates with BioLabs, an organisation headquartered in
Cambridge, Massachusetts, which operates an international network of shared labora-
tory facilities, including a site in Heidelberg, Baden-Wirttemberg. Similarly, Benefit
GmbH, a funding consultancy based close to the Black Forest, has a project involving
the Fraunhofer Society, Germany's leading applied research organisation. Fraunhofer
has a significant presence in the United States, including a centre in Brookline, Massa-
chusetts, creating a channel for connecting state-funded German research and devel-

opment with the Massachusetts ecosystem.
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These examples collectively demonstrate that the health sector ecosystems of Baden-
Wirttemberg and Massachusetts are actively interconnected, with collaborations span-
ning research, infrastructure, and talent development. This transatlantic engagement
creates strong opportunities for innovation, knowledge exchange, and joint growth in
health technology. Baden-Wiurttemberg companies entering Massachusetts can provide
high-quality manufacturing, device development, and lab automation to support Massa-
chusetts startups and biotech firms, while Massachusetts companies entering Baden-
Wirttemberg can leverage the region’s dense network of specialised clinics for clinical
validation, pilot studies, and real-world evidence generation. Moreover, Baden-Wurttem-
berg's manufacturing excellence offers a reliable base for localised production and sup-
ply chain optimisation. Talent and research collaborations are also promising, linking
Massachusetts' science-driven workforce with Baden-Wirttemberg's applied engineer-

ing expertise to jointly develop advanced health solutions.

4. Conclusion

Basing our insights on the Al-powered large-scale analysis of corporate websites, we
find that the health industries of Massachusetts and Baden-Wrttemberg exhibit similar
overarching structures, each combining strong research ecosystems with clusters of
innovative firms. Massachusetts is a global epicentre for biopharmaceutical discovery,
hosting a high concentration of companies developing novel methods and tools for RNAI
therapeutics, CAR-T therapy, and AAV gene therapy. These are often high-risk, re-
search-intensive ventures, supported by a venture capital ecosystem where investors
actively fund biotech startups from the seed stage. Companies in Massachusetts also

build scalable, Al-driven platforms that often constitute the product itself.

Baden-Wurttemberg, while also maintaining a strong pharmaceutical presence, shows
its core strength in medical technology and precision engineering. Companies in the re-
gion focus on developing implantable neurotechnology, endovascular simulators, and
other high-precision devices, reflecting the region's broader industrial identity in me-
chanical and automotive engineering. The ecosystem is characterised by a dense net-
work of privately owned, specialised providers, including a vast number of independent,
physician-owned specialty clinics and pharmacies. Baden-Wirttemberg firms increas-
ingly develop Al-enabled tools that enhance existing clinical products or processes.
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These complementary strengths create a solid foundation for transatlantic cooperation.
Firms from Baden-Wirttemberg bring precision manufacturing and engineering excel-
lence, making them ideal partners for Massachusetts’ biotechnology and life-science
enterprises that require complex instruments or customised automation. Conversely,
Massachusetts companies can leverage Baden-Wirttemberg's dense network of spe-
cialised clinics and high-quality manufacturing base to conduct clinical validation, pilot

studies, and real-world evidence generation.

In conclusion, the two ecosystems are highly complementary. Massachusetts thrives on
high-risk, venture-backed innovation in biopharma and scalable digital platforms,
whereas Baden-Wurttemberg excels in precision engineering, applied medical technol-
ogy, and specialised SMEs. Strategic transatlantic collaboration can harness these
strengths, combining Massachusetts’s scientific innovation with Baden-Wdirttemberg's
operational and engineering excellence to create robust, scalable, and high-quality

health solutions that address both current and emerging healthcare challenges.

35



ISTARLAI Future Forum 2025 - Using WebAlI to monitor health landscape

Bibliography

Abbasiharofteh, M., Krliger, M., Kinne, J., Lenz, D., & Resch, B. (2023). The digital layer: Alter-
native data for regional and innovation studies. Spatial Economic Analysis, 18(4), 507-
529. https://doi.org/10.1080/17421772.2023.2193222

Arslan, M., Ghanem, H., Munawar, S., & Cruz, C. (2024). A Survey on RAG with LLMs. Procedia
Computer Science, 246, 3781-3790. https://doi.org/10.1016/j.procs.2024.09.178

Bolognia, J. L. (with Schaffer, J. V., & Cerroni, L.). (2024). Dermatology (5th ed). Elsevier.

