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Abstract 

The paper examines the potential of integrating Future-oriented Technology 
Analysis (FTA) with quantitative methods that can be used within foresight 
projects. The aim of this is to develop an integrated methodology that produces 
multidimensional factor1 spaces and hypotheses with a higher degree of 
probability. Moreover, the definition of technology foresight for national 
research institute has been also presented. Features of FTA and quantitative 
methods are discussed in the light of the empirical material gathered from 
projects executed at the Institute for Sustainable Technologies – National 
Research Institute, Radom, Poland. 

The overall aim of the paper is to present a selection of procedures that 
could be used to develop the modular design of technology foresight for 
a technological research institute.  

                                                      
1 In the literature it is common to use terms key variable and factor interchangeably. 
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Introduction – why do we need to forecast? 

To deliver a more sustainable economy, it is essential to introduce long-
term research programmes based on innovative technologies that have a high 
development potential. Efficient technology forecasting and focusing on specific 
basic and applied research areas that might lead to its implementation in the 
field of advanced technologies are crucial to knowledge based economy. 
Prognosis and forecasts are necessary in the strategic decisions making process 
at different organisation levels: national, regional and corporate. In the article 
the formulation of prognosis for a technological research technological institute 
is shown. Because of the consequences of decisions, forecasting should not be 
based only on qualitative models and expert knowledge, but definitely also 
quantitative methods, parameters sets, descriptors and should be used to outline 
measurable indicators that enable an objective and methodically justified risk 
assessment of technology development and investing in scientific research. The 
unfolding acceleration of global innovation is expected, that is why there is 
a necessity to prepare for this in terms of developing only the most promising 
areas of business and scientific activity. The scale and diversity of 
technological, economical and societal changes is increasing. As a result, 
multidimensional parameter spaces and more complex methods should be used 
for forecasting within a technology foresight system to equip policy makers with 
more effective strategies for the deployment of public funds for R&D [3]. 

1. Why foresight?  

Literature review revealed that there are many overlapping forms of forecasting 
and predicting of technological development and assessment of its influence on 
economic environment. The following methods are most common: technological 
forecasting, technology foresight, strategic planning, technology assessment, and 
future-orientated technology analyses. As mentioned above, in order to outline 
alternative future technology development paths, a detailed analysis of technological, 
economical, demographical and legislative trends has to be carried out. Not every 
method is universal to deal with factors of various types, both qualitative and 
quantitative measures. It is equally important to stress that in the research concerning 
advanced technologies, expert knowledge is one of the main information sources. 
The selected methods must then cope with a large amount of information. 

Moreover, the specific nature of a technological research institute must be 
also taken into account. Its organisational structure, founding scheme, scope of 
activity, and scientific and infrastructural potential justifies the application of 
original methodology that combines soft and hard forecast techniques [6]. 
Foresight is a method that has been tailored to these needs. However, the foresight 
methodology must be adjusted to specific requirements of research organisation. 
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The methodology proposed in the paper integrates different methods of 
technological forecasting adjusted to a technological research institute that 
conducts basic and applied research as well as implementation in the field of 
advanced technologies related to machines manufacturing and maintenance, 
materials engineering, environmental protection and systems engineering.  

2. Difference between forecasting and foresight 

Foresight has got a different meaning then prediction. [2, 6] Its aim is to 
integrate key change drivers and knowledge base to formulate strategic visions, 
not only to build econometric, statistical and mathematical models, but to 
deliver different possible visions [14]. 

Modern forecasting tends not only towards indicating development trends, 
but above all, it tries to point out optimal ways of making a good use of the 
possibilities and chances that appear as a result of technical and scientific 
development, and economic growth. [7, 17] The accomplishment of such a goal 
is not possible with the use of traditional prediction tools such as econometric 
models, statistical methods, trend extrapolation etc. 

The definition of technology foresight of national research institute 
formulated for requirements of the article is as follows:  

Technology foresight for a national research institute is an iterative, multi-
layered process that aims at reliable identification of medium- and long-term 
trends of technological development with a consideration for sustainable 
development of economy, society and science in order to outline research 
priorities and actions to achieve desired future vision (Fig. 1). 

 

  
 
Fig. 1. The Technology Foresight Eye. Elements of technology foresight for a national research institute 
Source: Author. 
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The definition focuses on the fact that foresight has the ability to adapt to 
ongoing changes. Furthermore, its quantitative and qualitative nature, which 
influences the reliability of obtained results, has been highlighted in the 
presented approach.  

