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It’s a good sign that this sector isn't niche anymore. It's actually attracting some of
the most prolific brand-name funds because of the potential. … It's not just
funding that has accelerated, I genuinely feel that the ecosystem shifted in such a
way to allow for more rapid and scaled adoption.
Megan Zweig
Rock Health’s Chief Operating Officer

Categorizing the market focus of larger samples of companies can be a tedious and timeconsuming process for both researchers and business analysts interested in developing insights
about emerging business sectors. The objective of this article is to suggest a text analytics
approach to categorizing the application areas of companies operating in the digital health sector
based on the information provided on their websites. More specifically, we apply topic modeling
on a collection of text documents, including information collected from the websites of a sample
of 100 innovative digital health companies. The topic model helps in grouping the companies
offering similar types of market offers. It enables identifying the companies that are most highly
associated with each of the topics. In addition, it allows identifying some of the emerging themes
that are discussed online by the companies, as well as their specific market offers. The results will
be of interest to aspiring technology entrepreneurs, organizations supporting new ventures, and
business accelerators interested to enhance their services to new venture clients. The
development, operationalization, and automation of the company categorization process based
on publicly available information is a methodological contribution that opens the opportunity
for future applications in research and business practice.

1. Introduction
To identify new business ideas and shape opportunities,
the founders of new ventures should systematically scan
the market environment and search for new
information,
associate
previously
unconnected
information, and make judgments about the
commercialization potential of their business ideas
(Tang et al., 2012). This is especially important in
emerging technology sectors, such as digital health,
where the increased need for novel digital health
solutions has inspired many startups to branch into it.
One of the ways for new ventures to address this
business intelligence need is to benefit from the
increasingly available open source web search and text
analytics tools as a way to search for, collect, and analyze

publicly available competitor information about newly
introduced market offers and innovative applications of
new and emerging technologies. This can help them
generate valuable insights about their competitive
market offer (Tanev et al., 2015).
Developing business analytics capabilities offers a
research opportunity for scholars who can focus on
suggesting and validating applied analytical methods
that help new companies interested to engage in market
intelligence activities at the early stages of their
existence. Developing such capabilities can be highly
valuable for researchers themselves, giving them an
opportunity to identify innovation trends related to the
early stages of commercializing new and emerging
technologies.
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The objective of this article is to apply topic modeling
(Blei et al., 2012; Hecking & Leydesdorff, 2018) on
collections of text documents that include information
from the websites of 100 innovative digital health
companies and categorize them in terms of their
overall business application areas and market offer
types. The list of companies was created by the Medical
Futurist
Organization
(https://medicalfuturist.com/the-top-100-digitalhealth-companies-an-infographic)
through
the
evaluation of four selection criteria: innovation
mindset, disruptiveness of technology, business model
viability, and clear dedication to digital health domain.
The study is part of the deliverables of a research
program that was designed to examine the
applicability of the topic modeling approach to
mapping technology companies in terms of their
market offer types (Johnson et al., 2008) and,
eventually, to develop business opportunity maps that
could be used by new ventures interested to enter a
specific business domain (Mamosian et al., 2018).
The research question is: How to apply topic modeling
on textual information provided on the websites of a
sample of digital health companies to identify their
business application areas, dominant market offer
types, and most representative companies engaged in
offering them? In this sense, the article aims to make a
contribution to the literature by shaping an automated
text analytics approach to the categorization of larger
samples of companies in a specific business domain.
One of the key benefits of the suggested approach for
technology
innovation
and
entrepreneurship
researchers is helping to easily identify highly
representative cases within larger samples of
companies.
Such
identification
allows
for
methodological enrichment through the valuable
integration of quantitative and qualitative research
inquiries related to emerging business sectors and the
commercialization of new technologies.
The content of the article is organized as follows. The
next section summarizes insights from literature on the
innovation and entrepreneurial potential of the digital
health sector, as well as introducing the topic modeling
approach as an example of a Natural Language
Processing (NLP) technique that could be highly
valuable for developing of competitive insights for
early-stage companies. The third section describes the
methodology adopted in our study. The next section

includes a summary of the topic modeling results and
key findings emerging from post-processing analysis.
The article ends with a conclusion describing the
contributions and the potential of the method for future
studies.

