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Management summary  
 

Introduction 

Due to a decrease in cash traffic and unchanged fixed costs of the cash handling process it will become 

less profitable for cash handling companies to process cash (Twain, 2016). Therefore, a more efficient 

cash supply chain, that is able to handle cash at a lower cost, can be the solution for cash handling 

companies to compete in this evolving market. Information technologies might play a crucial role for 

the cash supply chain to increase the integration of information that in turn can influence the efficiency 

of the cash supply chain. However, little research is available that gives us an understanding about the 

role that information technologies can have on information integration to increase cash supply chain 

efficiency. This results in the following leading research question: 

 

“How can information technologies support information integration and, in turn, increase supply chain 

efficiency?” 

 

Theoretical background  

The theoretical findings are covering three research fields, namely the area of cash supply chain 

research, the area of information integration research, and the area of information technology research. 

 

First, the cash supply chain was defined as the cooperation of logistic service providers, financial 

institutions, and other companies to supply customers with cash from high quality in a reliable and 

sufficient way (van Anholt, 2014). Next, the unique features of the cash supply chain are described to 

identify the differences with ‘normal’ supply chains. The main identified objectives for organizing cash 

logistics are efficiency, reliability, and safety (Twain, 2016).  

 

Additionally, supply chain integration was defined as the degree to which a manufacturer strategically 

collaborates with its supply chain partners and collaboratively manages intra- and inter-organizational 

processes, in order to achieve effective and efficient flows of products and services, information, money 

and decisions, to provide maximum value to the customer (Flynn, Huo, & Zhao, 2010). Information was 

found to be one of the most valuable resources and consists of characteristics such as good quality, 

right timing, accessibility, and speed as close to real-time. This could, in turn, lead to shared benefits 

like, early problem detection, quick response, better tracking and tracing, increased visibility, and 

improved resource utilization.  

 

Finally, information technology was defined as anything that relates to computing technology, such as 

computers, storage, networking, infrastructure, processes, and people working with these technologies, 

in order to create, process, store, secure and exchange electronic data (“IT,” n.d.). Because this study is 

focusses on logistic processes, logistic information technologies were identified and further described. 

The four identified information technologies are; (i) barcode technology, (ii) radio frequency 

identification technology (RFID), (iii) sensing technology, and (iv) internet of things (IoT). Two 

frameworks from Decker et al. (2008) were used for scaling the different technologies. It is expected 
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that by implementing new information technologies, the level of information integration increases, 

which, in turn, positively affects the efficiency of the cash supply chain.  

 

Methodology  

The aim of this thesis is to gather in-depth knowledge and an understanding of the influence of 

information technologies on cash supply chain efficiency. Therefore, this thesis provides a qualitative 

and explorative study with a design science approach. The science part creates knowledge to describe 

the current situation, while the design part uses this knowledge to create the desired situation (Romme, 

2003).  

 

The literature study was used to get theoretical insights into the cash supply chain theory, the 

information integration theme, and the different logistic information technologies. This knowledge was 

used to construct theory-based design principles that were used to develop the interview protocol. 

These interviews were conducted to gain understanding of the efficiency of the cash supply chain and 

how this could be influenced by information technologies and, in turn, by information integration. For 

analyzing the data gathered through interviews, a template approach is used that makes use of themes 

to structure the data. From the empirical analysis, practice-based design principles were formulated 

that were combined with the theory-based design principals in the design chapter. A complete overview 

of the basic structure of the project is presented in Figure 1.  

 

Identification What is Model of what is Model of what could be What could be

Research 
identification

Desk research

Observations

Literature review

Twelve interviews 
with cash supply 
chain specialists

Current business 
process model

Theory-based design 
principles 

Final design 
principles

New business 
process model

Practice-based 
design principles

Research 
identification

Model of what isWhat is What could beModel of what could beIdentification

Reflection on 
findings

 

Figure 1: A visualization of the methodology used for this thesis 

Results and design 

During the interviews the expected relationships of the identified theoretical framework were 

discussed. It has been found that RFID is the most promising information technology to increase the 

level of information integration in the cash supply chain by improving the quality of information and 
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reducing the number of manual activities. Furthermore, the results show that when information is 

better integrated it is positively influencing cash supply chain efficiency. During the analysis of the data, 

important cash supply chain shortcomings are identified that are used to construct the practice-based 

design principles.  

 

From the theory research and the practical findings, final design principles are constructed. These design 

principles aim to improve the cash supply chain efficiency regarding information integration by 

implementing a new information technology. In addition, to better understand the identified 

shortcomings and to see the potential of RFID, a business process model is made. This model is a 

visualization of the basic logistic activities in the cash supply chain and illustrates the differences when 

RFID is implemented.  

 

Conclusion  

This thesis investigated the efficiency of the cash supply chain and how information technologies are 

influencing this efficiency through increased information integration. Based on the results of this thesis, 

it appears that the current cash supply chain is missing two types of information, namely customer 

information and information from supporting departments. Relating to this missing information, the 

current cash supply chain information systems are falling short in fields of the human role in the process 

and the scan moments that are required. Because of these shortcomings, multiple efficiency problems 

and improvements are identified. According to the specialists, there is a standardization problem, the 

cash supply chain is too dependent on human, and information is not integrated to the right amount. 

Potential improvements according to the specialists are a more automated cash supply chain and a 

better planning.  

 

It is concluded that logistic information technologies have a positive effect on information integration 

in the cash supply chain. Information integration is highly dependent on the quality of information flows. 

In order to increase the level of information integration, the quality of information should increase. The 

quality of information can be improved through new information technologies that influence the 

accessibility, visibility, traceability, and timing of information. The most important future technology to 

achieve these information integration improvements is RFID. This technology is capable to increase the 

timing and accessibility of information, resulting in a faster throughput time of cash packages. 

Moreover, problems are detected early in the process because RFID makes it possible to live track the 

packages and departments are able to better adapt their resources to the incoming amount of work 

that is visible earlier in the process. This increase in the level of information integration due to a new 

information technology is leading to better cash supply chain efficiency.  

 

The findings of this study can be used by supply chain managers to identify shortcomings of the supply 

chain. These shortcomings have a negative effect on supply chain efficiency and new information 

technologies can help to mitigate the impact of these shortcomings. G4S Netherlands should pursue 

the final design principles during the development of the cash supply chain. These final design principles 

provide very specific information on what critical points the cash supply chain should be developed to 

overcome the shortcomings. For example, information in the cash supply chain should be real-time and 

accessible. In addition, for G4S Netherlands it is of interest to understand the effect of a new information 
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technology on its cash supply chain efficiency. The new business process model provides this 

information by displaying all the logistic activities of the new cash supply chain relative to the current 

cash supply chain. 
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1 Introduction  
Cash markets are evolving at a rapid pace, especially the cash markets in northern Europe (Twain, 2016). 

This evolution in the financial sector can be described on the basis of general trends related to the 

financial market. One trend is the creation of a single Europe in 1999 (Twain, 2016). This started at the 

introduction of a single currency in Europe (euro) and expended in 2011 when cross border transport 

became legal. In 2006 the initiative started, that is still active, for a Single Euro Cash Area (SECA) to 

further optimize the European cash market. Digitalization is another important trend in the financial 

sector. The main goal of digitalization is to standardize interoperability between the member states and 

to decrease the differences between countries. All European citizens should have equal access to the 

financial system in terms of cash and non-cash payment instruments. Access to cash is mainly provided 

through ATMs (Automated Teller Machines) and Bank branches. Research shows that this supply of cash 

is declining because these areas are commercially not attractive (Twain, 2016). Because of this declining 

amount of ATMs and Bank branches a trend towards more alternative payment methods arises, 

resulting in Social and Financial inclusion. Additionally, innovation fulfils an important trend within the 

financial sector. Most innovations take place in the electronic payment domain and have an impact on 

the use of cash, as more alternative payment products become available. The way the cash market is 

organised, production of cash, and security features of cash can be described as possible innovations 

within the cash market. While cash payments are decreasing in the Netherlands, it is expected that cash 

payments will not disappear in medium term (Twain, 2016). These trends in the financial market predict 

an increase in non-cash payments and a stagnation of cash payments for the future (Figure 2).  

 

Due to a decrease in cash traffic 

and unchanged fixed costs of the 

cash handling process, it will 

become less profitable for cash 

handling companies to process 

cash (Twain, 2016). In order to 

transport, sort, and storage cash, 

high valued products are needed 

to secure the safety and reliability 

of the supply chain, which makes it 

expensive. Therefore, a more efficient 

cash supply chain, that is able to handle cash at a lower cost, can be the solution for cash handling 

companies to compete in this evolving market. Cash supply chain operations consists of collecting value, 

receiving value, processing value (depacking, repacking, sorting/counting), preparing value for 

shipment, and shipping value to customers. By investigating the cost of cash, Brugge, Denecker, Jawaid, 

Kovacs, & Shami (2018) concluded that most efficiency within the cash supply chain can be achieved by 

eliminating repeated steps like checks and controls that account for approximately 40 percent of all 

operating steps. For this eliminating process of repeated steps integration of the cash supply chain is 

expected to be an important factor. Supply chain integration is the degree of collaboration between the 

supply chain entities in order to achieve effective and efficient flows of products and services, 

information, money, and decisions, to provide maximum value to customers (Flynn et al., 2010). Supply 

chain integration is an important performance measure for supply chains and is getting more attention 

Figure 2: Cash vs non cash (Twain, 2016) 
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from organizations due to the global increase of competition (Barber, Garza-Reyes, Kumar, & Abdi, 

2017; Flynn et al., 2010; Korpela, Hallikas, & Dahlberg, 2017; Shub & Stonebraker, 2009). To take 

advantage of the benefits of supply chain integration, internal cross-functional integration as well as 

external cross-functional integration is required (Barber et al., 2017). For both internal and external 

integration, integration of material flows, integration of information flows, and integration of financial 

flows are required. In many supply chains information flows are not shared efficiently due to the fact 

that most organizations found it challenging to manage information flows compared to material or 

financial flows (Prockl, Bhakoo, & Wong, 2017). Consequently, information is not shared efficiently in 

many supply chains. Those supply chains are less successful than supply chains where information is 

shared efficiently and in a timely matter (Schrauf & Berttram, 2016). Therefore it can be concluded that 

information sharing is a very important condition for a successful, integrated, supply chain (Bian, Shang, 

& Zhang, 2016). This sharing of information is done with information technologies. However, we still 

have limited understanding about making the cash supply chain more efficient by means of digital 

information technology. This research aims to improve the understanding on the role of information 

technologies in the cash supply chain and how these technologies can positively contribute to the 

reduction of repeated steps (e.g., checks and controls) through increasing the level of information 

integration.  

  

1.1 Research identification 
This research mainly contributes to three different research areas, namely the area of cash supply chain 

research, the area of information integration research, and the area of information technology research. 

For each of these research themes an extensive amount of literature is available. This study tries to bring 

these worlds more closely together by focussing on the interrelations between them.  

 

Information technologies might play a crucial role for the cash supply chain to increase the integration 

of information that in turn can influence the efficiency of the cash supply chain. However, little research 

is available that gives us an understanding about the role that information technologies can have on 

information integration to increase the cash supply chain efficiency. This is surprising because looking 

at the practice field cash processing companies, including G4S, are searching for new methods and 

possibilities on how to increase the efficiency of their cash processing activities. Even more, consulting 

firms identified the need for making the cash operating activities leaner. For instance, a recent research 

by McKinsey looked at the cost of cash and concluded that the cash processing activities consists of too 

much repeated steps that should be eliminated (Brugge et al., 2018). With this research we aim to 

address this relevant research gap (Figure 3) and strive for a better understanding of the effect that 

information technologies have on information integration in the cash supply chain, with the aim to 

increase the cash supply chain efficiency. 
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Cash supply chain research

Information integration research

Information technology research

Cash supply chain research

Information integration research

Information technology research

 

Figure 3: Visual representation of research themes and research gap 

 

1.2 Organizational context 
To determine why this research is taking place, the research context is explained in this chapter. This 

research is conducted in association with G4S Cash Solutions, a leading supplier of integrated cash 

management solutions in the Netherlands. At this moment G4S is market leader or number two in 41 

of its 44 markets worldwide (“Services/Cash solutions,” n.d.). G4S Netherlands is working on a new 

future vision program called Cash2020. Within this program, one project concerns the cash supply chain. 

The focus of this program is “no touching” as this is in most of the cases a non-value added step. 

Currently, there are six operating cash centres in the Netherlands with activities as identifying, 

distributing, and temporarily storing several kind of cash packages. Each cash centre prepares and sorts 

its own local routes. G4S Netherlands decided that it wants to investigate whether it remains necessary 

to execute the current processes or if it is possible to redesign the current processes so that less non-

value added steps are required. The current cash handling activities within the cash supply chain consist 

of many touching moments, especially for hand overs and/or controls. Therefore, G4S Netherlands 

seeks for technologies that allow a flow with less of those steps and still be able to keep the controls in 

place. G4S Netherlands already investigated options to change the material flows within the cash supply 

chain by restructuring the cash centres with high-tech machines. This resulted in expensive options with 

a long payback time and have therefore been rejected. By doing research in the field of information 

sharing, G4S seeks for new technologies that enable a more efficient level of information sharing that 

results in a better flow of products and services.  

 

1.3 Problem statement and research question 
The stagnation of cash payments in the Netherlands and the unchanged fixed costs for the cash handling 

process resulted in the demand for more cash supply chain research in order to increase the 

understanding of the cash supply chain to make it more efficient. An unexamined research topic within 

the cash supply chain research is the efficiency of the cash processing activities. Through this study we 

attempt to gain a better understanding of the role of information technologies in the cash supply chain 

of G4S Netherlands and how these technologies can contribute to the reduction of repeated steps by 
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positively supporting information integration. This results in the following leading research question 

that is further elaborated in Chapter 2: 

 

“How can information technologies support information integration and, in turn, increase supply chain 

efficiency?” 

 

Based on the research cause, research identification, and the organizational context, the subject of 

study is delineated. By using this information and keeping the leading research question in mind, we 

defined two sub-research questions. These sub-research questions will be further elaborated to create 

a full understanding of the research problem.  

 

1.3.1 Sub-research question 1: Impact of information technologies on information integration 
Digitalization can play a major role in assisting managers to more successfully share information external 

as well as internal (Schrauf & Berttram, 2016). Effective digitalization is not only the digitalization of 

business processes but is more a function of technology, people, and organization (Fawcett, Osterhaus, 

Magnan, Brau, & McCarter, 2007). In almost all industries there are firms that explore the benefits of 

using new technologies. These new technologies often require new business operations which affects 

the organization (Matt, Hess, & Benlian, 2015). Information sharing is a very important condition of 

supply chain integration (Bian et al., 2016). According to Nakasumi (2017), information in supply chains 

is one of the most valuable resources for manufacturers and can be viewed as meaningful data to 

complete the business tasks more efficiently and effectively (Wu, Yue, Jin, & Yen, 2016). In this master 

thesis project, we focus on the integration of information in the cash supply chain. In order to gain a 

better understanding on how information technologies are involved in the cash supply chain sub-

research question 1 is formulated: 

 

“What is the effect of logistic information technologies on information integration in the cash supply 

chain?” 

