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Summary. The «valley of death» in industrial innovation has traditionally been understood
as a funding gap between public research support and private capital. Commercialization practice,
however, reveals a second and equally critical gap: the mismatch between technological maturation
and the timely establishment of intellectual property (IP) protection, risk management, and funding
preparedness. This study argues that effective innovation management requires the synchronization of
technology readiness, intellectual property readiness, commercialization risks, and financing logic.
Building on a critical review of readiness models, including Technology Readiness Level (TRL),
Integration/System Readiness Levels (IRL/SRL), Demand Readiness Level (DRL), the KTH Innovation
Readiness Level, and the Intellectual Property Readiness Level (IPRL), the article introduces readiness
desynchronization as a distinct managerial phenomenon. It is defined as a systematic mismatch between the
pace of technological maturation and the readiness of complementary IP, risk management, partnership, and
funding mechanisms. To address this gap, the article proposes the TRL—IPRL—Risk Framework, a stage-
specific diagnostic and decision-support tool that aligns TRL, IPRL, dominant commercialization risks, and
appropriate funding instruments. The framework identifies four critical decision points (TRL 3 /IPRL 3, TRL
4 /IPRL 4, TRL 6 /IPRL 6, and TRL 8 /IPRL 8), each marking a qualitative shift in the dominant risk profile
and requiring reconfiguration of IP strategy, disclosure control, partnership logic, and funding approach.
The valley of death is thus conceptualized as a zone of intensified readiness desynchronization concentrated
primarily between TRL 4 and TRL 8, where industrial projects face a dual gap: a financial readiness gap
and an intellectual property readiness gap. The framework is deliberately positioned as a heuristic
management tool rather than a rigid numerical index, recognizing the ordinal nature of readiness scales. It
is operationalized through a five-step iterative algorithm and complemented by a readiness-buffer heuristic,
which recommends preparing IP and risk-control measures in advance of critical transitions. The practical
implications concern industrial developers, technology transfer offices, innovation managers, R&D units,
and investors. The proposed framework improves the sequencing of managerial interventions, enhances
protectability, supports investor due diligence, increases investment attractiveness, and reduces the
likelihood that technologically promising projects stall in the pre-commercialization gap. Future research
should focus on empirical validation, the development of diagnostic indicators, extension to early-stage
creative search, analysis of capitalization gaps, and deeper exploration of funding alignment. In this way,
the TRL-IPRL-Risk Framework can evolve into a broader program for managing desynchronization in
industrial innovation.

Key words: innovation management, readiness desynchronization, valley of death, technology
readiness level, intellectual property readiness level, commercialization risks, technology transfer, industrial
innovation, intellectual asset management, TRL—IPRL—Risk Framework.
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YIIPABJIIHHS JECUHXPOHI3ALIIEIO TOTOBHOCTI B «JOJHUHI
CMEPTI» IHHOBALI: TRL-IPRL-RISK FRAMEWORK J1JISI
MPOMHUCJIOBOI KOMEPLIAJIZALIT

Pycnan CkiaspoB Bouaoaumup Ilanaiina
Tepnoninbcokull HAYIOHATLHUL MEXHIYHULL Tepnoninbcokutl HAYIOHATLHUL MEXHIYHULL
yHigepcumem imeni Ieana Ilynios, yuigepcumem imeni leana Ilynios,
Tepnoninw, Yxpaina Tepnoniny, Yxpaina

