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ABSTRACT

This paper considers some of the barriers in implement-
ing the RFID (radio frequency identification) technology for 
identifying, locating, tracking and tracing goods in supply 
chains, along with a model for adopting cloud services that 
can mitigate these obstacles in the transitional environment. 
The analysis is based on the assessments of the implemen-
tation impediments, given by the experts in the field of lo-
gistics: university professors, assistants and entrepreneurs 
from three Western Balkan countries (Montenegro, Serbia, 
and Bosnia and Herzegovina). Since the professionals’ as-
sessments are influenced by their experiences from the 
transitional economies, which are faced with limited abili-
ties to invest in expensive business information systems, the 
main hypothesis is that moving the logistics into the cloud 
may resolve or at least alleviate the considered problems. 
On the basis of the available secondary literature resourc-
es on pros and cons of RFID implementation into supply 
chains, and the statistical analysis of the consciously com-
pleted questionnaires in the survey, the model for adopting 
cloud services for providing RFID-enabled goods and related 
activities in the considered economies is proposed at a log-
ical level. The paper also gives some directions for further 
research work in this domain.
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1. INTRODUCTION
Radio frequency identification (RFID) is a prevailing 

technology that uses radio waves to identify, describe, 
localize, track and trace the products in supply chains. 
Each product in a supply chain has a tag affixed to it, 
which contains a unique identifier that can be used 

to identify a product by all supply chain participants 
[1]. Considering the great importance of supply chain 
integration, Huq et al. (2010) emphasized the impor-
tance of control over the flows of resources, goods and 
products [2]. In order to implement and constantly 
improve the efficiency of the control, it is necessary 
to receive reliable information in real time. The RFID 
provides such information as an automatic identifica-
tion and data capturing system. Zhang et al. (2011) 
pointed out that the main aims of installing this system 
are higher security, reduced costs, improved quality 
and higher speed of logistics services, better identifi-
cation of bottlenecks and operational disadvantages, 
as well as reducing the possibilities of loss or theft 
of cargo [3]. Yang et al. (2010) emphasized that the 
continuous tracking and tracing of cargo are of par-
ticular importance in the cases of high specific value 
shipments and increasing the overall efficiency of lo-
gistics management [4]. Besides barcode, GPS (Global 
Positioning System) and GSM (Global System for Mo-
bile Communications), the main technology used for 
logistics tracking and tracing is the RFID. In supporting 
the importance of this technology, Musa et al. (2014) 
emphasized the RFID capabilities of identifying intra- 
and inter-enterprise location and visibility of resourc-
es, along with providing collaboration and integration 
through the whole supply chain network [5]. The great 
importance of visibility of goods in transport in terms of 
their monitoring and transparency in real time, since a 
decade and a half, was in focus of a number of authors 
[6, 7]. Later on, the importance of complete logistics 
information integration in the supply chain, which con-
tributes to the efficient cooperation of all participants, 
has been highlighted [8, 9]. Current studies of RFID in 
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supply chains are focused on inventory management, 
logistics and transport, assembly and manufacturing, 
asset tracking and object location, environment sen-
sors [10, 11], etc. Also, by maturing RFID and cloud 
computing, using web based software to track and 
trace RFID-enabled objects around the world became 
the mainstream business tool [12].

Undoubtedly, the deployment of RFID technology 
is a challenging task in terms of costs, complexity, 
difficulties pertaining data management and main-
tenance, etc., especially for small and medium-size 
enterprises, as well as for those which function in 
the transitional economies (e.g. some Western Bal-
kan countries). Accordingly, the rest of the paper is 
organized as follows: Section 2 gives an overview of 
some pros and cons of deploying RFID tagging and 
advanced back-end info-communication systems; Sec-
tion 3 presents the outcomes of the survey conducted 
among the experts in logistics (i.e. among university 
professors, assistants, and entrepreneurs with univer-
sity diplomas from Montenegro, Serbia, and Bosnia 
and Herzegovina) with the aim of stressing the key dif-
ficulties while introducing RFID technology into supply 
chains in the transitional environment; and, Section 4 
proposes a model for adopting cloud services in such 
conditions in order to overcome or mitigate the existing 
impediments. 

2. PROS AND CONS OF TAGGING GOODS IN 
SUPPLY CHAINS
The RFID technology has many advantages com-

pared to bar code. It has a much higher capacity for 
the transmission of information. Also, it has the ability 
of parallel, simultaneous reading of multiple tags, and 
not exclusively in the line of sight. It can save additional 
information about the location, past events related to 
the products, information on the destination, quantity 
in stock, etc. This technology co-works at hybrid-plat-
forms with wireless sensors that can monitor the con-
ditions of perishable foods in transport, for instance, 
and trigger the actuators that automatically regulate 
the temperature and humidity inside refrigerators 
and/or frigo containers. In addition, RFID provides 
higher security, accuracy and efficiency; it speeds up 
the processes and reduces the cost of storage, han-
dling and distribution. It has impact on improving sales 
at the expense of reducing the number of products dis-
appeared in stocks [13]. Besides, Wamba et al. (2013) 
emphasized the importance of RFID for enabling inter-
action with other supply chain information systems, in-
tra- and inter-organizational business transactions, cre-
ating the potential for business transformation in the 
supply chain and initiating transactions called “smart 
processes” [14]. They also highlighted the positive im-
pact of RFID on reducing administration costs through 
re-engineering of the supply chain. Furthermore,  

