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Abstract

The digital health sector has gained significant momentum in recent years, largely driven by
the integration of information and communication technologies in healthcare delivery. One
promising innovation in this domain is the Text-Dialog System, designed to convert clinical
data in a written textual form into structured, machine-readable data using a controlled
natural language based on the SNOMED Clinical Terminology. This thesis proposes a
strategy for advancing the Text-Dialog System by assessing its current maturity level and
identifying development priorities optimized for rapid maturation. The outcome of this
research will provide a roadmap for the system’s future growth, ensuring its successful

integration into the healthcare industry and the realization of its full potential.

The findings of this research have the potential to impact researchers’ strategies for
technology maturation advancement, leading to improved technology development and
better alignment with funding agencies’ expectations. This could ultimately enhance the
quality and efficiency of healthcare technology and benefit various stakeholders, including

healthcare providers and policymakers.

The thesis is written in English and is 56 pages long, including 6 chapters, 9 figures and 4
tables.



Annotatsioon

Teekaart Tekst-Dialoog Siisteemi edasiarenduseks

Digitaalse tervise sektor on viimastel aastatel oluliselt hoogu kogunud, suuresti tdnu info-
ja kommunikatsioonitehnoloogiate integreerimisele tervishoiuteenuste pakkumises. Uks
paljutdotav uuendus selles valdkonnas on Tekst-Dialoog Siisteem, mis on loodud kli-
iniliste andmete teisendamiseks kirjalikust tekstivormist struktureeritud, masinloetavaks
andmeteks, kasutades kontrollitud loomulikku keelt, mis pohineb SNOMED Kkliinilisel ter-
minoloogial. Kéesolev t60 pakub strateegiat Tekst-Dialog Siisteemi edasiseks arenduseks,
hinnates selle praegust kiipsustaset ja tuvastades arenguprioriteete. Uurimistood pakub vilja

teekardi siisteemi tulevastele arendajatele.

Magistrit6o on kirjutatud inglise keeles ning sisaldab teksti 56 lehekiiljel, 6 peatiikki, 9

joonist, 4 tabelit.
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1. Introduction

The advancements in information and communication technologies have led to significant
transformations in various industries, including healthcare. Digital health, which refers
to the use of these technologies to improve healthcare delivery, has gained momentum as
a result of increased adoption and integration of these technologies in medical practices
[1]. The European Union has shown a strong commitment to supporting innovation
and development in this field through initiatives such as Horizon Europe, which aims
to foster industry-driven research and development [2]. One promising development in
the digital health sector is the Text-Dialog System, which is designed to capture clinical
data in a written textual form and convert it into structured, machine-readable data using
a controlled natural language based on the SNOMED Clinical Terminology [3]. This
conversion is crucial in healthcare, as it enables more effective data management, analysis,

and interoperability between systems, ultimately improving patient care and outcomes[4].

1.1 Objective

The objective of this thesis is to develop a strategy for the technological maturation of the
Text-Dialog System being developed at Tallinn University of Technology. The system’s
current maturity and technological readiness are unknown, and no roadmap has been
created for the continued development of the system. The goal of this thesis is to determine
the current maturity level of the Text-Dialog System and develop a prioritized order of
development areas optimized for swift maturation, ensuring the successful integration of

this system into the healthcare industry and the realization of its full potential.

1.2 Expected outcome

The anticipated outcome of this research is a high-level roadmap that outlines the prioritized
development areas for the Text-Dialog System, facilitating accelerated maturation and
enabling researchers to effectively advance the system towards successful integration in
the healthcare industry.

1.3 Thesis structure

Chapter 2: In this chapter, the Technology Readiness Level (TRL) scale is discussed,

including its origins, applications, and variants.



Chapter 3: In this chapter, the role of Requirements Engineering (RE) in software
development is covered, along with the RE process and the unique challenges of RE for
the Digital Health sector.

Chapter 4: In this chapter, an overview of the current state of the Text-Dialog System is
presented, including its high-level architecture, primary components, and their technology
readiness levels (TRL).

Chapter 5: In this chapter, feasible development approaches for the Text-Dialog System
are explored, featuring a SWOT analysis for each approach, and a development direction

is recommended based on project resources and goals.

Chapter 6: In this chapter, alternative solutions and challenges related to the application of

technology readiness levels in software maturity assessment and maturation are discussed.

Chapter 7: In this chapter, a summary of the key findings and insights gained from this

research is provided.

The steps taken in chapters 4 and 5 are shown in Figure 1.
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2. Technology readiness levels

This chapter delves into the origins and applications of the Technology Readiness Level
(TRL) scale, providing the foundation for selecting an appropriate TRL standard for Text-
Dialog System, guidelines for assessing the TRL, and input for the discussion chapter to
understand the limitations and shortcomings of the TRL framework. This chapter will
also clarify that TRL is not a single framework, but rather a method and a collection of

frameworks united by a common ancestor.

2.1 Origins of technology readiness levels

Efforts to incorporate emerging technologies into products before they reach maturity have
been demonstrated to result in increased project costs and extended timelines [5]. This
prompted NASA to develop the Technology Readiness Level (TRL) scale as a systematic
tool for assessing and comparing the maturity of various technologies, thereby enabling
more informed decisions and reducing the risks associated with premature technology

integration.

The concept of "articulating” the maturity of a new technology for use in space technology
was first introduced in 1969. The original TRL scale, consisting of six or seven levels,
was developed by NASA’s Office of Aeronautics and Space Technology in the late 1970s.
After the Challenger Space Shuttle disaster, in 1986, NASA emphasized rebuilding its
technological foundations through focused programs, leading to wider acceptance of the
TRL scale. The scale was then extended to the now-standard nine levels and the definitive
set of definitions of the technology readiness levels was published by NASA in 1995 [6].
See Table 1.

In the early 2000s, the U.S. Department of Defense (DoD) recognized the value of TRLs
and began incorporating them into their own technology development and acquisition
processes. This marked the first use of TRLs outside of the space industry. Following this
adoption, the TRL scale gained widespread acceptance among various agencies within the

DoD and their contractors [7].
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Table 1. Original technology readiness levels (1995) [6]

Level | Summary

1 Basic principles observed and reported
2 Technology concept and/or application formulated
3 Analytical and experimental critical function and/or charac-

teristic proof-of-concept

4 Component and/or breadboard validation in laboratory envi-
ronment

5 Component and/or breadboard validation in relevant envi-
ronment

6 System/subsystem model or prototype demonstration in a

relevant environment (ground or space)

System prototype demonstration in a space environment

Actual system completed and “flight qualified” through test
and demonstration (ground or space)

9 Actual system “flight proven” through successful mission

operations

2.2 Adoption of the scale by European Space Agency

The TRL scale was introduced to Europe through its own space agency. In the mid-2000s,
the European Space Agency (ESA) adopted the TRL scale, with a handbook [8] that closely
mirrors NASA’s definition of TRLs, even reusing the thermometer-shaped TRL figure
from NASA. Although the handbook does not include a strategic planning framework
as sophisticated as NASA’s Systems Engineering Handbook and Technology Readiness
Assessment best practices guide, it does provide a comprehensive description of each level,
a workflow for technology readiness assessment, and additional guidance on applying the

TRL scale to software development.

In 2013, the ISO 16290 standard, titled "Space systems — definition of the Technology
readiness Levels (TRLs) and their criteria of assessment," was published. This standard
shares similarities with the 1995 Mankins white paper, providing three examples for each
of the nine TRL levels. It also resembles the DoD’s use of TRL by providing documented

achievements for every level, which serve as the basis for TRL assessment [9].

At ESA, ISO 16290 replaced the agency’s internal document and became the official TRL
scale definition. However, NASA continues to utilize its own TRL scale [2].

13



See Table 2) with differences to NASA standard in bold.