Pesrome. «/lonuna cmepmiy y npomMuciosux iHHOSAYIAX MPAOUYIIHO PO32TA0AEMbCS K (DIHAHCO8UU
PO3DUE  MINC OEPAHCABHOIO NIOMPUMKOIO  OO0CHIONCeHb | NPUSAMHUM  Kanimaiom. Boowouac npaxmuka
Komepyianizayii 0eMOHCMPYE HAAGHICMb OpYy2020, He MEHW KPUIMUYHO20 PO3PUBY: HEeGION0GIOHOCMI MINC
MEXHONOSIUHUM OO03DIBAHHAM I CBOEUACHUM (DOPMYBAHHAM MEXAHIZMIE OXOPOHU [HMENeKMYaIbHOI 61ACHOCHI,
VIPAGNIHHA pusuKamu ma Qinancosoi comosnocmi. Jlogedeno, wo epexmushe ynpasiinus iHHo8ayisamu nompeodye
CUHXPOHI3AYII MEXHOJI02IYHOI 20MOBHOCMI, 20MOBHOCMI THMENIeKMYAIbHOI 61ACHOCMI, PUUKIE KoMepyianizayii
ma @inancosoi nociku. Ha ocnosi kpumuunozo ananizy mooeneti comogrnocmi, 30kpema Technology Readiness
Level (TRL), Integration/System Readiness Levels (IRL/SRL), Demand Readiness Level (DRL), KTH Innovation
Readiness Level ma Intellectual Property Readiness Level (IPRL), 3anponono6ano noussimms O0ecUuHXpoHi3ayii
20MOBHOCMI SIK OKPEMO20 YNPABIIHCLKO20 (heHOMEHY. Hoeo eusnaueno sx CUCEMHY HeBION0GIOHICMb MIC
MeMnOM MeXHONO2IHHO20 OO03DI6AHHS MA 20MOSHICMIO KOMWIEMEHMAPHUX MEXAHI3MI8 [HMENeKmyaibHol
61ACHOCMI, YAPABIIHHS PUSUKAMU, RAPMHEPCMEa Ut (hinancysanisi. J{ist nOOONAHHS Yb02O PO3PUBY 3aNPONOHOBAHO
TRL—IPRL—Risk Framework, emanno opienmoganuii 0iaeHOCMUYHULL IHCIMPYMeHm NIOMPUMAHHSL YNPAGIIHCbKUX
piwens, sxui y3eooxucye TRL, IPRL, Oominyioui pusuku xomepyianizayii ma 6i0no6ioni iHcmpymenmu
Ginancysanns. Modenwv suznauae yomupu kpumuuni moyuxu npuiinammsi piwens (TRL 3 / IPRL 3, TRL 4 / IPRL
4, TRL 6 / IPRL 6, TRL 8 / IPRL 8), xooicha 3 sAKuX no3Hayae SKICHY 3MiHy OOMIHYIOU020 NPOQIin0 pusuky u
nompebye nepeanady cmpamezii  IHMENEKMYAIbHOI  GLACHOCMI, KOHMPOIO po3Kpumms  iHgopmayii,
napmuepcokoi a02iku ma @Qinancogoeo nioxoody. «Joauny cmepmiy KOHYenmyanizo8aHo AK 30HY NOCUNEHOT
Oecunxponizayii comosHocmi, 30cepedoiceny nepegasicno mige TRL 4 i TRL 8, Oe npomucnosi npoekmu
CMUKAIOMbCSL 3 NOOGIUHUM PO3PUBOM (DIHAHCOBOL 20MOGHOCII Ma 20MOBHOCH IHMENEKMYANIbHOT GIACHOCTII.
3anpononosanuil PperiMeopk c8i0OMO NOUYIOHYEMBCA AK €8PUCTHUYHUT YPABGTIHCLKULL IHCMPYMEnm, a He AK
JHCOPCMKUTL YUCTOBUIL iHOCKC, 3 YPaXYEaHHAM NOPIOK060i npupodu wikan 2omoenocmi. Hozo onepayionanizoeano
uepes n’AmMuemanHuii imepamueHull aicopumm ma OONOGHEHO espUCMuKolo Oygepa 2omosHocmi, KA
PEKOMEHOYE 3a84ACHO 20MY8amu 3ax00U 3 OXOPOHU iHMENEeKMYalbHOI 61ACHOCII Ma KOHMPOJIO PU3UKIE nepeo
Kpumuunumy nepexodamu. Ilpaxmuune 3HaueHHA MOOeTi CMOCYEMbCSA NPOMUCTOBUX PO3POOHUKIE, oQicie
mpancgepy mexnono2it, inHOSaYIHUX MeHedwcepis, R&D-nioposdinie ma ineecmopis. 3anpononosanuii
TRL—IPRL—Risk Framework nokpawye nocnioo8ricmes ynpasiiHCbKux 6mpy4ansb, RIOGUULYE OXOPOHO30AMHICMb,
niompumye due diligence insecmopa, nocuntoe ineecmuyitiiy npusabausicms i 3MeHUye UMOBIPHICMb Mo20, Wo
MexHON02IYHO NePCNeKMUBHI NPOEKMU 3YNUHAMBCA 8 OOKOMePYIHOMY po3puéi. I1odanbuti 00CHiodceH s MAlOMb
OYmu CIpPSIMOBAHI HA eMNIPUYHY 8ANI0AYII0, PO3POOAEHHS OIACHOCTNUYHUX [HOUKAMOPIE, NOWUPEHHs RIOX0JY HA
PAHHI emanu meopyo20 NOWYKY, AHANI3 pOo3pusie xanimanizayii ma nocnudieHe OOCHIOHNCEHHA V3200M4CeHHs
Ginancysanns. Y maxuti cnocié6 TRL—IPRL—Risk Framework mooice posgurymucs 6 wiuputy npozpamy ynpasiins
O0eCUHXPOHI3AYIEIO ) NPOMUCTOBUX THHOBAYISX.

Kntouosi cnosa: menedosicmenm iHHO8AYIl, OeCUHXPOHI3AYIS 20MOBHOCII, OOIUHA cMepmi IHHO8AYil,
pieenb MexHON02IUHOI 20MOGHOCI, 20MOBHICMb  THMENeKMYANbHOI  61ACHOCHI, PU3UKU Komepyianizayii,
mpancep mexnono2it, npomMucrosi inHosayii, ynpaeninms Hemamepiarvhumu axmueamu, TRL—IPRL—Risk
Framewortk.

Jlama naoxooacenns 21.07.2026
Jlama npuiinammsa 01.08.2026
https://doi.org/10.33108/galicianvisnyk tntu2026.04.165 Jlama nyonixayii 31.08.2026

Problem statement. Industrial innovations frequently follow a persistent failure
trajectory known as the innovation «valley of deathy», where promising technologies stall
between research prototypes and commercially viable products. Conventional explanations
emphasize a financing discontinuity between public research grants and later-stage private
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investment. At the EU policy level, this phenomenon is framed as a «double valley of deathy,
comprising both the pre-commercialization gap and the scaling gap [1].

However, evidence from prior studies and the practice of industrial technology
commercialization indicates that capital scarcity alone does not fully account for these failures. The
principal managerial challenge is the synchronization of four interdependent readiness dimensions:
technological maturity, intellectual property readiness, dominant commercialization risks, and
funding availability. The Technology Readiness Level (TRL) scale remains the standard for
assessing technological maturity [2], while multidimensional readiness frameworks demonstrate
that technological progress without concurrent readiness in market, business model, team, funding,
and intellectual property domains does not necessarily lead to successful commercialization [3].

