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Abstract

treat the phenomenon of uncertainty as one of the

main research subjects in futures studies and not
as the background for futures research — by answering
the following research question: “What is the methodical
relationship between the scope of the uncertainty
phenomenon and the levels of knowledge and types
of futures in the foresight approach?” This study uses
the results of the analysis and criticism of the literature
as the main research method. On this basis, deductive
reasoning was carried out. The types of futures and the
scope of uncertainty allowed to the author to define scale
of knowledge levels. This paper has attempted to draw
together three methodological fields: uncertainty, foresight,
and knowledge. The author analyzed the complex relations

T he main purpose of this publication is an attempt to
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among the above areas on the basis of their characteristics,
which are extensions of existing concepts available in the
literature. Conclusions from the results presented in this
article can be a valuable contribution to the development
of the area of futures management. In the management
of complex systems (such as Industry 4.0), from the
foresight methodological point of view, it seems relevant
to determine which specific uncertainties can be managed
by which classes of foresight methods, and which foresight
methods are determined by what level of knowledge. The
results of the research presented in this publication may be
used for creating a research methodology for technological
foresight projects and as a complementary element of
research devoted to the issues of the development of
modern technologies, which include Industry 4.0.
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t the beginning of the last century, it was no-
Aticed that efforts to make social life more ratio-

nal generated unintended consequences such
as increased uncertainty [Poli, 2017]. From the 1970s
and 1980s, new perspectives appeared related to the
phenomenon of uncertainty, especially in several ar-
eas that deal with human interactions and modern
complex technologies (e.g., economics, large-scale
processes and energy technologies, systems engineer-
ing, management science, computer science, and ar-
tificial intelligence) [Smithson, 1989].

Many of todays uncertainties (regional, nation-
al, global) are systemic in nature, being one of the
most important features of many areas of social and
economic life, especially in the context of futures
management. Nowadays, one of the most popular
approaches in many developed economies is the so-
called Industry 4.0. In many respects, this idea, due
to its modernity (its beginning dates back to 2011),
innovativeness by transforming the way goods are
designed, manufactured, delivered and paid for [Hof-
mann, Riisch, 2017] and the systemic approach (of
scale and dimensions, so far not used until now), is
burdened with a high degree of uncertainty [Magruk,
2016]. For example, in the context of the development
of a new kind of entrepreneurship, there is now a high
level of uncertainty about what we can expect from
the challenges and opportunities arising from the
shifting of the border between human and machine
tasks and algorithms [Ansari et al., 2018]. Another
area of uncertainty that is inherent to Industry 4.0
is the problem of the veracity of data, especially big
data, that is generated throughout the whole process
of managing Industry 4.0. Uncertainty exists in every
phase of big data learning and comes from many dif-
ferent sources, such as data collection, concept vari-
ance, and multimodality [Hariri et al., 2019].

The management of such systems enforces the use of
complex and innovative research approaches (focus-
ing on interdisciplinary fields and problems [Sokolov,
Chulok, 2012]), as well as those in the futures con-
text, generating new theories of management [Shep-
herd, Suddaby, 2017]. Such approaches undoubt-
edly include well-designed foresight methodologies,
focusing on interdisciplinary fields and cross-issue
problems, creating the ability to plan different futures
based on specific needs or required outcomes [Jemala,
2010].

At the end of the 20th century, foresight became an
important instrument for long-term problems related
to risk and uncertainty [Jenssen, 2010; Kononiuk et al.,
2017] as a consequence of globalization and unprec-
edented technological progress [Jemala, 2010].

Despite the fact that foresight research tries to steer
a course between the unsettling uncertainty and
unpredictability of the future and the need for data,
information, and knowledge to shape this future
[UNDP, 2018], until now uncertainty was not main
research object but acted as the background for fu-
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tures research. The main purpose of this publication
is an attempt to change this perspective - to treat un-
certainty as the one of main research subjects in fu-
tures studies — by trying to solve a research problem
related to the scope of uncertainty versus the level of
knowledge and types of future shaping the method-
ology of foresight research. In the author’s opinion,
in complex systems (in this case this means Industry
4.0), from the foresight methodological point of view,
it seems relevant to determine which kinds of future
and levels of knowledge will be appropriate for the
analysis of the scope of uncertainties.

Methodology

This study uses the results of an analysis and criticism
of the literature as the main research method. Upon
this basis, conceptual modeling was performed.

Both the human ability to understand the processes
of change, the indication of cause-and-effect relation-
ships, and plan for the future requires knowledge
characteristic of foresight research. When uncer-
tainty is expressed in connection with a desired out-
come (this is very typical for foresight research) is it
more positively evaluated than when it is expressed
in terms of an undesired outcome [Smithson, 1989]?

