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FROM ICE TO STEAM: THE ENERGY OF INNOVATION
IN THE PHASE TRANSITION OF ORGANIZATIONAL DEVELOPMENT

AHomauis. [ocniOxeHHss nporoHye Hoeul nidxid Ao aHanisy opaaHidauitiHo20
po3eumKy 4epe3 aHarsioezito 3 ¢hazosumu repexodamu 800u. BukopucmaHHS UbO20
KoHUenmy Oae 3Mo2y MOosiCHUMU, SIK IHHO8auii eaucmynarompe CE0EPIOHO eHepaiero, Wo
3MiHIOE cmaH op2aaHisauii, modi SK mexHIKU KpeamugHOCMIi BUKOHYMb POJib
KamauJnizamopie, MoCU/IoYU ma MPUCKOPYU Ui 3MiHU. AHari3 eMripudHUx daHux dae
MOXUgicmb  MPOCMeXumu mpeHO eKCMOHEHUUHO20 pPO38UMKY MEeXHO02IHHUX,
E€KOHOMIYHUX ma coujanbHux npouecie. OmpumaHi pesynsmamu 3aceidyyromsb
cmpubkonodibHuli xapakmep ¢hba3osux rnepexodie, KOSIU MOCmMyrnoee HaKoMUYeHHs 3MiH
npusoOumpb 00 Pi3KO20 MPUCKOPEHHS po3sumky. lMidmpumka ybo2o rpoyecy nompebye
cucmeMHoz20 3abe3rnedyeHHs1 «iHHo8ayiliHOI eHepeii», ocKinbKu ii eidcymHicmb nidsuwyye
puU3uUK 3bepexeHHs opaaHizauii y cmabinbHoMy, rnpome MeHW egeKmuUeHOMY CmaHi.
BusieneHi opeaHisauiliHi cmaHu — «1id», «8o0a» ma «rnapa» — eidobpakaromb Pi3Hi
pigHi cmpyKmypHoi' eHy4ykocmi G adanmusHocmi cucmemu. lNonpu HasieHicmb 3a2arnbHol
meHOeHUji 00 nepexody Mix ¢hbaszamu, OKpemi cghepu, 30Kpema 0OOpOHa, OXOPOHa
300pos’ss ma criyxbu peazysaHHs Ha Had3gu4alHi cumyauii, Xapakmepu3yrmbCs
repesaxkaHHsIM XXOPCMKUX iepapXidHUX modesiel. 3anporioHoeaHi HanpsMu nodarnbuux
OocidXeHb crpsiMogaHi Ha 3abe3riedyeHHsT 8UCOKOI IKOCMI 8UMIPIHOBAHHS «1apo8ocmiy
opeaHisauil, @ makox Ha OUiHKYy etbeKmueHOCmi Kpeamu8HUX MEeXHIK y MOCUMeHHi ma
cmumyrnoeaHHi iHHogauilHuUX rpouyecis. [Jodamkogo pekomeHAo8aHO docnidumu yMosu,
3a fKux opeaHisauii mMoxymb b6e3rniedyHo rnepexodumu Mix ¢pasamu 6e3 empamu
KeposaHocmi ma 3abesnedyysamu cmilkul po3eumoK y mypbyrneHmHoMmy cepedosuul.
Ocobnusoi  ysaszu nompebye 8U3HA4YeHHSI [OPO208UX 3Ha4YeHb IHHOBaUilHO20
HagaHmaxeHHsi, riciss O0CsieHeHHS1 sKuXx 8i0byeaembCsi SKICHULU CcmpyKmypHUU 3cys.
Takox akmyasrbHUM € 8UBYEHHs porii nidepcmea ma opaaHi3auiliHoi Kynbmypu siK
YUHHUKI8, W0 MOXymb SIK MpUCKoprogamu, mak i cmpumyeamu ¢ha3o8i nepexoou.

Knroyoei cnoea: iHHogauii, ¢a3osi nepexodu, opaaHi3ayiliHuli PO3BUMOK,
iHHOBayiliHa eHepaisi, cmpyKmypHi mpaHcgopmauii, iHHo8auiliHa KpeamueHiCmb

