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Abstract

This article proposes a structured method to map the main elements of complex phenomena. We chose Precision Medicine as the context for
this study due to its novelty, exponential evolution, complexity, and potential impact on our future. The method proposed faces the problem that
a subjective process of acquiring knowledge and building a common framework might be biased. The solution is achieved by an original way of
combining systematic literature review, content analysis, and ecosystem approach. The method proposed also offers an innovative way to include
factors and connect them to actors in an ecosystem approach. We present a four-phase method that ends with a double-layer diagram with actors
and factors. It serves as a reference ground for discussions that are relevant for academic research and practitioner strategy development. Our
findings in the Precision Medicine context suggest that this method could be used for other complex phenomena as well.
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Introduction
Graphic User Interfaces, Object Oriented Programming are some

During the last decades, business strategy studies were largely ) .
of the inventions that were later brought to the market by other

based on industrial age economics, such as value chain and industry
analysis as those offered by Michael Porter (1980), on competition
within industrial sectors [1-3]. However, the rapid technological
innovations of the last decades have strongly impacted the
business environment with the digitization phenomenon deeply
transforming the way thata business is understood and managed. In
today’s information age, value chain analysis is not enough to fully
understand the complex web of relationships among organizations
and industries [2,4].

companies - 3Com, Apple Computer, Microsoft, among others. The
narrow focus on the copier industry prevented Xerox to lead the
most important industries of the late XX century [5]. Kodak has
fallen similar trap. An employee from the company invented the
digital photography but the company was blindsided at its industry,
which, from Kodak viewpoint had nothing to do with “digital” [6].
IBM saw itself as a hardware company and unadvisedly allowed
Microsoft dominates the software market [7]. Nokia was once the
largest mobile phone company and have not seen Apple building a
A common definition of industry brings the idea of a broad complex platform around the iPhone [8].

business activity that can be isolated from others or is related ) . o
This change has not gone unnoticed by the scientific literature.

to a specific field, country or region. Normally, a single industry . )
Itis not new that the value chain model should be complemented by

is termed after its main product or service, such as retalil,
entertainment, education, and auto industry. From this standard,
the Tesla Inc (formerly Tesla Motors) might be classified as an
auto company. Nevertheless, its footprint comprehends several
industries: automobile, distributed energy generation and storage,
solar panels, and driverless cars.

a broader and systemic perspective. This warning has been present
since the end of the last century [1,3,4,9-13]. Economic phenomena
studies in information economy highlight the importance of a
broad vision to substantiate comprehensive analyses and strategic
planning [1,14-17]. Although in the early years of this century the
ecosystem perspective was not given much attention compared
to the traditional view [2], its use has been increasing since 2004,
indicating the relevance of this perspective. In the daily life of
consulting firms and classrooms, ecosystem analysis arrived to offer
a comprehensive view of the contemporary business environment.
There are also articles that propose a specific method to analyze

Recent history shows that companies with narrow industry
vision were surpassed by others that got comprehensive multi-
industry perspectives. Xerox, with its Palo Alto Research Center
created multi-billion-dollar businesses but did not capture the
value created - Personal Computers, Local Area Networking,
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ecosystem charts [18]. However, we still lack a fundamental piece
of that kind of broad map: a systematic method to chart a business
ecosystem from the available data [19]. The design of this initial
graph is still done subjectively and does not favor replicability: what
are the criteria to select the actors of an ecosystem and the links
among actors? How can we follow up the phenomenon’s ecosystem
evolution if we don’t have a reliable way to build it? Surprisingly,
the process of charting an ecosystem is still carried out in a non-
systematic way.

The consequence of this is a possibly biased chart, especially
when researchers use abundant references. While technology
development has altered the business environment, it has also
shaped a revolution in data availability and made it more difficult
to adopt sound research practices. We tend to stick to familiar
theories or paradigms, ignoring those that do not fit our preexisting
inclinations. This avalanche of data, still relatively new to science,
certainly contributes positively to research, but there are risks of
biases if it is not carefully used. Overcoming this difficulty could
be facilitated by developing appropriate methods to deal with the
current complexity [20,21]. According to Buchanan and Bryman
[22], the trend in the field of organizational research incorporates
“widening of boundaries, adoption of a range of orientations
(epistemologies), and methodological innovation”.