Knowledge generated in foresight studies is charac-
terized by a high degree of uncertainty and complex-
ity. However, the quality of foresight knowledge is
most often analyzed in terms of its reliability than the
accuracy of the predictability of certain events [Gui-
maraes et al., 2006].

As mentioned in the introduction, it should be stated
that in the foresight studies, the uncertainty phenom-
enon is most often the background for these studies
and not its main subject. However, there are method-
ical areas of foresight in which the problem of un-
certainty is being studied on a wider scale [Magruk,
2017a] through approaches such as scenario analysis
[Ringland, 1998; Kononiuk, Nazarko, 2014], the cone
of the future [Amara, 1974; Hancock, Bezold, 1994;
Kononiuk, Nazarko, 2014; Voros, 2017], the cone of
uncertainty [Magnus, 2012], and strategic foresight
[Courtney et al., 1997; Courtney, 2001]. The ideas
mentioned above constitute a substantive basis for
the study of uncertainty as the main object in fore-
sight research.

Uncertainty in the modern era is the result of the
complex interactions of forces of many kinds: techno-
logical, social, political, economic, and environmen-
tal [Ringland, 1998; Chodakowska, Nazarko, 2017].

Every theory of knowledge draws a distinction be-
tween knowledge and ignorance, and most do so be-
tween ignorance in the sense of incomplete knowl-
edge and ignorance in the sense of erroneous belief
[Smithson, 1989].

In the taxonomy of ignorance proposed by Smith-
son, uncertainty is only one of the types of ignorance
(Figure 1) [Smithson, 1989]. In this article, a different
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Figure 1. Taxonomy of Ignorance
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Source: [Smithson, 1989].

perspective is used. Uncertainty is the subject of the
study in relation to the levels of knowledge (as op-
posed to ignorance).

It should be stressed that uncertainty can be consid-
ered from a much larger number of points of view
than shown in Figure 1. There are many definitions
(Table 1) and typologies of uncertainty developed for
various purposes [Walker et al., 2003; Lindley, 2013;
Jalonen, 2012; van der Sluijs et al., 2004; Funtowicz,
Ravetz, 1990; Magruk, 2016; Bombola, 2014; Jedralska,
Czech 2011; Wawiernia, 2013]. In this article the au-
thor presents an innovative proposal to enlarge this
spectrum with new scopes in relation to levels of
knowledge and types of future.

In this publication, uncertainty is treated as a phe-
nomenon that arises from two sources. The first
source is subjective (epistemic) and results from self-
knowledge (lack of knowledge) about the informa-
tion on the basis of which decisions are formulated,
but which (uncertainty) may be reduced by addition-
al research [Gawel et al., 2015]. The second source
of uncertainty is objective (ontological, aleotaric)
and results from the stochasticity of the nature of the
examined object and is irreducible [Aven, 2010]. The
ontological nature of uncertainty refers to such cat-
egories as: existence and its ways, essence, subject and
its properties, causality, time, space, necessity, and
possibility [Nja et al., 2017].

Self-knowledge about the decision situation in the
context of uncertainty refers to three aspects impor-
tant from the future research point of view of [Kaivo-
oja et al., 2004]: 1) knowledge, 2) predictability, and
3) time.

Knowledge, in the context to uncertainty, is the result
of two components: awareness of self and knowledge

of the world. It can be manifested in the following
ways [Atherton, 2013; Bojarski, 1981] (Figure 2):

e the researcher knows of that which he is sure —
corresponds to a high level of predictability;

e researcher knows that he does not have enough
knowledge - corresponds to a medium level of
predictability;

e the researcher does not know how he knows - or
cannot express it— corresponds to a very low level
of predictability;

e the researcher does not know that he does not
have sufficient knowledge and is under the mis-
taken belief that he knows enough - corresponds
to a “zero” level of predictability.

With the widening of the time horizon there is a cor-
relation between the increase in the level of uncer-
tainty and the decrease in predictability (Figure 3). In
a short period of time, predictability is high, which
determines the application of forecasting models (F).
In the medium term, the level of predictability and
uncertainty determines the use of scenario and simu-
lation methods (S). In the very distant future, we are
dealing with a very deep uncertainty, and all attempts
at prediction can only be based on hope (H) [Kaivo-
oja et al., 2004].

For distant time horizons, the degree of complexity
of the features, structures, and behaviors of the ex-
amined systems is increasing. Knowledge relating to
these issues is becoming increasingly blurred, con-
tributing to the deepening of uncertainty [Magruk,
2017b].