Abstract. The study proposes a new approach to analyzing organizational
development through the analogy of water phase transitions. This conceptual framework
helps explain how innovation acts as a form of energy that changes the state of an
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organization, while creativity techniques function as catalysts that amplify and accelerate
these transformations. The analysis of empirical data reveals an exponential trend in the
development of technological, economic, and social processes. The obtained results
demonstrate the nonlinear, leap-like nature of phase ftransitions, where gradual
accumulation of changes leads to a sharp acceleration of development. Supporting this
process requires a systematic supply of «innovation energy,» as its absence increases
the risk of the organization remaining in a stable yet less effective state. The identified
organizational states «ice,» «water,» and «steam»—reflect different levels of structural
flexibility and adaptability. Despite the general tendency toward transitions between these
phases, certain sectors, such as defense, healthcare, and emergency response services,
retain predominantly rigid hierarchical models. The proposed directions for further
research aim to ensure high-quality measurement of an organization’s «steaminess,» as
well as to assess the effectiveness of creativity techniques in enhancing and stimulating
innovation processes. It is also recommended to investigate the conditions under which
organizations can safely transition between phases without losing controllability and while
ensuring sustainable development in turbulent environments. Special attention should be
given to identifying the threshold levels of innovation intensity that trigger qualitative
structural shifts. Moreover, exploring the role of leadership and organizational culture as
factors that can either accelerate or hinder phase transitions remains a highly relevant
research avenue.

Key words: Innovation, phase transitions, organizational development, innovation
energy, structural transformations, innovative creativity

JEL codes: O31, 032, M10, M54

The problem. Scientific research often uses visual aids to explain complex con-
cepts. Innovation development of organizations is not an exception. The concept of
innovation ecosystem, developed by James Moore in 1993, is one of the examples
[25] It may be compared with the biological ecosystem that presupposes the interac-
tion of different organisms with the environment, creating favorable circumstances
for growth and evolution. The evolutionary development is another analogy associat-
ed with Darwin’s theory of evolution. This approach was developed by Charles Dar-
win in 1859 to indicate that organizations, similar to the nature types, are capable of
adapting to the changes in the environment with the endeavor to develop [10].

The term ‘organic’ reflects the concept of organic development of organizations
and reminds one of the properties of living organisms capable of self-regulation and
adaptation to outside impacts. These terms are used to describe the processes of or-
ganic system development, which follow direct rules and standards and are difficult
to predict. Contrary to the development theories of biological systems, the laws of
physics are more predictable as they are based on concise dependencies. Therefore,
the researcher suggests a more comprehensive and visual analogy. The current study
examines organizational development through the analogy with factual water trans-
formation—the most common and essential liquid on Earth [18]. Hence, the study
aims to suggest an innovative approach to organizational development analysis
through the analogy with water phase transitions.

Water molecules are referred to as individuals that belong to an organization, and
their interaction is identified with the help of the molecule grid structure of water,
which changes depending on the water state, similar to the interaction of water mole-
cules under different conditions. Therefore, it is suggested that to enhance organiza-
tional development, it is necessary to use innovation as energy and creativity tech-
niques as catalysts, which promote process optimization and organizational support in
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an optimal state. In the state of ice, an organization has a minimum capability to adapt
because ice is solid and fragile. In a liquid state, water has good properties of chang-
ing form, which enables an organization to be more flexible and adaptive. Steam
molecules can cover long distances, filling large volumes that symbolize the organi-
zational ability to scale and quick adaptation to a new environment. Therefore, thanks
to creativity techniques and innovation, these transitions become possible and help
organizations to achieve new levels of development.

Analysis of research and publications. The analysis of the physical properties of
water and phase transitions forms the foundation for using the metaphor of water
states in organizational development. Classical physical works explain the mecha-
nisms of transition between aggregate states, which occur in a jump-like form after
the accumulation of a critical amount of energy [22; 25; 38]. The structure of water,
its thermodynamics, behavior in various environments and the influence of external
factors have been widely studied in modern scientific literature [4; 19; 34; 39]. The
properties of ice, its stability and rigidity serve as a useful analogy for describing or-
ganizations with a rigid hierarchy and low flexibility [28; 37].

In the field of innovative development of organizations, the theoretical basis
formed in classical studies of economic dynamics and innovations is important. The
concepts of creative destruction and innovation cycles were laid down by Schumpeter
[36], supplemented by modern ideas of open innovation [7], dynamic capabilities of
organizations [42] and models of national innovation systems [13]. The spread of
innovations and the jumpiness of transformations are also described in detail in the
theory of diffusion of innovations [35].

Creative techniques play the role of catalysts of such transitions, contributing to
changes in the state of the organization by increasing the intensity of innovation pro-
cesses. The effectiveness of methods for stimulating creativity has been confirmed by
a number of studies [14; 41; 43], and popular practical methods are widely used in
business management [1; 6]. Physical studies related to water vapor, thermal process-
es, energy transfer and phase diagrams allow us to better understand the nature of
abrupt changes of states - from «water» to «steam» - in both natural and socio-
economic systems [10; 11; 23; 44]. This provides a scientific basis for interpreting
innovation as «energy» that expands the adaptability and flexibility of the organiza-
tion.

