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Abstract

The traditional approach to forecasting lies in #esumption that, by
applying a set of powerful analytic tools, the fetucould be predicted
accurately enough to choose an appropriate stcatéigection for it. The
process often involves underestimating either exgpmowledge or quantitative
methods side in order to lay out a vision of loag¥ future to be captured in
scenarios. Computer science offers a variety ohous and computer tools to
facilitate the process of strategy formulation.

The identification of impactful changes, called ykeariables,” “key
factors,” “rely variables” or “driving forces,” wiin the environment that are
likely to take place helps to reduce the unceryaoftthe future and could be
utilised throughout the strategy making process. ¥a&iables shaping the long-
term future are identified by some of the followiggestions: What are the
driving forces? What is uncertain? What is inevi&b
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This paper demonstrates an original approach téahlar selection by
modelling a comprehensive dataset of variablesguairwide variety of both
technical and non-technical parameters indicate@éxXmerts. The extraction of
key variables that significantly influence futurdhanges of technological,
environmental, political, and social phenomenaoisedwith the modified cross-
impact matrix. The proposed method contains a semuef qualitative and
guantitative procedures to overcome some obstatias occur within the
classical cross-impact method.

1. The significance of key variables in the procesd strategic planning

Long-term planning is an exercise aimed at forningpd long-term strategy
to meet future needs that are usually estimatettidogxtrapolation of present or
known needs. It begins with the current status emarts out a path to the
projected status, and generally includes short-{eperational or tactical plans)
for achieving interim goals. When the future idytruncertain, it is important to
feed organisations with knowledge concerning triggef future development.
However, this approach might be best marginallypfubland at worst utterly
dangerous, because of the fact that underestimatingrtainty could result in
strategies that neither defend a company agaiesthiteats nor take advantage
of the opportunities that higher levels of uncertiprovide. Another danger
lies at the other extreme: If decision makers arable to formulate a strategy
that works under traditional analysis, they maynaloa the analytical rigor of
their planning process altogether and base theisid®s on gut instinct.

Strategic planning helps determine the directiord astope of an
organisation over the long-term, matching its reses to its changing
environment and, in particular, its markets, cugimnand clients, so as to meet
stakeholder expectations. If decision makers areraware of the mechanisms
and variables of the change, they could more couasbi shape their behaviour
and influence their development.

A capability of efficient selection of key factorinfluencing the
development of the environment is crucial for tlemeration of comprehensive
possible future paths of the development. Methbds have been used to select
or filter variables particularly in technology feight are mainly based on
a qualitative approach. Therefore, precise keyatdei selection is a critical but
largely unaddressed issue in future studies.

Key variables are considered to be crucial in thecgss of strategic
planning, because their change significantly inflees the development of the
area under investigation. Key variables are defiaedhose having an equally
high impact and dependence on the paths of theefudevelopment of the
analysed environment, such as technologies, rdseswciety, science, industry,
medicine, etc. Knowledge about crucial factors dfnmge allows one to
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intentionally shape the dynamics of variables #ratcould be adjusted to future
visions, for instance, the number of employeesher équipment required for
developing the most promising technologies or nesedirections assessed as
those having the highest innovative and competjtistential.

Therefore, more objective key variables selectethanprecisely designed
process could become a central thread to base rimenan what could
simultaneously increase the scenarios’ consistandyplausibility.

2. Classical approach to cross-impact analysis

There are many different methods applied to exkagtvariables; however,
in future studies that take into account long-tarends such as technology
foresight, structural analyses based on the cropadt method are commonly
used. The cross-impact method enables one to adsessutual influence of
various groups of variables that have an impacthendevelopment of certain
technological, social, or environmental phenomeardeuinvestigation.

The identification of interrelations between sedelcvariables, in order to
elicit the key variables (driving forces) aroundig¥hscenarios might be built
for the future vision, is done with matrices ofadit and indirect influences with
the use of the analytical technique MICMAC (fr. Me¢ d’'Impacts Croisés
Multiplication Appliquée a un Classement). The MIBNM analyses based on
Boolean logic result in the map of groups of vaealkthat affect the area under

investigation (Fig. 1).

