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Abstract. The article presents the results of empirical research related to 

determinants of innovation. Authors concentrate on the most important 

determinants: organizational structure and technology. Both practitioners and 

theoreticians deal with the problems of managing innovation, seeking its 

determinants which can emerge by minimizing barriers to the creation and 

implementation of innovations. Organizational structures and technology are 

decisive factors for a company’s innovation and performance. The purpose of 

this article is to indicate what type of technology is conducive to the 

development of innovation and their effective use in the development of 

enterprise value. Empirical research was carried out using a questionnaire on a 

sample of 105 organisations operating in Poland that differed in terms of size, 

sector and ownership model. In order to examine the relationship between the 

nonroutine technology variable and the subjective level of innovation, 

regression and variation analysis was performed. All calculations were 

performed using SPSS packages for Windows. The research presented in this 

article shows that there is a statistically significant relationship between 

nonroutine technology and innovation.  
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1 Introduction  

There is widespread agreement among authors, researchers, consultants and thinkers 

in the field of management that innovation is the central capability for all 

organisations interested in maximizing the opportunities for success in the 21st 

century. However, as J. de Cagna said, while the pursuit of innovation cannot 

absolutely guarantee meaningful growth, it is the best strategy most enterprises have 

for achieving it in a way can become sustainable over time [4]. Both practitioners and 

theoreticians deal with the problems of managing innovation, seeking its determinants 

which can emerge by minimising barriers to the creation and implementation of 

innovations. On the other hand, innovation can be practised as well as learned. The 

goal of researchers is to show how to formulate and implement each determinants of 

innovation (i.e. organizational structure, technology) to promote the development of 

innovations and their effective use in the development of the long-term value of an 

organisation.  



 

 

According to both theoreticians and practitioners who deal with innovation 

management, innovation is the key to the survival and development of modern 

organisations [6, 7, 8, 13]. At the same time, technology is also considered an 

important component of organisational business models by authors such as Leavitt, 

Krzyżanowski and McKinsey with his 7S model [14, 15, 18]. The purpose of this 

article is to indicate what type of technology is conducive to the development of 

innovation and their effective use in the development of enterprise value. 

Modern organisations operate in an increasingly dynamic and complex 

environment. In order to be successful in such conditions, they cannot build their 

competitive advantage solely on individual products, technologies, or resources; 

instead, they need to make an effort to be more innovative than their competitors. 

Changes that take place in their surroundings create a constant need for innovation, 

which become the main determining factors for competitiveness of both individual 

companies and regional and national economies as a whole. Innovation is also one of 

the priorities of the European Union, as supporting innovation is becoming one of the 

basic purposes of numerous EU projects. Back in the 90's, P. F. Drucker believed that 

if a company was unable to innovate, it would die [7]. Therefore, a feature 

of an innovative entrepreneur is to seek changes, to respond to them, and to treat them 

as opportunities, as well as to continuously aim to create imbalance. Most often, 

innovation is equated with the physical characteristics of products manufactured. 

However, in reality, it is process and service innovation that is important for 

establishing a competitive position of a business. Creating an innovative product is 

only one of the aspects of building a competitive advantage; the rest of it involves 

developing an innovative process, as innovations in both of the abovementioned areas 

are intertwined. In some cases, product innovations require process innovations 

needed to bring the product to market [9], as well as organisational or even marketing 

changes. The level of the management's awareness of any limitations in the 

innovation process resulting from the company's technological processes seems to be 

vital for the issue at hand. 

2 The concept of innovation   

There are different approaches to innovation, related to different scientific disciplines 

in which this term originated (in organisation theory, economics, sociology, technolo-

gy). Most authors emphasise the aspects of the organisation’s search for new solu-

tions in response to changes in the environment (both changes in customer needs and 

changes in organisational environment elements such as technology). Innovation is 

commonly interpreted as the introduction of a new product and is associated with the 

production process, especially technology. More rarely is it related to organisational, 

administrative and cultural changes [12]. The differences in the definition of this 

concept are also determined by the understanding of innovation as a process or as a 

result/outcome of a process. However, most definitions emphasise innovation novelty 

understood objectively (the macroeconomic view: innovation is something absolutely 

new, pioneering work) and subjectively (the microeconomic view: it is new to the 



 

 

organisation, developed and implemented regardless of whether such a solu-tion 

exists in other organisations). Another common element is that innovation has to lead 

to the success of the organisation by improving the use of resources or generat-ing 

socio-economic benefits, and thereby to improve the competitive position of the 

organisation [2, 18]. The word ‘introduced’ is also key here since an important as-pect 

is the implementation of innovation, not just theoretical assumptions or a new idea. 

