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two papers have the strength of linkage with other 

most cited papers amounting to 113 and 112 mu-

tual links, respectively. Th ese are papers ‘It’s an illu-

sion, but it looks real!’ Consumer aff ective, cognitive 

and behavioral responses to augmented reality ap-

plications and Augmented reality: Research agenda 

for studying the impact of its media characteristics 

on consumer behavior. It should be noted that the 

Scopus database has broader coverage than WoS. 

In terms of AR and marketing, the Scopus database 

published 1,730 papers, while the WoS database 

published only 70 papers. It was expected that a 

variance in the number of papers would aff ect the 

category of the most cited papers.

Cluster analysis was conducted of the papers in 

both citation databases, with the aim of obtaining a 

better insight into the structure of papers. Clusters 

consist of sets of related papers based on the analy-

sis of common citations. Four clusters were iden-

tifi ed in the WoS database, while six clusters were 

identifi ed in the Scopus database.

Cluster analysis - WoS database

Figure 6 Cluster visualization - WoS 

S ource: Authors

Th e fi rst cluster (marked in red) mostly pertains to 

papers focused on customer perception and their 

motivation for the purchase. Th e most signifi cant 

authors in this cluster, De Ruyter, Keeling, Hilken 

and Mahr, focus on customer experience and the 

entire shopping experience. Th e paper Making om-

nichannel an augmented reality: the current and fu-

ture state of the art concludes that AR off ers endless 

possibilities to provide users with the impeccable 

“journey”, while the authors of the paper We ARe 

at home: How augmented reality reshapes mobile 

marketing and consumer-brand relationships sug-

gest that AR has the potential to completely reshape 

the purchase experience. 

Th e second cluster (marked in green) consists of 

papers focused on studying the way in which aug-

mented reality aff ects customers and their pur-

chase. Th e authors of the paper Anthropomorphism 

and augmented reality in the retail environment 

(Esch et al., 2019) conclude that brands benefi t 

when managers make AR a crucial part of the retail 

experience. Th e fourth industrial revolution is mak-

ing augmented reality (AR) possible, which has the 

potential, among other things, to profoundly alter 

the ways in which individuals purchase and con-

sume goods. Furthermore, the papers conclude that 

innovative marketing experts can now make use of 

augmented reality to generate impressive brand ex-

periences, create interactive advertising and allow 

consumers to experience products and spaces in 

new ways.

Th e third cluster (marked in blue) is most closely 

related to the topic of the application of augmented 

reality in tourism and for the purpose of preserving 

cultural heritage. User experience is still the most 

important factor. Besides augmented reality, the 
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authors also study the infl uence of virtual reality. 

Dieck & Jung (2017) claim that augmented reality 

is considered as a way to preserve history, improve

visitor satisfaction, generate a positive word-of-

mouth story, attract new target markets and con-

tribute to the positive experience.

Th e fourth cluster (marked in yellow) also deals with 

customer experience, and additionally studies sen-

sory marketing. Sensory elements are an important 

aspect of both offl  ine and online retail stores, and 

can unconsciously aff ect consumer judgements and 

behavior when purchasing. People are increasingly 

purchasing (e.g., food, clothes) and consuming (e.g., 

movies, courses) online, where sensory interaction 

has traditionally mostly been limited to visual, and 

to a lesser extent, auditory inputs. However, other 

sensory interfaces (e.g., including touch screens, 

together with a range of virtual and augmented 

solutions) are increasingly being made available to 

people to interact online (Petit et al., 2019).

F or a better insight into the papers which make up 

the clusters, a tabular overview of papers with the 

largest number of citations by clusters is presented.

T able 5 Overview of papers by clusters - WoS database

CLUSTER 1

•  Augmenting the eye of the beholder: exploring the strategic potential of augmented reality to 

enhance online service experiences

• Augmented reality marketing: How mobile AR-apps can improve brands through inspiration

CLUSTER 2

•  Augmented reality: Research agenda for studying the impact of its media characteristics on 

consumer behavior

• Augmented reality: Designing immersive experiences that maximize consumer engagement

CLUSTER 3
• Virtual reality: Applications and implications for tourism

• Value of augmented reality at cultural heritage sites: A stakeholder approach

CLUSTER 4
• Solving the crisis of immediacy: How digital technology can transform the customer experience

• Digital Sensory Marketing: Integrating New Technologies into Multisensory Online Experience

Source: Authors

Cluster analysis - Scopus database 

Figure 7 Cluster visualization - Scopus database

Source: Authors
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Th e fi rst cluster (marked in red) mostly pertains to 

earlier studies which focused on information secu-

rity (Smith et al., 2011) and business transformation. 

Terms such as innovation, digitalization, and Industry 

4.0 are more frequently used in the papers. In addi-

tion, they also research forging links between custom-

ers and brands.

Th e second cluster (marked in green) consists of 

the papers which primarily study consumer satis-

faction. Hedonism, TAM (the technology accept-

ance model), customer behavior, and motivation 

for purchasing are frequent topics in this cluster. 

Lee et al.  (2006) conclude that hedonic shopping 

orientation had a signifi cant eff ect on one aspect 

of TAM (perceived enjoyment), whereas utilitarian 

shopping orientation had a signifi cant eff ect on two 

TAM aspects (perceived usefulness and perceived 

ease of use). Th e results presented in the paper Th e 

Impact of Website Quality Dimensions on Customer 

Satisfaction in the B2C E-commerce Context (Hsiu-

Fen, 2007) revealed that website design, interactiv-

ity, informativeness, security responsiveness and 

trust aff ect customer satisfaction. Furthermore, an 

increasing number of studies deal with topics re-

lated to VR, IoT and AR, as well as to e-sales. Th e 

authors of the paper Predictors of customer accept-

ance of and resistance to smart technologies in the 

retail sector (Roy et al., 2018) conclude that retail 

stores should focus on smart technologies that are 

simple, yet off er enhanced customer value through 

improved shopping effi  ciency. Findings also suggest 

that retail stores can engage in brand management 

strategies to improve customer acceptance of smart 

technologies. Besides, the authors focus on system 

quality, information quality and service quality as 

factors important for customer satisfaction.

Th e third cluster (marked in blue) is based on papers 

dealing with the use of augmented reality in tour-

ism. Th e papers study the overall understanding of 

technologies and mobile applications to allow the 

development of e-tourism. VR and AR technologies 

are in focus in the case of tourism.  Jung et al. (2015) 

point out that increased availability of smartphone 

and mobile gadgets has transformed the tourism 

industry and will continue to enhance the ways in 

which tourists access information while traveling. 

It should be noted that the authors believe that the 

aim of enhancing tourism services is user satisfac-

tion and interaction with them, typically via social 

networks (Minazzi, 2015).

Th e fourth cluster (marked in yellow) includes pa-

pers which study the impact of technologies on re-

tail and online sales, with the focus on augmented 

reality. Retailers have embraced a variety of tech-

nologies to engage their customers (Grewa et al., 

2017). Th is group of papers focuses on the customer 

and the experience arising from shopping (Dacko, 

2017). An increasingly recognized approach that 

has the potential to enable smart retail is mobile 

augmented reality (MAR) apps. MAR apps are seen 

as changing consumer behavior and are associated 

with increasingly high user valuations of retailers 

off ering them. It should be noted that some papers 

study new topics such as blockchain technology 

and artifi cial intelligence. 

Th e fi fth cluster (marked in violet) is mostly related 

to the previous ones. Th ere are more topics which 

are studied. Th e focus is on the topics of virtual re-

ality, e-commerce retail and user satisfaction. Th e 

authors of the paper Does “Being Th ere” Matter? Th e 

Impact of Web-Based and Virtual World’s Shopping 

Experiences on Consumer Purchase Attitudes (Bak-

er et al., 2019) claim that the use of virtual worlds 

as an emerging technology has a signifi cant impact 

on business-to- consumer commerce and on cor-

porate Internet retail strategies.

Th e sixth cluster (marked in light blue) is composed 

of three papers. Th e link between the papers is re-

search into consumer behavior and their satisfac-

tion. Th e papers are only weakly related to other 

papers. 

For a better insight into the papers making up the 

clusters, a tabular overview is provided for the Sco-

pus database as well. Papers with the largest num-

ber of citations by clusters are presented.
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4. Conclusion

 Th e paper was focused on investigating the ap-
plication of AR in marketing. Research fi ndings 
reveal that, starting from 2010, one can observe 
the tendency of an increase of interest in research 
and writing academic papers in the area of AR and 
marketing, with the papers predominantly coming 
from the USA. Th e number of published papers 
increased every year, and 2020 witnessed the larg-
est number of papers published on the given topic. 
Cluster analysis conducted in both databases re-
veals that the papers focus on technology, digital 
transformation, and artifi cial intelligence combined 
with AR, as well as on the impact of AR on custom-
er experience and enhancement of sales. Ultimately, 
papers on AR in marketing correlated with papers 
related to the topic of modern technologies. 

Bibliographic analysis illustrated the structure of 
papers in the given area. On the basis of the above, 
it can be concluded that studies focus on investi-
gating AR technology itself, on its impact, creating 
interactions with the real and the virtual world, on 
how it can be used in online sales, and on investi-
gating new technologies and their capabilities.

A review of relevant literature leads to the conclu-
sion that AR technology provides marketing man-
agers with the advantage when promoting products 
and services, by creating interactive experiences 
with customers and stakeholders. It creates a strong 
interaction between the customer and the brand 
and allows a personalized experience, which cus-

tomers want to experience again. Th e application of 
AR results in customer satisfaction, and therefore 
in a greater interest in products and services, which 
is accompanied with the increased sales and ulti-
mately an increase in market shares.

A limitation of this research is the fact that it did not 
encompass more papers. Both citation databases 
include a small number of papers for the observed 
areas; it is particularly true for the Web of Science 
database and its 70 papers. Th e papers certainly 
deal with the topic that is growing in popularity. In 
our opinion, if the same analysis were conducted at 
this moment, there would be deviations in results, 
precisely because of the papers published after our 
analysis.

Th e paper reviewed relevant literature to clearly 
defi ne the research area. In the future, the analy-
sis should be conducted with more rigorously de-
fi ned domains of marketing and augmented reality 
as the subject of research. We propose expanding 
the analysis with the customer/user domain, aimed 
at defi ning the impact of augmented reality on the 
customer/user more clearly through marketing ac-
tivities. In addition, the area of marketing could be 
narrowed down so that the focus is only on digital 
marketing.

We believe that the paper can be used as a signpost 

in future research studies of this topic, which would 

be more comprehensive and use diff erent tech-

niques of bibliographic research. 

Table 6 Overview of papers by clusters - Scopus database

CLUSTER 1
• Information Privacy Research: An Interdisciplinary Review

•  Privacy in the Digital Age: A Review of Information Privacy Research in Information Systems

CLUSTER 2

•  Privacy in the Digital Age: A Review of Information Privacy Research in Information Systems

•  Th e Impact of Website Quality Dimensions on Customer Satisfaction in the B2C E-commerce 

Context

CLUSTER 3
• Virtual reality: Applications and implications for tourism

• A Typology of Technology-Enhanced Tourism Experiences

CLUSTER 4
• Th e Future of Retailing

• Enabling smart retail settings via mobile augmented reality shopping apps

CLUSTER 5

• Virtual reality, presence, and attitude change: Empirical evidence from tourism

•  Augmented reality: Research agenda for studying the impact of its media characteristics on 

consumer behavior

CLUSTER 6

•  Choosing what I want versus rejecting what I do not want: An application of decision framing to 

product option choice decisions

• Competing with loyalty: How to design successful customer loyalty reward programs

Source: Authors
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Abstract

Purpose: Th is paper aims to examine the important concepts and challenges emerging from an assessment 

of the employment generated by tourism activity.

Methodology: Standard methodology for the compilation of the tourism satellite account is used. Th e case 

study is Croatia, a small European country whose economy is immensely driven by tourism, thereby repre-

senting a particularly suitable research example.

Results: Th e paper reports and discusses all practical issues related to the process of assessment and meas-

urement of tourism-generated employment in a small tourism-driven economy.

Conclusion: Th e assessment of tourism-generated employment is far from being analyzed and document-

ed as thoroughly as the assessment of tourism-generated GDP. A common impression is that researchers 

have hitherto been too busy measuring tourism-generated GDP, thereby paying insuffi  cient attention to 

the most important manifestation of GDP creation - employment. Th erefore, this paper aims to fi ll, at least 

partially, this huge gap in the current literature.

Keywords: Tourism, employment, tourism satellite account, EU, Croatia

1. Introduction

Tourism could stimulate local economies. Since 

tourism is mostly labor-intensive, employment is 

considered a key variable for the description of its 

economic impact. Nevertheless, tourism-generat-

ed employment has hitherto been one of the least 

studied phenomena in tourism economics literature 

because the assessment of tourism-generated em-

ployment is a particularly complex task. Compared 

to other industries such as agriculture and manu-

facturing, tourism is not an industry in the tradi-

tional sense and has not been defi ned as a separate 

sector within the national accounts. Since it is not 

an unambiguous sector directly observed in the of-

fi cial statistics but a collection of complementary 

industries providing goods and services to visi-

tors, standard defi nitions and classifi cations are not 

readily applicable to tourism and consequently to 

tourism-generated employment. Measurement dif-

This work is licensed under a 
Creative Commons Attribution-

NonCommercial-NoDerivatives 4.0 
International License 



Kožić, I. et al.: Empirical assessment of tourism-generated employment: Concepts and challenges

418 Vol. 35, No. 2 (2022), pp. 417-428

fi culties also arise from the specifi c characteristics 

of tourism-generated employment. High seasonal-

ity, a huge proportion of part-time jobs, and low-

paid labor represent just some of the many specifi -

cities related to tourism-generated employment.

From a statistical point of view, the data on tour-

ism-generated employment are quite fragmented 

and lack credibility (UNWTO & ILO, 2014). A wide 

range of concepts and defi nitions, diff erent meth-

ods and data sources often lead to diff erent estima-

tions, lacking international comparability (Heersc-

hap, 1999; Johnson & Th omas, 1990; Ladkin, 2011). 

Regarding the applied analytical methods, tourism 

is a two-sided phenomenon that can be approached 

from the demand-side and supply-side perspective. 

When calculating the level of tourism-generated 

employment, demand-side and supply-side ap-

proaches may result in major diff erences.

Th e demand-side approach concentrates on the ac-

tivities of visitors and their consumption of goods 

and services (UNWTO & ILO, 2014). Th erefore, 

it cannot be used to get an insight into the struc-

ture of employment (Heerschap, 1999). It is usually 

based on the data on tourist expenditures and la-

bor coeffi  cients. Th e key methodological issue of its 

appliance lies in the appropriate conversion of the 

expenditure to the employment fi gures (Johnson 

& Th omas, 1990). On the other hand, the supply-

side approach is industry-oriented and considers 

tourism as a set of productive activities that serve 

visitors (United Nations & UNWTO, 2010). Th is 

approach estimates the level of tourism-generated 

employment by calculating the tourism ratio or the 

share of total employment in a set of selected indus-

tries that can be attributed to tourism (Heerschap, 

1999). Th e main issue is the selection of industries 

that should be included (Johnson & Th omas, 1990; 

Glyptou et al., 2014).

Since it is obvious even from a brief inquiry that 

there is a lot of fuzziness and complexity in the 

fi eld, this paper aims to report all practical issues 

emerging from the process of assessment and 

measurement of tourism-generated employment. 

In this regard, we have analyzed the case of Croatia, 

a small European country whose economy is heav-

ily dependent on tourism.

Th e rest of the paper is organized as follows. Th e 

next section presents a review of existing literature 

with a special focus on the most important con-

cepts in the fi eld. Th is is followed by the central part 

of the paper presenting the practice of tourism-gen-

erated employment measurement in the European 

Union together with the case study of Croatia as a 

detailed example of the practice in an EU member 

state. Th e paper ends with concluding remarks con-

taining a brief discussion of the main fi ndings.

2. A review of conceptual measures assessing 
tourism-generated employment

Tourism-generated employment can be measured 

through a set of complementary indicators – the 
number of people employed, the number of jobs, 
and the number of full-time equivalent jobs (Unit-
ed Nations et al., 2010; Heerschap, 2018; Koens & 
Wood, 2017). Since tourism is characterized by 
a high proportion of part-time jobs, the indicator 
of full-time equivalent jobs is important for more 
meaningful comparisons of the size of employ-
ment generated by tourism in diff erent destinations 
(United Nations et al., 2010; Heerschap, 2018). It is 
calculated by converting all hours worked by per-
sons employed part-time into full-time jobs. While 
the data on the number of jobs or people employed 
are relevant to microeconomic policy, the data on 
the number of full-time equivalent jobs are relevant 
in macroeconomic governance (Leiper, 1999).

Two conceptual measures, yielding rather diff erent 
perspectives, can be employed in the process of as-
sessing and measuring tourism-generated employ-
ment. Th e fi rst concept is ‘tourism employment’ 
and the second is ‘employment in the tourism in-
dustries’. Th e concept of ‘tourism employment’ 
implies employment in the production of all goods 
and services consumed by visitors. Th ese goods and 
services are produced by either tourism-character-
istic industries or other industries within a national 
economy (United Nations & UNWTO, 2010). In 
other words, tourism employment measures the 
number of jobs directly attributable to tourism de-
mand (UNWTO & ILO, 2014). On the other hand, 
‘employment in the tourism industries’ refers to 
all jobs providing both tourism-characteristic and 
non-tourism-characteristic services in all estab-
lishments in tourism industries (UNWTO & ILO, 
2014). All establishments that serve visitors directly 
and would likely cease to exist in the absence of 
tourism activity are classifi ed as the tourism-char-
acteristic industry (UNWTO & ILO, 2014).

Tourism-generated employment may take direct, 
indirect or induced forms, thereby further compli-
cating the assessment of employment impacts of 
tourism. Th e fi gures on direct tourism-generated 
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employment include those employed in tourism-
characteristic industries that provide services di-
rectly to visitors, such as travel agencies, tour op-
erators, and accommodation providers (UNWTO 
& ILO, 2014). Th e total output of a tourism-char-
acteristic industry usually exceeds consumption by 
visitors, as part thereof is consumed by non-visitors. 
Th e levels of employment generated by tourism 
should be therefore estimated by using the tour-
ism ratio allocator, which relies on the assumption 
that the employment generated by tourism in each 
industry is in direct proportion to the value-added 
generated by tourism (UNWTO & ILO, 2014).

Indirect employment is generated by the supply 
chain of other industries which provide inputs to 
the tourism-characteristic industry, such as agri-
culture and transportation industries (UNWTO & 
ILO, 2014). It can be estimated from the national 
accounts, which enable an insight into the relation-
ships between diff erent industries of a national 
economy and calculation of the tourism multiplier 
to determine which part of the employment corre-
sponds to tourism consumption (Heerschap, 2018). 
When calculating multiplier eff ects, it is impor-
tant to adjust for non-touristic sources of demand 
which generate employment, since in some indus-
tries only a part of the employment can be assigned 
to the consumption of visitors (Koens & Wood, 
2017; Heerschap, 2018).

Finally, employment is also generated by the con-
sumption of people who are directly or indirectly 
employed by the tourism industry, and whose 
spending stimulates the growth of employment in 
other areas. Th is is called induced employment. A 
comprehensive analysis of the total employment 
impacts of tourism should therefore include direct, 
indirect and induced eff ects (United Nations et al., 
2010).

Only a limited number of countries produce mean-
ingful data on tourism-generated employment 
(UNWTO & ILO, 2008; Chernyshev, 2009). Na-
tional methods of data collection were often in-
suffi  cient and inappropriate for accurate measure-
ment (Ladkin, 2011). When collecting employment 
and other data, countries usually adopt a form of 
standard industrial classifi cation, such as the Inter-
national Standard Industrial Classifi cation of All 
Economic Activities used by United Nations Inter-
national Labour Organization (ILO), NACE - Sta-
tistical classifi cation of economic activities in the 
European Community used by Eurostat (European 
Commission and EUROSTAT, 2008), or the North 
American Industry Classifi cation System.

Analysis of tourism-generated employment neces-
sarily includes more than one statistical source, and 
hence the integration of data from diff erent sources 
measuring various dimensions of tourism-gener-
ated employment is preferable (UNWTO & ILO, 
2014). Th e major data sources on employment are 
establishment-based sample surveys, population 
census and household labor force surveys (United 
Nations & UNWTO, 2010).

Preferable methodological frameworks for data in-
tegration are the Tourism Satellite Account (TSA: 
RMF 2008), the OECD Employment Module, and 
the International Recommendations for Tour-
ism Statistics 2008 (IRTS 2008). It is also worth 
mentioning the European system of national and 
regional accounts 2010 (ESA 2010), which is espe-
cially important for the EU member states.

Th e most popular methodological framework for 
estimating the impacts of tourism on the overall 
economy is the TSA: RMF 2008, which provides a 
detailed analysis of production units in diff erent in-
dustries that provide goods and services consumed 
by visitors (United Nations et al., 2010). It identi-
fi es the supply of goods and services consumed by 
visitors and describes how the supply of such goods 
and services interacts with other economic activi-
ties (UNWTO & ILO, 2014; Meis, 2014). Table 7 
in the TSA: RMF 2008 analyzes employment in 
the tourism-characteristic industries in terms of 
the number of jobs, hours of work and full-time 
equivalent jobs, by status in employment. Before 
the development of the TSA, it was not possible to 
determine an aggregate measure of employment in 
tourism-characteristic industries comparable with 
other industries or the overall economy (Martin, 
2013). TSA is, however, focused on the economic 
side of employment, and neglects the social dimen-
sion of tourism employment, such as working con-
ditions (Martin, 2013; United Nations & UNWTO, 
2010). To address the shortcomings of the TSA, ad-
ditional tools (for instance, the OECD Employment 
Module) and techniques (for instance, General 
Equilibrium Model) can be applied (Glyptou et al., 
2014; Dwyer & Forsyth, 1998).

Th e challenges of deriving meaningful fi gures on 
tourism-generated employment also arise due to 

various particularities of tourism, such as high sea-

sonality, a high proportion of informal labor, high 

variability in the working conditions and high labor 

turnover (Briassoulis, 1991; Gartner & Cukier, 2012; 

United Nations et al., 2010; Heerschap, 1999). Fur-

thermore, tourism-generated employment should 

not be viewed just as a production factor, but also as 
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a social phenomenon, i.e., socio-demographic char-

acteristics of persons employed, working conditions, 

etc. (United Nations & UNWTO, 2010). In this re-

gard, the OECD Employment Module represents a 

convenient methodological framework for measur-

ing the level and some characteristics of employment 

(e.g., socio-demographic characteristics) generated 

by tourism activity (OECD, 2000). It is focused on 

a supply-side perspective, measuring only the em-

ployment in a set of selected tourism-characteristic 

industries (UNWTO & ILO, 2014) and serves as a 

complementary tool to the TSA: RMF 2008.

A brief literature review of the current state of con-

cepts and general practices regarding the measure-

ment of the tourism-generated employment can 

demonstrate the complexity of the topic, suff ering 

from defi ciencies driven by conceptual ambigui-

ties, data unavailability, analytical capacity needs 

and the lack of cross-country comparability. With 

the new trends in the tourism business, the state 

of tourism employment will certainly change. Ad-

vanced digitalization will make some human tasks 

redundant, but it should also introduce new jobs 

that will require diff erent classifi cations. Th ese de-

velopments emphasize the importance of compre-

hensive and standardized monitoring of tourism-

generated employment.

