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Abstract: -  
Studies have shown that the success of different technology strategies varies with the conditions under which they are 

derived, e.g. internal or external boundary conditions. Thus, technology strategies fitted to the requirements of an 

enterprise are a key success factor. Until now, there is little research work done to determine the fit of a technology 

strategy. Therefore, in our research project, we developed a method to analyse and determine the fit of a technology 

strategy of an enterprise with its specific internal organizational and strategic context as well as with its external 

boundary conditions. Prior research on the interrelationships between technology strategy and influencing factors is 

mainly focused on single parameters. This article brings an integrated view to the fit of a technology strategy by applying 

the »fit as gestalts« perspective as well as cybernetic reasoning to the research field of technology strategy.  
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I. INTRODUCTION  

Beginning in the 1980s, technologies are considered a relevant success factor for enterprises [33]. In the course of this 

development, technology management gained importance within theory and practice ([44], [67]). Main task of strategic 

technology management is the formulation of explicit technology strategies [77]. This has proven successful: several 

empirical studies show that enterprises with an explicit technology strategy operate more successful than competitors 

without an explicit technological long-term orientation ([21], [28], [59], [82]). Especially nowadays, with increasingly 

dynamic environments, decreasing return from technological investments and increasing complexity of technological 

developments, long-term technological orientation becomes more important.  

However, as companies grow in size and become increasingly formalized, the in-company strategy cascade is becoming 

more complex. In addition to the business and competitive strategies, a number of regional and cross-divisional as well 

as crossfunctional strategies can be found [4]. In addition to these, there are new developments such as the sustainability 

strategy [76] as well as the classical cross-sectional strategies such as technology or innovation strategy, which are pursued 

by companies of all sizes ([63], [66]).   

Due to the cross-sectional character of the technology strategy, it is vital to integrate it within the company-specific 

strategy cascade ([26], [41], [64], [77]). It is also essential to adapt it to the prevailing conditions under which the company 

is operating. Empirical studies have shown that the success of different technology strategies varies with the conditions 

under which they are derived ([39], [80], [82]). Factors which influence the success of a technology strategy range from 

the characteristics of a company, through the environment in which the company operates and the size of the company to 

the organizational and strategic context of the company ([18], [23], [77], [82]).   

In practice, however, strategic decisions are frequently made on different hierarchical levels and in various business areas 

([22], [62]). Due to the complex strategic boundary conditions, it is not possible to coordinate the technology strategy 

with the strategic decisions previously taken by other business areas or functions in a simple way. It is therefore not 

uncommon in industrial practice, for new strategies to be introduced without synchronizing them with existing parameters 

and strategies. In practice this is a problem since technology strategies whose fine-tuning was not context-specific and 

therefore not fitted, may result in wasted resources coupled with a loss of competitive advantage [82].  

However, it is not sufficient to infer an appropriate technology strategy from the current situation in order to survive 

today's turbulent competitive environment. Technology strategies must be updated continuously in order to adapt to 

rapidly changing parameters. For companies, however, it is both time consuming and expensive to draw up a new strategy 

every time the parameters change. It would be more helpful to have an opportunity to review the fit of the technology 

strategy when the parameters change. Currently, companies do not have this option.  

In this paper, we investigate the fit of a technology strategy under the »fit as gestalt« perspective [72] and cybernetic way 

of thinking. We present four criteria, which cover the main aspects to determine the fit of a technology strategy from our 

perspective as well as an outlook for their operationalization and application. This paper is organised in five sections. In 

the following section II the theoretical background, necessary for the development of the criteria is displayed. Section III 

discusses and constitutes the criteria. In section IV a prospect for the application of the criteria is given. The paper 

concludes with a discussion and propositions for further research in the field of technology strategy fit in section V.  

This paper aims at contributing to technology strategy theory by increasing the understanding of the complex interactions 

between technology strategy and its internal and external boundary conditions. By applying the »fit as gestalt« perspective 

as well as cybernetic reasoning to the research field of technology strategy the control and handling of the complex 

interactions between technology-based strategic decisions and influencing factors is made possible. This is a first starting 

point to a systematical derivation of measures and recommendations for action to optimize the existing technology strategy 

of an enterprise.  