4 SE——
e T

[ Influential
variables

Determinants

P
Fé Key
variables

| slake
| variables

Target
variables

Regulating

variables
- . R
r Excluded /{ Dependent
variables variables
/,' Results

Dependence
Fig. 1. The configuration of different groups ofiedles on the map of indirect influences
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Since key variables are extremely crucial for sggt formulation, the
cross-impact method allows one to indicate a grafughe most influential and
dependent variables (the top right square), whixpeds use to select key
variables. Hence, the extraction of key variabgehighly subjective and based
on imprecise criteria that lead to low repeatapiit this method.

The aforementioned disadvantage of the cross-imaaatysis should be
minimised, since selected key variables are thettqul on axes, constructing
scenario quadrants — each representing a diffeespective on how the future
may unfold. Mistakes in key-variable extraction htichamper the scenario
complexity and dynamics.

3. The proposed approach to the cross-impact method

In order to indicate the precise criteria for thigciwtion of the key
variables, the mathematical notation for the ciogsact methods is as follows:

r. . . .
Ml erene) _ square matrix of direct influences

0 y o T
R = 9 0 R (1)
Ten Mooz 0

where,

n(C) is a number of variables,

value | O (0, 1, 2, 3) is a measure for the assessmenfflakirce of the varia-
ble ¢ on a variablejc

The extraction of key variablegincludes the following stages:

1. Determination of the dependence vectér =[k_, K, ,...,kcn(c)]T for
a variable cfrom other variables:

n(C)

ke = Z T (2

2. Determination of the influence vector w, =[w,,W, ,...,w. ] for

Cc
nC

variable ¢on other variables(¢ ,G ,.--,Ci;;Cisy »+-Cpe)) :

n(C)

w, =25, 3
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3. Determination of minimum and maximum values fromtees k and w:

kcmin = rEJp(kc‘ ) (4)
K omax = max(k ) (5)
W enac = W) (6)
W(:min = rECr](Wq) (7)

4. Determination of values for dependence and infleerectors:
LP = { <k: W>: k D [kc miny kc ma>] DW D [Wc miny We ma>]}

Based on (2) and (3) eachhas been assign a vector attribute A
A=<k, ,w,>0% (8)

Where AS Amax = <kC max WC ma>>-
5. Division of theW area on 4 quartekB,, W,, W, W, with points k and w

ks = (kc min + kc ma>)/2 | Ws = (Wc min + We ma>)/2 (9)

W, ={(k, w): KO [Ke mine K] OW O [Ws, We mad}
LIJ2 = { <k: W>: k U [kc miny ks] Uw [ [Wc mins Ws]}
W, ={ (k, wW): KO [Ks, ke mad OW O [We min, We]}
W, ={(k, wy: KO [Ks, ke mad OW O [Ws, We mad}

The membership of a vector; #o W, W,, W5 or W, decides what kind
variables are found:

 influent variables, if AQ Wy;

* excluded variables, if AT W;;

» depending variables, if;Al W3, and,;

* key variables, if AQ W,.

6. Division of theW, area on 4 quartet,;, W4, Was, W44 With points ks and
Wss
Kss= (ks + Ko ma)/2 T Wes = (Ws + We ma)/2 (10)

Wy = {(k, W): kO [Ks, Ksd W O [Wsg We max}
Wy = {(k, wy: kO [Ks, Ksd OW O [Ws, Wed}

Wy = { (K, W): kO [Kss Kemad OW O [Ws, Wsd}
l'|J44 = { <k, W>: k D [kss kcma>l DW D [Wss Wc ma)]}

7. Vectors A W,, represent the most influent and depending varsable
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8. Set of variables belonging 8,4 is normalised by the following equitation:

N Lo Y P~

If the maximum value of the norpya is Set, it is possible to regulate‘a
number of key variables as:

Ck = {G0C: p(G)) < Prai

The simulation of the proposed criteria for key iable extraction is
presented in Figure 2.