3. Assessing tourism-generated employment in 
the EU

Despite the internationally harmonized framework 
for the measurement of tourism-generated employ-
ment, data at the national and international levels 
in the European Union still lack quality and com-
parability. Th eir relevance for conducting economic 
and tourism policy is questionable, while the char-
acteristics of primary sources also require special 
attention. Such a conclusion is supported by the 
analysis of the development of tourism satellite ac-
count implementation in the EU (European Parlia-
ment & Council of the European Union, 2011).

Based on a survey of 24 EU member states and the 
United Kingdom, Norway and Switzerland, it could 
be concluded that the harmonization of national 
methodologies has not yet been achieved (EURO-
STAT, 2019). In the segment of employment, this 
survey focused on the compilation of four indica-
tors of employment in tourism industries: ‘num-
ber of jobs’, ‘number of hours worked’, ‘number of 
full-time equivalent jobs’ and ‘number of people 
employed’. Th e information gathered showed that 

none of the surveyed countries provided data for 
all four indicators of tourism-generated employ-
ment, and data coverage varies across countries. 
Th e data on the number of full-time equivalent jobs 
have been submitted by 18 countries, the data on 
the number of jobs by 15 countries, the data on the 
number of people employed by 8 countries, and the 
data on the number of hours worked by 7 countries.

Th e level of the compilation of all required employ-
ment indicators across the whole set of analyzed 
countries reached 46% (58 indicators were trans-
mitted out of a maximum of 108 indicators or 4 
indicators for 27 countries), which is much lower 
than for other tourism satellite account indicators. 
For instance, 86% of indicators of total domestic 
supply and internal tourism as well as 95% of indi-
cators of internal tourism consumption and 100% 
of indicators of production have been submitted by 
the analyzed countries.

Th e compilation of employment data within the 
tourism satellite account framework usually re-
quires the use of a wide range of sources, including 
labor demand sources such as establishment-based 
data, labor supply sources such as labor force sur-
veys, and administrative sources such as employ-
ment offi  ce registers or tax and social security re-
cords. Th e practice across the EU countries singled 
out the labor force survey as the most relevant data 
source. It is used by 10 reporting countries as the 
primary source of data and by fi ve countries as an 
auxiliary source. Business statistics that are based 
upon data on enterprise establishments are used by 
12 countries, 5 of which use them as the primary 
source and 7 as an auxiliary source. Supply-use ta-
bles, such as the input-output table, and other na-
tional accounts data are the primary source of data 
in 13 countries and an auxiliary source in 3 coun-
tries. All other sources, including surveys of tour-
ism service providers and administrative data, have 
been used by 10 countries, 4 of which use them as 
a primary source.

4. Sources and indicators used in assessing 
tourism-generated employment in Croatia

Being a small Mediterranean country with a total 
population below 4 million, Croatia has experi-
enced a signifi cant restructuring of the national 
economy in the last 30 years, which is to some ex-
tent the consequence of the War of Independence 
1991 - 1995. As of today, tourism accounts for more 
than 15% of Croatian GDP, thereby making Croatia 
a particularly suitable case study for the analysis of 
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diff erent kinds of tourism impact on economic and 
non-economic phenomena.

After more than a decade of development, in 2019, 
the tourist satellite account became an integral part 
of offi  cial Croatian statistics (Croatian Bureau of 
Statistics, 2019b). It includes data on internal tour-
ism expenditures and consumption as well as the 
output of tourism industries. Employment data for 
Croatian tourism-characteristic industries were 
compiled on a preliminary basis focusing on the key 
features of available data sources and their compli-
ance with the requirements of the TSA: RMF 2008. 
Th e reference year is 2016.

Adjustments related to the classifi cation of prod-
ucts and tourist activities have been conducted due 
to the lack of relevant data from statistical sources. 
Culture, recreation, and sports services were aggre-
gated into one tourism-characteristic industry. In 
order to increase the understanding of the specifi ci-
ties of Croatian tourism, retail trade has been added 
to the ‘standard’ list of internationally comparable 
tourism-characteristic products and activities. It 
was done because shopping expenditures make up 
to 15% of average daily expenditures of tourists in 
Croatia (Institute for Tourism, 2018).

Given common practice of using multiple sources 
to compile employment data in Croatia (Croatian 
Bureau of Statistics, 2019a), the fi rst step was to as-
sess the compliance of available sources with the 
TSA: RMF 2008. Th is informed our choice of meas-
uring employment as employment in the tourism 
industries, with a focus on the number of jobs and 
hours worked as indicators of the size of employ-
ment and intensity of labor force utilization (United 
Nations et al., 2010). Th e data sources are divided 
into three groups: (i) administrative data sources, 
(ii) statistical sources related to the demand for la-
bor, and (iii) statistical sources related to the supply 
of labor.

Administrative data sources include:

 • Tax Administration

Th e data are compiled through the income tax 

form. Filling and submitting this form to the 

Tax Administration is compulsory for income 

payers. Th e collected data are used by the Cro-

atian Bureau of Statistics for the calculation of 

the number of persons employed in legal enti-

ties. Th e data are published in a monthly publi-

cation at the level of the sections and divisions 

of the Croatian National Classifi cation of Ac-

tivities, which is harmonized with NACE - Sta-

tistical classifi cation of economic activities in 

the European Community. Data source weak-

nesses are related to the problem of compli-

ance of data with the data from other sources 

and the problem of collecting data according to 

the prevailing activity of legal entity and not on 

the level of its establishments.

 • Register of Annual Financial Reports

Th e creation of annual fi nancial reports and 

their submission to the Register of Annual 

Financial Reports [hereinafter referred to as 

“RAFR”] is compulsory for all legal entities 

and natural persons that pay the profi t tax. Th e 

reports include data on the average number 

of employees and the number of employees 

based on hours worked according to prevail-

ing activities of the legal entity. Th e RAFR is 

organized as an e-book from which data can 

be easily accessed (FINA, 2020). Data source 

drawbacks are related to the problem of com-

pliance with data from other sources as well as 

to the problem of collecting data according to 

the prevailing activity of a legal entity and not 

at the level of its establishments. Data are ac-

cessible at any needed level of the Croatian Na-

tional Classifi cation of Activities 2007 [herein-

after referred to as “NKD 2007”] (Government 

of the Republic of Croatia, 2007). However, the 

database does not contain data on gender and 

employment status of employees and the self-

employed and does not allow access by diff er-

ent periods of the year, which would be useful 

due to the problem of high seasonality of tour-

ism in Croatia.

 • Croatian Pension Insurance Institute

Th is source contains data on pension insur-

ance benefi ciaries in trades and freelancers by 

economic activities. Th e data are processed 

and published by the Croatian Bureau of Sta-

tistics in a quarterly publication including the 

number of persons employed presented at the 

level of the sections of the Croatian National 

Classifi cation of Activities presented by gen-

der (Croatian Bureau of Statistics, 2017a). Th e 

data source weakness, in addition to the issue 

of questionable data compliance with the data 

from other data sources, arises from an inad-

equate level of disaggregation by economic 

activities.
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Statistical sources related to the demand for labor:

 • Annual survey of employment in all legal 

entities

Th e survey is conducted and processed by the 

Croatian Bureau of Statistics and it includes 

data on the number of persons employed in ac-

cordance with the type of employment status, 

gender, age and educational attainment level 

on March 31 each year. Th e results of this sur-

vey are published in a yearly publication that 

includes data on employment by sections and 

divisions of the Croatian National Classifi ca-

tion of Activities (Croatian Bureau of Statistics, 

2017b). Th e data source weakness comes from 

the time horizon of data and the overall limita-

tion to legal entities.

Statistical sources related to the supply of labor:

 • Labor Force Survey

Th e survey is carried out throughout the year 

by the Croatian Bureau of Statistics on a sam-

ple of households. Th e results are published 

in a yearly publication, including quarterly 

data on the number of employees, the self-

employed, temporary employees, part-time 

employees and average usual weekly working 

hours by the NKD 2007 sections. Th e applied 

methodological framework allows data pro-

cessing at the division level as well. Th e time 

horizon and coverage of data comply with the 

requirements of the TSA: RMF 2008. Th us, the 

Labor Force Survey can be considered the best 

available source for the compilation of employ-

ment data in tourism-characteristic industries. 

However, the sections and divisions of the 

NKD 2007 are not fully compatible with the 

defi nition of the tourism-characteristic indus-

tries, and the quality of this source is also lim-

ited due to insuffi  cient accuracy of the data at 

the quarterly level (Croatian Bureau of Statis-

tics, 2018). Th ere is also an issue regarding the 

suitability of the research methodology used 

for the measurement of employment in the 

cases of the sharing economy. Th is is especially 

important for destinations where renting one’s 

own housing facilities as short-term tourist ac-

commodation is rapidly growing.

Given the limitations of available sources, especial-

ly their relevance and accuracy, the compilation of 

employment data for Croatian tourism-characteris-

tic industries is based on a combination of diff erent 

sources of offi  cial statistical data. To minimize the 

negative eff ects of combining data from the sources 

applying diff erent methodological standards, the 

number of sources used was minimized. Further-

more, it was necessary to adjust the list of tourism-

characteristic industries as well as the list of the 

compiled employment variables. Corrections were 

made to the list of tourism-characteristic industries 

in the segment of country-specifi c tourism indus-

tries, as they assume availability of data at a higher 

level of industry disaggregation than provided by 

offi  cial statistical sources. 

According to the guidance given by the TSA: RMF 

2008 (United Nations et al., 2010), employment 

indicators focus on the intensity of the use of the 

labor force measured by: (i) the number of jobs 

by status in employment (employees and self-em-

ployed) and gender (male and female); (ii) the num-

ber of hours worked by status in employment (em-

ployees and self-employed), and (iii) the number of 

full-time equivalent jobs by status in employment 

(employees and self-employed) ‘in order to wipe 

out the eff ects of part-time jobs’ (United Nations 

et al., 2010; para. 4.68). A more detailed overview 

of the procedures, sources used and the main re-

sults of the estimation of employment in the tour-

ism industries in Croatia is given in Table 1. As the 

overview shows, the Labor Force Survey is the most 

signifi cant source of data for the estimation of em-

ployment in the Croatian tourism industries. How-

ever, the Labor Force Survey could not be the only 

source. Th erefore, due to the problem of coherence, 

the data from the Labor Force Survey were supple-

mented by the administrative sources having access 

to individual company business fi gures.

Th e established methodological framework re-

sulted in an estimate of approximately 317,500 per-

sons or 20.3% of total employment, which can be 

attributed to tourism industries in Croatia. A group 

of ‘standard’ tourism industries generated approxi-

mately 156,000 jobs or 9.96% of total employment. 

At the same time, these tourism industries gener-

ated 9.66% of Croatia’s gross value added. Retail 

trade, as a country-specifi c tourism-characteristic 

industry, generated approximately 162,000 jobs or 

51% of total jobs. In addition to retail trade, the 

largest employers among the ‘standard’ tourism in-

dustries are food and beverage servicing industry 

with 74,000 jobs, and accommodation services for 

visitors, with approximately 35,000 jobs. 
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In comparison with the overall economy, Croatian 

tourism industries are less oriented towards self-

employment. Th e share of the self-employed in the 

total number of jobs in tourism industries is 11%, 

which is two percentage points lower compared to 

the overall level of employment (Croatian Bureau of 

Statistics, 2018).

All tourism industries in Croatia are predominantly 

reliant on female workforce. 54% of jobs were held 

by women and 46% by men. Th is contrasts with the 

structure of the total economy, where 54% of jobs 

were held by men and 46% by women (Croatian Bu-

reau of Statistics, 2018).

Th e accommodation industry includes the activ-

ity of renting and operating self-owned short-stay 

accommodation. It is not covered by the Labor 

Force Survey. However, it is especially important 

in Croatia, where 76,600 households provide ap-

proximately 3.5 million commercial tourist nights. 

With the estimated working time of at least 1 hour 

per 1 overnight stay required for the work process 

that includes activities such as registering guests, 

cleaning and laundering, it follows that 35.5 mil-

lion hours or 54% of the estimated number of hours 

worked in the accommodation industry were not 

included in the employment statistics.

It can be concluded that the assessment of employ-

ment fi gures requires changes in the data collection 

and processing in both supply-side and demand-

side surveys, including coverage of all types of eco-

nomic entities, adjustment to seasonal oscillations 

and disaggregation of economic activities. Th is is 

important in order to ensure an increase in the ac-

curacy of the Labor Force Survey as well as to en-

able a more transparent process of data transfer 

between the diff erent data sources.

Finally, the analysis showed that special attention 

should be paid to measuring employment result-

ing from the provision of accommodation within 

households, since this particular type of part-time 

employment provides a diff erent insight into em-

ployment in the tourism industries with a poten-

tially very signifi cant impact.

5. Concluding remarks

Employment is a key variable in the economic 

analysis of productive activities and an important 

factor in long-term competitiveness. Th erefore, 

high-quality measurement of diff erent dimensions 

of employment, especially in labor-intensive indus-

tries, is imperative. However, as shown, measuring 

employment in tourism is faced with signifi cant 

methodological challenges. Methodological com-

plexity stems from the fact that tourism, observed 

from the supply side, is a set of diverse economic 

activities that provide products and services to visi-

tors. Moreover, tourism is also often characterized 

by high seasonality of the demand involving exten-

sive oscillations of the demand for labor.

Th e challenges of measuring tourism-generated 

employment represent particularly important is-

sues in the context of internationally harmonized 

methodological frameworks of tourism statistics 

and the tourism satellite account. For instance, the 

scope of tourism satellite account employment in-

dicators is much narrower than the scope of indica-

tors proposed by the International Recommenda-

tions for Tourism Statistics. Th erefore, the tourism 

satellite account does not enable an in-depth analy-

sis of the quantitative and qualitative characteris-

tics of human capital and productivity in tourism 

industries (Joppe & Li, 2016). Moreover, the practi-

cal examples exhibit the problems of employment 

data compilation even within that narrow scope. 

It undoubtedly requires further improvement of 

tourism employment statistics and their interna-

tional harmonization. It also requires the focus to 

be expanded in order to encompass variables like 

age group, country of residence, labor costs and 

educational attainment. Th e focus should not be 

related to the choice of indicators only, but also to 

the question of how to generate these indicators in 

a quality and harmonized manner.

Th e analyzed practical example of Croatia also indi-

cates the requirement for improvement of tourism 

employment statistics, especially concerning the 

quality of sources. Important weaknesses also stem 

from insuffi  cient disaggregation of the national 

classifi cation of economic activities as well as from 

the measurements of the magnitude of part-time 

and overtime work. Although these problems are 

solvable at the national level, important challenges 

are related to the quality of estimated and compiled 

data and their cross-sectoral and international 

comparability.

Since data comparability and harmonization are 

extremely important, there is an urgent require-

ment for the development of an internationally 

transparent, relevant, and harmonized approach 

to data collection and processing. Th is is a critical 
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factor for international comparability of data since 

the importance of comparability of employment 

indicators established by the TSA: RMF 2008 has 

a limited impact if harmonization is not ensured. 

Consequently, special attention should be paid to 

the process of harmonization of key methodologi-

cal elements of the most relevant data sources. Th is 

will ensure data comparability not only between 

countries with homogeneous economic structures 

(UNWTO & ILO, 2014), but also between coun-

tries off ering similar product portfolios. 

Furthermore, the changing characteristics of busi-

ness in modern economies require adaptation of 

established tourism employment concepts for the 

impact of the sharing economy. Due to its win-win 

character for both owners and renters ( Fang et al., 

2016), the sharing economy in tourism, and espe-

cially in accommodation, has grown signifi cantly. 

In 2019, 21% of EU citizens used a website or an ap-

plication to arrange accommodation with another 

person (EUROSTAT, 2020). Since the process of 

collecting data on short-stay accommodation of-

fered through online platforms has already been 

launched, we should soon expect successful meas-

urement of the physical and monetary impact of 

short-stay accommodation off ered through online 

platforms on the output of tourism-characteristic 

industries. However, as the case study of Croatia 

has shown, there is a huge methodological issue 

related to measuring labor inputs involved. Th is in-

volves dealing with the possible conceptual issues 

related to the nature of labor in the fi eld of the shar-

ing economy (e.g., legal status of operation, com-

mercial or non-commercial type of services, direct 

or indirect employment). It also calls for the action 

of adaptation of internationally harmonized statis-

tical methods and instruments.

Finally, given the policy-driven requirements for 

the measurement of overall tourism-generated 

employment and not only the measurement of em-

ployment in the tourism industries, the justifi cation 

for the usage of the tourism ratio requires addition-

al attention from a cross-sectoral and international 

perspective. Th e generally accepted principle that 

tourism ratios provide a good basis for estimation 

of tourism-generated employment arises from the 

assumption that there are the similar structures 

of inputs in tourism and non-tourism segments of 

tourism-characteristic industries (United Nations 

et al., 2010). However, it seems reasonable to ques-

tion the homogeneity of the production process 

of tourism-characteristic industries with diff erent 

portfolios of products and services off ered to visi-

tors and non-visitors. Th is is especially true in the 

case of the food and beverage servicing industry, 

where technological and organizational processes 

can signifi cantly diff er between facilities with prod-

uct portfolios adapted to the needs of specifi c seg-

ments of tourists and facilities focused primarily 

on local demand. Retail trade as a specifi c tourism-

characteristic industry in many countries is another 

industry heavily dependent on the size and struc-

ture of tourist and non-tourist segments. Th erefore, 

future developments of the methodological frame-

work should provide methods for the measurement 

of employment in tourism that should ensure more 

accurate estimates of tourism-generated employ-

ment by both tourism industries and tourism prod-

ucts. It would fi nally ensure higher comparability 

of employment data across countries with diff erent 

products and diff erent economic structures.
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Abstract

Purpose: Th is case study aims to analyse the role of the university in knowledge creation and transfer to 

the industry. 

Methodology: Knowledge creation is analysed in terms of research activities, while knowledge transfer 

focuses on the abilities and motivation of university staff in transferring the science outcome to the industry. 

The general problems of the lack of data on innovation activities in Kosovo are evident; therefore, this 

research uses a qualitative research technique. Data were collected based on a qualitative guide interview, 

combining and analysing 15 semi-structured interviews.

Results: Th e fi ndings show that part of the achievements is evident, but part of them is questionable in 

many aspects, e.g., there is a visible asymmetry between knowledge creation and knowledge transfer. By 

comparison, teaching has improved signifi cantly over the last decade, while critical thinking is not yet at a 

satisfactory level. 

Conclusion:  Indeed, much progress and many challenges could be identifi ed over the half-century. Th e 

university’s eff orts are debatable in terms of knowledge creation, and no sign motivates university staff  to 

publish in high-ranking international journals and contribute to research activities. However, the university 

is continuously improving its collaboration with international donors, e.g., the European Union remains the 

main partner.

Keywords: University, industry, collaboration, knowledge creation and transfer

1. Introduction

Th e overall objective of the university case study is to 

map the factors that shape innovation in the institu-

tion of knowledge creation and knowledge transfer, 

with the focus on the university. Like many other 

universities in Europe, the University of Prishtina is 

a traditional university with a leading role in higher 

education in Kosovo. Th e University was founded 

in 1970, based on the law establishing the Univer-

sity of Prishtina, and at that time, it consisted of the 
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faculties of Law, Economics, Philosophy, Architec-

ture, and Medicine. Th e campus of the University is 

located in the centre of Prishtina. Th e Statute of the 

University came into force very late, i.e., on 9 July 

2004. Presently, the University has 42,006 students 

and consists of 14 faculties accredited by the Koso-

vo Accreditation Agency (KAA), along with 900 ac-

ademic staff  members and 300 administrative staff  

members employed (University of Prishtina, 2019). 

Not surprisingly enough, all necessary ingredients 

and all relevant actors of the innovation ecosystem 

in Kosovo are present. However, a systematic ap-

proach toward linking such components to make 

the innovation ecosystem function properly as an 

ecosystem that directly supports innovation has 

been lacking (STIKK, 2014). Th e Innovation Centre 

Kosovo (ICK), the Chamber of Commerce, start-

ups, companies, universities, and public institu-

tions are the main innovation actors in the Kosovo 

innovation ecosystem. It is also the largest research 

centre in Kosovo (Correa et al., 2013).

Th e paper is structured as follows. Section 2 pro-

vides a literature review, Section 3 presents a short 

methodology, and Section 4 provides an analysis 

of the University budget composition. Section 5 

focuses on the role of the University in knowledge 

creation and collaboration with the industry, while 

Section 6 concentrates on the capabilities and will-

ingness of the University to transfer knowledge to 

the innovation ecosystem. Finally, results and fu-

ture recommendations are drawn in Section 7.

2. Brief literature review

Innovation is an important source of growth that 

plays a vital role in determining the competitive ad-

vantages of many fi rms (Lam, 2011) and has been 

essential for sustained long-term economic devel-

opment in recent centuries (Baumol, 2002). First, 

there is a need to diff erentiate between invention 

and innovation. While invention means the fi rst 

idea for a new product or service that universities 

and academic institutions carry out, innovation is 

known as implementing ideas that happen at the 

fi rm level (Fagerberg, 2003). Schmookler (1966) 

strongly highlights the importance of patents re-

lated to inventive activity. In this relation, it might 

be worth bringing up the distinctions between nar-

row and holistic perspectives. While the narrow 

approach considers the invention (only the fi rst oc-

currence of the idea), the so-called holistic perspec-

tive stresses the importance of understanding the 

entire cycle of innovation, e.g., from the creation of 

novel ideas to the commercialisation and diff usion 

of the idea in practice (Edler & Fagerberg, 2017). 

Hence, closer cooperation between universities and 

industry can help match university skills output and 

labour market needs. Industry inputs could help 

align curricula to fi rm and market needs.

Moreover, internship programmes contribute to 

knowledge creation and transfer. More internships 

in the industry would allow students to get practi-

cal experience and create connections with employ-

ers before graduation. Improving the availability of 

these skills sets among university graduates and 

the existing SME workforce via on-job training can 

lead to higher productivity and innovation among 

SMEs, OECD (2021).

Lundvall and Nelson were the two pioneers in the 

development of an approach to innovation systems, 

claiming that it would include, in particular, organi-

sations and institutions interested only in science 

and research, such as R&D departments, technol-

ogy institutions, and universities (Lundvall, 1992). 

Organisations are fi rms, universities, and policy or-

ganisations intentionally designed and with a clear 

purpose, while institutions are laws, guidelines, and 

rules, and the leading institutions engaged in in-

novation systems are patent laws, regulations, and 

laws governing the interaction between fi rms and 

universities (Edquist, 2014). Moreover, in his early 

work, Edquist (2001) pointed out that fi rms do not 

innovate in an isolated environment; thus, the role 

of institutions is critical for innovation processes 

as they shape the activities of organisations and 

the connections between them. Tight cooperation 

between universities, fi rms, and public and private 

research organisations is necessary for signifi cant 

innovations. Havas (2015) indicated that policy in-

terventions aim to create incentives and increase 

private R&D, often through subsidies, and protect 

intellectual property rights.

To sum up, innovation is related to many variables. 

It needs science, technology, entrepreneurship, 

critical education, training, fi nance, and numerous 

organisations and agencies dealing with intellectual 

property rights, regulations, laws, and competition. 