Considering the absence of a reliable process to chart a
comprehensive space of phenomena in the information age, this
article proposes a method for charting business ecosystems,
identifying and charting its actors and factors, as well as the
interactions among them. We do so integrating tools into a rigorous
and replicable method for complex phenomenon charting. It starts
with a systematic literature review followed by content analysis.
The third and fourth phases produce business ecosystem charts
represented by a double-layer diagram with actors, factors, and
their interactions. The context chosen for this first application is the
Precision Medicine - a field of novelty, evolution, complexity, and
potential impact in our futures.

The National Institutes of Health (NIH) of the United States
defines Precision Medicine (PM) as “an emerging approach for
disease treatment and prevention that considers individual
variability in genes, environment, and lifestyle for each person”
[23]. Because of technological advances, particularly in genetics
and sensor interconnection, digitization increasingly influences
health-related business models. Stakeholders from a wide range of
industries collaborate in a complex network to seek growth and sell
their healthcare services and products [2]. Precision Medicine is
an emergent and complex phenomenon that encompasses several
industries, has the potential to impact both private and public
organizations as well as citizens worldwide but surprisingly has
not yet been studied from an ecosystem perspective. Those are the
main reasons for our choice.

We expect that this rigorous method of ecosystem charting
serves for reaching a common representation of complex
phenomenon. The wide visualization provided by the double-layer
diagram potentially unveils research opportunities for academics,

help practitioners with strategy development and can serve as a
reference to track the phenomenon evolution.

Healthcare and Precision Medicine

Companies that operate with anything related to health should
widen their vision on what was once a “health care industry”.
Health is a huge and growing market, with revenues of USD
7 trillion in 2015 [24], and according to the World Economic
Forum “global health care is marked by growing concern over its
sustainability. In particular, costs are growing at roughly double
the rate of growth in gross domestic product” [25]. Adding to these
problems technological aspects like the digitization of genetic data
and the ubiquity of mobile devices, potentially allowing individuals
control their data, it is possible to infer the whole system is on the
verge of disruption. Combining data health digitization, revenues
opportunities and cost growth, health care is very attractive for
tech companies. What are the industries of Berkshire Hathaway,
JP Morgan, and Amazon? In early 2018, they joined forces to
offer health care services. The fast development of biotechnology,
genetics, computing tools, and the exponential reduction in
genotyping costs are the basis of what has come to be known as
Precision Medicine (PM) [26-39]. PM is already an important topic
in public and private health care debates with clear importance
in the future. It presents a huge potential for the improvement in
diseases’ diagnostics, treatment and prevention [27,40-45].

Although the comprehensive approach of PM is already a reality
in some cases, it is still in an embryonic stage and faces challenges
at various levels [31,32,36,41-43]. PM’s direct medical challenges
are related to the complexity of life itself. Science is still in the
beginning of understanding the relationship between genes and
diseases. There is still no conclusive evidence of clinical utility for
most parts of the genomic information. Moreover, due to the near-
ubiquitous presence of digital data, PM has to deal with interrelated
fields, particularly information technology (IT) and computer
science. Paradoxically, the increasing amount of genetic data is also
a challenge as it makes the access, management, interpretation,
and security of this data harder. Health care research requires a
multidisciplinary view and the integration of knowledge coming
from different fields [32,33,37,44,46,47].

In a higher-level perspective, there is a wide range of
stakeholders and forces related to PM [33,48]. As in other economic
phenomena where businesses are impacted by rapid technological
innovation and there is interdependence among elements from
different industries [15,16,49,50], PM should be studied from a
multiple industry perspective especially due to the complexities
and implications of genetic research and treatment. Any analysis
of PM should consider actors and factors outside the traditional
medical industry such as educational institutes, IT companies,
international collaboration, ethics, and privacy.

One example is the “Precision Medicine Initiative (PMI)” headed
by public and private organizations in the US - National Institute of
Health, universities, research centers, foundations (Bill and Melinda
Gates), and corporations (Google, GE, and Intel). It deals with health,
ethics, privacy, and security of individual information (PMI, 2015).
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Dr. George Church, a genomic scientist, founded Nebula, a company
that uses blockchain to enable individuals to sell the access to their
data to other organizations. There are other companies with a
similar business model, such as LunaDNA, that will use “LunaCoins”
as a way of payment to access genomic information. EncrypGen,
Insilico, and Zenome have comparable models [51].