Social and economic transformations in history also demonstrate the phase-like
nature of transitions, when a long accumulation of changes ends with a sharp leap in
development. Examples include the industrial revolution [16; 47], technological
breakthroughs [24; 31; 32], institutional reforms [33, 46], as well as social changes in
transforming countries [15; 30]. These processes confirm the universality of the phase
transition model. Methodologically, the use of secondary data for the analysis of large
socio-economic systems is important, allowing researchers to trace long-term trends
and patterns of accumulation of changes [12; 17; 48].

In summary, the literature clearly confirms the feasibility of applying the analogy
of phase transitions of water to the development of organizations. Innovation can be
interpreted as energy that accelerates change, and creative techniques as catalysts that
activate processes of transition between states. The jump-like nature of development,
found in physical, economic and social systems, indicates that organizations function
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as dynamic structures, capable of transitioning from «ice» to «water» and «steam»
depending on the level of innovation load.

The purpose of the article. The purpose of the study is to develop a conceptual
framework for understanding organizational development through the analogy of
phase transitions, identifying how innovation acts as the driving energy that enables
shifts between organizational states, and determining the role of creativity techniques
as catalysts that accelerate these transformations. The study aims to explain the dy-
namics of organizational «solid—liquid—gas» transitions and to outline conditions that
ensure safe and effective movement between phases while maintaining manageability
and fostering sustainable development.

Presentation of the main material. The phase transition in natural sciences is an
essential phenomenon that describes the change of a substance’s state while changing
temperature and pressure. According to classic thermodynamics, the phase transition
occurs during the system’s energy change, which alters structural substance proper-
ties without changing its chemical content. Visual examples of phase transitions in-
clude the water transition from ice to liquid and from liquid to steam, where mole-
cules are reorganized following the temperature and pressure changes. However,
during every state, substance properties significantly differ [29]. The examination of
every state will provide an insight into the occurring changes.

Ice (Solid Phase). Ice is a solid water phase characterized by a crystal grid. Mole-
cules of this structure are arranged regularly, creating crystals with evenly spaced
molecules. This ensures structural stability of the material, simultaneously making ice
fragile. Ice debris is impossible to combine as the crystal structure loses its stability
while cracking, and water molecules are not in a fixed position. This makes it impos-
sible to compile into a single object [4]. Moreover, ice cannot change its form without
crystal structure destruction, as water molecules in ice are fixed in certain positions
and cannot freely move [28]. Irrespective of its fragility, ice properties make it useful
in many areas. Its high heat capacity makes water ideal for food and medical product
cooling and storage. The solid state and ease of processing allow ice to be formed into
a variety of shapes, which is effectively applied in the construction of temporary in-
dustrial structures, as well as ice hotels and sculptures [5]. Additionally, ice has a
lower density compared to water, which enables floating on the water surface, pro-
tecting living organisms from low temperatures [37]. Hence, the molecules of the
solid phase of water are regularly arranged, indicating stability and fragility.

Water (Liquid Phase). Water is a substance characterized by the absence of a
crystal grid, and in a liquid state, water molecules are arranged in a less ordered man-
ner compared to ice. Moreover, this state makes hydrogen bonds between them in-
constant as they break and form again, ensuring high fluidity and the capability to
change shape, considering the vessel shape [34]. Water has a high heat capacity, be-
ing able to absorb and release significant amounts without substantial temperature
increase or decrease [4]. This makes water an essential temperature regulator in natu-
ral and technical systems. Furthermore, polar nature makes water a universal solvent.
Water molecules have a dipole moment that enables them to interact with ions and
polar molecules of other substances [34]. This breaks their bonds and enhances disso-
lution. Therefore, water is an essential medium for chemical reactions in living organ-
isms. High water fluidity allows nutrient and metabolic waste transportation within
organisms, supporting their life activities [32-34]. High heat capacity of water helps
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organisms regulate temperature. High specific heat capacity of water helps regulate
the temperature of organisms by cooling them during evaporation and retaining heat
[21]. Hence, water is useful for multiple processes essential for life.