  

II. THEORETICAL BACKGROUND  

Development Of Technology Strategy Research  

Technology strategy emerged as a recognized subject area in the late seventies and early eighties when it became a focus 

of research as a result of work conducted by Ansoff and Stewart [2] as well as Maidique and Patch [47]. Regarded as part 

of a technology-oriented competitive strategy, the subject came to the attention of various authors who inves-tigated it 

and developed it further. Technology strategy was not established as an independent entity until the mid-eighties ([33], 

[57]). This point marked the beginning of a growing commitment to this subject area. Distinctions can be drawn between 

various categories of research work. These categories are presented and discussed in relation to the work proposed  

  

A. Development Of The Contents Of Technology  

The focus of earlier research was on defining and limiting the subject area of technology strat-egy. Studies in this field 

focus on technology strategies both from a conceptual as well as from an empirical point of view ([1], [15], [19], [25], 

[30], [57], [68] [77]). The outcomes of this research works are decision fields and possible options of action for a 

technology strategy, embedded in a mostly theoretically derived framework. Whilst a generic definition of the aim of 

technology strategies appears in similar form in the works of a number of authors ([33], [57], [82]), there are very 

considerable differences both in research and in industrial practice related to the actual contents of a technology strategy: 

Beginning with the selection of appropriate technologies (e.g. [17], [47]) the technological competence level of the 

company (e.g. [82]), the timing of the market entry (e.g. [17], [47]), the technology source (e.g. [57], [82]), technology 

commercialization options (e.g. [29]), R&D-intensity (e.g. [2], [16], breadth of the technology portfolio (e.g. [82]), focus 

on product- oder process technologies (e.g. [82]), technology protection (e.g. [25]) and new product rate (e.g. [21]) to a 

rather broad scope including organizational decisions (e.g. [2]), geographic orientation (e.g. [25]) and selection of 
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industries or markets (e.g. [57], [21]). In this paper we refer to the term technology strategy as the combination of choices 

in the five dimensions technological competence level of the company (including R&D-intensity), timing of the market 

entry, technology source, technology commercialization and breadth of technology portfolio.  

  

  

B. Research Studies In The Area Of »Fit« Of A Technology Strategy  

A third category of research studies addresses the relationships between the technology strat-egy and possible influencing 

factors (e.g. [11], [15], [23], [41], [82]). This category of research work aims at examining the influence of individual 

aspects (e.g. dynamics of competitive environment, company sizes) on the contribution of a technology strategy in 

companies. Thus the goal is not to explain the complex interactions which determine the overall fit of a technology strategy 

with its various kind of boundary conditions. The work presented here, builds a framework to integrate the various research 

results on influencing factors on the success of a technology strategy into a holistic approach to determine the fit of a 

technology strategy.  

  

1) Fit As Gestalt And Cybernetics As Basis For The Determination Of Fit  

The idea of determining the fit of a technology strategy based on a »fit as gestalt« [72] perspective, is built on contingency 

theory and its understanding that »… no strategy is universally superior, irrespective of the environmental or 

organizational context, …« [72]. Accordingly, the fit is in this perspective of vital importance ([13], [71]). Often also 

called »alignment« [9], »match« [38] or »congruence« [60], it is an expression for the coordination of internal and external 

elements of a company among themselves and with the corporate strategies ([61], [83]). The motivation of the fit concept 

is the increase of the corporate success resulting from this balancing ([53], [83]). Basically, various types of fit can be 

distinguished. The most detailed consideration is due to [72]. He designs a classification scheme in which six different 

versions of fit are presented. The considerations of the paper proposed are based on the »fit as gestalt« perspective due to 

the high number of variables which have to be considered and the non-linear, complex relationships beweteen these 

variables [72]. The gestalt approach with Miller & Friesen [52] as main representatives builts on the assumption that the 

success of organizations is based on the coherent configuration of their various variables. In this mindset, the examination 

of the influence of individual factors is considered to be a reduction of complexity and therefore a tampering of findings 