2. Literature review
2.1 The entrepreneurial potential of the digital health
sector
Healthcare is entering a new digital era where
telemedicine, virtual reality, robotics, smart phones, and
other technological advancements are slowly becoming
part of regular healthcare practices (Wulfovich & Meyers,
2020). Digital health technologies offer a way to change
many of the current challenges faced by healthcare
systems. They have the potential to transform the
medical field by improving patient outcomes, increasing
quality of healthcare, and reducing costs.
A recent study by the Medical Futurist Organization
indicates that the global digital health market is
expected to exceed $504.4 billion USD by 2025, which is
a nearly six-fold increase from its $86.4 billion USD 2018
valuation. The COVID-19 pandemic has accelerated the
adoption of digital health and will continue fostering its
growth in the near future. For example, one of the
growing niches of the digital health market, which is
attracting the attention of many aspiring technology
entrepreneurs, includes startups that use artificial
intelligence in drug discovery, disease diagnosis, and
patient monitoring.
Digital health entrepreneurs pursue opportunities under
conditions of high uncertainty. They focus on creating
healthcare stakeholder value through the deployment of
digital health innovations. However, the emergence of
the business sector is associated with significant
challenges in identifying opportunities, along with the
design, development, testing, and commercialization of
digital health technologies and products. The challenges
of digital health entrepreneurship and innovation start
at
the
very
beginning
of
the
technology
commercialization roadmap, with a) industry and
market analysis, and b) opportunity identification and
assessment (Wulfovich & Meyers, 2020). It is important
therefore for the founders of new digital health
companies to develop the analytical skills they need to
carefully examine the latest market offers and value
propositions in their business sector, in order to be able
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make differentiations in the marketplace.
2.2 Applications of topic modeling to the categorization
of the market offers of innovative firms
Our study uses topic modeling to examine the corpus
of text documents corresponding to the webpages of
innovative digital health companies. Topic modeling is
the process of identifying latent topics in a large set of
text documents. It is an example of a NLP method,
which examines unstructured text data collections to
discover topics that are difficult or impossible to
uncover by human efforts alone. The method has often
been perceived as a relatively new development in
information retrieval sciences.
Topic modeling methods such as Probabilistic Latent
Semantic Analysis and Latent Dirichlet Allocation
(LDA) have become increasingly popular (Blei, 2012;
Hannigan et al., 2019). However, attempts to extract
topics from unstructured text using Factor Analysis
(FA) techniques can be found as early as the 1960s
(Hecking & Leydesdorff, 2018). In all topic modeling
methods, it is necessary to build a Document-Term
Matrix (DTM) that contains the number of term
occurrences per document. The rows of the DTM
usually represent the documents and the columns
represent the frequencies of the whole vocabulary of
distinctive terms used in the documents. The use of the
DTM approach in text analytics turn thematic analysis
of texts into a quantitative problem based on analysing
the relations between the frequencies of words used in
each of the documents. The LDA approach to topic
modeling uses probability theory to process the DTM
(Blei, 2012), while the FA approach is deterministic and
uses linear algebra methods (Hecking & Leydesdorff,
2018).
The applications of topic modeling in management
research have recently been summarized by Hannigan
et al. (2019). The topic modeling algorithm considers
every webpage text as a text document that is a mixture
of topics, and every topic as a word or mixture of
words. Words can be shared between topics and the
topics can be shared among abstracts. The algorithm
identifies combinations of words that are semantically
interrelated and tend to appear together across the
different documents. The combinations of words help
identify specific themes and patterns that are latently
present in the corpus. In addition, the topic model
organizes the corpus by clustering the documents

corresponding to each topic. The documents associated
with a given topic are ranked in terms of the degree of
their association with it. A closer examination of the
topical organization of the documents enables
interpretation of the overall theme and labelling of the
topics (Blei, 2012; Hecking & Leydesdorff, 2018;
Hannigan et al., 2019).
The topic modeling approach has also been applied to
examine the market offers of a sample of companies in a
specific business technology sector (Mamosian et al.,
2018). Mamosian et al. (2018) adopted the format and
logic of the modeling approach to examine a corpus of
text documents created by scraping the websites of
approximately 140 Canadian photonics technology
companies. The main value of the suggested approach
comes from a simple practical insight – the fact that the
names of the text documents associated with a specific
topic could be used to identify the companies from the
websites of which provided the texts of these same
documents. We can therefore use the topic model to
identify the groups of companies that are most highly
associated with a specific topic. In this sense, Mamosian
et al. (2018) show that topic modeling can be used as a
way of categorizing samples of companies based on the
information they provide on their websites. And, since
most of the information provided by companies on their
websites is about what they offer to their potential
customers, the topic model will most probably
categorize the companies in terms of their market offers.
This is a valuable practical insight that was used as a
methodological basis for the present study.