Water is commonly applied for cooling, purification, and transportation in tech-
nical areas. Moreover, it serves as a working environment in different production
processes. This substance is indispensable in the cooling system of industrial equip-
ment, where it absorbs excessive heat, preventing overheating [28]. It is also used for
the product or equipment purification and rinsing in production, ensuring their quality
and safety. The transition from ice to water (known as the latent heat of fusion) re-
quires a significant energy amount [28]. This energy is applied to the development of
hydrogen bonds among ice molecules, which allows them to move freely and become
liquid. During this process, ice temperature remains stable until the entire mass turns
into water. That energy is used to break the hydrogen bonds between ice molecules,
allowing them to move more freely and transition into a liquid state. Thus, unique
water qualities are the precondition of its wide implementation in different spheres.

Steam (Gaseous State). Steam is a gaseous water phase that does not have a fixed
shape or volume. Water steam molecules are arranged far from each other, which
allows them to move freely in different directions. Hydrogen bonds among steam
molecules are almost missing, ensuring high molecular mobility and the capability to
fill all available volume. This makes steam very highly dispersed and capable of rapid
expansion and contraction depending on pressure and temperature conditions. Water
steam is characterized by low density explained by the high distance between mole-
cules [12]. It is an essential atmosphere component that plays a major role in conden-
sation and evaporation processes. The transition from liquid water to steam requires a
significant energy amount, known as the latent heat of vaporization, which is used to
break hydrogen bonds among water molecules, allowing them to move more freely
and to become gaseous. Water temperature becomes stable during this process until
the entire mass becomes steam [24].

In technical systems, water steam ensures heat transfer, particularly in steam tur-
bines for electricity generation and in heating and cooling systems [11]. Furthermore, it
is often applied in the chemical industry for carrying out different reactions such as
hydrolysis and synthesis. Water steam is indispensable in evaporation processes, where
it is used for solution concentration through water removal, and in distillation processes
for mixture component separation. It is used for product pasteurization, sterilization,
and purification due to its high-temperature properties [27]. Therefore, unique water
steam properties are the primary reason for its wide use in different spheres and indus-
tries. Thus, phase transitions from ice to liquid and from liquid or steam are central for
understanding the physical properties of water and its wide use in natural and technical
systems [27]. These transitions occur under certain temperature and pressure condi-
tions, impacting various processes in nature and technology, which makes water an
indispensable constituent of our environment.

The analysis of relevant literature sources has enabled making an analogy between
phase transitions and organizational development. The examination of organizational
development and its comparison with water states and phase transitions will help clar-
ify the question. Slavery was common, and an individual, like an ice molecule, could
not freely move or change fate. He/she was bonded to the owner and had to perform
certain duties. In the Middle Ages, when slavery disappeared, affiliation to activity
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type was attached to kin or family. Children continued to work with their parents, and
it was common for artisans, cattle breeders, and other professionals [2]. A similar
structure may be traced these days in certain countries. China has a similar situation,
where social structure is based on a hukou system that divides citizens into urban and
rural ones, limiting their ability to change the place of living and work [35]. There-
fore, it is possible to compare a rigid organizational structure, in which an individual
cannot leave it or change the activity type, to water in an ice state. It is limited free-
dom of choice and action. Several countries have authoritarian management styles
and restricted freedoms. Similarly to molecules, which are in the crystal grid, these
structures are solid, but they are also fragile and can be broken and crumble like ice
into shards.

Revolutions in different countries resulted in the management system changes and
usually led to increased adaptability. For example, the French Revolution of 1789
caused important changes in political and social structures [3]. In 1975, after the
death of dictator Francisco Franco, Spain engaged in the process of moving from an
authoritarian regime to a democratic system [17]. This transition included the ac-
ceptance of a new constitution and free elections, which significantly increased public
and organizational freedom [3]. Major economic and political reforms followed the
fall of the communist regime in Poland in 1989. It resulted in the establishment of the
democratic system and market economy. This enhanced greater freedom and social
development.

Therefore, it is possible to compare organizations that have a rigid structure with
ice. They limit the freedom of choice and action, but can break, and their state can
change, as it occurred during the revolutions. Similarly to ice heating that gradually
weakens bonds among molecules, changes in the society and economy gradually pre-
pare the basis of radical transformation. Hence, the key event that may be compared
to ice heating is the First Industrial Revolution. It is vital to emphasize that it did not
occur unexpectedly and resulted from a long-term process of change accumulation in
different spheres of life.

Various factors may impact the organizational transition from ice to water, includ-
ing the new knowledge in physics, chemistry, and mechanics created the basis for the
development of modern machines and technology. Hence, new fields in physics,
chemistry, and mechanics created a favorable background for the development of new
machinery and technology. Therefore, the invention of a steam vehicle was a break-
through that significantly changed production [48]. Changes in agriculture, particular-
ly new crop introduction, improved equipment, and growth techniques, which result-
ed in increased work effectiveness in agriculture. It enabled many people previously
engaged in agriculture to work in industry.