Consequently, most innovations result from new 

ways of collaboration between fi rms and diverse 

organisations and the university, rather than the 

individual activities of single dominant innovation 

fi rms (Nooteboom & Stam, 2008).
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3. Methodology and data collection

Arino et al. (2016) claimed that qualitative research 

focuses on the depth and complexity of new phe-

nomena and highlights the objective of reality by 

explaining why and how phenomena occur. Th e 

general problems of the lack of data on innova-

tion activities in Kosovo are evident; therefore, 

this research relies on a qualitative research tech-

nique instead of a quantitative method, consisting 

of in-depth interviews with key stakeholders and a 

review of relevant policy documents. Th e research 

tool “case study” method was conducted with the 

key actors of the Kosovo innovation ecosystem, 

with a particular focus on university staff . Accord-

ing to Yin (2018), the case study approach is viewed 

as an empirical method focusing on an in-depth in-

vestigation of a contemporary phenomenon within 

the scope of the real world, mainly when the bound-

aries between context and phenomenon are not 

readily visible. In the university case study, knowl-

edge transfer organisations were interviewed to test 

how innovation emerged, developed, or lacked in 

Kosovo. Empirical experiences used in this research 

are based on semi-structured interviews with key 

innovation-related actors from February 2020 to 

January 2021. Th e following case study was car-

ried out at the State University of Prishtina as criti-

cal knowledge creation and transfer. Th e reason-

ing behind the university case study is to map the 

factors that shape innovation in the institution of 

knowledge creation or knowledge development and 

transfer, such as the University and innovation eco-

system actors in Kosovo. Th erefore, the relation-

ship between the University and the industry has 

been thoroughly studied in this context. Th e role 

of the interview for data collection in conducting 

the case study is essential; in this respect, Malhotra 

and Dash (2016) suggest some general steps for the 

conduct of in-depth interviews, and they state that 

interviews are an unstructured and transparent 

method of collecting data that are carried out on a 

“one-on-one” basis. Understanding the importance 

of the university in the innovation ecosystem, the 

main objective of this case study is to answer the 

following research questions: 1) How does the uni-

versity contribute to the process of knowledge crea-

tion through research activities?, and 2) How does 

the university contribute to knowledge transfer to 

the actors in the Kosovo innovation ecosystem? 

Data were gathered using a qualitative guide inter-

view, which combined and analysed 15 semi-struc-

tured interviews from university staff , government 

institutions, the Kosovo Chamber of Commerce 

(KCC), the industry sector, ICT companies, and 

an ICT business association. Targeted respondents 

were informed on time by email, and one-on-one 

interviews were held as recommended by Malhotra 

and Dash (2016).

4. University budget composition 

Over the years, the University has received only 

1.49 percent of the state budget, or EUR 34.79 mil-

lion in value, with a slight increase in 2020. Table 

1 illustrates the University budget allocations be-

tween 2018 and 2020.

Table 1   Activity-based budgeting of the University

Year
Wages and 

salaries

Goods and 

services

Utilities 

expenditures

Subsidies and 

transfers

Capital 

expenditure

University 

budget in total

2018 21,158,067 3,052,645 1,175,000 1,299,000 7,150,000 33,834,712

2019 21,263,857 3,402,645 1,175,000 1,444,000 7,500,000 34,785,502

2020 20,986,212 3,422,513 1,175,000 1,444,000 7,900,001 34,927,726

Source: Author’s compilation based on the state budget and the Ministry of Finance (2019)

As seen in Table 1, the University has a limited 

budget, and it has remained at the same level over 

the years, which determines its low value. Accord-

ing to the analysis of the total university budget of 

EUR 34.78 million, 88.51 percent is fi nanced from 

the state budget. In comparison, the University gen-

erates 11.49 percent of its own revenue, amounting 

to EUR 3.99 million in 2019. Th is means that the 

University contributed 12.26 percent of its budget, 

or EUR 4.15 million, from its own sources in 2018. 

Th e revenue generated by the University consists of 

student registration fees or tuition fees and profes-

sional services expertise by the institutes and labo-

ratories. Th e analysis shows that the main budget 
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of the University is spent on salaries, and the Uni-

versity has not spent its budget correctly for many 

years now. It is interesting to analyse how the Uni-

versity spent activity-based budgeting. For exam-

ple, 70 percent of the budget is spent on wages and 

salaries, followed by 10.43 percent on goods and 

services, 3.15 percent on utilities, 4.02 percent on 

subsidies and transfers, and only 12.28 percent on 

capital expenditure.

Similarly, in 2019, 61.13 percent, or EUR 21,263,857 

out of EUR 34.92 million, was spent on wages and 

salaries. In addition to a small University budget, 

what can be seen in Table 1 is that there is no mon-

ey allocated for research activities. Th e University 

claims that the strategic plan envisages for the fu-

ture that 1 percent of the University total budget 

should be reserved for R&D. However, the study 

reveals that there is nothing concrete yet. First, to 

increase the University quality and its higher rank-

ing, the University budget should be managed bet-

ter, and second, it should increase the number of 

employees and academic staff .

5. The role of the university in knowledge creation

According to Nielsen (2019), R&D is essential for 

product innovation, but it is not the only kind of 

knowledge; sometimes, innovation is linked to the 

kind of knowledge produced in the sense of R&D, 

which is also one of the critical functions of uni-

versities. Th erefore, the case study tries to iden-

tify and measure the involvement of academic 

staff  in research activities. Th e University is aware 

that knowledge creation remains its most impor-

tant mission. According to the University Statute, 

teaching and R&D are two key twin objectives. Th e 

Statute obliges academic staff  to continuously con-

tribute to research activities using two resources: 

public funding provided by the University, or pri-

vate funds sponsored by individual contractors of 

third parties, or both. Th ough, according to the case 

study, this remains questionable.

Moreover, to achieve internationally competi-

tive results, the University teaching staff  are also 

obligated to conduct scientifi c research and inno-

vate work using their professional skills (Statute, 

2005). However, University executives admit that 

many professors treat the University as a second-

ary school - students show up in classes and attend 

lectures, professors teach, and students leave. In-

deed, teaching is one pillar and it is essential, but 

R&D-based teaching, incorporating the results of 

collaboration with the industry and international 

partners, should be the most crucial pillar. Unfor-

tunately, presently, this sort of project work is al-

most absent.

Recently, Webometrics and Times Higher Educa-

tion (2017), ranked the University 2,829, while the 

Continental Ranking and the Country Ranking, 

ranked it 940th and 5th, respectively (Webometrics, 

2020), which means that the University is lagging 

behind in terms of many ranking indicators, espe-

cially in the fi eld of R&D (Kaçaniku et al., 2018). 

However, some analyses of scientifi c publications 

undertaken by the Organisation for Improving the 

Quality of Education (ORCA) and recent updates to 

the Research Gate indicate some developments in 

scientifi c publishing (ORCA, 2018; ResearchGate, 

2020). For example, Table 2 indicates an increase in 

the number of the University publications in 2019 

compared to 2017.

Table 2 University scientifi c publications 

Year Total number of scientifi c publications

2017 1,320 papers

2018 1,735 papers

2019 2,481 papers

Source: Author’s compilation based on ResearchGate and 

the University of Prishtina (2020) 

Table 2 indicates an increase in the number of pub-

lications in 2019, but the quality of the University 

publications is not at a satisfactory level. Th us, the 

university must continue its eff orts to enhance the 

quality rather than the mere quantity of scientifi c 

publications in order to fulfi l its mission of knowl-

edge creation. In addition, Table 3 further analyses 

the total number of scientifi c papers and the par-

ticipation of faculties, along with the number of 

professors involved in publishing.

When analysing the total number of academic staff  

and faculties, the results indicate that despite a 

limited number of total scientifi c publications, the 

average of publications published by professors by 

faculties is sometimes even smaller than the total 

number of professors by faculties. Unfortunately, 

we have only aggregated statistics on publication 

activity of University professors, so we do not know 

the structure of publications according to quality 

indicators (e.g., the impact factor, Q1, Q2).
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Th e analysis shows that the University is not per-

forming well in knowledge creation due to a low 

average of scientifi c papers published by the Uni-

versity, representing participation of the University 

with only 34 percent in R&D, which means that the 

most signifi cant 66 percent of academic staff  do not 

justify the academic title or ranking of the Univer-

sity. Furthermore, there is a lack of criteria since 

professors should not retain the full academic title 

if they have not consistently contributed to research 

activities or have not published a scholarly article 

in a prestigious journal every year. Even though the 

University set up the Offi  ce of Research and Spon-

sored Projects in 2017, it aims to facilitate R&D and 

make it easier for teachers to submit competitive 

projects and get sponsored. Th e Offi  ce serves as a 

link between the University academic staff , organi-

sations, agencies, and foundations that sponsor and 

fi nance research projects, and operates under di-

rect supervision of the University Vice-Rector for 

Science. Since it was established, the Offi  ce has sup-

ported 17 projects in 2018, and 35 other projects in 

2019, focused on capacity building. Th e faculties of 

Electrical and Computer Engineering, Mechanical 

Engineering, Philosophy, Economics, Education, 

and Agriculture are among the main benefi ciaries 

of these projects. Such projects are implemented 

in collaboration and partnership with several Eu-

ropean universities in e.g. Germany, Italy, Spain, 

Croatia, Slovenia, the United Kingdom, Monte-

negro, and Albania. As a result, Kosovo’s innova-

tion ecosystem was created, and the functions of 

socio-economic actors are working, but this kind 

of knowledge requires systematic research into Ko-

sovo’s socio-economic and cultural-technological 

conditions. Th e University’s initiative to establish 

a venture incubator was a good step that might be 

spread to other higher educational institutions (La-

jqi et al., 2019).

Interviewed University participants acknowledge 

that teaching has advanced signifi cantly over the 

last decade, while R&D has improved slightly. Th e 

positive shift refl ecting generational change of 

academic staff  (e.g., replacing old academic staff  

with a new generation) has contributed to a posi-

tive change in the mindset, as younger professors 

are more active in research activities. However, 

research activities are not systematically tracked 

compared to teaching, which is continuously moni-

tored by the University Academic Development 

Offi  ce through student evaluation of professors 

engaged in teaching bachelor’s and master’s degree 

courses; thus, teaching is performed better as it is 

Table 3 Number of academic staff  involved in scientifi c publications by faculties in 2018 

Faculties 
No. of 

professors

Scientifi c 

publications

Number of professors 

who published
Average

Philosophy 93 35 32 34%

Mathematics 94 524 65 69%

Philology 124 36 39 31%

Law 65 74 42 65%

Economics 89 98 44 49%

Construction and Architecture 65 48 23 35%

Electrical and Computer Engineering 69 57 21 30%

Mechanical Engineering 69 94 29 42%

Medicine 350 528 87 25%

Arts 159 - - 0%

Agriculture and Veterinary Sciences 79 184 33 42%

Physical Education and Sports 41 14 14 34%

Education 77 94 36 47%

Total 1,374 1,735 465 34%

Source: Author’s calculation based on ORCA (2018) report and KAS (2019) data
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easier to develop and track administration. Moreo-

ver, the University needs to improve students’ criti-

cal thinking. Th e national qualifi cation framework 

specifi es that critical thinking should be one of core 

components of the programme and the curriculum, 

which means that bachelor’s degrees should have a 

critical mindset and it should be compulsory in the 

master’s programme as well. Th e University admits 

that students partially gain critical thinking skills.

5.1 University and industry collaboration: important 
but not focused on building Science, Technol-
ogy and Innovation (STI) and Doing, Using and 
Interacting (DUI) relations

Th e level of education of the workforce is vital for 

the development and growth (Junge and Skaksen, 

2010), and methodological and analytical skills 

of problem-solving, including absorption capac-

ity and professional knowledge of graduates (STI 

learning on the university side), are ranked high in 

terms of the industry’s expectations when recruit-

ing graduates (Nielsen, 2019). However, Kosovo’s 

innovation ecosystem actors complain about the 

lack of good cooperation with the University. Based 

on the interviews with participants from the metal 

and wood industries, KCC, 3CIS, Tre Pharm, the 

ICT sector, and the Association of Information and 

Communication Technology of Kosovo (STIKK), a 

classifi cation and elaboration of complaints refer-

ring to the University is provided in Table 4, which 

refl ects the lack of University eff orts to strengthen 

cooperation with the industry.

Table 4 Classifi cation and elaboration of complaints by the industry about the University 

Th e case study shows that there is currently the 

lowest level of satisfaction among fi rms working with 

the University. Furthermore, a partnership in terms of 

STI research has not contributed to innovations since 

there is no evidence of inventions or patents sold to 

the industry in Kosovo.

Th e industry confi rms that if the University could provide 

inventions or patents, companies would be willing to buy 

and commercialise them. Th is means that there is a lack 

of STI and DUI relations between the University and the 

industry.

Th e lack of adequate knowledge of the University 

and the lack of incentives for University personnel 

are shown as concerns. Kosovo’s industry is not 

satisfi ed with the students’ level of knowledge from 

the University as the labour force for the industry. 

Companies claim that students lack soft skills, 

critical thinking skills, problem-solving skills, and 

presentation skills.

Th e industry hires students who are not relevant to their 

professional background, and this forces companies to 

invest heavily in off ering vocational training, in the fi eld 

of business interest, along with the practical part of how 

machines work in a company; therefore, it is expensive 

for the company to improve the skills of new employees/

students. 

University curricula and teaching methods are very 

old-fashioned (the curriculum is updated every three 

years), not encouraging students to remain up-to-date 

with their skills. Furthermore, there is a total lack of 

co-research activities between the University and the 

industry and a total lack of their commercialisation (a 

lack of STI & DUI relations).

Although the industry has continuously tried to adjust 

and adapt curricula to technological developments, 

the University should be able to provide graduates 

with up-to-date skills and learning capabilities (e.g., 

increase the number of students enrolled in science, 

technology, engineering, and mathematics (STEM) 

study programmes) in order to exploit signifi cant R&D 

investments of innovative fi rms effi  ciently. 

Th ere is a tendency of public institutions and 

universities to avoid collaboration with the industry. 

Due to non-systematic cooperation, there is a lack of 

eff ort at the University aimed at off ering students the 

industry internship scheme.

While the industry confi rms its willingness to accept 

students for an internship scheme, this is of mutual 

benefi t because it will make it easier for the industry to 

recruit new workers from an internship programme that 

demonstrates skills and competencies.

Source: Author’s compilation based on the interviews with innovation ecosystem actors 

Mutual trust, which is frequently developed in mu-

tual experiences (DUI learning is usually character-

ised by such collaboration), is necessary for tight 

collaboration. A study conducted by Nielsen (2019), 

which rates the University of Aalborg in Denmark 

as the best in terms of partnership with the indus-

try, argues that innovative fi rms that have collabo-

rated with universities (building STI and DUI rela-

tions) have a much higher probability of product or 

service innovation (a novelty in product or service 
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innovation) compared to the segment of fi rms that 

have not collaborated with the university. Th ere-

fore, a strong partnership between the university 

and the industry is necessary to achieve successful 

STI. However, in terms of university-industry co-

operation, regardless of the issues listed above, the 

case study stresses some developments that show 

some progress in recent years. Nevertheless, the 

case study tries to fi gure out how the university 

contributes to industrial innovation and how this 

contribution could be improved. Th e university 

approves improved ties with the industry resulting 

from academic staff , but it still needs improvement. 

Th e university recognises the importance of indus-

try engagement in a range of issues of mutual inter-

est; thus, it took the fi rst step towards establishing 

the industrial advisory board. Th e establishment 

and principles of the advisory board have enabled 

the academic units to set up such an advisory board. 

Th e main objective of the advisory board is to link 

the academy with the industry. Th rough closer ties, 

the university can prepare graduates with skills bet-

ter suited to the labour market requirements and 

work together with the faculty advisory manage-

ment on updating the curricula.

Furthermore, the main task of the industry is to 

provide inputs when new curricula are designed. 

Unfortunately, this has not been done fl awlessly 

because the above complaints have not been ad-

dressed accurately. However, some positive chang-

es are evident. Th e Faculty of Economics has been 

quite involved in organising the advisory board, ad-

dressing economic and entrepreneurship problems, 

and strengthening job opportunities for students. 

Th e Faculty of Agriculture and Veterinary Sciences 

has also been active in updating academic curricu-

la, improving teaching and learning methods, and 

providing practical work and innovative conditions 

(Career Development Centre, 2019).1 A success 

story in the fi eld of collaboration between the Uni-

versity and the industry can be illustrated by the in-

dustry initiative, where the Kosovo Metal Industry 

and Renewable Energy Cluster was developed for 

the fi rst time in 2017, focusing on encouraging the 

industry and universities to work closely together. 

Th e cluster concept was designed to bring develop-

ment and innovation together and was viewed as 

a positive start, but unfortunately, this partnership 

1  According to the regulation, the advisory board can have at least 
11 members and a maximum of 17 members. Faculties should 
organise advisory board meetings as needed, but not less than 
two meetings per year.

did not last long. Th e industry confi rms that, after 

cluster formation, the University did not systemati-

cally help them and was no longer active. Neverthe-

less, even with the passive role of the University, 

the cluster has continued to play an active role, and 

has consistently off ered vocational training to the 

staff  of its member companies, young engineers, 

students, and jobseekers, and 20 training sessions 

to 800 participants. Of these 800 trained partici-

pants, 70 have completed the internship scheme, 

and around 100 young people are working in clus-

ter fi rms.

Th e Faculty of Electrical and Computer Engineer-

ing has made excellent progress through the advi-

sory board concerning the innovation ecosystem 

development. For example, several computer sci-

ence students are sent to participate in ICK events 

because they off er an excellent infrastructure to 

support students with future challenges. Th e Fac-

ulty highlights various examples as successes, e.g., 

in cooperation with STIK and ICK, suggestions are 

considered when preparing new curricula for the 

new semester. According to advisory board mem-

bers, up to 20 percent of the industry suggestions 

have been incorporated into the new curriculum as 

the new academic year begins. Although the busi-

ness community is not satisfi ed with this progress, 

the curricula are updated every three years, mak-

ing it diffi  cult for the University to provide gradu-

ates with up-to-date skills and raise the number of 

STEM students. In addition, the advisory board al-

lows students in the fi nal semester of their studies to 

have a compulsory course as an internship and they 

are required to work at least 120 working hours on 

a project in international or domestic companies. 

Th is helps students establish industry connections, 

demonstrate skills, strengthen relations with possi-

ble future employers, and improve negotiating po-

sitions and regular track records.

For instance, a company from Germany called Wiso 

Tech GmbH opened a branch and began operating 

in Kosovo in 2019. Th e company launched a stu-

dent scheme and randomly connected university 

students who started the internship programme, 

and due to their excellent skills and competencies, 

the company recruited them and continuously in-

creased the demand for university students. As a 

result, 12 university students responsible for devel-

oping software were engaged in the company be-

tween 2019 and 2020. Students are also sent to Ger-

many to participate in the internship programme 
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at Bosch, Microsoft, and Intel, while some others 

work in German companies operating in Kosovo, 

such as Wiso Tech GmbH. In addition, students 

also participate in internships in domestic compa-

nies such as 3CIS, ICK, and STIK, developing soft-

ware for international and domestic market needs. 

An intended result of the internship programme is 

that many students could get full-time jobs, primar-

ily in 3CIS. Th e analysis shows that 10 percent of 

students are involved in the internship programme 

abroad, while 30 percent participate in outsourced 

activities and work on the local market. Companies 

in which students engage in the internship pro-

gramme provide dual training for students on tech-

nology development issues.

Th e idea of bringing business people together to 

develop student soft skills in technology came from 

STIKK. However, it is not yet clear whether the 

University has successfully implemented this activ-

ity. Th e University acknowledges that the industry 

always complains about knowledge transfer. It is 

good because as long as the industry complains, the 

University produces something, but not the best. 

Th us, the University should educate students who 

can join various projects and not just particular 

innovation and technology related projects. Th ere 

is still a lack of research into the technological, so-

cial, and institutional practices at the University in 

Kosovo that was surveyed. Developing high value-

added or strategic collaboration between the Uni-

versity and the industry will signifi cantly boost the 

University knowledge creation function and help 

improve the position of the country’s fi rms in the 

Global Value Chain (GVC). Concerning the per-

formance indicators of University staff , such as the 

quality of their publications, involvement in inter-

national conferences, and the teaching code, the 

case study shows that the infl uence of these factors 

shaping university-industry collaboration is mu-

tually benefi cial. Strengthening international and 

regional cooperation increases collaboration with 

the industry as the industry is currently at least a 

step ahead of the University. However, both parties 

should strengthen the relationship as the advisory 

board remains only an advisor and not so involved, 

e.g., both have failed to build STI & DUI relations. 

As far as STI mode is concerned, there is no evi-

dence in Kosovo of the inventions or patents that 

have been given to the industry, while regarding 

DUI mode, only the internship scheme, along with 

the formation of clusters, can be considered to have 

led to graduate recruitment. Finally, the University 

lacks ideas and initiatives to improve cooperation 

as it tends to change very slowly, but this does not 

mean that the industry should not push ahead with 

such eff orts. 

6. Why lack of knowledge transfer?

Knowledge transfer is a vital part of the role of a uni-

versity, but off ering high-quality lectures requires 

professors to adapt and develop “state-of-the-art” 

knowledge. While some progress has been made 

in creating knowledge, the University is unfortu-

nately well behind in its possibilities of knowledge 

transfer. Despite the lack of systematic data collec-

tion, the fi ndings indicate that knowledge creation 

and transfer are unbalanced, and the University has 

admitted this weakness. Likewise, the transfer of 

knowledge to the industry is relatively weak or even 

lacking in some fi elds, and this has been confi rmed 

by the industry; thus, the issue of knowledge trans-

fer needs to be addressed urgently.

On the one hand, the legal framework needs to be 

strengthened along with the willingness to imple-

ment it. On the other hand, knowledge transfer 

would improve by improving collaboration with 

the industry and strengthening the role of the ad-

visory board. Th e University admits that the issue 

of knowledge transfer has not been adequately ad-

dressed to date. However, the study reveals that 

knowledge transfer is reasonable only in the teach-

ing pillar, which is good, as knowledge creation 

could be transferred to students. Th e University 

needs to increase cooperation with international or-

ganisations and donors as one essential tool, while 

research projects are another driver that should not 

be neglected. Collaboration with national and re-

gional partners is also essential, both of which are 

unfortunately not at a satisfactory level. Knowledge 

transfer needs a time-consuming process of col-

lective learning. Technological developments have 

rapidly taken place; therefore, university-industry 

knowledge transfer is a permanent need. Further-

more, the transfer of knowledge from industry to 

university is necessary, and in this connection, it is 

worth using the experience of Aalborg University 

in Denmark as a benchmark (Nielsen, 2019). Due 

to some improvement in teaching, the transfer of 

knowledge is working well for students but is not 

yet in a good phase with the Kosovo innovation 

ecosystem actors. However, few faculties provide 
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specifi c professional services or expertise to public 

or private enterprises or individuals, e.g., telecom-

munications, construction, architecture, health, 

and agriculture, which can be considered a form of 

knowledge transfer, but it is not satisfactory.

7. Conclusion and recommendations

Th e fi ndings show that there is asymmetric pro-

gress in comparing knowledge creation and knowl-

edge transfer, and the University eff orts are ques-

tionable in relation to knowledge creation. Th e 

University has not yet been able to dedicate fi nan-

cial resources to R&D, and its contribution to R&D 

accounts for only 34 percent, while 66 percent of 

academic staff  do not justify the academic title. 