3. Methodology
Our research approach is based on the application of
WordStat – a commercial tool using FA to perform topic
modeling (Hecking & Leydesdorff, 2018). The topic
modeling algorithm identifies the key terms and the sets
of documents corresponding to each of the topics. The
research method included several steps following the
logic suggested by Mamosian et al. (2018). First, we
identified the sample of digital health companies by
choosing a list of the top 100 digital health companies in
the world created by the Medical Futurist Organization
(see Appendix A). The companies were selected based
on four criteria: mindset for innovation, truly disruptive
technology, viable business model, and clear dedication
to digital health. The second step was scraping the
information from their websites and cleaning the data to
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be used in the topic modeling process. We used a
commercial tool (https://firescraper.com/) to scrape
all accessible company webpages, which resulted in a
corpus of nearly 5,000 documents corresponding to the
webpages of 92 companies (8 company websites were
not able to be scraped, see Appendix A).
The corpus of documents was then subjected to our
topic modeling approach to identify the emerging
topics and the text documents associated with them.
We used the Wordstat software, which enables
research based on NLP, statistical, and feature analysis,
together
with
multiple
post-processing
and
visualization
options
(https://provalisresearch.com/products/contentanalysis-software/). Wordstat performs topic modeling
based on FA (Hecking & Leydesdorff, 2018). The topic
extraction is achieved by computing a (word x

document) frequency matrix, or alternatively by
segmenting documents into smaller chunks and
computing a (word x segment) frequency matrix. Once
this matrix is obtained, a FA with Varimax rotation is
computed to extract a small number of factors. All words
with a factor loading value higher than 0.3 are then
retrieved as part of the extracted topic.
Each of the topics is characterized with a set of words
that tend to appear together and define an online
communication theme that is common to many of the
documents and thus, respectively, the companies. The
documents were named in a way that they could be
easily linked to the corresponding company names.
Thus, we identified the companies associated with
specific market offer types and examined the
information on their websites to confirm our initial
associations.

Table 1. List of topcis identified in the topic modeling process together with some of the most
frequent words associated with them. The Coherence and Eigenvalue indicate the relevance of the
specific topic within the entire topic model.
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Table 1. List of topcis identified in the topic modeling process together with some of the most
frequent words associated with them. The Coherence and Eigenvalue indicate the relevance of the
specific topic within the entire topic model (cont'd).
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The final analysis included a discussion of the ability of
the method to distinguish between topics related to
specific market offers or application domains
(including the specific companies focusing on them)
vs. topics related to issues discussed online by the
majority of the companies. This analysis allowed us to
develop insights that could help automate the
analytical approach and enhance its ability to work
with larger samples of companies.

interpretable in the context of the specific study, and
topics that are artifacts of statistical inference but appear
to be irrelevant to the context. The fifth column of Table
1 shows the Eigenvalue of each topic. These are the
eigenvalues of the factors derived by means of the FA
method and should be larger than 1. The last column (
Cases) shows the percentage of the documents that are
most highly associated with a given topic.
The Coherence and Eigenvalue indicate the relevance of
the specific topic within the entire topic model.

4. Results
The application of the topic modeling approach on the
corpus of approximately 5,000 text documents
associated with the 92 innovative digital health
companies resulted in categorizing the dominant
market offer types in the sample and the issues that
companies found necessary to communicate online. It
is important to note that “dominant market offer type”
can also refer to the specific application domain, which
could incorporate different but similar market offers.
The post-processing of the topic modeling results
identified 23 topics (Table 1) and the companies that
are most highly associated with each of the topics.
Table 1 includes the topic labels (second column) and
the set of most frequent words corresponding to a
topic (third column). The Coherence value of the
topics is presented in the fourth column. It measures
the degree of semantic consistency of the most
frequent words in the topic. The Coherence value helps
in distinguishing between topics that are thematically

The topics presented in Table 1 are ranked according to
their Coherence value. The selection of exactly 23 topics
was based on the choice of a threshold Coherence value
of 0.25. This threshold value ensures a reasonable
semantic consistency of the topic words and topic
eigenvalues larger than 1.
The scope of this article does not allow us to describe the
full details of the fine structure of the topic model
presented in Table 1. The rest of this section will
concentrate on describing selected topic results to
demonstrate the ability of the method and identify 2
main types of topics, focusing on: i) a specific digital
health market offer type or application domain (for
example, genetics, diabetes, blood pressure, vision,
artificial intelligence); b) an issue or an online
communication theme shared by the majority of the
firms (for example, remote health care, response to
Covid-19). The set of results shown in Figures 1-7 below
were chosen as a concise way of providing some