Moreover, the expansion of trade routes, the appearance of new trade centers, and
the increase in demand stimulated production development. Finally, the increasing
number of cities, social structure change, and the establishment of a new entrepre-
neurial class resulted in favorable conditions for industrialization. These changes,
similar to how heat weakens ice molecule bonds, gradually ruined the structure of
traditional society. Rigid feudal relations, manufacturing, and agriculture, as the pri-
mary activities, gradually gave way to new forms of production organization and so-
cial life. The First Industrial Revolution was not a mere change of technology but a
complex process of social transformation. It resulted in the appearance of new social
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classes, changed the work character, and changed people’s lives. Moreover, it im-
pacted the geopolitical situation in the world [48]. Thus, transitions are associated
with multiple processes that are complex and influential.

Hence, the analogy of phase transitions to organizational development is histori-
cally reflected through the First Industrial Revolution, which is one of the key events
in human history. This stage of social development is similar to the transition from
ice to water, where a gradual decrease in the rigidity of traditional social structures
and the improvement of industrial approaches provided new opportunities for indi-
vidual and collective development. In parallel with the elimination of feudal re-
strictions and industrial technology development, changes occurred in society, gain-
ing new forms and organizational structures. The appearance of new technologies and
changes in the economic and social structures provided extended opportunities for
individual and professional growth. Innovation in the form of new manufacturing and
transportation technologies has opened up new avenues for personal and organiza-
tional success. Similar to water molecules getting energy and becoming free, people,
under the impact of industrialization and technology development, gained the capabil-
ity to change their professional trajectories, place of living, and level of life.

Water heating occurs similarly to changes in organizational development. Cold
water at 4°C is quite viscous, and its movement is not very quick. Similarly, individu-
als in organizations were slowly moving and not very effective at the beginning of the
Industrial Revolution. However, constant heating or the implementation of innova-
tions in the form of new technologies, acceleration of molecule (individual) move-
ment, and water (organizations) became more mobile and adaptive. The invention of
the telegraph in 1837 revolutionized communication, allowing for message transmis-
sion over long distances. The telephone, invented in 1876, significantly improved
communication capabilities [35].

Moreover, an electric lamp that saw the world in 1897 made street lighting acces-
sible for wide use [42]. The car, invented in 1886, opened a transport era [6]. Avia-
tion, with the first successful flight made by Wright brothers in 1903, provided new
opportunities for transportation and individual displacement. Furthermore, computers,
presented to humanity in the 1940s, revolutionized information processing and auto-
mation [9]. These inventions, which turned into innovations, gradually heated the
«water» (organizations), increasing mobility and adaptability. Each innovation makes
organizations more flexible and improves their ability to respond to market changes.
Similar to water flows, individuals and organizations began to move more freely in
the search for new niches and rapidly fill them.

Therefore, continuous technological changes pertinent to the modern world can be
compared to constant water heating. Temperature increase (similar to the speed of
technological changes) enables water molecules to get more energy and move more
quickly, improving mobility. The Internet enabled organizations to enter a new state
— the state of digital organization. Globalization, the transition to a network struc-
ture, flexibility, and the use of data as the main asset are the key characteristics of this
state. The organizational transition to a digital state can be compared to the phase
transition of water to steam. This process is accompanied by increased freedom, flex-
ibility, and extended development opportunities. However, like any phase transition,
it requires significant effort and can cause difficulties. Successful digital transfor-
mation means that organizations should invest in technology, develop employee
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competence, and create a favorable culture. Thus, organizational development occurs
similarly to water phase transition, with certain growth stages. When the quantity
increases and periodically jumps into another quality.

Innovation as Phase Transition Energy. Similar to the way heat energy changes
water’s state and causes quality phase transitions, innovation alters organizational
logics, quality of life, and freedom level. Innovation plays a critical role in the devel-
opment of not only organizations but also humanity, acting as energy that accelerates
its transition among development phases. The evolution of innovation theories also
reflects a dynamic development of society and organizations. The dominance of static
views, focused on individual inventions, was traced at the initial stage. However, over
time, these views became more flexible. Joseph Schumpeter played a central role in
the reconsideration of this idea, and his works help better understand modern innova-
tion [23].