RFID is today one of the pillars of the Internet of Things 
(IoT) paradigm, in addition to the networks of wireless 
sensors, middleware, cloud computing and IoT soft-
ware. Also, it can be considered as one of the basic 
constituent elements of Cloud Internet of Things (CIoT) 
concept [15, 16], which is particularly interesting from 
the standpoint of further development of supply chain 
management, 3PL and 4PL services. 

On the other side, Li et al. (2006) pointed out that 
the usage of RFID is debatable and controversial, due 
to three main reasons: “(1) technical standards are not 
final; (2) business benefits or return on investments 
are unclear; and (3) there is lack of industry-wide 
adoption” [13]. Even though this was stated ten years 
ago, these statements are still actual to a certain ex-
tent. Technical standards are improved, but standard-
ization in this domain has not been completed, e.g., 
there are different types of RFID-WSN (wireless sen-
sor network) integration architectures [17], but due 
to the best of our knowledge, there is no common 
RFID-WSN platform at the physical and transmission 
layers. Namely, RFID and WSNs have been conceived 
as different technologies, but they have to co-work 
along the supply chains (of perishable food, danger-
ous goods, etc.). There are also some barriers due to 
the lack of understanding the approaches to integrate 
the RFID technology into the existing IT/IS front- and 
back-end infrastructure. Another big problem is that 
RFID creates huge volumes of data (10-100 times the 
data of a bar code) that are difficult to manage with 
conventional computers [18]. Knowledge discovery in 
RFID-enabled goods, or in the sphere of the so-called 
RFID-cuboids, requires novel big data approaches and 
it is a new and underexplored field [19]. In addition, 
there are certain problems related to inventory inac-
curacy, so-called bullwhip effects, and the needs for 
rethinking replenishment policies and techniques, etc. 
The scheme given in Figure 1 summarizes some RFID 
pros and cons.

3. PILOT STUDY OF TAGGING GOODS IN 
SUPPLY CHAINS CHALLENGES IN THE 
TRANSITIONAL ECONOMIES
In addition to the above given short review in the 

field of (dis)advantages of implementing the RFID in 
supply chains, throughout the survey, we ranked and 
analysed some of the key challenges in adopting this 
technology in the transitional environment. It should 
be pointed out that we were faced with discontinuity 
in publishing review articles on RFID pros and cons in 
leading journals during the recent years. Namely, the 
reference [20] is the latest one of this kind, while some 
other, rather fragmental aspects of monitoring and 
controlling goods in supply chains have been recent-
ly considered [21, 22]. It seems that with the devel-
opment of this technology and after its adaptation by 
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the biggest companies, this became a “cold” research 
field. However, this issue deserves to be put on the 
agenda again, particularly if we consider transitional 
economies, with the attempt to overcome or alleviate 
digital gaps. In this regard, we have realized a survey 
among experts in the field of logistics (university pro-
fessors and assistants, as well as entrepreneurs with 
university degrees), selected from three countries of 
the Western Balkans (Montenegro, Serbia, and Bosnia 
and Herzegovina). We were trying to provide a larger 
number of respondents with appropriate competences 
and with a high level of logical thinking. Since we have 
the most professional and personal contacts in Monte-
negro, Serbia and Bosnia and Herzegovina that was a 
pragmatic motive to do our research over this sample. 
Besides, we have recently carried out a similar analy-
sis over considerably smaller sample of respondents 
[23] from Montenegro, and we aim at broadening our 
observations over a larger number of consciously and 
knowingly answered polls. We succeeded, after sev-
eral attempts, to collect approximately 50 answered 
polls from each of these countries, while the number 
of responders from academia was considerably great-
er in comparison to those from the field of industry 
and logistics. Besides, it is worth mentioning that we 
had previously done some analyses on the low level 
of institutional rationality in these three transitional 
economies, and concluded that it has a huge impact 
on the progressive transformations in these countries, 
including digital divide overcoming [24].

Survey analyses and their validity
The respondents (n=150) were firstly asked to rank 

the complexity of some crucial problems of implement-
ing RFID technology in supply chains: C1-security and 
privacy, C2-technology issues, C3-costs, and C4-stan-
dardization. Each of these criteria is composed of a set 
of corresponding sub-criteria (Table 1). These dimen-
sions are recognized in [20], i.e. in the latest review 

paper of such kind published in a highly rated journal, 
to the best of our knowledge. If we take into account 
the last stated, and the gap in adopting and exploiting 
the advanced info-communication systems in the con-
sidered countries, then it can serve as a justification 
of our choice.