These readiness dimensions often progress at different rates. Technological advancement
can substantially outstrip the formalization and strategic management of intellectual property,
producing readiness desynchronization: projects that appear technologically mature but are
inadequately prepared for investment, partnership, licensing, or market entry. For example, a
technology may attain TRL 6, where a prototype is demonstrated in a relevant environment, while
intellectual property measures remain limited to informal concept records. In such cases, the asset
is poorly protected and unattractive to investors; the core impediment is therefore a mismatch
between technological progress and complementary managerial preparedness.

Desynchronization is especially consequential for industrial innovations, which
typically involve high capital intensity, long development cycles, complex supply chains,
prototype testing, certification, and dependence on external partners. Managerial missteps at
inappropriate stages amplify commercial risk: premature patent filings can yield overly narrow
claims; delayed filings can permit imitation or disclosure; excessive secrecy can impede
collaboration with industrial partners and investors; inadequate disclosure control during
demonstrations can foreclose later protection. Each such error increases uncertainty and
deepens the project’s exposure to the innovation «valley of deathy.

The Ukrainian context accentuates these dynamics. Despite robust engineering schools,
research institutions, and industrial competencies, many promising technologies fail to reach
industrial implementation. Studies report declining technology transfer activity, weak
innovation performance in industrial firms, deteriorating innovation capacity indicators,
and insufficient integration of intellectual property mechanisms into commercialization
processes [4, 5, 5, 6]. The full-scale war has exacerbated these problems by damaging
infrastructure, displacing research and industrial teams, constraining resource access, and
heightening demand for rapid deployment of defense-related and dual-use technologies [5].

Accordingly, industrial developers, technology transfer offices, innovation managers,
and investors require a diagnostic managerial framework that links technological progress with
intellectual property strategy, risk management, and funding roadmaps. Such a framework
should not be a rigid numerical index, since readiness levels are ordinal and resist mechanical
aggregation. Rather, it should function as a decision-support instrument for identifying critical
desynchronization points where intellectual property readiness, risk mitigation, or funding
preparation are insufficient for the next commercialization stage [7].

The concept of readiness desynchronization developed in this article generalizes the
narrower notion of legal desynchronization introduced in the authors’ companion legal study.
Legal desynchronization describes the mismatch between technological maturation and timely
legal or intellectual-property formalization. Readiness desynchronization extends this logic to
the managerial level by incorporating not only intellectual-property preparedness but also
dominant commercialization risks, funding alignment, and the sequencing of partnership
decisions. In this way, the framework situates legal desynchronization as one dimension within
a broader managerial phenomenon that determines whether industrial innovations can
successfully transition from technical maturity to market readiness.
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This article examines readiness desynchronization as a managerial manifestation of
broader innovation desynchronization. It introduces the TRL-IPRL—-Risk Framework, intended
to align technology readiness, intellectual property readiness, dominant commercialization
risks, and appropriate funding instruments to support managerial decision-making in industrial
commercialization. Additional dimensions, such as the creative search stage, capitalization of
intellectual activity results, and alignment of funding mechanisms with innovation maturity, are
identified as priorities for subsequent research.

Analysis of Recent Research and Publications. The literature on innovation readiness,
technology commercialization and the innovation «valley of death» can be grouped into several
complementary research streams that together show commercialization failure rarely results from a
single cause. The classical interpretation of the «valley of death» associates it with the transition
gap between invention and innovation, where promising research results fail to attract sufficient
resources for development, validation and market entry [9]. This interpretation remains important
for industrial innovations, which typically require significant investment before stable revenues can
be generated. However, the «valley of death» should not be understood solely as a financial gap; it
also reflects technological, organizational, managerial, market and intellectual-asset management
failures.

One research stream extends technological readiness logic beyond the maturity of an
isolated technical solution. System-oriented studies introduced the transition from Technology
Readiness Level (TRL) to System Readiness Level (SRL), emphasizing that the maturity of
individual components does not automatically imply the maturity of the whole system [10].
This is particularly relevant for industrial, defense and space technologies, where system
integration, interface maturity and operational compatibility are critical for commercialization.

A second stream shifts attention from technology push to demand and market readiness.
The Demand Readiness Level (DRL) concept demonstrates that advanced technical performance
is insufficient when market pull, procurement logic or customer validation lag behind
technological development [11]. Thus, commercialization failure may occur not because a
technology is technically immature, but because the demand environment, customer acceptance
and market entry conditions are not synchronized with the stage of technological development.

Managerial and failure-analysis studies provide another important perspective. Puzko
systematizes key factors contributing to the innovation «valley of deathy, including insufficient
market knowledge, excessive product complexity, weak teamwork, incorrect partner selection
and premature scaling [11]. Sokur, analyzing startup risks, also emphasizes the importance of
business preparedness and management capacity relative to purely research-and-development
factors [12]. These findings support the argument that commercialization depends not only on
technical refinement but also on the correct sequencing of managerial decisions concerning
intellectual property, partnerships, disclosure, funding and scaling.

Multidimensional readiness frameworks offer a broader view of innovation maturity.
Bruno et al. proposed extending TRL through social, organizational and legal readiness
dimensions, thereby showing that technological maturity must be accompanied by broader
institutional and regulatory preparedness [14]. This contribution confirms the need to assess
non-technological readiness dimensions. At the same time, legal readiness in this approach has
a broad regulatory meaning and is not identical to intellectual property readiness as a managerial
dimension of commercialization.