Table 2. Technology readiness levels (ISO 16290) [9]

Level | Summary

| Basic principles observed and reported
2 Technology concept and/or application formulated
3 Analytical and experimental critical function and/or charac-

teristic proof-of-concept

4 Component and/or breadboard validation in laboratory envi-
ronment
5 Component and/or breadboard critical function verification

in relevant environment

6 Model demonstrating the critical functions of the element

in a relevant environment

7 Model demonstrating the element performance for the

operational environment

Actual system completed and accepted for flight

Actual system “flight proven” through successful mission

operations

2.3 Adoption of the scale by European Commission

The road to adopting TRL outside of space technology in the European Union (EU) was
paved by the European Commission’s Communication 512, "Preparing for our future:
Developing a common strategy for key enabling technologies in the EU" [2]. This work
highlighted the importance of key enabling technologies (KET) for society and economy,
and the need for policy makers to set up the framework conditions and support instruments
for supporting the development of key enabling technologies in the EU. The five identified
key enabling technologies were nanotechnology, micro- and nanoelectronics, photonics,

advanced materials, and biotechnology [10].

To aid implementation of the KETs, the High-Level Expert Group on Key Enabling
Technologies was founded and tasked with coming up with a strategy for strengthening
Europe’s innovation capacity. This group presented the recommendation for EU to begin
applying the "TRL scale R&D definition" [10].

This ignited the widespread use of TRLs in proposals for EU-funded projects. The Horizon
2020 program (total budget of 80 billion) included the definitions of the TRL levels, which
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have subtle differences compared to the NASA levels [11]. However, the use of TRLs
was not universal, with some programs making heavy use of TRLs, and others omitting
technology levels entirely. The Horizon Europe program continues to make use of TRL in

many work programs [12].

In Estonia, TRL has been used in some project calls funded by the European Commission,
for example the Inter-sectoral mobility grant by the State Shared Service Centre [13] and

Enterprise Estonia’s applied research programme [14].

Table 3. Technology readiness Levels (Horizon Europe) [12]

Level | Summary

1 Basic principles observed

Technology concept formulated

Experimental proof of concept

Technology validated in a lab

N |~ | W[l

Technology validated in a relevant environment (industrially
relevant environment in the case of key enabling technolo-
gies)

6 Technology demonstrated in a relevant environment (indus-

trially relevant environment in the case of key enabling tech-

nologies)

7 System prototype demonstration in an operational environ-
ment

8 System complete and qualified

Actual system proven in an operational environment (com-
petitive manufacturing in the case of key enabling technolo-

gies, or in space)

2.4 Technology readiness levels for software

This section explores the application of TRLs specifically to software development since
the process of creating and deploying software differs from traditional hardware or system
development. Various organizations and programs have adapted the TRL scale to better
suit the unique characteristics and requirements of software projects. The following tables
and descriptions provide an overview of these adaptations and guidelines for assessing the

maturity of software technologies at each level.
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Table 4. Technology readiness levels for software [15]

Level | Summary

1 Scientific knowledge

2 Individual algorithms or functions are prototyped

3 Prototype of the main functionalities of the integrated system
4 preliminary release of not-mature software version, dis-

tributed to a community at an early stage of the software
development life-cycle, that implements the main functional-
ity of the software and by which preliminary V&V activities
are achieved

5 preliminary release of not-mature software version, dis-
tributed to a community at an early stage of the software
development life-cycle, that implements the complete func-
tionality of the software and by which preliminary V&V

activities are achieved

6 Ready for use in an operational or production context, in-

cluding user support, as a building block or a tool.

7 Building block and tailored generic software product: quali-
fied for a particular purpose Tool: ready for market deploy-

ment

8 System qualified and ready to be applied in the execution of

a real space mission

9 Has been applied in the execution of a real space mission

Enterprise Estonia has published a more comprehensive set of level criteria specifically for
IT projects as part of its European Commission funded programme for applied research
[14].

The ESA TRL handbook includes a dedicated set of guidelines (Table 4) for software

technology readiness levels, dividing space software into three categories of

1. Software building block to be reused in a range of missions, either flight or ground
software. This software is executed in a wider software application context. It
interacts with other software and also with HW

2. Software tools. They run in a stand-alone mode

3. Software that cannot be considered separated from the HW it runs on, e.g. equipment

embedded software.
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The handbook also documents the following software engineering terms relevant to each
level [15]:

TRL1 Mathematical formulation
TRL2 Algorithm

TRL3 Prototype

TRL4 Alpha version

TRLS Beta version

TRL6 Product release

TRL7 Early adopter version
TRL8 General product

TRLY Live product

The regular set of TRLs is recommended for the third type, but an alternative approach
is proposed for the first two. TRL1-4 are used to go from mathematical formulation
to prototyping and an eventual "alpha" version. TRLS5-6 take the software from "alpha"
version to a released product. TRL7-9 involve integration into the spacecraft and eventually

launch into space [15].

2.5 Technology readiness assessment

Understanding who should be involved in the Technology Readiness Assessment (TRA)
and the process of conducting the assessment is crucial for an accurate and effective evalua-
tion of a technology’s maturity. TRAs should "follow a disciplined and repeatable process",
concentrating on the end user’s intended application of the technology, and utilize evidence.
The quality of a TRA is reliant upon strong collaboration and communication among all
involved parties, such as the technology developer, program manager, governance body,

and other team members participating in the assessment [16].

In the United States, the U.S. Government Accountability Office has published a Technol-
ogy Readiness Assessment Guide (more than 100 pages) containing thorough instructions
for conducting a TRA. According to this guide, a TRA should be credible (requires an
understanding of the technology’s requirements), objective (based on trustworthy informa-
tion), reliable (requires following a disciplined process that also ensures repeatability) , and
useful (requires an understanding of the report’s target audience). The five-step process is
described in detail, starting from assembly of the TRA team and ending with suggestions

on how to use the results [16].

The TRL ISO standard does not contain instructions for conducting a TRA, but does

17



include a set of documented work achievement for each level. The European Cooperation
for Space Standardization has published TRL guidelines that act as a supplement to the
ISO standard. These guidelines include an overview of a "typical technology readiness
assessment process" and require a TRA to be completed by an independent expert not
part of the technology developer engineering team who is required to have access to the
necessary information and data concerning the technology and the level to be assessed
[15].

The European Commission (EC) has not specified any formal process or requirements for
conducting a TRL assessment, leaving the actual implementation details and guidelines to
the individual agencies organising funding calls. This can probably be attributed to the

sheer diversity of technologies that are being funded by the EC.

2.6 Technology readiness is not commercial readiness

Reaching a higher TRL does not necessarily guarantee a successful product. Although TRL
9 indicates that the system is proven in its operational environment, it does not account for
factors such as branding, cost, or competition, which are essential for market readiness.,
which are essential for market readiness. In Australia, the Commercial Readiness Index
(CRI) was created to address these risks, measuring the maturity of a technology based on

its financial deployment arrangements [2].
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3. Requirements engineering

This chapter delves into the critical role of Requirements Engineering (RE) in the develop-
ment of software. The stages and activities of the RE process are described, and the unique
challenges of RE for Digital Health sector are discussed. Inadequate requirements were

the primary reason for the failure of software projects. [17]

This overview will be used in later chapters to describe the appropriate development

activities for the Text-Dialog System.

Sommerville and Sawyer have defined it well: "Requirements are defined during the early
stages of a system development as a specification of what should be implemented. They
are descriptions of how the system should behave, or of a system property or attribute.

They may be a constraint on the development process of the system." [18]

Requirements engineering is the process of defining, documenting, and maintaining the
requirements for a system or product. It is a critical phase in the development process, as it

helps to ensure that the final product or system is valuable for its owner.

