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Abstract: Business models have been a popular topic in research and practice for more than twenty
years. During this time, frameworks for formulating business models have been developed, such as
the business model canvas. Moreover, different business model frameworks have been proposed for
different sectors. Yet, these frameworks have the fundamental shortcoming of not addressing directly
and persistently the primary objective of start-ups: to survive in changing environments. The aim of
the action research reported in this paper is to overcome that fundamental shortcoming. This is an
important topic because the majority of start-ups do not survive. In this paper, first principles for
survival in changing environments are related to business models. In particular, action research to
reframe start-ups as adaptable stable systems based on synchronous business models is reported. The
paper provides three principal contributions. The contribution to business model theory building
is to relate survival first principles revealed through natural science research to business models.
Reference to first principles highlight that survival depends on maintaining both external adaptability
and internal stability through synchronization with changing environments. The second contribution
is to business model practice through describing a simple business modeling method that is based
on the scientific first principles. The third contribution is to provide an example that bridges the
rigor–relevance gap between scientific research and business practice.

Keywords: adaptability; business model; ecological fitness; entropy; environment; growth; stability;
start-ups; survival; synchronous

1. Introduction

It has been argued that nature-based methods can contribute to increasing the re-
silience of human organizations in a changing world [1,2]. First principles include basic
propositions about nature that have been revealed through scientific research [3]. For
example, first principles of how organisms survive in changing environments. One basic
proposition is that survival in changing environments depends upon balancing adaptability
and stability [4–8]. Organisms that are well-adapted with their environments can be de-
scribed as having high ecological fitness [9]. In other words, they have a good fit with their
environment. Organisms that are best adapted with their environments can survive with
least action and have surplus energy available to enable their growth [10]. For organisms
to be well-adapted to their environments, they need to have reciprocal back-and-forth
exchanges of learning and development with their environments [11]: ideally, synchronous
exchanges of learning and development. This involves organisms having internal models
of how they will survive in environments. Internal models are shaped by open boundaries
and survival parameters. Organisms that do not continue to develop their internal models
through learning with their environments will not survive [12]. For example, without
understanding of their environments, they will experience high information uncertainty,
much physical disorder, and useless energy expenditure lost in unproductive actions: all of
which can undermine their internal stability [13].

In this paper, action research [14,15] is reported that involved survival first principles
being applied in a simple business modeling method. The action research is reported in the
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remaining five sections of the paper. Next, in Section 2, the action research methodology
is explained. In Section 3, literature review, internal model formulation and operation
are explained in terms of first principles. In addition, survival is explained in terms of
synchronization for adaptable stability. In Section 4, implementation of first principles in the
new method is described. In Section 5, the method is related to different stages of start-ups
lifecycles, and to other methods for business modeling. In conclusion, in Section 6, principal
contributions are stated, and directions for future research are proposed. By providing
survival first principles for changing environments, the paper goes beyond extant business
model theory and practice that is based on organizational studies [16,17]. Furthermore,
this paper goes beyond business model studies that have framed interaction between
businesses and environments in terms of open innovation [18,19], and beyond studies that
have advocated for consideration of ecological sustainability in business models [20,21]. By
contrast, the focus here is on fundamental principles for survival that have been revealed
by natural sciences research [22,23]. The aim of the paper is to address the fundamental
shortcoming of extant business model methods that do not address directly and persistently
the primary objective of start-ups: to survive in changing environments. Nonetheless, it is
not intended to suggest that the business modeling method explained in this paper should
replace existing methods. Rather, that the method presented here could complement
existing methods.

2. Action Research Methodology

Action research adds change to the traditional research objectives of improving descrip-
tion, explanation, and prediction of complex phenomena. Action research is appropriate
when complex phenomena can be improved through change [14,15]. Apropos, the survival
rate of start-ups is very low. Moreover, evaluating which start-ups will be successful is so
difficult that it can be more effective to allocate start-up funding randomly rather than on
the basis of analyzing start-ups’ plans [24,25]. Hence, new business model methods are
needed to facilitate start-ups’ survival and growth. The action research involved iterations
of review of natural science findings concerned with survival in changing environments;
formulation of the new method; and obtaining feedback on the new method from start-up
experts. Feedback was obtained through meetings during which the latest version of the
new method was discussed with experts. In addition, experts provided feedback via emails.
Experts opined that natural science first principles are relevant to their own organizations
and to the start-ups that they support through their programmes. Their feedback provided
suggestions for improving the usability of the method.

3. Literature Review
3.1. Internal Models

Natural science research indicates that the formulation of an internal model involves
establishing boundaries and parameters. In particular, organisms construct their own con-
straining boundary conditions in order to be able to do the work needed to survive. Work
has been described as the constrained release of energy into a few degrees of freedom [26].
If the release of energy is not constrained, most of the energy would be dissipated rapidly
as entropy. For practical purposes, entropy can be considered to be information uncertainty
that leads to physical disorder, which entails useless energy expenditure that is lost in
unproductive actions. By contrast, constraining the release of energy enables more work to
be done with the same amount of energy. Establishing constraining boundary conditions
enables organisms to differentiate themselves from the environment while being open to
exchanges of information, matter, and energy with the environment [27].

For example, a hunter–gatherer band distinguishes itself from other hunter–gatherer
bands and other species. Such differentiation is essential to survival in deciding what will be
hunted/gathered, and in the arrangement of work for efficient hunting and gathering that
provides an energy surplus. For hunter–gatherer bands and for business organizations, the
positioning of boundaries can depend upon comparison of differences between the transaction
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costs of doing work internally versus buying work done in the environment—for example,
whether to construct a shelter or to occupy a cave; whether to make inside a business or to
buy from the market [28].

Organisms and organizations can shape their boundaries and how they will release
energy to do work through a bricolage process, which involves choosing what is most
useful from whatever existing things happen to be available. Bricolage with existing things
can be directed towards creating new things that involve new interactions between work,
energy, and entropy. This, in turn, can lead to exponential growth in opportunities for new
things as more existing things become available for bricolage. For example, the potential
uses of one existing thing can be combined in many different ways with the many potential
uses of other existing things. Potential uses of existing things can include many new uses
that are different to their original uses [29,30]. This can lead to the creation of complements
and substitutes for existing things. What is created emerges unpredictably from different
organisms’ and different organizations’ different perspectives [31,32].