Industry 4.0 - the forerunner of the fourth industrial
revolution - is such a complex system. It is a vision
in which the real world will connect fully with the
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Figure 2. The Cycle of Knowing
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digital environment. Universality in the applications
of Industry 4.0 including the Internet of Things, Big
Data, cloud manufacturing, inter-machine communi-
cation, and cyber-physical systems, using interopera-
bility, decentralization, and the full virtualization will
certainly affect the course of many phenomena (eco-
nomic, social, technological, etc.) [Siderska, Jadaan,
2018], while the direction, strength, and intensity of
these changes are increasingly often becoming unpre-
dictable (the not fully developed concept of Indus-
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Figure 3. Relation of Predictability to Uncertainty

High

Will Can Ought

Uncertainty

Predictability
M
w
=

Predictability

Degree of Uncertainty and

»

g Time distance into the future

Sources: [Kaivo-oja et al., 2004; Magruk, 2017a].

try 4.0 is already a driving force for its new genera-
tions, i.e. Industry 5.0 [Nahavandi, 2019] or Industry
X.0 [Abood et al., 2017; Schaeffer, 2017]). The above
facts mean that this vision is burdened with a high
level of uncertainty in many aspects from the level of
design to the level of use [Magruk, 2016].

The occurrence of the uncertainty phenomenon in
the context of the future analysis of the development
of such complex systems (as Industry 4.0) is broadly
influenced by the following factors [Bojarski, 1981]:

Table 1. Selected Interpretations of the Uncertainty Phenomenon

Area of study

Definitions of uncertainty

yee ecae

Theory of economics

of a specific event

Uncertainty is a subjective measure that correlates with objective
risk; a measure of uncertainty is the probability of the occurrence

Allan Willett, Frank Knight

Game theory

Uncertainty occurs when only a few alternatives of results are
known, without the probability of their occurrence

Wiestaw Samecki

Quantum physics

Uncertainty is determined by the principle of indeterminacy -
there is a fundamental limitation of the possibility of simultaneous
measurement with the infinite accuracy of specific dynamic

Werner Heisenberg

thinking about the future

quantities.

Systems theory Uncertainty results from the inability to accurately determine Wlodzimierz Bojarski, Jan Zieleniewski
all states of the elements of large dynamic systems and their
relationships in the past and in the future

Foresight An important feature of foresight is accepting the fact of Dana Mietzner, Guido Reger, Angela

uncertainty, trying to understand it and making it a part of

Wilkinson

Theory of decision

The distinction between determinism (confidence), probability

Mirostaw Berezinski, Jerzy Holubiec

making (objective uncertainty) and fuzzyness (subjective uncertainty)

Cosmology Uncertainty results from the singularity of the expansion of the Albert Einstein, Andrew Strominger,
universe and the collapse of massive stars Malcolm Perry

Theory of Uncertainty should be defined as entropy, resulting from Claude Shannon

information information overload

Epistemology Uncertainty results directly from the ignorance of the researcher | Kazimierz Ajdukiewicz

(researcher's regarding the cognitive process and the measurement result

perspective)

1981].

Source: compiled by the author based on [Janasz, 2009; Wawiernia, 2013; Samecki, 1967; Bojarski, 1981; Kononiuk, Nazarko, 2014; Berezirski, Hotubiec,
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e the multiplicity of possible structures, their high
complexity, and variability;

e number and strength of internal links of the sys-
tem;

e insufficient knowledge of the surrounding envi-
ronment;

e behavior of persons and institutions managing
the system in the context of the potential to go
beyond known rules;

e ignorance of new potential rules and their scope;
e length of the considered time horizon.

Factors that generate uncertainty in particular in the
area of Industry 4.0 are [Magruk, 2016; Cividino et
al., 2019]:

e ignorance of new potential rules and their scope;

e the very large scale of mutual relations between
all entities contributing to the ecosystem Indus-
try 4.0

e creating new, previously unknown business mod-
els of cooperation and new value creation chains;

o the integration of new IT systems with old sys-
tems not designed for the Internet of Things;

e the creation of jobs by Industry 4.0 with new
competences, e.g., for robots;

e the increase in the complexity of manufactured
parts;

o the digitization of business processes goes be-
yond the boundaries of closed facilities (facto-
ries), e.g., virtual fleets, and includes everywhere
and anytime.

According to P. Schwartz uncertainty is the “new
normal” in today’s rapidly changing times [Schwartz,
2012]. This is the level of decision and uncertainty
that called “postnormal science” [Funtowicz, Ravetz,
1990]. Selected elements of this concept regarding the
relationship of uncertainty to ignorance [Aven, 2013]
are used in the main chapter of this article.

