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MODELLING THE IMPACT OF RISK FACTORS
ON DIGITAL PORTFOLIO RETURNS: A BAYESIAN APPROACH

MOOENKBAHHA BMIINBY PUBUK-PAKTOPIB
HA 0OXI4 LUDOPOBOIO NOPTO®ENA: BAUECIBCbKUK NIAXIQ

The article addresses the problem of modeling the impact of risk factors on the income generated by a portfolio
of digital intellectual assets under uncertainty and limited information. The relevance of the research lies in the grow-
ing role of digital assets in the structure of the modern economy, the specific nature of their circulation, the lack of
historical data, high volatility, and the significant individualization of management strategies. In order to overcome
the limitations of traditional risk assessment approaches (such as VaR/EaR methodologies), the author proposes
a logic-probabilistic model based on Bayesian Belief Networks (BBNs). This model describes causal relationships
between key risk factors (demand, creative productivity, sales frequency) and portfolio income, taking into account
both internal and external influences. Particular attention is paid to behavioral aspects of decision-making, including
the influence of heuristics, cognitive biases, and bounded rationality of the author/investor. The model incorporates
hyperbolic discounting, loss aversion, endowment effect, and diminishing sensitivity — factors that significantly affect
the subject’s motivation to replenish the portfolio. The proposed model enables both forward and backward prob-
abilistic inference, which allows not only to forecast income based on the given values of risk factors, but also to
diagnose the potential causes of actual revenue deviations. The paper highlights the advantages of BBNs in risk
modeling under informational asymmetry and incomplete data, especially their ability to adapt to new empirical in-
puts. Using the author’s model, the portfolio structure was analyzed by grouping assets according to demand char-
acteristics. It was demonstrated that the so-called «top-performing group» has the most significant impact on risk
metrics. It is established that the key determinant of performance is not only market conditions but also the author’s
strategy of portfolio renewal and management. The proposed approach can be used as a decision support tool in
digital asset management and may be adapted to other types of intangible assets in the creative economy.

Keywords: digital intellectual assets, eayesian belief networks, risk metrics, logic-probabilistic modeling,
behavioral factors.

Y cmammi po3ansiHymo npobriemMy mMooentosaHHs1 ernugy puluk-ghakmopie Ha 0oxio yughposo2o nopmaebernsi iH-
menekmyarnbHUX aKkmueie 8 ymoeax Hegu3Ha4eHocmi ma obmexxeHor iHgbopmauii. AkmyasibHicmb 00CiOKeHHs1 0by-
MoerieHa 3pocmaHHSIM PosTi yughposuUX akmueig y cmpyKmypi cy4acHOi eKOHOMIKU, crieyucpikoro ix obiey, Hecmadetro
icmopu4HUX daHUX, BUCOKOI 80/1amMUusIbHICMI0 ma 3Ha4yHoK iHOugidyanisayiero cmpameeil yrnpassniHHsA. 3 Memoro
rnodonaHHsA obmexeHb mpaduyitiHux rnidxodie 00 OUiHIOBaHHST puU3uKie (30Kkpema, memodornoeil VaR/EaR), asmo-
POM 3arnporioHO8aHO f102iKO-iMO8IpHICHY Moderib, nobydoeaHy Ha OCcHosi balieciecbkux mepex doegipu (bCL). Taka
MoOesib 00380/15I€ onucamu nPUYUHHO-HACHIOKO8I 38’A3KU MK K/I0408UMU ¢hakmopamu pu3uKy (monum, meopya
npodykmueHicme, Yacmoma rpodaxig) ma doxodoMm, Wo 2eHepyembCcsi nopmaeberniem yugposux iHmenekmyaris-
HUX aKkmueis, 3 ypaxy8aHHAM SIK 6HymMPpiliHIX, makK i 308HiwHix ennugie. Ocobnusy yeazy npudineHo nosediHkosuM
acriekmam rnpulHamms pilieHb, SIKi 8KYaomb 8riu8 espucmuk, KO2HImU8HUX 8UKpuUerieHb ma obMexeHoi pa-
uioHanbHocmi asmopa/iHeecmopa. Y moderni epaxoeaHo einepboriyHe AUCKOHMYy8aHHs, echekm empam, eghekm
80/100iHHS1, €8PUCMUKY Yymiiu8oCmi, WO 3MEHWYEMbCS, SKi CMOMHO 8rnusarome Ha Momusauiro cyb’ekma 0o ro-
rosHeHHs1 nopmaberisi. 3arnpornoHosaHa MoOesib pearnidye K NPsaMuli, mak i 360pomHul iMOBIPHICHUU 8UCHOBOK, WO
00380715I€ He nuwe npogHo3yeamu 00xi0 3anexHo 8i0 3adaHux 3Ha4YeHb pu3uKk-chakmopis, a U diazHocmyeamu rio-
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MeHUilHI Mpu4uHU 8idXxuneHb chakmu4yHo20 0oxody. BuceimneHo nepesaau 3acmocysaHHsi BC/] 0nsi ModenoeaHHs
PUBUKY 8 yMosax iHgbopmauitiHoi acumempii ma HernoeHoi iHghopmauii, 30kpema, 30amHicmb Moderii do adanmauii
Ha oCcHosi Hosux eMnipu4HUx OaHux. Ha ocHosi asmopckKoi Moderi npoaHarniaogaHo cmpykmypy rnopmabers, sika
8KJIIoYae 2pynu aKkmueig 3a 03HaKoK MonNumy, a makox rnokasaHo, Wo Halbinbwul ennue Ha pu3uk-MempuKku mMae
epyrna mak 38aHuX «peKopOCMeEHIi8». BusHa4yeHo, W0 Ko4osuM ¢hakmopom pe3yrismamugHOCMi € He NTULE PUHKO-
8i ymosu, a li cmpameeisi asmopa u,000 OHOB/IEHHSI Ma yrpaeriiHHS ernacHum rnopmabenem. 3anporoHogaHul rioxio
Moxe 6ymu eukopucmaHul 5K IHCmpyMeHm niOmpuMKU rnputHAMMSs yrpaeniHCbKUX piueHb y cehepi yughposux
akmusie, a makox adanmosaHuti 00 iHWUXx eudie HemamepiarbHUX akmueig y KpeamueHiti €KOHOMIU.