The concept of Intellectual Property Readiness Level (IPRL) has been developed in
Ukrainian research by Voitko, Pasichnyk and Yurchyshyn, who proposed a nine-level methodology
for assessing the readiness of an intellectual property object for commercialization [15]. This
approach is valuable because it adapts readiness logic to intellectual property management.
However, it focuses mainly on the maturity of a specific intellectual property object and does not
fully integrate IP readiness with technological maturity, dominant commercialization risks and
funding decisions within a single stage-specific managerial framework.
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Industry-oriented approaches to readiness assessment emphasize the importance of
intellectual property intelligence in bridging the gap between technological maturity and
commercial readiness. The I/P.com white paper on readiness-level frameworks argues that
assessment becomes more actionable when IP information supports stage-gate decisions,
including patent landscape analysis, freedom-to-operate (FTO) analysis, and competitive
positioning [16]. This perspective underscores that intellectual-property readiness should not
be treated as a final legal formality, but rather as a managerial dimension of commercialization,
integral to guiding decisions on protection, disclosure, partnerships, and investment.

Research on defense, dual-use and high-technology commercialization reinforces the
need for institutional coordination, independent maturity verification, staged developer support
and alignment with end-user requirements [17]. These factors are especially important where
prototype testing, external validation, procurement rules and security considerations increase
disclosure and imitation risks. Comparative institutional analysis of intellectual property in
defense innovations also shows that international practice does not rely on a single universal
model; different legal and managerial instruments are applied depending on the source of
funding, technology readiness stage, security context and public interest [18].

Broader theories of innovation management provide the conceptual background for
understanding commercialization as a systemic process. The national innovation systems
approach explains innovation through interactions among firms, research institutions,
government policy and knowledge infrastructure [19]. Freeman’s historical analysis further
shows that innovation capacity depends on institutional arrangements and the evolution of
national systems of production, learning and technological change [20]. These approaches
move the analysis beyond the individual firm and show that commercialization is embedded in
a wider institutional environment.

The Triple Helix model develops this systemic view by emphasizing the interaction
between universities, industry and government in the creation and commercialization of
knowledge [21]. This is particularly relevant for industrial innovations originating in
universities, research institutes or public-private partnerships. The open innovation paradigm
further demonstrates that firms increasingly rely on both internal and external knowledge flows
and therefore must manage intellectual assets strategically when cooperating with external
partners [22]. However, open interaction also increases the importance of timely intellectual
property protection, disclosure control and partner-related risk management.

Technology transfer studies stress the complexity of moving research results toward practical
application. Bozeman shows that technology transfer is a multidimensional process involving
institutions, actors, incentives, knowledge flows and policy environments [23]. Markman et al.
emphasize the role of university-based technology transfer, licensing strategies, entrepreneurial
mechanisms and organizational structures in commercializing research outcomes [24]. These studies
explain the institutional and organizational context of commercialization but do not provide
stage-specific decision rules for synchronizing technological maturity with intellectual property
strategy, risk mitigation and funding instruments.

Thus, the existing literature provides several important but fragmented perspectives: the
financial nature of the «valley of death», system and integration readiness, demand maturity,
managerial causes of failure, multidimensional readiness assessment, intellectual property
readiness, defense and dual-use commercialization, innovation systems, open innovation and
technology transfer. However, a prescriptive managerial gap remains. Existing models can identify
imbalances between readiness dimensions, but they do not sufficiently explain when and how
managers should synchronize transitions in technological maturity with concrete actions concerning
IP protection, disclosure control, risk prioritization and funding instruments.

This deficit is particularly acute for industrial innovations, where mistimed decisions
can irreversibly reduce protectability, investment attractiveness and commercial potential. The
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TRL—IPRL—Risk Framework proposed in this article aims to fill this gap by offering a
diagnostic, stage-specific decision-support tool that aligns technology readiness,
intellectual property readiness, dominant commercialization risks and appropriate funding
instruments.

Purpose of the study. The preceding review confirms that the literature addresses
individual dimensions of innovation readiness, including technological maturity, system
integration, market demand, managerial competence, intellectual property protection and
institutional context. However, these dimensions are typically examined separately or assessed
in parallel. Consequently, the literature still lacks an integrated, stage-specific decision-support
mechanism that synchronizes technological progress with intellectual property strategy,
commercialization risks and funding logic in the process of industrial innovation
commercialization.

Existing readiness frameworks, including Technology Readiness Level (TRL),
Integration and System Readiness Levels (IRL/SRL), Demand Readiness Level (DRL),
multidimensional innovation readiness models and Intellectual Property Readiness Level
(IPRL) approaches, are useful for diagnosing imbalances across different dimensions of
innovation maturity. However, they fall short in explaining how specific transitions in
technological maturity should inform concrete managerial decisions regarding intellectual
property regimes, risk prioritization, disclosure control, partnership strategies, and funding
instruments. This limitation is particularly consequential for industrial innovations, where
mistimed actions such as premature patent filing, delayed formalization of secrecy,
uncontrolled disclosure during prototype demonstration or misaligned funding searches can
irreversibly reduce protectability, investment attractiveness and commercial potential.