In his book «The Theory of Economic Development,» Joseph Schumpeter pre-
sented the concept of ‘creative destruction,” according to which innovation is a de-
structive force of economic development. Schumpeter identified innovations as ‘new
combinations’ which include the introduction of new products, production approach-
es, markets, raw material sources, and organizational structures. He highlighted that
entrepreneurs, who are the holders of these ‘new combinations,” perform ‘creative
destruction’ and ruin old markets, creating new ones [36]. Hence, innovation per-
forms multiple functions (improve efficiency, drive economic growth, encourage
competitiveness, support sustainability, inspire creativity) and provides organizations
with many benefits.

After Schumpeter, innovation theories began to consider a wider set of factors.
The Theory of Diffusion Innovation by Everett Rogers (1962) highlighted the value
of communication and social networks in distributing new ideas. It is essential to em-
phasize that in 1962, ‘social networks’ indicated traditional forms of social interaction
such as families, societies, local organizations, clubs, work entities, and informal
bonds among people. Rogers (1962) examined how new ideas spread over the exist-
ing social structures. Over time, innovation theories became more dynamic. The con-
cepts of national innovation system (Freeman & Lundvall, 1980) and dynamic capa-
bilities (Teece, 1990) focused on the interaction between different actors, for instance,
the state, science, business, and organizational ability to quickly adapt to changes,
developing ideas presented by Schumpeter about the dynamic change.

Innovation theories of the 2000s focus on open and disruptive innovations that en-
deavor to transform existing markets or ways of doing things. They offer affordable
and simple solutions to replace established services of production. The concept of
disruptive innovation by Clayton Christensen (2000) explains how new technologies
can significantly change markets, continuing to develop the concept of Schumpeter’s
‘creative destruction.” Modern technologies, such as open innovation of Henry
Chesbrough (2003), highlight the value of collaboration and the use of internal
sources of knowledge. This approach represents the trend of decentralization of the
innovation process. The modern innovation landscape is characterized by an increase
in user participation in the development and establishment of new decisions. This
phenomenon, known as innovation, is user-driven and becomes more popular in dif-
ferent spheres. Research shows that in extreme sports, where the users often experi-
ence unique challenges and needs, the innovation level, suggested by users, can reach
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over 50% [30]. For instance, in the alpine skiing field, where sportsmen often modify
equipment to improve their results, a significant part of innovation comes from users.
One more sphere with a high innovation level, ruled by users, is software with open
code. In such projects as Linux or Mozilla Firefox, users not only use the product but
also actively participate in its development, suggesting new functions and correcting
mistakes [45, 46]. Therefore, we observe an exponential increase in innovation
amount, its authors, and distribution channels.

The evolution of innovation theories directly relates to organizational develop-
ment, as they mutually enrich one another, enhancing human progress and develop-
ment. Joseph Schumpeter’s ideas continue to inspire and form modern approaches to
innovation, highlighting their key role in the dynamic development of the economy
and society [23]. Similarly to this, heat energy causes phase transformations of water,
making steam from ice. Innovations are the driving force of transformational changes
in organizations and societies. This causes their transition to a new and higher devel-
opment level.

Therefore, innovation is not only enhancing economic growth but also promoting
social changes, ensuring stable development, and an increase in people’s quality of
life. Similar to the water heating speed that depends on multiple factors, such as ener-
gy supply, pressure level, heating area, and catalyzer use, innovation effectiveness
depends on the quality of innovation management. Organizational structure, corporate
culture, human resource management, leadership, organizational communication, the
presence of resources, and the level of knowledge and expertise impact the organiza-
tion’s outcomes [38]. It is easy to notice that a critical majority of these factors are
based on work with individuals. Continuous focus shift to knowledge, which contrib-
utes to an individual’s experience, has caused the appearance of the term ‘knowledge
economy’ [31]. Because innovation development includes two main stages—ideation
and realization—the generation of new and valuable ideas becomes an innovation
cornerstone. Creativity is competence that has acquired a new sense [4]. Exclusivity
of the arts as the customer of creativity was destroyed one century ago.