Figure 1. Topic 1 (Genetics) Rate per 10,000 words (vertical axe) for each of the companies in the
sample (horizontal axe). The numbers on the horizontal axe of the graph correspond to the
numbering of the list of companies provided in Appendix A. The graph helps in identifying the
businesses that are most highly associated with Genetics.
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Figure 2. Topic 2 (Diabetes) Rate per 10,000 words (vertical axe) for each of the companies in the sample
(horizontal axe). The graph helps in identifying the businesses that are associated with diabetes issues.

representative examples of these three types of topics.
Fig. 1 shows the Topic 1 (Genetics) Rate per 10,000
words (Rp10KW) for each of the companies in the
sample. RP10KW is a variable corresponding to each
company’s frequency of use of the words associated
with the topic Genetics (see the first row of Table 1).
Fig. 1 shows that 5 companies that are most highly
associated with the Genetics topic. They correspond to
the columns that are relatively higher than the rest of
the data. To identify these companies, we have looked
for companies with Rp10KW value larger than 120. The
choice of the threshold value 120 for the Rr10KW
variable was made in a way to allow identifying a
manageable number of companies that are most highly
associated with the specific topic. Identifying these
companies meant that they use genetics-related words
on their websites more frequently than the rest of the
companies.
The 5 companies are as follows (provided in the
priority of their degree of use of the Genetics topic
words; the numbering follows the list provided in
Appendix A):
• # 27, Dante Labs: Takes a proactive approach to
health with insights on genetic predispositions,
drug response and well-being.

involving scientific, data, and genetic insights.
• # 64, MyDNA: Leverages the world’s leading
genotyping technology and scientific algorithms to
learn more about DNA.
• # 11, Atlas Biomed: Provides a two-feature DNA test
(with a detailed genetic profile of one’s health,
nutrition, physical activity and geographical
ancestry) and Microbiome test (analyzing the types
of bacteria present and their proportion in the
overall microbiome).
The brief description of the focus of the 5 companies
shows that they are indeed dealing with a business
related to genetics. Fig. 1 is quite representative because
it shows that the topic modeling approach can spot
companies that are predominantly dedicated to a
specific application domain (in this case genetics): next
generation sequencing, DNA testing, developing genetic
predisposition insights, etc. Our visual examination of
Fig. 1 suggests that it could be used as a basis for
developing a fully automated web search and business
analytics process that would enhance the abilities of
both scholars and practitioners to examine the
dominant offers and communication priorities of
companies in specific business sectors.

• # 93, Veritas: Operates a high complexity next
generation sequencing (NGS) laboratory.

Fig. 2 shows that 5 companies are most highly associated
with the Diabetes topic. To identify these companies, we
have used again an Rp10KW threshold value of 120. The
5 companies are as follows:

• # 1, 23andme: A genetic and health company

• # 69, Nemura Medical: Produces a variety of devices
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Figure 3. Topic 15 (Blood pressure) Rate per 10,000 words (vertical axe) for each of the companies in
the sample (horizontal axe). The graph helps in identifying the businesses that are associated with
blood pressure issues.

to monitor glucose and weight loss, athletes &
viral infection.

above shows that they are indeed dealing with a
business related to diabetes.

• # 29, Dexcom: Produces devices for monitoring
glucose level.

Fig. 3 shows that 3 companies are most highly associated
with the Blood pressure topic (Rp10KW threshold value
> 120). The 5 companies are as follows:

• # 72, Omada Health: Produces a device and
application for continuous glucose monitoring.
• # 31, Diabeloop: Produces devices for real time
monitoring of type 1 diabetes.

• # 62, Mocacare: Provides devices to monitor blood
pressure.

• # 66-MySugr: Markets app to monitor diabetes,
diabetes management kits, and coaching related
to diabetes.

• # 94, Viatom: Designs and manufactures healthcare
products (wearable and home medical devices)
such as pulse oximeters, portable vital signs
monitors, EKG/ECG Holter Monitor and portable
blood pressure monitor.