KnrouoBi cnoBa: yugposi iHmenekmyansHi akmusu, digital intellectual assets, 6alieciecbki mepexi dosipu,
sayesian belief networks, pusuxk-mempuku, risk metrics, noeiko-imosgipHicHe MmoderntogaHHs, logic-probabilistic

modeling, nosediHkosi gpakmopu, behavioral factors.

Formulation of the problem. In today's rapidly
developing digital economy, the problem of effective
management of digital intellectual assets formed
in copyright or investment portfolios is becoming
particularly relevant. Unlike traditional financial
instruments, digital assets have a different nature
of circulation, are characterised by a high level of
uncertainty, insufficient historical statistical data
and significant behavioural variability on the part
of economic entities. In these conditions, classical
approaches to risk assessment and income
forecasting, such as VaR (Value at Risk) or EaR
(Earnings at Risk) methodologies, are not effective
enough, as they do not take into account the structural
asymmetry of the portfolio, non-linearity of cause
and effect relationships and behavioural factors.
The problem of risk assessment is particularly
acute in the case of forming portfolios of digital
images or other copyrighted objects, where income
is determined not only by price factors but also by
the frequency of sales, creative productivity of the
author, market reaction to new assets, etc. In such
circumstances, it is extremely important to build
an adaptive model that allows taking into account
a complex set of risk factors, as well as making
both direct and reverse probabilistic conclusions
about income in the face of incomplete or unclear
information.

The presence of subjective assessments,
behavioural heuristics, limited rationality and
dependence on the author's individual experience
necessitate the use of flexible logical and probabilistic
tools capable of modelling risk metrics under
conditions of multifactorial uncertainty. In this regard,
the scientific problem of developing an approach to
modelling the impact of risk factors on the income of
a digital portfolio using Bayesian trust networks as
an effective tool for formalising complex relationships
and supporting management decisions in the digital
economy arises.