Research Findings

The author proposes to use the concept of the matrix of
uncertainties, futures, and knowledge (Figure 4, which
basic skeleton in the form of a “future cone” was de-
veloped by J. Voros [Voros, 2017] based on among oth-
ers the work of Hancock and Bezold [Hancock, Bezold,
1994]) in the research of the future (in particular in
foresight) and uncertainty. The other important ideas
taken into account in the process of building the “cone
of futures & possibilities” include the “cone of plausi-
bility” [Taylor, 1990], the future cone, and ignorance
and uncertainty matrix [Sardar, Sweeney, 2016], cone
of possibility space [Candy, 2010], the idea of the “fu-
ture light cone” [Hawking, 1988], and the “cone of un-
certainty and possibilities” [Magnus, 2012].

The more distant time horizon, the worse the qual-
ity and resources of knowledge (the higher level of

ignorance) and the greater the uncertainty (its scope
and range). At the same time, with a larger area of un-
certainty and an increase in the indeterminacy of the
dynamics of changes in the structures of the observed
system, we are dealing with different types of futures.
In a completely deterministic system, if it was known
what was going on during the initial state of uncer-
tainty, it would be possible to predict with a high
probability the future developments of the occur-
rences we would have to deal with [Magruk, 2017b].
In nondeterministic systems, the past and present
events determine only the distribution of the prob-
ability of possible states in the future [Heller, 2016].

This approach (shown in Figure 4) makes it possible
to identify (and, as a consequence, manage) selected
types of uncertainty. Thanks to this approach, it is
possible to change the research perspective in which
the kinds of the future (types of alternative futures)
characteristic of the “future cone” can become a back-
ground for uncertainty research.

Below are presented the characteristics of the types of
uncertainties in relation to particular levels of knowl-
edge corresponding to the particular types of the fu-
ture.

Zero scope of uncertainty with nomological knowledge
vs. predicted future.

It is a very rare situation in which uncertainty is at
a zero level, i.e., we can say with about 100 percent
certainty, phenomena are based on total determinism.
In this case, one can speak about a situation related to
Laplace’s doctrine of the nineteenth century, namely
that the universe is completely determined [Magruk,
2017b]. It is the future that someone claims ‘will” hap-
pen. This category of the future corresponds with the
possibility of the occurrence of the “black elephants”
[Sardar, Sweeney, 2016] — events which are extremely
likely and widely predicted by experts. Knowledge in
this case is based on total trust, it has a nomological
character referring to the fundamental laws govern-
ing a given reality. There is a very high awareness of
possessed and unqualified knowledge. This knowl-
edge is based upon the relationship with dogmatic
philosophers such as Plato or Locke who needed ab-
solute certainty about knowledge [Smithson, 1989].

Surface scope of uncertainty with plain knowledge vs.
projected future.

This uncertainty refers to a certain tendency that can
be managed to some degree with adequate knowledge
and foresight tools. Projected future is characteristic
of simple prognostic studies in which the forecast-
ing is based upon the extrapolation of historical data
[Pieriegud, 2015]. Plain knowledge is single-person
default knowledge. The awareness of knowledge is
high - you know what you know, you know what you
are not sure about, and what you do not know. Ig-
norance and uncertainty can be minimized through
learning, research, appreciating the viewpoints of
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Figure 4. Matrix of Uncertainties, Futures, and Knowledge
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others, and asking the right questions as well as by
processing the available information to produce hy-

potheses that could shed some light on what we are
seeing [Sardar, Sweeney, 2016].

Statistical scope of uncertainty with current trends vs

probable future

In this field we are dealing with statistical uncertainty,
it means that uncertainty is based on well described
functional relationships. The level of knowledge is
closely related to the awareness of and knowledge
about current trends and megatrends. Nevertheless,
although megatrends are certainties, they always con-
tain elements of uncertainty. All outcomes (expressed
stochastically) and all probabilities are known [Refs-

gaard et al., 2012]. This kind of future expresses what

we know with great confidence about the future

[Larsen, 2006]. An example of statistical uncertainty

is the measurement of uncertainty associated with a

2020 | Vol. 14 No 4

Pictured Possible Preposterous Potential

Far Future

sampling error, or an inaccuracy or imprecision in
the measurements [ Walker et al., 2003];

Scenario scope of uncertainty with current knowledge
vs. plausible future

Knowledge is based on our current understanding
of how the world works [Voros, 2017]. In this case
the whole range of outcomes of plausible futures
and probabilities is unknown [Refsgaard et al., 2012].
Plausible futures do not forecast what will happen in
the future; rather they indicate what could happen
[Voros, 2017; Walker et al., 2003]. Scenario uncer-
tainty is related to the external (often future) envi-
ronment of a system and its effects upon the system.