The brief description of the focus of the 5 companies

• # 6, Alivecor: Delivers intelligent, highly personalized

Figure 4. Topic 11 (Vision) Rate per 10,000 words (vertical axe) for each of the companies in the
sample (horizontal axe). The graph helps in identifying the one company that is most highly
associated with vision issues.
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Figure 5. Topic 4 (Remote health care) Rate per 10,000 words (vertical axe) for each of the companies

in the sample (horizontal axe). The graph helps in identifying the companies that are referring most
frequently to Remote health care. However, the graph is qualitatively different from the ones shown
above since it shows that the topic is discussed by a relatively larger number of companies compared
to the previous cases shown in Figures 1-4.
heart data with advanced determinations.
The brief description of the focus of these 3 companies
above shows that they are indeed dealing with a
business related to Blood pressure issues.
Fig. 4 shows that there is one company that is most
highly associated with vision - # 39, Eyeque, which
provides eye care solutions with self-administered eye
test devices.
Fig. 5 shows that there are 10 companies discussing
more intensively remote health care issues on their
websites (Rp10KW threshold value > 120). The top 5
companies associated with this topic are as follows:
• # 88, Smart Patients: An online community for
patients and families affected by a variety of
illnesses.
• # 7, AmWell: Market services to accelerate the
patient journey combined with opportunities to
scale telehealth.
• # 52, INTouch Health: Provides a virtual care
platform and telehealth devices.
• # 4, AdhereTech: Provides a software platform
analyzing a number of data feeds, such as: realtime adherence information from our devices,
patient messages & feedback, and pharmacy
inputs & data.

• # 32, EKO: Provides a platform that brings together
advanced stethoscopes, patient and provider
software, and AI-powered analysis with pharmacy
inputs & data.
The visual examination of Fig. 5 shows that the Remote
health care topic is both qualitatively and quantitatively
different from the previous examples because it is
shared among a relatively larger number of companies.
Fig. 5 is an example of a “noisier” visual pattern that
could be clearly differentiated from the previous ones
(Figures 1-4) because of the higher-level background of
companies that are less associated with the specific
topic. Such a visual pattern can be associated with topics
that are not related to a specific application domain, but
rather to a particular common feature of many different
products developed by a larger number of companies.
Figure 6 shows that there are many companies that are
frequently referring to the Covid pandemic with an
average intensity that is lower compared to the previous
topics. The Rp10KW value of all these companies is
visibly lower than the threshold value of 120 that was
used in the previous cases. The visual pattern of the
graph suggests that the Covid topic may not be
associated with a specific application domain, but
instead with an issue that is discussed by most of the
companies in the sample.
The top 2 companies associated with the Artificial
intelligence topic are as follows:

73

Technology Innovation Management Review

(Volume 11, Issue 7/8, 2021)

Using Web Text Analytics to Categorize the Business Focus of Innovative Digital
Health Companies
Abdulla Aweisi, Daman Arora, Renée Emby, Madiha Rehman, George Tanev and Stoyan Tanev

Figure 6. Topic 23 (Response to Covid) Rate per 10,000 words (vertical axe) for each of the companies
in the sample (horizontal axe).

Figure 7. Topic 22 (Artificial intelligence) Rate per 10,000 words (vertical axis) for each of the
companies in the sample (horizontal axis). The graph helps in concluding that there are more than 5
companies developing artificial intelligence-based products.
• # 26, Cyberdyne: Develops a variety of innovative
cybernics devices and interfaces and advanced
AI-Robot products to enable early detection and
prevention for health maintenance, to improve
our aging workforce, and to respond to the
shrinking workforce.

from the “noisy” patterns characterizing the companies
associated with the Remote health care and Response to
Covid topics. It allows for two potential ways of
interpreting the AI topic - as an application domain or as
a specific technology that is used in companies’
products and services.

• # 28, DeepMind: Develops safe artificial
intelligence systems to provide intelligence
solutions and advance scientific discovery for all.

The analysis provided here could be extended to the rest
of the 23 topics shown in Table 1. A closer examination
of the description of the topics will show they that could
be categorized in terms of the two main types we
identified above - a specific digital health application
domain or an online communication theme. The results
suggest that we can identify fifteen application domains:
Genetics, Diabetes, Women & pregnancy, Virtual reality,
Cancer, Vision, Nutrition, Hearing, Mental health, Blood
pressure, Asthma, Fitness, Stethoscope, Ultrasound, and
Artificial intelligence. We can also identify eight online
communication themes that are common to most of the

The identification of the two companies was based on
the Rp10KW threshold value of 120. However, Fig. 7
shows that the Artificial intelligence topic is associated
with a larger number of companies using AI as an
enabling technology in different types of market offers
or business applications (the value of their Rp10KW is
very close to the threshold value). At the same time, the
visual pattern of the graph shown in Fig. 7 is different
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companies: Side effects, Remote health care, Privacy
policy & personal information, Clinical trials,
University & medical centers, Wearable devices,
Mobile apps, and Response to Covid. Some of these
themes refer to medical issues such as side effects and
clinical trials, while others refer to product-related
issues or technologies such as wearability and mobility.

5. Conclusion

differences in new technology businesses associated
with emerging ethical dilemmas, for example, AI and
genetics.
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