3. Problems to solve 

Experience acquired within the Multi-Year Programme PW-004 
“Development of innovative systems of manufacturing and maintenance 2004– 
–2008” showed the necessity to implement a technology foresight methodology 
tailored to technological research institution needs. [8] What is more, the 
National Foresight Programme “Polska 2020” has emphasised the few 
fundamental issues that attention should be paid to in the next foresight 
programmes. [9] Originality of undertaken subject arises from the following, so 
far unsolved, issues that occur within foresight implementation phase: 
− generation of multidimensional parameter spaces; 
− technology prioritetisation; and, 
− determination of probability of future scenarios. 

The solution of two following key issues has been presented in the article: 
generation of multidimensional parameter spaces and probability of scenarios.  

In the context of mentioned issues, the proposed model enables the 
identification of key variables2 that influence the whole system. The classical 
methodology that has been used in foresight programmes so far enables the 
creation of scenarios with the consideration of only two key variables. 
Experience acquired within the number of conducted foresight projects justified 
the legitimacy to work out the methodology that would enable the creation of 
much more complex future visions based on tendencies of unlimited number of 
key variables. The main goal of this effort is to identify all crucial factors that 
might influence technology development, so the certain actions could be taken 
to shape the future [10]. Furthermore, the knowledge about drivers of 
technological change could enable the assessment of usefulness of new strategic 
programmes. The second key issue refers to the probability of generated 
scenarios. It is equally important to enhance the complexity of foresight 
scenarios by taking into account multidimensional parameters spaces and to 
determine the scenarios with a high probability degree. The difficulty is to tie 
efficiently key variables and probability of technological hypotheses with 
selected key technologies, which has not been considered in foresight 
programmes carried out so far. 

 

                                                      
2 In the literature the term key variable is used interchangeably with the term key factor. 
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4.  FTA and other quantitative methods procedures that might be used in 
foresight 

Changes are multitudinous. Therefore new techniques are needed for 
analysing technology architecture. This implies a renewed dedication to 
alternative exploratory modeling, robustness analysis and many of the other 
similar tools [3]. 

In order to elaborate the methodology for shaping the priority future activity 
of a technological research institute, which conducts research in strategic areas 
of innovativeness development on a national scale, a number of methods that are 
used or could be used in technology foresight has been analised. To establish 
main technological directions, not only traditional foresight methods, but also 
FTA techniques have been taken into account as they provide a common 
umbrella for the foresight, forecasting and technology assessment communities. 
These closely related communities play an important role in guiding policy and 
decision making to anticipate and shape future developments. 

 
Table 1. Semi-quantitative and quantitative foresight and FTA methods 

 

Method Type 
Agent modelling quantitative, modelling 
Analytic hierarchy process quantitative, modelling 
Backcasting quantitative, trend analyses 
Benchmarking analyses semi-quantitative, economic 
Bibliometrics, cybermetrics semi-quantitative, statistical 
Casual forecasting quantitative, modelling and simulation 
Correlation analyses quantitative, statistical 
Cost analyses quantitative, economic 
Critical and key technology study  semi-quantitative, descriptive 
Cross impact analyses, structural analyses semi-quantitative, matrices, modelling 
Data flow charts  semi-quantitative, descriptive 
Market analyses quantitative, trend analyses 
Megatrend analysis quantitative, trend analyses 
Mic Mac method semi-quantitative, matrices, modelling 
Multicriterial analysis  quantitative, valuing, statistical 
MULTIPOL method  semi-quantitative, descriptive, valuing 
Patent analyses  quantitative, statistical 
Probabilistic impact matrices quantitative, valuing, economic 
Ranking methods quantitative, valuing, statistical 
Risk analysis  semi-quantitative, descriptive, statistical 
System dynamics quantitative, modelling 
Technology assessment  semi-quantitative, descriptive, statistical 
Time series analysis  quantitative, statistical, trend analyses 
Trend extrapolation  quantitative, statistical, trend analyses 
Value chain analysis  quantitative valuing, statistical 

 

Source: Author. 



 PROBLEMY  EKSPLOATACJI – MAINTENANCE  PROBLEMS 3-2010 
 

50 

As a result, a selection of methods containing statistical and econometric 
methods, as well as methods used for prediction in science and technology, [12] 
and computer-aided forecasting tools that have been used in foresight activities 
found within the literature review are presented in Table 1.  

Most FTA-based methodologies use multiple methods, both quantitative 
and qualitative. These ought to complement each other, striving to compensate 
to the extent possible for weaknesses in any one approach. The choice of 
methods is inevitably affected by data availability [13]. 