Furthermore, there is a lack of monitoring of pro-

fessor R&D performance, and there is no sign that 

motivates university staff  to publish in high-rank-

ing international journals. Th e study recommends 

that strengthening the role of R&D and increasing 

knowledge creation in the coming years is neces-

sary to prepare, train, and motivate academic staff  

to be more competitive in delivering internationally 

attractive, multidisciplinary, and practice-oriented 

projects. Likewise, the study recommends that the 

University should allocate money to R&D and en-

able academic staff  to benefi t from that fund and 

contribute to research activities.

Regarding the criteria for promotion to academic 

ranks, the University requires academic staff  to 

have fi ve scientifi c publications to be able to be ap-

pointed to the academic title of full professor, but it 

does not oblige and monitor professors to be active 

regularly. Th e research recommends that academic 

staff  should be more active and publish at least one 

article a year that contributes to research activities. 

A positive sign is that between 2019 and 2020 the 

University invested EUR 2.1 million in the develop-

ment of institutions, laboratories, and infrastruc-

ture. An additional EUR 2.4 million is allocated 

from the University budget to be invested, focus-

ing on increasing knowledge creation and transfer. 

Th e study recommends that, while teaching has im-

proved signifi cantly, the University should improve 

critical thinking for students as this remains chal-

lenging because the University does not have any 

tool to measure student critical thinking. Th is is 

confi rmed by the industry that complains about the 

old curricula, which need to be addressed, and the 

study recommends that the new curricula should 

be updated and rely on the industry’s needs. Th is 

often forces companies to employ students unre-

lated to their professional background and invest 

heavily in providing vocational training. Th e study 

recommends that the University should develop a 

teaching method to teach high-quality students to 

think critically and educate students who can take 

part in various projects.

It is a positive sign that the University recognises the 

importance of industry engagement in many issues 

of mutual interest; thus, establishing the advisory 

board was a good step forward. As a result, many 

students have been able to participate in the intern-

ship scheme, create network industry connections 

and become fully employed in domestic and foreign 

technology companies, particularly in the fi eld of 

international and domestic software development. 

However, the advisory board remains only an advi-

sor and not so much involved as they have not suc-

ceeded in building STI & DUI relations. Knowledge 

transfer from the University to the industry remains 

challenging. Hence, what needs to be addressed ur-

gently is creating an appropriate legal framework, 

enforcing it, and building the ability to enforce the 

requisite legal framework and the motivation and 

assessment system for academic staff  to be engaged 

in practice-oriented, high value-added cooperation.

According to scientifi c results, the fundamental ob-

jective of the study has been considerably fulfi lled. 

Th e fi ndings of the study aim to contribute to the 

research fi eld and provide an insight into open in-

novation literature. Of course, since the present 

study examined only a state university, the fi ndings 

cannot be generalised to all universities and the Ko-

sovo innovation ecosystem. Th erefore, to increase 

its contribution to the research fi eld, the present 

study recommends that a similar study should be 

conducted in Kosovo and the developed countries, 

and the fi ndings compared with the present study, 

not using only aggregated statistics measures.
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Appendix

List of persons interviewed in the university case study

Persons interviewed Date of interview Position 

1 Blerim Rexha February 2020

Professor and Head of the Computer Engineering Department at 

the Faculty of Electrical and Computer Engineering at the University 

of Prishtina

2 Enver Hamiti March 2020
Dean of the Faculty of Electrical and Computer Engineering at the 

University of Prishtina

3 Myrvete Badivuku April 2020 Professor of Economics & Vice-Rector for Budget and Finances

4 Faton Berisha April 2020
Professor of Mathematics & Vice-Rector for Scientifi c Research at 

the University of Prishtina

5 Vjollca Cavolli May 2020
Executive Director of the Association for Information and 

Communication Technology

6 Avdi Krasniqi May 2020 
Senior trademark offi  cer in the Intellectual Property Agency in the 

Ministry of Trade and Industry 

7 Laura Zherka May 2020
Director of the Innovation Department at the Ministry of Education, 

Science, Technology and Innovation

8 Uranik Begu May 2020 Chief Executive Offi  cer of the Innovation Centre Kosovo

9 Arieta Pozhegu June 2020 Executive Director of Kosovo Wood Processing Association

10 Astrit Rexhaj June 2020
Executive Director of the Metal Industry and Renewable Energy 

Cluster of Kosovo

11 Fitim Seferi June 2020 Research Support Offi  cer of the University of Prishtina

12 Yllza Mehmeti June 2020
Head of the Innovation Division at the Ministry of Education, 

Science, Technology and Innovation

13 Besnik Loxha June 2020
Director of the Academic Development Offi  ce of the University of 

Prishtina

14 Berat Rukiqi January 2021
President of the Kosovo Chamber of Commerce and Assistant 

Professor at the Faculty of Economics, University of Prishtina 

15 Besnik A. Krasniqi January 2021 Professor at the Faculty of Economics, University of Prishtina 



Bätz, K. et al.: From canvas to platform: Refl ecting on the digital platform canvas

441Vol. 35, No. 2 (2022), pp. 441-452

FROM CANVAS TO PLATFORM: 
REFLECTING ON THE DIGITAL 
PLATFORM CANVAS

JEL: E37, E39, L1, L2, L21, L221

Review article

https://doi.org/10.51680/ev.35.2.15

Received: January 24, 2022

Accepted for publishing: July 19, 2022

Kerstin Bätz

ISM International School 

of Management 

44227 Dortmund, Germany

kerstin.baetz.2019@student.ism.de

Patrick Siegfried

ISM International School 

of Management 

44227 Dortmund, Germany

patrick.siegfried@ism.de

Abstract

Purpose: In this article, the canvas used to simplify business modeling of a platform and its visual depiction 

are put into the entrepreneurial context, and critically refl ected accordingly. Furthermore, it is discussed to 

what extent the canvas is advantageous, disadvantageous, applicable, not applicable, or even contradictory.

Methodology: Th e analysis is based on theoretical research. Additionally, qualitative interviews with busi-

ness founders were conducted.

Results: Th e results conclude that the canvas employed to ease the business model sharpening process sup-

plies founders with essential aspects to cover, yet they are part of a large set of factors that play in.

Conclusion: Th e limitations of this study are rooted in the chosen research design based on the conceptual review.

Keywords: Business model, entrepreneurship, Digital Platform Canvas, ecosystems, digitalization 

1. Introduction

Th e currently prevalent COVID-19 pandemic cata-

lyzes innovation, as it can be identifi ed as an eco-

nomic megatrend that is forcing entire industries 

to innovatively restructure their economic core (cf. 

Lubin & Esty, 2010) and develop crisis-resistant 

business models (McKinsey & Company, 2020a; 

2020b; Tidd & Bessant, 2013). Emerging startups 

should leverage this push of changing needs to 

develop businesses aligned with the economic de-

mands of the future, with a focus on digitized eco-

systems resilient to crises (McKinsey & Company, 

2020c; 2020d; Siegfried, 2015). In this sense, this 

study aims to provide critical thinking on business 

models to help startups design and sharpen their 

business models that are platforms to be. 

In the structure of this study, addressing aims and 

objectives comes fi rst. After that, there follows 

analysis of the conceptual background. A detailed 

refl ection critically examines von Engelhardt and 

Wangler’s (2019) Digital Platform Canvas (DPC). 

Subsequently, a delineation of implications for the 

canvas value added and its pitfalls are shown. Th at 

output comprises qualitative interviews with busi-

ness founders. 

Th e study aims to identify critical aspects and ad-

vantages that need to be considered when creating 

a digital platform business model. Th e overall ob-

jective is thus to identify promising parameters that 

are advantageous for prospective business founders. 

To achieve the respective goals, pitfalls in the ap-

plication of the method are to be identifi ed as well 

as the application of the method, critically evaluated 

in its authenticity and transferable conclusions and 

implications derived. 

This work is licensed under a 
Creative Commons Attribution-

NonCommercial-NoDerivatives 4.0 
International License 
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To identify the barriers in the application of the 
method, literature is consulted to provide a holistic 
view with valid information.

Overall, the objectives underlying this research will 
result in a chronological sequence that sheds light on 
the application of the canvas, which can be both ben-
efi cial and detrimental to a company in its early stages. 

Th e potentially resultant generation of competitive 
advantage underpins the signifi cance of that edu-
cation on the methods (Kim & Mauborgne, 2015; 
McKinsey & Company, 2020b; cf. Lubin & Esty, 
2010; Siegfried, 2014). Beyond that, businesses 
and particularly innovative startups that build and 
shape the next decades’ platform economy should 
be equipped with the implications (McKinsey & 
Company, 2020a; 2020b). Consequently, the follow-
ing indicative research question is intended to con-
tribute to the fi lling of existing academic literature 
gaps in the context of building digitized platform 
business models:

Can digitized startups transfer knowledge to their 
platform business model applying solely the Digital 
Platform Canvas?

Th roughout this study, the question above will be 
answered to clarify the feasibility and appropriate-
ness of the methods in the contextual sector.

2. Theoretical and conceptual background

In the following chapter, the conceptual back-
ground is dedicated to the analysis of the subject 
method. Hence, in what follows, a critical refl ection 
on the feasibility and eff ectiveness of the DPC (von 
Engelhardt & Petzolt, 2019) is elucidated. 

A critical refl ection of the Digital Platform Canvas
“[Digital platform economies] link players who would 
not be able to interact with each other, or only with 
diffi  culty, without the platform. Th e interaction of the 
various players thus creates digital ecosystems.” (von 
Engelhardt & Wangler, 2019, p. 13). Th e realization 
of an ecosystem is intended to be simplifi ed with the 
DPC designed by von Engelhardt and Petzolt (2019). 
Leveraging this canvas is especially topical, while the 
global economy is still exposed to the COVID-19 
pandemic that pushes industries towards a high rate 
of occurrence of business digitization (McKinsey & 
Company, 2020c; 2020d). Th e objective of the DPC 
is to sharpen a digitized ecosystem according to its 
key drivers that foster success and guide the founders 
through the market entry phase. Th e expected result 
is hence to refer to a consistent and convincing pro-
totype ecosystem that is at least in its state of proof of 
concept (cf. Klein, 2013; Maurya, 2016; Ries, 2012; von 
Engelhardt & Petzolt, 2019). 

Th e DPC calls to refl ect on current revenue models 
and sheds light on future developments of the subject 
platform. In this way, the creation of revenue forecasts 
is leveraged as far as possible by considering changing 
external conditions such as the prevailing pandemic 
and the growing presence of digitization (cf. Bennett 
& Lemoine, 2014; Cohen & Levinthal, 1990; Freder-
ick, O’Connor & Kuratko, 2016; Pressfi eld, 2012; Ries, 
2012; Travis & Hodgson, 2019). Besides, generat-
ing potential revenue projections allows for creating 
initial prototypes that can validate customer demand 
and the planned proof of concept (cf. Bhargava & Her-
man, 2020; Kaplan, 1966; Ries, 2012; Siegfried, 2012; 
Voloshinov et al., 1973). Th e following expectations 
that founders may have of this multi-dimensional can-
vas are as follows (Figure 1):

Figure 1 DPC expectations

Source: Authors
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The DPC template differs vastly in the visual de-

sign and composition from the Business Model 

Canvas designed by Osterwalder (2011). The 

Business Model Canvas consists of nine building 

blocks, while the von Engelhardt and Petzolt’s 

(2019) DPC consists of six, where the upper five 

represent the success factors of the digital plat-

form, and the bottom represents the respective 

dynamic strategy to plan the market entry delib-

erately (see Figure 2; cf. Chesbrough, 2006; Kim 

& Mauborgne, 2015; Osterwalder, 2011; Rumelt, 

2011; Siegfried, 2017).

Figure 2 DPC

Source: Adapted from von Engelhardt & Petzolt, 2019

However, these possible amendments towards de-

velopmental trends are invalidated hypotheses only. 

Th us, it is uncertain whether the platform founders 

cover enough potential scenarios to be prepared for 

upcoming, even unforeseen, events and external 

business-environmental changes and challenges 

(cf. Bennett & Lemoine, 2014). A potential time 

loss driven by a human being’s psychological sub-

jectivity that can guide the founders due to their 

bias of persuasion in relation to their business must 

be considered in this context as it is impossible to 

separate the mind from individual thought patterns 

completely (Nisbett, 2003; Düsing, 2006). Hence, it 

is appropriate preparatory work for fl exible minds 

of the founders to go through diverse scenarios, but 

as they cannot be proven immediately, the consid-

eration of diff erent scenarios can still result in the 

unexpected. Here too, Stähler’s (2019) approach of 

consulting expert opinions could be benefi cial to 

evade the risk of unpleasant event emergences. 

A higher risk emanates from the steps to be taken 

before fi lling out the DPC. Von Engelhardt and 

Petzolt (2019) recommend using an existing and 

completed Business Model Canvas (Osterwalder, 

2011; cf. Stähler, 2019) to complement their DPC. 

Th e controversial point here is the subsequent rec-

ommendation to use the DPC because the subject 

canvas is to be understood merely as a tool that re-

lies on additional tools. Th at has an increased de-

gree of uncertainty, as an error-fi lled ecosystem can 

emerge within the application of the DPC based on 

consequential errors with roots in an earlier com-

pleted Business Model Canvas. Th at can lead to 

setting incorrect parameters and choosing respec-

tive complementary tools or methods (cf. Cohen 

& Levinthal, 1990; Stähler, 2019; versus Bennett & 

Lemoine, 2014; von Engelhardt & Petzolt, 2019). 

Furthermore, the DPC does not require validation 

of customer needs, which in the worst case could 

end in disinvested time, money, and eff orts (cf. Ries, 

2012; Voloshinov et al., 1973; Kaplan, 1966). 

In contrast, the validation of customer needs and de-

sires could be perceived as an entrepreneurial duty 

(cf. Drucker, 2006) that von Engelhardt and Petzolt 

(2019) could recommend exercising as axiomatic 

since other dedication without validation would 

miss the point of creating a digitized ecosystem. 

Nonetheless, cognitively strong and strategically af-

fi ne founders should engage in building a digitized 

ecosystem since they can determine the most cru-
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cial parameters themselves and emancipate their 

minds from predetermined patterns if necessary 

and since an ecosystem requires a founder’s ability 

to execute and capitalize multiple revenue models 

similarly. It should be kept in mind that an overly 

present and consecutively repeated error ratio is not 

welcome among investors, accelerators, or incuba-

tors, especially in Western cultures, as it discredits 

the strategic and economic holistic caliber of the 

founders with regard to the subject business model’s 

succeeding potential (Hofstede, 1980; Trompenaars 

& Hampden-Turner, 1997; cf. Bennett & Lemoine, 

2014; versus Frederick et al., 2016; Primecz et al., 

2009; Ries, 2012; Bätz & Siegfried, 2021). However, 

a positively practiced error culture is yet welcome, 

even among big corporate companies, as it acceler-

ates the internal innovation culture.

Examining the conceptualization of the DPC, it is 

apparent that each building block is complemented 

by its dynamic strategy, which lowers the risk of 

disregarding crucial aspects while building a com-

plex, multi-layered ecosystem. As the complexity 

increases from building block to building block and 

since one is built upon the prior, von Engelhardt 

and Petzolt (2019) recommend fi lling out the DPC 

in its given order:

1. With the fi rst building block - actors, company 

founders who employ the DPC must critically 

refl ect on who they aim to attract (cf. Ries, 

2012; Maurya, 2016) and connect to their 

platform. Th at addressing of target groups is 

another subliminal objective of the canvas, as 

it allows the founders to logically derive syner-

gies. Th e knowledge acquired on the platform 

users allows for creating novel value added and 

increases the UX, thus the likelihood of return-

ing users and daily active users, which fosters 

ecosystem growth (cf. Deutscher, 2010; Grove, 

2009; Hartson & Pyla, 2012; Kim & Maubor-

gne, 2015; Klein, 2013; Stull, 2018; Tidd & 

Bessant, 2013; Travis & Hodgson, 2019).

Furthermore, the respective dynamic strategy 

of which target group to acquire fi rst must be 

defi ned, similarly to Ries’s (2012) and Maurya’s 

(2016) approach with the LS and the associated 

Lean Canvas, where research must be conduct-

ed to identify the early adopters. For a digital 

platform, it is essential to identify those that are 

likely to recommend the platform as these us-

ers are a vital component of the ecosystem (cf. 

Bhargava & Herman, 2020; Greve, 2010; Hart-

son & Pyla, 2012, Reichheld & Seidensticker, 

2006; Stull, 2018). Hence, it is imperative to sat-

isfy these users’ needs and respond to their user 

behavior and feedback for further development 

and commercial success of the platform. In this 

way, the well-known chicken-and-egg problem 

of what should be done or who should be at-

tracted fi rst is supposed to be resolved, which 

is intended to generate the fi rst user traffi  c on 

the platform and favor the anticipated scaling 

(cf. Alpar et al., 2015; Herzberger & Jenny, 2017; 

Hoff mann & Yeh, 2018; Kaplan, 1966; Voloshi-

nov et al., 1973). However, as there is neither a 

strategy nor a tool that promises validation that 

the founders have identifi ed the right group(s) 

of early adopters (cf. Bennett & Lemoine, 

2014), time to rethink the attraction of new 

early adopters must be considered, which can 

be detrimental to a young venture as time is a 

valuable resource, especially in a market that is 

fast-paced driven by trends.

2. Th e second building block - raison d’être - deals 

in greater detail than the fi rst building block’s 

actors with the goals to identify problems and 

needs of the target groups, which is noticeably 

important. Th at applies not only to the aspect 

of a deeper understanding of the platform us-

ers but also to necessary growth, which can be 

refl ected in the increasing net promoter score 

enabled through the understanding of users 

(Greve, 2010; Reichheld & Seidensticker, 2006; 

cf. Hoff meister & Von Borcke, 2017). By apply-

ing the DPC in this stage, platform founders 

are encouraged to focus on the value-adding 

unique selling proposition that justifi es plat-

form existence. Knowledge of that kind can 

favor the inherent competitive advantage (cf. 

Kim & Mauborgne, 2015; Osterwalder, 2011; 

Ries, 2012). 

To determine the desired raison d’être, von 

Engelhardt and Petzolt (2019) recommend ask-

ing and answering the following four questions:

• Which actors would miss the platform if it 

no longer existed?

• What function and role does the platform 

perform to create value for the platform users?

• What is the (competitive) unique selling 

proposition of the platform?
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• What services must the founders of the 

platform off er to fulfi ll the platform func-

tional role?

According to von Engelhardt and Petzolt (2019), 

after answering these questions, the next step is 

to determine what other requirements the plat-

form has to deliver for long-term success. For 

example, they mention user-friendliness of the 

platform and its security. While they are right 

that such requirements can be derived, it is not 

foreseeable for most ecosystem founders what 

dynamics their platform will take on. Dynamics 

is community-based, and the digitized socially 

constructed genre among users is unpredict-

able and human-made instead of controllable 

(Bazerman, 1995; Pearce & Conger, 2002; 

Swales, 1990; versus Hall, 1959; von Engelhardt 

& Petzolt, 2019). A lot of customer needs and 

their user behaviors are served through moni-

toring and extraction of data, similarly to the 

LS created by Ries (2012), in which a company 

goes through numerous iteration loops and re-

peatedly adapts its business model to customer 

needs and desires (cf. Travis & Hodgson, 2019). 

Subsequently, a precise defi nition of services 

with the respective target groups is intended to 

follow (von Engelhardt & Petzolt, 2019). 

In the best case, the milestone proof of con-

cept is reached using this canvas, which is in-

dicative of a validated raison d’être (Bhargava & 

Herman, 2020) and user demand. Nonetheless, 

it could be disadvantageous to the platform if 

the founders decide to rely on one service for 

too long or too short. Th e appropriate time 

frame to test the presumably most exciting ser-

vice intended to generate initial platform traf-

fi c is not covered in this canvas; yet, it is rela-

tively impossible to be determined beforehand. 

Again, the presence of jeopardizing uncertainty 

(Bennett & Lemoine, 2014) must be considered 

in the creation of an ecosystem.

3. Th e third building block - pricing strategy - is 

vital for external fi nancial sources. Von Engel-

hardt and Petzolt (2019) broke this complex 

building block down into the following four w-

questions that should help platform founders 

refl ect on their future revenue streams:

• Which platform do users pay for, how much, 

for which services, and at what time? 

• What is the level of the respective willingness 

to pay?

• Which actors of the platform are the most 

signifi cant for the other (complementary) 

target groups and should therefore be sub-

sidized?

• Which actors of the platform could be ex-

posed to the fear of undesired dependency 

or lock-in eff ects?

Th is actively demonstrates that the interde-

pendencies and the interactions of the target 

groups present in a digital platform must be 

considered. Here, too, the relevance of the net-

work eff ect comes into play. “Th is makes pricing 

and pricing strategy on digital platforms more 

complicated, but also more interesting than on 

classic linear platforms [as holistic analysis of 

the platform’s target groups and their interac-

tion is required].” (von Engelhardt & Petzolt, 

2019, p. 140). A signifi cant benefi t is transferred 

to the participating parties on the platform. 

Th at can further be leveraged for the conduc-

tion of personal market research purposes. 

It is more benefi cial for diff erent actors of the 

target groups to pursue an asymmetric pricing 

strategy: diff erent actors of the target groups 

pay diff erent prices (cf. von Engelhardt & Pet-

zolt, 2019).

Nevertheless, it must be kept in mind that those 

potential daily active users could be exposed 

to the fear of undesired lock-in eff ects such 

as monthly account fees. Th e fear of fi nancial 

exploitation can harm a brand’s reputation (cf. 

Page & Parnell, 2019; Smith, 2013). According 

to von Engelhardt and Petzolt (2019), that risk 

of undesired lock-in eff ects should resultantly 

be evaded. 

Moreover, referrals leverage the word-of-

mouth and serve, according to Ries (2012), as a 

viral growth engine, complementing the occur-

rence of a network eff ect and creating benefi cial 

economic symbiosis (cf. Kaplan, 1966; Kaplan & 

Norton, 1992; Rumelt, 2011; Voloshinov et al., 

1973; von Engelhardt & Petzolt, 2019). 

By shedding light on the nature of the ecosys-

tem’s complex pricing strategy, already here at 

building block 3, there is a chance that many 

prospective platform founders may start falter-

ing based on the delicate execution plan. How-
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ever, this is more due to the complexity of an 

ecosystem than the concept of the DPC, as it 

renders highly complex numerical issues with 

simple questions. Founders of a platform busi-

ness should therefore beware that it requires 

extensive research, iteration cycles, expert opin-

ions, strategic analysis (cf. Stähler, 2019), and 

cognitive fl exibility to succeed with their idea 

(cf. von Engelhardt & Petzolt, 2019; Ries, 2012; 

Klein, 2013). Furthermore, the complexity of the 

pricing strategy does not end with the previ-

ously posed four w-questions, but moves into its 

dynamic pricing strategy. Here, the questions to 

be asked are whether the pricing strategy is ad-

justed with community growth or not (cf. Greve, 

2010; von Engelhardt & Petzolt, 2019; Kaplan & 

Norton, 1992; Kaplan, 1966; Voloshinov et al., 

1973; Rumelt, 2011), and what the construction 

of the fi nancial design looks like at the begin-

ning and at a later point of an operational activ-

ity (von Engelhardt & Petzolt, 2019). 

Even if only prognostic assumptions can be 

made here, platform founders should devise a 

diverse set of forecasts. While neither Oster-

walder’s (2011) Business Model Canvas nor 

Maurya’s (2016) Lean Canvas deals with deep 

pricing complexity, the DPC calls for that entre-

preneurial sanity (Drucker, 2006). Even though 

there is a risk here that platform founders can 

quickly feel overwhelmed, the DPC guides 

them through the economical execution of their 

multi-dimensional platform business idea, with 

potential pitfalls to consider.