Undoubtedly, innovative activity in organisations should also be reflected in 

economic profit, personal development of employees, higher job satisfaction, better 

communication within the organization, higher group consistency, the increase of 

knowledge and experience resources, the increase of production and economic 

indicators. 

For the research, it was assumed that innovation is a change in the subjective sense 

(change is new only for the organisation) leading to an improved product, pro-duction 

process or organisation itself, which was developed to achieve economic or social 

benefits. Innovation is also the process, in which the final step is to implement new 

ideas. Thus, innovation is not only the ability of the organisation to create the idea but 

it should also lead to economic and/or social benefits. It must be completed by the 

emergence of innovations on the market. The activities related to innovation include 

changes in both the incremental and radical transformation of the existing solutions. 

However, the adoption of the subjective understanding allows achieving a high level 

of innovation even if the organisation implements the changes that exist in other 

entities, especially when they contribute to the improvement of the organisation [25]. 

3 Technology 

Source literature defines technology as: physical objects, artefacts, including prod-

ucts and tools, equipment used for their production, actions and processes constitut-

ing production methods, as well as knowledge required to develop and use equipment 

and production methods (know-how) [10]. 

According to the definition proposed by [23], technology is “the entire-ty of 

transformation processes employed by the enterprise, combining both the basic stream 

of internal transformation and all purchases needed to power the process, as well as 

the enterprise's outflow” [23]. It should be considered that literature’s sources link 

technology to the individual features of the organisational structure. One of the first 

typologies of technology was proposed by J. Woodward [10] (research indicated a 

correlation between the organisational structure and efficiency, when the types of 

technology used by the organisation are considered) as cited in [10]. The typology is 

presented in Fig. 1. 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. J. Woodward's typology of technology, [10]. 

J. Woodward's idea [10] establishes three technological groups ordered according 

to the technical complexity parameter, i.e. the level of mechanisation of the 

production process:  

• small batch and unit production – less control, less management levels and 

decentralisation, high employee competences, 

• large batch and mass production – highly specialised, routine procedures, more 

control and centralisation, low employee competences, 

• continuous process production – similarly to unit production – based on low level 

of control and decentralisation, at the same time there are more management levels, 

high employee competences [10]. 

Woodward claimed that in case of technologies found at the extremes of the scale, 

organic structures are most suitable, whereas in case of mass production, mechanistic 

structures are desirable. This is based on the routine of the work performed with 

different technologies. Extreme technologies are based on non-routine work (suitable 

for organic structures); work related to mass production is highly routinized (better 

adjusted to mechanistic structures). This correlation is shown in Fig. 2. 
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Fig. 2. The relationship between work routines and technical complexity, [10]. 

 

Ch. Perrow, cited from [10], also believes that technology is linked to the 

organisational structure and imposes a specific division of tasks and manner of 

individual’s activities coordination. Technology determines the structure in two ways:  

• by distinguishing between the components used – standard or nonstandard 

materials, frequency of unexpected occurrences, simplicity or complexity of the 

situation; in other words, it concerns the variability of tasks defined as a number of 

deviations from standard procedures encountered while using a particular 

technology [10], 

• based on the type of efforts required while making decisions (analysability of the 

situation) the number of known analytical methods used to deal with deviations 

encountered [10], which grows with the number of available routine solutions. 

Depending on how those two parameters intertwine, C. Perrow, cited from [10], 

proposes a specific type of organisation, using a specific type of technology 

(presented on fig. 3). 
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Fig. 3. Types of technology according to C. Perrow, [10, 23]. 

Craft technologies involve low task variability and low analysability. Intuition and 

experience play a particularly important role in this technology, especially when 

standard operating methods fail (although usually there are several known solutions 

which can be relied on) [10]. The structure has organic characteristics (according 

to H. Steinmann and G. Schreyögg, similarly to the organic structure): moderate level 

of formalisation and centralisation, relatively wide management range, mostly verbal 

and lateral communication. Qualifications and experience of staff play an important 

role, and control and coordination are less significant (training is more 

important) [22]. 

Routine technologies involve low task variability and high analysability. In case 

of deviations from standard procedures, almost always there is a method available 

to solve the problem [10]. The structure has mechanistic characteristics: high level 

of formalisation and centralisation, wide management range, vertical communication, 

low qualifications of the staff, close coordination and control (regulations, budget and 

reporting) [22]. 

Engineering technologies involve high variability and task analysability, with 

many deviations from  standard practices, but the staff have known methods of 

solving the problem at their disposal (usually as a result of advanced or highly 

advanced training) [10]. The structure shows characteristics closer to mechanistic 

models: moderate level of formalisation and centralisation, narrow management 

range, written and oral communication, coordination and control through reporting 

and conferences, staff selection based on formal education [22]. 