Analysis of recent achievements and
publications. Over the past decade, the issue of
risk management in the digital economy has become
the subject of active scientific discussion due to the
proliferation of intangible assets, digitalisation of
creative activity and the emergence of new investment
instruments. Researchers pay special attention to
the development of risk assessment methods under
conditions of uncertainty, limited data and asymmetry
of information. Among Ukrainian scholars, I. Blank,

T. Vasylieva, O. Amosha, and |. Mnykh made
a significant contribution to the development
of approaches to economic risk assessment,
considering risks in the financial management
system and focusing on the importance of adaptive
methods of analysing risk metrics. In the field of
digital economy, the transformation of the nature of
assets has been actively studied in recent years, in
particular in the works of N. Rebryk, O. lvanilova,
L. Buriak, which address the issues of accounting,
valuation and monetisation models of digital assets.
Among foreign researchers, the key developments
are in the field of Bayesian Networks and logical-
probabilistic risk modelling. The work of Judea Pearl
has become fundamental to the development of tools
for causal analysis using graph models. Researchers
such as Koller & Friedman, Neil, Fenton & Nielson
have paid considerable attention to the use of BCA
in finance, proving the effectiveness of BCA in risk
management, in particular in the face of insufficient or
incomplete information. A separate area of research
is behavioural economics, in particular the works
of Daniel Kahneman, Amos Tversky, and Richard
Thaler, which describe the impact of heuristics and
cognitive distortions on decision-making under risk.
It is the combination of these approaches - Bayesian
models and behavioural patterns - that has become
the basis for building modern decision support
systems in the digital environment.

Despite significant theoretical developments,
there is a certain gap in modern science regarding
the adaptation of Bayesian methods to the analysis
of income and risks of digital intellectual assets, in
particular, graphic images used in media, marketing,
and design. At the same time, the importance and
volume of such assets in the modern market is
growing, which necessitates the use of appropriate
mathematical and instrumental tools that allow
not only to analyse returns but also to take into
account the complex structure of risks, behavioural
characteristics of portfolio holders and market
dynamics.

The purpose of the article is to develop and test
a logical-probabilistic model based on Bayesian trust
networks to assess the impact of the main risk factors
on the income of a portfolio of digital intellectual
assets under conditions of uncertainty, taking into
account both the structural heterogeneity of assets
and the behavioural characteristics of management
entities.
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Presentation of the main material. Bayesian
trust networks (BTN) are directed acyclic graphs in
which nodes represent uncertain variables of any
nature, and directed links between nodes indicate
causal relationships between the relevant variables.
Each node in such a network is associated with a
probability table that models the relationship with the
so-called parent nodes, taking into account all the
uncertainties present in these relationships. The BTN
theory combines elements of Bayesian probability
theory and the notion (assumption) of conditional
independence in the representation of relationships
between variables. Today, the BTN tools are used
in various industries to solve a wide range of tasks
related to the numerical assessment of risk metrics
and the degree of uncertainty that can be caused by
various reasons:

— incomplete knowledge of the research object;

— task conditions characterised by the presence
of randomness;

— incomplete understanding of the research area;

— various combinations of the above factors.

Models based on the principles of the BTN are
of fundamental importance in machine learning, as
Bayesian methods allow you to measure the level
of uncertainty in the data and change it based on
newly received data. The processes modelled by a
BTN can be both static and dynamic. The ultimate
goal of building a BTN is to obtain a Probabilistic
Inference apparatus that is maximally adapted to the
uncertainties and risks of a particular task or subject
area in general. Probabilistic inference can be carried
out in any direction of the network, in particular: from
effects to causes, from causes to effects, and mixed
inference is also possible.

In the broadest sense, Bayesian networks are
one of the most productive concepts for the formation
of expert systems, which are software tools that use
expert knowledge to ensure the effective solution
of informal problems in a narrow subject area. An
expert system can help an expert specialist and
sometimes partially replace him or her in solving
problems under conditions of uncertainty. An integral
part of any expert system is a knowledge base (a
structured body of knowledge) about a subject area
that determines the behavioural model of experts
in the field of study using certain logical inference
procedures. Knowledge bases are accumulated in
the process of building and operating any expert
system of this type. The advantages of using a BTN
in comparison with other concepts of building expert
systems include:

— relative simplicity of subjective probabilistic
assessment of causal relationships from the
psychological point of view and intuitive representation
in the form of a directed graph;

— interpretation of logical conclusion from the
computational point of view due to the presence of
theoretical axiomatic apparatus;

— methods underlying the  mathematical
apparatus of the BTN provide efficient calculation of
conditional probabilities.
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As shown in the previous sections, the studied
portfolios of digital intellectual assets have an
asymmetric heterogeneous structure of returns and
risk by asset group. For this reason, our logical-
probabilistic Bayesian model proposes to take into
account the causal relationships between the main
components of the portfolio, and not only its significant
heterogeneity. As portfolio components, we propose
to consider groups of assets grouped on the basis of
the same (comparable) demand. The author's logical
and probabilistic model was built on the assumption
of a continuous flow of assets in the direction from
the «waiting group» to the «record group», in the
process of which there is a continuous change in the
risk metrics of the portfolio.