[46]. Thus a valuable analysis of an organization must comprise all variables, which describe the organization and its 

situation [51]. If the configurations of variables appear in a »coherent« way [72] or »temporary state of balance« [51] the 

configurations are called gestalts. There is the assumption that in reality only a limited number of gestalts for a particular 

situation exists [45]. This paper proposed follows the gestalt approach and states that certain configurations of technology 

strategic decisions and relevant aspects of the company´s situation form coherent cluster, i.e. gestalts.  

  

2) Cybernetics And Complex Problem Solving  

To determine the fit of a technology strategy, it is necessary to control the complex interactions of technology strategic 

decisions and their relevant influencing factors. Cybernetics has proven successful in problem-solving within the context 

of complex organizations ([3], [37], [43]). Primarily developed to understand the communication and control of complex 

systems ([37], [43], [75]), cybernetics deals with non-linear interaction of different variables that influence each other 

simultaneously and thereby provoke a change or a modification of the system ([3], [20], [43]). Cybernetics was transferred 

to different science areas. Stafford Beer ([5], [7]) counts as the founder of management cybernetics. He obtained awareness 

by its »Viable System Model« [6]. The management cybernetics is due to Bertalanffy. He introduced the cybernetic loop 

and applied it to the management and control of companies [27]. The field of management cybernetics is to be understood 

as a theoretical framework, which aims to develop concepts regarding behaviour and structures of dynamic systems within 

the periphery of companies [27]. Within this framwork and influenced by systems theory, approaches emerged, which 

aim at methodically supporting the presentation and analysis of complex problems ([65], [69]). The most relevant 

approaches for the work proposed will be displayed in the follwing.   

  

The »Methodology for qualitative system analysis«, developed by Jay Forrest ([31], [32]) supports the analysis of highly 

complex problems, based on qualitative system characteristics. The procedure is based on the analysis of the system 

under different points of view and builts on a dynamic balance between system maturity, network connectivity and 

turbulence. Five more perspectives complete the picture: system boundaries, feedback structures, stocks and flows, 

structural dependency and fitness complexity. System maturity describes the lifecycle in which the system is operating. 

Depending on the system maturity and the rate of turbulence of the surrounding environment a certain network 

connectivity of the system is needed for stability. The analysis of the system starts with the definition of system 

boundaries. The consideration of feedback structures as well as the analysis of stocks and flows is essential to derive 

knowledge on the system behaviour. The perspective of fitness complexity aims at analysing the interconnectedness of 

the system in order to gain insights on the future system development. Structural dependency arises, if more than one 

element of a model uses the same infrastructure. With increasing structural depency, the instability of the system 

increases as well.  

The Viable System Model (VSM), developed by Stafford Beer ([6], [7]) counts as the classic model to design control 

systems for organizations [65]. The VSM is based on three principles: viability, recursion and autonomy [48]. Viable 

for Beer means the capability of a system to respond to environmental changes, even if they could not have been foreseen 

[40]. The recursion principle states that every viable system consists of viable sub-systems and is part of a superior 

viable system [7]. Following the recursion principle there is no total freedom of behaviour for any sub-system if not in 
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the boundaries of the superior system [35]. Although they are stated a certain autonomy, this autonomy is not allowed 

to threaten the overall goal of the system ([8], [48]).  

The methodology of system thinking, introduced by Ulrich, Gomez and Probst aims at facilitating the dealings with 

complex problems in companies ([54-56], [70]). It states that companies can be characterized by its entireness, 

interconnectedness, openness, complexity, patterns of behaviour, steerability and ability to develop. To apply the 

perspectives correctly, they developed a procedure, consisting of six steps.   