 

1.3.2 Sub-research question 2: Impact of information integration on efficiency 
In many supply chains information flows are not shared efficiently due to the fact that most 

organizations found it challenging to manage information flows compared to material or financial flows 

(Prockl et al., 2017). As a consequence, the supply chain is not fully integrated because information is 

not shared efficiently. Those supply chains are less successful than supply chains where information is 

shared efficiently and in a timely matter (Schrauf & Berttram, 2016). Some research concluded that 

information technologies can have an influence on the way information is shared (Lotfi, Mukhtar, 

Shahnorbanun, & Zadeh, 2013; Nakasumi, 2017; Ye & Wang, 2013), but it is less well documented what 

the impact of information integration on cash supply chain efficiency is, leading to sub-research 

question 2:  

 

“What is the effect of information integration on the efficiency of the cash supply chain?” 
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1.4 Academic and practical relevance 
This research will be relevant for both academia and practice. This relevance is explained in the following 

two paragraphs.  

 

1.4.1 Academic relevance 
Due to the growing market for non-cash payments the market for cash payments is under an increasing 

pressure (Twain, 2016). To remain competitive the cash supply chain should increase its efficiency to 

reduce costs. Cash supply chains are different from normal supply chains in terms of accessibility which 

can be the reason why so little research regarding cash supply chain efficiency is conducted. In addition, 

limited research is done in fields of supply chain digitalization while there is an increased focus on digital 

growth (2018 Digital Transformation Report, 2018) . Therefore, on the one hand, this research aims to 

close the gap in the field of cash supply chain efficiency and, on the other hand, to provide more 

information about the digitalization of a supply chain. This research will use technologies that increase 

the efficiency of information sharing and link this to the cash supply chain to make it more efficient by 

reducing repeated steps.  

 

1.4.2 Practical relevance  
There is too much difficulty, in fields of cash supply chain management, with implementing the 

conducted research in practice (van Anholt, 2014). In some northern European countries, including the 

Netherlands, alternative payment options are competing with cash for the most ideal payment option 

(Twain, 2016). The last year G4S has been exploring the various opportunities that are available in the 

market and has come to a point that now is the time to invite partners to give their view on the 

opportunities in the cash centre with the current infrastructure. Modernizing the cash cycle to reduce 

inefficiencies and, therefore, to reduce costs is important for cash to be able to continue to serve the 

market. This research contributes to this development by investigating a new cash supply chain network 

using new technologies to reduce the number of repeated steps. This reduction of repeated steps can 

have a positive effect on the reduction of cash handling costs. This is important for cash handling 

companies to remain profitable and therefore stay ahead of the competition. In addition, the obtained 

insights following from this research can be used by other supply chains to make informed decisions 

about digitalizing a supply chain. To increase the practical relevance this research makes use of real data 

obtained from a cash supply chain in the Netherlands. G4S has chosen for a 2 step approach within this 

project: (1) partners are invited to give their long term view (maximum 3 till 5 years) and abilities in the 

handling of a great diversity of packages and (2) partners are invited to give their short term view 

(maximum 1 year) and abilities in the current infrastructure of the cash centres. Summarizing, G4S is 

requesting what can be realized at short term to make the cash centre more efficient and looking 

forward; what could the “perfect world” look like in maximum 3 till 5 years? This request for information 

(RFI) specifically does not describe the outcome, as it is for the invited partners to define the 

possibilities. Thinking out of the box is more than welcome and will be stimulated. The boundaries are 

clear, it has to be realized within the current infrastructure, the business case has to be achievable, and 

both the controls as well as the security part need to be in place. The goal of the design process is to 

develop artefacts that can be used by G4S to innovate and make their current cash centres more 

efficient. This is a tangible result from a design process (Jr. & Collopy, 2004). In case of this research we 

would want to develop a new supply chain structure prompted by new digital technologies that enables 

a higher level of information sharing and, in turn, less repeated steps.  
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1.5 Structure  
This master thesis is divided into several chapters. Chapter 2 presents a literature review, which provides 

the theoretical background of this study. This chapter further elaborates on the cash supply chain and 

identifies technologies that are able to increase the level of information integration. Furthermore, the 

proposed research model will be identified. The research design that is used during this master thesis is 

described in Chapter 3. Within this chapter a clear scope is set that defines what will be investigated 

and what will be excluded in this research. Furthermore, the methods for collecting and analysing data 

will be discussed in this chapter. Chapter 4 defines the results. The last chapter of this research, Chapter 

5, provides a conclusion, theoretical and practical implications, and gives the limitations and future 

research directions.  
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2 Theoretical background 
A literature review is executed to gather more theoretical insight into the studied subject and to develop 

a theoretical framework. In this chapter we discuss the findings of the literature review. This chapter is 

covering three research areas that are already discussed in the research identification chapter, namely 

the area of cash supply chain research, the area of information integration research, and the area of 

information technology research. Each research area starts with a definition of the studied topics 

followed by an elaboration of subjects central to this study.  

 

2.1 Cash supply chain 
2.1.1 Definition  
According to Mentzer, Keebler, Nix, Smith, & Zacharia (2001), the total network of organizations 

involved in the upstream and downstream added value processes and activities can be considered as a 

supply chain. Similar to this definition a cash supply chain can be described as the cooperation of logistic 

service providers, financial institutions, and other companies to supply customers with cash from high 

quality in a reliable and sufficient way (van Anholt, 2014).  

 

2.1.2 Unique features of the cash supply chain 
G4S cash solutions is focusing on the transport, process, recycling, securely storage and management 

of cash and provide secure international logistics for cash. This research is mainly focussing on 

information sharing and the transition from a traditional supply chain to a more digitalized supply chain 

using new information technologies. The main objectives for organizing cash logistics are efficiency, 

reliability, and safety (Twain, 2016). These objectives are largely similar across the member states of the 

European Union (EU28) just like the activities that are performed in the cash cycle (Twain, 2016). These 

similarities do not apply on how cash is organized across the EU28. In the Netherlands the central bank, 

called De Nederlandse Bank (DNB), is the managing institution who is responsible for the nation’s 

currency, supply of cash to the public, and the interest rates. For the central bank it is important to 

realize public’s trust for the nation’s currency and to preserve the integrity of cash that is in circulation. 

An important factor for supplying cash to the public are the CIT companies. These companies are 

specialized in transporting cash between the involved organizations of the cash supply chain and to 

perform warehousing and cross docking activities. Cash is transported between the printing companies, 

central bank’s cash centres, and further down to more entities within the cash supply chain. Commercial 

banks are responsible for cash orders to retailers, corporate customers, and ATMs and should have 

sufficient cash inventory for fulfilling these orders. When these inventories are running low they can 

order cash from the central bank who will have the money delivered by CIT companies. Finally, cash will 

reach the most downstream entities of the cash supply chain, which are consumers. These consumers 

spend or deposit their cash resulting in an upstream activity of the cash supply chain. After spending 

the cash it is transported back to a cash centre where banknotes are sorted. This sorting activity includes 

the process of sorting used cash, according to the central bank’s standards, into fit or unfit cash. Fit cash 

can be reused by consumers and is therefore recirculated, while unfit cash is too damaged or soiled that 

it is not suitable to be reused by consumers. When the sorting process is finished the soiled cash is 

recycled and the damaged cash is destroyed. This process of recycling and destroying is done by 

specialized companies on behalf of the central bank. In addition, during the sorting process, also 

counterfeit cash is detected.  
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Cash supply chains are different from traditional manufacturing supply chains which can make current 

research in fields of supply chain management less useful. First of all, the core products of a cash supply 

chain are banknotes and coins that are available in a few denominations. These highly uniform products 

make it easier to standardize the transportation and distribution channels of a cash supply chain in 

comparison with a traditional supply chain. However, a cash supply chain does require special measures 

for storage, transportation, and maintenance to reduce security risks due to the high value density of 

cash. One way to secure the cash supply chain is to make it highly dynamic in fields of transportation 

and servicing to avoid predictable timing of the transport and servicing. Therefore, the delivery of cash 

is done on different days and times each week. The cash supply chain of G4S consists of six cash centres 

in the Netherlands resulting that cash is stored and/or processed on six locations. New strategies that 

influence the demand forecasting, routing, and order fulfilment have therefore more potential for cost 

savings. Additionally, cash supply chains have a high demand frequency that allows for accurate demand 

forecasting on a daily basis. A cash supply chain uses highly automated devices like automated self-

service devices to service these customer demands. However, the further processing of cash in cash 

centres is still manual labour. These mentioned processes, both upstream and downstream, are equally 

important within the cash supply chain. For this reason and because cash cannot be consumed, the cash 

supply chain can be considered as a closed-loop supply chain. Within this closed-loop supply chain there 

is a combined inventory control and routing which make it more inefficient because CIT companies 

perform transportations for commercial banks as well for retailers and corporate customers.  

 

2.2 Supply chain integration and the role of information sharing 
2.2.1 Definitions 

Supply chain integration can be defined as the degree to which a manufacturer strategically collaborates 

with its supply chain partners and collaboratively manages intra- and inter-organizational processes, in 

order to achieve effective and efficient flows of products and services, information, money and 

decisions, to provide maximum value to the customer (Flynn et al., 2010). According to Nakasumi 

(2017), information in supply chains is one of the most valuable resources for manufacturers. 

Information in supply chains can be viewed as meaningful data to complete the business tasks more 

efficiently and effectively (Wu et al., 2016). Information within the supply chain should consist of six 

characteristics in order to be considered as good (Wu et al., 2016). First, information should be of the 

right type in order to increase the value of information. Second, the quality of information is important 

in terms of accuracy and reliability. Third, timing of information is relevant, the earlier information is 

available, the better. Fourth, the speed at which information is transferred should be as close to real-

time information as possible, as it minimizes delay in the transmission of data. Fifth, the way information 

is accessible should be in an easy way to fully utilize the information. Sixth, the information should be 

in control by the sharing party and privacy should be protected. When new information systems are 

applied within the supply chain, it should be taken into account that information should consist of these 

characteristics to make the best use of the system. Each supply chain scores different on these 

characteristics. Therefore, these characteristics can be used for the selection of the most promising 

technology. For example, some technologies provide the supply chain with more real-time information 

than others and will therefore score higher, if the other characteristics are the same.  
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2.2.2 Impact of supply chain integration on efficiency 
Eventually, it is important for a company that the efficiency increases when changes to the supply chain 

are applied. In case of this research we will study the efficiency based on supply chain performance. For 

this reason the impact of supply chain integration on business performance is investigated in this sub-

chapter. Before we can determine the impact, we must further define supply chain integration and 

business performance. Supply chain integration can be collapsed into three dimensions: customer, 

supplier, and internal integration. Customer and supplier integration can be referred to as external 

integration, which is the level to which processes are synchronized with external partners (Flynn et al., 

2010). Internal integration focusses on activities within a manufacturer. That is the level to which a 

manufacturer structures its own organizational strategies, practices, and processes into collaborative, 

synchronized processes, in order to fulfil its customers’ requirements (Flynn et al., 2010). The purpose 

of internal integration is to break down the organizational barriers in order to meet the customers’ 

requirements instead of operating in functional silos.  

 

In order to define performance, we divided it into operational performance and business performance. 

Operational performance can be defined as the firm’s performance that is measured against some 

prescribed indicators in field of cost, quality, delivery, customer responsiveness, and flexibility (Beamon, 

2001; Flynn et al., 2010; Ye & Wang, 2013), including the performance of the supply chain. These are 

indicators such as cycle time, productivity, waste reduction, and regulatory compliance. To achieve 

these performance goals it is important that all business units within the organization are aligned, which 

is called operational performance management (OPM). This operational performance has a direct 

significant positive effect on business performance (Flynn et al., 2010). When operational performance 

increases, business performance will also increase. Business performance can be defined as the 

achievement of organizational goals related to profitability and growth in sales and market share (Hult, 

Hurley, & Knight, 2004). The research by Flynn et al. (2010) investigated the effect of internal integration 

on operational performance and on business performance and concluded that both are positive and 

significantly related, meaning that if the level of internal integration increases within the company, 

operational performance and business performance will increase.  

 

To increase the validity of this research and to test the outcome it is important to understand how 

performance is measured within the supply chain. Supply chain performance is predominantly 

measured through costs and customer responsiveness, two operational components of supply chain 

performance (Beamon, 2001; Ye & Wang, 2013). Costs measures include inventory costs and operating 

costs. Customer responsiveness measures include lead time, stockout probability, and fill rate (Beamon, 

2001). Thus, operational cost efficiency can simply be achieved by minimizing operational costs. In order 

to minimize these costs, resources should be minimized within the supply chain. This minimization of 

resources is a general goal in supply chain analysis and is generally measured in terms of the minimum 

requirements (quantity) (Beamon, 2001). Good performing resources are requiring a minimum amount 

of requirements. An important measure for resource performance is manufacturing costs: the total 

costs for manufacturing including labour, maintenance, and re-work costs (Beamon, 2001). When there 

are less repeated steps in the process, less re-work has to be done, resulting in better output measures 

in terms of number of items produced and time required to produce a particular item or set of items 

(Beamon, 2001). For the cash supply chain these output measures can be translated to the number of 
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cash packages that are processed, the time required to process these cash packages, the number of 

counts, and the time required to count.   

 

2.2.3 Benefits of information sharing 
Lotfi et al. (2013) studied the effectiveness of information sharing in supply chain management. This 

study elaborated on the benefits of information sharing to enhance supply chain integration. In total 

there are 14 benefits identified: (1) inventory reduction and efficient inventory management, (2) cost 

reduction, (3) increasing visibility, (4) significant reduction or complete elimination of bull-whip effect, 

(5) improved resource utilization, (6) increased productivity, organizational efficiency and improved 

services, (7) building and strengthening social bonds, (8) early problem detection, (9) quick response, 

(10) reduced cycle time from order delivery, (11) better tracing and tracking, (12) earlier time to market, 

(13) expanded network, and (14) optimized capacity utilization. In literature the benefits of information 

sharing are most often expressed in two ways, either expected cost reduction or inventory reduction 

(Lotfi et al., 2013). This research is focussing on the reduction of repeated steps which in the end will 

result in a cost reduction.  

Supply chain members often contain a lot of information about themselves but are lacking information 

about other members in the supply chain (Lotfi et al., 2013). This lack of information results in 

uncertainties that can be resolved when members are willing to share information with each other (Lotfi 

et al., 2013). When information is shared efficiently among the supply chain it enables members to make 

accurate decisions based on real demand (Lotfi et al., 2013). Furthermore, information sharing within a 

supply chain results in an improvement of business connections like cross-docking and quick respond 

(Lotfi et al., 2013). 

Additionally, according to Nakasumi (2017), it is important that information is on time and accurate, 

leading to three advantages. First, capacity risk can be reduced through information sharing by a more 

accurate forecasting of demand. Capacity risk is the risk that is involved with having too much or too 

little capacity. When information is shared efficiently, the manufacturer can make an accurate forecast 

and is therefore able to optimize the production capacity. This information can be shared downstream 

to suppliers in order to decrease the inventory risks. Second, transport can be optimized when real-time 

information is available. Shipments of different suppliers can be consolidated resulting in more 

shipments with full truck loads. Besides that, on time collection and delivery of products is a result of 

information sharing due to the incorporation of real-time data into the planning process. Third, if 

information is shared by all distributing parties, the retailer can select automatically the distributor with 

the lowest lead time.  

 

2.2.4 Challenges of information sharing 

Lotfi et al. (2013) also investigated some challenges that firms may encounter during information 

sharing: (1) confidentiality of the information shared, (2) incentive issues, (3) reliability and cost of 

information technology, (4) anti-trust regulations, (5) the timeless accuracy of the shared information, 

and (6) the development of capabilities that allow companies to utilize the shared information in an 

effective way. According to Lotfi et al. (2013), one of the main barriers for information sharing is the 

concern for information privacy. It could be that members within the organization lack trust in each 

other resulting in less information sharing. Therefore, it is important to create a trusted network to 

share information on. Additionally to this main barrier, individuals often have problems with using 

information technology (IT) systems and often it is very time consuming to learn to use IT systems. When 
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new systems are introduced it should be taken into account that it is user friendly in order to improve 

information sharing. When systems are not user friendly it will have a negative effect on information 

sharing (Yang & Maxwell, 2011). It also should be taken into account that the organizational hierarchy 

needs to be changed after implementing new IT systems. This affects the organizational culture and 

nature of work and can result in a lack of willingness to transfer information (Yang & Maxwell, 2011).  