Initial estimates of the risk metrics of the digital
intellectual assets portfolio were made using the VaR
(EaR) methodology based on empirical data on the
distribution of a random variable of total income over
the portfolio. However, further research has shown
that the VaR (EaR) methodology does not fully take
into account the specific features of the economic
circulation of digital intellectual assets, as this
methodology does not take into account the structural
heterogeneity of the portfolio. To solve this problem,
we used the tools of Bayesian trust networks.
The results of previous studies of portfolio risk metrics
using the VaR (EaR) methodology were used in our
Bayesian model.

The flexibility of the BTN toolkit is reflected in
the ability to integrate input parameters specified
in discrete and/or continuous form, to take into
account the different nature of some data, and to use
dependencies between different types of variables.
Risk factors specific to the intellectual property
market have a significant impact on the return on the
digital image portfolio. The factors that significantly
affect the demand for digital images include:
consumer attitudes to photo stocks, the relevance
of the subject matter of the assets in the copyright
portfolio to the current fashion in web design,
advertising, and publishing. The main consumers of
the studied digital intellectual assets are designers,
web developers, media, bloggers and other media
industry participants who use digital intellectual
assets in their professional activities. When assessing
the risk of traditional financial instruments (securities,
currencies), the main risk factor is the price volatility
of the instrument. In the original model, taking into
account the peculiarities of the circulation of digital
intellectual assets, the following risk factors were
selected as having a greater impact on the financial
result of the portfolio:

— market demand for the author's/investor's
images. This is an external factor that depends on
the current market situation and reflects the number
of sales events of the author's assets over a fixed
period of time;

— creative productivity of the author. This is an
internal factor that reflects the presence of events
of new assets entering the portfolio, on which the
author's portfolio size depends.
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Classical methods of managing the risk of a
portfolio of traditional financial instruments include
diversification of the set of instruments, various
hedging methods, selection of instruments with
different correlations of returns, etc. However,
such methods are not applicable to portfolios of
digital intellectual assets, and risk minimisation is
possible only by changing the impact of the main
risk factors on the portfolio's asset groups. It should
also be noted that traditional financial instruments
have significant amounts of historical data for many
years. Many studies have been devoted to the
study of the parameters of value and profitability
of individual financial instruments and portfolios of
instruments, which confirm the normal or lognormal
nature of the distribution of the random variable
of profitability. With respect to intellectual assets,
especially digital ones, there are significantly fewer
historical data sets, while the events occurring in
the course of circulation of such assets have a more
complex probabilistic nature. In the proposed logical-
probabilistic model, the impact of the main risk factors
on the key risk metrics is presented as a set of events
characterised by:

— a certain frequency of occurrence;

— the impact on certain elements of the portfolio;

— the presence of the level of influence (strength).
In this case, the level of influence can be taken into
account (weakened or strengthened) by training a
logical-probabilistic model.

The initial simplified version of the logical-
probabilistic model is shown in Fig. 1. In this
model, the main risk factors affecting a portfolio are
traditionally represented as variables in the nodes
of a Bayesian network. Each node of the model
is characterised by a certain level of probability
distribution of events. To adapt the model to a
specific author's portfolio and perform calculations,
it is necessary to take into account the set of
influences for each specific portfolio, determined by
its information environment. The resulting node of
the model is the revenue R (Revenue) for a portfolio
consisting of digital intellectual assets. An increase
in this indicator represents the portfolio's response
to changes that can be either external, achieved
by reducing the impact of risk factors, or internal,
through model training. External changes are caused
by a decrease in the impact of risk factors and,
according to the model logic, affect income indirectly,
through the parent nodes of sales S (Sales), creative
productivity of the author PR (Productivity) and
demand D (Demand).

Node S represents the probability of sales events
of assets in the portfolio, arranged by frequency.
The frequency of sales is directly related to the
demand for assets, since due to the special
mechanism of selling digital intellectual assets, the
price for homogeneous groups of assets is fixed and
the demand for such assets, unlike conventional
financial assets, is reflected not in the market price
but in the frequency of sales. Each group of assets
is characterised by its own probability distribution

)
()

Fig. 1. Simplified network structure
(created by the author)

function (these functions may be continuous or
discrete), which is affected by certain risk factors,
which may have a positive or negative impact.
Internal changes are the results of model training,
which is caused by the emergence of new data
that can be used to refine the modelling forecasts.
Training of the author's model is possible because
Bayesian methods allow measuring the level of
uncertainty in the data and changing it with new data.
For example, the performance of the portfolio in the
last period.