A further unresolved aspect is the insufficient conceptualization of readiness
desynchronization as a distinct managerial challenge. In this article, readiness
desynchronization denotes a systematic mismatch between the pace of technological maturation
and the preparedness of complementary managerial, intellectual property, risk and funding
mechanisms. Unlike the traditional interpretation of the innovation «valley of death» as
primarily a financial gap, this perspective emphasizes its broader structural character. For
industrial innovations with long development cycles, complex supply chains, high capital
intensity and dependence on external partners, such desynchronization may become a decisive
barrier to commercialization.

This research aims to develop an integrated management model that synchronizes
Technology Readiness Level (TRL), Intellectual Property Readiness Level (IPRL), dominant
commercialization risks and appropriate funding instruments across the critical stages of
industrial innovation commercialization.

The study addresses the following unresolved aspects of the general problem, translated
into research objectives:

1. Conceptualization. Define readiness desynchronization as a managerial mismatch
between technological maturation and complementary readiness dimensions, including
intellectual property protection, risk management and funding alignment.

2. Critical decision points. Identify the stages at which qualitative shifts in dominant
commercialization risk require reconfiguration of intellectual property strategy, disclosure
control, partnership logic and funding approach.

3. Framework development. Design the 7TRL-IPRL-Risk Framework as a
stage-specific diagnostic and decision-support tool that translates readiness assessment into
structured managerial actions.

4. Application algorithm. Formulate a practical algorithm for applying the framework
in industrial innovation projects by developers, technology transfer offices, innovation
managers, R&D units and investors.
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5. Methodological positioning. Treat the framework as a heuristic rather than a
rigid metric, recognizing the ordinal nature of readiness scales and the risk of distorted
aggregation [7]; focus on substantive gaps between readiness dimensions rather than
mechanical numerical aggregation.

By addressing these objectives, the research contributes to innovation management by
offering a practical tool for identifying and reducing readiness desynchronization in the
commercialization of industrial innovations. The proposed approach is intended to support
managerial decision-making in the innovation «valley of death» by aligning technological
maturity, intellectual property readiness, risk mitigation and funding preparation within a
coherent stage-specific logic.

Statement of the Task. The task of this article is to construct a stage-specific
managerial model for identifying and reducing readiness desynchronization during the
commercialization of industrial innovations. The study develops the TRL-IPRL—Risk
Framework as an integrated diagnostic tool that connects four interdependent dimensions:
Technology Readiness Level (TRL), Intellectual Property Readiness Level (IPRL), dominant
commercialization risks and relevant funding instruments.

The proposed framework enables managers to assess whether an innovation project’s
intellectual property, risk management and funding preparedness correspond to its current stage
of technological maturity. Particular attention is given to critical decision points at which a
transition to a higher TRL alters the dominant risk profile and requires reconfiguration of
intellectual property strategy, disclosure control, partnership logic and funding approach.

The framework translates readiness assessment into structured managerial actions. To
support practical application, the article provides a synchronization matrix, identifies critical
decision points in the industrial innovation lifecycle and formulates an application algorithm
that can be used by industrial developers, technology transfer offices, innovation managers,
R&D units and investors.

The model aims to improve the timing and sequencing of managerial interventions,
thereby enhancing protectability, investment attractiveness and the commercial potential of
industrial projects.

Statements of the main material of the study. This section presents the study’s
core conceptual and practical contributions: the concept of readiness desynchronization,
the TRL—IPRL—Risk Framework with its synchronization matrix, four critical decision points
and a practical application algorithm for managers, technology transfer offices and investors.

Concept of readiness desynchronization. Industrial innovation projects rarely fail for a
single isolated reason. The persistence of the innovation «valley of death» reflects recurring
misalignment among the key dimensions of project development. To capture this pattern, the
study introduces readiness desynchronization.

Readiness desynchronization is a systematic mismatch between the pace of
technological maturation and the readiness of complementary managerial, intellectual property,
risk-related and financial mechanisms required for successful commercialization. The
mismatch occurs when one readiness dimension advances substantially ahead of, or falls
substantially behind, the others. As a result, a project may appear mature in one respect yet
remain commercially vulnerable overall.

This concept shifts attention from a narrow financial interpretation of the valley of death to
the timing and sequencing of managerial decisions. For example, a project may secure funding but
fail because IP protection was not established prior to external disclosure. Conversely, a project
may hold formal IP documentation but lack adequate risk management, partner agreements,
freedom-to-operate (FTO) analysis or a funding strategy for the next stage. In both cases the core
problem is temporal misalignment among interdependent readiness dimensions.

The typical forms of readiness desynchronization are summarized in Table 1.
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Table 1. Forms of Readiness Desynchronization in Industrial Innovation Projects

desyn?;zﬁ (em(g ation Description Managerial consequence
Premature patenting Paten‘F filing before the technical solution is Narrow claims; wqak coverage of subsequent
sufficiently defined improvements; additional filing costs
Delayed Prototype development while IP remains| Weak asset protection; higher investor risk
formalization limited to informal records perception; reduced valuation
Unmanaged Presentation to partners without confidentiality | Loss of novelty; reduced patentability;
disclosure arrangements weakened bargaining position
Fundi . Seeking venture capital too early or relying on|Failed funding rounds; delayed timelines;
unding mismatch o1 . . 2.
grants when scale-up capital is required missed market opportunities
Inadequate risk | Failure to update the risk profile as the|Late identification of obstacles; reactive
monitoring technology matures management

Source: authors’ development.

Each form in Table 1 reflects a sequencing failure: actions taken too early, too late or in
the wrong order deepen the valley of death by leaving technically promising projects legally,
commercially or financially unprepared for the next stage.