Exchanges with the environment take place on what can be described as survival
parameters. Consider, for example, a band of hunter–gatherers that is well-adapted to its
environment. To survive, they need water, food, and shelter. As the hunter–gatherer band is
well-adapted with its environment, its members know exactly how to obtain water, food,
and shelter close by. Hence, they can obtain water, food, and shelter with the least action
and minimal energy expenditure, which leaves them with surplus energy that they can use
to grow the size of their hunter–gatherer band. For the hunter–gatherer band, water, food,
and shelter can be considered to be three survival parameters around which many everyday
activities are arranged. Energy availability can be considered to be their controlling survival
parameter. This is because while there may be some flexibility on individual survival
parameters, such as how long they can survive without water or food or shelter, they cannot
survive without having at least some energy available to try to obtain water, food, and
shelter. Together, the four parameters provide the basis for the hunter–gatherer band’s
internal model of how it will survive in the world. Such parameter-based structuring can be
applied to many phenomena [33].

Internals models provide the basis for generating patterns of interaction with the
world. In particular, iterations of predictions and actions are made on survival parameters
with the overall goal of minimizing uncertainty about how to survive. For example, three
survival parameters for businesses can be customer base, product sales, and user experience.
Their control parameter can be cash flow. This is because while there may be some flexibility
in individual survival parameters, they cannot survive without having positive cash flow
to pay for the many activities involved in growing a customer base, making product sales,
and achieving positive user experience.

Businesses will make predictions about how many sales they expect on their product
sales survival parameter. There will be no prediction error on the product sales survival
parameter if sales forecasts are matched by actual sales. However, all survival parameters
must be considered together when seeking to minimize uncertainty about how to survive.
For example, there can be high uncertainty about survival even if sales forecast is matched
by actual sales, but if user experience of the sold products is very bad. Then, the customer
base could shrink and cash flow could be negative because of costs such as product recalls.

Maintaining synchronization with the environment involves making predictions about
what will happen in interactions with the environment and addressing prediction errors
between what is expected to happen and what does happen. Natural science research indicates
that three types of actions can be taken iteratively to reduce prediction errors: i.e., to reduce
differences between what is expected to happen and what actually happens—updating beliefs,
shifting focus, or changing work [13,34]. Actions can be updating beliefs about how to survive,
such as updating beliefs about how wide a range of products to offer. Actions can include
shifting focus of attention in trying to survive, such as paying more attention to existing
customers from whom sales are low. Actions can involve changing work done in order to
survive, such as improving invoicing procedures to improve cash flow. Each individual action
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can contribute to changing business and/or environment to maintain synchrony and improve
fit between business and environment.

As summarized in Figure 1, updating beliefs, shifting focus, and changing work can be
directed towards improving capabilities to compete, to cooperate, and/or to construct in the
environment. Construct refers to processes by which an organism alters local environment
and/or undertakes wider ecosystem engineering in order to increase potential for survival
by making more of the kind of space it needs for itself. In particular, construction can
increase the flows of information, matter, and energy for the organism [9]. Construction
may be carried in competition against others or in cooperation with others as necessary to
improve fitness [35].
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3.2. Synchronization for Adaptable Stability

Overall, long-term survival depends upon synchronous back-and-forth reciprocal ex-
changes of organism–environment learning and development. Such synchronous systems
can be described in terms of rhythmogenesis. That is the generation of rhythms found in
biological systems in which coupling provides feedback [36]. This corresponds with the
notion of the so called dance of change, which involves organizations making external
changes and internal changes in order to survive [37]. If businesses’ internal models are
well-adapted to their environments, they will not experience information uncertainty on
their survival parameters that leads to physical disorder and entails unproductive energy
expenditure, which can undermine internal stability [38]. For example, they can have ade-
quate customer base, product sales, and user experience with minimal energy expenditure,
which leaves them with surplus energy that they can use to grow their businesses.

However, survival depends upon neither overfitting nor underfitting internal models
through iterations of actions during back-and-forth exchanges with the environment [39].
Rather, internal models need to resemble the environment [40]. Overfitting can involve
an internal model becoming too complicated because it is changed in response to every
unexpected small sensory input from the environment. This can happen because sensory
input from the environment is inherently noisy. Conversely, underfitting can occur when
an internal model does not adequately resemble the environment in which an organization
intends to survive. Overfitting can lead to internal models being too complicated, but
under-fitting can lead to internal models being too simple. Both of which can increase risks
from interactions with the environment.

Survival risks are increased if the internal model is not aligned with the causes of
sensory inputs from the environment. For example, a nonlinear internal model will tend
to have poor predictive performance when a business is trying to survive in a linear
environment (i.e., overfitting) or vice versa (i.e., underfitting). Also, there can be ambiguous
sensory inputs if iterations of actions lead to there being imprecise alignment between
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internal model and external environment. This can hinder accuracy in predictions about
what is expected to happen and accuracy in perception of what has happened [41,42].

As well as an internal model losing synchrony with the environment through overfit-
ting or underfitting, there can be loss of model synchrony because iterations of predictions
and actions come to be focused on the past rather than on the changing present. This
phenomenon can be found at the level of microbiology [43] and can be considered as an
organism becoming stubborn [12]. From the point of view of business, this phenomenon
can be referred to as lock-in where businesses base their current actions on entrenched paths
of past actions [44], even when there is increasing evidence that actions are failing [45].

Such rigidity can be more likely when an organism or an organization considers itself
to be threatened [46]. This can be because internal models provide the basis for generating
perceptions. In particular, perceptions about the world are made through combination
of sensory stimuli coming from the world, such as light coming to the eyes, and internal
representations built through prior experience [47,48]. This can be summed up with phrases
such as, ‘we don’t see things as they are but as we are’ [49]. Internal representations can
have a determining influence over what we would like to see in the environment [41]
and over how we interpret sensory inputs from the environment [42]: neither of which
necessarily provides accurate information about the environment. This may be because
humans evolved as hunter–gatherers to emphasize memories of knowledge considered
most important for survival [50].