Nonroutine technologies involve high variability and low task analysability, with 

many problems and a lack of known methods of solving them, which means that the 

staff need to search for new operating methods [10]. The structure shows organic 

characteristics: low level of formalisation and centralisation, narrow management 

range, extensive experience and high qualifications of staff, lateral communication, 

coordination and control through group discussions and social norms [22]. 

During his research on nonroutine technologies, Ch. Perrow [10] focused 

on technology as the determinant of uncertainty in organisations (the figure below 

shows the impact of the typology of technology on the level of routine). Technology 

influences uncertainty through the variability of quality or availability of input factors 

or variability of the nature of the transformation process. Increased uncertainty creates 

difficulties in organising the company's activity because it is not certain which actions 

will be necessary.  
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Fig. 4. Effects of two-dimensional typology of technology according to Ch. Perrow on one 

routine dimension, [10]. 

 

Nonroutine technologies require independent staff, professionals and knowledge 

workers able to use their flexibility to find solutions for constantly changing 

problems. Their characteristic features include the desire to gain new knowledge, high 

competences, take innovative approaches (the ability to see opportunities to establish 

new knowledge, initiating revolutionary changes, showing innovative 

entrepreneurship, encouraging others to think creatively and working with others in 

that scope), as well as seeking diversity through cooperation [22]. Morawski indicates 

that they are able to hold at least four organisational roles in the company, including 

the role of an innovator who introduces break-through changes independently or in 

collaboration with other creative members of staff [16]. Knowledge workers, in order 

to be able to propose nonstandard solutions, require a great deal of freedom in their 

work, independence and self-reliance. This means that they work well within flexible 

organisational structures that are much closer to organic solutions with a low level 

of formalisation and centralisation etc., which facilitates use of the employees' 

knowledge and aids introduction of nonstandard solutions. It seems, therefore, that the 

more nonroutine technology is, the more opportunities are created for developing new 

innovative solutions. The final hypothesis adopted is the following: H: The less 

routine the technology is in a given enterprise, the higher the company's innovation 

will be. 

4 The relationship between technology and innovation 

The general aim of the research was to define the determinants of the organisational 

innovation, with a particular emphasis on the knowledge management processes One 

questionnaire  was sent to each surveyed organisation with the request that a person 

with a broad view of the whole organisation (i.e. CEO, management team, quality 

specialist etc.) fill it in. The questionnaire included questions to measure the level of 

various determinants of innovations and the level of innovation. The survey also dealt 

Routine Technology 

Nonroutine Technology 



 

 

with questions concerning certain characteristics in order to determine the structure of 

the surveyed organisations (size, the ownership and position of the organisation). 

Competent experts (scientists and senior managers) verified the accuracy of the items 

included in the questionnaire. The experts, independently of one another, made an 

individual assessment of the questionnaire. Each respondent received a questionnaire 

and a cover letter (which included the request for help in the research programme, the 

explanation of the aims and scope of the programme as well as the assurance of 

anonymity). 

To investigate the results of the relation between innovation and technology, the 

key variables were defined.The innovation variable was measured with 4 indicators: 

• the subjective indicator: level of innovation, i.e. the degree to which: 

─ the organisation's innovation is higher than the innovation of its main 

competitor, 

─ many ideas on how to improve the organisational procedures are developed at 

the organisation, 

─ many ideas on how to improve the technological process are developed at the 

organisation, 

─ many ideas on how to improve the services/products are developed at the 

organisation, 

─ ideas created at the organisation are often implemented. 

The items were analysed on the basis of the discrimination coefficient and Cronbach's 

alpha parameter. Cronbach's alpha equalled 0.861, which shows a very high internal 

scale and reliability of the measurement of the innovation variable.  

• 3 objective indicators (assessed on a 0-1 scale):  

─ having or not having formal signs of innovation (such as patent applications, 

granted patents, granted utility models, licences, proprietary rationalisation 

ideas),  

─ employing or not employing R&D staff, 

─ expenditure or no expenditure on R&D. 

The scale measuring nonroutine technology initially included 4 items. The items 

were analysed on the basis of the discrimination coefficient and Cronbach's alpha 

parameter. One item was removed from the scale, as its discrimination coefficient was 

less than 0.2. The final scale comprised of 3 items, Cronbach's alpha equalled 0.678, 

which shows a high internal consistency of the scale and reliability of the 

measurement. 

The nonroutine technology variable was measured with the following indicators: 

─ tasks carried out at the enterprise are very complex, 

─ tasks carried out at the enterprise are variable, 

─ work is mostly based on routine activities 

In order to examine the relationship between variables and the subjective level of 

innovation, regression analysis was performed. In case of objective indicators, 



 

 

variation analysis was performed to compare the average scores for the nonroutine 

technology independent variable in groups distinguished on the basis of, respectively: 

having or not having formal signs of innovation, employing or not employing R&D 

staff and expenditure or no expenditure on R&D. All calculations were performed 

using SPSS packages for Windows.  