Broad Institute. (2025). This is Broad. https://www.broadinstitute.org/about-us

Califf, R. M. (2018). Biomarker definitions and their applications. Experimental Biology and Med-
icine, 243(3), 213-221. https://doi.org/10.1177/1535370217750088

Carl, J. R., Jones, D. J., Lindhiem, O. J., Doss, B. D., Weingardt, K. R., Timmons, A. C., & Comer,
J. S. (2022). Regulating digital therapeutics for mental health: Opportunities, challenges,
and the essential role of psychologists. British Journal of Clinical Psychology, 61(S1),
130-135. https://doi.org/10.1111/bjc.12286

Dahlke, J., Beck, M., Kinneg, J., Lenz, D., Dehghan, R., Worter, M., & Ebersberger, B. (2024). Epi-
demic effects in the diffusion of emerging digital technologies: Evidence from artificial
intelligence adoption. Research Policy, 53(2), 104917. https://doi.org/10.1016/j.re-
spol.2023.104917

Dahlke, J., Schmidt, S., Lenz, D., Kinne, J., Dehghan, R., Abbasiharofteh, M., Schiitz, M.,
Kriesch, L., Hottenrott, H., Kanilmaz, U. N., Grashof, N., Hajikhani, A., Liu, L., Riccaboni,
M., Balland, P.-A., Worter, M., & Rammer, C. (2025). The WebAl Paradigm of Innovation
Research: Extracting Insight from Organizational Web Data Through Al. ZEW Discussion
Paper. https://ftp.zew.de/pub/zew-docs/dp/dp25019.pdf

Dehghan, R., Schmidt, S., & Schwierzy, J. (2023). 3D Printing and Sustainability: A Web Analy-
sis Approach. INFORMATIK 2023, Berlin, Germany.

Delisle, H., Roberts, J. H., Munro, M., Jones, L., & Gyorkos, T. W. (2005). The role of NGOs in
global health research for development. Health Research Policy and Systems, 3(1), 3.

https://doi.org/10.1186/1478-4505-3-3

36



ISTARLAI Future Forum 2025 - Using WebAlI to monitor health landscape

Dias-Santagata, D., Akhavanfard, S., David, S. S., Vernovsky, K., Kuhlmann, G., Boisvert, S. L.,
Stubbs, H., McDermott, U., Settleman, J., Kwak, E. L., Clark, J. W., Isakoff, S. J., Sequist,
L. V., Engelman, J. A., Lynch, T. J., Haber, D. A,, Louis, D. N., Ellisen, L. W., Borger, D. R.,
& lafrate, A. J. (2010). Rapid targeted mutational analysis of human tumours: A clinical
platform to guide personalized cancer medicine. EMBO Molecular Medicine, 2(5), 146-
158. https://doi.org/10.1002/emmm.201000070

Eickelpasch, A. (2008). Das industrielle Innovationspotential der Regionen: Stuttgart und Miin-
chen weiter vorn. DIW Wochenbericht, 75(39), 576-585.

Esteva, A., Robicquet, A., Ramsundar, B., Kuleshov, V., DePristo, M., Chou, K., Cui, C., Corrado,
G., Thrun, S., & Dean, J. (2019). A guide to deep learning in healthcare. Nature Medi-
cine, 25(1), 24-29. https://doi.org/10.1038/s41591-018-0316-z

FaiBt, C., Hamann, S., Jahn, D., Wapler, R., & Willke, A. (2022). Die Gesundheitswirtschaft in Ba-
den-Wirttemberg. IAB-Regional Baden-W(irttemberg, 202201.
https://doi.org/10.48720/IAB.REBW.2201

Garraway, L. A., & Lander, E. S. (2013). Lessons from the Cancer Genome. Cell, 153(1), 17-37.
https://doi.org/10.1016/j.cell.2013.03.002

George, A. S., Mohan, D., Gupta, J., LeFevre, A. E., Balakrishnan, S., Ved, R., & Khanna, R.
(2018). Can community action improve equity for maternal health and how does it do
so? Research findings from Gujarat, India. International Journal for Equity in Health,
17(1), 125. https://doi.org/10.1186/s12939-018-0838-5

Golpanian, S., Schulman, I. H., Ebert, R. F., Heldman, A. W., DiFede, D. L., Yang, P. C., Wu, J. C.,
Bolli, R., Perin, E. C., Moyé, L., Simari, R. D., Wolf, A., Hare, J. M., & Cardiovascular Cell
Therapy Research Network. (2016). Concise Review: Review and Perspective of Cell
Dosage and Routes of Administration From Preclinical and Clinical Studies of Stem Cell
Therapy for Heart Disease. Stem Cells Translational Medicine, 5(2), 186-191.
https://doi.org/10.5966/sctm.2015-0101

Haleem, A., Javaid, M., Singh, R. P., & Suman, R. (2021). Telemedicine for healthcare: Capabili-
ties, features, barriers, and applications. Sensors International, 2, 100117.