When an internal model is not synchronous with the environment, prediction errors on
individual survival parameters and overall uncertainty about how to survive can increase
until a business fails. For example, a business can be uncertain why product sales do not
meet its sales forecast when it believes that its new product range has a variation for every
possible customer’s every possible taste (i.e., overfitting) or that its one new product is best
for all customers (i.e., underfitting) or that there is no need to change its products because
they have been market leaders in the past (i.e., no fitting). In any case, this can lead to
physical disorder in rushed actions such as crisis product campaigns and haphazard cash
raising, which undermines internal stability. This disorder entails unproductive energy
expenditure that can leave little energy remaining for productive work actions. If this
continues, a business will lose resources, and organizational stress can increase until the
business fails [51,52]. Thus, as summarized in Table 1, survival depends upon avoiding
over fitting, under fitting, or no-fitting the internal model with the environment.

Table 1. Internal Model Adaptation for Synchrony with the Environment.

Maladaptation Adaptation

Underfitting Increase survival parameters and inter-relationships between them
Overfitting Reduce survival parameters and inter-relationships between them
No fitting Change boundaries, survival parameters, and inter-relationships

On the one hand, adaptive fitness depends on being efficient enough to survive with
least action and thus have surplus energy available to enable growth. On the other hand,
focusing only on efficiency, for example through underfitting, can lead to organisms and
organizations being too efficient for their own good. This is because they can become
too brittle to deal with environmental disturbances [53,54]. Hence, adaptive fitness also
depends upon not overfitting but having a wide-enough variety of internal states to be
able to adapt with changing external environments [55,56]. Accordingly, internal models
need to be open to cycles of expansion and reduction [57], and as summarized in Table 1,
internal model maladaptation needs to be addressed through internal model adaptation.
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4. Results

Figure 2 shows a screenshot of the whole Excel sheet for the simple business model
method, which is based on the first principles explained in the preceding sections.

Systems 2022, 10, 81 6 of 16 
 

 

4. Results 
Figure 2 shows a screenshot of the whole Excel sheet for the simple business model 

method, which is based on the first principles explained in the preceding sections. 

 
Figure 2. Business modeling method based on survival first principles. 

To frame is to address certain aspects of a topic. Framing affects evaluations and de-
cisions [58,59]. The framing of the simple method addresses directly and persistently the 
need to achieve at least survival performance on survival parameters. In particular, users 
make predictions on survival parameters and take actions to correct prediction errors on 
survival parameters. This is essential for maintaining synchronization with changing en-
vironments that is necessary for ecological fitness. Start-ups must be adaptive to address 
prediction errors on survival parameters arising from changes in the environment. At the 

Figure 2. Business modeling method based on survival first principles.

To frame is to address certain aspects of a topic. Framing affects evaluations and
decisions [58,59]. The framing of the simple method addresses directly and persistently
the need to achieve at least survival performance on survival parameters. In particular,
users make predictions on survival parameters and take actions to correct prediction errors
on survival parameters. This is essential for maintaining synchronization with changing
environments that is necessary for ecological fitness. Start-ups must be adaptive to address
prediction errors on survival parameters arising from changes in the environment. At the
same time, minimizing prediction errors on survival parameters can facilitate start-ups’
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internal stability. Figure 3 shows an example of radar charts and bar charts generated when
using the simple method.
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Figure 3 shows an example of radar charts and bars charts that are generated by
entering 1, 2, 3 or 4 for performance on survival parameters: customer base, product sales,
user experience, and cash flow. Figure 3 shows that the start-up has prediction errors.
In particular, start-ups’ expectations about customer base were not achieved, but actual
product sales and actual user experience were better than expected. Figure 3 shows the
quartile representations used in the method in which 4 represents enough for growth,
3 represents enough for survival, 2 represents not enough for survival over more than
one prediction period, and 1 represents not enough for survival within one prediction
period. For example, if cash flow of 78 thousand is needed for growth that month, enter-
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ing 4 represents 78 thousand, entering 3 represents 58.5 thousand, entering 2 represents
39 thousand, entering 1 represents 19.5 thousands; 1, 2, 3, 4 are quartile representations,
which can be applied to all survival parameters irrespective of measurement units. For
example, customer base can be measured in terms of number of customers, product sales
can be measured in terms of number of sales, user experience can be measured in terms
of experience ratings, and cash flow can be measured in terms of currency units. Here,
quartile representations are heuristic representations, that is rule-of-thumb representations,
which have been developed during human evolution and are still effective today [60,61].

Figure 4 shows variations over six months between what is expected to happen and
what actually happens. Such varying prediction errors can be commonplace as organiza-
tions seek to maintain synchronization with environments that are changing continually.
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The tables and charts in this business modeling method may seem to be simplis-
tic. However, simplicity is preferable in nature [62], in science [63], and in practice [64].
Moreover, the tables and charts in the simple method are consistent with human percep-
tion having evolved to be focused on ecological fitness that is necessary for survival [65].
Furthermore, the simple representations used in the method are consistent with communi-
cation science that has revealed the importance of matching format to task [66], and with
the use of visual representations to improve the relevance of science to practice [67].

As shown in Figure 5, in accordance with first principles, the interactive training slides
that accompany the simple method provide advice on the three options for addressing



Systems 2022, 10, 81 9 of 16

prediction errors: updating beliefs, shifting focus, and/or changing method of work. This is
done with practical examples—in particular, Update Business Model: for example, expand
or reduce the scope of the business model in terms of survival parameters for customer
base, product sales, user experience, and cash flow; Shift Focus: for example, shift focus
to pay more attention to those existing customers from who sales are low or to pay more
attention to a new market segment of customers; Change Method of Work: for example,
improve delivery procedures to improve customer satisfaction and/or improve invoicing
procedures in order to improve cash flow. The use of different examples in the interactive
training slides is in accordance with the use of contrasting cases during instruction in order
to improve learning [68].
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In accordance with first principles, as shown in Figure 6, the interactive training slides
that accompany the simple method provide advice on the need to avoid underfitting,
overfitting, and no fitting. For practical understanding, this is done without using the
fitting terminology. Instead, users are advised that updating the business model should
not lead to there being too few or too many survival parameters; that focus should be
on alignment with the current environment not on the business’ past boundaries, past
survival parameters, and/or past activities; and that changing methods should not lead
to there being too few or too many activities involved in work to achieve performance on
survival parameters.