According to Robertson, "requirements exist whether you discover them or not, whether
you write them down or not". The focus of requirements engineering is not on creating a
list of requirements but on understanding and addressing a business problem. Identifying
the true problem is the key to finding the best solution. The term "business" in this context
can encompass various domains, including commercial, scientific, government, military,

or any other type of activity or service. [19]

Requirements engineering continues to be one of the most-discussed topics in software

engineering. [20]

Requirements engineering can be split into requirements development and requirements
management. Requirements development is the process of creating, refining, and doc-
umenting the requirements for a system or product, while requirements management
deals with maintaining and controlling changes to the requirements throughout the project
life cycle [21].

19



3.1 Requirements development process

The Software Engineering Body of Knowledge (SWEBOK) subdivides requirements de-
velopment into requirements elicitation, requirements analysis, requirements specification,
and requirements validation [22]. Some authors further distinguish additional phases such

as requirement planning, and requirement negotiation [1].

Elicitation is the process of gathering information about the requirements from various
sources, such as stakeholders, users, customers, domain experts, and existing documenta-
tion. The goal is to identify the needs and expectations of the system or product. Elicitation
techniques may include interviews, workshops, questionnaires, observations, and analysis

of existing systems or documentation [22].

Analysis and planning phase involves organizing, structuring, and prioritizing the gathered
information. It helps identify inconsistencies, conflicts, gaps, and redundancies in the
requirements. Techniques used in this phase may include modeling, use case analysis,
and prototyping. The output of this phase is a refined set of requirements that are clear,

consistent, and complete [22][1].

Specification phase involves documenting the requirements in a structured and formal
manner. The requirements specification should be clear, concise, and unambiguous, making
it easier for stakeholders to review and provide feedback. Common types of documents
include Software Requirements Specification (SRS), use case documents, or user stories
[22].

Validation and negotiation ensures that the documented requirements are accurate, com-
plete, and consistent before actual development starts. It involves reviewing the require-
ments with stakeholders, customers, and users to obtain their feedback and confirm that
the requirements meet their expectations. Validation techniques include walkthroughs,
inspections, or formal reviews. This phase helps identify and resolve any issues or mis-
understandings before the requirements are used in subsequent phases of the project
[22][1].

Require developments techniques involve several methods for identifying stakeholders,
and eliciting, analyzing, specifying, and validating requirements. A lot of research has
been done to identify and document the available techniques [23][21][22][19] and their
effectiveness for achieving product and project success [17][24][1].
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3.2

Requirements development for digital health

Requirements engineering practices can vary significantly across different fields due to

the unique characteristics and constraints of each domain. Several factors can increase the

need for diligent requirements engineering in a project. Digital health has many factors

affecting the requirements of its products, including, but not limited to

Patient safety: Ensuring patient safety is a top priority in healthcare product de-
velopment. It is essential to identify and mitigate potential risks, perform thorough
testing, and implement fail-safe mechanisms to prevent adverse effects on patients.
Data security and privacy: Digital health products often deal with sensitive patient
data, making data security and privacy a vital consideration [25].

Regulatory compliance: Digital health products must adhere to strict regulations
set by governing bodies, such as the U.S. Food and Drug Administration (FDA)
or the European Medicines Agency (EMA). Compliance with these regulations is
crucial to obtain necessary approvals and certifications for market entry [26].
Interoperability: Healthcare systems often need to communicate and share data with
other systems or devices. Ensuring interoperability and compatibility with existing
systems, industry standards, and protocols is essential for seamless integration and
data exchange [4].

Ethical considerations: Healthcare products should be developed and used ethically,
respecting patient autonomy, beneficence, non-maleficence, and justice. Consider
conducting ethical reviews and consulting with ethics committees to address potential

ethical concerns during product development [27].

Stakeholders in Digital Health can be divided into the following four groups [28]. Stake-

holders from all four groups must be identified and prioritised.

Entities accepting care
Entities providing care
Supporting entities

Controlling entities

In the context of digital health solutions, the relationship between stakeholders is not merely

a simple two-sided market, and the risks involved are far greater than in standard consumer-

facing projects. In fact, an inadequately designed, developed, or implemented digital

health solution may not only result in financial losses, wasted time, and inconvenience but

also jeopardize lives and inflict physical and psychological harm. Digital health presents

unique challenges, such as mismatched technology and use case, a long list of potentially
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conflicting stakeholders. Doctors and nurses are often over-represented in requirements
engineering activities, while patients and other users and stakeholders receive less attention
[28].

The business case for digital health solutions is often complex, extending beyond typical
provider-consumer relationships. These services are frequently offered for free as part of a
larger care concept by non-profit medical organizations, but they may also involve for-profit
providers like insurance companies and technology providers. To develop successful digital
health solutions, it’s crucial to understand the specific context and socio-technological
alignment. A multidisciplinary team with a deep understanding of the technology and
context should work together to apply a human-centered, well-organized, flexible, and

creative process in developing the requirements [28].

Development process

Volk et al. propose a tailored process for the requirements development of Digital Health
projects, emphasizing the importance of a project-specific RE approach rather than relying
solely on research conducted independently of product development [28]. The process
consists of the following stages:

1. Preparation:

(a) Team identification: Assembling a multidisciplinary RE team to ensure diverse
perspectives and expertise.

(b) RE Plan Definition: Developing a high-level description of the targeted digital
health system, discovering crucial technologies, and preparing architecture
descriptions, following international standards and recommendations.

2. Elaboration:

(a) Stakeholder identification: Identifying and profiling relevant stakeholders to
better understand their needs and expectations.

(b) Initial inquiry: Confirming and detailing the vision and system context, includ-
ing security, privacy, and data handling considerations in line with national and
EU regulations.

(c) System context discovery: Investigating the standardization and certification
landscape for the digital health system, with a focus on healthcare systems and
medical devices.

3. Increments and Iterations: Planning the RE process iteratively and incrementally,
with at least two cycles of design, prototyping, and evaluations. The proposed hybrid
process model combines an in-depth, comprehensive RE phase at the beginning to

establish a deep understanding of the digital health context, followed by continuous
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RE iterations throughout the system design and development phases to maintain
agility and adapt to project changes. Each cycle includes the following activities:
m Establishment of the vision and system context

Stakeholder identification and profiling

Requirements inquiry, analysis, and prototyping

m Vision, context, and requirements documentation

Requirements validation, negotiation, and refinement

This approach is distinct from the scope of requirements engineering in SWEBOK, as
it includes elements such as team identification, RE plan definition, and stakeholder
identification. Volk et al. also recommend the use of observation as a requirements
elicitation technique, which is particularly useful in the varied environments of healthcare

workers, such as hospitals, offices, homes, and ambulances [28].

3.3 Requirements development for early-stage technologies

Requirements play a crucial role in both research-oriented and product-oriented develop-
ment, but their approach and focus can differ significantly between the two. Research-
oriented developments often emphasize exploring new ideas, developing innovative con-
cepts, and assessing the feasibility of potential solutions. In this context, requirements
tend to be broader, more experimental, and less defined [29]. In contrast, product-oriented
technologies focus on addressing specific market needs or solving well-defined problems.
Requirements for these projects are more concrete, well-specified, and directly related to

the product’s functionality, performance, and quality [30].

In research-oriented projects, requirements engineering tends to be more flexible and
iterative, with requirements changing frequently as new insights are gained and hypotheses
are tested [29]. However, in product-oriented projects, requirements are generally more
stable and well-defined, as they are based on a clear understanding of the market, user
needs, and business goals. Changes to requirements at this stage can significantly impact

the product development timeline and associated costs [1].