The diversity and complexity of this new reality bring a myriad
of aspects that should be considered in an integrated way to have
an all-encompassing understanding of PM. Nevertheless, scientific
works have basically studied fragmented pieces of PM. Each article
focuses on an important segment of the phenomenon separately:
personalized health care, diseases, drugs, pharmacogenomics, drug
printing technologies, decision making processes, computational
biology, big data for health, therapy trials, health data cooperation,
privacy, biobanks economic sustainability, patient issues, among
many others. The scientific literature on PM has not yet presented
a way to visualize the phenomenon from a macro standpoint. In
addition to the literature reviewed, we have also observed that
Precision Medicine is widely mentioned in seminars and discussions
on genetic evolutions and the impact of new technologies on
healthcare. But again, this happens in a fragmented way and
there is no common ground for discussing the phenomenon at the
ecosystem level. According to Miller and Van de Ven [52], it is like
science has been studying trees and not the forest. So, the need for a
broader perspective has already been realized. Aronson and Rehm
[41] suggest that there is a PM ecosystem under development: “this
ecosystem is beginning to link clinicians, laboratories, research
enterprises, and clinical-information-system developers together
in new ways”.

There is an expectation that the consolidation of this ecosystem
will facilitate the development of PM. An ecosystem perspective
facilitates complexity understanding and building strategies
[53,54]. This understanding transcends the usual practice of
single industry analysis and goes beyond their boundaries to
include other industries [16] as well as all sides of economic
relations encompassing supply and demand perspectives [15,50].
The benefit of the ecosystem perspective rests on its capacity to
depict a phenomenon’s by highlighting the main actors and their
relationships. The visualization provides a broad understanding,
insights for designing and executing strategies, and a common basis
for communication among people [14-17,19,55-59].

Despite the rich literature on ecosystems, there is yet no
guideline on how to establish its boundaries. Ecosystems are
supposed to be broad, but they also need to be viable, readable, and
practical. If the idea is to be as broad as possible, when should we
stop so that the ecosystem is viable and usable without losing its
relevance? Furthermore, how should the factors in an ecosystem
be handled? Considering the analogy of biology, actors would be
the living species and the factors would be the conditions of the
environment such as sunlight, temperature, wind, air humidity, etc.
When reviewing the literature, factors will inevitably appear as
important foundations for research. So, in an ecosystem analysis, it
would also be important to consider them. Until now, the literature

did not present a way to link both ecosystems’ actors and factors in
a comprehensible graph.

The Method Proposed

Our proposition is that this can be done by mapping actors and
factors in a broad and systematic way, producing an ecosystem chart
Precision Medicine field with the most relevant actors, connections
and factors that have already been studied in the literature. The
following methodological description aims to provide transparency
and replicability [60] of our work. We prescribe four phases:

a)  1stPhase: Systematic Literature Review

i. 1st Step - Search for key terms

ii.  2nd Step - Apply broad criteria to article selection
iii.  3rd Step - Sort articles by citation

iv.  4th Step - Skim read the articles, applying specific criteria
to produce a final list of relevant articles

b)  2nd Phase: Content Analysis

i. 1st Step - Data collection: full reading of the previously
listed articles, identifying actors and factors

ii.  2nd Step - Coding: Compile the actors and factors into a
double roster

iii. 3rd Step - Interpretation: mark factors that strongly
relates to each actor (experts included in the discussion)

c) 3rd Phase: Ecosystem Charting Process

i. 1st Step - Build successive ecosystems based on common
factors between actors

ii.  2nd Step - Produce charts for several contrast levels and
select the optimum threshold for its links

d) 4th Phase: Produce the final Double-Layer Diagram of the
ecosystem

Each phase is described with its main results in the following
sections.

a) 1% Phase: Systematic Literature Review

In order “to identify a wide range of theoretically related
constructs for possible inclusion in a discriminant validity
analysis” [61], a systematic literature review following the
guidelines proposed by Jesson [62] was performed. “Systematic
reviews provide a systematic, transparent means for gathering,
synthesizing and appraising the findings of studies on a particular
topic or question. The aim is to minimize the bias associated with
single studies and nonsystematic reviews” [62].