As shown in Figure 7, the interactive training slides include questions to test learning
about the method. Correct answers are indicated with green highlighting, a green tick
and plus one. Incorrect answers are indicated by red highlighting, a red cross, and minus
one. Incorrect are accompanied by this statement: Please reread the slides to learn correct
answers and try again. The interactive training slides can be navigated one-by-one by use
of the backwards arrow and the forwards arrow as necessary. Alternatively, users can be
move between the sections of the interactive training slides by use of the circles on the bar
above the backwards and forwards arrows.
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5. Discussion

In terms of first principles, the lifecycle of a start-up can be framed in terms of arrival
of the fittest and survival of the fittest [9,69]. From the point-of-view of organizational
studies concerned with start-up lifecycles stages [70], arrival of the fittest can be related to
ideation stage and transition stage. Survival of the fittest can be related to the subsequent
stages of scaling and exit [71]. For a start-up, arrival in a competitive environment with
a higher level of fitness than other organizations can involve several activities, including
formulating a business model and identifying customers to enabling iterative testing of the
business model as the start-up endeavors to transition towards scaling [72]. When seeking
to arrive as the fittest in a competitive market, existing business modeling methods such as
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the business model canvas can be used iteratively to define value proposition, cost structure,
revenue streams, key partners, key resources, key activities, customer segments, customer
relationships, and distribution channels [19]. Such definition can involve ideation with a
variety of techniques, such as the use of visualizations that can clarify market systems [73]
and others that can reduce the influence of preconceptions that can limit innovation [74].

Despite the many strengths of the business model canvas, it does not facilitate perfor-
mance measurement [75]. Instead, start-ups can define a multitude of key performance
indicators (KPIs) [76]. This can correspond with overfitting an internal model to the external
state of a changing environment [39]. Alternatively, start-ups can use a standard balanced
scorecard with only a few summary criteria, but which can still involve a multitude of
performance measurements [77]. By contrast, the simple method explained here is intended
to facilitate measurement of performance on those parameters that are fundamental to
survival. This is done on individual survival parameters, such as customer base, product
sales, user experience, and cash flow. However, the overall measurement, through the
charts shown in Figures 3 and 4 is of synchrony with the environment. Thus, although
the method is simple, it goes beyond the well-established practice of start-ups measuring
their activities in terms of many KPIs, which do not immediately indicate the extent of
synchrony with its environment.

As start-ups seek to survive as the fittest during scaling towards the exit stage of initial
public share offering, private sales, etc., they may move from informal structure to formal
structure. In doing so, there can be crises of bureaucracy amidst change from founding
generalists taking ad hoc actions to specialists being employed to follow documented
procedures [71], for example within quality management systems [78]. This change from
informal to formal can involve change from a business model being founders’ mental model
to the business model being a simplified representation of the start-up’s activities or even a
detailed explanation of how business is conducted [79]. The simple method shown here is
not in conflict with such changes from informal to formal. This is because it is focused on
performance on survival parameters, rather than on the activities that are carried out to
achieve performance on survival parameters.

Furthermore, the relevance of the simple method shown here is not restricted by any
size of start-up from ideation to exit. This is because it is based on first principles that
are applicable from the level of particles to organizations [56,80]. In particular, prediction
errors on survival parameters arise from information uncertainty about how to survive, for
example uncertainty about how to achieve sufficient product sales to survive. Irrespective
of start-up stage or size, information uncertainty about how to survive will lead to physical
disorder, which entails useless energy expenditure lost in unproductive actions. If pre-
diction errors are not reduced through updating beliefs, shifting focus, or changing work,
organizations of any stage or size can be overwhelmed by what has been described in the
system dynamics literature as firefighting [81]—in other words, by becoming trapped in a
quagmire of deadline pressure, overtime working and energy depletion.

In the most fundamental terms, making prediction errors on survival parameters
indicates that living things, here start-ups, do not know how to counteract locally the
universal trend towards maximum entropy [26]. Information uncertainty about how to
survive can be stated in terms of information-theoretic entropy as defined by Claude
Shannon in the 1940s [82]. For example, if there is an information-theoretic entropy of
2.58 bits, there is the statistical mechanics entropy of physical disorder from there being six
equiprobable but different ways in which work could be carried out. If only one of those six
different ways of carrying out the work is correct, there will be the thermodynamic entropy
of potentially useful thermodynamic energy becoming practically useless thermodynamic
energy as it is lost in five failed attempts out of six attempts to carry out the work. Statistical
mechanics entropy describes the disorder of a system, with entropy increasing as the
number of states available to the system increases [83]. Statistical mechanics entropy
was defined by Ludwig Boltzmann in the 1870s and Max Planck in the 1900s. This was
preceded by definition of thermodynamic entropy by Rudolf Clausius in the 1860s based on
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observations that much energy is lost due to dissipation and cannot be converted into useful
work. Thermodynamic entropy can be regarded as a measure of chaos in a thermodynamic
system [84]. Irrespective of the stage of evolution or size of a living thing, it cannot survive
dissipation into the environment of the energy it needs to do work necessary for its survival.
Rather, living things need to have boundaries that are open to the environment but constrain
their release of energy into a few degrees of freedom [26,27]. This is necessary to be able
to adapt to external changes while maintaining sufficient internal stability to make most
efficient use of energy through least action [10,85,86].

A further fundamental reason why the simple method shown here is relevant to
start-ups of any stage or size is that the stage or size of a start-up cannot lead to constant
synchrony with the competitive market in which it intends to survive and grow. This is
because competitive markets are environments that will change unpredictably. Competition
in markets will change unpredictably because the potential uses of existing things can be
combined in many different ways with the many potential uses of other existing things.
Potential uses of existing things can include many new uses that are different to their
original uses [29,30]. This leads to the creation of complements and substitutes for existing
things. What is created emerges unpredictably from different organizations’ different
perspectives [31,32]. Hence, it is not realistic to anticipate that start-ups will initially make
prediction errors on survival parameters but then come to have no information uncertainty
about how to survive. Rather, new sources of information uncertainty will arise from
changing competition. Moreover, it will arise from increasingly widespread climate-related
environmental changes [87–92]. Accordingly, start-ups will continue to need to address
prediction errors on survival parameters throughout their lifecycles by updating beliefs,
shifting focus, or changing work.