 

Research by Khurana, Mishra and Singh (2011) identified six categories of information sharing barriers. 

The objective of the research by Khurana et al. (2011) was to identify and measure the perceived 

importance of information sharing barriers in supply chain management. Managerial barriers were first 

identified followed by organizational barriers, financial barriers, technological barriers, individual 

barriers, and social cultural barriers. Managerial barriers arise when management do not realize and 

support the possible advantages of information sharing. There is not enough confidence in the 

information sharing system by the management. Organizational barriers are related to the attitudes of 

the organizations towards the implementation of information sharing. When applying information 

sharing into an organization, it will affect the organizational structure and will have effect on groups 

that are involved. Financial barriers are closely related to information sharing in supply chains. 

Information systems require funds to efficiently share information in the supply chain. It could be very 

challenging to integrate all the different hardware, software, data standards, and definitions from all 

the different involved organizations. This involves technological barriers to overcome. Individual barriers 

are linked to the behaviour and actions of individuals or groups that share information between 

different business functions. Furthermore, information can be misinterpreted or misused, which are 

social cultural barriers.   

 

2.3 Information technologies  
After confirming that supply chain information integration will have a positive effect on operational 

performance and business performance, it is of interest to determine how information can be shared 

more efficiently in order to increase the level of information integration within the supply chain. This is 

done by looking at the evolution of the supply chain to a more digitalized supply chain and through 

looking at the theoretical perspectives on information sharing.  

 

2.3.1 Definition 
Information technology can be defined as anything that relates to computing technology, such as 

computers, storage, networking, infrastructure, processes, and people working with these technologies, 

in order to create, process, store, secure, and exchange electronic data (“IT,” n.d.). Information 

technologies consists of several layers of hardware, software, virtualization tools, management tools 

and automation tools (Rouse, 2015). Physical equipment can be considered as hardware and operating 

systems and applications can be seen as software (Rouse, 2015). Furthermore, information technology 

can also refer to the architecture, methodologies, and regulations to use and storage data (Rouse, 

2015). Business applications of information technologies include databases, transactional systems, 

email servers, web servers, customer relationship management, and enterprise resource planning 

systems (Rouse, 2015). Computer servers are used to run these business applications (Rouse, 2015). 

The storage of data can be any technology that holds information as data. Examples of information are 

file data, multimedia, telephone data, web data and data from sensors, or future formats. Many 
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companies nowadays have their own information technology department to manage these business 

applications.  

 

2.3.2 Digitalization  
Supply chain integration is strongly associated with supply chain digitalization. This follows from the 

fourth industrial revolution, also known as Industry 4.0 (Figure 4), where the gulf between the real and 

digital world becomes smaller (Weyer, Schmitt, Ohmer, & Gorecky, 2015). A critical element within this 

revolution is the change from a traditional supply chain towards a connected, smart, and highly efficient 

supply chain (Schrauf & Berttram, 2016). Nowadays a lot of data is gathered by companies but is not 

shared efficiently or in a timely manner. Most of today’s information technology systems are not fully 

integrated. Companies, suppliers, and customers are rarely integrated. Even departments within a single 

company are often not integrated properly (Rüßmann et al., 2015). With Industry 4.0, this integration 

will increase and companies, departments, functions, and capabilities will become more cohesive 

(Rüßmann et al., 2015). The digitalization of the supply chain is not just the implementation of new 

technologies but is a business strategy. A lot of supply chain professionals are putting supply chain 

digitalization at the top of the agenda resulting that companies are investing heavily in new technologies 

to improve the supply chain (Manenti, 2017). Not only the digitalization is priority, also the commitment 

of the chief information officers (CIO) and the chief supply chain officers (CSCO) is very important and 

significant for the success of digitalization (Manenti, 2017). After discussing if the supply chain should 

be digitalized, the questions how to digitalize? and what technologies should be taken into account? 

arise.  

 

 

2.3.3 Theoretical perspectives on information technologies  
As explained in the previous chapter, supply chain digitalization is of major interest when it comes to 

integration. The digitalization of processes via new technologies can be seen as the fuel of the digital 

transformation. Digitalizing processes within the company can help to lower the barriers to share 

information among the supply chain. Meaning that it becomes easier to share information with others. 

 Figure 4: The four industrial revolutions (Erich, 2018) 
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Digitalizing the supply chain by applying new information technologies results in qualitative (e.g., user 

satisfaction) as well as quantitative (e.g., process optimization) improvements (Decker et al., 2008). This 

application of new technologies allows a tighter coupling of information about the process and the real 

world. More complex technologies are able to match both worlds more closely than less complex 

technologies. Figure 5 shows this process in a schematic way. This figure presents three technologies 

that are identified and used by Decker et al. (2008) and is therefore only an example of how more 

complex technologies bring both worlds more closely together. 

 

Figure 5: The gap between the real world and information systems (Decker et al., 2008) 

 

The repeated non-value added steps in the supply chain processes of G4S can be seen as logistic 

processes. For this reason, this paper is focussing on the use of information technology in logistic 

processes. A logistic process in a supply chain consists of planning, implementation, and control of a 

cost efficient transport and storage of goods from a supplier to a customer according to the customer’s 

requirement (Pfohl, 2004). According to Decker et al. (2008), the basic functions of logistics are “to 

transport the right goods in the right quantity and right quality at the right time to the right place for 

the right price” (p. 4). Information systems keep track of the logistics process and make use of various 

techniques to enable the basic functions. Decker et al. (2008) made a clear overview of the logistic basic 

functions with associated techniques used by information systems (Figure 6). As an example, the 

overview presents three technologies (i.e., barcode, RFID, sensor networks) that can be used by 

information systems and their coverage on techniques. The function of an information system is to 

identify goods and link electronically processes to the real item. Tracing within an information system is 

to detect when an item gets lost and ensures that the right amount of goods is delivered. To enable the 

information system to track the location of the goods during the transport, location tracking can be 

used. Different entities are responsible for the good during the process. In order to be able to ensure 

the quality of the goods during the process and finally at the end of the process, monitoring of the 

goods’ state is necessary. By applying all these techniques into the information systems lots of data is 

collected. With this data the logistic process can be observed and analysed in detail. With this 

information real-time actions to unforeseen events can be made, bottlenecks can be determined, and 

it can be used for optimization. And in the end, it will have effect on the price.  
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Figure 6: Information system techniques to implement logistics functions (Decker et al., 2008) 

 

The two presented figures by Decker et al. (2008) in this sub-chapter can be used for scaling promising  

technologies in terms of closing the gap between the system and the real world (Figure 5) and in terms 

of covering logistic functions (Figure 6).   

 

2.3.4 Barcode technology 
With barcodes goods can be electronically identified. This technology uses a barcode label that is 

attached to the product and a barcode reader to scan the label. By scanning the label the reader 

deciphers the identification and sends it to an information system where the product’s record is 

updated (Decker et al., 2008). When using barcodes, it becomes impossible to identify multiple products 

in one batch because the barcodes should be in the line of sight to make is possible to scan and identify 

the product. Also fully track and tracing of the product is not possible when using the barcode 

technology (Decker et al., 2008). It is only possible to recognize the location of the identified products 

when a fixed barcode that represents the current location is used. This barcode is placed at a certain 

location and should be used on forehand of the identification of the different products to determine 

the location. In terms of logistics, barcode technology can only be used for loading and unloading 

processes (Decker et al., 2008).  

 

2.3.5 Radio frequency identification technology 

Radio frequency identification technology (RFID) is a radio-based identification technology. RFID 

technology uses tags that are similar to small chips that send radio signals. These signals are then 

identified by an electromagnetic reader that is connected to an information system to update the 

product’s record (Decker et al., 2008). This allows to identify single items within a box of items without 

touching it. Meaning that it is not necessary to have the products in line of sight. This technology is very 

suitable for tracking and tracing the product (Decker et al., 2008). As far as the infrastructure of RFID 

readers is deployed the product can be tracked and traced. Also for in transit situations GSM based 

readers can be used that work on 4G network to identify the products.   
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2.3.6 Sensing technology 
Sensing technology makes use of sensor nodes that are tiny sensing and computing systems which are 

able to operate collaboratively in a network (Decker et al., 2008). For each transported good the sensor 

nodes can be tailored to the desired requirements. Sensing technology not only send data to the 

information system it is also able to execute parts of an information system directly to the products. 

Reporting of the data can be carried out continuously or at synchronized points. A sensing network 

enables the identification, tracing, location tracking, monitoring and real-time responsiveness at once 

(Decker et al., 2008). Highly advanced sensing technologies comprise the use of collaborative artefacts. 

These sensing technologies are able to operate independently and allows spontaneous collaboration 

between and with other devices and systems. These advanced sensing technologies do not only deliver 

information, they also control the business application.  

 

2.3.7 Internet of things (collaborative artefacts) 
One of the first technologies that pop into mind when talking about supply chain digitalization is Internet 

of Things (IoT). The basic idea behind this technology is to create a world that is connected through 

devices or sensors that can interact with each other. It is possible that IoT may allow machines to make 

decisions autonomous without the need for human intervention. This potential is very interesting for 

the cash supply chain central to this thesis because no repeated steps, like checks and controls, are 

required. Another important potential of IoT is the improvement of operational processes and reduction 

of costs. According to Zhou, Chong and Ngai (2015), this potential is due to its transparency, traceability, 

adaptability, scalability, and flexibility. By applying technologies such as bar-codes, radio transponders 

(RFID), and wireless sensor network, objects can be transformed into smart items. These objects then 

generate data that can be used to realize the real-time representation of things within the information 

system (Decker et al., 2008). This application of IoT in an industrial setting is also known as Industrial 

Internet of Things (IIoT). While the previous described technologies were more stand alone, IoT is able 

to combine these different technologies into one highly advanced system.  

 

2.4 Conclusion and theoretical model 
After reviewing the literature about cash supply chains, supply chain integration, and information 

technologies, it become clear that the cash supply chain is different from the more traditional 

manufacturing supply chains, resulting that (1) we have a limited understanding about the role of 

information technologies in the cash supply chain with respect to information integration, and (2) how 

the cash supply chain efficiency can be increased, by means of the reduction of repeated steps, through 

information technologies (Brugge et al., 2018; Twain, 2016; van Anholt, 2014). 

During this literature review we also found a positive relationship between information integration and 

operational performance (i.e., the higher the level of integration, the higher operational performance). 

Information integration is found to be the most important condition of supply chain integration (Barber, 

Garza-Reyes, Kumar, & Abdi, 2017; Flynn et al., 2010; Korpela, Hallikas, & Dahlberg, 2017; Shub & 

Stonebraker, 2009; Bian et al., 2016) and this is related to the level of information sharing within the 

company (Prockl et al., 2017). By finding new information technologies to digitalize the supply chain, it 

is expected that the operational performance and thus the business performance will increase by means 

of less repeated steps and therefore higher efficiency can be obtained (Beamon, 2001). To successfully 

redesign the supply chains’ information integration, more knowledge about technologies that enable 

information sharing should be gathered. Improving this knowledge is important since research 
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concluded that most efficiency in the cash supply chain can be achieved by eliminating repeated steps 

like checks and controls (Brugge et al., 2018). These findings are modelled into a proposed theoretical 

framework presented in Figure 7.  

 

 

Sub-research question 1

Information technologies Information integration Efficiency

Sub-research question 2
 

Figure 7: Theoretical framework 

 

We summarized the literature into Table 1. This table presents the identified theory-based design 

principles related to the implementation of a new information technology in the cash supply chain. 

These theory-based design principles will be used as input for our cash supply chain research together 

with the practice-based design principles that are identified in Chapter 4. 
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Table 1: Theory-based design principles 

Design principle References 
Special measures are required for storage, transportation, and maintenance to reduce security 
risks. 
  

 

Make it highly dynamic in fields of transportation and servicing to avoid predictable timing. 
  

 

Information should be of the right type in order to increase the value of information. 
  

Wu et al., 2016 

The quality of information is important in terms of accuracy and reliability.  
  

Wu et al., 2016 

Timing of information is relevant, the earlier information is available, the better.  
  

Wu et al., 2016 

The speed at which information is transferred should be as close to real-time information as 
possible, as it minimizes delay in the transmission of data.   

Wu et al., 2016 

The way information is accessible should be in an easy way to fully utilize the information.  
  

Wu et al., 2016 

The information should be in control by the sharing party and privacy should be protected. 
  

Wu et al., 2016 

All business units within the organization should be aligned.  
  

Flynn et al., 2010 

Resources should be minimized within the supply chain. Beamon, 2001; Ye & 
Wang, 2013 

A minimum amount of repeated steps should be included in the cash supply chain.  
  

Beamon, 2001 

Create an environment where members within the cash supply chain are willing to share 
information. 
  

Lotfi et al., 2013 

Information should be on time and accurate.  
  

Nakasumi, 2017 

Create a trusted network to share information on. 
  

Lotfi et al., 2013 

New information technology systems should be user friendly.  
  

Yang & Maxwell, 2011 

Change the organizational hierarchy when implementing a new information technology system. 
  

Yang & Maxwell, 2011 

Create management awareness and support about the potential advantages of information 
sharing. 
  

Khurana, Mishra and 
Singh ,2011 

Create organizational awareness about the effect on the organizational structure when 
implementing a new information technology system.  
  

Khurana, Mishra and 
Singh, 2011 

Organize funds to efficiently share information in the supply chain.  Khurana, Mishra and 
Singh ,2011 

Create awareness about the new information technology system among the different business 
functions.  
  

Khurana, Mishra and 
Singh ,2011 

Clearly communicate the implementation of the new information technology system. Khurana, Mishra and 
Singh ,2011 

Fully integrate the information technology system among the company, suppliers, and 
customers.  
  

Rüßmann et al., 2015 

Create commitment of the chief information officers and the chief supply chain officers.  
  

Manenti, 2017 
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3 Research design  
This chapter presents the research design used for this project. It first describes the research setting of 

the thesis. Subsequently, the general methodological approach of this research together with the 

approach for answering each sub-research question is described. Lastly, data collection and analysis 

are covered in this chapter.  

 

3.1 Research setting  
This master thesis is executed within the supply chain of G4S. This supply chain serves as the research 

setting of this master thesis and is therefore further defined.  

 

3.1.1 Supply chain G4S 

At this moment the CSC is divided into six regions each with a G4S branch (Figure 8). Four regions contain 

a GTC (bill money count centre), storage and transhipment, and a vault. One region contains an MTC 

(coin count centre), storage and transhipment, and a vault. And one region contains a satellite branch 

which only have storage and transhipment and a vault. The main problem for G4S is the 

decreasing/stagnating market of cash payments within the Netherlands. For this reason, the CSC needs 

to be more efficient in order to compensate for this decrease. On behalf of G4S Netherlands, Ortec 

executed a research that investigated which lease contracts of branches should be renewed taking the 

decreasing demand for cash into account. Also, the influence of this decreasing demand for cash on the 

transport fleet is investigated. However, this research is quite limited due to the amount of information 

G4S has provided to Ortec. G4S has provided Ortec with some global costs for transport and the cash 

centre operations. This research concluded that G4S should close three locations which results in the 

best ratio of decreasing fixed costs and increasing transport costs. However, increasing costs of the 

remaining cash centres and the change in bulk transport between the remaining locations were not 

taken into account.  