Requirements in research-oriented projects may be derived from theoretical foundations,
prior research, experimental data, or expert opinions. Validation of these requirements
may involve testing hypotheses, conducting experiments, or building prototypes [29]. On
the other hand, product-oriented projects typically gather requirements through market
research, user interviews, surveys, and other customer-focused activities. Validation of
requirements in this scenario involves ensuring alignment with customer needs, meeting

regulatory requirements, and assessing feasibility within the project’s constraints [1][30].
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4. Current state of Text-Dialog System

This chapter presents an overview of the current state of the Text-Dialog System, its

high-level architecture, primary components, and their technology readiness levels (TRL)

Text-Dialog System is designed to capture clinical data in a written textual form and
convert it into structured, machine-readable data using a controlled natural language based
on the SNOMED Clinical Terminology [3].

Doctor's web browser

Text Guidance Text: Controlled natural language

‘ Electronic Health Records

Text: Controlled natural language

Structured data: SNOMED CT Output

Data analytics tools

‘ Structured Electronic Health Records

Figure 2. High-level model of Text-Dialog System

4.1 Description and model

Text-Dialog System is a system that facilitates bidirectional conversion between un-
structured textual data and formal representations using SNOMED Clinical Terminology
(SNOMED CT) [3].

The technology can be divided into two components: the user interface and the actual
grammar of the Controlled Natural Language (CNL). The user interface is responsible
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for facilitating interaction between users and the system, ensuring the text users are
creating is compliant with the grammar rules of the CNL. The CNL’s grammar defines the
linguistic rules and structures that enable the formation and comprehension of meaningful

expressions in the language [3].

Electronic Health Record

Doctor Text-dialog infrastructure

NL text

P
L

Validate text using CNL grammar

-

Provide guidance, suggestions

Edit text based on guidance

-

CNL text

h 4

CNL text

-l
-

Translate CNL text to SNOMED CT

<

Structured data (SNOMED CT)

h 4

Electronic Health Record

Doctor Text-dialog infrastructure

Figure 3. High-level sequence diagram of Text-Dialog System

While multiple articles concerning the development and viability of the technology have
been published [3, 31, 32], none of them have explained the vision for the system architec-
ture. In this assessment, the descriptions and details of the Text-Dialog System components
and their current state of development are based on an extensive interview conducted with
the leading researcher, Kristian Kankainen, who has provided valuable insights into the

project’s progress and challenges.

The three identified modules are as follows, and their relationship can be seen in Figure 2.
The parts of the Text-Dialog System are shown with a darker background, other relevant
modules and participants are shown in a lighter color. A sequence diagram of the main

flows can be seen in Figure 3
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4.1.1 Grammar

The grammar component of the Controlled Natural Language (CNL) for Guided Capture
of Clinical Data serves as the foundation for constructing and understanding meaningful
expressions within the language. This critical aspect of the CNL system consists of a
set of linguistic rules and structures that determine the formation of syntactically and
semantically valid sentences. The grammar encompasses various language constructs,
such as morphological, syntactic, and semantic elements, which enable the generation
and interpretation of complex expressions. By adhering to the CNL’s grammar, users can
create clear, unambiguous statements that effectively convey their intended meaning and

are translatable to a structured data format employing the SNOMED Clinical Terminology.

The overall goal in the development of the grammar is to create a set of rules that has a
high coverage for supported terminology. A higher coverage signifies that the grammar
can handle a wide range of concepts, leading to better usability in diverse clinical contexts.
To achieve this balance of high coverage and intuitiveness, the development process
should involve collaboration between computational linguists, subject matter experts such
as clinicians, and software developers. This interdisciplinary approach ensures that the
grammar captures the nuances of clinical language while remaining easy to use and

interpret.

At the same time, the created grammar must be intuitive for its users, which include
clinicians, medical professionals, and other healthcare staff. The grammar should be easy
to learn and understand, reducing the cognitive burden and allowing users to focus on
expressing their clinical observations and decisions effectively. Using familiar terminology
and structures that closely resemble natural language can make the CNL more accessible

and user-friendly.

To achieve this balance of high coverage and intuitiveness, the development process
should involve collaboration between computational linguists, subject matter experts such
as clinicians, and software developers. This interdisciplinary approach ensures that the
grammar captures the nuances of clinical language while remaining easy to use and

interpret.

4.1.2 User interface

The user interface component of the Controlled Natural Language is a critical aspect as it

facilitates the interactions between users and the system. The researchers have built two
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Figure 4. First Text-Dialog System Ul prototype

user interface prototypes which will be henceforth briefly described.

The first prototype (Figure 4 provides an interactive way of modifying the input text by
allowing users to easily change specific parts of the text by clicking on words. For example,
if the user enters "grandmother has diabetes", they can click on "grandmother" to choose a
different person. The flexibility and ease of text modification in this prototype make it an

attractive option for users who need to quickly edit and adjust their input.

The second prototype employs a Google Translate-like analogy, emphasizing whether
the enter text is grammatically correct and translatable into SNOMED language. This
prototype focuses on demonstrating the machine-readability and translation capabilities of
the system.

While existing prototypes are standalone web applications, but the integration of the
technology into existing software systems, where clinical data is recorded, is a crucial step

in bringing the benefits of this technology to real-world applications.

The currently favored approach that was mentioned by the researchers in interviews
conducted by the author is the creation of a browser extension, which would collaborate
with the existing web-based healthcare applications. The browser plugin would analyze the
text input fields in the existing software systems and provide real-time feedback, guidance,
and suggestions based on the grammar rules of the Controlled Natural Language (CNL).
This would enable users to continue using their familiar interfaces while benefiting from
the enhancements provided by the Text-Dialog System. Moreover, the browser plugin
approach would provide a layer of abstraction between the Text-Dialog System and the
existing software systems, allowing for easier updates and maintenance of the Text-Dialog

System’s components without the need for major changes in the underlying systems.
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4.1.3 Translation API

Once free-text data adhering to the CNL grammar has been recorded in the electronic
health records, methods are needed for converting it into structured data. This part of
the system has not yet been explored by the researchers. Potential approaches might
include the creation of a Text-Dialog translation API that accepts free-text data as input
and returns the corresponding structured data based on SNOMED CT. The API should

be designed to handle requests from statistical tools or systems storing electronic health

records.

4.2 Technology readiness assessment methodology

TRL Engineering

software
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Additional
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Quality assurance aspects
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an end-to-end
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real target (hardware
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Figure 5. Target TRL criteria [15]

The purpose of the assessment is to evaluate the current maturity of the technology and
its primary components, identify any challenges and limitations, and provide recommen-
dations for future development. By examining each component’s readiness, we aim to
better understand the overall functionality of the Text-Dialog System and its potential for

successful implementation in real-world healthcare settings.

Resources available for the TRA include an extensive interview with Kankainen, the
leading researcher of Text-Dialog System. Existing documentation and the interview will
provide the evidence needed for the assessment. The assessment will be carried out by the

author of this thesis.
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It is important to note that a clear objective has not yet been set for the technology, since
the development is still in an exploratory phase. Thus the current results only provide
an overview of the software’s readiness for the currently known high-level objective
and requirements. Once more detailed requirements are established, reassessing TRL is
recommended to provide more accurate results, which will allow for a better understanding

of the software’s maturity and potential for success.

4.2.1 Technology readiness level framework

The assessment will use readiness level descriptions from the Space Engineering Technol-
ogy Readiness Level (TRL) Guidelines compiled by the European Cooperation for Space
Standardization. The guidelines contain a chapter dedicated to readiness levels of software
technologies, which are distinct from the readiness levels for hardware and electronics
systems. The Space Engineering TRL Guidelines were chosen after comparing them to
other TRL frameworks. The Space Engineering software-specific TRL Guidelines were
found to be more suitable for assessing software technologies, whereas other framework
(Horizon Europe TRL, ISO standard TRL) were not tailored for software technology

assessments.

Initally, the author completed a readiness assessment using the TRL framework used by
Enterprise Estonia in their funding programme for applied research. However, during this
assessment, severe shortcomings were discovered for that framework, making it unsuitable
for any kind of software techology readiness assessment. These discoveries are explained

in more detail in the discussion part of this work, in section 6.1.