Closely linked with this methodology, Vester developed his cybernetic sensitivity model ([73], [74]) which is based on 

biocybernetic principles and equally aims at analysing and solving complex problems. Its recursive and iterative 

structure comprises the description of the system via a set of relevant variables, the assessment of the variables with the 

help of a criteria matrix, the set-up of a cross-impact-matrix for the variables, the analysis of the roles of the distinct 

variables, the display of the cause-effect-diagramm underlying the system under consideration, the development and 

simulation of szenarios and last but not least the system assessment.  

  

3) Interim Conclusion  

Although the discussion of the development of technology strategy research in chapter II shows that procedures are 

available, which support companies in deriving their technology strategies for the first time, research still lacks procedures 

and methods, which enable enterprises to determine the fit of their already derived technology strategy, especially under 

changing boundary conditions. Furthermore, research on influences on technology strategies mainly considers singular 

influence factors and thus does not support enterprises within their complex environments. To meet the requirements of 

a high number of influencing factors with complex, non-linear relationships and interactions within companies, the 

research fields of gestalt perspective and cybernetics as well as concrete approaches to address the complexity were 

presented in chapter II. Based on this theoretical background, the criteria to determine the fit of a technology strategy will 

be derived in the following section.  

     

III. Criteria To Determine The Fit Of A Technology Strategy  

A. Characterisation Of A Fitted Technology Strategy  

The term fit in relation to technology strategy is seldomly used in literatur until now. There is no possibility for companies 

to determine the fit of their technology strategy. In the following section the characteristics of a fitted technology strategy 

will be displayed. To assess, if a technology strategy fits to the enterprise, the following questions, which cover the main 

aspects to be considered while developing a technology straegy, have to be answered:  

• Has the technology strategy been formulated in the right degree of detail?   

• Does the chosen technology strategic position make sense given the internal and external boundary conditions of the 

specific technology field?  

• Has a reasonible distribution of resources to the individual technology fields taken place?  

These questions serve as guidance for the derivation of the criteria to operationalize the fit of a technology strategy.  

  

B. Operationalisation Of The Fit  

The determination of the fit of a technology strategy proved to be a complex problem, mainly due to the variety of 

influencing factors, which cannot be solved with conventional linear approaches. Therefore, the understanding of the fit 

of a technology strategy must be extended by including approaches of the fit as gestalt perspective as well as cyberntic 

thinking. Based on the findings of the theories and methods, discussed in section II of the paper, the following statements 

to determine the fit of a technology strategy can be made:  

  

• following the argumentation of systems thinking, a complex problem can be described by its connection structures 

and cause-effect-characteristics [36]   

• for the determination of the fit of a technology strategy the variables, which describe the situation under which the 

technology strategy is derived have to be identified. In doing so, the evaluation of the system boundaries according to 

Forrest ([31], [32]) is a major concern  

• according to the presented methods of systems thinking, the relationships and interdependency of the variables have 

to be determined and displayed in a comprehensive and intuitive way [56]  

• based on the »fit as gestalt« perspective ([51], [72]) the methodology for qualitative system analysis ([31], [32]), the 

Viable System Model [6], the methodology of system thinking ([54-56], [70]) and the cybernetic sensitivity model 

([73], [74]) criteria will be derived, which allow the determination of the fit of a technology strategy. These criteria 

will be discussed in the following section.   

  

In order to determine the fit of a system, the consistency (CS) of the system is a necessary criterion (1). Is the consistency 

of a technology strategy (CS(TS)) with its boundary conditions assured, the level of fit (F(TS)) can be determined as 

follows?  

• Following the reasoning of the fit as gestalt perspective, certain configurations of technology-strategic decisions and 

relevant characteristics of the company as well as environmental boundary conditions fit, if they form gestalts. These 

gestalts are characterized by the internal stability and coherence of their variables ([51], [72]). Thus this paper seeks 

to explain the fit between numerable variables of technology strategy and its boundary conditions by the degree of 

conherence (CO(TS)) among the given variables.   
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• In accordance with the principles of autonomy and recursion by Beer [6], systems are always a part of a superior 

system and therefore must adapt themselves to the overall objectives of this superior system ([8], [48]). Overall goal 

of a technology strategy is its contribution to the competitiveness of a company [15]. Thus the fit of a technology 

strategy can be determined by the level of contribution to the competitiveness of the enterprise (CC(TS)). According 

to Forrest ([31], [32]), structural dependencies arise when multiple elements of a system access the same infrastructure. 