6. Conclusions

Living systems can facilitate their survival by balancing adaptability and stability
through synchronization with environments. This paper reports action research that
involved survival first principles being applied in a simple business modeling method,
which can support start-ups in being adaptable stable systems that are synchronous with
their environments. In particular, synchrony involves the use of business models to predict
performance on survival parameters and taking actions to address prediction errors of
actual performance not matching expected performance.

The paper provides three principal contributions. The contribution to business model
theory building is to relate survival first principles to business models. Referring to survival
first principles revealed through natural sciences research is apposite as organizational
research has not ameliorated the persistently high failure rate of start-ups around the world.
Furthermore, it is timely as start-ups experience increasing unpredictability around them
due to climate-related environmental changes. Accordingly, it is now more important
than ever to recognize that survival and growth depends upon synchrony with changing
environments. The contribution to business practice is to describe a simple business
modeling method that is based on the scientific first principles. As the simple method
uses standard basic software and is easily explained through a few slides, it is accessible
throughout start-up lifecycles to a wide range of potential users in any sector. This is
important in order to address directly and persistently the primary objective of start-ups:
to survive in changing environments. The third contribution is to provide an example that
bridges the rigor–relevance gap between scientific research and business practice. It is an
example that encompasses basic research, e.g., [22,23] use-inspired basic research [40,57]
and pure applied research, which illustrates the value of fundamental research and the
unpredictability of how it will eventually come to be useful.

The reported study is limited by the simple method not having been combined with
existing methods. Apropos, future research could investigate potential for existing methods
to inform definition of open boundaries, survival parameters, and activities to achieve
necessary performance on survival parameters. Subsequently, research could investigate
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the potential for existing methods to support shifting focus and/or changing methods of
work. Such research could investigate potential for relating the sparse representations of
the business modeling method explained in this paper with the rich picture technique and
other existing methods that can facilitate shared visualization of start-ups’ interactions with
changing environments.
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8. Lekevičius, E.; Loreau, M. Adaptability and functional stability in forest ecosystems: A hierarchical conceptual framework.
Ekologija 2012, 58, 391–404. [CrossRef]

9. Peacock, K.A. The three faces of ecological fitness. Stud. Hist. Philos. Sci. C Stud. Hist. Philos. Biol. Biomed. Sci. 2011, 42, 99–105.
[CrossRef]

10. Kaila, V.R.; Annila, A. Natural selection for least action. Proc. R. Soc. A Math. Phys. Eng. Sci. 2008, 464, 3055–3070. [CrossRef]
11. Laland, K.N.; Uller, T.; Feldman, M.W.; Sterelny, K.; Müller, G.B.; Moczek, A.; Jablonka, E.; Odling-Smee, J. The extended

evolutionary synthesis: Its structure, assumptions and predictions. Proc. R. Soc. B Biol. Sci. 2015, 282, 20151019. [CrossRef]
12. Bruineberg, J.; Rietveld, E.; Parr, T.; van Maanen, L.; Friston, K.J. Free-energy minimization in joint agent-environment systems: A

niche construction perspective. J. Theor. Biol. 2018, 455, 161–178. [CrossRef] [PubMed]
13. Fox, S. Synchronous generative development amidst situated entropy. Entropy 2022, 24, 89. [CrossRef] [PubMed]
14. Alana, J.E.; Slater, T.; Bucknam, A. Action Research for Business, Nonprofit, and Public Administration—A Tool for Complex Times; Sage

Publications: Thousand Oaks, CA, USA, 2011.
15. Lewin, K. Action research and minority problems. J. Soc. Issues 1946, 2, 34–36. [CrossRef]
16. Brillinger, A.-S.; Els, C.; Schäfer, B.; Bender, B. Business model risk and uncertainty factors: Toward building and maintaining

profitable and sustainable business models. Bus. Horiz. 2020, 63, 121–130. [CrossRef]
17. Osterwalder, A.; Pigneur, Y.; Clark, T. Business Model Generation: A Handbook for Visionaries, Game Changers, and Challengers; John

Wiley & Sons: Hoboken, NJ, USA, 2010.
18. Leitão, J. Open Innovation Business Modeling: Gamification and Design Thinking Applications; Springer International Publishing:

Cham, Switzerland, 2019.
19. Yun, J.J. Business Model Design Compass: Open Innovation Funnel to Schumpeterian New Combination Business Model Developing Circle;

Springer: Singapore, 1977.
20. Manninen, K.; Huiskonen, J. Sustainability goal setting with a value-focused thinking approach. In Sustainable Business Models;

Aagaard, A., Ed.; Palgrave Studies in Sustainable Business in Association with Future Earth; Palgrave Macmillan: Cham,
Switzerland, 2019; pp. 89–118.

21. Stubbs, W.; Cocklin, C. Conceptualizing a “sustainability business model”. Organ. Environ. 2008, 21, 103–127. [CrossRef]

https://ec.europa.eu/info/research-andinnovation/research-area/environment/nature-based-solutions_en
https://ec.europa.eu/info/research-andinnovation/research-area/environment/nature-based-solutions_en
http://doi.org/10.1007/s43615-021-00022-3
http://doi.org/10.1007/s11229-020-02801-1
http://doi.org/10.1016/j.foreco.2019.117631
http://doi.org/10.1016/j.scienta.2019.03.044
http://doi.org/10.2135/cropsci2018.04.0250
http://doi.org/10.6001/ekologija.v58i4.2608
http://doi.org/10.1016/j.shpsc.2010.11.011
http://doi.org/10.1098/rspa.2008.0178
http://doi.org/10.1098/rspb.2015.1019
http://doi.org/10.1016/j.jtbi.2018.07.002
http://www.ncbi.nlm.nih.gov/pubmed/30012517
http://doi.org/10.3390/e24010089
http://www.ncbi.nlm.nih.gov/pubmed/35052115
http://doi.org/10.1111/j.1540-4560.1946.tb02295.x
http://doi.org/10.1016/j.bushor.2019.09.009
http://doi.org/10.1177/1086026608318042