Table 1 – Challenges in tagging goods in supply chains

C1-Security & Privacy (S&P)
C11-Securing data safety and customer privacy
C12-Ownership transfer issues between seller and buyer
C13-Undesired sharing tagged items information between

seller and buyer
C2-Technology issues (T)
C21-Tag reading errors
C22-Tag localizing errors
C23-Need for engaging external experts
C24-Need for outsourcing
C3-Costs (C)
C31-High investments while introducing this technology
C32-Returns on investment vagueness
C33-Difficulties in estimating opportunity costs 

and risk of obsolescence
C4-Standardization (S)
C41-Developing standards for ensuring 

interoperability at the global level
C42-Alleviating regulatory aspects differences 

among countries

The ranking is made in such a way that to each 
group of criteria (C1-C4), listed in Table 1, the experts 
assigned the respective rank 1, 2, 3, or 4, in accor-
dance to their subjective estimation based on the 
knowledge in the field, experiences, and intuition. 
Rank 1 belongs to the most serious set of barriers in 

Disadvantages

- Costs of tags and readers
- Costs of infrastructure
- Consulting and maintenance costs
- Engaging external experts
- Lack of understanding
- Lack of personnel training
- Lack of  some standards (RFID&WSN, e.g.)
- Deployment diffi culties
- Return-on-investments uncertainty
- Sharing information with partners
- (Down-stream) users security and privacy, etc.

Advantages

- Non-line of sight scanning
- Simultaneous multi-tag automatic reading
- Time and labour reduction
- Enhancing visibility and replenishment policies
- Item level assets tracking
- Information rich
- Knowledge discovery in RFID-cuboid
- Reliable and accurate
- Enhance security
- Robust
- Co-work with sensors
- Improved inventory management
- Improved overall supply chain performances
- Reduces losses and thefts
- Possibility of using on-demand cloud services
- Mitigating investment and operational costs, etc.

RFID
-enabled goods

Figure 1 – Some (dis)advantages of implementing RFID into supply chains 
 Source: adapted from [18]
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tagging supply chains, while rank 4 represents a set of 
the slightest problems.

The aggregate rank of the four selected criteria (C1-
C4) over the respondents’ estimations is determined 
by means of normalized average weight coefficients 
per criteria [24, 25, 26]. The idea of evaluating these 
weight coefficients is associated with the sum of ranks 
of each criterion, with respect to the assessments of 
the respondents (Formula 1):

, ,qc c 1 4q qp
p l

150
= =

=
/

 (1)

where, cq- is the sum of ranks of each criterion, while 
q is the number of criteria (4), and p is the number of 
respondents (150); and, cqp is rank of the q-th criteria 
estimated by the p-th respondent.

The average weight coefficient for each criterion is 
calculated by Formula 2:
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The normalized average weight coefficients are 
then calculated by Formula 3:
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The aggregate or final rank of analysed criteria 
(C1-C4) according to their severity, assessed by the 
150 selected respondents (R1-R150), is processed by 
the equations (1)-(3), while the results are presented 
in Table 2. The criteria with the highest ,wqn have the 
highest rank. This logic is applied to the rest of the 
analysed criteria. The calculus is realized in Excel by 
an Inter(R) Core™ i5 processor on 2.4 GHz (4GB RAM).

In addition, the experts were asked to assess 
the complexity of the problems associated with the 
sub-criteria within the main criteria sets (C1-C4), with 

one mark on a scale of 1 to 5, where 1 represents 
the lowest and 5 the highest rating problem in accor-
dance to their perception, experiences and expertise 
in the domain. Then, the average score for each of 
the sub-criteria is calculated and the secondary level 
ranking of sub-problems or sub-criteria is made. The 
results are shown in Table 3. These calculations are re-
alised in Excel, too. 

Table 3 – Final rank of the considered key and sub-
challenges 

Rank 1 C3-Costs (C)
Sub rank 1 C31-High investments while introducing 

this technology (avg. 3.627)
Sub rank 2 C32-Returns on investment vagueness 

(avg. 3.440)
Sub rank 2 C33-Difficulties in estimating opportunity 

costs and risk of obsolescence 
(avg. 2.507)

Rank 2 C4-Standardization (S)
Sub rank 1 C41-Developing standards for ensuring 

interoperability at the global level  
(avg. 2.560)

Sub rank 2 C42-Alleviating regulatory aspects differ-
ences among countries (avg. 2.327)

Rank 3 C2-Technology issues (T)
Sub rank 1 C23-Need for engaging external experts 

(avg. 3.467)
Sub rank 2 C24-Need for outsourcing (avg. 2.307)
Sub rank 3 C21-Tag reading errors (avg. 1.573)
Sub rank 4: C22-Tag localizing errors (avg. 1.500)
Rank 4: C1-Security & Privacy (S&P)
Sub rank 1 C12-Ownership transfer issues between 

seller and buyer (avg. 3.627)
Sub rank 2 C13-Undesired sharing tagged items infor-

mation between seller and buyer
(avg. 3.440)

Sub rank 3 C11-Securing data safety and customer 
privacy (avg. 2.507)

Table 2 – Final rank of the considered challenges

R/C C1 C2 C3 C4
R1 4 2 1 3
R2 4 1 2 3
R3 3 4 1 2
R4 4 3 1 2
R5 4 2 1 3
... ... ... ... ...