4. Th e fourth building block of the DPC - quality 

assurance - was designed to ensure that plat-

form founders can deliver their unique value 

proposition (von Engelhardt & Petzolt, 2019; 

cf. Maurya, 2012; Osterwalder, 2011; Oster-

walder et al., 2014; Ries, 2012) to various plat-

form stakeholders. Th at building block serves 

as a probing block to ensure adherence to the 

associated values despite deliberate planning 

(Mintzberg & Waters, 1985; Rumelt, 2011) of 

the envisioned business model (cf. Berg, 2006; 

Gray, 2004). Furthermore, quality assurance 

is a key element for a digital platform as it is 

defi ned by von Engelhardt and Petzolt (2019) 

as one of the vital elements for the success of 

monetizable platforms since they bring togeth-

er a versatile set of (commercial) target group 

aspirations. 

If platform founders devote themselves to the 

DPC and reach this building block, the fi rst 

step is to defi ne the platform central qual-

ity elements. Th at reinforces the answer to the 

question of the raison d’être again – it becomes 

clear why actors use the platform (von Engel-

hardt & Petzolt, 2019). Nonetheless, the raison 

d’être must be kept under constant review as 

the market competitors and their economic 

interests may use copycatting to undermine 

a company position in the market. Platform 

founders should pay attention to such changes 

that could cause the worst-case scenario to oc-

cur with the help of this building block as they 

can act reactionarily and preventively. 

Th e next step is to refl ect on the individual 

components that enhance the value proposi-

tion from the stakeholders’ perspective. In this 

step and in the previous step of identifying key 

quality elements, similarly to the DT (Lewrick 

et al., 2018), it is helpful to put oneself in the 

role of diff erent actors. Quality-enhancing ele-

ments can be of any nature, e.g., psychological, 

technological, or organizational. Th e goal of 

this step is to analyze the interaction of diff er-

ent quality requirements and to bring about a 

harmonious interaction of miscellaneous qual-

ity enhancing aspects appropriate to the plat-

form (von Engelhardt & Petzolt, 2019). For ex-

ample, a technically well-designed platform can 

signifi cantly limit the UX, which in turn would 

aff ect the ratio of daily active users, thus plat-

form growth (cf. Alpar et al., 2015; Herzberger 

& Jenny, 2017; Kaplan, 1966; Voloshinov et al., 

1973).

After that, subsequent concrete implications 

for measures to ensure and increase quality 

and the value proposition resulting from the 

previous analysis must be derived. Th us, plat-

form founders have to highlight what measures 

they will take. In the best case, platform found-

ers manage to integrate a tool into the plat-

form that invites and implements a culture of 

constant feedback and interaction of various 

actors, similarly to the concept of innovation 

(Chesbrough, 2003; cf. Medinilla, 2014; Wein-

berg, 2019). Applying that approach, a company 

generates strategic and profi table innovations 

through interaction with users to improve the 

platform by extracting valuable data (cf. von 

Engelhardt & Petzolt, 2019). 
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Hence, the dynamic strategy takes place under 

the points of which quality assurance measures 

and elements should be present from the begin-

ning and whose requirements will be adapted in 

the future. In managing this building block, it 

is advisable to perform multiple iteration loops 

or even continuous improvement – the Kaizen 

principle (cf. Medinilla, 2014; Weinberg, 2019). 

In this way, the quality and value proposition 

are sharpened continuously (cf. Ries, 2012; 

Maurya, 2016) and maintained competitively 

(Bennett & Lemoine, 2014; Kim & Mauborgne, 

2015; cf. Tidd & Bessant, 2013).

However, it is impossible to make a generic 

statement as to which aspects must be strictly 

subjected to quality assurance. In each case, 

it depends on the identifi ed raison d’être. 

Although that is logically justifiable, since every 

business model is not 100% like any other, it 

does imply the risk of divergent definitions and 

interpretations (cf. Deutscher, 2010; Nickerson, 

1998; Nietzsche, 1888). Besides, business 

founders are often biased, unable to take a 

detached, critical and reflective perspective on 

their business model intrinsically, as enthusi-

asm for their idea prevails. Th us, the presum-

ably existing cognitive dissonance – colliding 

insights that are not compatible with the con-

ditions of the external detached world – of the 

founders (Festinger, 1957; Schmidt & Hunter; 

1977) can emerge. Th at can be caused by enthu-

siasm, resulting in the undesirable reality-less 

completion of the DPC quality assurance, lead-

ing to the commercial failure (DeAndrea, 2015; 

versus Voloshinov et al., 1973; Kaplan, 1966). 

Under the aspect of inevitable quality assur-

ance, there is another jeopardy, i.e., another 

kind of familiarity bias; according to the case 

that founders seek further expert opinions 

to reconfi rm the business model and identify 

weaknesses, as suggested by Stähler (2019), 

founders still run the risk of only asking for help 

from experts with expertise that they have sym-

pathy for, agree or identify themselves with (cf. 

Fox & Levav, 2001; versus Stähler, 2019). 

5. Th e fi fth building block - (in)dependency - ad-

dresses the existing dependencies that result 

from the joint activities of various groups of 

actors in the platform through their dynamic 

economies. Th is dynamic economy that pre-

vails is conditioned by indirect network eff ects 

(von Engelhardt & Petzolt, 2019; cf. Greve, 

2010; Kaplan & Norton, 1992; Reichheld & Se-

idensticker, 2006), that contribute to the plat-

form value added in the fi rst place. Only with 

the active and frequent use of diff erent target 

groups is a benefi t to all parties present (von 

Engelhardt & Petzolt, 2019). Th us, the goal 

of that building block is to identify and ana-

lyze (in)dependencies between diverse target 

groups and design them in a targeted manner, 

adapted to the individual actor groups. Th at 

enables creating novel dependencies that can 

be leveraged to reduce dependencies that cre-

ate little value added and strengthen those that 

are more promising.

As a fi rst step, it is advisable to identify which 

actors of the platform rely on whom. Th e group 

that is relied on is responsible for generating a 

critical set of users that favor the network ef-

fect and a correspondingly high net promoter 

score, thus economic growth and scaling (von 

Engelhardt & Petzolt, 2019; cf. Greve, 2010; 

Hoff meister & Von Borcke, 2017; Reichheld & 

Seidensticker, 2006). In the next step, it should 

be analyzed how these dependencies occur. 

As it tends to be rather unlikely to present the 

optimal solution in the fi rst attempt, here, too, 

similarly to the LS method (Ries, 2012; cf. Mau-

rya, 2016), it is advisable to pivot and revisit 

the fi ndings of this building block (cf. Drucker, 

2006). Furthermore, changing environmental 

conditions requires constant adjustment of val-

ue-added measures that strengthen and facili-

tate the establishment of a venture (Bennett & 

Lemoine, 2014; Kim & Mauborgne, 2015). 

By employing the DPC and the (in)dependen-

cies, platform founders should not (only) look 

at classic factors such as large suppliers’ repu-

tation or market power (von Engelhardt & Pet-

zolt, 2019). Founders are recommended to fo-

cus on factors that add novel value or have solid 

potential to enhance the platform through in-

terdependencies that might not be established.

According to von Engelhardt and Petzolt (2019), 

novel platforms would be successful if positive 

expectations of the stakeholders were satisfi ed, 

provided that the previous building blocks of 

the DPC have been fi lled out correctly and re-

fl ectively. In this case, the self-fulfi lling proph-

ecy (Jussim, 2012) designed by public external 
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However, if founders fi nd themselves faltering here, 

they should critically reconsider whether creating 

a highly complex and multilayered ecosystem with 

several revenue models matches the individual eco-

nomic skill set.

3. Results 

Th e research results highlighting the canvas above 

are presented below.

3.1 Discussion

Th e DPC (von Engelhardt & Petzolt, 2019) meets 

the needs of plenty currently nascent business 

models and their founders, as the prevailing COV-

ID-19 pandemic acts as a catalyst for digitization 

(cf. McKinsey & Company, 2020a; 2020c; 2020d). 

Since digital platforms are predominantly multilay-

ered with several revenue models and respective 

groups of actors (von Engelhardt & Wangler, 2019), 

which can expose ecosystem founders to over-

whelm, the DPC helps them to rethink the essen-

tials when and how to launch and establish the pro-

spective platform. In particular, it helps solve the 

well-known chicken-and-egg problem as to which 

features to introduce fi rst to the users to scale the 

platform. Accordingly, the DPC gives founders food 

for thought in which form the platform’s profi tabil-

ity (cf. Habermann, 2008; Voloshinov et al., 1973; 

Kaplan, 1966) can be exercised fi rst. It is, therefore, 

helpful for understanding the incremental building 

of the platform. Consequently, the DPC is a strate-

gic device for internal guidance (cf. Schallmo, 2013) 

regarding the incipient revenue streams that can be 

illustratively used and introduce external parties.

Nonetheless, the DPC is not a canvas that platform 

founders should initially engage with, as von Engel-

hardt and Petzolt (2019) acknowledge. Rather, this 

canvas requires clarity about the desired business 

model intended to be used additively to another less 

specifi ed canvas such as the Business Model Can-

vas (Osterwalder, 2011). Th us, although the DPC 

Figure 3 Th e DPC after refl ection

Source: Authors

expectations would set in (von Engehlhardt & 

Petzolt, 2019; cf. Greve, 2010; Kaplan & Nor-

ton, 1992; Reichheld & Seidensticker, 2006). 

Nevertheless, it must be noted explicitly that 

dependencies can be reciprocal (von Engelhar-

dt & Petzolt, 2019; cf. McKinsey & Company, 

2020c; 2020d). 

Considering the complexity of the DPC and 

multidimensional pros and cons, it is up to the 

founders if their strategic caliber refers to suf-

ficient maturity to master that canvas. The fol-

lowing Figure 3 reflects the features of the DPC, 

which can help founders decide in favor of or 

against this canvas.
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provides simplifi ed guidance for complex matters, 

it requires its practitioners to employ it with cau-

tion, mindfulness, strategic awareness, and refl ec-

tiveness instead of intuitively fi lling out the building 

blocks. It must be considered that the DPC shows a 

higher degree of complexity which can be confusing 

or demotivating for founders (cf. von Engelhardt & 

Petzolt, 2019). Nevertheless, a digital ecosystem, in 

general, is a highly complex case; only those found-

ers of suffi  ciently strategic caliber and patience 

should venture into an endeavor of that kind.

Answering the research question, employing solely 

that one canvas implies an increased risk of failure, 

which founders should disapprove of. A canvas 

serves as a means to record the status quo and the 

corresponding available resources. However, only 

the DPC (von Engelhardt & Petzolt, 2019) provides 

information on the extent to which the individual 

building blocks are connected, what possible obsta-

cles need to be considered when connecting them, 

or a strategic relationship. 

Notwithstanding the aforementioned, the intel-

lectual resource of creating linkages between what 

is ostensibly not connectable remains the entre-

preneurial art that every founder has to learn 

themselves. None of the canvas supplies business 

founders with predetermined building blocks that 

display the business model in its entirety and its 

unique features but indispensable core elements. 

Summing up, no canvas should be used alone; the 

most promising output will be generated through 

the composite output of plenty. Even though it is 

not mandatory to incorporate the canvas practice, 

establishing the method and miscellaneous canvas 

approaches confi rmed the advantages of combining 

the facilitated visuality with the key components of 

the business, which requires further elaboration.

3.2 Limitations

Each study has a limited research quota, this study 

also encounters limitations that call into question 

the validity of research fi ndings. It can be criticized 

that the article was solely based on the conceptual 

review of the canvas as opposed to additive quali-

tative research. Qualitative research would clarify 

other angles of research or could even support the 

above analysis.

4. Conclusion 

In summary, the methods presented provide a help-

ful guide to the core elements of starting a digital 

platform business, but their validity and appropri-

ateness for a company’s particular product/service 

are not set in stone. In addition, the digital boost 

hype enjoyed by the method presented is not en-

tirely applicable, as the method has weaknesses in 

its overall concept. However, the method arguably 

serves as a starting point, where business fl exibil-

ity and the ability to adapt the methods should be 

considered. Th us, it can be expected that the estab-

lished core principles will increasingly be brought 

together, while being expanded to include new and 

contemporary dimensions to approach the creation 

of a platform business model of the new era and 

market entry with fresh perspectives. Th e prospect 

of digitized business models and ecosystems gain-

ing importance is therefore not only justifi ed but 

necessary, as these terms will be an integral part of 

the future management jargon.
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Abstract 

Purpose: Complex supply chains characterise today’s economic life, which is determined by uncertainties 

and risks. Managing those successfully requires the development of resilient and fl exible structures and 

processes based on information transparency, which enables better decision-making, especially in times 

of global crises. In this context, supply chain visibility (SCV) is defi ned as the stakeholders’ capability to 

have access to accurate and timely information about the fl ow of goods. Although the importance of SCV 

has been discussed in scientifi c literature and practice, challenges still inhibit improved SCV, particularly 

in distribution logistics. Th ese have been scarcely investigated. Th e purpose of this study is to identify the 

challenges of SCV in distribution logistics and to provide implications to address them.

Methodology: A qualitative content analysis (QCA) spanning 26 scientifi c articles was used. 

Results: We found evidence of challenges inhibiting SCV in distribution logistics within the three aggregat-

ed dimensions of inappropriate processes & technologies and information systems, lack of communication 

& trust, and insuffi  cient monitoring & decision-making metrics. Th e fi ndings show that trust can be seen as 

both a challenge and a prerequisite. Despite the possibilities of digitalisation, there exist trade-off s between 

manual processes and new technology implementation. Decision-making can be based on individual expe-

riences, and monitoring can be diffi  cult due to undefi ned metrics. 

Conclusion: Practitioners may use the fi ndings to better identify and address the challenges of SCV in dis-

tribution logistics. Further studies could extend the fi ndings through empirical studies, which would allow 

practitioners to assess their level of SCV and derive initial solutions. 

Keywords: Supply chain visibility, supply chain transparency, supply chain management

1. Introduction 

Increasing complexity and dynamic changes in 

global supply chain networks are key reasons for 

growing uncertainties and risks in modern value 

chains (cf. Messina et al., 2018). Th e COVID-19 cri-

sis demonstrated that supply chain visibility is criti-

cal for managing disruptive events (cf. Finkenstadt 

& Handfi eld, 2021; Norwood & Peel, 2021, p. 416; 

cf. Freichel et al., 2022). Furthermore, increased 

visibility is essential to suffi  ciently control supply 

chains (cf. Swift et al., 2019). Certain industries 
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and logistics phases require SCV. One example is 

the distribution logistics of pharmaceutical goods 

(cf. Papert et al., 2016). Another example is food 

distribution logistics, regarding quality and safety 

requirements (cf. Shi et al., 2010). Inventory avail-

ability is required to improve supply chain distribu-

tion processes in omni-channel logistics (Wollen-

burg et al., 2019, p. 12). Inventory allocation across 

fulfi lment centres and offl  ine and online retail 

warehouses requires channel-integrated availability 

information through appropriate ERP systems (cf. 

Hübner et al., 2016). Hence, SCV is an important 

topic in the fi eld of distribution logistics and is cur-

rently receiving attention. 

However, it still seems diffi  cult for many compa-

nies to improve SCV (cf. Swift et al., 2019). SCV 

is based on accurate information exchange (Mos-

hood et al. 2021, p. 20), which is often critical with-

in and between companies (Williams et al., 2013, 

p. 551). Furthermore, digital infrastructures are a 

prerequisite for SCV (Moshood et al., 2021, p. 20). 

Technologies for information exchange have been 

discussed in academia and practice in recent dec-

ades, e.g. concerning electronic data interchange 

(EDI) (cf. Mossinkoff  & Stockert, 2008), Blockchain 

(cf. Sander et al., 2018; cf. Grest et al., 2019; cf. Lus-

tenberger et al., 2020; cf. Sternberg et al., 2021) and 

especially RFID (cf. Schmidt, 2006; cf. Straube et al., 

2007; cf. Morenza-Cinos et al., 2019; cf. Kgobe & 

Ozor, 2021). Nevertheless, IoT-based technologies 

for SCV often have to cope with standardisation, 

security, and accurate information sharing (Ahmed 

et al., 2021, p. 20).

In the context of supply chain information sharing, 

Kembro et al. (2017, p. 78) defi ne barriers as factors 

that are too diffi  cult to cope with, while challenges 

are factors that are complex but can be overcome or 

solved. Kalaiarasan et al. (2022, p. 5) categorise bar-

riers and challenges together. Th us, we use the term 

challenges of SCV as factors that hinder the im-

provement of visibility and transparency in supply 

chain management and are diffi  cult to overcome. 

Challenges of SCV fi rst need to be identifi ed and 

investigated to specify problem areas better and 

derive areas of action. Kalaiarasan et al. (2022) 

provide a holistic framework for SCV based on a 

literature review of SCV articles. Th e authors also 

synthesised barriers and challenges as one of four 

categories of their SCV framework. In particular, 

the challenges of SCV in distribution or retail logis-

tics require more investigation. 

Th erefore, we provide a synthesis of SCV chal-

lenges in a systematic literature review, focusing 

specifi cally on distribution logistics. Th erefore, the 

following research question is proposed: “Which 

challenges inhibit SCV in distribution logistics?”.

Th is study aims to identify these challenges and 

suggest potential areas of action. Figure 1 illustrates 

the scope of research of this article. 

Figure 1 Scope of research within the supply chain

Source: Authors 
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Th is article is structured into the following sec-

tions: First, the theoretical background of SCV is 

explained. Th en, the systematic literature review 

methodology is described before presenting the 

literature fi ndings. Finally, the results and implica-

tions are discussed and summarised, and sugges-

tions for further research are given.

2. Theoretical background 

Supply chain visibility is known as a key success fac-

tor for modern supply chain management. Defi ni-

tions are proposed rather ununiformed in academ-

ia. Th e following section gives a short overview and 

working defi nitions.

2.1 Conceptual understanding of SCV 

SCV can be defi ned as the capability of compa-

nies to manage access to data and information. 

Moreover, it is the capability to identify locations 

and delivery status of entities in real-time to reveal 

planned and unplanned events (supply chain event 

management). Th is can improve decision-making 

(Francis, 2008, p. 182; Goh et al., 2009, p. 2549) 

and supply chain resilience (Roy, 2021, p. 25). So-

dhi and Tang (2019) understand SCV as the ability 

of companies to identify information about enti-

ties transiting upstream and downstream supply 

chains, while supply chain transparency refers to 

the disclosure of information about products and 

operations to groups of interest such as consumers 

or investors (Sodhi & Tang, 2019, p. 2948). 

SCV is both a prerequisite (cf. Otto, 2003; Roy, 

2021, p. 25) and an outcome of information sharing 

(Moshood et al., 2021, p. 9). Moreover, visibility can 

be linked to specifi c elements. For example, Goh et 

al. (2009, p. 2550) specify SCV in terms of visibility 

of “process”, “inventory”, “demand,” and “exception”. 

In summary, there are various defi nitions of the 

term SCV in scientifi c literature, which remain in-

consistently defi ned. In this article, the defi nition of 

SCV is used in line with Francis (2008, p. 182), Goh 

et al. (2009, p. 2549), and Roy (2021, p. 25).

2.2 Benefi ts and characteristics of SCV

Various reasons lead to the need for increased sup-

ply chain visibility. In complex supply chain net-

works, SCV enables improved planning of activities 

and business processes or strategic competencies of 

companies (Bartlett et al., 2007, p. 308f.; cf. Somapa 

et al., 2018). Th is can lead to increased effi  ciency, 

profi tability, cost reductions, and higher market 

valuation (Sodhi & Tang, 2019, p. 2949f.; Swift et 

al., 2019, p. 423f ). Moreover, increased SCV can 

improve supply chain performance (Bartlett et al., 

2007, p. 308f.). SCV can improve customers’ per-

ception, especially in case of reputation loss (Sodhi 

& Tang, 2019, p. 2949f.). In addition, it can enhance 

customers’ loyalty through off ered and disclosed 

information enabled by SCV (Pundir et al., 2019, p. 

0156f.).

Supply chain performance indicators such as ser-

vice level, cost, quality, and time have been assessed 

to measure SCV (Caridi et al., 2014, p. 2). Further-

more, theft or loss and counterfeiting of goods can 

be avoided by functioning SCV. Specifi c physical 

information about goods transhipped, such as tem-

perature or humidity, can be controlled (Pundir et 

al., 2019, p. 0156f.). Th erefore, a higher level of SCV 

leads to improved supply chain risk management 

(Sodhi & Tang, 2019, p. 2949f.).

Somapa et al. (2018, p. 329) distinguish character-

istics of SCV between automational, information-

al, and transformational characteristics. Th e fi rst 

characteristic refers to companies’ ability to access 

information through the automatic and electronic 

capture and transmission of data and informa-

tion. Th e second characteristic encompasses the 

need for a certain quality of information in terms 

of “accuracy, timeliness and completeness of in-

formation” (Somapa et al., 2018, p. 329). Caridi et 

al. (2010, p. 600f.) described information quality in 

terms of time-related aspects, which refer to nov-

elty, timeliness, and validity aspects regarding accu-

racy. Th e last characteristic refers to the exchange 

of information in terms of its real use (Somapa et 

al., 2018, p. 329).

3. Methodology 

Th e methodology of this article follows a qualitative 

content analysis (QCA) to build a literature review. 

Qualitative approaches are especially appropriate 

in supply chain research, as they off er the possibil-

ity to deeply understand, extract and systemise the 

complex supply chain reality into explicit knowl-

edge and theory due to the interpretative paradigm 

of qualitative research. In doing so, they off er a bet-

ter understanding of supply chain complexities and 

operations (Trautrims et al., 2012, p. 838f.). Quali-

tative approaches allow identifying elements and 
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their interrelations in the investigated area from 

an informant-centred perspective, as those persons 

are forming the specifi c reality, which is under re-

search. For this reason, there is qualitative rigour, 

as the theoretical fi ndings are based on informant-

centred fi ndings (Gioia, 2021, p. 23f.). 

For extracting information from already existing 

studies, we use both guidelines for systematic lit-

erature analyses (cf. Tranfi eld et al., 2003; cf. Wat-

son et al., 2018) and the methodology of qualitative 

content analyses (cf. Schreier, 2012; cf. Gioia et al., 

2013; cf. Mayring & Fenzl, 2019; cf. Gioia, 2021). 

Th e former is for the selection process of the ar-

ticles to be included, the latter for their in-depth 

analysis. 

3.1 Data Collection

Relevant articles for the subsequent QCA need to 

be identifi ed by planning an appropriate data search 

process, which is based on the research question of 

this article, mentioned in section 1. Th is is followed 

by a selection of search terms and databases. In ad-

dition, a search strategy is needed to select articles 

based on inclusion and exclusion criteria. Th ere-

fore, the search terms are selected and linked with 

“OR” and “AND” to either alternate or combine 

them as follows:

TITLE-ABS-KEY ((“Supply chain” OR “logistics”) 

AND (“visibility” OR “transparency”) AND (“retail-

ing” OR “distribution” OR “fulfi lment” OR “fulfi ll-

ment”)).

Th ese search terms must be in the title, abstract and 

keywords of articles and were searched in the Sco-

pus database, resulting in 457 articles. Th en, fi lters 

were selected by documentation type: academic 

journal and conference paper; publication stage: 

fi nal; subject area: business, management and ac-

counting; language: English; and publication years: 

2000-2022. 