 

As mentioned before, Figure 8 shows the current network of G4S branches. The Netherlands is divided 

into six regions each with one G4S branch to provide customers with cash. G4S uses bulk transports 

between these branches to provide them with cash. For the current network G4S made some decisions 

that have influence on the efficiency. These decisions are listed below.  

• Hoogeveen is picking all the orders for the retail customers and ships it in mesh containers to 
Nieuwegein for further transhipment to the other branches. The idea behind this is that it is 
more efficient to order pick small values at one location instead of multiple locations.  

• Location Nieuwegein contains a MTC. 

• Location Duiven only contains a storage and transhipment and a vault.  

• All values retrieved by region are also processed in that region. This does not apply to the Duiven 
and Nieuwegein regions, the values from the Duiven region go to Hoogeveen to be counted and 
the values from the Nieuwegein region go to Eindhoven.  

• Retail customers of G4S each are customer at a relevant bank, also referred to as a stockowner. 
When the received values of the retailer are counted and processed, the amount is transferred 
and the stock owner again becomes the owner of the value. Each stock owner has its own place 
in the safe of the G4S branch to store these bulk values.  

• From these bulk values, orders are then picked for customers. And here too, the orders are 
taken from the bulk values of a relevant stock owner if the retailer is a customer of that stock-
owner. 
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• G4S also has a partnership with ING and Rabobank to provide ATMs with values. This concerns 
normal and lobby machines.Llobby machines are separate vending machines that are often 
placed in supermarkets or other shops. The values from all ING vending machines are 
transported and counted per region. G4S only has a contract for the Rabobank vending 
machines to transport the values, and GSN (Geldservice Nederland) then counts it. 

• G4S has multiple contracts where only the value transport is performed and no processing of 
the values. 

• Due to the close corporation with GSN there are a lot of bulk transports between G4S and GSN 
branches. 

• The GTC Eindhoven of GSN is located in the same building as G4S Eindhoven on the second 
floor.  

 

 

Figure 8: Branches of G4S in the Netherlands 

 

To increase the understanding of the supply chain of G4S, the structure is displayed schematically in 

Figure 9 and shows the involved entities of the supply chain. All the storage and transhipment centres 

have direct connections to each other to transport cash via the CIT, which are displayed by the blue 

dashed line. Customers are linked with the supply chain via the storage and transhipment department 

and cash is transported between these two entities with the CIT, which is shown with the blue arrows. 

Furthermore, the rest of connections are internally at each location and are shown via the black arrows. 

Be aware, this is a simplified representation of the supply chain.  
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Figure 9: Schematic model of the supply chain of G4S 

 

3.2 Design science approach  
Because we want to investigate the current business processes and make a redesign, our field of 

research proposes the design science approach as research methodology. This methodology is a 

systematic approach linking science and design (Romme, 2003). Design science focusses on design-

science research approaches and science-based design approaches. The design-science research 

approach is used for developing theoretical knowledge at the expense of solving field problems (Denyer, 

Tranfield, & Van Aken, 2008). The science-based design is primarily aimed at designing an artefact using 

scientific knowledge (Romme & Endenburg, 2006). In this research both design science methodologies 

are used. We start with the design-science research approach to get an understanding of the problem 

space and to describe the “what is” situation. In this part of the research the current situation is 

investigated and is therefore empirical of nature. Academic theory is examined in order to be able to 

explain the current situation. After this part of the research, we use a more science-based design 

approach to get more insight into the desired situation. This part of the research includes more 

regulative characteristics as we aim to design the “could be” situation. The design principles form the 

output of the design-science research approach and the input for the science-based design approach. 

Synthesizing the practical- and research-based design principles provide evidence for a final set of 
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design principles from both practitioners as well as academics. Figure 10 presents the design science 

approach in a schematic way with the design principles as the core of the model. 

 

Figure 10: Design science approach based on Romme (2003)  

“Design involves human beings using knowledge to create what should be, things that do not yet exist. 

Design, as the activity of changing existing situations into desired ones, therefore appears to be the core 

competence of all professional activities” (Simon, 1988). When we translate this to a more practical 

view, the current situation can be seen as the problem, the desired situation as the requirements, the 

design as the solution/artefact, and the expected situation as the impact of the design.  

 

3.2.1 Methodology for sub research questions 

This chapter further elaborates on the proposed research design that is presented in Chapter 3.2. The 

methodology for each sub research question is explained in order to make the process more clear. 

Because we want to close the gap between research and design, the bridge model by Dubberly, 

Evenson, and Robinson (2008) is used (Figure 11). The bridge model is organized in a two-by-two matrix. 

The left column represents the analysis that defines the current situation and problem. The right column 

represents the synthesis that defines the solution and preferred future. The bottom row represents the 

concrete world we inhabit. The top row represents abstractions, including the what is or what could be 

models. The design process begins in the lower-left quadrant and ends in the lower-right quadrant via 

a clock-wise rotation.  

 

3.2.1.1 What is (problem) 

The first phase is empirical of nature since it describes the “what is” situation by analysing the existing 

context of this study. We collected concrete data through a structured literature review in order to get 

an understanding of the current situation and problem. The findings of this literature review are 

presented in the theoretical background chapter and are used to propose a theoretical model (Figure 

7). Furthermore, a desk research and observations are executed to complement the literature review 

in collecting information for understanding the current situation and problem. These findings are used 

for describing the “what is” situation of information integration in the cash supply chain and contribute 

to answer both sub research questions.  
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▪ Schematic supply chain model
▪ Defining interview candidates 
▪ First drafting of the current business 

process model
▪ Theory-based design principles 

▪ Structured literature review
▪ Desk research
▪ Observations

▪ Expert interviews
▪ Alpha-testing

▪ Practice-based design principles 
▪ Final design principles
▪ New business process model

Model of what is

What is What could be

Model of what could be

 

 

 

3.2.1.2 Model what is (problem defined) 
In this phase the “what is” situation is framed in order to further define the problem. We have done this 

transition to the upper left quadrant through analysing the gathered data by starting with a reflection 

on the present and continue with looking at the possible (Dubberly et al., 2008). For this stage it is crucial 

to document and visualize information of the analysis in order to be able to come back to it. Regarding 

both sub research questions, a schematic model of the cash supply chain of G4S is made with the aim 

to create an overview of the current research setting. This supply chain model is also used to identify 

the current supply chain processes to draft a business process model of the current situation. In 

addition, theory-based design principles are composed that are used for the construction of an 

interview protocol. These design principles are derived from the literature review. 

 

3.2.1.3 Model of what could be (requirements) 
Having the current situation framed and the problem defined, the upper right quadrant of the bridge 

model is next. Within this quadrant the preferred future and solutions are implied and tested with alpha 

testing, making this phase more in-depth than the previous phase. We derived expert information 

through interviews. This information from experts includes the determination of the most promising 

information technology and includes practical design principles which serve as input for the improved 

business process model presented in Chapter 5. The outcomes of the interviews are presented in 

Chapter 4.  

 

3.2.1.4 What could be (solution/artefact) 
In the last quadrant of the bridge model the design is becoming more concrete. Designs can be realized 

as prototype or even in finished form (Dubberly et al., 2008). This process is iterative, as prototypes can 

be submitted to testing, further observation, and investigation during the whole model. In this phase 

the final design is validated by means of the problem statement and a plan to implement the design is 

considered. The theoretical contributions consist of practice-based design principles and an artefact 

that both are developed to complement the sub research questions. The artefact is a business process 

model that is used to improve the understanding of the efficiency of the supply chain when a new 

Figure 11: Bridge model based on Dubberly, Evenson & Robinson (2008) 
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information technology is applied. The practice-based design principles are combined with the 

theoretical design principles into final design principles and serve as recommendation for G4S for 

implementing a new information technology.   

 

3.2.2 Design principles  
The design-oriented research connects the findings of research to practice through design principles. 

Design principles are a coherent set of normative ideas, grounded in research or practice that serve to 

construct detailed guidelines. These design principles serve as input for the design, and derive as output 

of the research. First, theory-based design principles are constructed followed from the literature 

research. Second, practice-based design principles are constructed from the empirical data. Finally, both 

theory and practice-based design principles are combined into final design principles.  

 

3.2.3 Alpha testing 
Alpha testing is used as an acceptance test. It is performed to identify issues at an early stage of the 

development before releasing the product. Typically, the testers are internal employees of the 

organization that are working within the supply chain of G4S. Alpha testing is applied when the 

development is about to complete but changes can still be made. The main goal with alpha testing in 

this research is to gather feedback regarding the validity and usability of the design principles that 

deliver input for the development of a new business process model. By applying alpha testing it is 

expected that the new business process will have a higher chance that it will be accepted and adopted 

by the company. Due to the time constraint of this project, beta testing is not performed and will 

therefore be out of scope.  

 

3.3 Data collection 
For this master thesis data is collected through four methods. First, a literature review is executed to 

gather data about the research problem in order to serve as input for the theoretical design principles. 

Then observations and desk research have taken place to further frame the research problem. Finally, 

interviews are executed to evaluate the design principles and deepen the understanding about how 

information technologies support information sharing, which in turn increase supply chain efficiency.  

 

3.3.1 Literature review 
Data for answering the research questions are derived through a literature review. According to Fink  

(2014, p.36), “a literature review is a systematic, explicit, and reproducible method for identifying, 

evaluating, and synthesizing the existing body of completed and recorded work produced by 

researchers, scholars, and practitioners.” In order to successfully execute an accurate literature review 

the framework developed by Fink (2014) is used (Appendix I). First, the research question is selected to 

guide the review. Then, we used multiple databases for gathering data to answer the research question. 

In order to get a broad overview of all the available literature, three well known databases are used, i.e., 

Web of Science, Scopus, and Springer. Web of Science is used because of its wide coverage of scientific 

journals. Since Web of Science does not include all conference proceedings, Scopus is added as 

database. Additionally, Springer is added as database due to its leading global scientific position and 

high supply of e-books. During the pilot search on these three databases the following search terms are 

used: supply chain integration, information sharing, supply chain digitalisation, supply chain 

performance, information integration, information systems, information technologies, supply chain 
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technologies, logistic technologies, operational performance, business performance, impact of 

information sharing, impact of supply chain integration, big data analytics, cloud computing, Radio 

frequency identification, RFID, barcodes, barcoding, sensor networks, Internet of Things, machine 

learning, smart supply chain management. Also combinations of these terms are made in order to find 

more related information. During the collection of data we applied some practical screening criteria to 

find the most relevant articles. Because supply chain digitalization is a fast developing research area, 

mainly literature from the year 2000 or later is used for this research. Furthermore, the articles should 

be written in English or Dutch. After the first screening the methodological screening is applied to 

evaluate the scientific quality. When the article is approved, it is analysed by abstracting data, 

monitoring the quality, and pilot testing the process. At last, we synthesized the results (in Chapter 2).  

 

3.3.2 Desk research 
All processes of the cash supply chain are schematically available within the database of G4S. By 

executing a desk research, these processes are identified and mapped. These processes are divided into 

four categories: cash in transit processes, storage & transhipment processes, vault processes, and 

money count centre processes. By identifying all processes, a clear overview can be made of the current 

supply chain in which the new design must fit. As mentioned in the introduction (Chapter 1), the supply 

chain of G4S consists of too much repeated steps that add no value for the customer. Therefore, the 

activities of the current cash supply chain are listed in a business process model. The objective of the 

design of the schematic supply chain model and the business process model are to create an overview 

of the current cash supply chain structure. This overview indicates where the cash supply chain can be 

improved in terms of information integration and can contribute as benchmark to the development of 

a re-engineered business process model (see Chapter 5). Both these models are built in Microsoft Visio, 

an application for building technical diagrams.  

 

3.3.3 Observations  
Direct process observations are used to gather data for identifying the supply chain activities of G4S. 

Direct process observations gather useful data about processes and activities that can help with 

improvements (“The Art of Direct Process Observation – A Proven Technique for Improving 

Manufacturing Performance,” 2015). The ability to make good observations is essential to the 

development of findings (Mason, 2002). During the desk research, we identified processes to describe 

the supply chain activities in a blueprint. In order to confirm and complement these identified activities 

of the blueprint, we conducted observations within one cash centre of G4S. We used a naturalistic 

observation method where we have adopted the role of observer rather than participant (Mason, 2002). 

We do not take part in activities and will not reveal the purpose of the observation (Saunders, Lewis, & 

Thornhill, 2009). We conducted the observations during a working day in order to study the 

spontaneous behaviour of the participants in the natural surroundings. Using this method to observe 

will increase the validity of the blueprint and could result in new avenues of enquiry. We recorded the 

data by using a combination of event sampling and time sampling. We decided which types of activities 

(events) we wanted to record and at what time. This because each department has its own working 

hours and activities during the day. To collect the data from observations we took fieldnotes (Mason, 

2002).  
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In total, we executed three observations in three different cash supply chain departments (Table 2 

presents an overview). The first observation took place in Eindhoven and was to identify the activities 

in the cash processing and order and transhipment department to better understand the research 

setting. The second and third observation took place in Nieuwegein and Eindhoven and was more in-

depth to serve as input for the new business process model. During these observations we looked at all 

the proceedings that the cash packages undergo. For all three observation we generated eight pages of 

field notes in total.  

 

Table 2: Overview of observations  

Observation Location Department Duration Objective 

1 Eindhoven Cash processing 

Order & transhipment 

3 hours Better understand the research setting 

2 Nieuwegein Cash processing 3 hours Input for new business process model 

3 Eindhoven Cash processing  

Order & transhipment  

3 hours Input for new business process model 

 

3.3.4 Interviews  
The interview objective was threefold: we used these interviews to (1) further specify the research 

problem, (2) determine which information technology is most promising for the cash supply chain, and 

(3) get an understanding of the effect of this information technology on information sharing and supply 

chain efficiency. Semi-structured interviews were used allowing for a balance between the flexibility of 

open-ended interviews and the focus of structured interviews. Indeed, by using this semi-structured 

method it can be ensured that the research questions are answered and it gives the interviewees the 

opportunity to explain their answers in more detail that could lead to additional inputs (Saunders et al., 

2009). This additional input can provide more insights into factors that influence the relationships of the 

research model.  

The characteristics of a semi-structured interview are that it is conducted in a conversational manner, 

while following a protocol (Yin, 2003). For semi-structured interviews it is important to scope the 

questions to create the right balance on how structured the questions are. By balancing the questions 

the interview objectives and potential insights can be achieved. Too unstructured questions are leading 

to information that is not specific enough to satisfy the interview objectives. Too structured questions 

are leading to information that is too specific so that no additional insight can be obtained. For the 

interviews executed in this study open-ended questions that are specific are scoped.  

 

3.3.4.1 Interview structure 

The structure of the interview follows the funnel approach (Roller, n.d.; Sekaran & Bougie, 2016), 

implying that the first part of the interview is general and becomes more specific towards the end of 

the interview. First, a brief introduction of the research and guidelines for the interview process are 

given. At this part the interviewee can comment or ask questions in order to get familiar with the 

interview subject. Then a few simple interview questions related to the interviewee and the research 

objective are asked. The second part of the interview is to obtain general information related to the 

research topic and objective. In this part of the interview questions are asked that deal with supply chain 

efficiency as this is the main outcome variable of this research. During this part more questions can be 

asked to deepen the obtained information in order to understand the reasoning behind the statements. 