The variation analysis concerning the objective indicators and the nonroutine 

technology variable did not produce statistically significant results. However, it 

should be considered that the respondents often did not answer the questions 

concerning R&D employment figures, R&D finances, and formal signs of innovation. 

Whereas the regression analysis showed a significant correlation between the 

nonroutine technology variable and the innovation variable [F(1.103) = 17.363, 

p < 0.001]. The nonroutine technology variable explains R2 = 14.4% of the innovation 

variable. 

5 Technology and organizational structure – discussion  

While analysing the types of organisational technology favourable to innovation, it is 

clear that the authors often link technology to the organisational structure, see among 

others the authors cited earlier in [10, 22]. It should be pointed out that research on 

the relationship between structure and innovation points to certain characteristics 

which also support nonroutine technology– giving the structures a more organic 

character. 

The organisational structure is believed to have the following features: 

configuration, centralisation, specialisation, standardisation and formalisation (Fig. 

5.). Configuration and centralisation determine the place of every employee in the 

organisation, while specialisation and the other characteristics determine the desired 

individual and collective activities [11, 19]. 

 



 

 

 

Fig. 5. Structural features according to K. Mreła, [11]. 

The issue of the degree of work division and specialisation is one of the basic 

dilemmas while building an organisational structure [2]. From the team perspective, a 

high level of specialisation is mostly connected to the economies of scale of the 

operations, as repeatability and inalterability facilitate the use of routine and 

specialised technology, as well as a better use of specialist qualifications of staff. On 

the individual level, specialisation involves gaining experience and low requirements 

in terms of employee qualifications. However, Bielski believes that there is also the 

other side to this coin. Extensive work division and high specialisation also have 

negative effects from the team perspective, such as obstructed flow of information 

between organisational units, as well as decreased work efficiency caused by 

dissatisfaction with work, which is a very important issue from the perspective of 

innovation [2]. On the individual level, the following effects have been observed: 

degradation of people and their qualifications in the work process (with monotony 

and mental exhaustion), degradation of the role of people in the organisation's 

operations (separation of conceptual work from executive work), difficulties in seeing 

the connection between tasks performed and business goals, which also affects the 

staff's creativity and consequently the organisation's innovation. The main feature of 

the organisational structure is the basic criterion of specialisation [23]. In the case of 

departmental specialisation, the ability to implement innovative projects grows with 

an increased integration of functions involved in the innovation process. At the same 

time, creating single-function departments may lead to autonomisation of the goals of 

individual organisational components [16, 20]. Meanwhile, Sikorski describes the 

impact of positional specialisation on innovation. This type of specialisation limits the 

likelihood of creating pro-innovation attitudes, which is a result of establishing 

specific expectations for the staff (separating conceptual work from executive work), 

low complexity of tasks performed, difficulties in seeing a connection between tasks 



 

 

performed at individual posts and a lack of necessary information [19]. It is important 

to notice that also organizational configuration is an important factor that can support 

or discourage innovation processes in organization. Flexibility and agility are 

characterizing structures in innovation-oriented organizations [5]. It can be concluded 

that factors, which are the most important for innovation should facilitate organic-

type structure in organization (more flexible and agile then mechanistic structure), 

which is characterized by low centralization, low formalization, low specialization, 

and simple hierarchy [24].  

6 Summary  

Modern organisations operate in an increasingly complex environment, where 

changes occur very dynamically. Maintaining a competitive advantage in such 

conditions requires more than an individual product, technology or resources – it 

requires an effort made to ensure that the organisation stands out from the competition 

thanks to its innovation. Leonard and Straus describe a simple principle 

of competitiveness: introduce innovations or stay behind [9]. The issue of business 

innovation is very important in the field of management. Both practitioners and 

theoreticians considered innovation as one of the factors which determine the success 

of an organisation. The conditions of innovation are the subject of many scientific 

publications. However, there is a shortage of empirical studies indicating a clear 

correlation between the type of technology employed and innovation. The research 

presented in this article shows that there is a statistically significant relationship 

between nonroutine technology and innovation. This means that the more variable are 

the team's tasks and the more varied are the solutions that are applied, the higher level 

of innovation of the organisation. Technology is also linked to the organizational 

structure. For example, the nonroutine technology used by companies influences the 

tasks and skills of employees, and these changes in turn exert an emphasis on 

modifying the organizational structure towards organic structures. An important 

dimension of organizational structure is the criterion of specialization. The 

relationship of specialization to technology, generally refers to the way of division of 

work. The lower the degree of specialization in the enterprise, the more likely it is to 

have non-routine technology. As a future studies it would seem interesting to examine 

the correlation between technology, organizational structure and types of innovation. 
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