An initial sample of 121 articles remained. All 121 

articles were downloaded into a Microsoft Excel 

spreadsheet. To reduce the number of articles to 

suitable titles, abstracts and fi ndings that match the 

research question and scope, articles with the fol-

lowing criteria were excluded:

• Mathematical or statistic models/simulations 
without thematic reference to SCV;

• No focus on logistics or retail/distribution;

• Insuffi  cient reference on the topic of SCV in 
general.

43 articles remained. During the reading process, 

17 articles were excluded as they did not contain 

information relevant to this research.

Finally, 26 articles remained that were appropriate 

for the coding frame of the QCA (Figure 2).

Figure 2 Search strategy for article selection 

Source: Authors 
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3.2. Data Analysis

Th e tool MAXQDA was used for conducting the 

QCA. Th erefore, the 43 articles were uploaded to 

the MAXQDA application. By analysing all 26 ar-

ticles line by line, relevant information (=codes) 

regarding our research question was systematically 

extracted. By iteratively reviewing the gathered in-

formation, patterns of unique and common aspects 

emerged, which allowed the further systematic ag-

gregation of information into higher level knowl-

edge in an inductive way (Schreier, 2012, p. 60; 

Gioia, 2021, p. 24). 

After extracting the codes, they were summarised 

into paraphrases to condense them and avoid re-

dundancies (Schreier, 2012, p. 107; Gioia et al., 

2013, p. 20-22). Th en, these paraphrases were it-

eratively reviewed and categorised into fi rst-order 

concepts based on their commonalities and diff er-

ences. Th ese were again combined and assigned to 

second-order themes (Gioia, 2021, p. 25). In the 

next step, the second-order themes are aggregated 

into aggregated dimensions. First-order concepts, 

second-order themes, and aggregated dimensions 

build a data structure which captures the methodo-

logical and theoretical development of the analysed 

data from raw material to the aggregated dimen-

sions (Gioia et al., 2013, p. 20-22). Th e aim is a data 

structure that can lead to a better understanding of 

how all concepts and dimensions are related (Gioia, 

2021, p. 24-26). In the following chapter, the fi nd-

ings of the analysis are described based on the data 

structure represented in Figure 3.

Figure 3 First-order concepts, second-order themes, and aggregated dimensions 

Source: Authors

4. Analysis

Our analysis indicates that the challenges regarding 

SCV are routed in the dimensions of “inappropri-

ate processes & technologies and systems”, “lack of 

communication & trust”, and “insuffi  cient monitor-

ing & decision-making metrics”. Th ey are presented 

in-depth in the following section.
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4.1 Inappropriate processes & technologies and systems

4.1.1 Manual processes

Information technology budget constraints 

Information technology is an enabler for SCV (So-

mapa et al., 2018, p. 313). However, there is also a 

lack of simple and cost-eff ective solutions for small 

and medium enterprises (Azevedo et al., 2004). 

Advances in RFID and other technologies have 

been made in retail logistics (Gaukler et al., 2008), 

but they remain cost-intensive (Kwok et al., 2010; 

Ahmed & Omar, 2019). Th erefore, profi tability var-

ies (Bertolini et al., 2012) and cost-benefi t trade-off s 

hinder technology adoption (Goebel & Günther, 

2009). For instance, RFID is only profi table in dis-

tributing high-value products, e.g. expensive con-

sumer electronics and apparel (Goebel & Günther, 

2009). Another example shows that quality estima-

tion of bacteria in food is more cost-eff ective (Shi 

et al., 2010). 

People-related aspects

Manual processes such as barcode scanning can be 

cost-intensive due to labour requirements (Gaukler 

et al., 2008). In addition, ineffi  ciencies in existing 

operations occur due to manual procedures, lead-

ing to the loss of information, duplicate and incor-

rect data, or their unauthorised disclosure (Choy 

et al., 2007; Schenk & Clausen, 2020). Hence, it is 

important to encourage employees in new system 

implementation (Chen et al., 2014). Acceptance of 

new technologies is, however, a challenge for creat-

ing transparency. For this reason, local automotive 

vendors, for example, delay system implementation 

(Ahmed & Omar, 2019).

4.1.2 Inadequate logistics technologies & information 
systems dimension

Limited interoperability 

Improvement of SCV can be limited regarding the 

technical interoperability of information technolo-

gies. For example, barcodes do not provide rewrit-

able data storage, and data loggers do not provide 

an identifi cation function (Papert et al., 2016). 

Furthermore, barcodes have limited information 

density (Papert et al., 2016). Other information 

identifi cation technologies, such as RFID, can be 

read automatically compared to barcodes, but ac-

tive RFID tags are limited due to their limited 

lifetime, larger size, and higher cost (Delen et al., 

2007). Dealing with the amount of real-time data, 

e.g. converting RFID data into usable information 

for new decision-making tools, can be challenging 

(Ranky, 2007). 

Moreover, information and data storage technolo-

gies, such as cloud systems, are not always compat-

ible with other key information systems (Suherman 

& Simatupang, 2017). 

Information technologies can be limited due to dis-

ruptions in information transmission beyond dis-

tribution sites. Goods and their location status are 

often not visible during transportation (Suherman 

& Simatupang, 2017). Information at the distribu-

tion centre level can be transmitted via a wireless 

connection to the internet. However, during trans-

port, information transmission depends on satellite 

communication or cellular network infrastructure, 

which is less cost-intensive but has lower coverage 

(Shi et al., 2010).

Inappropriate systems 

Information systems can be inappropriate for im-

proving SCV. For example, ERP systems can be 

unsuitable for dynamic supply chain management 

and may become a strategic disadvantage if not 

fully exploited, according to Seethamraju (2009). 

In addition, legacy systems or systems that are not 

integrated can become a major obstacle (Howard 

et al., 2005). Systems should be driven by suitable 

aspects, e.g. by orientation towards order demand 

instead of inbound or production logistics (Howard 

et al., 2005). 

Moreover, software packages may not always pro-

vide the full support required due to clear gaps in 

planning and coordination activities (Azevedo et 

al., 2004). 

Finally, inadequate implementation of information 

systems leads to ineffi  cient visibility and transpar-

ency (Suherman & Simatupang, 2017; Ahmed & 

Omar, 2019).

4.2 Lack of communication & trust
4.2.1 Information gaps

Poor data quality

Information can be unreliable and unavailable 

(Ahmed & Omar, 2019). Consequently, a lack of in-

formation quality can aff ect performance measure-

ment (Choy et al., 2007), especially if the metrics 

are not well defi ned (Munoz & Clements, 2008). 
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Lack of real-time information 

Lack of correct, accurate, and timely information 

leads to various issues regarding supply chain un-

certainties (Choy et al., 2007). Current systems may 

not fully provide real-time information across sup-

ply chain networks, which is required for promised 

delivery due dates to customer orders, early warn-

ing systems across the supply chain network, large 

overstocks, long throughput times, and reduced 

responsiveness to unplanned events (Azevedo 

et al., 2004). In addition, inaccurate inventory in-

formation due to poor process quality, theft, and 

spoilage require real-time information (Delen et al., 

2007), which can reduce bullwhip eff ects (Jonsson 

& Mattsson, 2013). However, supply chain metrics 

are not suffi  ciently related to customer satisfaction, 

and metrics are not regularly monitored (Munoz & 

Clements, 2008).

Lack of information access

Information sources and access to information can 

vary, leading to information asymmetries (Ahmed 

& Omar, 2019). In particular, event information can 

still be exchanged via email or telephone, accord-

ing to Ranky (2007). In addition, separate systems 

used by trading partners can lead to duplicate data 

(Howard et al., 2005).

Lack of process fl exibility in adapting to changing 

supply chain confi gurations, inadequacies of tech-

nology interfaces to complement enterprise sys-

tems, lack of trust between supply chain partners, 

and lack of advanced decision support capabilities 

are challenges (Seethamraju, 2009). Th e latter, in 

particular, is often based on incomplete data, which 

leads to decision-making based on individual ex-

perience. Furthermore, these are entered manually 

into the system (Schenk & Clausen, 2020). Con-

sequently, individual decision-making can lead to 

perturbation in the fl ow of goods (Munoz & Cle-

ments, 2008).

4.2.2 Supply chain collaboration uncertainties

Supply chain integration

Within supply chains with a large number of mem-

bers, insuffi  cient information sharing in terms of 

unclear and unreliable information due to a low 

level of integration leads to information distortion. 

Th is leads to asymmetries in collaboration (Ahmed 

& Omar, 2019). Th erefore, eff ective information 

sharing depends on supply chain integration (Fa-

torachian & Kazemi, 2021). Moreover, trust is con-

sidered an important challenge in supply chain risk 

management (Seethamraju, 2009). On the other 

hand, trust is a prerequisite and enabler for visibil-

ity and transparency (Seethamraju, 2009; Hammer-

voll & Bø, 2010; Chen et al., 2014; Ahmed & Omar, 

2019). Jüttner & Maklan (2011) suggest visibility 

as part of supplier contracts to avoid information 

not being shared. However, Ahmed & Omar (2019) 

note that trust cannot be guaranteed through con-

tracts. 

Supply chain complexity

Uncertainties in information fl ows are caused by 

complexities in supply chain networks. Th ese can 

generally result from a lack of adequate legisla-

tion, diff erent currencies, diff erent economic poli-

cies, diff erent business cultures, diff erent technical 

standards, and diff erent infrastructure (Bogataj & 

Bogataj, 2004). 

Moreover, real-time information is essential for ac-

curate monitoring by track and trace but cannot be 

fully transferred to the entire supply chain network 

(Schenk & Clausen, 2020). It is, for example, impos-

sible to identify the fl ow of goods and source detec-

tion of counterfeit distribution, according to Kwok 

et al. (2010).

4.3 Insuffi  cient monitoring & decision-making metrics

4.3.1 Inconsistent formalisation

Lack of standardisation 

Standards play an important role to ensure global 

readability. For example, a data matrix code is in-

tended for counterfeit-proof labelling of medicine 

in the EU (Papert et al., 2016). However, collabo-

ration can be restricted by the lack of standards 

(Seethamraju, 2009). Both developed and under-

developed countries seek greater transparency 

to improve business, operations, fi nance, legal, 

and purchasing. Th erefore, formalisation enables 

transparency in other countries (Ahmed & Omar, 

2019). Th us, a lack of standards of protocol and 

data formats, such as EPC, can become a major 

barrier for suppliers if not used (Howard et al., 

2005). For instance, the EPC standard is RFID’s 

most commonly used data representation (Delen 

et al., 2007). 
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Insuffi  cient policies 

Policies can infl uence SCV requirements (Papert et 

al., 2016). From a global point of view, there is a lack 

of regulatory aspects in the use of IoT-based data, 

e.g. policies and laws on data sharing (Srivastava et 

al., 2019). For instance, traceability requirements 

may be voluntary rather than mandatory, resulting 

in less traceability due to reduced participation (Shi 

et al., 2010). Insuffi  cient information-sharing in-

centives can lead to information manipulation and 

distortion (Wan & Sanders, 2017).

In addition, RFID technology is dependent on the 

transmitting power, which is infl uenced by legal 

regulations of diff erent countries, e.g. diff erent fre-

quencies (Kwok et al., 2010).

4.3.2 Data sharing and monitoring limitations

Relinquishing control 

Trust and confi dence are important for both sup-

pliers and customers (Choy et al., 2007). However, 

implementing information-intense concepts like 

VMI or CPFR can result in a lack of trust between 

trading partners (Th ron et al., 2006).

Trading partners can be afraid of relinquishing 

control. Th ey struggle to share sensitive informa-

tion. For instance, OEMs sell products to compet-

ing retailers. Th erefore, the retailers do not want to 

share sensitive information with the OEM (Th ron 

et al., 2006). 

Reluctance to provide data

Given the risk of losing business, there is a confl ict 

between sharing sensitive data and value creation 

(Seethamraju, 2009). Th erefore, trading partners 

are reluctant to communicate and exchange for-

mal and informal information (Hammervoll & 

Bø, 2010). Consequently, data sharing needs to be 

consistent, otherwise, visibility undermines trust, 

which has a negative impact on relationship man-

agement and monitoring. Th us, it proves to be a 

major challenge (Gunasekaran & Ngai, 2004). 

5. Discussion

Th e results underline that cost-benefi t trade-off s 

hinder the implementation of new technologies 

and systems (Goebel & Günther, 2009). However, 

manual or semi-manual processes, such as barcode 

scanning, can lead to ineffi  ciencies due to loss of 

information or duplicate data. Despite the existing 

opportunities for greater digitalisation, there are 

still activities where information is manually en-

tered into systems instead of using automated solu-

tions (Choy et al., 2007; Schenk & Clausen, 2020). 

In addition, the transmission of information 

through legacy systems leads to inconsistent in-

formation sources. Th ere is a trade-off  between 

cost-intensive manual processes, the use of legacy 

systems, and the cost-intensive or time-consuming 

adoption of new technologies and systems.

However, encouraging and empowering employees 

to adopt technologies and systems proves to be a 

challenge. Practitioners should take time to train 

their employees and focus on adequate and com-

prehensive onboarding programmes to avoid a lack 

of understanding of technologies.

RFID technology appears very frequently in the 

articles analysed. Th us, there has been a strong in-

terest in RFID in combination with SCV in recent 

years (cf. Chanchaichujit et al., 2020). Th is technol-

ogy may have the potential to improve SCV, but it 

also has its drawbacks, e.g., cost-benefi t trade-off s, 

diff erent frequencies, and standards on a global 

level. RFID can be a suitable technology for real-

time information visibility, but it has its technical 

and regulatory limits for implementation across a 

whole supply chain network. Th us, RFID may be 

appropriate for (fi nished) high-value products (cf. 

Goebel & Günther, 2009). 

Even though RFID appears very frequently in the 

analysis, it is not the only solution. Practitioners 

should investigate which technologies are suitable 

for themselves, their suppliers, and customers to 

enable the integration of technologies and informa-

tion systems for improved SCV.

Trust is a frequently mentioned aspect regarding 

challenges in the analysis. Trust is a challenge for 

SCV, especially for the customer- and supplier-re-

lated factors (Choy et al., 2007; Th ron et al., 2006). 

In this context, there is a fear of relinquishing con-

trol between trading partners (Th ron et al., 2006). 

Th e results show that trading partners have diffi  -

culties in communicating and sharing information. 

Trust can be an enabler and prerequisite of SCV, 

e.g., as a basis for information sharing. Both per-

spectives, trust as a challenge and trust as a prereq-

uisite, should be equally considered for improving 

SCV. Th us, communication between trading part-

ners should be improved. For instance, neutral enti-
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ties that provide communication and data-sharing 

platforms between trading partners may support 

this.

Insuffi  cient incentives for truthful data or informa-

tion sharing can lead to complexities based on cul-

tural or infrastructural diff erences across the sup-

ply chain and low supply chain integration. Th ese 

can result in low levels of SCV. Moreover, policies 

related to traceability requirements can be more 

voluntary rather than mandatory, leading to low 

participation and, thus, less transparency. Practi-

tioners and researchers should examine technical 

and regulatory limitations on a use-case basis to 

fi nd detailed solutions for appropriate incentives to 

achieve greater visibility.

A lack of real-time information needed for early 

warning systems and decision-making capabilities 

can lead to decision-making based on individual 

experiences, resulting in disruptions in the fl ow of 

goods (Munoz & Clements, 2008; Schenk & Claus-

en, 2020). Th us, there is a lack of adoption of ad-

vanced decision-support capabilities (Ranky, 2007; 

Seethamraju, 2009).

Poor data quality can result from undefi ned and 

not regularly monitored metrics, leading to a lack 

of knowledge and negatively impacting perfor-

mance measurement. However, accurate monitor-

ing across multiple nodes in a supply chain network 

is very diffi  cult to achieve due to the complexity of 

supply chain structures (Schenk & Clausen, 2020). 

Both practitioners and researchers should inves-

tigate existing metrics and look for appropriate 

metrics for performance measurement and deci-

sion-making. Th e changes that have taken place 

in recent years in terms of operational processes, 

technologies, big data, and external circumstances 

require appropriate metrics for regular monitoring 

of physical and information fl ows to enable better 

decision-making. 

6. Conclusion

In this article, a literature review of existing ar-

ticles on SCV was conducted. 26 articles from an 

initial sample of 121 articles were analysed through 

qualitative content analysis. Th e research question 

“which challenges inhibit SCV in distribution logis-

tics?” can be answered with our above-mentioned 

aggregated dimensions “inappropriate processes & 

technologies and systems”, “lack of communication 

& trust”, and “insuffi  cient monitoring & decision-

making metrics”. Th e following presents the theo-

retical contribution, managerial implications, limi-

tations of this study, and further research areas.

Th e main fi ndings show that trust between trading 

partners is both a prerequisite and a challenge for 

SCV. Better communication and more trust could 

be achieved through neutral entities. RFID technol-

ogy can have great potential for SCV, but imple-

menting it in a whole network is a challenge. Th us, 

RFID might be appropriate for (fi nished) high-val-

ue products. Which SCV technology is suitable for 

users and their suppliers and customers should be 

investigated on a use-case basis. Furthermore, de-

spite the possibilities of digitalisation, manual pro-

cesses will remain because of a trade-off  between 

the costs of existing manual processes and the costs 

of implementing new technology. Focusing on ap-

propriate training, onboarding and empowerment 

could be a way to gain employees’ understanding 

and trust. Decision-making can be based on indi-

vidual experiences. Metrics can be undefi ned or 

insuffi  ciently monitored. However, accurate moni-

toring across an entire supply chain network can be 

challenging, e.g., due to the complexity of the sup-

ply chain and the limitations of supply chain inte-

gration. Technological and regulatory occurrences 

require improved incentives to enable SCV. In ad-

dition, metrics should be reconsidered and adapted 

to current requirements for monitoring to improve 

decision-making on performance measurement 

and SCV.

Th e results provide an overview of SCV challenges 

in distribution logistics. Kalaiarasan et al. (2022) 

provide a holistic SCV framework, which also sug-

gests dimensions and sub-dimensions of challenges. 

Our fi ndings complement this existing framework 

related to distribution logistics. Th us, the challeng-

es of SCV in distribution logistics are synthesised 

and can serve as an overview and extension of the 

current literature on SCV. Our fi ndings can be con-

sidered for further studies. For example, detailed 

solutions to overcome the challenges can be sought 

in the recommended fi elds of action. To comple-

ment our fi ndings, further studies could expand 

the research scope by considering procurement, 

production, and reverse logistics. Another idea for 

further studies is that industry-specifi c challenges 

could be analysed and compared. 

Th is study is limited in scope. In general, the selec-

tion of search terms already limits the articles found 

for the analysis at the beginning. A literature review 
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with other search terms may fi nd other articles and 

thus diff erent or additional results. Th erefore, we 

ask for further studies to investigate if the results 

are also meaningful for other logistics phases. In 

addition, the analysis includes publications from 

the year 2004. Th erefore, synthesised statements 

may be outdated in practice. Empirical research on 

our SCV challenges can lead to both further and 

current challenges and their solutions to address 

them. Moreover, RFID technology appears very fre-

quently in the results of this study because it has re-

ceived strong interest in the academic literature in 

recent years. Further studies should focus on other 

information technologies regarding the challenges 

of SCV.

New developments regarding technologies like 5G 

networks, connecting physical units like pallets, 

boxes, and parcels using telecommunication de-

vices, camera-based vision systems at point-of-sale 

and in warehouses, avoiding manual scanning as 

well as information exchange, using blockchains or 

Artifi cial Intelligence (AI) and Big Data analytics all 

impact and drive SCV. However, further challenges 

may arise with the implementation, which should 

be thoroughly assessed.
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Abstract

 Purpose: Th e current environment of globally interconnected supply chains, the dynamics of changes and 

potential threats signifi cantly reduce the time for a possible response. At the same time, there is a growing 

demand for information necessary to mitigate the consequences. To minimise the damage and increase 

the resilience of supply chains, it is necessary to identify sources of threats promptly, the extent of possible 

damage and the possibility of preventing or minimising their impact. Th e aim of the paper is to structure 

supply chain threats and search for appropriate datasets for prevention.

Methodology: Th e paper analyses the state-of-the-art through a comprehensive literature review and dem-

onstrates secondary data about how free-access business data can be used as Early Warning Signals to 

forecast supply chain disruptive events, with a particular focus on international maritime transportation. 

Results: It was confi rmed that companies can access many open datasets, and collecting and aggregating 

these data can improve their preparedness for future disruptive events. As the most important issue, the 

authors defi ned the selection of proper datasets and interpreting results with foresight.

Conclusions: Identifying and analysing the relevant Early Warning Signals by companies to prevent supply 

chain disruptions are essential for keeping their supply chains sustainable and their resilience on a suffi  -

cient level. It was proved that general business indicators (PMI delivery time, container capacity, infl ation 

rate, etc.) can help to signal the increasing possibility of maritime traffi  c problems in ports and container 

unavailability as usual supply chain disruption types in recent years. Th erefore, the companies in the supply 

chains need to fi nd, collect and analyse the appropriate data, which are, in some cases, free and available. 

However, it is a substantial task for data analysts to identify the most relevant data and work out the analyti-

cal methodology which can be applied as Early Warning Systems (EWS).

Keywords: Supply chain resilience, big-data analytics, high-impact low probability events, early warning signals

1. Introduction

Resilience is vital for designing and managing vi-

able value-creation networks (Ivanov, 2021). In the 

global market, supply chains compete with each 

other, and their extent and complexity are a major 

concern from optimisation, design, effi  ciency or 

resilience points of view, even on the level of indi-
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vidual companies or the entire supply chain (Dujak, 

2019). Th e ability of global supply chains to be re-

silient and fl exible is indispensable since they face 

a wide range of threats, uncertainties, and sudden 

shifts in case the time and necessary resources for 

an adequate reaction are limited. Th erefore, supply 

chains should be interpreted in a systems theory 

context. Supply chains today have to operate in a 

particularly turbulent environment. An important 

issue in such circumstances is the supply chain’s 

ability to successfully maintain its operations while 

adapting to a dynamically changing environment. 

Th e paper has the following structure: in the litera-

ture review part, the supply chain disruption ap-

proaches will be introduced, followed by the role of 

digital technologies in managing the supply chains, 

as well as big data analytics and how it can sup-

port supply chain management and what role early 

warning systems (EWS) can have in preventing dis-

ruptions. Th e following section will introduce the 

methodology. Since this is a theoretical paper, the 

framework we built is an example of using EWS to 

prevent disruptions in maritime transportation was 

identifi ed as a key process in global supply chains. 

Finally, in the Conclusions, the fi ndings and the rel-

evance of the framework will be discussed as well as 

the limitations of the study.

2. Literature Review

To analyse the current state-of-the-art knowledge, 

professional publications from international databas-

es of scientifi c publications, Web of Science (WoS) 

and Scopus were primarily used. At the same time, 

analyses of consulting companies and professional 

portals were reviewed. Open databases of the OECD 

and the World Bank were used as data sources.

2.1 Supply Chain Disruption Approaches

In the paper, the authors investigate how big data 

analytics can help supply chains become resilient to 

disruptive events. Many signifi cant infl uencing fac-

tors aff ect the supply chain´s overall performance 

and long-term operational sustainability. A very 

appropriate categorisation of factors causing sup-

ply chain disruptions is found in Tang, Teo and Wei 

(Tang et al., 2008, pp. 206-208; Tulach & Foltin, 

2020) and their three main categories:

- Chain deviations: a change in one or more 

control parameters, such as changes in 

costs, demand, or delivery times within the 

supply chain, without a change in the logis-

tics chain’s original structure;

- Chain disruption: a signifi cant change in 

the supply chain structure due to the un-

availability of some logistics nodes or their 

edges due to unexpected events caused by 

human or natural factors;

- Disruption due to a disaster: temporary ir-

reversible closure of the supply network 

due to an unexpected, unforeseen disaster, 

which may cause total disruption of the 

functionality of logistics nodes and trans-

port capabilities.