R150 4 3 1 2
cq 2.69299821 3.75939849 7.38916256 4.39882698

wq 0.14763932 0.20610301 0.40509902 0.24115865

wqn 0.14763932 0.206103 0.405099 0.241159

Rank 4 3 1 2
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In accordance to the obtained final rank, the costs 
of implementation are seen as the biggest problem in 
adopting RFID in supply chains. Then, the second po-
sition belongs to the standardization problems. These 
standards are still developing [27, 28], and we have to 
mention, once again, the lack of common RFID-WSN 
platform at physical and transmission layers, although 
there are several successful RFID-WSN applications 
of different kind. The third place is occupied by the 
technological issues like: needs for engaging external 
experts, outsourcing needs, tags reading and position-
ing errors, etc. The participants’ security and privacy 
problems are rated as the lowest impediments. Albeit, 
it is to be pointed out that this problem should not be 
neglected; on the contrary. As the number of deployed 
RFID devices grows, the number of possible attacks 
grows at the same time as well. This is in collision with 
the intention of tagging goods on the level of each sin-
gle item, and it deserves further investigations. After 
ranking the challenges in the prospective implemen-
tation of the RFID in supply chains in considered tran-
sitional economies, the Spearman’s bi-variant correla-
tion coefficients are calculated by Formula 4 for each 
pair of the considered criteria sets. The Spearman’s 
rank correlation coefficient (rs) is a well-known, reliable 
and fairly simple method of testing both the strength 
and the direction (positive or negative) of any correla-
tion between two variables [23]. It is calculated by For-
mula 4:
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where, rs is Spearman’s rank correlation coefficient; 
d is the difference between two considered variables 
ranks; and n is the number of pairs of criteria com-
pared by the respondents (i.e. 150 per each pair of 
considered criteria). In all the considered cases, 
Spearman’s correlation coefficients, i.e.6rs>0.99, 
that means a strong positive correlation between the 
main sets of critical issues for employing RFID in sup-
ply chains in accordance to the experts’ assessments 
(Table 4). These results have strong statistical signifi-
cance (6rs

2>0.99), too. The calculations are made like 
in the previous two cases in Excel. A sample of cor-
relation coefficients calculus between pairs cost-tech-
nology issues (C,T) and technology issues-security & 
privacy (T,S&P) is given in Table 5. The correlation co-
efficients between other pairs of main criteria sets are 
calculated in the same way.

Also, we would like to examine in some more detail 
the correlation between groups of sub-criteria within 
the main criteria sets, e.g. between technology issues 
(T: C21, C22, C23, C24) on the one side, and costs (C: 
C31, C32, C33), standardization (S: C41, C42), and se-
curity and privacy (S&P: C11, C12, C13) on the other. 

These correlation coefficients are shown in Table 6, and 
they are obtained by the calculus in SPSS (ver. 16.0). 

Within this context, we are particularly interested 
in: How the need for outsourcing (C24) correlates with 
other considered sub-criteria? - On the basis of the re-
sults given in Table 6, the following can be observed:

 – There is a strong positive correlation (0.513) be-
tween concerns about the need for outsourcing 
(C24) and the ownership transfer issues between 
seller and buyer (C12). In the next section, it will 
be shown that outsourcing in a cloud is the most 
convenient model for adopting and implementing 
RFID-enabled goods in supply chains in the transi-
tional economies. Therefore, this problem should 
be the problem of designers and providers of cloud 
services, but not of the users. However, it is good 
that the users are aware of this, since they should 
consider this issue in advance with potential pro-
viders of cloud services and regulate it through a 
contract;

 – There is a medium positive correlation between the 
need for outsourcing (C24) and the standardization 
issues alleviating the regulatory aspect differences 
among countries (C42), and developing standards 
for ensuring interoperability at the global level 
(C41). These correlation coefficients are 0.369 and 
0.357, respectively. As in the previous case, within 
the conditions of outsourcing in a cloud, standard-
ization is a concern of the designers and providers 
of cloud services, more than of the users;

 – There is a strong negative correlation between the 
need for outsourcing and the returns on invest-
ment vagueness (C32), along with the difficulties 
in estimating opportunity costs and the risk of ob-
solescence (C33). These coefficients are -0.830 
and -0.548, respectively. It means that the need or 
the necessity of outsourcing in a cloud implies con-
siderably less problems with these risks from the 
aspect of the users. These risks will be transferred, 
to a certain extent, from the user to the provider of 
cloud services. 