With increasing structural dependencies the risk of instability of the system increases. Technology strategies need 

financial, human and material resources for their implementation. The resources of companies are generally limited. 

Therefore, the distribution of the resources between the individual technology fields of the company must be 

reasonible, i.e. for the greatest benefit possible. Following this argumentation, a fitted technology strategy must possess 

the lowest »opportunity costs« possible. Opportunity costs can be understood as costs that arise if resources are 

allocated to a specific technology field, but would have generated more benefit in another field. The following example 

illustrates this situation: The unnecessary increase of technological performance level in a field of technology outside 

of the core competencies of a company harms the company in the sense that these resources are not available to another 

field, which might be closer to the targeted business of the company. Minimizing the opportunity costs of a technology 

strategy is consequently a significant contribution to the competitiveness (CC(TS)) of the company.  

• Based on the »Law of requisite variety: variety can destroy variety« by Ashby [3], the internal complexity (variety) of 

viable systems corresponds with the complexity of their environment ([58], [65], [78]). Applied to the field of 

technology strategy this means: the higher the complexity of the environment affecting the decisions taken in the 

context of technology strategy, the greater the complexity (variety) of technology strategy itself has to be. To assess 

the fit of a technology strategy, the difference of the complexity of the technology strategy and the complexity of the 

environment (CD(TS)) is therefore applied as a criterion, cf. Figure 1: Complexity difference (CD(TS)) between 

technology strategy and environment, following Rief [58] Figure 1. Based on this criterion, the logic of the technology 

strategy increases, if the complexity of the technology strategy strongly corresponds with the complexity of the 

environment. If the complexity of the technology strategy complies with the complexity of the environment, then the 

fit of the technology strategy related to this criterion is maximum. Since complexity is always associated with various 

challenges, such as the reduction of efficiency, the fit of technology strategy reduces beyond this point.   

   

 
Fig. 1   Complexity difference (CD(TS)) between technology strategy and environment, following Rief [58] 

 

The above-mentioned arguments adress the formulated questions concerning a reasonible positioning in the specific 

fields, a adequate level of detail of the technology strategy as well as reasonible distribution of resources to the different 

technology fields, cf. Figure 2.    

 
Fig 2   Contribution to determining the fit of a technology strategy of the different criteria 
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To determine the fit of a technology strategy, the following equations can thus be derived:  

(1) CS(TS)≡1   

(2) F(TS)=f(CO(TS), CC(TS), CD(TS))  

    

IV. PROSPECT OF THE APPLICATION OF THE CRITERIA  

The previously derived criteria to determine the fit of a technology strategy, i.e., the consistency (CS(TS)), the coherence 

(CO(TS)), the contribution to competitiveness (CC(TS)) and the complexity difference (CD(TS)) of a technology strategy 

are still conceptual. To operationalise these criteria, procedures and sub-criteria were developed, which will be presented 

in the following section.  

  

To determine the consistency of a technology strategy with its boundary conditions, criteria for exclusion were defined, 

e.g. for a technology pioneering positions, company-internal R&D efforts have to take place. The criteria have to be 

matched with the chosen technology strategy positioning. To facilitate the matching, an exclusion matrix was developed, 

cf Figure 3.   