https://doi.org/10.1016/j.sintl.2021.100117
37



ISTARLAI Future Forum 2025 - Using WebAlI to monitor health landscape

HPHCI. (2025). Improving health care delivery and population health. https://www.population-
medicine.org/

HSPH. (2025). Mission and Vision. https://hsph.harvard.edu/mission-and-vision/

IMES. (2025). About IMES. https://imes.mit.edu/about

Igbal, S. M. A., Mahgoub, I, Du, E., Leavitt, M. A., & Asghar, W. (2021). Advances in healthcare
wearable devices. Npj Flexible Electronics, 5(1), 9. https://doi.org/10.1038/s41528-021-
00107-x

Johnson, M. O. (2011). The Shifting Landscape of Health Care: Toward a Model of Health Care
Empowerment. American Journal of Public Health, 101(2), 265-270.
https://doi.org/10.2105/AJPH.2009.189829

Kaminski, M. M., Abudayyeh, O. O., Gootenberg, J. S., Zhang, F., & Collins, J. J. (2021). CRISPR-
based diagnostics. Nature Biomedical Engineering, 5(7), 643-656.
https://doi.org/10.1038/s41551-021-00760-7

Katz, J. S. (2006). Indicators for complex innovation systems. Research Policy, 35(7), 893-909.
https://doi.org/10.1016/j.respol.2006.03.007

Khera, R., Oikonomou, E. K., Nadkarni, G. N., Morley, J. R., Wiens, J., Butte, A. J., & Topol, E. J.
(2024). Transforming Cardiovascular Care With Artificial Intelligence: From Discovery to
Practice. Journal of the American College of Cardiology, 84(1), 97-114.
https://doi.org/10.1016/].jacc.2024.05.003

Kinne, J., & Axenbeck, J. (2020). Web mining for innovation ecosystem mapping: A framework
and a large-scale pilot study. Scientometrics, 125, 2011-2041.
https://doi.org/10.1007/s11192-020-03726-9

Kinne, J., & Lenz, D. (2021). Predicting innovative firms using web mining and deep learning.
PLOS ONE, 16(4). https://doi.org/10.1371/journal.pone.0249071

Kriesch, L., & Losacker, S. (2025). A geolocated dataset of German news articles. Scientific
Data, 12(1), 1128. https://doi.org/10.1038/s41597-025-05422-w

Krutmann, J., Liu, W., Li, L., Pan, X., Crawford, M., Sore, G., & Seite, S. (2014). Pollution and skin:
From epidemiological and mechanistic studies to clinical implications. Journal of Der-

matological Science, 76(3), 163-168. https://doi.org/10.1016/j.jdermsci.2014.08.008
38



ISTARLAI Future Forum 2025 - Using WebAlI to monitor health landscape

Mathers, C. D., Boerma, T., & Ma Fat, D. (2009). Global and regional causes of death. British
Medical Bulletin, 92(1), 7-32. https://doi.org/10.1093/bmb/Idp028

Nami, N., Giannini, E., Burroni, M., Fimiani, M., & Rubegni, P. (2012). Teledermatology: State-of-
the-art and future perspectives. Expert Review of Dermatology, 7(1), 1-3.
https://doi.org/10.1586/edm.11.79

Oberg, A., Powell, W. W., & Schéllhorn, T. (2022). Representations of Self in the Digital Public
Sphere: The Field of Social Impact Analyzed Through Relational and Discursive Moves.
In T. Gegenhuber, D. Logue, C. R. (Bob) Hinings, & M. Barrett (Hrsg.), Research in the
Sociology of Organizations (S. 167-196). Emerald Publishing Limited.
https://doi.org/10.1108/S0733-558X20220000083007

Oertel, S., & Thommes, K. (2018). History as a Source of Organizational Identity Creation. Orga-
nization Studies, 39(12), 1709-1731. https://doi.org/10.1177/0170840618800112

Pilger, C., & Jahn, D. (2013). Gesundheitswesen in Baden-Wiirttemberg: Struktur und Entwick-
lung der Beschdftigung. IAB-Regional. IAB Baden-Wirttemberg. https://www.econs-
tor.eu/bitstream/10419/177941/1/regional_bw_1301.pdf

Powell, W. W., Horvath, A., & Brandtner, C. (2016). Click and mortar: Organizations on the web.
Research in Organizational Behavior, 36, 101-120.
https://doi.org/10.1016/j.riob.2016.07.001

Ramakrishnan, P., Yan, K., Balijepalli, C., & Druyts, E. (2021). Changing face of healthcare: Digi-
tal therapeutics in the management of diabetes. Current Medical Research and Opinion,
37(12), 2089-2091. https://doi.org/10.1080/03007995.2021.1976737