The third part is to get familiar with the ultimate objective of this research. At this stage we want to get 
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a broader understanding of information technologies in the cash supply chain and about the level of 

information integration. We deal with questions to identify the most promising information technology 

and to identify the current level of information integration. The last part of the interview was used to 

assess the effect of information technologies on information integration and the effect of information 

integration on supply chain efficiency. The selected information technology resulted from the third part 

of this interview. In order to determine whether information is better integrated in the supply chain, 

the statement of Flynn et al. (2010) is used who stated that information integration is the level to which 

a manufacturer structures its own organizational strategies, practices, and processes into collaborative, 

synchronized processes, in order to fulfil its customers’ requirements. In other words, the purpose of 

internal integration is to break down the organizational barriers. The six dimensions to classify 

information in terms of availability by Wu et al. (2016) are used as guideline to measure the level of 

information integration. The better the availability, the better the integration. This part of the interview 

was more structured because of the specific questions related to the research model (Figure 7). The 

dimensions by Wu et al. (2016) are (i) type of information, (ii) quality of information, (iii) timing of 

information, (iv) speed of information, (v) accessibility of information, and (vi) controllability of 

information (see section 2.2.1). The complete interview protocol can be found in Appendix II.  

 

3.3.4.2 Interview process 
In preparation of the interviews, we conducted a literature review which provided us with a sufficient 

amount of knowledge about the research topic. This is considered as an important first step of the 

interview process (Saunders et al., 2009). Furthermore, prior to the interviews we establish credibility 

by explaining the research to the interviewees and we ask the questions in a neutral tone of voice to 

avoid bias (Saunders et al., 2009). The interviews will be face-to-face and held in the private workspaces 

at the region offices or at the headquarter in Utrecht in order for the interviewee to feel comfortable 

(Saunders et al., 2009). It can occur that some interviews will be combined with two people in case of 

efficiency because of the high work pressure at the regions. The participants are contacted via phone 

or by email to inform them about the research. Semi-structured interviews are open-ended and can 

therefore become quite complex. In order to not lose any valuable information it will be recorded if the 

participant agrees with this. Because all the participants are Dutch the interviews are conducted in 

Dutch. For each interview a sufficient amount of time was planned on forehand to avoid unnecessary 

pressure. The full interview protocol is presented in Appendix II.  

 

The objective is to hold 12 interviews in total divided across the six regions of the cash supply chain 

(Figure 8). Experts of all involved supply chain entities are invited for a semi-structured interview. It is 

considered to be important to interview experts from all the six regions due to the differences in terms 

of cash handling activities and work culture. To select the right participant, they must meet the following 

requirements:  

• The participant must be involved in at least one supply chain entity; 

• The participant must be an expert in at least one supply chain entity; 

• The participant must be available for interview conduction. 
 

In total, 12 cash supply chain specialists are interviewed from February till March. This resulted in 61 

pages of verbatim transcript. Table 3 presents an overview of all the interviewed cash supply chain 

specialists together with information about the region in which they are active, the date of the 

interview, the duration of the interview, and the identifier that is used to identify the specialists during 
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this research. One interview with expert TS 1 and TS 2 was a combined interview, the rest of the 

interviews was on a one-on-one basis.  

  

Table 3: Overview of interviewed specialists  

Interview 
candidates  

Position Region Date Duration Identifier  

Candidate 1 Cash in transit 
manager 

Capelle 
  

11/02/2019 00:50:52 CIT 1 

Candidate 2 Transhipment 
supervisor 

Nieuwegein 
  

11/02/2019 00:49:19 TS 1 

Candidate 3 Transhipment 
assistant supervisor 

Nieuwegein 
  

11/02/2019 00:49:19 TS 2 

Candidate 4 Cash processing 
manager 

Eindhoven  Capelle 
 

12/02/2019 00:40:56 CP 1 

Candidate 5 Cash in transit 
manager 

Eindhoven   
  

12/02/2019 00:35:50 CIT 2 

Candidate 6 Cash in transit 
manager 

Amstedam  Duiven 
 

15/02/2019 00:53:34 CIT 3 

Candidate 7 Director operations Utrecht 
(HQ) 

  
26/02/2019 00:50:55 DO 1 

Candidate 8 Cash processing 
manager 

Amsterdam Hoogeveen 
 

27/02/2019 00:34:34 CP 2 

Candidate 9 Regional manager 
South 

Eindhoven Capelle Nieuwegein 27/02/2019 00:41:52 RM 1 

Candidate 10 Regional manager 
North 

Amsterdam  Duiven Hoogeveen 27/02/2019 00:39:59 RM 2 

Candidate 11 Manager operations Utrecht 
(HQ) 

  
01/03/2019 00:56:49 MO 1  

Candidate 12 Continue 
improvement manager 

Utrecht 
(HQ) 

  
20/03/2019 00:47:17 CIM 1 

 

3.4 Data analysis  
For analysing the data gathered through interviews we used the template approach (Aken, Berends, & 

Bij, 2007). The defining feature of this approach is that a set of meaningful themes and codes are created 

to be applied to parts of the data which are considered as necessary. These themes are first level codes 

applied throughout the data that is interpreted as being relevant to the research questions. Codes are 

labels that are attached to the data. To be able to test the research model it must be ensured that the 

interview questions cover the whole research spectrum. This coverage is presented in Appendix III.  

 

Following the guidelines of Cassel & Symon (2004), we analysed the data by starting with coding in a 

hierarchical manner, using the meaningful themes to encompass successively narrower and more 

specific second and third level codes. Despite the lack of knowledge about the required sample size for 

determining the basic elements (meaningful themes), research by Guest, Bunce, & Johnson (2006) 

suggested to analyse approximately six interviews for the first coding template. We used this number 

of interviews as guideline for our research. After the analysis of the first six interviews a first preliminary 

template is made, showing the first drafting of the meaningful themes together with the first and second 

level codes. Subsequently, we used this template to further analyse the rest of the transcripts through 

a process of constant revision. This process of constant revision takes place as the analysis progresses 

and consists of refining definitions, adding new codes, removing redundant codes, moving more salient 

themes to higher level codes, and moving less salient themes to lower level codes. This process will take 

place until no new codes emerge and the data is saturated (Patton, 2002). By debating the used codes 

as a reflective process we want to ensure that the coding is originated from the data rather than from 
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assumptions. Furthermore, to increase the reliability of this analysis a second person is asked to execute 

the process of coding the transcripts from the moment that the data was saturated the first time. Both 

outcomes are then compared and any differences are adjusted. An example of the coding template is 

presented in Appendix IV. There is chosen to conduct interviews with different supply chain entities to 

cover the whole spectrum. It is considered important to conduct as many interviews till the gathered 

information is saturated and no new information is gained. Research indicates that after twelve 

interviews it is expected to find more than 90 % of the meaningful themes and new themes will emerge 

infrequently (Guest et al., 2006). Consequently, it is decided to conduct twelve interviews. In the 

empirical findings chapter (Chapter 4), we further explain the result of the interviews by quoting the 

relevant data. Appendix V gives an overview of which themes have been discussed by the specialists 

during the interviews.  
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4 Results 
This chapter presents a written evaluation of the data gathered through the interviews. The results are 

divided into four sections. First, the current cash supply chain is identified together with the 

shortcomings. Second, cash supply chain efficiency is identified including the problems and 

improvements. Third, the most potential information technology for the cash supply chain is identified 

together with the current level of information integration. Lastly, the effect of information integration 

on cash supply chain efficiency is determined.   

 

4.1 Current cash supply chain 
For collecting relevant data to answer the research questions different cash supply chain specialists are 

interviewed. Table 4 lists the different specialisms together with the job descriptions. This table shows 

that a wide array of specialists are interviewed whereby it is expected that this results in varied answers 

covering the whole spectrum of the cash supply chain.   

 

Table 4: Job description of interviewed specialists  

Specialism  Identifiera  Job description  

Cash in transit manager CIT Responsible for the field service that collects and delivers all goods. 

Transhipment supervisor TS Employed and partly responsible for the storage and transhipment 

department. In this department vehicles are loaded and unloaded, goods are 

stored, and goods are sorted.  
 

Cash processing manager CP Responsible for the counting of all money. 
 

Director operations DO Responsible for operations and determining the strategy of the company.  
 

Regional manager  RM Responsible for the operational activities in a region. Translating the strategy 

into practice.  
 

Manager operations MO  Responsible for the operational processes and changes that come with it.  
 

Continue improvement 

manager 

CIM Working on improvements for the operational processes. 
 

a This identifier is used during this research to identify the specialist that is interviewed  

 

Table 5: Used information systems in the cash supply chain 

Information system Description  

Dynamics This is an Enterprise Resource Planning (ERP) systems that covers the process from order to 

invoice. Dynamics then provides information to the departmental systems.  

Transtrack Used for tracking and tracing packages  

CWC Software used at the processing department for counting money  

Rostar CAS Used for making the resource planning 

SmartTour  Software for making the optimal routes for cash delivery and pick up 

Branch Hour  To track the routes  

Microsoft Excel For making overviews of data 

Google drive  To share data and information 

 

From the five specialists that ranked the importance of the information systems, all five agreed that the 

most important information system is Dynamics. This is an Enterprise Resource Planning (ERP) systems 
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that covers the process from order to invoice. Dynamics then provides information to the departmental 

systems like Transtrack for tracking and tracing, CWC for counting the money, Rostar CAS for making 

the planning, and Smartour for making the optimal routes (Table 5). Furthermore, these departmental 

systems are used to track the performance and make managerial decisions. This dependence creates 

greater risks, which is mentioned in the next quote. 

 

“For us Dynamics is the source for everything and that is where the greater risk is, crap in is crap out.” 

(RM 1) 

 

4.1.1 Information in the current supply chain 
To confirm the need for cash supply chain research and to better understand the role of information in 

the cash supply chain, our interview protocol consists of questions related to this subject. From the 12 

specialists we interviewed, 10 specialists were able to define the need for information. This need is best 

described as the dependency for information to carry out the supply chain activities. When we look 

deeper into this dependency for information it becomes clear that each cash supply chain entity has its 

own specific needs for information, but the overall types of information can be divided into customer 

information and information from supporting departments. Table 6 presents these two types of 

information with matching quotes.  

 

Table 6: Information types and needs 

Information type Quotes with different needs for information 

Customer information  "It all begins with customer information like, where should the money be deposited? 

When can we visit the customer? When can we contact the customer?” – CIT 1 
 

 "We depend heavily on data management to correctly add customer information into 

our systems. This consists of customer data, location code, customer location.” – CP 1 
 

 “Looking at the new inflow of customers we rely heavily on customer information to 

smoothly onboard them.” – CIT 2  
 

 "You have customers that have influence on our activities: what are their future plans? 

What are their developments? What are the trends?” – DO 2 
 

 “We need information from the sales department about customers with certain 

requirements.” – MO 1 
 

Information from supporting 

departments  

"Depending on information from ICT of course and all supporting departments” – CIT 1 

 "Depending on information from the bulk planning” – TS 1/2  
 

 "We are dependent on information from a x number of departments. Most important 

one is the storage & transhipment department. If they do not deliver the information 

properly I have to count blind which results in a lot of manually administration.” – CP 1 
 

 "Depending on information about deposits from finance and control” – CP 1 
 

 "Depending on information from internal affairs about the financial records and 

performances.” – DO 1 
 

 "Information from the supporting departments. (…) ICT is very important because we 

depend on the information in our information system.” – CP 2 
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Customer information is very important for the cash supply chain to carry out all the activities according 

to plan. When there is an insufficient amount of information available about the customer our analysis 

shows that the cash in transit and cash processing departments encounter problems to carry out their 

activities. Furthermore, customers will have effect on the activities that G4S is carrying out. When the 

customer information is insufficient, it will become harder for the managing board to decide which 

direction the company should go to. Besides customer information, information from supporting 

departments is also considered as important. This sounds quite logical but is in fact very decisive for this 

research. This analysis shows that each department is depending on information from at least one or 

more other departments. When the exchange of information is not done properly, it will result in a 

lower level of information integration. This confirms that a good level of information integration is 

needed to carry out the cash supply chain activities.  

 

4.1.2 Shortcomings of the current supply chain 

By questioning the specialists about the current information systems that are used within the supply 

chain, 11 specialists mentioned also the shortcomings of these systems. These shortcomings can be 

relevant for the rest of this research, because they are linked to potential new information technologies 

that should dissolve these shortcomings. During the coding process of the transcripts it became clear 

that most shortcomings can be related to either (i) the human role in the process or (ii) to the scan 

moments that are required. These shortcomings are presented in  

Table 7 and Table 8, respectively. 

 

People play a major role within the processes of the cash supply chain. This is resulting in many 

shortcomings. Because the cash supply chain requires many activities and is handling a large amount of 

cash packages, many things can go wrong. However, the products that are handled within the cash 

supply chain are of very high value that can reach up to 100,000 euros. For this reason, there is little 

room for mistakes. The repackaging part of the supply chain is identified as critical as well as the manual 

input by the employee during the pickup. The following quote describes best the concern of having little 

room for mistakes because of high values:  

 

“We often perform many activities multiple times. That is because we are dealing with high values 

instead of low value products like for example pens. This is also the problem that we encounter.” (MO 1) 

 

Because of these high values there are a lot of identification moments within the cash supply chain 

process, which is done through scanning the packages. However, these scan moments are identified as 

critical and contains many shortcomings (Table 8). The current process is heavily depending on scanning 

for identifying the cash packages. Unfortunately, it happens quite often that the barcodes are scanned 

wrongly, resulting in a wrong identification and eventually in missing cash packages.  

 

4.2 Supply chain efficiency 
To be able to choose a new information technology to increase the integration and therefore the 

efficiency of the cash supply chain, it is key to analyse what supply chain efficiency means in the case of 

a cash supply chain. During the interviews there is asked what supply chain efficiency is and how it 

should be improved. In this section we discuss the definition of efficiency for the cash supply chain, we 

will identify how efficiency is measured, and efficiency problems and improvements will be listed.  
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4.2.1 Definition of cash supply chain efficiency 
According to the specialists, there are multiple factors involved in describing cash supply chain 

efficiency. An important factor for efficiency is time. This was mentioned by all seven specialists that 

were able to answer the question on how to define efficiency. Besides time constraints, quality was also 

identified as important. These two factors are closely related to each other. When work is done much 

faster it may influence the quality in a negative way. In order to be more efficient, the quality should 

stay within the requirements that are agreed upon in advance. If the work can be done quicker and the 

quality of the work is according the requirements it will be more efficient. Furthermore, the minimum 

amount of resources needed are mentioned by the specialists as an important factor for efficiency. 

When the work can be done by less employees, while simultaneously not affecting the quality and time 

of the activities, it will be more efficient. In the end, all these factors influence the cost factor of 

efficiency. When work is done much faster by less resources and the quality is not affected, it will result 

in less costs. Table 9 shows the most relevant quotes related to the identified factors of cash supply 

chain efficiency.  