Scenario uncertainty implies that there is a range

of discrete possible outcomes, but the mechanisms

leading to these outcomes are not well understood

without the allocation of their likelihood [Walker
et al., 2003].
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Outspread scope of uncertainty with borrowed knowl-
edge vs. pictured future

Knowledge is based on the conviction (or on the na-
ive assumption) that solutions proposed by someone
will be analogous in reality. Uncertainty is focused on
a broad range of alternatives (borrowed from adver-
tising, corporate visions, popular ‘futurology’ and sci-
ence fiction novels, films, television shows and proj-
ects from other places successfully completed). This
range, despite its large capacity, is defined by limited
numbers of key variables. The pictured future is simi-
lar to the “familiar future” [Sardar, Sweeney, 2016]
and “used future” [Inayatullah, 2008] - one of the
six basic concepts of futures thinking. It is someone’s
image of the future, someone’s desired future or is it
unconsciously borrowed from someone else from a
scientific point of view, in the context of a literature
review.

Substantial scope of uncertainty with blurry knowledge
vs. possible future

Knowledge about the general direction of change
cannot be achieved at present (it is very blurred -
based on a broad range of alternatives and a pletho-
ra of possible avenues of development). This creates
an awareness of what we do not know and what we
must seek to know in the future. Uncertainty is due
to common complexity, chaos, and contradictions
of analyzed pieces of information. Uncertainty is re-
lated to a complex problem - we are aware that we
do not have enough knowledge — we do not know
what we do not know - but we can still grasp it to
some extent [Sardar, Sweeney, 2016]. There is a thin
line between pictured and possible future, but there
is a difference based on the fact that in the pictured
future we rely upon the already described (by some-
one) examples and imagined alternatives. In the ex-
ample of possible future, we can come up with the
future ourselves.

Deep scope of uncertainty with irrational knowledge vs.
preposterous future

You do not know what you do not know, but you are
under the mistaken belief (based on existing para-
digms and modes of knowing, being, and doing) that
you know enough. It is knowledge that goes beyond
the framework of conventional thought, that does not
allow us to focus on or think about. This knowledge
requires radically new ways of thinking. Uncertainty
is deep because it results from the unawareness of
the direction, dimension, and impact of change, and
also from the fact we are incapable of knowing what
is happening to the system because our worldview or
epistemology is totally inadequate. Sardar and Swee-
ney describe this preposterous future as “unthought
future(s)”. Is not unthinkable (or not expected or an-
ticipated), but rather its horizon is populated with
seemingly infinite alternative futures [Sardar, Swee-
ney, 2016].

Absolute scope of uncertainty with total ignorance vs.
potential future

Knowledge has a zero level (total ignorance), it refers
to issues that cannot be imagined. “Total ignorance”
is an ignorance that cannot be classified into any type
of ignorance described by Smithson [Smithson, 1989].
It is ignorance which is beyond the scope of scientific,
logical, mathematical, or otherwise ‘proper’ analy-
sis just because we cannot imagine a future does not
mean it cannot happen [Voros, 2017]. Absolute un-
certainty is due to inherent (ontological) variability.
This uncertainty is non-reducible. This is the scope
of uncertainty characteristic for Pyrrhonist or com-
plete scepticism. Complete scepticism maintains that
nothing can be certain, nor can anything be known
because no one is justified or reasonable in their as-
sertions about reality [Smithson, 1989]. The potential
future is undetermined and ‘open’ and therefore not
inevitable or ‘fixed’ [Voros, 2017].

It is not always easy to distinguish between these cat-
egories of uncertainty; it is often a matter of conve-
nience and assessment related to the characteristics
of the problem under study and the current state of
knowledge or ignorance [ Walker et al., 2003].

The absolute future of the event under investigation
is reflected by a set of all events (a or/and b or/and
b or/and b/and ¢ and/or d or/and e) with which the
human being can (but does not have to) interact. The
author proposes dividing the preferred future into
sub-areas: a, b, ¢, d, e, characteristic for particular
types of uncertainty and types of knowledge, which
become preferable only with a specific configuration
of factors as the future sum: from a to e, while in other
combinations one receives a desirable form of future,
characteristic of those found in foresight research.

The author used what is available in the literature in
this study, a 10-class classification of foresight meth-
ods (Table 2) [Magruk, 2011].