TRL—IPRL—Risk Framework. To address readiness desynchronization, the study proposes
the TRL—IPRL—Risk Framework as a stage-specific diagnostic and decision-support tool. The
framework couples four interdependent blocks: Technology Readiness Level (TRL), Intellectual
Property Readiness Level (IPRL), the dominant commercialization risk at each stage and the
appropriate combination of IP and funding instruments. The structural blocks are shown in Table 2.

Table 2. Structural Blocks of the TRL-IPRL-Risk Framework

Framework block Description Managerial question

TRL Maturity of the technical solution from concept What is the current technological
to operational deployment maturity?

IPRL Status gf 1P identiﬁca?ion, documentation, Is the intellectual asset.sufﬁciently
protection and strategic management protected for commercial use?

Risk Dominant commercialization risk at the current What is the main threat to transition
stage to the next stage?

IP & funding Appropriate [P instruments, managerial actions What should be done now and what
instruments and funding sources funding is appropriate?

Source: authors’ development.

Its principal contribution is dynamic coupling: each TRL stage is associated with a target
IPRL, a dominant risk category and a recommended managerial response. Unlike models that
only diagnose imbalances, this framework translates diagnosis into intervention by linking
identified gaps to concrete actions. The framework deliberately avoids arithmetic aggregation
of ordinal readiness scores, in line with the methodological critique of readiness-level
aggregation [7]. It functions as a heuristic to reveal substantive gaps rather than as a numerical
index.

The IPRL audit may be based on the nine-level methodology proposed by
Voitko, Pasichnyk and Yurchyshyn [15]. In the proposed framework, this audit is
adapted to the project level and covers patent status, know-how documentation,
confidentiality arrangements, trade-secret formalization, freedom-to-operate (FTO)
analysis and trademark preparation. The framework’s logic is consistent with
multidimensional readiness approaches such as the KTH Innovation Readiness Level
model [3].

Synchronization matrix. The TRL-IPRL-Risk Framework synchronization matrix
maps TRL stages to target /PRL levels, dominant risks, management actions and suitable
funding instruments. The full mapping is presented in Table 3.
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Table 3. TRL-IPRL—Risk Framework Synchronization Matrix

TRL stage | Target IPRL Dominant risk Management action Funding instrument
. . | Fixation of idea; laboratory records; L .
TRL 12 IPRL 12 Sc1ent1ﬁg uncert.alnlty, preliminary IP identification; patent University or public
authorship ambiguity . . research support
information search
ce o Decide between patenting and Early-stage grants;
TRL 3 IPRL 3 rggsgg?ﬂ;tzeﬁzli(r’lty know-how; novelty search; proof-of-concept
P preliminary patentability assessment support
Lo File a patent application or formalizea |  Applied research
TRL 4 IPRL 4 Loss ofpnqnty, trade secret regime; access control; | grants; seed funding;
copying risk o . )
preliminary FTO analysis business angels
Use non-disclosure agreements
TRL 5 IPRL 5 Disclosure risk during | (NDAs); create internal know-how Seed funding; early
validation register; controlled access protocols; industrial partners
update IP strategy
Technology leakage Control diffusion; expand patent Vfgmé:;trév\?:::luit;
TRL 6 IPRL 6 during prototype protection; prepare IP valuation and P ) .
. . . capital; strategic
demonstration due diligence materials .
investment
Mismatch between Prepare licensing strategy; structure Strategic partners;
TRL 7 IPRL 7 market, manufacturing technology transfer agreements; corporate investment;
and partnership logic negotiate industrial partnerships project finance
Weak commercial Rzlg;gtesot;iizgsr:&e?ﬁ;z;_h:;r:f::g Scale-up capital;
TRL 8 IPRL 8 identification; scaling p & ’ accelerators; growth
. contractual control over partners and .
risk . investors
supply chains
Competitive pressure; Manage IP portfolio; monitor Revenue
TRL 9 IPRL 9 erosion of market infringement; administer licenses; reinvestment;
position reinvest returns portfolio financing

Source: authors’ development.

Identification of the Innovation «Valley of Death» within the Framework. Within the
proposed TRL—IPRL—Risk Framework, the innovation «valley of death» is not treated as a
single threshold in the lifecycle. It is conceptualized as a zone of intensified readiness
desynchronization in which technological maturation begins to demand substantially higher
levels of intellectual property preparedness, risk control, partnership structuring and funding
readiness. In this logic, the TRL 3 / IPRL 3 point precedes the core valley of death interval and
should be understood as a pre-valley decision gate. At this stage, the central managerial issue
is the choice of protection regime, whether to pursue patent protection or retain the solution as
know-how. This decision is critical because it may either prevent or create the preconditions
for later commercialization failure. The valley of death as a zone of intensified commercial risk,
characterized by capital constraints, disclosure vulnerabilities, external validation requirements
and heightened investor scrutiny, does not fully emerge until TRL 4. At that point the
technology moves beyond initial proof of concept and begins to require substantial external
resources for validation, demonstration, partnership negotiations and preparation for scale-up.
Therefore, for industrial innovations the core valley of death zone is concentrated primarily
between TRL 4 and TRL 8, while TRL 3 / IPRL 3 functions as the critical entry gate that
determines whether the project enters this zone with sufficient intellectual property
preparedness.