 

Table 7: The human role as shortcoming of the information system 

Shortcoming Quotes ID 

Human role 
 

  

Number of 

activities and 

packages 

“If you see the number of activities we do and the number of cash packages we handle, it 

happens that things go wrong due to human flaws.” – CP 1 
 

S1 

Repacking cash 

packages  

"Our activities require a large human factor. If the repacker makes a mistake and repacks a 

package for Hoogeveen to Eindhoven, it is very hard to find out.” – TS 1 
 

S2 

 "After repacking all the cash packages there is no final inspection, if a package is repackaged 

wrongly it will be recognized later and not during the event.” – TS 2 
 

S3 

 "The human role in the process is quite big. When we are repacking a package in repack X it will 

be in repack X according the administration. If the repacker makes a mistake and packs the 

packages in repack Y, we should hope that it will end up somewhere in the supply chain that 

belongs to us otherwise the packages will be lost.” – MO 1 
 

S4 

 "(…) this again is human dependent. When we miss one scan moment in the process, the 

package is according the administration at point A but in reality it is at point B in the process.” – 

CIT 2 
 

S5 

Manual input 

into the system  

"(…) thus, these systems are heavily depending on the human factor how data is added to the 

system at the front-end.” – RM 1 
 

S6 

 "The system and the process are too much depending on the human factor. Besides that, there is 

too much manual labour required for the invoice and the route lists.” – RM 2 
 

S7 

 "Especially at the frond-end information should be listed properly into Dynamics.” – CIM 1  
 

S8 

 “Also, an employee is able to choose different locations to deposit the money to during the 

pickup, when the employee makes a wrong choice the money will be sent to the wrong 

location.” – CIM 1 
 

S9 

 "we cannot detect any problem in the system when the employee makes the wrong choice for 

deposit because the systems accepts every choice they make.” – CIT 1  
 

S10 

 "(…) but the employee is able to choose different location codes during the pickup because a 

customer can have multiple codes.” – MO 1 

S11 
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Table 8: scanning as shortcoming of the information system 

Shortcoming Quotes  ID 

Scan moments 
 

  

Traceability  "The identification of packages, tracing, real-time responsiveness is not the case. You do not 

know that the sealbag is in that specific safe in that car. You do know that the sealbag is 

identified (scanned), it is in the car, at what time it is delivered, and at what time it is processed 

for counting.” – CIT 1 
 

S12 

 "But when you scan a sealbag at a certain location that is the wrong one, the system should give 

a warning." – TS ½ 
 

S13 

 "During the unpacking of the sealbags we would like to have an extra scan moment. This makes 

it able to identify wrong packages at the cash centre before unpacking. Otherwise we unpack 

the package and count the money that belongs to another cash centre." – CP 2 
 

S18 

 "When a package is not scanned on front, it will not be identified during the baseline 

measurement." – CIT 3 
 

S16 

 

 "When a package is scanned at the customer that it will be automatically routed into the 

process. (…) We need to scan it again at the transhipment department twice and this 

department must send it to the cash processing department. The cash processing department is 

not aware of any packages if the transhipment department do not push the button ‘sent to cash 

centre’. This is a major flaw in the system.” – MO 1  
 

S20 

Reliability  "I am depending on these systems. If the scanner will break down and the employee will deliver 

the package, it is not registered into the system anymore." – CIT 2 
 

S14 

 "It happens quite often that the scanners need a reset, resulting that al the packages need to be 

rescanned." – CIT 3 
 

S17 

 "There to many different types of barcodes. Sometimes it is a sticker to scan, then it could be a 

label, then it is a barcode. It should be more standardized." – CIT 2  
 

S15 

 "It happens that the wrong barcode on the package is scanned." – CP 2  
 

S19 

 "We really need to look at all the scan moments that are needed in the process." – CIM 1 
 

S21 

 "If the barcode is scanned wrongly it is identified as a different package." – CIM 1 
 

S22 

 

 

An example that best describe the definition of cash supply chain efficiency is the following quote 

from the operational director: 

“Efficiency in the cash supply chain is that you execute an activity, against the quality that you have 

determined in advance, for the minimum possible costs, with the minimum amount of resources to 

optimal use the capacity, in as little time as possible.” (DO 1) 
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Table 9: quotes describing the definition of cash supply chain efficiency 

Factor Quotes 

Time “that work can be done faster” – CIT 1 

 “all the activities are done within the working hours” – TS 1/2 

 “that the activities are done as quickly (…) as possible” – CP 2 

 “executing as much paid work as possible in the shortest possible time” – RM 1 

 “as quickly as possible” – RM 2  

 “as many stops as possible per hour” – MO 1 

 “in as little time as possible” – DO 1 

 

Quality of the activities  “execute an activity, against the quality that you have determined in advance” – DO 1 

 “that the activities are done as (…) good as possible” – CP 2 

 “so that the processes run as you expect” – RM 2 

 

Resources “with little overtime” – TS 1/2 

 “with the minimum amount of resources to optimal use the capacity” – DO 1 

 “by as few employees as possible” – RM 1 

 

Costs  “for the minimum possible costs” – DO 1 

 “against a good price” – CP 2 

 “to make the lowest possible operational costs” – MO 1 

 

 

4.2.2 How efficiency is measured within the cash supply chain 
The efficiency of the cash supply chain is measured to a large extent by key performance indicators 

(KPIs). The KPI’s follow the same structure as the cash supply chain, namely KPI’s for the cash in transit 

department, KPI’s for the storage and transhipment department, and KPI’s for the cash processing 

department (see Table 10). These KPI’s are used to measure the efficiency of the employees but do not 

display what the firm financially can expect. The following quote from the cash in transit manager 

describes this best: 

 

“A KPI does not display what we financially can expect. It is good to compare the results with each other 

to see what direction we are going to. But it is not much related to the end result of the performance.” 

(CIT 3) 

 

There are more factors that have influence on the performance of a department which are not included 

in the KPI’s. These are factors like the number of personnel, amount of overtime, and absence due to 

sickness. Therefore, the end result of the department is not fully related to the KPI’s but is more related 

to the financial performance. This financial performance is measured through the P1, P2, and P3 results. 

The P1 result is the revenue minus direct labour costs and is the most relevant performance result. For 

the P2 result, the variable costs are deducted from the P1 result. The indirect labour costs are deducted 

for the P3 result. At last, for the P4 result, the fixed costs are deducted.  

 

A better performance is a result of a higher efficiency and, therefore, these concepts are closely related 

to each other. KPI’s play a major role in measuring the performance and make it possible for 

management to control the processes. As mentioned in section 4.2.1, time is an important factor for 

efficiency. By using KPI’s, time can be measured and compared by management. Therefore, we use 

these KPI’s to indicate if the new information technology will have any impact on supply chain efficiency.   
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Table 10: key performance indicators  

Department Key performance indicator 

Cash in transit Stops per hour 

 Stops per labour hour  

 Revenue per hour  

 

Storage & transhipment Loading time  

 Unloading time  

 

Cash processing  Counts per hour (Numeron and BPS) 

 Notes per hour  

 Sealbags per hour 

 

4.2.3 Efficiency problems and improvements  

During the interviews we asked the specialists if they could identify efficiency problems and 

improvements based on the KPIs. Several efficiency problems are identified, which will be described 

below in detail.  

 

Identified efficiency problem: Standardization  

(CIT 2, CP 2, RM 1, CP 1)  

G4S is market leader in the Netherlands for their cash processing activities and offers a complete 

package to the customer from vault to cash in transit services. In the many years that G4S is active in 

this market, the number of products has increased considerably to serve all the different customers. 

This led to multiple standardization problems within the cash supply chain process. First of all, the 

employees must be able to service more than 65 different products from vaults to ATMs. This results in 

different types of packages how cash money is delivered to the cash centre, which negatively affect the 

efficiency. Additionally, G4S offers a large variety of services to the customer which increases the risk 

that wrong services are linked to the customers into the system. This could lead to missing fees the 

customer actually should pay. If the processes within the cash supply chain are more standardized, work 

can be done more efficient.  

 

“We sell so many different versatile products, more than 65, where do you find someone on the level of 

security guard that can service all these different products?” (CIT 2) 

 

“We also have too much variation in my opinion. A customer can have more than 10 different products 

and time windows for servicing. This increases the risk that something is wrong or has not been set up 

into the system. We lose a lot of money, especially with fees that we should receive, but due to a faulty 

set up do not receive.” (RM 1) 

 

Identified efficiency problem: Human factor  

(CP 1, CIT 2, CP 2, RM 1, CIM 1, CIT 2, CIT 3, RM 2) 

An important factor for all the cash supply chain problems are the employees. Because of the rapid 

growth of the company, the quality of the personnel is going down due to the shorter work integration.  

According to the specialists a new employee should have 3 to 5 months of work integration to produce 

the same quality as a more experienced employee. The disadvantage of a process where people are 

leading is that they can make mistakes and they can get incapacitated. The current cash supply chain 
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activities require physically demanding work and are mainly executed in a highly secured area without 

any daylight. These circumstances result in higher absenteeism. The experts, therefore, agree that an 

important efficiency gain for the cash supply chain is to eliminate the human factor where possible: 

 

"It is a very manual process that is too human dependent, where too many mistakes can still be made.” 

(RM 2) 

 

According to the specialists this can be done in three different phases. The first phase is to eliminate 

human flaws by making the employees aware and responsible for their mistakes. This will increase the 

commitment to their tasks. The second phase is to organize the system in a way that employees are not 

able to make the wrong decision. This will eliminate human flaws, but can have a negative effect on the 

productivity of the employee because this make the work more monotonous. The last phase is to make 

the cash supply chain fully automated so that no human factor is needed. This is also identified as an 

efficiency improvement and is discussed later in this chapter.  

 

Identified efficiency problem: Information integration  

(CIT 3, RM 1, CIM 1, RM 2, CP 1) 

As mentioned before, because the current cash supply chain processes depend on human actions, 

mistakes can be made. For this reason, the system should be better integrated so that information is 

shared in real-time. By sharing information in real-time, the system can give a warning directly when an 

employee makes a mistake. This makes the system more proactive and less reactive. By making the 

information flows more real-time, it should result in a higher level of information sharing according to 

the specialists. Furthermore, a better level of information sharing results in a better efficiency of the 

cash supply chain activities. For example, the storage and transhipment department and the cash 

processing department do not know the number of cash packages they need to process before these 

cash packages arrive on these departments, while this information is available when the cash packages 

are picked up at the customers. By knowing this information up front or in advance, a better planning 

for the resources can be made which affect efficiency in a positive way: 

 

“For the cash processing department it would be very useful to know how many cash packages they can 

expect the next day. (…) Now, they only see the number of cash packages in the morning at the beginning 

of the day.“ (RM 1)   

 

Identified efficiency improvement: Automation  

(CIT 1, TS 1/2, CP 1, CIT 2, CP 2, RM 1) 

A more long-term efficiency improvement is to install a fully automated system to sort, load, unload, 

and process the cash packages. The biggest advantage will be that fewer human activities are needed. 

The current process requires many human activities like scanning the packages, unloading and loading 

the trucks, unpacking the cash packages, counting, sorting, and storing. The initiated automation can be 

divided into different parts according to the specialists. The first part is to make the cash packages 

smarter to be able to only identify them ones during the pick up. Then the cash packages should be 

identified automatically within the truck and during the unloading of the truck. This can result in an 

advantage of more than 50% of unloading and loading time because the cash packages no longer need 

to be scanned:  
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“(…) the cash packages are identified when docking the truck. Then we can unload the truck in 

approximately 3 minutes in comparison to usual 9 minutes unloading time.” (TS 1/2) 

 

Implementing smarter cash packages or sealbags does not solve the problem that the cash packages 

still need to be touched to move it from point A to point B. Therefore, the second part of automation is 

to install a conveyor belt to transport the packages between the different departments. A major 

downside of this improvement is that this cannot be implemented into the current cash supply chain 

process without adjusting the properties. Because G4S currently signed a number of long-term leasing 

contracts for the buildings, this improvement is likely a long-term solution. 

 

Identified efficiency improvement: Planning  

(CIM 1, CIT 1, CIT 3, DO 1) 

The last identified improvement is to improve the planning process. Currently, routes are planned with 

a planning tool and adjustments are based on the knowledge of the planner. Both the planning tool and 

the planner are not aware what the advantages are of combining different routes together. G4S offers 

different kind of services including the transport of cash packages, filling ATMs, and the servicing of 

ticket machines. Now a days each service has its own trucks and routes and a distinction is also made 

between one-man trucks and combi trucks.1 Combining these routes can have impact on the efficiency 

because more optimal routes can be created and resources can be deployed more efficiently. By 

executing more routes by one-man trucks, less employees are needed which results in cost savings: 

 

We can be more efficient by deleting working hours, not by working harder, but by working smarter. This 

can be done by combining different routes.” (CIM 1) 

 

In the end, the planning is leading in the number of hours that need to be made to service all the 

customers. The better the planning, the less hours needed to execute all the activities, and thus the 

more efficient it is:  

 

"The better the planning is up front, the better the process will run at the back." (CIM 1) 

 

 

4.3 Practice-based design principles  
During the literature review, theory-based design principles are drafted. To make these principles more 

complete, the practical contribution is identified. This is done by constructing practice-based design 

principles on the basis of the identified shortcomings in section 4.1.2 and the identified efficiency 

problems/improvements in section 4.2.3. Table 11 presents these practice-based design principles that 

are used later on in this research to construct the final design principles.  

 

 

 

                                                           
1 A one-man truck is staffed with one employee and is limited to carry an amount of … euros. A combi-truck is 
staffed with two persons and is limited to carry an amount of … euros.  
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Table 11: Practice-based design principles 

Design principle References 

Early problem detection during repackaging. S3, S4 

Organize the repackaging process in a way that no step can be skipped. S5 

Early problem detection during pickup. S10 

Increase the real-time information of the cash packages. S12 

Share identification information of cash packages among departments. S20 

Reduce human factor in repackaging. S2,  

Reduce human factor in the front-end of the information systems. S6, S7, S8 

Reduce scan moments. S20, S21 

A minimum number of repeated steps should be included in the cash supply chain.  S21 

Organize the process in a way that only one option can be chosen by the employee during the pickup.  S9, S11,  

The system should give a warning when mistakes are happening.  S13,  

Hardware must be reliable  S14, S17 

Standardize the identification codes. S15,  

Make sure each cash package is identified. S16, S18, S19, 

S22 

 

 

4.4 Information technologies and information integration 
The first sub-research question of this research asked; “What is the effect of logistic information 

technologies on information integration in the cash supply chain?” Based on this research question, we 

made a few interview questions for gathering information about the current information technologies 

that are used by G4S and for gathering information about potential new information technologies that 

could affect the level of information integration.  

 

4.4.1 Information technologies in the cash supply chain 
Several technologies were mentioned during the interviews. One technology (i.e., internet of things) 

was analysed in the literature review as a logistic information technology. However, this technology was 

not mentioned during the interviews and does (according to the interviews) not play a role in the future 

cash supply chains. The other identified logistic information technologies, except for barcodes, were 

frequently mentioned during the interviews, the technologies and the frequency of being mentioned as 

promising are presented in Table 12. We made the distinction between short-term2 and long-term3 

potential technologies because most specialists made this distinction during the interviews.  

 

 

                                                           
2 Short-term corresponds to approximately 1 year. 
3 Long-terms corresponds to approximately 5 years. 
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Table 12: Most promising logistic information technology 

 

 

 

Note that the sum of the short-term technologies is not the same as the number of interviews held 

because the manager operations did not make a distinction between the short-term and the long-term. 

For the long-term, all the specialists gave their preference. The most often mentioned logistic 

information technology for the short-term was RFID and for the long-term sensor network, sometimes 

complemented by the specialists as ‘fully automated system’. The interview results related to the logistic 

information technologies are presented in the remainder of this section. The results are grouped into 

the different identified technologies. Consequently, each technology is described, advantages are given, 

as well as the resolved shortcomings.  