In the author’s opinion, in order to minimize the
uncertainty phenomenon in predictive studies, it is
necessary to take into account the properties of the
methods selected for the study (Table 2), which are
strongly reflected in the form of the explored type of
the future and the level of knowledge they provide
(Table 3). This selection was made on the basis of an
analysis of the characteristics of individual foresight
research methods and the author’s experience result-
ing from his active participation in many foresight
initiatives.

The most characteristic approach for foresight re-
search methodology is the selection of appropriate
research methods to create desirable futures [Magruk,
2013]. In the author’s opinion, the results shown in
Table 3 can be helpful for choosing appropriate fore-
sight methods in a situation when we know with
what type of future we are dealing with. Knowledge
about the type of future may be a derivative of the
formulated goals of research in a specific area (be-
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Table 2. Classification of Foresight Research Methods

The name of Foresight methods belonging to each class
classes

Consultative Voting, Polling, Survey, Interviews, Expert Panels, Essays, Conferences, Workshops, Citizen Panels, Brainstorming

Creative Wild Cards, Mindma pin%, Lateral Thinking, Futures Wheel, Role Play, Business Wargaming, Synectics,
Speculative Writing, Visualization, Metaphors, Assumption Reversal

Prescriptive Relevance Trees, Morphological Anal&fsis, Rich Pictures, Divergence Mappin%, Future Maplpin%, Backcasting,
SRI Matrix, Science Fiction Analysis, Incasting, Genius Forecasting, Futures Biographies, TRIZ, Future History,
Alternative History

Multicriterial Key Technologies, Source Data Analysis, Mi%ration Analysis, Shift-Share Analgsis, DEA, Factor Analysis,
Correspondence Anal}gsis, Cluster Analysis, Sensitivity Analysis, AHP, Input-Output Analysis, Prioritization,
SMART, PRIME, MCDM

Radar Scientometrics, Webometrics, Patent Analysis, Bibliometrics, Technological Substitution, S-Curve Analysis
Technology Mapping, Analogies

Simulation Probability Trees, Trend Extrapolation, Long Wave Analysis, Indicators, Stochastic Forecast, Classification Trees,
Modeling and Simulation, System Dynamics, Agent Modeling

Diagnostic Object Simulation, Force Field Analysis, Word Diamond, SWOT, STEEPVL, Institutional Analysis, DEGEST, Trial
& Error, Requirement Analysis, Theory of Constraint, Issue Management, ANKOT

Analytical SOFTI, Stakeholder Analysis, Cross—ImFact Analysis, Trend Imgact Analysis, Structural Anallysis, Megatrend
Analysis, Critical Influence Analysis, Technology Barometer, Cost-Benefit Analysis, Technology Scouting,
Technology Watch, Sustainability Analysis, Environmental Scanning, Content Analysis, FMEA, Risk Analysis,
Benchmarking

Survey Web Research, Desk Research, Technology Assessment, Social Network Analysis, Literature Review, Weak Signals,
Retrospective Analysis, Macrohistory, Back-View Mirror Analysis

Strategic Technology Roadmapping, Technology Positioning, Delphi, Scenarios, Social Impact Assessment, RPM Screening,
Technological Scanning, Multiple Perspectives Assessment, Causal Layered Analysis, MANOA, Action Learning

Source: [Magruk, 2011].

sides the many factors influencing the foresight re-
search process) [Magruk, 2015]. Examples of specific
technological areas are presented in the fourth row,
based on research [ Watson, Cupani, 2018] at Imperial
Tech Foresight in the form of the “Table of Disruptive
Technologies”. Individual examples of technologies
were selected on the basis of the time horizon postu-
lated by Imperial Tech Foresight researchers and the
availability of knowledge about them.

The first column of Table 3 refers to cryptocurrency
technology. It is believed that for the fourth industrial
revolution to be successful, an open, borderless, pay-
ment protocol in the form of bitcoin (one of the most
popular cryptocurrencies) must be in place [Gil-
Pulgar, 2016]. Postulated foresight research methods,
which are possible to apply in this case are interviews,
expert panels, genius forecasting, megatrend analy-
sis, essays, and literature reviews. The use of the first
three methods is reflected in the opinion of Klaus
Schwab, Founder and Executive Chairman of the
World Economic Forum, which stated that “bitcoin’s
blockchain is the heart of Industry 4.0” [Gil-Pulgar,
2016]. The relationship “Zero scope of uncertainty
in nomological knowledge vs. predicted future” with
respect to the discussed technology seems to be a cor-
rect evaluation.