The sales node S is influenced by risk factors
from the parent nodes: market demand D and
creative productivity of the author PR. The factor
of the author's creative productivity depends on the
actions (or inaction) of the author and reflects the
intensity of replenishing the portfolio with new assets.
The demand factor can be either low or high, and it
affects the frequency of asset sales over a certain
period. The sales node S, in turn, affects the income
node R, which is directly dependent only on the facts
of sales. Despite the seeming absence of uncertainty
in the creative productivity factor due to the fact that
this factor is completely dependent on the author,
this factor is subject to uncertainties that depend on
the portfolio management strategy. In addition, the
process of adding new assets to the portfolio is not
stable. As shown above in Section 2, portfolios of
digital intellectual assets are inherently inertial.

The key task of the model is to estimate the
resulting factor of the model — the value of income
in the node R. This task is solved by forecasting
(Causal Reasoning) — setting certain probabilities
of parent nodes and, after calculations, determining
the probability of certain values in the income node.
The model built using BDS also allows for the reverse
inference (diagnosis or Evidential Reasoning), which
is the process of determining the probabilities of
parent nodes (creative productivity, demand) given
a given probability value in the income node. Since
each node of a logic-probabilistic model is a random
variable that represents a probability distribution that
is in a certain dependence on the parent nodes, the
second task of building a model (after building the
graph architecture) is to determine the distribution
of the joint probability of the nodes (risk factors) of
the model. It is the joint distribution that fixes the
dependencies between the nodes in the graph of
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the logical-probabilistic model, which allows for both
direct and reverse inference.

Dependencies between variables are given by
algebraic expressions. If D is a random variable
characterising the demand for digital intellectual
assets, and PD is a discrete distribution of this
probability, then P(D) (D = d) or P(D) (d) is the
probability that the argument D will acquire a certain
(defined) value d in a specific range of its probable
values. We will do the same with the random variables
PR, S, and R related to creative productivity, sales,
and income. The nature of each distribution and
the ranges of its values are separate issues that
depend on the specific purposes of the analysis, but
regardless, based on the architecture of the BDS, we
can write that the value representing the probability
that the variables PR, D, S, and R will take on values
equal to pr, d, s, r, respectively, is factorised by the
equation:

P(PR=pr,D=d,S=s,R=1) =

= Ppp(p1) X Ph(d) X P.(s|PR=pr,D =d) X Pa(7|S = 5)

where each is the conditional probability that
variable | will take on the value i if variable J takes
on the value j. To solve this equation, it remains to
determine the variables in all nodes of the model.
The above algebraic expressions allow us to model
the processes occurring in the portfolio of the asset
class under study and calculate the probability of
obtaining a certain return R of the portfolio.

As our observations have shown, groups of
record holders have a greater impact on total return
and are more dependent on the asset demand
factor than on the transitory mechanism of asset
replenishment. Due to the greatest impact of record
holders on total return, they have the greatest impact
on the risk metric of the entire portfolio. The creative
productivity of an author is an indicator that directly
depends on the decisions made by the author, his
or her actions or inaction. Today, the neoclassical
concept of economic theory prevails, according
to which economic actors always act rationally,
maximising their benefits.

In practice, an economic entity (author, investor) is
characterised by an individual approach to justifying
decision-making, so it does not behave exclusively
rationally, as prescribed by the neoclassical concept,
and, moreover, it may make erroneous and irrational
decisions. Rational human behaviour implies that
under conditions of uncertainty, an economic entity
will make a choice in favour of the most optimal option.
It is customary to use the theory of probability to
assess the optimality of a particular variant of human
behaviour, i.e. rational behaviour is considered to be
that in which a person weighs all possible options
and determines the probability of a favourable
outcome for him or her under a particular decision.
From the point of view of the neoclassical concept,
the most rational behaviour of an author/investor is to
continuously replenish the portfolio with new images,
i.e. the probability of creative productivity should
be 100%. But in practice, this is not the case. The
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behaviour of a decision maker depends on the way
they make decisions: some make decisions after a
long time of thinking and evaluating all outcomes
and their probabilities, while others make decisions
quickly based on their experience and intuition.