Reynolds, E. B., & Uygun, Y. (2018). Strengthening advanced manufacturing innovation ecosys-
tems: The case of Massachusetts. Technological Forecasting and Social Change, 136,
178-191. https://doi.org/10.1016/j.techfore.2017.06.003

Schmidt, S., Kanilmaz, U. N., Abbasiharofteh, M., & Resch, B. (2025). Analysing the spatial man-
ifestation of sustainability-engaged inter-firm networks in Germany, Austria and Swit-
zerland. Spatial Economic Analysis. https://doi.org/10.1080/17421772.2025.2573061

Schmidt, S., Kinne, J., Lautenbach, S., Blaschke, T., Lenz, D., & Resch, B. (2022). Greenwashing

in the US metal industry? A novel approach combining SO2 concentrations from satellite
39



ISTARLAI Future Forum 2025 - Using WebAlI to monitor health landscape

data, a plant-level firm database and web text mining. Science of the Total Environment,
835, 155512. https://doi.org/10.1016/j.scitotenv.2022.155512

Schwierzy, J., Dehghan, R., Schmidt, S., Rodepeter, E., Stdmmer, A., Uctum, K., Kinne, J., Lenz,
D., & Hottenrott, H. (2022). Technology mapping using WebAl: The case of 3D printing.
https://arxiv.org/pdf/2201.01125

Shah, I. A., Jhanjhi, N. Z., Humayun, M., & Ghosh, U. (2022). Health Care Digital Revolution Dur-
ing COVID-19. In R. Anandan, G. Suseendran, P. Chatterjee, N. Z. Jhanjhi, & U. Ghosh
(Hrsg.), How COVID-19 is Accelerating the Digital Revolution (S. 17-30). Springer Inter-
national Publishing. https://doi.org/10.1007/978-3-030-98167-9_2

Sinaga, K. P., & Yang, M.-S. (2020). Unsupervised K-Means Clustering Algorithm. IEEE Access,
8, 80716-80727. https://doi.org/10.1109/ACCESS.2020.2988796

Srinivasan, A., Wong, F., & Wang, B. (2024). Transcatheter aortic valve replacement: Past, pre-
sent, and future. Clinical Cardiology, 47(1), e24209. https://doi.org/10.1002/clc.24209

Stoumpos, A. I, Talias, M. A., Ntais, C., Kitsios, F., & Jakovljevic, M. (2024). Knowledge Man-
agement and Digital Innovation in Healthcare: A Bibliometric Analysis. Healthcare,
12(24), 2525. https://doi.org/10.3390/healthcare12242525

Vaughan, L., Kipp, M. E. I., & Gao, Y. (2007). Why are Websites co-linked? The case of Canadian
universities. Scientometrics, 72(1), 81-92. https://doi.org/10.1007/s11192-007-1707-y

Wang, L., Yang, N., Huang, X., Yang, L., Majumder, R., & Wei, F. (2024). Improving Text Embed-
dings with Large Language Models (arXiv:2401.00368). arXiv.
https://doi.org/10.48550/arXiv.2401.00368

Wells, A., Patel, S., Lee, J. B., & Motaparthi, K. (2021). Artificial intelligence in dermatopathology:
Diagnosis, education, and research. Journal of Cutaneous Pathology, 48(8), 1061-1068.
https://doi.org/10.1111/cup.13954

Xia, Y., & Jia, Y. (2023). The impact of industry-university-research projects on biopharmaceu-
tical companies' innovation performance: Moderating roles of government subsidies for
innovation. Frontiers in Public Health, 11, 1271364.

https://doi.org/10.3389/fpubh.2023.1271364

40



X<

German Center for Research
New Ye

ISTARLAI Future Forum 2025 - Using WebAlI to monitor health landscape German Catrfor e o

Zhan, T., Rindtorff, N., Betge, J., Ebert, M. P., & Boutros, M. (2019). CRISPR/Cas9 for cancer re-
search and therapy. Seminars in Cancer Biology, 55, 106-119.

https://doi.org/10.1016/j.semcancer.2018.04.001

41



	List of figures
	List of tables
	Executive summary
	Zusammenfassung
	1. Introduction
	2. Focus topics
	3. Regional comparison
	3.1 Cluster analysis
	3.2 AI detail analysis
	3.2.1 Focus topics
	3.2.2 Research focus
	3.2.3 AI engagement
	3.2.4 Core business activities
	3.2.5 Comparative summary

	3.3 Spatial analysis
	3.3.1 Boston
	3.3.2 Stuttgart
	3.3.3 Freiburg im Breisgau
	3.3.4 Heidelberg
	3.3.5 Mannheim

	3.4 Hyperlink network analysis

	4. Conclusion
	Bibliography

