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Abstract: In current market conditions, to operate efficiently and achieve a competitive 

advantage, SMEs need to constantly adapt to the changes that occur, innovate, and 

improve their business. Innovation implies a complex process consisting of a series of 

different activities that begin with the emergence of the idea and follow its development and 

implementation on the market until the moment when some effect is achieved from its 

application in practice. This paper aims to rank the sectors of SMEs in the Republic of 

Serbia according to the degree of development of different types of innovations. Secondary 

data were used for the research, and the final ranking was achieved using the 

PROMETHEE-GAIA method using the Visual PROMETHEE software package. 

Keywords: Innovation, Sector of activity, SMEs, PROMETHEE-GAIA 

1 Introduction 

Business changes are an inevitable companion of today’s turbulent, dynamic, and 
very unpredictable business environment, in which digital transformation is not an 

area of activity, but a driving force for development (Anshina & Bobyleva, 2021). 

In such a market, challenges are constantly imposed that the company’s 
management must operate efficiently and effectively. In response to 

management’s challenges, innovations appear, which play a key role in solving 

new, non-routine, and unique problems through various improvements to the 

existing situation in the company, using new approaches, new ideas, and new 

solutions to these problems. Managers today are forced to create something new, 

change one value for another or improve existing values while constantly 

monitoring changes in the current market to ensure the company’s successful 
business (Drucker, 1996). 

Innovation is a complex process that differs according to the function of the sector 

as well as the type of organization (Arundel, O’Brien, & Torugsa, 2013). The 

main characteristic of all innovations is that they must contain something new. 

However, according to the different criteria that are considered, there are various 

types of innovations. The innovations that this paper deals with are innovations 
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that can be divided into technological and non-technological innovations. 

Technological innovations include product/service and process innovations (Zakić 
et al., 2009), while non-technological innovations include organizational (Bloch & 

Bugge, 2013) and marketing innovations (Gault, 2016).  

This paper aims to analyze companies operating in specific sectors of activity to 

examine the degree of development of different types of innovations. Secondary 

data taken from available databases were used to analyze the results. 

2 Literature Review 

The theoretical framework for studying innovation and its application in business 

is vast and relevant. In different works (Kinkel et al., 2011; Gault, 2016; Janjic & 

Radjenovic, 2019; Trbovic et al., 2019; Yu, Shi, You, & Zhu, 2020), a very 

different approach to innovation can be noticed. Some companies comprehend the 

innovation only as a new technology introduced into the business and will produce 

a new product. In contrast, for other companies, it is a new business or 

technological approach in the industry. Also, some companies consider innovation 

as a social phenomenon that will achieve a competitive advantage and better 

market placement. In the literature, innovations are viewed as a way and introduce 

something new in business that will lead to more efficient and effective business 

(Gault, 2016). Analyzing the interactions between innovative activities in different 

sectors leads to a better understanding of innovation, presented in Table 1. 

Table 1 

Literature review of innovation activities 

Year Author(s) Brief description 

2011 

Kinkel, S., Kirner, 

E., Armbruster, H., 

Jager, A. 

This paper examines the empirical significance of 

services related to products and the application of 

service innovations in manufacturing companies. 

The connection between products and services 

provided to customers plays a significant role in 

the modern economy. 

2016 Gault, F. 

This paper proposes generalized definitions of 

innovation applicable in all economic sectors of 

the System of National Accounts (SNA) to support 

the international comparison of innovations in each 

sector and monitor and evaluate innovation 

policies implemented. 

2019 

 

Janjić, I., 
Rađenović, T. 

This paper aims to point out the importance of 

innovation in the business of modern organizations 

and its role in fostering prosperity, creating and 

maintaining a competitive advantage. 
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2019 

 

 

Trbović, A., 
Vučković, A., 
Drašković, B. 

This article explores the premises of the Fourth 

Industrial Revolution and its role in fostering 

innovation and economic growth, pointing to the 

potential and the gap in the Serbian economy. The 

applied methodology includes a review of the 

literature, both in the context of the global 

development and innovation potential of Serbia, as 

well as an analysis of empirical sources that could 

serve as a basis for future research. 

2021 

Yu, А., Shi, Y., 
You, J., & Zhu, J. 

This study examines the innovation performance 

of high-tech companies in China using the 

Dynamic Network Data Analysis (DEA) approach. 

3 Methodology 

In this paper, a multi-criteria analysis of companies operating in specific sectors of 

activity was performed to examine the development of innovation in these 

companies according to different types of innovation. Data analysis was 

performed based on secondary data taken from the database of the Republic 

Statistical Office (https://www.stat.gov.rs/) and the Eurostat database 

(www.ec.europa.eu). The obtained data were processed using the Visual 

PROMETHEE software package, which uses the PROMETHEE GAIA 

methodology to rank alternatives based on defined criteria adequately. 

The research was conducted for the period 2016-2018. Nine sectors were selected 

for analysis in which the largest number of companies operates and were used as 

possible alternatives in multi-criteria decision-making. The sectors which ranked 

are Information and communication; Wholesale and retail trade; Construction; 

Agriculture, forestry and fishing; Traffic and storage; Professional, scientific, 

innovation and technical activities; Manufacturing industry; Electricity, steam, and 

gas supply; Administrative and support service activities. Business entities that 

have introduced innovations in products and processes, innovations in marketing 

and organization, innovations in products and processes, or have not submitted 

any innovation in their business were used as analysis criteria. 