Similarly to water and steam, creativity actively fills empty space. State and pri-
vate organizations take an initiative, focusing on the search for initiative and creative
employees, creating favorable conditions, and ensuring necessary education [1]. The-
se days, the generation of ideas does not depend on participants’ inspiration, as this is
an organized process built on the use of knowledge and creativity techniques [38].
However, the use of one creativity technique is not enough. It is necessary to use
those techniques and their elements that are most relevant to the task. Hence, creativi-
ty techniques can be compared to catalysts, which allow the use of innovative energy
more effectively. Their systematic use leads innovation to a new quality level. This
analogy with water heating and catalyzation is not limited to mere organizational pro-
cesses but also reflects fundamental patterns of human development. Similar to how
heat energy leads to phase transitions and the scientific approach accelerates these
processes [49]. Innovations that are based on modern theories and knowledge are
direct causes of the exponential increase of different human activity aspects, leading
to a new quality level.
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Table 1

ANALOG BETWEEN WATER PHASE STATES AND ORGANIZATION STRUCTURES

Water Phase States

Characteristics

Ice (Solid State)

Water (Liquid State)

Steam (Gaseous State)

Molecular structure

Rigid crystal grid

Less structured and
mobile molecules

Free and high-energy
molecules

Peculiarities Stability, low mobility, | Adaptability, average | Dynamism, high mo-
and fragility mobility, and flexibil- | bility, and scalability
ity

Energy needed for | Necessary  negative | Necessary positive | Necessary and very

state support energy energy significant positive
energy

Molecule mobility Minimum Average High

Organizations

Organizational ~struc- | Rigid, hierarchical Adaptive and flexible | Network and decen-

ture tralized

Management methods

Authoritarian, hierar-

chical

Democratic, adaptive

Horizontal, network

Individual dynamism

Minimal, fixed roles

Average, flexible roles

High, free mobility

Idea generation Individual, limited, | Group, idea exchange, | Open, collaborative,
traditional innovation digital
Innovation theories Isolated inventions, | Innovation diffusion, | Open innovations,

traditional practices

national innovation
systems, and the In-
dustrial Revolution

disruptive innovations,
and digital transfor-
mation

Necessary effort level | High negative (for | Average Significant for a cer-
to support the state support stability) tain level of achieve-
ment. Later, only to
ensure support.
Examples Slavery, the caste | The First Industrial | Digital organizations,
system, authoritative | Revolution, democrat- | global networks,
states, the military, | ic states, large corpo- | crowdfunding plat-
emergency, and reli- | rations with a division | forms, open research
gious organizations structure, and educa- | societies, platform
tional establishments | organizations with
with an academic | decentralization ele-
hierarchy. ments, and decentral-

ized autonomous or-
ganizations (DAO).

Table 1 indicates how different water phases can be used to model organization-
al changes. Similar to physical systems, which transit from one state to another un-
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der energy impact, organizations change their structure under the impact of innova-
tion processes. ‘Ice’ structures have rigid hierarchies that are effective in the
spheres that require quick response and strict responsibility distribution (for in-
stance, military structures, medical help in emergencies, crisis management). ‘Lig-
uid’ structures combine stability and adaptivity, which are optimal for companies
operating in a competitive environment that requires concise organizational pro-
cesses. ‘Steam’ structures are characterized by high flexibility and the possibility to
scale rapidly, which makes them ideal for innovative startups, technological com-
panies, and open innovation systems. Therefore, the suggested model enables ex-
plaining organizational processes through the analysis with phase transitions, high-
lighting the key role of innovations as the driving force of transformations. The
suggested analogy and relationship between innovations and well-being level can be
represented with the help of a picture that represents how heat impacts water states
and phase change. Hence, heat changes solids to liquids, causing significant altera-
tions. Molecule bonds differ depending on the state, and their ability to be mobile is
represented in Figure 1.

Liquid Gas
]
@
@ @ P
Strong bonds Weak bonds No bonds

Figure 1. Molecule Bonds

Source:  https://archive.ourworldindata.org/20250903-08361 1/grapher/daily-median-income.html?time=  lat-
est&overlay=download-data

Figure 2 shows how water molecules move under different temperatures and
change phases. Hence, water becomes ice under 0 °C. Molecules lose their bonds
when they are heated to over 100 °C. Weak molecule bonds (1—99 °C) make it lig-
uid.

The figure of the human movement evolution speed from the 19" century till
modern times indicates how innovations in transport technologies, from horse-drawn
carriages to modern aviation and space systems, significantly increased the speed of
human movement, impacting mobility and globalization (see Figure 3).