At TRL 4, projects typically move from conceptual and laboratory validation toward a
defined technical solution. At this stage, the risks of loss of priority, copying and uncontrolled
disclosure become acute. At TRL 5-6, technologies enter validation and prototype demonstration
in relevant environments, which heightens the need for freedom-to-operate (FTO) analysis,
confidentiality arrangements, due-diligence documentation and IP valuation. At TRL 7-8, projects
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approach industrial demonstration, production preparation, market identification and scaling. Here,
investors and industrial partners require evidence not only of technological feasibility but also of
protectability, contractual control and commercial readiness.

This localization aligns with the logic of European innovation funding instruments. The
EIC Transition instrument supports projects progressing from early proof of concept toward
higher readiness, including validation and demonstration in application-relevant
environments [25]. The EIC Accelerator, in turn, targets high-risk innovations at later readiness
stages, particularly TRL 6 to TRL 8, combining grant support with investment instruments to
enable development, market deployment and preparation for scale-up [26].

The financial-readiness gap arises when public research or proof-of-concept funding
becomes insufficient, while private, corporate or blended finance requires evidence of
validation, scalability and investment readiness. The intellectual-property readiness gap arises
when technological progress is not accompanied by timely patentability assessment, know-how
documentation, trade-secret formalization, disclosure control, freedom-to-operate (FTO)
analysis and preparation of licensing or production agreements. Thus, a project may enter the
valley of death not only because it lacks capital, but also because it reaches a technologically
visible and investment-sensitive stage without sufficient IP and risk-management preparedness.

In this sense, the most vulnerable interval of the framework is TRL 4-8, with
particularly critical transitions at TRL 4 / IPRL 4, TRL 6 / IPRL 6 and TRL 8 / IPRL 8. These
stages explain why the valley of death is operationalized here through critical decision points
rather than a single threshold. The model therefore identifies the valley of death as a zone where
readiness desynchronization becomes commercially dangerous and requires proactive
managerial intervention.

Table 3 links each technological stage with a target IP readiness level, a dominant risk
and an appropriate set of managerial and funding instruments, enabling identification of
desynchronization as a timing and sequencing failure.

The synchronization matrix can also be represented as a stage-based decision logic in
which critical points emerge at the moments when the dominant risk changes and the previous
IP or funding strategy becomes insufficient. This logic is visualized in Figure 1.

— - -

~

)
Critical Point 2 Critical Point 3 Critical Point 4
TRL3/IPRL3 TRLA/IPRLA TRLG/IPRLG TRL8/IPRLS
Risk: Patentabisty risk; Risk: Loss of priorkty; Risk: Technoiogy Risk: Weak
profection uncertanty copyng risk leakage duting commercial
yoa Identification;

prodotype demonstraton
scaling risk

Action: Choose Action: Secure Action: Control Action: Finalise
between patentting priority and access diffusion; prepare IP Uraddemarks, koensing
and know-how control valuation and due il producton
diligence agreements
. [ e J =
TRL1-2 TRL3 TRL4 TRLS TRLG TRL7 TRLS TRLS

c ® @ O @ O @® O

i i Industrial innovation commercialization pathway : i

IPRL 1-2 IPRL3 IPRL 4 IPRLS IPRL 6 IPRL 7 IPRL8 IPRLS

At critical transitions, IPRL should not lag behind the target IPRL associated
with the current TRL stage and, where possible, should be prepared one step ahead.

Readiness
buffer

Figure 1. Critical Decision Points and Readiness Buffer in the TRL-IPRL—Risk Framework

Source: authors’ development.
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Critical decision points. From the synchronization matrix, four critical decision points
emerge where the dominant risk changes qualitatively and managerial strategy must be
reconfigured (Table 3):

e TRL 3 / IPRL 3: patent versus know-how. Decide whether to pursue patent
protection or retain secrecy, based on reverse-engineering risk, codifiability and the need to
demonstrate the solution. A wrong decision may narrow future protection or cause loss of
protectability through uncontrolled disclosure.

e TRL 4 / IPRL 4: securing priority and access control. Move from conceptual
assessment to securing priority: file a patent application or formalize a trade secret regime,
implement access restrictions and conduct preliminary freedom-to-operate (FTO) analysis.
Ignoring FTO risks may later undermine investor confidence or create infringement costs.

e TRL 6/IPRL 6: controlling diffusion during prototype demonstration. Implement
disclosure protocols, prepare IP valuation and due diligence materials, and manage investor and
partner access. This stage is sensitive because external observers may directly see the
technology.

e TRL 8 / IPRL 8: commercial identification and scaling. Finalize trademarks,
licensing and production agreements, and secure contractual control over partners and supply
chains. The focus shifts from technical feasibility to market identification and scalable delivery.

Before crossing each critical point, managers should create a readiness buffer by preparing
the relevant IP and risk control measures in advance. Where feasible, IPRL should not lag behind
the target IPRL associated with the current TRL stage and should preferably be prepared one step
ahead. The buffer is a practical safety margin rather than a rigid numerical rule.

Application algorithm. The framework is operationalized through a five-step, iterative
algorithm summarized in Table 4.

Table 4. Application Algorithm of the TRL-IPRL—-Risk Framework

Step Action Output
Assess current TRL using an accepted technology-readiness Current TRL level
methodology

Identify dominant commercialization risk using the synchronization
matrix (Table 3)

3 Conduct a rapid IPRL audit using the nine-level methodology [15] Current IPRL level
Compare current [PRL with target IPRL for the TRL stage and
diagnose any readiness desynchronization gap

Implement recommended managerial action from the synchronization
matrix and reassess the project

Source: authors’ development.