 – It might also be worth to point out the high correla-
tion coefficients between:

 – The need for engaging external experts (C23) and 
ownership transfer issues between seller and buy-
er (C12), which is 0.722. It is a question of confi-
dence between the user and external expert(s) and 
it can be regulated through contact;

 – Tag reading errors (C21) and concerns about stan-
dardization at the global level (C41) have a strong 
positive correlation (0.675). However, the problem 
of global standardization is currently on the road 
to be overcome by adopting the EPC Gen2 stan-
dard [27], and by implementing some white papers 
supported by China and EU countries [28]; if we 
abstract the absence of the unique RFID-WSN plat-
form;
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Table 6 – Correlation between groups of variables (T vs. C, S, S&P)

T vs. C, S, S&P C13 C32 C33 C41 C42 C11 C12 C13

Sp
ea

rm
an

’s
 rh

o

C21 correl. coeff. .142 -.221** -.263** .675** -.031 .103 .588** .232**
Sig. (2-tailed) .082 .007 .001 .000 .703 .209 .000 .004

n 150 150 150 150 150 150 150 150
C22 correl. coeff. .110 -.110 -.244** .134 -.100 -.763** .358** .597**

Sig. (2-tailed) .179 .179 .003 .101 .226 .000 .000 .000
n 150 150 150 150 150 150 150 150

C23 correl. coeff. .142 -.337** -.405** .479** .118 -.161* .722** .024
Sig. (2-tailed) .083 .000 .000 .000 .151 .050 .000 .768

n 150 150 150 150 150 150 150 150
C24 correl. coeff. .005 -.830** -.548** .357** .369** .002 .513** .271**

Sig. (2-tailed) .950 .000 .000 .000 .000 .981 .000 .001
n 150 150 150 150 150 150 150 150

**Correlation is significant at the 0.01 level (2-tailed)

Table 5 – A sample of calculating correlation coefficients between pairs (C,T) and (T,S&P)

No. C T Rank 
(C)

Rank 
(T) d d2 T S&P Rank 

(T)
Rank 
(S&P) d d2

1 3.333 2.250 113 56 1.08 1.17 2.250 3.333 56 20 -1.08 1.17
2 3.667 2.000 55 82 1.67 2.78 2.000 3.000 82 91 -1.00 1.00
3 3.333 2.750 113 1 0.58 0.34 2.750 3.333 1 20 -0.58 0.34
4 3.667 1.750 55 121 1.92 3.67 1.750 3.000 121 91 -1.25 1.56
5 4.000 1.750 1 121 2.25 5.06 1.750 2.667 121 133 -0.92 0.84
6 4.000 2.000 1 82 2.00 4.00 2.000 3.333 82 20 -1.33 1.78
7 3.667 2.250 55 56 1.42 2.01 2.250 3.333 56 20 -1.08 1.17
8 4.000 2.250 1 22 1.50 2.25 2.250 3.000 22 91 -0.50 0.25
9 3.667 2.250 55 22 1.17 1.36 2.250 3.333 22 20 -0.83 0.69

10 3.333 2.750 113 1 0.58 0.34 2.750 3.333 1 20 -0.58 0.34
11 4.000 1.750 1 121 2.25 5.06 1.750 2.333 121 141 -0.58 0.34
12 3.667 2.000 55 82 1.67 2.78 2.000 3.667 82 6 -1.67 2.78
13 4.000 2.000 1 82 2.00 4.00 2.000 4.000 82 1 -2.00 4.00
14 3.333 2.500 113 22 0.83 0.69 2.500 3.667 22 6 -1.17 1.36
15 3.333 2.750 113 1 0.58 0.34 2.750 3.333 1 20 -0.58 0.34
16 3.667 1.750 55 121 1.92 3.67 1.750 3.000 121 91 -1.25 1.56
17 3.667 2.000 55 82 1.67 2.78 2.000 3.000 82 91 -1.00 1.00
18 4.000 1.750 1 121 2.25 5.06 1.750 2.333 121 141 -0.58 0.34
19 4.000 2.500 1 22 1.50 2.25 2.500 3.000 22 91 -0.50 0.25
20 3.333 2.500 113 56 1.08 1.17 2.500 3.333 56 20 -1.08 1.17
... ... ... ... ... ... ... ... ... ... ... ... ...

d2/ 371.20 d2/ 164.26

r 0.999340057 r 0.999707975
r2 0.998680550 r2 0.999416035

Table 4 – Correlation coefficients between pairs of analysed criteria

(S) & (T) (C) & (S&P) (S) & (S&P) (T) & (S&P) (C) & (S) (C) & (T)

Spearman  
coefficient [rs]

0.999956331 0.999855006 0.999799349 0.999707975 0.999505805 0.999340057

Rank 1 2 3 4 5 6
Legend: (S) – standardization, (T) – technology, (C) – costs, (S&P) – security and privacy
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 – Tag localizing errors (C22) and securing data safety 
and customer privacy (C11) have a large negative 
correlation (-0.763). Statistically it has sense, but 
from the practical aspect it cannot be recommend-
ed as a way for providing customers’ safety and 
privacy. The appropriate mechanisms of reducing 
tag localizing errors and uprising customers’ safety 
and privacy are to be developed simultaneously.
The relations between other considered sub-cri-

teria with high positive or negative correlation coeffi-
cients, with the appropriate level of statistical signifi-
cance, can be interpreted by analogy. 