The framework for assessing the technology readiness level (TRL) of the Text-Dialog
System is divided into the following four aspects: Description, Requirements, Verification,
and Viability. For each aspect, the state of the three primary components of the technol-
ogy—grammar, user interface, and translation API—will be evaluated and compared to

the TRL framework provided by the European Cooperation for Space Standardization.

Description

The description aspect focuses on the current state of the technology and its components.
This includes identifying the functionalities that have been implemented and the overall
architecture of the system. An assessment of the technology’s current state will be con-
ducted, with the objective of determining the level of maturity and functionality of each

component.
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Requirements

The requirements aspect entails determining the extent to which the technology addresses
its intended use cases and meets the needs of its users. This involves examining the specific
needs and use cases the technology aims to fulfil and evaluating the degree to which the
current implementation successfully addresses these requirements. The assessment of the
technology’s requirements will provide insight into the potential utility and effectiveness

of the system in real-world healthcare settings.

Verification

The verification aspect focuses on the extent to which the technology has been tested and
verified. This involves evaluating the testing methodologies and procedures applied to the
technology and its components, as well as the results obtained from these tests. Verification
aims to determine the reliability and correctness of the system in its current state and its

ability to perform its intended functions in real-world scenarios.

Viability

The viability aspect assesses the feasibility of the technology and its components to be
integrated into a larger system and to meet the performance and usability requirements of
its intended users. This includes evaluating the potential challenges and limitations of the

technology and identifying areas for future development and improvement.

Before beginning an assessment, the type of software needs to be identified for the purpose

of TRL definition. The relevant types, as defined in [15] are as follows:

a. Software tool
b. Software element: software that necessarily interacts with other software and possi-
bly also with hardware. Two categories exist as follows:

1. Building block: software conceived to be reused in a range of missions, either
flight or ground software. This software is executed as part of a larger software
application.

2. Specific software: software that is targeting a specific applic ation and that
is not conceived to be reused in another domain of application, for example
equipment embedded software

c. Generic software product (software tool or building block)

1. Tailored generic software product

2. Customized generic software product
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When evaluating the software under consideration, which incorporates external open-
source or third-party software (such as libraries or application modules in source or
binary format), the overall Technology Readiness Level (TRL) assessment factors in the

determined maturity of the included third-party software [15].

In the interview with Kankainen, the following modules were found to be part of the

system:

m Controlled Natural Language Grammar
m Data entry user interface

m Translation APIs

In addition to these parts, the system also heavily employs the Grammatical Framework
(GF), which is a special-purpose programming language for writing grammars of natural
languages. Kankainen designates GF to be a highly mature technology, having been

developed for more than 20 years, and in use in thousands of organisations and projects.

The system also employs the SNOMED Clinical Terms (SNOMED CT), which is not in
itself a software [33], but is nevertheless a critical part of the Text-Dialog System. Accord-
ing to the US National Library of Medicine, SNOMED CT is the "most comprehensive and
precise, multilingual health terminology in the world", which has been developed since
1965 [33].

Thus, the author assesses both GF and SNOMED CT as being fully mature technologies,
and the assessment can concentrate on the first-party components and modules of the

Text-Dialog System

Controlled Natural Language Grammar is the foundation and quintessential building
block of all applications using the technology. It is categorised as b2: "software conceived
to be reused in a range of missions, either flight or ground software. This software is

executed as part of a larger software application."

Data entry user interface, or more specifically the browser extension, can be considered

a software tool.

Translation APIs is considered to be a tailored generic software product, as its potential

use cases are diverse and not under the control of the developers of Text-Dialog System.

In order for the Text-Dialog System product to be considered as having reached a technol-
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ogy readiness level, all three of these modules need to have reached the designated level.
Because no prototypes have been developed for the translation APIs, it’s clear that the
readiness level of the whole product can not be more than TRLI1 (first formulation). The

assessment will be conducted separately for all parts of the system.

4.3 Key personnel

The background, qualifications, and experience of the key personnel involved in the project
provide an indication of the level of expertise and knowledge that is being applied to the
technology’s development. This can help instill confidence in the project’s potential for
success and ensure that the constraints and requirements for the system are understood,

even if they are not yet documented.

Author

Kristian Kankainen is the visionary behind the Text-Dialog System and is the leading

researcher.

Developers

Inari Listenmaa has played a crucial role in the development of Text-Dialog System
as a prominent expert in the Grammatical Framework. Listenmaa has contributed to
implementing the platform’s best practices, ensuring the technology’s effectiveness and

usability.

Advisors

Igor Bossenko, a seasoned healthcare ICT solutions creator, has validated the scalability
aspect of the Text-Dialog System by suggesting that the algorithm could be based on
clinical data modeling. This approach not only benefits the technology but also allows for

the observation of semantic information needed for data modeling through textual analysis.

Eno Martin Lotman, a health technology accelerator mentor, has validated the potential of
Text-Dialog System to participate in accelerator programs, demonstrating its viability as a

business solution in the healthcare sector.

Subject matter experts

Reet Laidoja, Madis Tiik, Gerhard Grentz, and Andres Lasn have provided valuable
feedback regarding the user readiness of Text-Dialog System from the perspective of

general practitioners (perearstid). They have identified that the current user experience of
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documenting objective findings is hindered by copying and pasting the same data between
multiple text boxes. Furthermore, they have expressed their willingness to adapt their
documentation habits if it enables them to input objective findings only once in a textual

format.

Peeter Ross, a radiologist and e-health architect, has confirmed the need for Text-Dialog
System and described current text input practices: 1) the use of widespread text bases,
templates, and patterns, and 2) the reuse of texts indicating a limited need for expression.
Julius Juurmaa, another radiologist, has expressed strong interest in incorporating such a

text input interface into his daily work.

Liis Hamburg, a midwife, has researched the needs of midwives and validated their

readiness to adopt a supported text input user interface.

4.4 Technology readiness level assessment of Text-Dialog System

Based on the TRL framework for software components presented in Table 4, we can now
assess the technology readiness levels of the three primary components of the Text-Dialog

System: grammar, user interface, and translation API.

4.4.1 Grammar

Description: The grammar component of the Controlled Natural Language (CNL) has
a clear algorithmic formulation, and its feasibility to be implemented in software with

available computing facilities has been demonstrated.

Requirements: The grammar has been developed to address a practical application, and a
concrete specification of a part of the problem (maternity record standardization) has been
identified.

Verification: Single algorithms of the grammar have been prototyped and tested with
synthetic data, resulting in their characterization and feasibility demonstration. However,
the execution target is not necessarily representative of the final target (running locally on

a doctor’s computer).

Viability: Feasibility to build important functions in a system architecture using the

grammar has been demonstrated.
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Based on these assessments, the grammar component of the Text-Dialog System can be
considered to have reached TRL 2.

4.4.2 User interface

Description: The user interface prototypes have been developed, and their feasibility to be

implemented in software with available computing facilities has been demonstrated.

Requirements: The user interface addresses practical applications and some use cases

have been implemented.

Verification: Some functionalities of the user interface have been implemented and tested,
allowing for the demonstration of global operation and performance. The execution target
(web application) is representative of the final target (browser extension). Preliminary veri-

fication and validation activities have been executed in a simulated laboratory environment.

Viability: Feasibility to build an operational system taking into account preliminary

performance and usability aspects has been demonstrated.

Based on these assessments, the user interface component of the Text-Dialog System can
be considered to have reached TRL 2.

4.4.3 Translation API

Description: The translation API component of the Text-Dialog System is still in its
conceptual stage and has not been prototyped or implemented. Existing user interface
prototypes demonstrate the capability of the technology for bi-directional translation
between controlled natural language and SNOMED CT, but no prototypes have been

developed how third-parties would programmatically use the system for translations.