  

 
Fig 3   Presentation of the exclusion matrix with an example 

 

After securing that no contradiction can be found, the actual fit of the technology strategy can be determined. Firstly, the 

coherence of the technology strategy system, i.e. between the technology strategic choices and its relevant boundary 

conditions, has to be determined. To achieve this, the technology strategy as well as its relevant internal and external 

environment boundary conditions have to be displayed in form of variables. The variables were determined with the help 

of the cybernetic sensitivity model of Vester ([73], [74]), cf. Figure 4.   
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Fig 4   Variables of a technology strategy system (excerpt) 

  

With the use of a cross-impact-matrix and cause-effect-diagrams, the role of the variables in the system, the number and 

direction of existing feedback loops as well as the network connectivity of the system can be analysed. With the help of 

this information, predictions are possible concerning the robustness (R(TS)), the ability of processing (AP(TS)) and the 

ability of self-regulation (AS(TS)) of the technology strategy system, which can be combined to derive predictions on 

the coherence of the technology strategy system (CO(TS)).  

The contribution to competitiveness of a technology strategy (CC(TS)) can be derived by using an influence matrix 

which provides insights on how strong the link between technology strategy positions and the overall strategic goals of 

the company is. The consideration of opportunity costs, which arise whilst supporting one of the strategic goals, is 

crucial in this phase. The complexity difference of a technology strategy and its environment (CD(TS)) can be 

determined by comparing the variety of the technology strategy with the perceived complexity of the environment. The 

variety of the technology strategy can be determined by using an adapted version of the communality index of Martin 

& Ishii ([49], [50]). The complexity of the environment can be identified based on the perception of the decision makers 

and supported by a developed questionnaire. This procedure was chosen due to the fact that strategic decision are always 

based on the perception of the decision maker [79].   

  

V. Conclusion  

References in theory and practice show that companies with an explicit technology strategy act more successful than 

companies without a long-term strategic technology plan. Furthermore, several studies showed, that the success 

contribution of a technology strategy stronly depends on its fit to the internal as wells as strategic and external boundary 

conditions. To provide companies with the opportunity to determine the fit of their previously derived technology 

strategy, expecially if boundary conditions change, we developed a way to determine the fit of a technology strategy. The 

determination of the fit is a first step to evaluate the effect of the drawn strategy and to derive measures to optimize it.   

As the fit of a technology strategy with its internal and external as well as strategic boundary conditions has been neglected 

in literature so far, in this paper we introduced criteria, based on which the fit of a technology strategy can be determined. 

Due to the high complexity and low concreteness of the task, we needed to apply a different way of thinking, apart from 

linear procedures. The concept of »fit as gestalt« as well as cyberntic reasoning proved to be a fruitful theoretical 

background to solve the problem. Due to this change of mindset, we reached to handle the complexity and to break down 

the fit of a technology strategy to distinct and measurable criteria: the consistency of a technology strategy, its coherence, 

its contribution to competitiveness of the company and its complexity difference to the relevant environment. We 

furthermore shortly provided some insight on how to operationalize these four criteria mainly based on the cybernetic 

sensitivity model.  

Our approach shows, that the explanation and thus determination of the fit of a technology strategy with its relevant 

boundary conditions is possible in a quantitative way. It was goal of our research work to find a way to make the fit of a 

technology strategy within its ecosystem determinable. By applying the fit as gestalt perspective as well as cyberntic 

reasoning, this was made possible.  
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However, this research is not without limitations. In terms of the abbreviation character of models, our research work 

only signs a first picture of the determination of the fit. This picture has to be detailed in further research work. Based on 

the understanding of a technology strategy in the way of the authors, we derived relevant internal and external influence 

factors on a technology strategy. First of all further research work is needed to deepen the understanding of a technology 

strategy. Secondly, more research is necessary to identify the factors and their intensity of influence on a technology 

strategy. Furthermore, the starting point for the determination of the fit with the help of the derived criteria is a previously 

derived technology strategy, i.e. technology fields are determined. The criteria do not reflect, whether the right technology 

fields were derived and have been positioned in. Our work rather assumes that the decision for the technology fields was 

done in the right way. Much research is needed in finding a way to integrate the decision for technology fields in the 

determination of fit.  Most research work is needed to detail the criteria itself. This paper provided a possibility to 

determine the fit of a technology strategy in the first way. Detailing the criteria and finding a way to optimize the fit is a 

strong research task and should be in the focus of following research work.  
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