Th reats might originate in various sources for sup-
ply chains. Th ey can be irregular, catastrophic, 
or hybrid, emerging from hostile intentional or 
non-intentional activities, e.g., natural or disasters 
(Freier, 2008, p. vii). Supply chain disruption can 
be experienced inside or outside the supply chain 
(Narasimhan & Talluri, 2009). It can be intentional 
or unintentional (Foltin, 2011) and might concern 
supply chain fl ows like materials fl ow, information 
fl ow, knowledge fl ow, control and coordination fl ow 
(Neiger et al., 2009). Several research teams have 
also dealt with the consequences of catastrophic 
events (Knemaver et al., 2009) and the consequenc-
es of socioeconomic, political, man-made and natu-
ral disasters (Singh & Singh, 2019). 

At the same time, the supply chains are exposed to 
disruptions, and usually, at some point, a warning 
about potential or upcoming problems is needed 
(Vries et al., 2021). Th e usual way of dealing with 
the need to predict potential disruptions of sup-
ply chains is to involve a group of experts to con-
tinuously evaluate changes in supply chains and the 
conditions of their operations (Jalowiec, 2020). Th e 
team of experts constantly monitors and evaluates 
these changes. In case of a threat of disruption or 
change in the chain’s functionality, they give ap-
propriate recommendations. Th e advantage of this 
approach is the high professional level of advice. 
However, their preparation is lengthy; it requires 
endless meetings and discussions with experts, so 
this method is also expensive.

Th e complexity of supply chains indicates that their 
management necessitates complex technological 
applications. Data about the material fl ows, data 
quality requirements and the need for information 
sharing between all logistics nodes become the ob-
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ligatory requirement for value creation and supply 

chains’ long-term operational sustainability. Th e 

decision-making process of planning and managing 

the supply chains/ networks also requires overall 

analytical support (Diop et al., 2021). Next to iden-

tifying risks threatening supply chains, managing 

such risks in global supply chains is also a hot topic. 

Its process is (1) identifying risk sources, (2) defi n-

ing the circumstances under which such risks can 

occur, (3) estimating the potential consequences, 

and (4) providing possible routes to mitigating and 

handling these consequences (Tang et al., 2008, p. 

210). Digitalisation might off er plenty of possibili-

ties to support these activities.

Th e number of individual supply chain elements 

and their interconnections create a complex system 

which might also carry an inherent risk (Vlkovský, 

2019). Th erefore, it is substantial to identify the 

supply chain´s overall capabilities to defi ne threats 

and sources of disruption, with the potential to im-

prove resilience and long-term operational sustain-

ability. Furthermore, the identifi cation and recogni-

tion of unexpected events is a precondition for the 

possibility of managing the supply chain resiliently.

2.2 Role of Big Data in Supply Chain Management

Due to the overall complexity of the supply chains 
and the whole set of infl uencing interconnected 
factors, digitalisation can help to monitor the sup-
ply chain environment, create transparency and 
optimise processes (Ivanov et al., 2019; Bahrami & 
Shokouhyar, 2021; Modgil et al., 2021). Th ese can 
contribute to a better understanding of the behav-
iour of individual entities within the supply chains.

Tseng et al. (2021) and Diófási-Kovács (2021) state 
that sustainable supply chain operations can be fa-
cilitated by the digital support of labour and manu-
facturing processes, diverse digital platforms, and 
extending digital communication. Core digital tech-
nologies like the Internet of Th ings (IoT) make the 
collection and exchange of large-scale data and the 
transmission of processing systems possible (Birkel 
& Hartmann, 2020). Additive technologies like 3D 
printing enable shorter lead times and manufactur-
ing fl exibility, increase product customisation, and 
reduce inventory (Ivanov et al., 2019). High levels 
of digital supply chain integration also can improve 
companies’ fi nancial performance and positively 
impact sustainability (Tseng et al., 2021; Negri et 
al., 2021). Digital technologies might impact supply 
chain risk management positively in numerous ways.

Th e next chapter focuses specifi cally on Big Data 
from among all digital technologies. Big Data is cre-
ated in multiple organisational processes in high vol-
ume, with high velocity and in a wide variety, which 
exceeds the capabilities of traditional data process-
ing systems (Wang et al., 2016). Th e most signifi cant 
impact of digitalisation is the possibility to capture, 
share, and process it. Data on its own is not worth 
much, and systems are needed that can process it. 
It will be explored how Big Data Analytics, as an 
important feature of digitalisation, can support the 
maintenance of supply chain security. Th e paper 
aims to present and propose the construction of a 
system to anticipate unexpected adverse events and 
thereby improve the resilience of supply chains.

2.3 Role of Big Data and Early Warning Systems in 
Preventing Supply Chain Disruptions

Th ere are many forms of digital technologies in 
the supply chain that can help increase communi-
cation, collaboration, and the effi  ciency of infor-
mation sharing. Th e widespread use of platforms 
raises agility, reliability, and effi  ciency while man-
aging risks (Tseng et al., 2021). Big Data Analytics 
includes technologies, skills, and practices to struc-
ture and process data and provide helpful informa-
tion for decision-makers. 

Identifying risks threatening the supply chain is 
crucial when estimating the likelihood of disruptive 
events and possible consequences (Rehak, 2016). 
Th e management also has to assess the conse-
quences, their magnitude, nature, complexity, and 
connectivity; all have to be studied in preparation 
for the possible occurrence. Th e volatility and time-
related factors of threats should also be considered, 
as well as the eff ectiveness of the existing control 
mechanisms. 

Th e paper focuses on how Big Data Analytics 
(BDA) can support these processes, what kind of 
data and from what sources should be collected and 
processed as Early Warning Signals to gain helpful 
information in preventing risks and helping supply 

chains to become resilient.

2.4 Use of Early Warning Systems

Scholars have already started to deal with how to 
use early warning systems in the supply chain. Th ere 
are several case studies in the food industry on how 
EWS can help to predict quantity and quality prob-
lems (Li et al., 2010; Beulens et al., 2006) and iden-
tify the extent of risks (Xu et al., 2010). EWS can 
also be helpful in the fashion industry in predicting 
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a range of risks – information, demand, supply, and 
environmental (Sumei, 2010) – and is also used in 
preventing customer loss (Lo & Hong, 2012). Cus-
tomer churn detection is crucial in the banking and 
insurance sectors (Er Kara et al., 2018). Genc et al. 
(2014) studied an EWS to assess risks threatening 
production control, and Jahns et al. (2006) consider 
it a suitable tool for anticipating unexpected events 
in supply management. 

Although examples can be found in the literature for 

EWS application for specifi c problems in the supply 

chain, the supply chain-level prediction and system-

atic analysis of disruptive events are not addressed 

yet. Th is study aims to fi ll this gap and provide a 

framework for using free access data as Early Warn-

ing Signals to prevent disruptive events in the mari-

time transportation process of global supply chains.

2.5 Role of EWS in Preventing Supply Chain Disrup-
tions

Developing the analytical capabilities of supply 
chains and placing a strong emphasis on ensuring 
that they have the knowledge and decision-making 
capacity to deal with diffi  cult situations allow them 
to operate resiliently (Modgil et al., 2021). How-
ever, the availability of large amounts of data tends 
to make the decision-makers’ job diffi  cult nowa-
days. Th erefore, there is a strong need for building 
BDA systems capable of fi ltering, structuring, and 
analysing data in large volumes, variety, and from 
various sources (Demeter et al., 2021). Wamba et al. 
(2017) indicated that infrastructure, management 
skills, and staff  expertise are needed to use BDA to 
the correct standard.

According to the limited case studies, Ford (Simchi-
Levi et al., 2014) and IBM (Lu et al., 2015) use vari-
ous quantitative modelling approaches to predict 
disruptive events threatening their supply chains. 
However, unexpected events signifi cantly impact 
supply chain functionality – such as an earthquake 
or terrorist act – but are impossible to build ac-
curate forecasting systems (Fattahi & Govindan, 
2020). BDA can support the resilience of supply 
chains in numerous ways. According to Papado-
poulos et al. (2017), big data has great potential for 
fi nding appropriate recovery strategies and for sup-
ply network management. Bahrami and Shokouh-
yar (2021) consider the most outstanding achieve-
ment of BDA the fact that it provides a deep insight 
into understanding the changes of the business and 
market environment, which allows companies to 
prepare for disruptions.

After reviewing the literature, it was found that 
although there are isolated examples of Big Data 
used in Early Warning Systems (EWS) in the sup-
ply chain, their prevalence and theoretical develop-
ment are far from complete. 

3. Research Aims and Methodology 

Th e possible supply chain disruptions represent 
threats to the overall capabilities of the long-term 
sustainability of business continuity. As seen from 
the literature review, the range of threats to supply 
chains is very wide and it is not possible to address 
them in the same way. To this end, the analysis is 
narrowed down to the transportation process, a 
critical supply chain process that spans the entire 
supply chain from upstream to downstream. At the 
same time, the time horizon is crucial. Th e shorter 
the time horizon, the more accurate the possibility 
of prediction can be. On the contrary, in a longer 
time horizon, the probability of predicting poten-
tial threats and disruption of distribution chains is 
signifi cantly lower.

In the era of global supply chains, transportation is 
particularly important, with maritime transport be-
ing the main performer of the fl ow of goods between 
global regions. Consequently, the success of this pro-
cess is a key determinant of supply chain performance. 
It is therefore addressed in detail in this paper.

Th e study will focus on the type of intentional dis-
ruptions that poses a particular threat to the inter-
national maritime fl ow of goods and will further 
examine what data sets are available to predict the 
likely impacts when this type of contingency occurs 
and what indicators can be used to infer the extent 

of the impacts when operating the supply chain.

3.1 Research Goal

Based on the identifi ed research gap, the primary 

eff ort was focused on identifying the suitable data 

sources and their interconnections, as well as the 

available BDA applications and their potential use as 

advanced prediction tools for possible supply chain 

disruptions. Th e focal question is how supply chains 

can prepare for unexpected adverse events and take 

advantage of the opportunities off ered by digitalisa-

tion to anticipate events that threaten them.

Th e study approaches the subject primarily from a 

theoretical point of view, and an EWS will be pro-

posed for supply chain disruptions. Th e research 

questions are the following: in case of a specifi c risk 
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type – e.g., intentional but non-sudden threats – 

what kind of (big) data is needed, and what kind of 

free access data is available for use as an EWS to 

predict the possible occurrence of a supply chain 

disruption in the global maritime transportation 

process. Th e goals of the presented research are:

1) How can big data be used to predict disrup-

tion in the transportation process of supply 

chains?

2) How can it be used to anticipate events and 

support preparedness?

3.2 Data

When we started to analyse the research question, 
we faced the problem that even though there are 
many information sources, there is a lack of struc-
tured data which can be used to predict potential 
supply chain disruptions and be used as an Early 
Warning Signal for early identifi cation of these 
threats. Th e lack of suitable data led the authors to 
the need to identify the main factors infl uencing the 
core tasks of supply chain management and the key 
aspects and factors infl uencing the performance of 
core supply chain processes.

A substantial question is how we can measure the 
performance of the supply chain processes, taking 
into account the uncertainty in their conditions 
and environment, and how to identify the possible 
sources of changes in advance (through the Early 
Warning Signals) to be able to identify the sources 
of potential disruptions and their probability.

Similar to critical success factors (Parmenter, 2015) 
and the proposed Key Result Indicators (KRIs), Re-
sult Indicators (RIs), Performance Indicators (PIs), 
and Key Performance Indicators (KPIs), the overall 
performance and eff ectivity of supply chain man-
agement can be assessed, based on previous results 
(past), results in real or almost-real time (present), 
with the possibility to forecast the future.

To fi nd appropriate data sources to forecast disrup-
tive events for maritime transportation in global 
supply chains, the authors overviewed the biggest 
economic shocks of the last decades having huge ef-
fects on supply chain operations, such as the reces-
sion in 2001-2002, the fi nancial crisis in 2009, the 
Hanjin Shg bankruptcy in 2016, and the Covid-19 
pandemic (Table 1). Based on the identifi ed big 
shocks, keywords were defi ned that can describe 
that specifi c shock. Th ese search words were ap-
plied in a bibliometric analysis in the Web of Sci-
ence (WoS) and Scopus databases to catch their 

eff ects on supply chains. All in all, the keywords of 
the big economic downturns of past decades and 
their supply chain eff ects serve as the basis to defi ne 
the appropriate Early Warning Signals for future in-
tentional but non-sudden supply chain disruptions.

3.3 Methodological Approach

Since this study is theoretical, the methodology is a 
proposal for constructing an EWS framework. As 
discussed earlier, a large amount of data is available, 
much of which is freely available. However, decid-
ing which data to select and from which source to 
predict a disruptive event is not always easy.

Th e authors have identifi ed a research gap through 
the literature review and, by using publicly avail-
able data as an example, developed an analytical 
framework for predicting a specifi c supply chain 
disruptive event which currently poses the greatest 
threat to maritime freight transport, namely port 
congestion and container shortages. To this end, an 
example is presented of how and what data should 
be collected and what signs indicate that the emer-
gency mentioned above is about to occur. For this 
purpose, past data from previous crises and the pat-

terns observed in those crises are examined.

3.4 Research Limitations

Th e presented research primarily focuses on the 
theoretical background and system analysis. Due to 
the lack of appropriate data, the individual research 
steps come from the mind-maps experiments. Th is 
approach could be mainly subjective, with the gen-
eral eff ort of objectifi cation. Th is objectifi cation 
could be considered a certain limitation of the re-
search results. 

Th e presented research is mainly theoretically fo-
cused on identifying possible interconnections be-
tween data availability, BDA, and EWS. At the same 
time, due to the lack of Big Data, there are certain 
research limitations because of using the theoreti-
cal mind-maps experiments, which from their pur-
pose, bring subjective considerations, which were 
objectifi ed in discussion with experts. For this rea-
son, this objectifi cation of the mind-maps experi-
ments could be considered the main limitation of 
research results, but it also brings new possible 
points of view.

Th e research is focused on intentional threats that 
can be at least partially predicted. In the case of 
natural disasters, the possibility of predictability is 
very limited in terms of the time and place where 
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they will happen and the extent of the impacts and 
aff ected actors. For this reason, the research is fo-
cused only on intentional sources of potential dis-
ruption of supply chains (Srinivasa, 2022).

4. Analysis and Results

Supply chain risk management has several inevita-

ble steps. Its process is (1) identifying risk sources, 

(2) defi ning the circumstances under which such 

risks can occur, (3) estimating the potential conse-

quences, and (4) providing possible routes to miti-

gating and handling these consequences (Tang et 

al., 2008, p. 210).

Signs or metrics are needed to measure the supply 

chains’ performance to notice deviations from the 

normal supply chain operations. Planning and con-

trolling the supply chain eff ectivity is usually pos-

sible through previously defi ned KPIs. Within the 

preliminary analytical part of the planning process, 

keywords can be sources of possible indices such as 

Early Warning Signs. From a macro point of view, 

it is hard to narrow managerial decision-making to 

only a few indicators or KPIs regarding the supply 

chain. For this reason, it is necessary to look at its 

main parts when optimising these and identify suit-

able analytical approaches next to the supply chain’s 

system approach. Th e selected illustrative area in 

this paper is transportation. In this process of sup-

ply chains, it is possible to identify visible metrics 

for monitoring resilience and early warning signs 

by using BDA. Th e parameters for the transporta-

tion process of the supply chain are based on cross-

sectorial and sectoral criteria. For this reason, the 

analytical framework covers the following: 

(1) basic transport parameters, i.e., intensity, 

density, and permeability,

(2) parameters of the physical infrastructure 

(i.e., parts of tunnels, bridges, bridging, the 

height of bridges...), and especially the dif-

fi culty of possible restoration (costs and du-

ration of restoration to the original param-

eters), the costs of detouring the designated 

object or the cultural and historical unique-

ness of the object,

(3) transport services, which can be person or 

freight. In the case of one-person transport, 

the service is the transport of one person 

over a distance of km and is calculated as the 

product of the transport performance (i.e., 

the distance travelled by the given means of 

transport) and the number of transported 

persons [pkm]; for freight transport, trans-

port performance represents the transport 

of one ton of goods per km,

(4) transport structure indicators, especially 

throughput and intensity.

Based on the parameters mentioned above, it is ad-
visable, as a next step, to identify suitable examples of 
information sources that can be used as EWS for pres-
ervation or increasing the resilience of supply chains 
(Figure 1). Due to a large number of information 
sources, it is necessary to use the Big Data approach 
to fi nd and compile a suitable data source and subse-
quently identify search algorithms and keywords.

Figure 1 Logic of the research process: Finding the right Early Warning Signals

Source: Authors
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4.1 Possible Identifi cation of Supply Chain Disruption 
Proxies

One of the indicators most commonly used as a 

proxy for such strains is the global Purchasing Man-

agers Index suppliers’ delivery times (from now on 

referred to as the “PMI SDT”), which quantifi es de-

velopments in the time required for the delivery of 

inputs to fi rms. A key advantage of the PMI SDT 

is that it can capture capacity constraints of a dif-

ferent nature (e.g. intermediate goods shortages, 

transportation delays or labour supply shortages) 

(Figure 2), making it an all-encompassing indicator 

of strains in global production networks (Attinasi 

et al., 2021).

Figure 2 Suppliers’ delivery times a) PMI SDT across regions (diff usion indices) 

Source: Attinasi et al. (2021)

Key indicators in the transportation sector could 

be ship capacities and container availability. At the 

same time, shortages in ship and container capac-

ity result from port congestion tying up the supply 

of ships, meaning that more ships are required to 

serve the same amount of demand (World Bank, 

2021). Indeed, the presence of ships waiting to 

berth at ports suggests that the quantity of ships is 

not a binding constraint. Similarly, many experts, 

such as Drewry’s John Fossey, note that overall con-

tainer supply remains adequate to serve existing 

demand. Still, there is a mismatch between where 

containers are needed and where they are, and port 

congestion makes reallocation more diffi  cult (Mill-

er, 2021). Th e evolution of the trade and container 

ship availabilities is presented in Figure 3.

Figure 3 Maritime shipping capacity has generally grown faster than volumes

Source: World Bank (2021)

Maritime transport is a key indicator of changes in 
international trade. Changes in the availability of ship-

ping capacity indicate subsequent changes. Figure 3 
shows the eff ects of signifi cant security changes, e.g. in 



Nagy, J. et al.: Increase supply chain resilience by applying early warning signals within big-data analysis

474 Vol. 35, No. 2 (2022), pp. 467-481

Supply chain disruptions have a negative impact on 

global industrial production and trade and a posi-

tive impact on infl ation. Figure 5 also shows the in-

terconnectedness of supply chain capabilities and 

the potential for economic recovery. Th ere is also 

a visible interconnection and a possible explanation 

of the main shocks and consequences for supply 

chain performance.

However, the signifi cant changes in available ca-
pacities can be challenging to predict in the longer 
term. So there remains the possibility of critical 
factor predictions focused on changes in trends in 
the availability of transport capacities and transport 
infrastructure. From a predictive point of view, the 
PMI, an indicator of the prevailing direction of eco-
nomic trends in the manufacturing and service sec-

tors, can be considered more appropriate. It con-
sists of a diff usion index that summarises whether 
market conditions are increasing, staying at the 
same level, or decreasing from the perspective of 
purchasing managers. Th e PMI index provides 
information on current and future business con-
ditions (Krúpa, 2022). Th e decomposition of PMI 
suppliers’ delivery times is highlighted in Figure 5.

connection with the increase in security measures due 
to the terrorist attacks on 11 September 2001, with 
their gradual onset in 2002. Th ese years, international 
trade grew more slowly than the availability of free 
container capacities by ship. It was similar between 
2005 and 2009 due to the global economic crisis. Mili-
tary operations in the Persian Gulf and Afghanistan 
also occurred during this period. It was similar from 

2012 to 2015 and grew from 2017 to 2019. Th e end 
of 2019 is the beginning of the Covid-19 pandemic, 
which is also visible on the international trade level 
and overall transportation capabilities. Th e important 
eff ect was the limited throughput of the international 
ports due to anti-Covid-19 restrictions. An example 
of container capacity lost due to port congestions and 
vessel delays is presented in Fig. 4.

Figure 4 Share of the Global Container Fleet Capacity Lost due to Port Congestions and Vessel Delays [in %]

Source: Weinberg (2022)

Figure 5 A model decomposition of PMI suppliers’ delivery times (deviations from the mean; percent-

age point contributions)

Source: World Bank (2021)
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4.3 Approach Verifi cation through Data Sets

Th e World Bank Analysis off ers good examples of 

the sources of possible supply chain disruptions. 

However, it is necessary to identify suitable key-

words, or sets of keywords, which could be helpful 

when searching database sources for disruption fore-

casting. In the currently proposed theoretical frame-

work, the applied keywords were selected based on 

the frequency of keywords in the articles in the WoS/

Scopus databases. In searching words sequence, the 

four threats were used, mentioned in Figure 7, and 

“supply chain” was added as the fi fth keyword.

4.2 Identifi cation of the disruptions

As a potential metric for identifying possible dis-

ruptions, the infl ation trend (see Figure 6) and the 

inactive containership capacity (see Figure 7) were 

selected. According to the annual data, the bottoms 

and peaks follow infl ation. Signifi cant threats or 

disruptions happened in periods of infl ation peaks, 

e.g., in 1996, 2000, 2005 and 2006, 2007 (end of the 

year), 2011, and 2018 – and there were bottoms 

in infl ation in 2009 and from 2014 to 2015. Th ese 

infl ation trends (Figure 6) present the interconnec-

tion with container capacity availability and off ers a 

possible explanation of the main shocks and conse-

quences for supply chain performance.

Figure 6 Infl ation since the 1990s: All items and all items excluding food and energy OECD (CPI), 

year-on-year infl ation rate

Source: OECD (2022)

Figure 7 Inactive containership capacity (2000-2020(F))

Source: World Bank (2021)
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Table 1 Examples of BDA keywords and data sources

threat period
possible additional 

keywords
possible source of data reasoning

economic 

recession
2001/2002

- fi nancial risk

- world economy

-  Th e World Bank – 

Economy1

-  set of economic 

indicators

global 

fi nancial crisis
2009

-  supply chain resilience

-  supply chain 

vulnerability

-  FM Global Resilience 

Index2

-  15 key drivers of 

resilience

Hanjin Shg 

bankruptcy
2016

-  international business

- risk management

-  World Bank – Statistical 

Performance Indicators 

(SPI)3

-  assessment of global 

performance

Covid-19 2020

-  transportation services

-  exports of goods and 

services

-  World Bank – 

Transport Services4

-  level of 

transportation 

capabilities

Notes:
1)  Th e World Bank – Economy, set of indicators (https://datatopics.worldbank.org/world-development-indicators/the-

mes/economy.html)
2)  FM Global Resilience Index – set of indicators (https://www.fmglobal.com/research-and-resources/tools-and-resour-

ces/resilienceindex/explore-the-data/?)
3)  Th e World Bank – Statistical Performance Indicators (SPI) (https://www.worldbank.org/en/programs/statistical-per-

formance-indicators)
4)  Th e World Bank – Transportation (https://data.worldbank.org/indicator/BX.GSR.TRAN.ZS)

Source: Authors

As the fi rst example, the keywords “recession” and 

“supply chain” were analysed, sorting articles by fre-

quency of citations. Th e most quoted articles found 

with this method also list the keywords “fi nancial 

risk” and “world economy”. It is possible to use 

more keywords, but only the fi rst two were selected 

for research purposes. For the second search, “sup-

ply chain” and “global fi nancial crisis” were used, 

and for the third, “supply chain” and” bankruptcy”. 