3.1 PROMETHEE - GAIA method 

Brans developed the PROMETHEE method, and later it was further developed 

and improved by Marshall and Vinke (Brans et al., 1984). This method belongs to 

the group of “outranking” methods, which compares two or more alternatives 

according to given criteria to identify the preference or dominance of one 

alternative over another (Turcksin, 2011). The PROMETHEE method is 

complemented by GAIA, a visual representation of multi-criteria decision-making 

problem, which contributes to a better understanding of the problem and makes 
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the best decision (Mareschal & Brans, 1988). For the alternatives to be ranked 

based on the selected criteria, it is necessary to define the appropriate parameters. 

According to Brans and Vincke (1985), the parameters that need to be defined for 

the application of this method are 1. The direction of preference; 2. Weighting 

coefficients; 3. Preference threshold; 4. Indifference threshold; 5. Preference 

function. 

The PROMETHEE method is implemented through several steps (Brans et al., 

1984, Brans & Mareschal, 2005, Doan & De Smet, 2018; Sarrazin et al., 2018; 

Milošević et al., 2020; Rakić et al., 2021): 

Step 1: Creating the decision table 

Step 2: Assigning the preference function to each criterion.  

Step 3: Calculating the preference index π (a, b), based on the weights of the 

criteria 

Step 4: Calculating outranking flows for each alternative. 

3.2 Data analysis and results in discussion 

For conducting a multi-criteria analysis for the period 2016-2018, it is necessary 

to define specific parameters for each indicator in the Visual PROMETHEE 

software package. The defined parameters are shown in Table 2. 

 

Table 2 

Parameters for ranking the sectors according to different types of innovation 

 

Product 

and 

process 

innovation 

(IPP) 

 

Innovation 

in 

Organization 

and 

Marketing 

(IOM) 

 

Product and process 

innovation, and 

innovation in 

organization and 

marketing  

(IPPIOM) 

 

Non-innovators 

(NI) 

 

Max/min Max Max Max Min 

Weights 1.00 1.00 1.00 1.00 

Preference 

function 
Usual Usual Usual Usual 

Limitation Percentage Percentage Percentage Percentage 
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Table 2 depicts the criteria related to the introduction of innovation in the 

company are maximized, while the criterion of non-innovators is minimized. All 

indicators were assigned the exact value of the weighting factor, while the 

preference function of type 1 - Usual function was chosen as the most suitable. 

The usual function had no thresholds. All values of the given indicators are 

presented in percentage amounts. 

After defining the parameters of the multi-criteria analysis, ranking sectors 

according to the types of innovation in Serbia for the mentioned period was 

performed. The net flow of preferences (Phi), the positive flow of preferences (Phi 

+), and the negative flow of preferences (Phi-) are shown in Table 3 and Figure 1. 

 

Table 3 

Results of the ranking of the sectors according to the type of innovation in the 

period 2016-2018 

 

Rank Alternative Phi+ Phi- Phi 

1 Information and communication 0.8125 0.1875 0.6250 

2 Manufacturing industry 0.6250 0.3438 0.2813 

3 Agriculture, forestry and fishing 0.6250 0.3750 0.2500 

4 Professional, scientific, innovation and 

technical activities 

0.6250 0.3750 0.2500 

5 Administrative and support service 

activities 

0.5625 0.4063 0.1563 

6 Traffic and storage 0.3750 0.6250 -0.2500 

7 Construction 0.3125 0.6875 -0.3750 

8 Wholesale and retail trade 0.2813 0.7188 -0.4375 

9 Electricity, steam, and gas supply  0.2500 0.7500 -.05000 

The ranking of sectors according to the different types of innovations introduced 

in companies from 2016 to 2018 shows that the best-ranked sector is the 

Information and Communication Sector, with the most positive net preferences. 

The sector of Electricity, steam and gas supply stands out as the worst-ranked 

sector in this period. Figure 1 gives a visual representation of the obtained ranking 

results in the form of a GAIA plane. 

Based on the positions of the criteria presented in the GAIA plane in the form of a 

rhombus, agreement or conflict between the criteria can be determined. According 
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to the criteria in Figure 1, it can be noticed that there were no significant conflicts 

between them because they are moving in the opposite direction. The criteria with 

the most similar assessments were introducing Product and process innovation and 

Innovation in organization and marketing. The positions of the alternatives, shown 

in a plane by square, determine the strength or weakness of the alternative 

concerning the criteria. According to the Product and process innovation and 

Innovation in organization and marketing criteria, the best sector was the 

Information and Communication Sector, so the decision stick is in the direction of 

the position of this alternative. On the other hand, the Sector for Electricity, Steam 

and Gas Supply stands out as the worst-ranked sector and the sector with the 

lowest degree of innovation submission in this period. 

 

Figure 1 

GAIA analysis 
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Conclusion 

Given the circumstances of the current environment in which companies operate 

and the constantly happening changes, companies must continuously invest in 

innovation to respond to new challenges. Innovation is imperative in both 

technological and organizational terms. Constant innovation and improvement of 

products, production program, production process, technology, and knowledge of 

employees are the conditions for successful business both at the company level 

and at the sector and the economy level. 

Based on the research, it was found that there is a larger share of those sectors that 

introduce innovations in their business in Serbia. But there are also those sectors 

that have not yet realized the importance and effects of innovation, so do not 

innovate. Sectors that introduce innovations need to be supported and certain 

subsidies and benefits to continue their growth and development. In contrast, 

sectors that have not realized the importance of innovations must first raise 

awareness of innovations and their effects on business and then provide support 

during implementation innovation. 
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