 

4.4.1.1 Code scanning 
The current information technology used in the supply chain is barcode scanning. As mentioned in 

section 4.1.2, this technology has major shortcomings. From the twelve experts we interviewed, eleven 

experts agreed that this technology is obsolete and should be replaced in order to increase the efficiency 

of the supply chain. An example that clearly illustrates the outdated process is the following quote from 

the operational manager: 

 

"When a package is scanned at the customer that it will be automatically routed into the process. (…) 

We need to scan it again at the transhipment department twice and this department must send it to the 

cash processing department. The cash processing department is not aware of any packages if the 

transhipment department do not push the button ‘sent to cash centre’. This is a major flaw in the 

system.” – MO 1  

 

When the cash packages are not digitally sent to the next department, there is a gap in the system 

because no supply chain entity is aware of these cash packages. Only when the customer reports these 

missing cash packages, it will be searched for further processing. Till that time, the cash package is 

somewhere on the storage and transhipment department. Besides this first flaw in the system, the 

quote from a cash in transit manager underlined another important flaw. When a cash packages is not 

scanned the first time, it is not identified into the system and could be anywhere in the supply chain: 

 

"When a package is not scanned on front, it will not be identified during the baseline measurement." – 

CIT 3 

 

However, there was one specialist (DO 1) that saw potential in an upgraded version of a QR code. 

According to this specialist, a QR code is much more precise than the current barcodes. One of the 

Technology 
Number of times mentioned as 

positive <short-term> 

Number of times mentioned 

as positive <long-term> 

Barcodes 0 0 

QR codes 1 0 

RFID 10 4 

Sensor network 0 8 

Internet of things 0 0 
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mentioned problems with the current barcodes is that the code is scanned wrongly resulting in a false 

identification. By using QR codes, this problem is resolved because this code can be scanned from 

multiple angles and is therefore less sensitive for errors. Furthermore, QR codes are 2D codes and can 

contain much more information than the current 1D barcodes. This makes the QR code also more 

futureproof. Another advantage is that a QR code can be damaged up to 30% and still be readable for 

the scanner.  For these reasons, the main advantage of this new QR code technology is the reliability of 

the system. The following quote shows the advantage of the QR code according to the operational 

director: 

 

“I am in favour of QR codes, you only have to scan this half and then it is still correct.” (DO 1) 

 

Resolved shortcomings  

These mentioned advantages of a QR code can lead to the resolution of shortcomings. These are mainly 

shortcomings listed in Table 8 that reflect the problems during the scan moments. As mentioned above, 

QR codes can be damaged up to 30 % resulting in a code that is more durable than a barcode, resolving 

the shortcoming S14. Furthermore, because QR codes can contain much more information, the amount 

of code labels on cash packages can be reduced, resulting in resolving shortcomings S15 and S19. At 

last, QR codes are less error-prone than barcodes because of the two dimensionality, resolving 

shortcoming S22. 

 

4.4.1.2 RFID 
RFID is mentioned by ten specialists as the most promising technology in the short-term and by four 

specialists also for the long-term. RFID technology can be used to identify cash packages instead of the 

current barcode scanning. When RFID is linked to the packaging in which the money is transported it 

can eliminate most of the scan moments. This because RFID makes it possible to identify the cash 

packages from a distance. For example, when the trucks and docking stations are equipped with RFID 

readers to identify the packages, there is no extra scan moment as control needed by an employee at 

these points in the supply chain. This results in a faster throughput time of the cash packages.  

 

There are different types of RFID, such as passive and active RFID. Active RFID is equipped with an own 

power source, while passive RFID is using the electromagnetic field of a RFID reader as a power source. 

This means that an active RFID can send signals from a distance to a RFID reader and a passive RFID is 

only able to identify itself nearby a RFID reader. This difference is mentioned by specialists DO 1 with 

the following statement: 

 

“RFID is the future, but the disadvantage is that when I have multiple cash packages in one place they 

will be identified all at once by the RFID reader. In order to be able to identify one cash package I 

automatically need to invest in the more expensive active RFID. Choosing the passive RFID will only result 

in time savings.” 

 

With the last sentence is meant that besides time savings there are more shortcomings that can be 

solved by using a more active RFID. By making it possible to identify cash packages in real-time it is much 

easier to detect mistakes and less time is needed for searching incorrect packages afterwards.  
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RFID makes it possible to increase the ability of live tracking according to the specialists, which can result 

in a system without that many control moments. When less control moments are required, less time is 

required to load, unload, and process cash packages.  

 

Resolved shortcomings  

For the short-term, RFID is mentioned by the specialists as the most promising technology to make the 

cash supply chain more efficient. It will result in many advantages in terms of shortcomings that are 

resolved when this technology is implemented.  

 

Because the cash packages are equipped with RFID, no more scanning is needed. This will resolve 

shortcomings S13, S14, S15, S16, S17, S19, S21, and S22. Furthermore, track and trace information will 

be available in real-time and can be used to identify packages in advance to determine the right location. 

This resolves the shortcomings S3, S4, S5, S12, and S18. Because of this increased traceability, it will 

become possible for each department to track the packages in advance for making a calculation on how 

much work needs to be done, this resolves shortcoming S20.  

 

4.4.1.3 Sensor network 
A sensor network is identified as the most promising logistic information technology for the long-term. 

From the twelve specialists, eight specialists mentioned this technology as most promising for the long-

term. Most of the time this technology is appointed by the specialists as part of a fully automated 

system. By using a sensor network the sensing capabilities can be improved up to a point where they 

nearly substitute manual handling. According to the specialists, a fully automated system is the future 

for the cash supply chain. The biggest improvements will be that less manual handling is needed 

resulting in no manual scanning and less mistakes, the two biggest shortcomings of the current supply 

chain.  

 

Resolved shortcomings 

Looking at the identified shortcomings in  

Table 7 and Table 8, a sensor network that contributes to automating the supply chain will resolve most 

of the shortcomings. During the repackaging of cash packages many mistakes are made, this will be 

resolved by implementing a more automated system that exclude manual handling. However, the 

shortcomings linked to the manual input of the system (S6, S7, S8, S9, S10, S11) will not be resolved by 

this technology because the employee still need to collect the cash packages and link it to the sensor 

network. Furthermore, all shortcomings based on scan moments are dissolved because no scanning is 

needed due to the sensors that automatically identify the cash packages.  

 

4.4.1.4 Summary 
RFID is mentioned most often by the specialists as a promising logistic information technology. 

According to the specialists, this technology can be implemented in the short-term without having to 

make major adjustments in the current structure of the supply chain.   

 

As expected, a new logistic information technology will have effect on many shortcomings but only the 

manual input into the system will not be resolved. Table 13 clearly illustrates what the main 
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advantages are of each information technology and what shortcomings are dissolved by implementing 

this technology.  

 

Table 13: Impact of information technology on shortcomings 

Information 

technology 
Main advantages 

Referenced 

specialist (ID) 

Resolved 

shortcoming (ID) 

Code scanning Reliability of scanning, more future proof DO 1 S14, S15, S19, S22 
 

RFID  

<Short-term> 

Elimination of scan moments, throughput time, less 

manual handling, more real-time monitoring  

CIT 1, TS 1, TS 2, CP 

1, CIT 2, CIT 3, CP 

2, RM 1, RM 2, CIM 

1 

S3, S4, S5, S12, S13, 

S14, S15, S16, S17, 

S18, S19, S20, S21, 

S22 
 

Sensor network 

<Long-term> 

Better throughput time, less manual handling, effect on 

whole supply chain, real-time responsiveness  

CIT 1, TS 1, TS 2, 

DO 1, CP 2, RM 1, 

RM 2 

S1, S2, S3, S4, S5, S12, 

S13, S16, S18, S20, 

S21 
 

 

4.4.2 Level of information integration in the cash supply chain 
To identify the current level of information integration within the cash supply chain the specialists were 

asked to share their thoughts on this. Of the twelve interviewed specialists, eight specialists were able 

to explain the current level of integration. According to the interview results, information integration is 

divided into three categories, namely (i) the integration of departmental information, (ii) the integration 

of information from the information systems, and (iii) more generally, the integration of the information 

flows.  

 

The level of information integration across the departments is estimated as low. According to the 

experts there is enough data available and shared but no proper distinction is made in which data is 

important. By making this distinction data will become information. This is underlined by the following 

quote from the operational manager: 

 

“We have many data but this does not mean that we have a lot of information. We find it hard to 

transform data into information. This is because we do not know what information need there is.” (MO 

1) 

 

In addition, the cash supply chain departments are each executing and optimizing their own activities. 

However, there is almost no collaboration to optimize the whole cash supply chain. This results in the 

use of many different information systems and therefore the integration of information through 

information systems is considered as low, which is confirmed by the following quote: 

 

“There are a lot of separate islands within the cash supply chain. We use many different information 

systems, (…). However, there is no overlapping program that connects all the different information 

systems.” (TS 1/2)  

 

The previous mentioned quote shows that the current cash supply chain is using many different systems 

each with its own application. This results in a lower level of information integration since these systems 

do not work smoothly together according to the specialists. First of all, the information that is shared 
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along the systems is not done in real-time. This makes it hard for different departments to communicate 

with each other. For example, the Customer Service Desk is unable to locate a cash package, causing 

that they have to make a call4 to the region when they want more information about the status of a 

transport. Furthermore, it is not possible to get one historic overview of the route that a sealbag has 

undergone. This information can be important when mapping the efficiency of the entire cash supply 

chain. Now a days this is mainly done per department and not for the whole chain:  

 

“There are many individual systems, that is in itself not bad if I can get one overview of the history of a 

sealbag. It is not possible to get one overview of the entire process a sealbag is undergone, resulting in 

incorrect information integration.” (CIM 1)  

 

The same applies for the information about the customers. It is not possible to get one overview of all 

the activities related to one customer. This can be activities like the number of incidents, number of 

transports, number of complaints, monthly revenue, or profit. This information, however, can be 

relevant for the account managers during contract negotiations to make a better, more realistic deal 

and this overview can serve as information to identify the efficiency per client:  

 

“The number of calls per customer is known in Dynamics. So, there should be something to export a 

customer report containing the monthly revenue, costs, profit, number of incidents, and whether these 

are correct or incorrect.” (MO 1) 

 

To determine the level of integration of the information flows, we look how these information flows are 

integrated among the whole organization. According to the specialists, when looking at the logistic 

chain, it is mainly divided into separate parts. What happens is that each part is developing their own 

processes but there is no development along the whole chain. As mentioned before, data is available 

but there are troubles with transforming this data into information and integrating this into the supply 

chain. For these reasons the level of integration of the information flows among the whole cash supply 

chain are considered as low. The following quotes underline this level of integration:  

 

“(…) we contain information on multiple locations and if we want some of this information we are using 

excel to list this information into an overview.” (DO 1) 

 

(…) many cases are communicated via excel sheets and therefore there is still room for improvement.” 

(RM 2) 

 

4.5 Expected relations research model 
In the previous sections we discussed the current cash supply chain, cash supply chain efficiency, 

potential information technologies, and the level of information integration. This section presents the 

identified relations between the variables of the research model. First, the effect of information 

technologies on information integration is discussed. Second, the effect of information integration on 

supply chain efficiency is described. Lastly, we discuss the additional direct effect of information 

                                                           
4 A digital request for information. 
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technologies on supply chain efficiency. What can be seen in Table 14 is that all the three relationships 

are confirmed by most of the specialists.  

 

Table 14: Identified relationships between information technology, information integration, and supply chain efficiency. 

Specialist 
Information technologies 
→ Information integration 

Information integration  
→ Supply chain efficiency 

Information technologies 
→ Supply chain efficiency 

CIT 1 O O X 

TS 1 X X X 

TS 2 X X X 

CP 1 O X X 

CIT 2 X X X 

CIT 3 X X X 

DO 1 X X X 

CP 2 X X X 

RM 1 X X / 

RM 2 O X X 

MO 1 X X X 

CIM 1 X X X 

Note. X= Relationship. O= No relationship. /= No comment. 

 

4.5.1 Effect of information technologies on information integration  
To answer the first sub-research question, we asked the specialists what the effect of information 

technologies is on information integration (see Figure 12 that visualizes this relationship).   

 

Sub-research question 1

Information technologies Information integration

 

Figure 12: Framework of sub-research question 1 

With the current barcoding technology it is possible to identify the right good, the right amount of 

goods, and it is also possible to identify the location of the goods. But this information is only available 

after the goods are scanned. Implementing a new information technology will result in new information 

for tracking the location, monitoring the process, and even a more real-time responsiveness:    

 

“Currently we know that the right goods, are on the right place, with the right amount, at the right time. 

But we receive this information afterwards. A new technology makes it possible to have a better live 

tracing which make it possible to improve the quality of the process. (…). And this will affect the 

integration because these information flows are getting better together.” (CIT 3) 

 

By implementing a new information technology like RFID or a sensor network, it is expected that the 

integration of information will increase (see Table 15). From a total of twelve specialists, nine specialists 
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agree that information technologies influence information integration in the cash supply chain (Table 

14). According to the specialists, information technologies influence the information flows within the 

supply chain by means of a better and quicker availability of information. Most specialists agree that 

implementing RFID or a sensor network will result in more real-time information of higher quality which 

enables a better monitoring and real-time responsiveness. In terms of information integration, this 

means that new information technologies generate information that is quicker accessible by the supply 

chain entities and that it is more visible due to more real-time identification. The higher level of real-

time responsiveness enables a better tracking and tracing of the goods, which makes it possible to better 

utilize the resources and an early detection of problems. Finally, these improvements affect the 

productivity of the cash supply chain and result in a cost reduction. The information flows are getting 

more valuable for the cash supply chain entities and will therefore be better integrated. Furthermore, 

the information flows more directly to the right supply chain entity and can be used in a more targeted 

way to identify and solve problems:  

 

“So, with a new technology you get more direct information flows so that your integration goes up 

because you can manage in a more targeted way and can solve problems directly, so it certainly has a 

direct relationship to integration.” (CP 2) 

 

4.5.2 Effect of information integration on efficiency  
The second sub-research question asked: “What is the effect of information integration on the efficiency 

of the cash supply chain?” (See Figure 13 for a visualization of this effect).  

 

Information integration Efficiency

Sub-research question 2

 

Figure 13: Framework of sub-research question 2 

 

From the twelve specialists, eleven specialists agree on the existence of a relationship between 

information integration and efficiency (Table 14). According to the specialists, an information 

technology could lead to a better information integration by means of information flows that contain 

more information that directly flow to the right directions. Because these information flows contain 

more information of higher quality, supply chain efficiency can increase. Indeed, as mentioned in the 

previous section, by implementing a new information technology, information is quicker accessible and 

more visible, real-time responsiveness is enabled, the level of tracking and tracing is increased, the 

utilization of resources is more efficient, and problems are detected earlier, which all, in turn, lead to a 

higher productivity. Additionally, departments are sharing more critical data and can therefore better 

manage and monitor the flow of information to reach the overall supply chain goals. Furthermore, the 

increased tracking and tracing can be used to improve the quality of the logistic processes. These 

efficiency improvements are listed in Table 16.  
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Table 15: Influence of information technologies on information integration  

Specialist Quotes by specialists 
Information 

improvementa 

Influence on 

supply chainb 

CIT 1 The output information will be the same, only the speed in 

which the output is generated is different.  
 

Speed of 

information  

Real-time 

responsiveness  

TS 1 It will result in a better availability of information whereby the 

system is able to monitor. This ensures a better quality and 

makes it possible to forecast.  
 

Accessibility of 

information  

Better monitoring 

TS 2 It will result in a better availability of information whereby the 

system is able to monitor. This ensures a better quality and 

makes it possible to forecast.  
 

Accessibility of 

information 

Better monitoring 

CP 1 It will result in a quicker availability of information but does 

not change the quality of information.  
 

Timing of 

information 

Real-time 

responsiveness 

CIT 2 By using RFID it is possible to track that the right goods, are 

on the right place, with the right amount. With this 

information it is possible to increase the quality and timing of 

the process.  
 