We searched for the term “Precision Medicine” in four
multidisciplinary databases. The search was conducted on October
25th, 2016. The returns were: SCOPUS: 3156; Web of Science:
1620; PROQUEST: 8852; and EBSCO: 909; totalizing 14537. The

next step was to apply inclusion and exclusion criteria over the first
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round of the search [62]. We decided to analyze only peer review
journals and articles in English. The numbers were: SCOPUS: 1285;
Web of Science: 671; PROQUEST: 226; and EBSCO: 193; totalizing
2375. Continuing the use of inclusion and exclusion criteria, we
consolidated the metadata of 2375 articles to perform a comparative
analysis of the four databases. Many articles appeared in more than
one database (when a duplicate was found, we kept the SCOPUS
one for reasons that will be evident soon). Other articles were
removed because some necessary fields were missing such as the
abstract. The final numbers after removing duplicates and articles
with missing fields were: SCOPUS: 1179 (72.2%); Web of Science:
244 (15%); PROQUEST: 108 (6.6%); and EBSCO: 102 (6.2%);
totalizing 1633 (100%). Considering that SCOPUS presented a
significant superiority in the number of articles (72.2%) and to

facilitate and standardize the analysis of the articles, we decided
to use only this database. Furthermore, Scopus is the only one that
clearly has “cited by” (number of citations of the article) as part
of its metadata. This property, which is an indicative of relevance,
allows sorting articles by a practical criterion. Moreover, SCOPUS
is multidisciplinary and considered “the world’s largest abstract
and citation database of peer-reviewed research literature” [63].
Then the 1,179 articles were sorted by citations using 5 citations
as the threshold criteria - 207 were selected. We read their title and
abstracts identifying those with multidisciplinary scope - 53 were
kept in the workflow. They were thoroughly read multidisciplinary.
We ended up with 45 articles - our final base (Appendix I). On
February 1%, 2018 we replicated the search and found no additional
articles to be included. Figure 1 shows the steps of this first phase.

- N
Results of searching the term “Precision Medicine” on four databases
Total after keeping only peer-reviewed articles in English
Articles after removing duplicates and missing fields
11?9 Articles after restricting to SCOPUS database
207 Articles with more than S citations - title and abstract were analyzed
53 Total of articles with multidisciplinary scope - those articles were studied deeply
Final list of articles that serves as base for identifying the elements of the ecosystem
Figure 1: “Precision Medicine” keyword search mapping process.
\ J

b) 2" Phase: Content Analysis

Content analysis was based on the “logic of discovery” as it is
not yet possible to check or test inferences. Our reasoning was an
abduction, which “begins by recognizing an anomaly or breakdown
in our understanding of the world and proceeds to create a
hypothetical inference that dissolves the anomaly by providing a
coherent resolution to the problem” [64]. The goal was to conceive
a model for the Precision Medicine ecosystem. In order to allow
room for creativity and for pursuing a more generic picture of the
main characteristics of the phenomenon [64], we re-connected
the ideas from the 45 articles. The steps were data collection,
coding, and interpretation [65-67]. In the first step, we conducted
the data collection by reading the 45 articles seeking for “actors”
and “factors” related to the Precision Medicine ecosystem. We
considered an “actor” as any active participant of the ecosystem
and a “factor” any element that refers to those actors.

The following step was to classify them into categories to create
amore parsimonious list. That was based on concepts and semantic
similarities found in the literature [61,64,68]. From a group of
similar words to a broader construct, we inductively interpreted
the raw data to arrive at a more general meaning. That aggregation
elevated the level of abstraction to form broader constructs [69].
So, from the 45 articles we identified 278 terms associated to actors

and 1,734 to factors that were later classified into 12 categories of
actors (Appendix II) and 12 of factors (Appendix III).

The third step of the second phase was the establishment
of associations among actors and factors, that is, for each actor
what factors impact them the most. In this step, we engaged other
academics and practitioners in the debate to incorporate expert
knowledge into our interpretations [61]. A matrix relating actors to
factors was produced (Table I).

c) 3"Phase: Ecosystem Charting Process

The goal was to build the ecosystem following a structured and
replicable method [60]. The criterion for relating two actors was
the existence of common factors. If we consider a small number of
common factors as being sufficient to set a relationship, most likely
all actors will be connected. On the other hand, if we demand too
many factors, few links would be set. There is a clear trade-off here
and our goal is to capture most of the information while trying to
avoid the noise from spurious relations.