Conclusions. The study substantiates the
feasibility of using Bayesian trust networks (BTN)
to model the risks of a digital portfolio of intellectual
assets, in particular, digital images. The proposed
logical-probabilistic model allows to take into account
both the structural heterogeneity of the portfolio and
the impact of the main risk factors, such as market
demand and creative productivity of the author, on the
final income of the portfolio. The results of the study
confirm that classical risk assessment methods, such
as VaR or EaR, are limitedly effective for analysing
digital assets due to the lack of sufficient historical
data, high volatility of parameters, and behavioural
heterogeneity of subjects. In turn, Bayesian networks
provide a flexible toolkit for working with probabilistic
dependencies, which allows modelling both forward
and backward inference, assessing the degree of
influence of individual factors, and adapting the
model based on new data. The model pays special
attention to the behavioural aspects of managerial
decision-making, which are reflected through the
heuristics of self-control, preferences, losses and
possession. These aspects play a key role in shaping
the level of an author's creative productivity, which,
in turn, affects the amount and dynamics of income.
This approach allows us to formalise the impact of
individual behavioural strategies on the final financial
results.

References:

1. Blank, I. A. (2021). Management of financial risks of the
enterprise (in Ukrainian). Kyiv: NIKA-CENTER.

2. Vasylieva, T. A., & lvanilova, O. Y. (2022). Digital as-
sets in the system of strategic management of the
enterprise. Business Inform, (5), 115-120. DOI:
https://doi.org/10.32983/2222-4459-2022-5-115-120

3. Rebryk, N. V. (2023). Management of intangible assets in
the context of economic digitalization. Economics and the
State, (3), 48-52.

4. Fenton, N., Neil, M., & Constantinou, A. (2022). Risk As-
sessment and Decision Analysis with Bayesian Networks
(2nd ed.). CRC Press.

5. Pearl, J., & Mackenzie, D. (2021). The Book of Why:
The New Science of Cause and Effect. Penguin Books.

6. Thaler, R. H. (2021). Misbehaving: The Making of Behav-
ioral Economics. W. W. Norton & Company.

7. Kahneman, D., Sibony, O., & Sunstein, C. R. (2021).
Noise: A Flaw in Human Judgment. HarperCollins.

8. OECD. (2021). The Digital Transformation of SMEs.
OECD Studies on SMEs and Entrepreneurship. DOI:
https://doi.org/10.1787/bdb9256a-en

9. Koller, D., & Friedman, N. (2020). Probabilistic Graphical
Models: Principles and Techniques. MIT Press.

BibniorpaciyHun cnucok:

1. Bnank |. A. YnpaeniHHA iHaHCOBMMMW pu3MKamu
nignpuemcTtsa : Haed. nocib. Kuis : HIKA-LUEHTP, 2021.
368 c.

2. Bacunbesa T. A., IaHinosa O. 0. LUundposi aktueu B
CcUCTeMi CTpaTeriyHoro  ynpaeniHHA  NigNPUEMCTBOM.
bisHec IHgpopm. 2022. Ne 5. C. 115-120. DOI:
https://doi.org/10.32983/2222-4459-2022-5-115-120



Cepisa: EKkoHoMika Ta nignpuemHuurBo, 2025 p., Ne 1 (135)

Pebpuk H. B. YnpaBniHHa HemaTepianbHUMKU akTUBamu
B yMmoBax UMdpoBi3aLii ekoHOMikW. EkoHOMika ma
Oepxasa. 2023. Ne 3. C. 48-52.

Fenton, N., Neil, M., & Constantinou, A. (2022). Risk As-
sessment and Decision Analysis with Bayesian Networks
(2nd ed.). CRC Press.

Pearl, J., & Mackenzie, D. (2021). The Book of Why:
The New Science of Cause and Effect. Penguin
Books.

Thaler, R. H. (2021). Misbehaving: The Making of Beha-
vioral Economics. W. W. Norton & Company.

Kahneman, D., Sibony, O., & Sunstein, C. R. (2021).
Noise: A Flaw in Human Judgment. HarperCollins.
OECD. (2021). The Digital Transformation of SMEs.
OECD Studies on SMEs and Entrepreneurship. DOI:
https://doi.org/10.1787/bdb9256a-en

Koller, D., & Friedman, N. (2020). Probabilistic Graphical
Models: Principles and Techniques. MIT Press.

135