The next step consisted in analysing selected methods on account of 
indicated problems to solve. A first group included methods that enable the 
creation of multidimensional parameter, while the second one consisted of 
procedures for the determination of probability of generated scenarios.  
To determine strategic potential of a technological research institute, it is 
necessary to identify and analyse components of its micro and macro 
environment. The goal is to formulate a method that would enable this. 
A literature review resulted in the selection of methods that would be 
appropriate to use in a technology foresight for a national research organisation: 
key success factors, structural analyses, mathematical logic.  

The elaborated method for generation of multidimensional parameter 
spaces goes beyond traditional approaches, which leads only to two key factors. 
The presented method is based on the Boolean logic and structural analyses. It 
allows to study relations between important system factors and to determine the 
most crucial ones for the future system shape. The same as structural analyses, 
the method enables to enhance an internal cohesion of scenarios [11]. 
Furthermore, the procedure allows examining not only the strength, but also 
a direction of the influence, positive or negative, on the technology 
development. The auxiliary techniques that might be used within the 
identification of key variables are as follows: trend extrapolation, cybermetrics, 
Mactor method, Delphi, and AHP.  

Described procedures allow foresight participants to simultaneously adopt a 
micro view of their own disciplines and a system view of overriding or shared 
objectives [16]. 

In foresight projects, little attention has been paid to probability issues. 
However, if the foresight scenarios are going to be a responsible tool for 
decision makers, there must be a certain probability assigned to each future 
vision. Probabilistic impact matrices are the most popular computer-aided 
technique that serves this purpose [5]. However, for a specific object such as a 
technological research institute, the original methodology must have been 
designed. The elaborated procedure is based on the probability theory. Each of 
possible future states of the variable has probability of its occurrence. The total 
sum of probabilities within one variable equals one. The majority of information 
is obtained from internal or external experts. An opinion of domain specialists is 
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essential and crucial to take further steps, i.e., the creation of future visions and 
recommendations.  

Scenarios are formulated according to the following rules:  
− Hypotheses with a probability > 0,5 and a high positive influence on 

technology development are integrated in first scenario; 
− Hypotheses with a probability > 0,5 and a high negative influence on on 

technology development are integrated in second scenario; 
− Hypotheses with a probability < 0,5 and a high positive influence on 

technology development are integrated in third scenario; and 
− Hypotheses with a probability < 0,5 and a high negative influence on 

technology development are integrated in fourth scenario. 
The expert panels are obligated to deliver a probability for each occurrence 

in a certain time horizon. An average probability assigned to each group of 
hypothesws makes a hierarchy of hypotheses. Apart from scenarios with a high 
probability of occurrence, scenarios with a low probability and high influence 
are also highlighted. The aim of the procedure is to select the most reliable 
future scenario that could be used as a base for decision makers.  

5.  Integration of FTA & foresight approaches within technology foresight 
system for a national research institute  

The challenge to develop more robust future-oriented support to decision 
making in the area of future research priorities and technological development 
trends has been taken. The fundamental assumption was as follows: the system 
change is triggered by dynamically developing environment and by internal 
conditions of the organisation. Because of the fact that the modeled object is 
a public institution, which faces market competitiveness constantly, the model 
contains integrated elements of technology foresight and corporate foresight. 
What is more, an important aspect of suggested solution is that the 
implementation of either of quantitative and qualitative methods allows to 
enhance the probability of formulated foresight scenarios.  

The following assumptions have been made:  
− The model thematic scope includes machines manufacturing and 

maintenance, materials engineering, environmental protection and safety 
systems engineering; 

− A national research institute operates in a dynamic micro and macro 
environment; 

− An integration of qualitative and quantitative method increases the reliability 
of foresight results; 

− The expert knowledge is the base data source; 
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− The results of technology foresight within research institutions must be 
compatible with sector foresight programmes realised in Poland, for example 
National Foresight Programme “Polska 2020”; 

− The foresight model should have an open architecture and consist of 
technological, social, economic, ecologic and political references.  

The presented algorithm enables the selection of key variables that 
influence the internal and external environment of national research institutes 
the most. For the reason that the model institute conducts research in the area of 
advanced technologies, scenarios and strategic plans should also contain 
development paths of technologies and research priorities. Therefore, the 
algorithm considers procedures of determination of mutual influences between 
system drivers. Moreover, the influence of key variables on technology 
development has also been pointed out.  

Types of factors that have an impact on the functioning of a R&D 
organisation with a technological profile are as follows: social, technological, 
economic, ecological and political. All of the mentioned elements should be 
taken into consideration within structural analyses carried out by the experts.  