In accordance with Bastian, Heymann, and Jacomy [70] and
Khokhar [71], Gephi software was used for charting, taking the
actors vs. factors matrix as the starting point. We ran the graph
twelve times while controlling the threshold linkage, starting from
a single citation and going all the way up to 12. For each graph, the
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software computed its density - ranging from 0.985 (most actors
linked) with the lowest threshold down to 0 for the 12-factor
requirement (Figure 2).

As our goal is to display the best information possible [55],
we created an index based on density (Figure 2) and number of

common factors (Table 1) and looked for its maximum (Figure
3) and selected the 7 common factors solution. It is interesting to
note (“Factors in common: 7”, in Figure 1) that there is one actor
(Funders) disconnected when we use this level of requirement. It
does not mean that Funders do not belong to the ecosystem, it only
indicates that this actor has weaker ties compared to other actors.

s N
Factors in common: 1 Factors in common: 2 Factors in common: 3
Graph density: 0.985 Graph density: 0.985 Graph density: 0.985
Factors in common: 4 Factors in common: 5 Factors in common: 6
Graph density: 0.955 Graph density: 0.848 Graph density: 0.727
Factors in common: 7 Factors in common: 8 Factors in common: 9
Graph density: 0.636 Graph density: 0.485 Graph density: 0.227
Factors in common: 10 Factors in common: 11 Factors in common: 12
Graph density: 0.061 Graph density: 0.015 Graph density: 0
e =e- —"e- — e
aacipens : amaip e
PP — ."'é.'".'"@" | JESEER . P N— JE—
B @ e @ o e @
- — ST = W - —
e e C R e e =
. R=3 e
Figure 2: Ecosystems according to the number of common factors.
N J
Table 1: Associations between actors and factors.
FACTORS - ) ) o . Funding | Ethical- . e
Treatment | Data | Testing | R ch | Technolog Drugs | Individuality | Heterogeneity . Regulation and
ACTORS | and Costs Social Security
Individuals X X X X X X X X X X X
Health Care
People and X X X X X X X X X X X
Hospitals
Genetic
X X X X X X X
Specialists
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1 2 3 4 5 6 7 8 9 10 11 12

Factors in common |

Figure 3: Quantity and quality equilibrium in the
ecosystems’ series.
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d) 4" Phase: Double-Layer Diagram

Finally, in the fourth phase we added the factors to the
ecosystem chosen to obtain the double-layer diagram. Figure 4
shows the actors (red) and the factors (green) in two layers. One
layer comes from a spatial organization of the ecosystem chosen

Researchers
and Research X X X X X X X X X X
Institutions
Regulators/
X X X X X X X X X
Government
Laboratories X X X X X X X X X X
Life-Science
. X X X X X X X X X
Corporations
Pharmaceutical
X X X X X X X X X X
Industry
IT Companies X X X X X X X
Insurance
X X X X X X X X X X X
Companies
Funders X X X X X
Biobanks X X X X X X X X X
4 Y and shows the direct relationship (red) between actors. The other
5.00 fati i
Pt 12 4.36 445 layer shows the associations (green) between actors (Appendix II)

and factors(Appendix III).

According to Agar [64] “whereas the process of abduction begins
with recognizing a breakdown or anomaly, it ends with a coherent
resolution”. We believe this represents the Precision Medicine
business ecosystem enriched with its factors and associations. The
coherence of this resolution is supported by a systematic review of
a heterogeneous set of scientific works with different approaches
to Precision Medicine. The comprehension extract from that group
of articles abstracts idiosyncratic details and connects broad
knowledge to form a whole with meaning greater than the sum of
its parts. This visualization is a versatile map that unveils the big
picture of the Precision Medicine phenomenon considering a wide
spectrum of stakeholders, providing insights for various sorts of
analyses. By looking at the double-layer diagram, it is possible to
identify which factors tend to impact more intensely each pair of
relation. It is also possible to analyze actors’ interdependence by
looking at the common factors.

e N
m-:sn-:.mcm:._sn‘r_mdﬁ:s x
LIFE-SCIE? FIONS “REGULAT RNMENT
= = s = ._" - /| E n : . P .
e 'Gﬁiﬁ%ml,lsrs
D HOSPITALS
Figure 4: Precision Medicine “double-layer diagram”.
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Regarding complex phenomena, particularly PM, this kind
of comprehensive view is vital. According to WEF [25] “The
fundamental principle of value in healthcare is, first, to align
industry stakeholders around the shared objective of improving
health outcomes delivered to patients at a given cost.” Poorly
coordinated care causes many of the 250,000 deaths related to
medical error in America [72]. From the digital startup’s point of
view, one key aspect is the integration of health ecosystem, because
they need data from hospitals or physician offices [73].