(11)

A o,
A, (10 17) A__{17,17) ™
17 7
A (17,17
|_'I_j "'l" !I_.i i S(17:17)
1 al 44&
16 \
[ ®n (17,16)
- ,--aq(,ur,-iﬁ}
™ = Kay P
i5 I-" Influent A variables
\ varlables 3
\. = [
14 - .
E A,(13,14) 1A, (15,14)
& — ]
3 .
) - _
Renulallng
= “IJ variables l‘l"
12
Excluded
i1 wvariables
"-.
10 pepanding \\
'\l'lrl'|t||l‘l'-
9
7
Dependence

Fig. 2. The structure of the computer platform PINF
Source: Author.

After gaining qualitative data from experts, matl¢gical methods, i.e.
Euclidean metrics, were employed in order to extitaee variables A A4, and
As that were objectively indicated as the most infiidrand dependent. The
variables listed should be checked to see whetigeofthe forces are actually
amenable to a change that should also be takenactount while building
strategic visions of the future. The indicated keyiables drive or restrain
change in the investigated area, and they shoutmbhsidered in the process of
scenario formulation.
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Summary

Traditional management methods demand a fundamemihink to
adequately accommodate a complex reality charaeterby discontinuous
change. The paper more attentively explores thenpiad of the modified cross-
impact method that is more formalised and givesenmmecise criteria for the
extraction of key variables that affect the futdevelopment of the area under
investigation. The overall conclusion is that thegmsed approach increases the
objectivity and repeatability of the results obtn and influences the
consistency, complexity, and plausibility of futtseenarios based on extracted
variables.

The significant added value of the presented medlifiross-impact matrix
consists in the practical implementation of itsufessin the form of the future
scenarios for specific industrial technologies.

“Scientific work executed within the Strategic Pragme ‘Innovative
Systems of Technical Support for Sustainable Dgrant of Economy’ within
Innovative Economy Operational Programme.”
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Ekstrakcja czynnikéw kluczowych determinujacych trendy
diugoterminowe z wykorzystaniem zmodyfikowanej maarzy krzyzowej
analizy wptywéw

Stowa kluczowe

Czynniki kluczowe, macierz wplywéw bezgpednich, analizy strukturalne,
prognozowanie, informatyka, planowanie strategicfmesight.

Streszczenie

Dynamika i charakter zachagtzich we wspoiczesnyrwiecie zmian im-
plikuje tworzenie nowych lub modyfikagijistniegcych metod i technik wspo-
magajcych przewidywanie przyszlych warunkéw badanego tesys
i makrootoczenia. Tradycyjny model prognozowaniaup@a na zateeniu, ze
wykorzystanie zaawansowanych ngitzi analitycznych umdiwia na tyle pre-
cyzyjnie przewidzié przyszi@¢, by moc na tej bazie wyznaczkierunki strate-
giczne prowadgce do ustalonej wizji przyszioi. W procesie identyfikacji pro-
gnoz diugoterminowych wygbuje z jednej strony niedocenienie wadiowie-
dzy eksperckiej lub tez drugiej przeszacowanie mlisvosci podegcia czysto
ilosciowego. Wspolczesne systemy informatyczne orazlzgiematematyczna
oferujg ogromne maliwosci i zasoby nargzi, metod i technik wspomagaj
cych proces formutowania strategii oraz integeygh podejcie ilosciowe
i jakosciowe. Wiedza w zakresie czynnikdéw kluczowych zmianprzyjetym
horyzoncie czasowym dla analizowanego obszaru reaayktechniki umaliwia
redukcg niepewndci oraz intencjonalne ksztattowanie dynamiki czydmv
w celu osigniccia zaprogramowanej wizji przyszto.

W artykule zaprezentowano autagskodyfikacg metody wplywéw krzy-
zowych, w wyniku ktérej dotychczas otrzymywano reatyl charakteryzaie
sie wysolg subiektywndcig i niska powtarzalnéciag. Zaproponowano zastoso-
wanie aparatu matematycznego, ktory alimgt zdefiniowanie precyzyjnych
kryteriow ekstrakcji czynnikbw zmian, efektywne netalvanie wiedzy eks-
perckiej oraz zwikszenie obiektywrkei i powtarzalnéci otrzymywanych wy-
nikéw, co ma istotne znaczenie dla spégid wiarygodndci formutowanych
na tej podstawie planow strategicznych.