Requirements: The practical application for the translation API has been identified, but a

concrete specification of the problem has not yet been documented.

Verification: As the translation API is still in its conceptual stage, no verification activities

have been conducted.

Viability: The feasibility to build important functions in a system architecture using the

translation API has not yet been demonstrated. However, the existing systems already offer
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translation capabilities, thus implementing an additional API can be deemed feasible.

Based on these assessments, the translation API component of the Text-Dialog System can
be considered to have reached TRL 1.

4.5 Summary of assessment

The technology readiness levels of the three primary components of the Text-Dialog

System have been assessed as follows:

s Grammar: TRL 2
m User Interface: TRL 2
m Translation API: TRL 1

As all three components must reach a specific TRL for the entire system to be considered
at that level, the Text-Dialog System is currently at TRL 1, mainly due to the conceptual
stage of the translation API.

In conclusion, the Text-Dialog System is still in its early stages of development. The
grammar component has shown promise in terms of its ability to support a wide variety
of terms and compatibility with SNOMED CT. However, it does not yet fully cover all
possible use cases and has not undergone testing and refinement in real-world scenarios.
The user interface prototypes have demonstrated the potential for improved user experience,
but they have not been integrated into actual workflows, and the feasibility of building a
system that meets performance and usability requirements remains unclear. The translation
API, which is crucial for the conversion of free-text data into structured data, has not yet

been developed.
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5. Development plan for Text-Dialog System

The future development of Text-Dialog System holds immense potential for revolutionizing
data capture [34] in the healthcare industry. To ensure the successful realization of this
potential, it is crucial to assess the various approaches available for the advancement of
the technology. This chapter explores the feasibility of different development approaches
and their implications on the Text-Dialog System’s progress and adoption in the healthcare

sector are explored.

The chapter presents a SWOT analysis for each of the four proposed development ap-
proaches, highlighting their strengths, weaknesses, opportunities, and threats. This compre-
hensive assessment provides valuable insights into the potential challenges and advantages
associated with each approach. Following the SWOT analysis, a discussion on the rec-
ommended development direction based on the current project resources and goals is

presented.

By carefully examining the various development approaches, this chapter aims to provide
a clear roadmap for the Text-Dialog System’s future growth, ensuring its successful

integration into the healthcare industry and the realization of its full potential.

5.1 Scope for future development

Before delving deeper into the exact areas of improvement required for the Text-Dialog
System to progress to a higher maturity level, this section proposes alternative development
scopes that could be used to limit the work required for the technology to reach a high

maturity level.

5.1.1 Approach A: core, grammar, API, and user interface

During interviews, the system’s leading researcher proposed the all-encompassing ap-
proach, also shown in Figure 2, that involves the simultaneous development and improve-
ment of all three components of the Text-Dialog System: grammar, user interface, and
translation API. This method aims to provide a comprehensive solution that meets the

needs of healthcare professionals and can be easily integrated into existing workflows.
By dedicating resources to all three components, this approach ensures that the technology
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Figure 6. Potential development scopes of Text-Dialog System

remains balanced and cohesive, addressing the requirements of both its users and the
broader healthcare system. This approach is likely to result in a more polished and
unified product, which could potentially lead to higher adoption rates among healthcare

professionals.

However, such full-scale development requires a more significant investment of time
and resources, and the progress in each component may be slower compared to the
technology-only or API-only approaches. This method also requires close collaboration
between developers, healthcare professionals, and subject matter experts to ensure that the

technology addresses the specific needs and challenges faced by its users.

The choice of development approach depends on the available resources and the specific
needs and goals of the project [19]. The technology-only and API-only approaches may

lead to faster improvements in specific components but may also limit the adoption of
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the technology due to the absence of a user-friendly interface or reliance on third-party
developers. On the other hand, the full-scale approach provides a more comprehensive
solution addressing all aspects of the technology but may require a more significant

investment in time and resources.

To determine the most suitable development approach, it is crucial to consider the needs
of the target users, the resources available for the project, and the long-term goals of the
Text-Dialog System [28].

5.1.2 Approach B: core technology

In this collaborative approach, the development team would focus primarily on creating
and refining the underlying technology while allowing other interested parties to develop
and implement their own grammars for specific use cases. This approach encourages
collaboration and innovation within the community, as various organizations and developers

can contribute their expertise to build grammars tailored to their unique needs and contexts.

By providing a robust and flexible foundation for the Text-Dialog System, the development
team can enable a wide range of specialized grammars to be created and integrated into
the system. This would result in a more versatile and powerful tool that can address the

diverse requirements of the healthcare industry.

To facilitate this collaborative approach, the development team could create comprehensive
documentation, guidelines, and resources for developing custom grammars for various
specific medical fields. They could also establish a community platform to encourage
knowledge sharing, collaboration, and support among developers and organizations work-

ing with the Text-Dialog System.

By focusing on fostering a collaborative development environment, the Text-Dialog System
can become a highly adaptable and valuable tool for healthcare professionals, driving

innovation and the creation of tailored solutions for various clinical settings and use cases.

5.1.3 Approach C: core, grammar and API

In this approach, in addition to the core technology, the focus would also be on enhancing
the grammar component and developing a robust API or Software Development Kit (SDK)
for third-party integrations. This is illustrated in Figure 7 and would allow other developers

and organizations to build applications and interfaces that leverage the Text-Dialog System
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Figure 7. Development scope: Approach C
for efficient and accurate clinical documentation.

Improvements in the grammar component could include increasing coverage, refining rules
for better accuracy, and incorporating feedback from subject matter experts to ensure the
grammar remains intuitive and user-friendly. Developing an API or SDK could involve
creating comprehensive documentation, sample code, and support resources for developers
to easily incorporate the Text-Dialog System into their applications.

By focusing on the technology aspect, the Text-Dialog System can become a more ver-
satile and powerful tool for various healthcare applications, driving wider adoption and

innovation in the industry.

5.1.4 Approach D: user interface

Alternatively, the development team could focus primarily on creating a user interface that
can be adapted to work with any Grammatical Framework Controlled Natural Language
(GF CNL), as shown in Figure 8. This approach would emphasize the design and imple-
mentation of a user-friendly and intuitive interface that healthcare professionals can easily

use and adapt to their specific needs.
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The user interface would need to be flexible, supporting a wide range of CNLs and use
cases. It could include features such as real-time feedback, suggestions, and error checking

to improve the overall user experience.

In this section, the feasibility of future development of the Text-Dialog System will be

explored. The analysis will concentrate on each of the module identified in chapter 4.

The strengths, weaknesses, opportunities, and threats (SWOT) of the technology are
analyzed.

Approach A is a comprehensive solution but requires significant investment in time and
resources. Approach B focuses on core technology, fostering collaboration within the
community. Approach C emphasizes grammar and API improvements, making it more
developer-friendly. Approach D, which focuses on user interface, is not recommended due

to the lack of UI/UX experts in the current team.
The most suitable development approach depends on the goals, priorities, and resources

available. Collaboration between researchers, developers, and healthcare professionals is

essential for the technology’s success [28].
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5.2 SWOT Analysis

This chapter presents a SWOT analysis for the four proposed approaches to further de-
velop and deploy the Text-Dialog System. A comprehensive assessment of the strengths,
weaknesses, opportunities, and threats associated with each approach will provide valuable

insights into the potential challenges and advantages in pursuing each path.

5.2.1 Approach A: core, grammar, API, and user interface

Strengths

1. Comprehensiveness: Equal attention given to core functionality, usability, and
integration capabilities. This approach provides a comprehensive solution that aims
to deliver a complete and cohesive product that addresses the need of healthcare
professionals and can easily be integrated into existing workflows.

2. Adoption: By providing an unified end-to-end product that addresses both technical
and user experience aspects, this approach might lead to higher initial adoption rates

by end-user facilities.