Systems 2022, 10, 81 14 of 16

22. Friston, K.J.; Daunizeau, J.; Kilner, J.; Kiebel, S.J. Action and behavior: A free-energy formulation. Biol. Cybern. 2010, 102, 227–260.
[CrossRef]

23. Kauffman, S.A. Answering Schrödinger’s “What Is Life?”. Entropy 2020, 22, 815. [CrossRef]
24. CB Insights. The Top 20 Reasons Startups Fail. Available online: https://conferences.law.stanford.edu/vcs2019/wp-content/

uploads/sites/63/2018/09/001-top-10.pdf (accessed on 5 May 2022).
25. McKenzie, D.; Sansone, D. Predicting entrepreneurial success is hard: Evidence from a business plan competition in Nigeria. J.

Dev. Econ. 2019, 141, 102369. [CrossRef]
26. Atkins, P. The Second Law; Freeman and Co.: New York, NY, USA, 1984.
27. Montévil, M.; Mateo, M. Biological organization and constraint closure. J. Theor. Biol. 2015, 372, 179–191. [CrossRef]
28. Welch, J.A.; Nayak, P.R. Strategic sourcing: A progressive approach to the make-or-buy decision. Acad. Manag. Perspect. 1992, 6,

23–31. [CrossRef]
29. Dew, N.; Sarasvathy, S.D. Exaptation and niche construction: Behavioral insights for an evolutionary theory. Ind. Corp. Chang.

2016, 25, 167–179. [CrossRef]
30. Gould, S.J.; Vrba, E.S. Exaptation—A missing term in the science of form. Paleobiology 1982, 8, 4–15. [CrossRef]
31. Baker, T.; Nelson, R. Creating something from nothing: Resource construction through entrepreneurial bricolage. Adm. Sci. Q.

2005, 50, 329–366. [CrossRef]
32. Roli, A.; Kauffman, S.A. Emergence of organisms. Entropy 2020, 22, 1163. [CrossRef]
33. Haken, H. Synergetics. In Self-Organizing Systems; Yates, F.E., Garfinkel, A., Walter, D.O., Yates, G.B., Eds.; Springer: Boston, MA,

USA, 1987; pp. 417–434.
34. Whyte, C.J.; Smith, R. The predictive global neuronal workspace: A formal active inference model of visual consciousness. Prog.

Neurobiol. 2020, 199, 101918. [CrossRef] [PubMed]
35. Luksha, P. Niche construction: The process of opportunity creation in the environment. Strateg. Entrep. J. 2008, 2, 269–283.

[CrossRef]
36. Kreitzman, L.; Foster, R. Seasons of Life: The Biological Rhythms That Enable Living Things to Thrive and Survive; Profile Books:

London, UK, 2010.
37. Senge, P.; Kleiner, A.; Roberts, C.; Ross, R.; Roth, G.; Smith, B. The Dance of Change: The Challenges to Sustaining Momentum in

Learning Organizations; Doubleday: New York, NY, USA, 1999.
38. Fox, S. Accessing active inference theory through its implicit and deliberative practice in human organizations. Entropy 2021, 23,

1521. [CrossRef]
39. Tavoni, G.; Balasubramanian, V.; Gold, J.I. What is optimal in optimal inference? Curr. Opin. Behav. Sci. 2019, 29, 117–126. [CrossRef]
40. Conant, R.C.; Ashby, W.R. Every good regulator of a system must be a model of that system. Int. J. Syst. Sci. 1970, 1, 89–97. [CrossRef]
41. Dunning, D.; Balcetis, E. Wishful seeing: How preferences shape visual perception. Curr. Dir. Psychol. Sci. 2013, 22, 33–37. [CrossRef]
42. Nurse, M.S.; Grant, W.J. I’ll see it when I believe it: Motivated numeracy in perceptions of climate change risk. Environ. Commun.

2020, 14, 184–201. [CrossRef]
43. Kvitek, D.J.; Sherlock, G. Whole genome, whole population sequencing reveals that loss of signaling networks is the major

adaptive strategy in a constant environment. PLoS Genet. 2013, 9, e1003972. [CrossRef] [PubMed]
44. Sydow, J.; Schreyögg, G.; Koch, J. Organizational path dependence: Opening the black box. Acad. Manag. Rev. 2009, 34, 689–709.
45. Gilroy, S.P.; Hantula, D.A. Inherently irrational? A computational model of escalation of commitment as Bayesian updating.

Behav. Process. 2016, 127, 43–51. [CrossRef]
46. Staw, B.M.; Sandelands, L.E.; Dutton, J.E. Threat rigidity effects in organizational behavior: A multilevel analysis. Adm. Sci. Q.

1981, 26, 501–524. [CrossRef]
47. Aggelopoulos, N.C. Perceptual inference. Neurosci. Biobehav. Rev. 2015, 55, 375–392. [CrossRef]
48. Summerfield, C.; Koechlin, E. A neural representation of prior information during perceptual inference. Neuron 2008, 59, 336–347.

[CrossRef]
49. Patrick, G.T.W. The psychology of prejudice. Pop. Sci. M. 1890, 36, 440.
50. Nairne, J.S.; Pandeirada, J.N.; Gregory, K.J.; Van Arsdall, J.E. Adaptive memory: Fitness relevance and the hunter-gatherer mind.