4. CONCERNING CLOUD PERSPECTIVE IN 
ADOPTING RFID IN SUPPLY CHAINS
On the basis of the overview of the pros and cons 

of implementing RFID in supply chains and the sta-
tistical analysis of the survey conducted among the 
professionals from academia and the logistics sector 
in Montenegro, Serbia, and Bosnia and Herzegovina, 
in this section we would like to propose a model for 
adopting this advanced technology through the cloud. 
In that regard, firstly we shall give a short review of 
cloud models, including the methodological framework 
for assessing users’ commitment to a certain type of 
sourcing in the cloud (4.1). Then, we shall propose, 
at the logical level, a model for adopting cloud in the 
developing countries which function in the transitional 
circumstances (4.2). 

4.1 Blending cloud and RFID technology

Cloud computing is a model in which any and all re-
sources: application software, processing power, data 
storage, backup facilities, development tools, etc., are 
delivered as a set of services via the Internet (or In-
tranet). Since cloud computing is relatively new and 
growing rapidly, the definitions and terminology are 
still in the state of flux [29, 30, 31]. Three basic mod-
els within the cloud concept are well-know and they 
are briefly described below: 

 – SaaS (software as a service): It is a delivery model 
for software in which the company, or other cus-
tomers, pay for software on the pay-per-use basis 
instead of buying the software outright; 

 – PaaS (platform as a service): It is a delivery model 
for software identical to SaaS with the addition-
al features, as the ability to customize data entry 
forms, screens, reports, and as the access to soft-
ware development tools to change the way in which 
the software works;

 – IaaS (interface as a service): It is a delivery model 
in which the customer acquires all the technology 
needs: storage hardware, network equipment, ap-
plication software, operating system, data backup 
facilities, processing capabilities, etc. 

The possibilities of using cloud today are huge, 
whether it comes to the public (based on the Inter-
net), or private one (based on the Intranet). The public 
cloud, as its name suggests, comprises cloud services 
that exist in the Internet offered to anyone and any 
business. On the other hand, a private cloud is a cloud 
computing service established and hosted by an or-
ganization on its internal network and available only 
to employees and departments in that organization. 
Thus, a private cloud does not exist on the Internet, 
but rather within a specific organization of Intranet 
[29]. There are also possibilities of using community or 
hybrid cloud [32]. The relationships between partners 
in cloud (users, service operators, service designers, 
etc.) are regulated by SLA (Service Level Agreement). 
The SLA regulates the user’s requirements and oper-
ator’s obligations in terms of time, privacy, security, 
availability, reliability and determined procedures for 
data recovery. It specifies the price and method of 
penalty payment if the contract is breached for some 
reason, etc.

Figure 2 shows the costs of implementing RFID in 
supply chains and the main cloud concepts: SaaS, 
PaaS, and IaaS. This scheme can give an insight to 
the managers and stakeholders in the logistics sec-
tor of the considered countries into the relations be-
tween tagging goods in supply chains and cloud ser-
vices. Direct costs of hardware should be replaced by 
IaaS costs; software ones by SaaS and/or PaaS, while 
cost of engaging external experts for the needs of sys-
tem integration running and maintenance should be 
replaced by SaaS, PaaS and/or IaaS including their 
combinations when it is necessary, depending on the 
individual needs and preferences. The initial costs of 
deploying SaaS, PaaS, and/or IaaS are in any case 
considerably lower than the costs of buying this tech-
nology and its “in-house” setting, running and mainte-
nance.  

However, the question is: Which kind of sourcing 
in a cloud should be the most convenient in the case 
of the developing countries [33, 34, 35], like Monte-
negro, Serbia, and Bosnia and Herzegovina? - On the 
basis of the literature review of rather scarce available 
resources in the domain of outsourcing motives and 
decisions [36, 37, 38], it can be concluded that out-
sourcing as a service is the most suitable option for 
the considered transitional economies. On the second 
place might be placed standardization of commodi-
ties and strategic partnership, and on the third one 
– insourcing that seems presently unacceptable for 
the current needs of the analysed countries (Figure 3). 
These statements are explained in some more detail 
within the next paragraph. 
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Figure 3 – The sourcing in a cloud motive framework for the 
transitional economies; Source: adapted from [38, p. 13]

Firstly, the models of “moving” logistics into cloud 
are briefly described as follows:

 – Insourcing: It is the opposite of outsourcing. The 
activities of tagging and tracking goods in supply 
chains should be performed by the internal re-
sources. Currently, insourcing seems inappropriate 
for the analysed countries, without the staff capac-
ity and other resources increasing;

 – Standardization of commodities: It means that IT/
IS is not seen as a source that provides sustainable 
competitive advantages for the company. As con-
sequence, the IT/IS can be freely shared with com-
petitors without facing competitive disadvantage or 
losing the competitive advantage;

 – Strategic partnership: It aims at gaining access to 
complementary resources and capabilities that 

are not present internally. However, the company 
retains the ownership and the control over the IT/
IS that is linked to its strategic needs;

 – Outsourcing: It implies that the rights are owned by 
the supplier during the delivery process as it owns 
the required resources for the IT/IS development. 
The responsibility for delivery is exclusively on the 
part of the external supplier. This model seems the 
simplest and the most acceptable in the case of 
the considered Western Balkan countries. 