The selection of key variables is carried out with cross impact analyses. The 
computer-aided program MIC-MAC [1] has been also used. Traditional methods 
of structural analyses enable only studying the influence strength of the process on 
organisation. To overcome such difficulties, methods of strategic analyses have 
been adapted to forecast technological change. [4] Presented methodology allows 
one to examine the strength and direction of technological change and probability 
of events. The strength and direction of impact is determined by the assessment 
scale used <-n, +n>, where (–n) it is a maximal negative, and (+n) it is a maximal 
positive influence on technology development. The next assumption that has been 
made was as follows: a key factor might have a tendency to increase, be stable or 
to drop. The assessment of the influence degree between the key variables and 
technologies is carried out by external experts.  

The presented algorithm has been integrated with the methodology of 
scenario building depending on the probability and direction of impact that 
a key variable has on a certain technology. The mentioned algorithm has been 
based on multidimensional parameter spaces. Additionally, it also has been 
equipped with ranking procedures that enable to restrict the number of key 
variables to two-dimensional spaces. 

The presented algorithm of creating of multidimensional parameter spaces 
enables the selection of key change drivers for a technological research institute. 
Furthermore, the study of identified key factors on development of incremental3 

                                                      
3 A. Mazurkiewicz: Mechanisms of knowledge transformation in the area of advanced 

technologies of surface engineering. Proceedings of the 15th IFHTSE & SMT 20 International 
Federation for Heat Treatment and Surface Engineering Congress, Vienna 2006, p. 270–277. 
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and emerging4 technologies might be more complex and detailed on the bases of 
information output.  

 

 
 
Fig. 2.  The selection of key variables and determination of their influence on a technology 

development 
Source: Author. 

 

                                                      
4 International Congress Innovation and Technology XXI: Strategies and Policies Towards the 

XXI Century; O.D.D. Soares: Innovation and technology: Strategies and policies. Dordrecht: 
Kluwer Academic, 1997. 
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Results of these analyses are used to formulate recommendations for future 
research strategies and to determine priority actions. What is more, intentional 
shaping of marked key variables enables one to achieve assumed future 
scenarios and realise strategic plans.  

The presented system of generation of multidimensional parameter spaces 
has a modular structure and can be modified in accordance with the user 
requirements.  

The proposed methodology has been used within the project “Advanced 
Industrial and Ecological Technologies for the Sustainable Development of 
Poland,” which constitutes Polish technological foresight in the area of 
technologies enhancing sustainable development and staff training for the 
generation and exploitation of advanced technologies [15]. 

Conclusion 

The dynamism of transition to a knowledge-based economy and changes in 
the business environment cause the increase of demand for advanced 
technologies and breakthrough scientific achievements. These processes justify 
the necessity of forecasting directions of research and development for 
a national research institutes to be competitive in the future.  

The aim of the study was to present a model of technology foresight for 
a national research institute. Emphasis in the methodology presented in the 
article has been put on the application of qualitative FTA methods within 
foresight system. Moreover, the aim of the study was to integrate such 
methods with quantitative approach that is typical for foresight projects. 
Integration of FTA and foresight methodologies is clearly moving ahead to 
explore, adopt and engage novel approaches that will address innovation 
challenges and change the outlook of many policy makers. Furthermore, the 
combination of such methods enables us to analyse the organisation 
environment in a holistic way and to forecast efficiently and effectively the 
future research priorities in order to increase competitiveness and 
innovativeness of Polish science and economy.  
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Integracja metod FTA (future-oriented technology analysis) w modelu 
foresightu technologicznego  

Słowa kluczowe 

Foresight, foresight technologiczny, metodologia foresightu, metody ilościowe, 
metody jakościowe, FTA, foresight korporacyjny, narodowy instytut badawczy. 

Streszczenie 

W artykule zaprezentowano fragment modelu technologicznego foresightu 
dla państwowego instytutu badawczego integrujący wykorzystanie metod 
ilościowych FTA oraz metod eksperckich. Do tego celu wykorzystano autorską 
metodykę generowania wielowymiarowych przestrzeni czynników kluczowych 
oraz metodykę budowania scenariuszy z uwzględnieniem wyznaczania 
prawdopodobieństwa hipotez wchodzących w ich skład. Ponadto przedstawiono 
autorską definicję foresightu dla jednostek o profilu technologicznym 
funkcjonujących w obszarze B+R. Zaprezentowano zestaw metod FTA oraz 
metod foresightowych, które można wykorzystać do rozwiązania następujących 
problemów badawczych: generowania czynników kluczowych systemu oraz 
wyznaczania prawdopodobieństwa scenariuszy. Podstawą zaprezentowanych 
analiz były doświadczenia zebrane w projektach realizowanych w Instytucie 
Technologii Eksploatacji – PIB.  