Psychol. Sci. 2009, 20, 740–746. [CrossRef]
51. Hobfoll, S.E. Conservation of Resources Theory: Its Implication for Stress, Health, and Resilience. In The Oxford Handbook of Stress,

Health, and Coping; Folkman, S., Ed.; Oxford Library of Psychology: Oxford, UK, 2011; pp. 127–147.
52. Rodríguez, I.; Kozusznik, M.W.; Peiró, J.M.; Tordera, N. Individual, co-active and collective coping and organizational stress: A

longitudinal study. Eur. Manag. J. 2019, 37, 86–98. [CrossRef]
53. Holling, C.S. The resilience of terrestrial ecosystems: Local surprise and global change. In Sustainable Development of the Biosphere;

Clark, W.C., Munn, R.E., Eds.; Cambridge University Press: Cambridge, UK, 1986; pp. 292–317.
54. Ulanowicz, R.E.; Goerner, S.J.; Lietaer, B.; Gomez, R. Quantifying sustainability: Resilience, efficiency and the return of information

theory. Ecol. Complex. 2009, 6, 27–36. [CrossRef]
55. Saxe, G.N.; Calderone, D.; Morales, L.J. Brain entropy and human intelligence: A resting-state fMRI study. PLoS ONE 2018, 13,

e0191582. [CrossRef] [PubMed]
56. Wissner-Gross, A.D.; Freer, C.E. Causal entropic forces. Phys. Rev. Lett. 2013, 110, 168702. [CrossRef] [PubMed]

http://doi.org/10.1007/s00422-010-0364-z
http://doi.org/10.3390/e22080815
https://conferences.law.stanford.edu/vcs2019/wp-content/uploads/sites/63/2018/09/001-top-10.pdf
https://conferences.law.stanford.edu/vcs2019/wp-content/uploads/sites/63/2018/09/001-top-10.pdf
http://doi.org/10.1016/j.jdeveco.2019.07.002
http://doi.org/10.1016/j.jtbi.2015.02.029
http://doi.org/10.5465/ame.1992.4274302
http://doi.org/10.1093/icc/dtv051
http://doi.org/10.1017/S0094837300004310
http://doi.org/10.2189/asqu.2005.50.3.329
http://doi.org/10.3390/e22101163
http://doi.org/10.1016/j.pneurobio.2020.101918
http://www.ncbi.nlm.nih.gov/pubmed/33039416
http://doi.org/10.1002/sej.57
http://doi.org/10.3390/e23111521
http://doi.org/10.1016/j.cobeha.2019.07.008
http://doi.org/10.1080/00207727008920220
http://doi.org/10.1177/0963721412463693
http://doi.org/10.1080/17524032.2019.1618364
http://doi.org/10.1371/journal.pgen.1003972
http://www.ncbi.nlm.nih.gov/pubmed/24278038
http://doi.org/10.1016/j.beproc.2016.02.017
http://doi.org/10.2307/2392337
http://doi.org/10.1016/j.neubiorev.2015.05.001
http://doi.org/10.1016/j.neuron.2008.05.021
http://doi.org/10.1111/j.1467-9280.2009.02356.x
http://doi.org/10.1016/j.emj.2018.06.002
http://doi.org/10.1016/j.ecocom.2008.10.005
http://doi.org/10.1371/journal.pone.0191582
http://www.ncbi.nlm.nih.gov/pubmed/29432427
http://doi.org/10.1103/PhysRevLett.110.168702
http://www.ncbi.nlm.nih.gov/pubmed/23679649


Systems 2022, 10, 81 15 of 16

57. Smith, R.; Schwartenbeck, P.; Parr, T.; Friston, K. An active inference approach to modeling structure learning: Concept learning
as an example case. Front. Comput. Neurosci. 2020, 14, 41. [CrossRef]

58. De Martino, B.; Kumaran, D.; Seymour, B.; Dolan, R.J. Frames, biases, and rational decision-making in the human brain. Science
2009, 313, 684–687. [CrossRef]

59. Mowem, M.M.; Mowen, J.C. An empirical examination of the biasing effects of framing business decisions. Decis. Sci. 1986, 17,
596–602. [CrossRef]

60. Gigerenzer, G. Why heuristics work. Perspect. Psychol. Sci. 2008, 3, 20–29. [CrossRef]
61. Hutchinson, J.M.C.; Gigerenzer, G. Simple heuristics and rules of thumb: Where psychologists and behavioural biologists might

meet. Behav. Process. 2005, 69, 97–124. [CrossRef]
62. Feynman, R.P. The Principle of Least Action in Quantum Mechanics. Ph.D. Thesis, Princeton University, Princeton, NJ, USA, 1942.
63. Glynn, I. Elegance in Science: The Beauty of Simplicity; Oxford University Press: Oxford, UK, 2010.
64. Davis, J.P.; Eisenhardt, K.M.; Bingham, C.B. Optimal structure, market dynamism, and the strategy of simple rules. Adm. Sci. Q.

2009, 54, 413–452. [CrossRef]
65. Prakash, C.; Fields, C.; Hoffman, D.D.; Prentner, R.; Singh, M. Fact, fiction, and fitness. Entropy 2020, 22, 514. [CrossRef]
66. Vessey, I. Cognitive fit: A theory-based analysis of the graphs versus tables literature. Decis. Sci. 1991, 22, 219–240. [CrossRef]
67. Bansal, P.; Bertels, S.; Ewert, T.; MacConnachie, P.; O’Brien, J. Bridging the research-practice gap. Acad. Manag. Perspect. 2012, 26,

73–92. [CrossRef]
68. Roelle, J.; Berthold, K. Effects of comparing contrasting cases on learning from subsequent explanations. Cogn. Instr. 2015, 33,

199–225. [CrossRef]
69. Wagner, A. Arrival of the Fittest: Solving Evolution’s Greatest Puzzle; Penguin: London, UK, 2014.
70. Fox, S. Future-proofing startups: Stress management principles based on adaptive calibration model and active inference theory.

Entropy 2021, 23, 1155. [CrossRef]
71. Picken, J.C. From startup to scalable enterprise: Laying the foundation. Bus. Horiz. 2017, 60, 587–595. [CrossRef]
72. Ghezzi, A. Digital startups and the adoption and implementation of Lean Startup Approaches: Effectuation, bricolage and

opportunity creation in practice. Technol. Forecast. Soc. Chang. 2019, 146, 945–960. [CrossRef]
73. Kurti, E.; Salavati, S.; Mirijamdotter, A. Using systems thinking to illustrate digital business model innovation. Systems 2021, 9, 86.