Afore described sourcing models are to be placed 
in the matrix of the logistics company’s strategic val-
ue, on the one side, and the presence of appropriate 
resources, on the other. The lower the strategic value 
of certain activity (i.e., RFID-enabling goods in supply 
chains) and the related expertise in the IT/IS develop-
ment, the more the company is willing to outsource. 
When it comes to the presence of appropriate resourc-
es, the less the company’s resources own appropriate 
experiences, the more it will seek to overcome the 
knowledge gap by accessing external, complementary 
resources and capacities. As they have been operating 
since decades in the transitional environment, Monte-
negro, Serbia, and Bosnia and Herzegovina have low 
levels of strategic value when it comes to enhancing 
supply chains through tagging goods as well as oth-
er necessary resources in terms of human, organiza-
tional and physical capital. Therefore, outsourcing in 
a cloud should be taken as an optimal solution in the 
initial stage of adopting RFID technology for providing 
seamless goods’ stream and related activities.

Costs

System integration costs

Installation service costs

Personnel costs

Business process reengineering costs

Hardware costs

RFID readers
RFID tags
RFID antennas
Cabling
Computers
Network

Software costs Middleware Database System Interface

SaaS/PaaS/IaaS

IaaS

SaaS/PaaS

Figure 2 – RFID implementation costs tree and cloud modes 
 Source: adapted from [10, p. 91]
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4.2 A model for adopting RFID 

In accordance to the results of the statistical analy-
sis given in Section 3 and on the basis of the previously  
given short review of sourcing models, a model has 
been proposed here for adopting outsourcing in a 
cloud, while deploying RFID in supply chains within 
the context of the transitional economies (Figure 4). As 
a reference for our model we also used a similar one 
developed by Humphery et al. (2016) and examined 
in [39].

In the centre of our model is outsourcing in a cloud 
as the most convenient sourcing model in the tran-
sitional conditions. This sourcing model can include 
SaaS, PaaS and/or IaaS services, within the frame of 
public, private, community, or hybrid cloud, while the 
relations between the users, providers and designers 
of the services are regulated by SLA (Service Level 
Agreement). The model is influenced by previously 
analysed barriers for implementing RFID into supply 
chains, while there is a strong negative correlation be-
tween the need for outsourcing on one side, and the 
risks of returns of investments vagueness and tech-
nology obsolesces, on the other, as shown in Section 
3. Besides, the adoption of advanced RFID technology 
in supply chains should be motivated by the intent to 
adopt cloud. This intention is (in)directly influenced by 
the multidimensional nature of technology adoption 
and innovation diffusion (innovation factors) [40, 41]. 
However, innovation diffusion and adoption must take 
into consideration the existing economic and socio-cul-
tural conditions of the adopter, i.e., the contextual 

factors. These innovation and contextual factors also 
affect indirectly the primary RFID adoption concerns 
(dashed lines in Figure 4). If these factors are on the 
lower level, their influence of the considered barriers 
in RFID adoption will be greater and vice versa.

By using positive deterministic paradigm, there 
is a positive correlation between innovation factors 
like: relative advantage (in comparison to the existing 
technologies), trialability, observability, demonstrable 
results, usefulness and ease of use, and the user’s 
intent to adopt new technology. On the other hand, 
the complexity of new technology is negatively cor-
related to the intent of its adoption. The strength of 
these correlations should be examined at the level of 
each individual adoption case. When it comes to the 
contextual factors, one has to be aware that potential 
users do not have the same level of infrastructure at 
their disposal, e.g. access to the infrastructure (In-
ternet) is not the same in urban and rural areas, etc. 
Socio-cultural attributes considerably vary from area 
to area, and their influence on the attempt to adopt 
RFID-tagging through outsourcing in a cloud should be 
examined also at the level of each particular case. The 
same is with the user’s awareness about the need of 
adopting new technology, the level of their education, 
and their geographical location. According to some 
previous studies [39, 42], greater level of education 
implies greater readiness to adopt new technological 
solutions; albeit, there are still big differences in this 
respect among different geographical regions and 
within them. 
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Figure 4 – A model of adopting RFID in supply chains 
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The contextual and innovation variables and their 
mutual cross-correlations with the RFID adoption 
concerns and the core outsourcing model in a cloud 
should be examined due to the individual needs and 
preferences of the potential user(s) and this may be 
the subject of another research study. Apart from that, 
the information about the RFID technology impedi-
ments and cloud sourcing models opportunities, can 
serve as a key point in opening a discussion about the 
adoption of these advanced technologies. Enhancing 
such discussion, starting from the research commu-
nity, was in fact our primary goal. Therefore, this pi-
lot study can be used as an instrument for raising the 
awareness of the managers and stakeholders in the 
considered transitional economies about the necessi-
ty of the logistics innovation towards overcoming the 
existing technological gaps. 