In order to align, coordinate or integrate the stakeholders of
a phenomenon, it is first necessary to identify precisely who they
are. We believe that we achieve this purpose in the case of PM by
using the method proposed. The double-layer diagram illuminates
the diversity of actors and factors of PM. It also presents a vision
that goes beyond traditional value chains, which concentrate their
analysis within a given industry, sometimes exaggerate the relative
importance of competitors and suppliers, and do not emphasize the
importance of partners, complementors, and cooperation, as well
as do not examine the factors. The analysis of the PM ecosystem is
a subsequent work, which can now be performed on a solid basis.

This double-layer diagram is a picture of the moment, but an
ecosystem’s structure is in constant change. Actors co-evolve in
accordance with unpredictable new desires and circumstances.
There is no general rule to predict which innovations will emerge.
Its dynamic nature implies that longitudinal studies are useful
to follow up its progression [15,50,56,58,74,75]. So, the method
proposed is also valuable to track the evolution of phenomena in
a consistent way.

In this article, we arrived at the double-layer diagram of the
Precision Medicine phenomenon by following the steps established
by the method proposed, through careful work of exploration and
interpretation of the interactions and interdependencies of the
various elements of the phenomenon. This systematic process,
according to Dougherty [76], makes it possible to generalize to
other complex phenomena [77-104].

Conclusion

The purpose of this article is to propose a method for
charting a complex phenomenon, its actors and factors, as well
as the interactions among them. As a case example, our goal was
understanding the Precision Medicine phenomenon from a broad
and comprehensive perspective. From a generic initial search for
the term “precision medicine”, then using pre-established criteria
(i.e. peer reviewed, English language, multidisciplinary, and more
than 5 citations), we narrow the number of articles from 14,537 to
45. From this final listing, we conduct a content analysis that has led
us to 12 categories of actors and factors. An expert panel was used
to check and complement our cross-tabulation of actors vs. factors
and a final table was produced controlled by the threshold level,
which was loaded on Gephi software to produce the ecosystem
charts. By balancing data (links) and relevance (number of common
factors), a final ecosystem chart was produced, thus maximizing the
information vs. noise ratio. A second layer was imposed in a final
stage, bringing the factor dimension to the graph.

This process allows a research group to perform a
comprehensive literature review and represents the information
needed for a broad strategic analysis from an ecosystem perspective
encompassing several industries. Since dealing with emerging
technologies such as the ones involved in Precision Medicine
requires broad perspective for planning, execution, and control, we
believe that this method can help both academics and practitioners

in their journeys to understand a new and complex phenomenon.

We believe that using a systematic literature review as the first
phase of the method proposed helped to reduce the bias about the
state-of-the-art knowledge concerning Precision Medicine. It also
delineates the boundaries ofthe phenomenon. Anotherachievement
was to methodically include the factors in the ecosystem design. At
the end of the process, it was possible to highlight the key actors,
factors, and their interaction in the Precision Medicine ecosystem,
reaching the forest view instead of only a handful of trees. We
believe that the method could be used for other phenomena as well.

There are several limitations and opportunities for future
researches. We decided to use only peer-review articles. The
advantage is to remain inside the scientific literature. However,
as new technological phenomenon evolves fast, most likely there
are important innovations that have not yet been published. In the
method, the associations between actors and factors may bring
some controversy due to the subjective nature of the expert panel.
A future research could improve the way to set those associations.
Regarding Precision Medicine, as each actor has different
peculiarities and demands, future researches could deepen the
analysis, grounding smaller scale examination on a plausible macro
perspective. Also, the wide perspective offered by the double-
layer diagram can provide insights for scenario planning. Lastly,
longitudinal researches can follow the evolution expected in the
Precision Medicine ecosystem.
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