Dominant risk category

Gap diagnosis

5 Updated readiness profile

Note: The IPRL audit covers patent status, know-how documentation, non-disclosure
agreements (NDAs), trade-secret formalization, freedom-to-operate (FTO) analysis and
trademark preparation.

The algorithm is iterative: after each managerial action, the readiness profile should be
reassessed. Transitions are safer when IP readiness, risk mitigation and funding preparation
correspond to the expected increase in technological maturity.

Managerial implications. The framework provides four practical benefits. First, TRL
and IPRL establish a shared vocabulary for engineers, legal counsel and finance teams. Second,
early identification of dominant risks enables pre-emptive allocation of managerial attention
and resources. Third, linking technical milestones to intellectual property protection, risk
control and a realistic funding roadmap supports due diligence and increases transparency for
investors. Fourth, avoiding premature patent expenses, delayed confidentiality measures and
misdirected funding requests reduces waste and improves the timing of managerial
interventions.
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Conclusions. The research shows that the industrial innovation «valley of deathy»
cannot be reduced to a simple financing gap between public research support and private
investment. In industrial commercialization, the phenomenon also reflects a managerial
problem: the desynchronization of interdependent readiness dimensions that must evolve in a
coordinated manner for successful market transition. Technological maturity,
intellectual-property readiness, dominant commercialization risks and funding preparedness
often develop at different speeds. When such mismatches are not detected and corrected in time,
even technically promising projects may lose protectability, investment attractiveness and
commercial potential.

The study delivers three linked contributions.

Conceptual contribution. The article introduces and operationalizes readiness
desynchronization as a distinct managerial phenomenon: a systematic mismatch between the
pace of technological maturation and the readiness of complementary intellectual-property,
risk-management and funding mechanisms. This reframes the valley of death from a primarily
financial problem into a timing and sequencing problem: when to protect, when to disclose,
when to involve partners, when to seek specific sources of capital and when to reconfigure the
commercialization strategy. The typology of desynchronization, including premature patenting,
delayed formalization, unmanaged disclosure, funding mismatch and inadequate risk
monitoring, provides a diagnostic vocabulary for recurring failure patterns in industrial projects.

Methodological contribution. The TRL-IPRL—Risk Framework is proposed as a
stage-specific diagnostic and decision-support tool that synchronizes Technology Readiness
Level, Intellectual Property Readiness Level, dominant commercialization risks and relevant
funding instruments. Its principal feature is dynamic coupling: each TRL stage is linked to a
target IPRL, a dominant risk category and a corresponding set of managerial and funding
responses. The framework translates multidimensional diagnosis into structured managerial
intervention while remaining a heuristic rather than a rigid numerical index, recognizing the
ordinal nature of readiness scales and the risk of distorted aggregation [7].

Practical contribution. The study identifies four critical decision points in the industrial
lifecycle: TRL 3 /IPRL 3, TRL 4 /IPRL 4, TRL 6 / IPRL 6 and TRL 8/ IPRL 8 (see Fig. 1), where
the dominant risk profile changes qualitatively and IP, disclosure, partnership and funding strategies
must be reconfigured. The synchronization matrix and the five-step application algorithm provide
actionable guidance for developers, technology transfer offices, innovation managers, R&D units
and investors. The readiness-buffer heuristic recommends preparing IP and risk-control measures
in advance of critical transitions to reduce sequencing failures.

The framework complements existing readiness approaches. The IPRL audit can be
grounded in the nine-level methodology by Voitko, Pasichnyk and Yurchyshyn [15], and the
framework’s multidimensional logic aligns with the KTH Innovation Readiness Level
model [3]. It therefore integrates and extends current tools rather than replacing them.

For industrial innovation projects, the implications are concrete. Synchronizing
readiness dimensions:

o reduces the likelihood of costly sequencing failures;

e improves communication between technical, legal and financial actors;

e supports investor due diligence by linking technical milestones to
intellectual-property and funding logic;

o strengthens the innovation’s commercial position before disclosure, demonstration
or scaling.

Overcoming the innovation «valley of death» thus requires not only additional funding
but coordinated management of readiness transitions.

Prospects for further research. Further work should develop and validate the proposed
approach along several lines.
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1. Empirical validation. Test the TRL-IPRL-Risk Framework on real industrial
projects, prioritizing defense, dual-use and high-technology sectors where disclosure, security
and IP risks are acute.

2. Diagnostic indicators. Develop diagnostic indicators that measure the degree of
readiness desynchronization without reducing the framework to a rigid mathematical index.

3. Early-stage extension. Extend the concept to earlier stages of creative search, where
the transition from idea to protectable technical solution requires distinct managerial analysis.

4. Capitalization gap. Examine desynchronization between intellectual activity and its
capitalization as intangible assets, including valuation and accounting implications.

5. Funding alignment. Analyze in greater detail the alignment between TRL, IPRL, risk
profile and appropriate sources of capital, including public grants, early-stage grants,
proof-of-concept support, seed funding, corporate venture capital and scale-up capital.

By pursuing these directions, subsequent studies can embed the TRL-IPRL-Risk
Framework within a broader research program that links creative search, IP protection,
capitalization and funding into a coherent model of industrial innovation management.

The TRL-IPRL—Risk Framework is intended as a practical, stage-specific tool for
managers and investors. Its value lies in early detection of readiness desynchronization and in
guiding timely, proportionate managerial responses that preserve protectability, attract
investment and increase the likelihood of successful commercialization in industrial contexts.
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