5. CONCLUSIONS
The paper gives an overview of pros and cons of 

adopting RFID technology in supply chains with a ref-
erence to the transitional economies in three Western 
Balkan countries (Montenegro, Serbia, and Bosnia and 
Herzegovina). Also, it proposes outsourcing in a cloud 
as a model which is theoretically most convenient for 
small and medium-size enterprises in the developing 
economies. On the basis of the results of the survey 
conducted among the experts in logistics in aforemen-
tioned countries, and the survey of the sourcing mod-
els in a cloud, the following can be concluded:

 – Considered barriers in implementation of RFID into 
supply chains, have been ranked by the experts 
as follows: (1st) costs, (2nd) standardization, (3rd) 
technological issues, and (4th) security & privacy 
concerns;

 – There is a strong positive bi-variant correlation, 
with the statistical significance, between each pair 
of the considered sets of criteria (barriers) in the 
survey (Spearman’s coefficients: 6rs>0.99 and 
6rs

2>0.99);
 – There are strong negative cross-correlations be-

tween sub-criteria: the need for outsourcing, on the 
one side, and the returns on investment vagueness 
(-0.830) and the difficulties in estimating opportu-
nity costs and risk of obsolescence (-0.548), on 
the other. This means that these risks can be over-
come by outsourcing. It strongly supports our hy-
pothesis that tagging goods in supply chains in the 
considered developing countries should be moved 
into the cloud; 

 – The methodological framework for adopting dif-
ferent sourcing models is applied to the analysed 
developing countries, and outsourcing in a cloud 
is proposed as the most suitable one, due to the 
scarcity of financial, technological and human re-
sources in these countries;

 – The advanced technology adoption model in devel-
oping countries is proposed at the logical level by 
taking into account the previously analysed barri-
ers in implementing RFID in supply chains, along 
with some innovations and contextual factors. The 
outsourcing in a cloud is in the centre of this mod-
el, while the intent of its adoption is influenced by 
the users’ individual needs and preferences includ-
ing their economic and socio-cultural attributes. 
Further research should include the in-depth inter-

views and discussions with managers and stakehold-
ers in the transitional economies on this topic, beside 
the polls. Also, technology innovations and contextu-
al factors that affect adopting cloud solutions should 
be assessed at the individual level(s). These analyses 
should also include comparing the objective initial 
costs of implementing the entire technology and cloud 
outsourcing model costs, on the concrete examples. 
The issues of stability and interoperability between the 
supply chain participants in both physical and cloud 
realms are to be taken into consideration as well.
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IZAZOVI PRAĆENJA ROBE U LANCIMA  
SNABDIJEVANJA I KLAUD PERSPEKTIVA  
SA OSVRTOM NA NEKE TRANZICIONE EKONOMIJE

APSTRAKT

U radu se analiziraju neke od ključnih barijera u im-
plementaciji RFID (radio frequency identification, eng.) 
tehnologije za identifikaciju, lociranje i praćenje robe u 
lancima snabdijevanja, kao i model za prihvatanje klauda 
u cilju smanjenja ovih prepreka. Analiza je bazirana na sub-
jektivnim procjenama eksperata u oblasti logistike: univer-
zitetskih profesora, asistenata i preduzetnika sa fakultets-
kom diplomom, iz tri države Zapadnog Balkana (Crne Gore, 
Srbije i Bosne i Hercegovone). Kako su procjene eksperata 
uslovljene njihovim iskustvima iz tranzicijskih ekonomija, 
koje imaju ograničene mogućnosti investiranja u skupe 
poslovne informacione sisteme, glavna hipoteza je da se 
izmiještanjem logističkog poslovanja u klaud mogu razriješi-
ti, ili u najmanju ruku, ublažiti odnosni problemi. Na osnovu 
raspoloživih sekundarnih literaturnih izvora o prednostima 
i nedostacima implementacije RFID tehnologije u lancima 
snabdijevanja i statističkih analiza savjesno ispunjenih up-
itnika, predložen je na logičkom nivou, model za prihvatan-
je klaud usluga u obezbjeđivanju RFID-operabilnosti robe 
i pratećih aktivnosti u tranzicionom okruženju. Dodatno, u 
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radu su date i neke smjernice za dalja istraživanja u ovom 
domenu. 

KLJUČNE RIJEČI

radio frekvencijska identifikacija (RFID); lanci snabdijevanja; 
tranziciona ekonomija; model za prihvatanje klauda;
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