Weaknesses

1. Resource Intensive: All-encompassing, and thus most capital-intensive approach.
The full-scale development of all components requires a more significant investment
of time and resources, which may strain the development team and slow down
progress.

2. Complexity: Managing and coordinating the development of all components si-
multaneously may be complex and require comprehensive project management

collaboration with all layers of the healthcare sector.

Opportunities

1. Competitive advantage: Providing a comprehensive solution that covers the core
technology, grammar, API, and user interface aspects can set the Text-Dialog System
apart from competing solutions. Keeping end-to-end ownership of the technology

provides more control over its solutions.

Threats

1. Delays and Competition: Balancing the development of all components may

lead to delays hindering the overall progress of the project, allowing competitors
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focusing on a narrower problem set to overtake Text-Dialog. The healthcare industry
is continuously evolving, and new technologies and solutions emerge regularly.
Focusing on a comprehensive development approach may cause the Text-Dialog
System to lag behind or miss out on opportunities to adapt to market changes and
trends.

2. Collaboration Challenges: The success of approach A relies heavily on the collabo-
ration and input from subject matter experts, developers, and healthcare professionals,

which may be difficult to secure and maintain throughout the development process.

5.2.2 Approach B: core technology

Strengths

1. Focus: Concentrates on the core technology, allowing the development team to dedi-
cate their resources and expertise on fewer problems. Providing a solid foundation
allows for a wide range of specialized grammars to be created, addressing diverse
requirements in the healthcare industry.

2. Collaboration: Scientific, research-based approach makes it feasible to establish
a community of researchers, developers, and organizations collaborating on the
core technology. Encouraging the development of tailored grammars for specific
medical fields and use cases can result in a more adaptable and valuable tool for
healthcare. Demonstrating the potential of the core technology and its adaptability
to various applications might attract interest, funding, and partnerships from health

organizations interested in leveraging the system for their specific needs.

Weaknesses

1. Misprioritization: Concentrating on the core without prototyping the integrations
and Ul can lead to misprioritisation of features, as it will not be possible to gather user
feedback before another organization has built applications that use the technology.

2. Limited control over end-user experience: Focusing on the core technology
might limit the development team’s ability to ensure a consistent and user-friendly
experience across different applications and interfaces built on top of the Text-Dialog

System.

Opportunities

1. Collaboration: Scientific, research-based approach makes it feasible to establish
a community of researchers, developers, and organizations collaborating on the

core technology. Encouraging the development of tailored grammars for specific
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medical fields and use cases can result in a more adaptable and valuable tool for
healthcare. Demonstrating the potential of the core technology and its adaptability
to various applications might attract interest, funding, and partnerships from health

organizations interested in leveraging the system for their specific needs.

Threats

1. Reliance on third-party developers: This approach depends on the contributions
and expertise of other developers and organizations to create and implement gram-
mars tailored to their unique needs and contexts, which might introduce variability
in quality and consistency.

2. Fragmentation: With multiple developers and organizations working on their own
grammars and applications, there is a risk of fragmentation and lack of standard-
ization, making it harder to maintain consistency and interoperability across the
different implementations.

3. Quality and consistency: Relying on third-party developers to create and imple-
ment grammars might result in varying quality and consistency across different
applications, which could negatively impact the overall effectiveness and adoption

of the Text-Dialog System.

5.2.3 Approach C: core, grammar and API

Strengths

1. Critical Components: Addresses critical components, enabling third-party integra-

tions, encouraging wider adoption by software vendors.

Weaknesses

1. Dependence on third-party developers: This approach depends on the interest and
expertise of third-party developers and vendors to integrate and adopt Text-Dialog

System, which might not be feasible or desirable for all organizations.

Opportunities

1. Adoption by Vendors: Providing an out-of-the-box API makes it possible for

software vendors to adopt the technology with less effort (compared to approach B).
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Threats

1. Developer interest: The potential lack of interest (or expertise) in the developer
community to work with the Text-Dialog System. Dependence on interest from
third-party developers and vendors to integrate and adopt Text-Dialog System.

2. Competition: Competition from competitors offering an end-to-end solution.

5.2.4 Approach D: user interface

Strengths

1. Small Vertical: Concentrates on a small vertical, while leaving the use case unde-
fined. This well-designed user interface could potentially be adapted to work with a
wide range of controlled languages, making it a versatile tool for various applications

and use, perhaps even outside of healthcare applications.

Weaknesses

1. Lack of expertise: The current development team lacks UI/UX expertise, focusing
primarily on the UI/UX interface using currently available resources is thus not

feasible.

Opportunities

1. Multiple Applications: A well-designed user interface could be used for applica-

tions outside of the healthcare domain.

Threats

1. Lack of adoption: The Ul approach might not be adopted by healthcare profession-

als or organizations if it does not meet their specific needs and requirements.

5.3 Summary of SWOT analysis

In summary, the SWOT analysis of the four proposed approaches for the further develop-
ment and deployment of the Text-Dialog System reveals distinct strengths, weaknesses,

opportunities, and threats associated with each approach.

Approach A offers a comprehensive solution that addresses core functionality, usability,
and integration capabilities, potentially leading to higher initial adoption rates. However,

it is resource-intensive, complex, and may face delays and competition due to its broad
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scope.

Approach B focuses on the core technology, allowing for collaboration and adaptability to
diverse healthcare requirements. This approach, however, may lead to misprioritization of

features and limited control over the end-user experience.

Approach C targets critical components for third-party integrations, encouraging wider
adoption by software vendors. This approach relies heavily on the interest and expertise
of third-party developers and vendors, which might not be feasible or desirable for all

organizations.

Approach D concentrates on a small vertical with a well-designed user interface that could
potentially be adapted for multiple applications. The lack of UI/UX expertise within the
current development team and the risk of not meeting healthcare professionals’ specific

needs and requirements are significant challenges for this approach.

5.4 Recommendation for development direction

Considering the current project team, this study suggests initially focusing on Approach
B to expedite the technology maturation process. Adopting this focused scope facilitates
faster progression. It is worth noting that Approaches A and C are dependant on the
maturation of the core technology. Given that Approach B independently generates value,

it is advisable to commence with a confined scope, which can be subsequently expanded.

Moreover, the scientific and research-based nature of Approach B can attract interest,
funding, and partnerships from health organizations interested in leveraging the system
for their specific needs. This approach also allows the team to focus on the most critical

aspects of the technology, ensuring its effectiveness.

Once a higher maturity level (TRL6 or higher) has been reached, focus should be shifted
to the user interface and integrations needs. A simple illustration of the proposed approach,

based on best practices according to [28], also described in section 3.2 is shown in Figure
9.
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Iterative Development of Core Technology (Approach B) |[terative development of interfaces and/or integrations (Approach A or C)
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Figure 9. Proposed development steps for Text-Dialog System
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6. Discussion

6.1 Challenges of software technology maturity assessment

While assessing the maturity of the Text-Dialog System, several problems and issues were

encountered:

Many frameworks, no standards

Although TRLs are in use in a vast amount of organizations across the world (including but
not limited to NASA, European Space Agency, European Commission, Enterprise Estonia,
U.S Department of Energy, and many more), there are no robust standards outside of the

space industry.

TRL is heavily used in funding calls by the European Commission, but TRL standards
tailored for different fields do not exist, and guidelines for assessment of a TRL have not
been published. As TRL for projects sent to funding calls is usually self-reported, the
assessment for each project in a funding call is done by a different team. This leads to

incomparable results even across projects in a single funding call.

TRL for software

Some critics argue that TRL has not been proven effective outside of space and weapons
technology for other types of innovation. Thus the "absence of discipline-specific guides"
is likely to cause confusion and cause TRL to become a subject of abuse in efforts to obtain
EU funding [2].