[CrossRef]
74. Fox, S. Dismantling the box—Applying principles for reducing preconceptions during ideation. Int. J. Innov. Manag. 2016, 20,

1650049. [CrossRef]
75. Ching, H.Y.; Fauvel, C. Criticisms, variations and experiences with business model canvas. Eur. J. Agric. For. Res. 2013, 1, 26–37.
76. Rompho, N. Operational performance measures for startups. Meas. Bus. Excell. 2018, 22, 31–41. [CrossRef]
77. Gumbus, A.; Lussier, R.N. Entrepreneurs use a balanced scorecard to translate strategy into performance measures. J. Small Bus.

Manag. 2006, 44, 407–425. [CrossRef]
78. Klute-Wenig, S.; Refflinghaus, R. Quality management for microenterprises and start-ups: Is the ISO 9001 suitable? Int. J. Qual.

Serv. Sci. 2020, 12, 44–55.
79. Massa, L.; Tucci, C.; Afuah, A. A critical assessment of business model research. Acad. Manag. Ann. 2017, 11, 73–104. [CrossRef]
80. Mann, R.P.; Garnett, R. The entropic basis of collective behaviour. J. R. Soc. Interface 2015, 12, 20150037. [CrossRef] [PubMed]
81. Black, L.J.; Repenning, N.P. Why firefighting is never enough: Preserving high-quality product development. Syst. Dyn. Rev. J.

Syst. Dyn. Soc. 2001, 17, 33–62. [CrossRef]
82. Shannon, C.E. A mathematical theory of communication. Bell Syst. Tech. J. 1948, 27, 379–423. [CrossRef]
83. Sharp, K.; Matschinsky, F. Translation of Ludwig Boltzmann’s paper ‘On the relationship between the second fundamental theorem

of the mechanical theory of heat and probability calculations regarding the conditions for thermal equilibrium’. Sitzungberichte
der Kaiserlichen Akademie der Wissenschaften. Mathematisch-Naturwissen Classe. Abt. II, LXXVI 1877, pp 373–435 (Wien.
Ber. 1877, 76, 373–435); Reprinted in Wiss. Abhandlungen, Vol. II, reprint 42, p. 164–223, Barth, Leipzig, 1909. Entropy 2015, 17,
1971–2009.

84. Clausius, R. The Mechanical Theory of Heat: With Its Applications to the Steam Engine and to the Physical Properties of Bodies; John van
Voorst: London, UK, 1867.

85. de Maupertuis, P.L.M. Les loix du mouvement et du repos déduites d’un principe métaphysique. In Histoire de l’Academie Royale
des Sciences et des Belles-Lettres de Berlin; Haude: Berlin, Germay, 1746; pp. 267–294.

86. Friston, K. Life as we know it. J. R. Soc. Interface 2013, 10, 20130475. [CrossRef]
87. Huang, J.; Zhang, G.; Zhang, Y.; Guan, X.; Wei, Y.; Guo, R. Global desertification vulnerability to climate change and human

activities. Land Degrad. Dev. 2020, 31, 1380–1391. [CrossRef]
88. Patton, A.I.; Rathburn, S.L.; Cfapps, D.M. Landslide response to climate change in permafrost regions. Geomorphology 2019, 340,

116–128. [CrossRef]
89. Boer, M.M.; de Dios, V.R.; Bradstock, R.A. Unprecedented burn area of Australian mega forest fires. Nat. Clim. Chang. 2020, 10,

171–172. [CrossRef]
90. Wu, X.; Lu, Y.; Zhou, S.; Chen, L.; Xu, B. Impact of climate change on human infectious diseases: Empirical evidence and human

adaptation. Environ. Int. 2016, 86, 14–23. [CrossRef] [PubMed]

http://doi.org/10.3389/fncom.2020.00041
http://doi.org/10.1126/science.1128356
http://doi.org/10.1111/j.1540-5915.1986.tb00245.x
http://doi.org/10.1111/j.1745-6916.2008.00058.x
http://doi.org/10.1016/j.beproc.2005.02.019
http://doi.org/10.2189/asqu.2009.54.3.413
http://doi.org/10.3390/e22050514
http://doi.org/10.1111/j.1540-5915.1991.tb00344.x
http://doi.org/10.5465/amp.2011.0140
http://doi.org/10.1080/07370008.2015.1063636
http://doi.org/10.3390/e23091155
http://doi.org/10.1016/j.bushor.2017.05.002
http://doi.org/10.1016/j.techfore.2018.09.017
http://doi.org/10.3390/systems9040086
http://doi.org/10.1142/S1363919616500493
http://doi.org/10.1108/MBE-06-2017-0028
http://doi.org/10.1111/j.1540-627X.2006.00179.x
http://doi.org/10.5465/annals.2014.0072
http://doi.org/10.1098/rsif.2015.0037
http://www.ncbi.nlm.nih.gov/pubmed/25833243
http://doi.org/10.1002/sdr.205
http://doi.org/10.1002/j.1538-7305.1948.tb01338.x
http://doi.org/10.1098/rsif.2013.0475
http://doi.org/10.1002/ldr.3556
http://doi.org/10.1016/j.geomorph.2019.04.029
http://doi.org/10.1038/s41558-020-0716-1
http://doi.org/10.1016/j.envint.2015.09.007
http://www.ncbi.nlm.nih.gov/pubmed/26479830


Systems 2022, 10, 81 16 of 16

91. Chowdhury, F.R.; Ibrahim, Q.S.U.; Bari, M.S.; Alam, M.J.; Dunachie, S.J.; Rodriguez-Morales, A.J.; Patwary, M.I. The association
between temperature, rainfall and humidity with common climate-sensitive infectious diseases in Bangladesh. PLoS ONE 2018,
13, e0199579. [CrossRef] [PubMed]

92. Wrathall, D.J.; Mueller, V.; Clark, P.U.; Bell, A.; Oppenheimer, M.; Hauer, M.; Abel, K. Meeting the looming policy challenge of
sea-level change and human migration. Nat. Clim. Chang. 2019, 9, 898–901. [CrossRef]

http://doi.org/10.1371/journal.pone.0199579
http://www.ncbi.nlm.nih.gov/pubmed/29928056
http://doi.org/10.1038/s41558-019-0640-4

	Introduction 
	Action Research Methodology 
	Literature Review 
	Internal Models 
	Synchronization for Adaptable Stability 

	Results 
	Discussion 
	Conclusions 
	References