Key technological components of Industry 4.0 along-
side wearables (e.g., smart glasses), augmented real-
ity applications, distributed ledger systems (e.g., the
blockchain), big data analytics as well as autonomous
vehicles (including multi-agent systems) make up
the second column. According to scientometrics and
desk research (the recommended foresight methods
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in this group), autonomous vehicles are important in
two dimensions of Industry 4.0: internal transport
(within smart factories, e.g. via trailer unloading or
piece picking robots) as well as external transport
(e.g. via autonomous trucks, drones). Specific for this
column, the surface scope of uncertainty refers to cer-
tain described tendencies in the literature [Hermann
et al., 2016; Hofmann, Riisch, 2017; Lom et al., 2016].

With regard to the third column in Table 3 (on the ba-
sis of web research), according to EIT Digital, a lead-
ing European digital innovation and entrepreneurial
education organization (and other statistical studies),
avatar companions (e.g., chatbots, assistants of engi-
neers) are becoming increasingly widespread, both
on the consumer market and in industrial applica-
tions. There is a growing interest in using chatbots to
support collaboration between people and machines
in industrial processes, and some industries, such as
IBM, see this as a step towards Industry 4.0 [Saracco,
2018; Jassova, 2019]. In Industry 4.0, the data analysis
performed by an avatar in the form of a chatbot can
provide quick insight into emerging problems and
easily translate them into a format that is understand-
able not only to machines but also to people [Boker,
2019].

Four-dimensional materials (fourth column) are
a type of smart materials created (being at an early
stage of development) as part of a process called addi-
tive manufacturing (current knowledge according to
Table 3). In this case, 3D materials (now very popu-
lar in the development of Industry 4.0) are enriched
with an additional dimension — time/memory. The
implementation of this kind of material as part of
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Table 3. Methodological Foresight Matrix in Relation to Futures, Uncertainties, and Knowledge

(with samples of technologies related to Industry 4.0)

Time
TYPE OF FU- q q q : - q Preferable
Predict- | Projected | Probable Plausible Pictured | Possible | Preposterous | Potential ;
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Industry 4.0 provides advantageous features like the
reconfiguration of the printed structure and attaining
the desired material property in time (current knowl-
edge in relation to Table 3). Sectors which, within
the framework of Industry 4.0’ development, have
plausible potential (with a scenario scope of uncer-
tainty) to implement 4D materials including: medical
engineering, clothing industry, and jewelry applica-

tions, power engineering, soft robotics, and the space
industry [Dilberoglu et al., 2017].

The concept of “swarm robotics” — fifth column — is
based on the use of a large number (tens, hundreds) of
simple machines for complex tasks. With simple rules
and local interactions, swarm robots aim to design
robust, scalable, and flexible collective behaviors to
coordinate a large number of robots. The inspiration
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to explore the possibilities of swarm robot is most
often provided by the self-organized nature (similarly
as in the case of biomimicry [Passino, 2005]) in the
form of colonies of ants, bees, birds, fish, and others
(borrowed knowledge). The potential of “swarm ro-
botics” in relation to the idea of Industry 4.0 lies in
modular solutions, for example, in shape-changing
machines (as in The Terminator movie) (pictured fu-
ture) or programmable matter as an alternative to 3D
printing. The advantage of swarm robots is their au-
tonomy or cooperation in tackling a given task. The
lack of operation of a small number of robots does
not automatically mean the failure of the whole task.
However, the described idea is also associated with
a lot of difficulties of an algorithmic, technical, and
financial nature. The fact that swarm robots do not
have access to centralized control and/or to global
knowledge [Brambilla et al., 2013] is also a debatable
issue in the context of the development of Industry
4.0 (outspread uncertainty).

Transhuman technologies (sixth column) will enable
machines and living organisms to function at a high
level of symbiosis (such as, e.g., by connecting human
brains to global/internet databases). According to the
visionaries, this integration is possible thanks to the
achievements of genetics, cyber-technology, nano-
technology, biotechnology, artificial intelligence, and
other areas [McIntosh, 2010]. In this case, the concept
of Industry 4.0 strongly corresponds to the idea of
the so-called “web of things” (web 4.0) [Muller, 2008].
This is the vision that will lead to [Sarowski, 2017]:

1) highly developed interactions taking place in sym-
biosis between man and machine;

2) integration into the network of almost all kinds of
devices - through the full realization of the concept
of the Internet of Things;

3) a new type of communication both in connecting
people to objects and in connecting objects them-
selves to each other.

The substantial scope of uncertainty in blurry knowl-
edge and potential future refers to the idea of creating a
new generation of people (super-humans) by reaching
a new level of their evolution. This idea is burdened
with a high level of critical problems of security, which
makes it necessary to apply such foresight methods as
wild cards, rich pictures, and weak signals in this phase.
It is an idea of the world in which man still plays a sig-
nificant role despite the ubiquitous presence of tech-
nology, similar to the idea of Industry 5.0 [Skobelev,
Borovik, 2017; Guttman et al., 2017].