One of the primary reasons TRLs are not suitable for software development is that the
framework was initially designed for hardware projects. Hardware development typically
follows a linear path, where a physical prototype is iteratively improved until it reaches
a mature and market-ready state. In contrast, software development is characterized
by its non-linear, iterative, and incremental nature. The rapid advancement of software
technologies and the intangible nature of software products make it difficult for the TRL

framework to accurately capture the nuances of software development [35].

The software industry is characterized by rapid changes and continuous innovation, with

new technologies and platforms emerging constantly. This fast-paced environment often
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requires software developers to adapt quickly, making decisions and pivoting as needed.
The TRL framework, however, is a more rigid and structured approach, which may not
accommodate the agility and flexibility required in software development. For instance,
software projects may quickly progress through various stages of maturity or revert to
earlier stages when new issues are discovered. This fluidity can be difficult to capture

accurately within the constraints of the TRL framework.

Additionally, software development methodologies, such as Agile and DevOps, emphasize
continuous delivery, collaboration, and responsiveness to change. These approaches can
be difficult to reconcile with the TRL framework, which is more focused on assessing the

maturity of a technology at a specific point in time.

Highly mature, yet unsuccessful

The success of a software product is not solely dependent on its technological maturity but
also on factors such as market fit, user experience, and business model viability. The TRL
framework, with its emphasis on technology readiness, does not provide a comprehensive
assessment of a software product’s readiness for market launch or its potential for success.
Alternative approaches, such as Agile methodologies or software-specific maturity models,
may be more appropriate for evaluating software development projects and ensuring their

success in the ever-evolving technology landscape.

Local landscape: Enterprise Estonia

Enterprise Estonia, as part of its programme for applied research, has published a set of
TRL criteria tailored for IT projects. The author of this work attempted to use this set of
criteria for assessing the Text-Dialog System, but did not find the results of the assessment

useful or usable for the following reasons.

One-sided requirements development: The Enterprise Estonia levels assume clients
possess a thorough understanding of their needs, requiring them to create a comprehensive
requirements document. However, requirements should be developed collaboratively
with the development team to ensure clear understanding and avoid miscommunication.
Encouraging close collaboration between clients and development teams throughout the
process is crucial for successful project outcomes. The Text-Dialog System is still in an
early phase of development and does not even possess a client, rendering the Enterprise

Estonia levels unusable.

Commercialization and project management in TRL criteria: Upon analyzing the
TRL4 criteria for software provided by Enterprise Estonia, it is evident that these criteria
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combine elements of both technology maturation and commercialization. However, mixing
the two approaches into a single framework is not ideal for several reason. By combining
these objectives into a single framework, developers may face difficulty in setting clear
priorities and balancing resource allocation between advancing the technology and de-
veloping market-ready products. This challenge arises because the goals and methods of
technology maturation and commercialization projects differ significantly. Attempting
to address both in the TRL framework can lead to confusion, inefficiency, and potential

conflicts of interest among team members.

Opinionated: Enterprise Estonia levels contain criteria that should not be part of a TRL
framework because they mix technical maturity with project management activities and
decisions. The purpose of the TRL framework is to assess the maturity of a technology, not
to measure project management practices or make decisions about the project’s direction.

For example, pricing and costs are part of the assessment criteria.

The author of this thesis would recommend maintaining separate frameworks for technol-
ogy maturation and commercialization, tailoring each to the specific needs and priorities
of the respective development approach. By doing so, developers can ensure a more
streamlined and focused development process, ultimately leading to better outcomes for

both technology advancement and product commercialization.

6.2 Avenues for software technology maturation optimisation

One goal of this work was to discover whether it’s possible to plan a roadmap for a system

that prioritises technology maturation over other concerns.

TRL was originally devised for use in acquisition programs, but for Text-Dialog System
the requirements for the technology are defined by the developer themselves. This allows
for a wiggle room and the following conclusion. Speeding up technology maturation can
easily be accomplished by reducing the scope, and thus the work that needs to be done.
This finding aligns with current trends in software development that favor development
and delivery in small iterations, with continuous feedback. Whenever possible, the author
of this work recommends the same approach for technology development. Try to find ways

to divide the development of a technology into smaller pieces.

For maturation-focused development, success is defined as completion of all the criteria
and requirements to reach TRL4. It’s important to higlight that it’s possible for a highly
mature, high-TRL technology to be commercially unattractive and unviable. Developers of

high-TRL technologies should focus not only on technical maturity but also on addressing
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market needs, promoting their solutions, and ensuring that their technology is cost-effective
and easy to integrate. By doing so, they can increase the commercial attractiveness and

popularity of their products.

6.3 Alternative solutions

Design thinking approach

Instead of focusing solely on the technological maturation of the Text-Dialog System, the
research could adopt a design thinking approach that emphasizes user-centered design
principles. This would involve identifying and understanding the needs of healthcare
professionals and patients, and using this understanding to inform the development and

maturation strategy for the system [36].

Benchmarking with existing systems

Another alternative approach could involve conducting a comparative analysis of the Text-
Dialog System with other existing clinical data capturing systems. This analysis would
help place the current system in the marketplace, and by learning from the success and
challenges faced by other systems, researchers could develop a more effective roadmap for

the maturation of the Text-Dialog System [37].

Requirements development

Instead of a high-level SWOT analysis, investing in requirements development and identi-
fying the most critical use cases for the Text-Dialog System would allow researchers to
prioritize development areas with the most significant impact on the system’s functionality

and user experience.

Business focus

If this thesis were to be undertaken by someone pursuing a business development degree,
the focus would likely shift from the technical aspects of the Text-Dialog System to the

strategic, operational, and market-oriented aspects of the project.

6.4 Future work

To further advance the Text-Dialog System, the following research directions should be
considered: Integration with other healthcare systems: Investigate the compatibility
and interoperability of the Text-Dialog System with various electronic health record (EHR)

systems and other relevant healthcare applications. Develop standardized data exchange
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protocols to facilitate seamless data transfer between systems.

Customization and adaptability: Investigate methods and processes to allow healthcare
organizations to tailor the Text-Dialog System to suit their specific needs, workflows, and
terminologies. Develop a modular architecture that enables users to select and configure

components according to their requirements.

Commercialization and market assessment: Conduct a market assessment to identify
potential customers, competitors, and opportunities for the Text-Dialog System. Develop
a business plan and marketing strategy to promote the adoption of the system in the

healthcare industry.

Regarding technology maturation, additional research is required to comprehend the
challenges of employing Technology Readiness Levels (TRLs) in software projects. The
author anticipates the development of new TRL frameworks tailored to specific industries
and sectors, particularly those concentrating on software development. Furthermore,
analyzing the compatibility of TRLs with various software development methodologies
and evaluating their efficacy in different contexts constitutes a promising area for future

investigation.
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7. Summary

This thesis focuses on refining the Text-Dialog System, which converts clinical data into
structured, machine-readable data using controlled natural language. The main challenge is
determining the system’s current technological maturity and creating a clear development
roadmap. The goal is to assess the system’s maturity and prioritize accelerated development

areas for successful healthcare industry integration.

The technology readiness assessment shows that the grammar and user interface com-
ponents are at level 2 (algorithm), while the translation API is at level 1 (mathematical

formulation), indicating early development stages.

A SWOT analysis evaluates four development areas. Approach B (core technology)
is recommended based on resources and goals, giving priority to core technology over
integrations and user interface to achieve broader medical term coverage, versatility, and

adoption.

The discussion compares maturation-focused and commercialization-focused development,
as well as the limitations of the TRL framework for software projects. By narrowing the
scope, higher maturity levels can be achieved with fewer resources, aligning with current

software engineering best practices.
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Appendix 2 - Discarded technology readiness assessment

This appendix contains TRL assessment of the technology that was done using Enterprise
Estonia’s TR levels. The assessment result was deemed unsuitable for further use and

follow-up.
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