Information dissemination has also evolved due to the development of communi-
cation technologies. The invention of writing till the modern Internet has caused im-
mediate global information distribution. This change enhanced rapid data, knowledge,
and idea exchange.
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Figure 2. Water Molecule Movement

Source:  https://archive.ourworldindata.org/20250903-083611/grapher/daily-median-income.html?time=  lat-
est&overlay=download-data

The evolution of human movement speed

10000
_. 8000
=
S~
g 6000
® 4000
[
Q.
2000
—
0
O © Q ) Q & ) Q ) Q &) Q
N oV 2> S 1) N 4% > ) ) N 3 v
SRS EN SN D O M
Year
e Speed Jet aviation Hypersonic speed Cosmic speed

Figure 3. The evolution of human movement speed

Source:  https://archive.ourworldindata.org/20250903-083611/grapher/daily-median-income.html?time=  lat-
est&overlay=download-data

Figure 4 shows the speed of information dissemination since 1850, highlighting
that innovation and technology significantly enhanced data distribution time. Similar-
ly, innovation has impacted people’s income. Susskind (2024) examined the growth
of people’s income in the 19th century and found that in 1880, people got less than
$1. In five years, this number increased to $1, while in 1930 it reached $1.6
(Sussking, 2024). Flynn (2023) analyzed the average global income to examine the
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global statistics. Hence, the research found that the average global income per indi-
vidual is $9,733 per year. Figure 4 shows changes in the daily income of people glob-
ally. In 1992, the average daily income per individual was $2.95 but it reached $7.56
in 2019 and continued to grow to over $8 in the 2020s.

The evolution of infotmation disseminetion
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Figure 4. The evolution of information dissemination

Source:  https://archive.ourworldindata.org/20250903-083611/grapher/daily-median-income.html?time=  lat-
est&overlay=download-data
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Figure 5. Global medium daily income (Flynn, 2023; Susskind, 2024)

Source:  https://archive.ourworldindata.org/20250903-08361 1/grapher/daily-median-income.html?time=  lat-
est&overlay=download-data
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The analysis of the above-mentioned figures enables to visually trace a general ten-
dency of development. At first, changes occur gradually. However, after the achievement
of the critical stage, there is a rapid acceleration. This is explained by water molecule
movement while heating, which results in a phase transition. Similarly, innovation serves
the role of energy that accelerates technological development, particularly in the spheres
of movement, information dissemination, and other key processes. This enhances further
productivity and effectiveness, which assists in developing a favorable environment for
positive changes. Hence, there is an interrelation between innovation and technological
breakthrough, followed by rapid growth.

Discussion. It would be beneficial to examine the development of quality models
to assess the level of ‘steamy’ organizations on the basis of integrated indicators of
innovation activity and adaptability to outside impacts. This presupposes the use of
econometric modeling methods and statistical analysis to identify the correlation be-
tween structural characteristics of organizations and their capability to transform in
changing environmental conditions. Moreover, the examination of the effectiveness
assessment of creativity technique application as catalytic agents of innovation pro-
cesses would help get a deeper insight into the question. It would include the analysis
of experimental data and case studies with the aim of providing quantitative impact
measurement of multiple creative thinking approaches in relation to the speed and
quality of developing and implementing innovative solutions. Finally, further re-
search should focus on the impact of management factors on phase transition speed in
organizations. Increased attention should be paid to such aspects and the reduction of
administrative pressure (the expansion of individual autonomy) and the increase of
‘heat space’ (total penetration of innovative culture) and their interrelation with the
adaptability of organizational structures in different economic sectors.

Conclusion. The conducted research confirms that the analogy of water phase transi-
tion is an effective conceptual tool for analyzing the evolution of technology, economic,
and organizational structures. Similar to natural systems, changes in society and business
do not occur linearly but due to gradual innovation and energy accumulation, which at a
certain moment result in a rapid jump — a phase transition. The analysis proves that irre-
spective of the examined sphere, whether the movement speed, information transmission,
or economic growth, processes begin from slow development, and after reaching a critical
point, they accelerate. Innovation performs the role of energy that makes the system move,
while creative techniques are catalysts that enhance the more effective use of this energy.
They ensure the transition from one technological paradigm to the other one, enhancing
the appearance of new solutions and development models.

However, like in physical processes, this transition is not universal for all spheres. As in
any law of nature, there are exceptions; the suggested concept admits that in certain spheres
‘ice’ structure is more appropriate. Hence, in military organizations, emergency systems,
and crisis management, there is a rigid hierarchy and strict division of responsibilities,
which are critical for rapid solutions and effective decision-making in uncertain conditions.
Similar to how certain substances remain solid in physics even under changing environ-
ments, some organizational system requires stability to function with maximum effective-
ness. At the same time, in dynamic spheres such as innovative business, startups, and crea-
tive industries, ‘vaporous’ structure is the most effective, as it ensures high adaptability and
quick reaction to changes. However, there are spheres, for instance, healthcare, military,
defense, banking, legal and judicial systems, in which ‘ice’ structure is the most suitable.
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The success of an organization or system depends not only on its ability to transform, but
also correct identification of an optimal management form according to its functional as-

signment.
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