Finally, “supply chain” and “Covid-19” were used for 

the fourth search.

From all identifi ed sources, the economic indica-

tors were found as the most important EWSs of 

the intentional but non-sudden threats endanger-

ing the supply chain with disruptions, which have 

predictable potential. Due to the nature of possible 

disruption to the supply chain functionality, un-

certainty in the chain can manifest in three basic 

forms: internal chain deviations, chain disruptions, 

and disruptions due to a disaster (Tang et al., 2008, 

p. 206). Th e following selected macroeconomic 

and supply chains indicators were selected as EWS 

(World Bank, 2022): 

- GDP per capita growth (annual %), as an 

indicator of the annual percentage growth 

rate of GDP per capita based on constant 

local currency;

- Infl ation, GDP defl ator (annual %), as an in-

dicator measured by the annual growth rate 

of the GDP implicit defl ator, which shows 

the rate of price change in the economy as 

a whole; GDP implicit defl ator is the ratio 

of GDP in current local currency to GDP in 

constant local currency;

- Container Port Traffi  c (TEU: 20-feet equiv-

alent units), as an indicator of measures the 

fl ow of containers from land to sea trans-

port modes, and vice versa, in twenty-foot 

equivalent units (TEUs), a standard-size 

container;

- Transport Services (% of service imports), 

as an indicator of transport services per-

formed by the residents of an economy 

for those of another, involving the carriage 

of passengers, the movement of goods 

(freight), rental of carriers with crew, and 

related support and auxiliary services.
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Figure 8 World macroeconomic and supply chain indicators – annual change [%], years 2000-2021

Source: Modifi ed from World Bank Data (2022)

Th e trendiness and interconnection of world eco-

nomic and supply chain indicators are shown in 

Figure 8. Th e individual indicators were adjusted 

to a year-on-year percentage change to monitor 

correlating trends. Th is adjustment makes it pos-

sible to capture the change in trend and compare 

it with the changing trends of other indicators. To 

capture changes in trends in the selected variables, 

two basic levels (value 0) were set in the graph: on 

the left axis of the chart for column variables, i.e. 

world GDP per capita and world infl ation (as a GDP 

defl ator). In the right axis of the graph, the basic 

level (value 0) is set for the global indicators like 

Container Port Traffi  c and Transport Services. By 

interlacing the data in one chart, it is subsequently 

possible to identify the interconnectedness of the 

trends of annual changes.

Following the identifi ed critical events disrupting 

the availability of container capacities (Figure 7) 

and connecting them with the selected indicators 

suitable for BDA (Table 1), in Figure 8 it is possible 

to identify predictive potential and make the fol-

lowing statements on the global level:

- In 2001-2002, when there was an economic 
recession, the economy’s performance ex-
pressed in GDP per capita was the lowest in 
2001, and in the following year, there was pos-
itive growth again. An increase in Container 
Port Traffi  c accompanied this change. In these 
two years, however, there was still a year-on-
year decline in Transport Services, which 
began to increase again only in the middle of 
2002 and reached its peak only in 2004. Also, 
Infl ation (GDP defl ator) reacted with a delay 
in the year-on-year comparison and gradually 
began to increase only from 2003.

- Th e global fi nancial crisis in 2009 caused 
a signifi cant decline in the economy’s per-

formance, expressed in the year-on-year 
change in GDP per capita. However, the 
year-on-year change in Infl ation was not 
that signifi cant, again with a delay of ap-
proximately one year, as was the case with 
the economic recession in 2001-2002. In 
the case of Transport Services, there was 
a signifi cant year-on-year drop in the ser-
vices provided, which was also matched by 
the drop in Container Port Traffi  c. For both 
indicators, however, there was a signifi cant 
increase in the year-on-year comparison 
and the year-on-year trend. Container Port 
Traffi  c is pointed to as the pro-growth indi-
cator of changes in economic performance.

- In the case of Hanjin Shg bankruptcy, a 
slight drop in economic performance and a 
correlating drop in infl ation can be identi-
fi ed. Conversely, in the area of supply chain 
effi  ciency, there was a signifi cant increase 
in the year-on-year trend change for Con-
tainer Port Traffi  c and Transport Services.
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- Regarding the eff ects of the Covid-19 pan-
demic, there was a fundamental drop in 
economic performance during 2020. Th is 
drop deepened even further in 2021, also 
refl ected in a signifi cant year-on-year 
change in infl ation. In the case of Container 
Port Traffi  c, there was a year-on-year drop, 
but the level of Transport Services reached 

its 20-year high.

According to the above fi ndings, authors identifi ed 

a predictive potential based on BDA and EWS key-

words:

- Th e events of the economic recession in 
2001-2002 resulted in the possibility of pre-
dicting the development of GDP per capita 
and partially also Infl ation according to the 
change in the Container Port Traffi  c trend.

- In the case of the global fi nancial crisis in 
2009, it is possible to identify a signifi cant 
change in the Container Port Traffi  c trend 
already in 2008, i.e. before the fi nancial cri-
sis reached its maximum. Th e year-on-year 
change in trend is also visible on the Trans-
port Services indicator, which reached 
an almost doubled level when economic 
growth resumed, representing a signifi cant 
increase in the capacities of the global sup-
ply chain.

- Th e global eff ects of Hanjin Shg bankruptcy 
on the global economic performance and 
infl ation indicators cannot be confi rmed 
due to the chosen macro view on the sus-
tainability of supply chains.

- Regarding the eff ects of the Covid-19 pan-
demic, it was possible to identify the year-
on-year changes in Transport Services as 
a suitable indicator predicting changes in 
economic performance, which, assuming 
ceteris paribus, would occur in the second 

half of 2022.

5. Conclusions

It is hard to predict the disruptive eff ects of High 

Impact Low Probability (HILP) events on the sup-

ply chains because of the unpredictability of these 

events. Similarly, it is hard to predict big natural 

disasters since these threats are accidental. Only 

several high-frequency natural disruptions, e.g., 

annual fl oods, can be predicted, but forecasting 

events like fl ash fl oods is impossible.

Th e importance of the time horizon for the pre-

diction of potential disruptions is highlighted in 

this paper. Based on the relevant information, it 

is possible to predict short time disruptions and 

their possible consequences. In long-term pre-

diction, the probability is signifi cantly decreasing 

with time.

For the maritime transportation process in the 

global supply chain, the expected performance can 

be measured by several KPIs. If there is any signifi -

cant deviation in these KPIs when an intentional 

and non-sudden event occurs in the environment 

or the market the supply chain operates in, Early 

Warning Signals can be observed; thus, the dis-

ruption and its eff ects can be predicted. To carry 

this out, supply chains and companies must defi ne 

and continuously measure transportation KPIs 

throughout the chain and use BDA systems that as-

sess economic data – suggested as examples in Ta-

ble 1 – that can forecast specifi c types of economic 

downturns threatening the supply chain.

We proved that general business indicators (PMI 

delivery time, container capacity, infl ation rate, 

etc.) can indicate the increasing possibility of mari-

time traffi  c problems in ports and container una-

vailability as usual supply chain disruption type of 

recent years. Th e companies in the supply chains 

need to fi nd, collect and analyse the appropriate 

data, which are, in some cases, free and available. 

However, it is a substantial task of data analysts to 

identify the most relevant data and work out the an-

alytical methodology which can be applied as Early 

Warning Systems (EWS).

As a part of the research carried out, it was con-

fi rmed that through identifi ed EWS, it is possible to 

predict some changes in transportation capabilities 

and infrastructures. Th ese indicators and indices 

will need further testing in real applications, using 

real data development and then checking the prob-

abilities of successful predictions. It is necessary to 

verify further the interconnectedness of the iden-

tifi ed trends of the selected indicators on a longer 

time series and specifi c events. Further research 

will therefore aim to confi rm this connection be-

tween indicators and events on national level. Th e 

trends and early warning signals should also be 

tested on the country level to identify direct links to 

specifi c events and national-level indicators to call 

the attention of country/ies to the threats they need 

to deal with.
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Abstract

Purpose: Th e concept of the smart grid is relatively new. Th e fi rst aim of the study is to understand the 

behaviour of prosumers in smart grids. Th e other goal is to raise awareness of the management tasks and 

risks of smart grids by highlighting the relevant issues of some business networks (PPP projects, outsourc-

ing, strategic alliances etc.).

Methodology: Systemized literature review was used in the paper. 

Results: Th e discussed management problems of various business networks indicate that management 

challenges can also be expected in smart grids, so it is worth preparing in time.

Conclusion: We found a lack of empirical research about the behaviour of prosumers and believe that 

studying the electric power grid of the future from a management perspective, that is, examining the pos-

sible behaviours and decisions of various actors, can provide valuable and useful information for smart grid 

design and safe operation insurance.

Keywords: Smart grid management, systemised literature review, business networks 

1. Introduction

Th e classical electric supply chain was fi rst estab-

lished over a century ago, and since it has been 

growing in size and capacity (Wulf, 2000). Th e limit-

ed one-way interaction makes it diffi  cult for the grid 

to respond to the ever-changing and rising energy 

demands of the 21st century. Th e term Smart Grid 

(SG) was fi rst referenced by Amin and Wollenberg 

(2005). Smart grids are automated, widely distrib-

uted power supply networks characterised by two-

way electricity fl ow and information that can track 

and respond to everything from power plants to 

customer preferences to individual devices (Planko 

et al., 2017).
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Our focus is on the behaviour and cooperation of 

the various actors of the smart grids, so we looked 

at how the actors work together in some widespread 

business networks and business models. Th e parties 

involved must work together during outsourcing to 

achieve the planned benefi ts. In the case of a stra-

tegic alliance, legally separate companies cooperate 

for a complex goal, during which there is signifi cant 

interdependence. Not only companies participate 

in PPP projects, but also actors from the state and 

the public sector.

To better understand the actors of smart grids and 

the possible behavioural risks, we formulated the 

following research questions:

- What behaviour problems of prosumers were 

found in smart grids according to relevant litera-

ture?

- What management problems appeared in the ex-

amined business models and networks?

To answer our questions, we write a critical lit-

erature review and fi nally identify some actual re-

search goals and recommendations.

2. Systemized literature review on prosumers 
in smart grids

In a traditional electrical supply chain, the fl ow of 

both electricity and information is essentially one-

way, starting from the power plant and moving to-

ward the end user. In smart grids, it is all a two-way 

process; in addition, communication takes place 

through a parallel and complex network of con-

tacts due to the increased role of the participant. 

In smart grids, not only conventional power plants 

will be involved in electricity generation, but also 

renewable power plants. Electric vehicle owners 

(business and private) will also have an active role 

in electricity generation through the V2G (vehicle-

to-grid) process, which recharges electricity from 

the electric vehicle to the grid (Hannan et al., 2017). 

In the age of smart grids, the importance of inter-

national electricity transactions is expected to in-

crease. Electricity production is not only done by 

traditional power plants but also by the renewable 

power plants of (organisational or private) consum-

ers; therefore, these end consumers are also produc-

ers, i.e. prosumers (combining the words producer 

and consumer) (Yanine et al., 2021). An important 

diff erence is that production and consumption are 

separated in the traditional system but not in smart 

networks, so these activities must be optimised.

We planned to get a more objective picture of the 

relevant literature situation by using the method of 

systematic literature review. A systematic literature 

review is transparent, made with scientifi c meth-

odology, and high-level comprehensive studies col-

lected and analysed in relation to a given problem 

and all existing research results (Davis et al., 2014).

We chose the Google Scholar database because 

of its extensive coverage. Since the smart grid is a 

relatively new concept, and we were also interest-

ed in the management side, possibly empirical re-

search, we chose the last ten years as the period of 

the study, i.e. the years 2012-2022. For the sake of a 

focused search, we did not search for keywords in 

the text, but in the title, since the terms ‘manage-

ment’ or ‘project’ can easily appear in a text without 

the publication specifi cally talking about it. In the 

examined period, the terms ‘smart grid’, ‘manage-

ment’ and ‘project’ appeared in 12 publications. Th e 

search for ‘European smart grid management’ gave 

six results.

Th en we tried other keywords. Th e special actors 

of smart grids are the prosumers, and we are inter-

ested in their behaviour, more precisely, how it ap-

pears in research. Th at is why we used the words 

‘smart grid prosumer behaviour’, for which we 

found 126 hits. We worked with these 126 results. 

We reviewed them all and – where possible – cop-

ied the abstract. Some publications did not have an 

abstract or a similar text (e.g. ppt in pdf format); 

therefore, the scope of the study was narrowed 

down to 86 publications. Th e year of publication is 

shown in Figure 1. Th e last ten years examined do 

not show a steady increase, but there was a slight 

jump in 2016 and 2022. A more extended period 

could more accurately portray the increase in the 

importance of the topic.
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Figure 2 provides information on the source of the 

86 publications. 33 articles are in the IEEE data-

base, two publications are in the journal Energies, 

and two publications are from the Delft University 

of Technology library. All other sources provide 1-1 

publication.

Figure 1 Number of publications on ‘smart grid prosumer behaviour’

02
46
8101214

Number ofpublications

Source: Author

Figure 2 Reviewed publications by source

33

22

Source: Author

Th e word cloud in Figure 3 was created from the ab-

stracts of the 86 publications examined. Th e search 

keywords in the title were ‘smart grid prosumer be-

haviour’, but the most dominant term is energy. Yes, 

the smart grid is the electrical network of the near 

future. However, most of the articles are theoretical 

and propose 1-1 models based on simulations and 

other calculations, which is why the word model ap-

pears larger too. Other important words in Figure 3 

are “price, data, time, purpose, system, and control”, 

indicating the direction of the papers. Papers dealing 

with the management side of the smart grid often take 

methods from game theory or artifi cial intelligence 

(fuzzy systems, machine learning etc.) showing vari-

ous simulations. Furthermore, this topic appears in 

connection with the Internet of Th ings (IoT) or V2G/

G2V issues. About ten of the 86 publications exam-

ined deal with the empirical research of prosumers.
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Figure 3 Keywords of the 86 publications examined

Source: Author

Concerning our research questions, we found some 

empirical fi ndings about prosumers’ behaviour 

in the 86 reviewed publications. Rathnayaka et al. 

(2013) surveyed 500 prosumers and suggested an 

iterative evaluation process to proactively monitor 

the quality of service delivered by registered pro-

sumers. Li (2016) noted that the smart grid concept 

was not well understood by ordinary people, and he 

recommended education programmes and infor-

mation campaigns based on his empirical research 

on 517 citizens. He found that citizens’ attitudes 

and intentions to participate in smart grid applica-

tions were the most infl uential factor of individual 

electricity-saving behaviour. Two publications ap-

plied the Prospect Th eory (PT) (Rahi et al., 2016; 

Rajabpour et al., 2021). Rajabpour et al. (2021) 

found that the behaviour of prosumers is better 

described by the PT model than by the Expected 

utility theory, and that the time horizon of the ob-

servation must be well chosen, as it also infl uences 

the behaviour of prosumers.

Besides the chosen 86 publications, Saad et al. (2016) 

propose a probability model that can handle the un-

certainties of decision-making in the smart grid, and 

they lack actual data on the behaviour of end con-

sumers, using a large-scale, empirical survey. Skjols-

vold and co-authors (2021) found that in 25 of the 

30 Norwegian smart projects examined, there was 

no societal scientifi c impact assessment. Geelen et 

al. (2013, p. 160) also state that “Past research on 

energy-related behaviour suggests that behavioural 

aspects and social context for residential end-users 

as co-providers have to be taken into account”. 

3. A short literature review of some business 
networks

In this section, we highlight the diffi  culties of co-

operation between members of diff erent business 

networks. We think this topic is relevant because 

the management diffi  culties of discussed business 

networks and their solutions can serve as a lesson 

in the management of smart grids.

Outsourcing is hiring one or more of a company’s 

activities outside the organisation. Th e 2021 Global 

Shared Services and Outsourcing Survey Report 

(Deloitte, found the following purposes of out-

sourcing: fi nance (44 %), information technology 

(54%), payroll (32%), customer service or contact 

centre (22%) and human resources (17%). After sev-

eral decades, the organisations involved have more 

or less learned to manage and pre-negotiate many 

important details of outsourcing, where two legally 

separate companies work together as closely (in the 

outsourced fi eld/activity) as if they were one. Based 

on their empirical research, Wibisono et al. (2018) 

see the building of mutual trust and the manage-

ment of business partners from diff erent back-

grounds as key to a successful outsourcing process.

To put it simpler, if outsourcing is considered suc-

cessful by the parties, there is a good chance they 

will enter into a strategic alliance. It is a mutually 

benefi cial cooperation between two or more or-

ganisations in which the organisational, legal and 

strategic independence of the parties is maintained. 

Possible goals are to gain benefi ts from diff erences 

in size, further development of technological or 
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management knowledge or acquisition of new ones, 

and gain new markets (Pangarkar et al., 2017). Th e 

number of such cooperations is increasing while 

involved companies can decrease business uncer-

tainties (Hoff mann et al., 2001), improve their com-

petitive advantages (Townsend, 2003), encourage 

organisational learning (Hulbert et al., 2012), and 

contribute to the general growth of fi rms (Powell 

et al., 1996). According to scholars, the potential 

limit of strategic alliance can be handling interde-

pendence (Hannah, 2016) and cultural diversity 

(Elia et al., 2019). Th e success of a strategic alliance 

requires trust from parties (e.g. Wong et al., 2017), 

depends mainly on how companies can cooperate 

(Rosenkopf & Almeida, 2003) and how they can in-

tegrate and systematically use diff erent knowledge 

(Subramanian et al., 2018).

PPP (Public Private Partnership) is a form of co-

operation in which the state involves the private 

sector in the project. Typically, the private sector is 

responsible for designing, operating and fi nancing 

these activities. It is most common in developing 

infrastructure for roads, bridges, tunnels, railway 

lines, public utility investments, sports facilities, 

health investments etc. (Grimsey & Lewis, 2002). 

Th is form of cooperation began about 40 years ago 

(Bovaird, 2004), and its success is perhaps due to 

the fact that it combines the diff erent skills and 

approaches of the private and public sectors well. 

With the help of the private sector, resource utili-

sation seems more effi  cient, with lower costs and 

higher innovation (Schemm & Legner, 2008). How-

ever, diff erent control and management mecha-

nisms provide a number of confl icts during PPP 

collaborations, such as constant struggle over risks 

associated with partners (Majchrzak et al., 2015), 

management of driving diffi  culties (Bamford et al., 

2003), diff erent solutions for control (Wilkinson et 

al., 2013), constant disagreement on formal and in-

formal control and management mechanisms (An-

sari et al., 2014). Moreover, Uiterwijk et al. (2013) 

argue that inadequate risk management can under-

mine the success of PPP projects in the long run. 

Several authors highlight the role of knowledge 

transfer and the complementarity of the parties’ 

knowledge (e.g. Kerkhof et al., 2016), additionally 

the opportunistic behaviour of the parties, or the 

limitations of their approach may hinder the pro-

cesses (Das & Teng, 2001). Umar et al. (2018) inter-

viewed roughly 200 experts globally and stated that 

the “Private involvement in infrastructure provision 

has generated more controversies than the prob-

lems it was meant to solve” (p. 11). As a possible 

solution, examining more than 300 PPP projects, 

Jayasuriya and co-authors (2020) concluded that 

the eff ective involvement of stakeholders is a major 

contributor to the success of this kind of project.

Outsourcing exploded into the business world at 

the time as it promised to cut costs. However, it took 

decades for the organisations involved to reap this 

and the other benefi ts of outsourcing. Th e strategic 

alliance as a business model is also very popular, but 

in everyday life, there are more management chal-

lenges that businesses have to deal with. Perhaps 

the management problems experienced during PPP 

projects and their solutions are the most relevant 

for us because, in that case, the public and private 

actors have to work closely together for many years. 

In fact, from this point of view, smart grids can also 

be considered a special variety of PPP projects.

4. Discussion about potential behaviour risks 
in smart grids

In diff erent smart grids, individuals, organisations, 

municipalities, small and large electricity produc-

ers, and electricity traders operate closely and sys-

tematically, even in several roles. On the one hand, 

it is important to note that in smart grids, “tradi-

tional” actors also have expanded roles (e.g. Mohse-

nian-Rad et al., 2010; Schiavo et al., 2013); on the 

other hand, new mechanisms (information fl ow, 

changing of monopolies, self-monitoring, achiev-

ing resilience etc.) and new, alternative energy 

sources are integrated into the system (additionally 

determining the role of weather). 

Skjolsvold et al. (2021) consider the forces driving 

the development of smart grids to save money and 

manpower, new technologies/digitalisation, and 

the common understanding of decarbonisation and 

electrifi cation by society. A sustainable economy 

and environment are commonly wished for; howev-

er, we think individuals’ theoretical desires may not 

be so strong when they have to cooperate closely 

and limit themselves (e.g. to reduce peak electric-

ity consumption periods). Perhaps the answer can 

also be the other driving force mentioned by the 

authors, such as the shared economy and its vari-

ous branches and solutions. Th ese are indeed very 

popular among the younger – especially higher-ed-

ucated – generations, but smart grids will not only 

be actively used by young, educated, open people. 
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“How can we avoid producing new high-tech ghet-

toes for the wealthy while enabling participation in 

the transition for the less fortunate? Energy justice 

literature tends to emphasise the distributional, 

procedural, and recognition-based aspects of en-

ergy justice.” (Skjolsvold et al., 2021, p. 16).

Th e management lessons of the briefl y presented 

business networks allow us to conclude that con-

fl icts may occur in smart grids operating not only 

in pilot projects due to the diff erent routines, ap-

proaches, knowledge and beliefs of various ac-

tors. Designers and main organisers of smart grids 

should be aware of the various diff erences (owner-

ship structure, management mechanisms, decision-

making processes etc.) of organisational actors and 

be prepared to handle them or establish relevant re-

silient solutions to avoid the challenges mentioned 

in cases of strategic alliances and PPP projects. Or-

ganisational actors need to learn to communicate 

in the right amount in an understandable way. At 

the same time, the knowledge of private consum-

ers (prosumers) needs to be expanded in the area of   

their new duties and responsibilities.

5. Conclusion

More scholars (e.g. Möller & Svahn, 2003; Planko et 

al., 2017) see a research gap in the management of 

networks operating in emerging markets. Geelen et 

al. (2013) suggest investigating smart grids from the 

aspects of end-users and energy providers. Skjols-

vold et al. (2021) see that relevant regulations “take 

social aspects for granted“ (2021, p. 15). Binder et 

al. (2019) recommend the study of the unpredict-

able behaviour of end-consumers and electric ve-

hicle owners.

Th ere is also a need for a variety of training for pro-

fessional and non-business players in smart grids 

that can reduce some concerns and prevent the 

spread of misinformation and assumptions. We see 

that people at diff erent ages have learned to use dif-

ferent technologies and systems, but it also requires 

knowledge, time, and patience, and these three are 

permeated by communication.
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