Artificial consciousness refers to the construction of
intelligent machines that can compete with human
intelligence. From today’s point of view, it is a high-
level science fiction idea. Therefore, we are dealing
with a deep scope of uncertainty, in many aspects
with irrational knowledge and a preposterous fu-
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ture. This approach raises the following philosophical
questions: Can computers think? Is consciousness a
human privilege? Can computer hardware replicate
consciousness? (which is often regarded as the aspect
of the mind that is least susceptible to artificial intelli-
gence [Chrisley, 2008]). The answer to these questions
is difficult because it requires a combination of infor-
mation from many disciplines, including computer
science, neurophysiology, philosophy, and religion
[Buttazzo, 2001]. This requires the use of foresight
research methods such as essays, speculative writing,
alternative history, science fiction analysis, and mac-
rohistory. In the context of the development of Indus-
try 4.0, artificial consciousness strongly corresponds
to the idea of the fifth generation of Internet devel-
opment called the “web of thoughts” in the form of
such technologies as: collective intelligence, artificial
brain, digital aura - which allows for the intentional
and adaptive behavior of autonomous robots — their
body could be seen for itself as the morphologic ap-
prehension of its material substrata [Cardon, 2006].
The role of the human element in this case is limited
to a zero level.

In the last column, a combination of selected meth-
ods from individual classes depending upon the type
of the desirable future can be created. The type of the
desirable future depends upon the combination of
the a, b, ¢, d, and e areas. A specific variation of the
desirable future is the preferable future when we are
dealing with sum of all areas (a + b + ¢ + d + e). Other
combinations (pairs, triples, fours) are desirable fu-
tures. The number of possible combinations of types
of futures is 25. But the number of the possible com-
bination of methods that we can use in research is
very huge. For example, by combining any six meth-
ods (out of 116 methods identified by the author of
this article) over three billion connections can be ob-
tained [Magruk, 2013].

Discussion

The types of future (predicted, projected, probable,
plausible, pictured, possible, preposterous, poten-
tial) and scope of uncertainty (zero, surface, statisti-
cal, scenarios, outspread, substantial, deep, absolute)
proposed by the author based on the literature allow
one to define the author’s scale of knowledge levels
in the form of: nomological, plain, based on current
trends, based on current knowledge, borrowed, blur-
ry — referring to future knowledge, irrational, and
total ignorance.

The matrix of uncertainties, futures, and knowledge
model has several modifications made by the author
compared to the Voros model from:

e anew kind of future named the “pictured future”;

e divisions of preferable future into sub-areas: a, b,
¢, d, e, characteristic for particular types of un-
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certainty and types of knowledge, which becomes
preferable only with a specific configuration of
factors as the future sum: from a to e, while other
combinations receive the desirable form of future,
which is characteristic in foresight research.

Such a schematic approach, although simplified, was
a good basis for achieving the main purpose of the
article, that is, to answer the question: “What is the
methodical relationship between the scope of the un-
certainty phenomenon and the levels of knowledge
and types of futures in the foresight approach?”

The methodological approach presented in this publi-
cation may be valuable from several perspectives. On
the one hand, it allows one to develop basic research
through in-depth theoretical analysis. On the other
hand, it is a new contribution to the development of
foresight research methodology. Thirdly, it allows one to
better recognize new, complex, but not yet fully devel-
oped phenomena such as Industry 4.0. Other areas wor-
thy of methodological analysis from the point of view of

Conclusions

According to the author, thanks to specific foresight
methods from different classes (and/or their combi-
nations) related to selected types of the future, it is
possible to manage selected ranges of uncertainty and
not only treat uncertainty as a background for futures
studies.

This paper has attempted to draw together three
methodological fields: uncertainty, foresight, and
knowledge. The author analyzed the complex rela-
tionships among the above areas on the basis of their
characteristics which are the author’s extensions of
existing concepts available in the literature. By show-
ing the strong relationships between the above fields,
the research objective of this work was achieved.

The most characteristic aspect of the foresight re-
search methodology is the selection of appropriate
research methods to create a desirable future. In the
author’s opinion, the results showed in this paper can
be helpful in choosing appropriate foresight methods

in a situation when we know with which type of fu-
ture, scope of uncertainty, and level of knowledge we
are dealing.

foresight, uncertainty, and knowledge are, for example,
the Internet of Everything, Industry X.0, Industry/ WEB
5.0, strong artificial intelligence, and others.
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