Quality of 

information 

(visibility) 

Location tracking 

CIT 3 Currently we know that the right goods, are on the right 

place, with the right amount, at the right time. But we receive 

this information afterwards. A new technology makes it 

possible to have a better live tracing which make it possible to 

improve the quality of the process. (…). And this will affect the 

integration because these information flows are getting 

better together. 
 

Quality of 

information 

Location tracking 

DO 1 Receiving information more real-time makes it possible to 

quicker identify problems. Thus, the time in which you receive 

the information influences problem solving by taking quicker 

actions.   
 

Speed of 

information 

Real-time 

responsiveness & 

early problem 

detection 

CP 2 So, with a new technology you get more direct information 

flows so that your integration goes up because you can 

manage in a more targeted way and can solve problems 

directly, so it certainly has a direct relationship to integration. 
 

Accessibility of 

information   

Real-time 

responsiveness 

RM 1 Because information is more real-time available makes it 

possible to actively anticipate. 

  

Speed of 

information 

Real-time 

responsiveness 

RM 2 A new technology mainly influences the speed at which 

information is available.  
 

Speed of 

information 

Real-time 

responsiveness 

CIM 1 By implementing a new technology, the information flows will 

be better integrated. Which means that you immediately see 

your mistakes and can immediately anticipate to them and 

not spend a lot of money afterwards sorting out. 
 

Timing of 

information  

Real-time 

responsiveness 

CIT 2 "Thus, a new information technology lead to a better ease of 

use and more efficiency for the company. Resources are the 

biggest factor for increasing the efficiency.“ 

Quality of 

information  

Better monitoring 

a Based on the research of Wu et al. (2016) who studied the smart supply chain. 

b Based on the research of Decker et al. (2008) who studied the benefits of smart items in the supply chain and Lotfi et al. 

(2013) who studied information sharing in supply chain management. 
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Table 16: Efficiency improvements due to improved information 

Information improvement Influence on supply chain  Influence on efficiency 

Speed of information Real-time responsiveness  Makes it possible to directly respond to situations 

to increase the productivity. 

 

Speed of information Early problem detection Less time and money is needed to solve problems 

afterwards.  

 

Accessibility of information   Better monitoring More critical data is shared within the supply chain 

to manage the flow of information and finally reach 

the overall goal. 

 

Accessibility of information  Real-time responsiveness  Information is shared more directly, resulting in 

better management in a more targeted way, to 

respond to situations to increase the productivity.  

 

Timing of information  Real-time responsiveness  Makes it possible to directly respond to situations 

to increase the productivity.  

 

Quality of information Location tracking Makes it possible to identify the current process 

and improve the quality of it. Furthermore, less 

time and resources are needed to track the goods.  

 

Quality of information  Better monitoring of resources The same amount of work or even more can be 

done by less resources this results in cost savings 

and an improved productivity. Better forecasts can 

be made, inventory can be better managed, labour 

can be better scheduled, optimize deliveries, and 

thus reduce costs and improve productivity.  

 

4.5.3 Effect of information integration on efficiency  
During the identification of the expected relationships of the research model, we identified a direct 

relationship between information technologies and supply chain efficiency (Figure 14). In total eleven 

specialists agree on the direct relationship between information technologies and efficiency, while one 

specialist did not comment on this relationship (Table 14).   

 

Information technologies Information integration Efficiency

 

Figure 14: Additional framework of the identified relationship between information technologies and efficiency 

 

Maybe one of the biggest improvements of a new information technology is that less manual handling 

is needed to perform the identification activities. This implies a direct effect of the implementation of 

information technologies on efficiency, because less resources are needed to perform the activity of 

identifying goods resulting in less costs and a higher productivity.  
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5 Design  
This chapter presents the design artefacts. First, the iteration process of formulating design principles 

is presented. The design principles are based on theoretical and practical insights and provide new 

insights for academics about new information technologies in the cash supply chain. Second, as a 

practical contribution of this research, a new business process model is described.  

 

5.1 Design principles   
For developing the final design principles, we used theory-based design principles extracted from 

literature research and practice-based design principles extracted from specialists’ experiences. Then, 

both theoretical and practical design principles are related to each other to construct the final design 

principles.  

 

The identified theoretical design principles are presented in Section 2.4 (Table 1). These principles are 

based on research that is covered in the theoretical background chapter. The practical design principles 

are derived from specialists’ experience that is gathered through interviews. From these interviews 

important shortcomings, which should be solved with a new information technology system, are 

identified. We translated these shortcomings to practice-based design principles that are used to 

construct the final design principles.  

 

Table 17 provides an overview of the final design principles arising from this research. All six final design 

principles are confirmed by both research and practice. While the final design principle is not referred 

to by practice (as can be seen in Table 17), this last design principle is confirmed by practice later in this 

chapter explained in section 5.2.4. The first final design principle concerns the logistic process of the 

cash supply chain in terms of safety and reliability. Problems should be detected early in the process 

and the logistic processes must be able to be dynamic to prevent risks. The second design principle is 

about the quality and timing of information. Both theory and practice confirm that information must be 

shared in real-time and must be accessible for relevant departments. The third final design principle is 

regarding the integration of information. According to research and practice, all the business units must 

be aligned to create a platform where members can share information. The fourth final design principle 

concerns the minimization of resources by focusing on the reduction of manual labour. The fifth final 

design principle is about the interactivity of the information technology system. Employees must receive 

warnings when a mistake is made, the system must ensure that all packages are identified, and the 

system must provide employees with grounded information to make the right decisions. The last final 

design principle is related to organizational awareness. When implementing a new information 

technology, the organization must be aware of it and the right people should be involved at the right 

time.   

 

Reflecting on the organizational context of this master thesis, it is considered as important that the 

design principles fit within the future vision program off G4S Netherlands. G4S Netherlands wants to 

investigate whether it remains necessary to execute the current processes or if it is possible to redesign 

the current processes so that less non-value added steps are required. According to the operational 

manager (MO 1) of G4S Netherlands, the final design principles complement to this future vision 

program by describing six future directions for G4S Netherlands for changing the current processes to 
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decrease the non-value added steps. Because the operational manager is responsible for the 

operational processes and the changes that come with it, we discussed the implementation of the 

design principles with this manager. The prioritizing for the implementation of the design principles is 

based on the speed at which it can be implemented. First, G4S Netherlands should implement design 

principle 6. Creating organizational awareness can be done in the short term and is considered as the 

basis of all changes. Second, design principle 5 should be implemented. G4S Netherlands should create 

an interactive process that gives warnings when mistakes are made. This bring us to design principle 1 

to be implemented as third. A more interactive system will lead to early problem detection and 

therefore a more reliable cash supply chain. The fourth design principle to implement is design principle 

4. G4S Netherlands should reduce manual labour which can be achieved by eliminating scan moments 

in the process. Fifth, design principle 2 should be implemented. In this step, G4S Netherlands should 

create information flows that are more real-time and better accessible. Finally, all business units must 

be aligned to create a platform to share information in the cash supply chain.  
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Table 17: Synthesis of theory and practice in terms of design principles  

Aspects of theory and practice  Final design principles References 

Special measures are required for storage, transportation, and maintenance to reduce 

security risks. 
 

1. Create a logistic cash 

supply chain process that is 

both dynamic and reliable, 

and capable of early 

problem detection. 3 

Wu et al., 2016 

S3, S4, S5, S10 

Make it highly dynamic in fields of transportation and servicing to avoid predictable timing. 

The information should be in control by the sharing party and privacy should be protected. 

Early problem detection during repackaging. 

Organize the repackaging process in a way that no step can be skipped. 

Early problem detection during pickup. 
 

 
 

Information should be of the right type in order to increase the value of information. 
 

2. Information that is 

shared in the cash supply 

chain should be real-time 

and accessible. 5 

Wu et al., 2016 

Nakasumi, 2017 

S12 
 

The quality of information is important in terms of accuracy and reliability.  
 
Timing of information is relevant, the earlier information is available, the better.  
 
The speed at which information is transferred should be as close as possible to real-time 

information, as it minimizes delay in the transmission of data.  
 
The way information is accessible should be in an easy way to fully utilize the information.  
 
Increase the real-time information of the cash packages. 

Information should be on time and accurate.  

   

All business units within the organization should be aligned.  
 

3. Align all business units 

within the cash supply chain 

to create a platform for 

information sharing. 6 

Flynn et al., 

2010 

Lotfi et al., 2013 

Rüßmann et al., 

2015 

S20 

 
 

Share identification information of cash packages among departments. 

Create an environment where members within the cash supply chain are willing to share 

information. 

Create a trusted network to share information on. 

Fully integrate the information technology system among the company, suppliers, and 

customers.  

   

Resources should be minimized within the supply chain. 4. Reduce manual labour 

within the cash supply chain 

with the focus on the 

reduction of scan moments. 

4 

Beamon, 2001 

Ye & Wang, 

2013 

S2, S6, S7, S8, 

S20, S21 
 

Reduce human factor in repackaging. 

Reduce human factor in the front-end of the information systems. 

Reduce scan moments. 

A minimum number of repeated steps should be included in the cash supply chain.  

   

New information technology systems should be user friendly.  5. Create an interactive 

information technology 

system that gives warnings 

when a mistake is made and 

enables the employee to 

make grounded decisions. 2 

Yang & Maxwell, 

2011 

S9, S11, S13, 

S14, S17, S15, 

S16, S18, S19, 

S22 
 

Organize the process in a way that only one option can be chosen by the employee during 

the pickup.  

The system should give a warning when mistakes are happening.  

Hardware must be reliable  

Standardize the identification codes. 

Make sure each cash package is identified. 

   

Change the organizational hierarchy when implementing a new information technology 

system. 
 

6. Create organizational 

awareness when 

implementing a new 

information technology 

system and involve the right 

people at the right time. 1 

Yang & Maxwell, 

2011 

Khurana, Mishra 

and Singh ,2011 

Rüßmann et al., 

2015 

Manenti, 2017 

Create management awareness and support about the potential advantages of 

information sharing. 
 
Create organizational awareness about the effect on the organizational structure when 

implementing a new information technology system.  
 
Organize funds to efficiently share information in the supply chain.  

Create awareness about the new information technology system among the different 

business functions.  
 
Clearly communicate the implementation of the new information technology system. 

Create commitment of the chief information officers and the chief supply chain officers.  
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5.2 Artefact: business process model  
To better understand the identified shortcomings of the cash supply chain, a business process model is 

drafted. This model is a visualization of the logistic cash supply chain activities from order to storage 

and shows which activities can be eliminated when implementing a new information technology. Our 

design is targeted especially to the management of G4S cash solutions. G4S has supplied a first drafting 

of a business process model that is used as base model. We used information gathered through 

interviews with specialists to adjust this design and present the potential improvements. 

 

5.2.1 Design requirements 
An overview of the design requirements used for designing the artefact is given in Table 18. The design 

requirements are divided into four different levels according to Aken, Berends, & Bij (2007): (i) 

Functional requirements in the form of performance demands, (ii) user requirements from the point of 

view of the user, (iii) boundary conditions, and (iv) design restrictions to fit the design within the 

organization.  

 

Table 18: Overview of the design requirements  

Nr.  Requirements 

  

 Functional requirements 

1 The design should provide insights into the implementation of a new information technology system 

2 The design should help to better understand the logistic cash supply chain process 

3 The design should help to better understand the effect a new information technology system has on cash supply 

chain efficiency 

  

 User requirements 

4 The design should be clearly legible 

5 The design should be user friendly and not slow down the current process 

  

 Boundary conditions  

6 The design should fit in the organizational structure  

7 The design should comply with practical insights  

8 The design should comply with legal requirements of the organization 

  

 Design restrictions  

9 The design is only accessible by the management of G4S  

 

5.2.2 The structure of the current business process model  

The supply chain process that has been further developed involves the collection of cash since this is 

the main activity of the cash supply chain. The business process model is divided into five pools each 

representing a cash supply chain department (Appendix VI). The first pool are the customers that place 

an order. This order is then processed and data with order information is used to prepare the transport. 

Subsequently, the CIT department executes the transport and the cash packages are collected from the 

customer. During this process, the cash packages are scanned and this information is stored in the 

scanners’ database. Once arrived at the storage & transhipment department, the information of the 

scanner is read during the baseline measurement. This measurement is done to be sure all the cash 

packages that are identified from the customers are unloaded from the truck in the storage & 

transhipment department. If the data from the scanner and the data from the sealbags is not aligned 
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during the baseline measurement, an investigation will start to find out where the differences arise from 

and who is responsible for it. If the baseline measurement is correct, the carrier is discharged and the 

sealbags are transported to the repack area. In this area the sealbags are scanned again to bulk them in 

a larger repack intended for a specific location internally or externally. For internal use, the repack 

information is sent to the processing department that is responsible for counting. At the processing 

department, the repack information is received when the repack is scanned. After unpacking the repack, 

all sealbags are opened and scanned again to couple the customers’ information from a sealbag to a 

specific headercart. Then the money is counted once on a Numeron machine followed by a second 

counting on a larger BPS machine. Before the money is counted, the headercart is first scanned to link 

the right customer to the right counting. Sometimes it happens that counterfeit money is detected. This 

money will go through a separate process to control the money and if needed to destroy the money. In 

the end, all the separate counting batches are merged and the processed cash money is stored in the 

vault.  

 

5.2.3 Improvements from practice  
The current supply chain process is discussed with the specialists who provide their input for a new 

business process model. The specialists stressed that the current supply chain is too depending on 

human labour. To overcome this problem, the specialists mentioned RFID as the most promising 

information technology to make the cash supply chain less human dependent. By implementing a more 

automated process with RFID technology in the cash supply chain process, less manual tasks are 

required to identify cash packages. This is illustrated in the new business process model (Figure 15). This 

model displays the changes in red colour when RFID is applied to the current cash supply chain. It starts 

at the customers’ site when the cash package is collected and identified. When this site is equipped with 

RFID technology, the location can be identified automatically without scanning a location sticker. After 

identifying the location, the sealbag for pick up can be selected and, once approved, the customer gets 

automatically a ticket that confirms the pick up. Another important change is that the sealbags are 

automatically identified when RFID is implemented instead of manual scanning. Subsequently, the 

sealbag information is automatically sent to the storage & transhipment and cash processing 

department. By having this information, resources can be better utilized resulting in a more efficient 

cash supply chain.  

 

5.2.4 Implementation of RFID  
To make the implementation of RFID a success we asked the specialists how to implement a new 

information technology. From the nine specialists that were able to answer the question on how to 

implement a new information technology, six specialists agree that it is very important to involve the 

right people in the implementation process. In this case, the right people are the employees who need 

to work with the new information technology: 

 

“Keep it small but involve the people who have to work with it. Eventually this people can make the last 

changes to the design.” (DO 1) 

 

Another important identified aspect of implementing a new information technology is to execute the 

implementation in a conditioned way. It is considered that the implementation should be done for one 
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branch at the time. Eight specialists agree that the implementation should be done in a conditioned 

way, this is clearly illustrated by the following quote: 

 

“Start with a sub-process and then continue to work it out. I would never change the processes in one 

go.” (RM 2) 

 

“Never implement the new technology at all branches in one go.” (RM 1) 

 

First, a project group should be put together that is in the lead of the implementation. Then this project 

group can identify the most critical users of the systems to give their feedback. When the design is 

mature enough, it can be rolled out at one branch for further testing. After a sufficient amount of testing 

and adapting, and it is found to be positive, the information technology systems can be implemented in 

the other branches one by one: 

 

“Only when you have tackled everything at one branch and it is proceeding as expected for about one 

month, you can roll out the next branch. The implementation really has to be done one branch at the 

time so that you run into as few problems as possible in one go." (RM 1) 

 

“Start with small tests to discover what we encounter and how to solve it quickly until it is workable. 

Then you can start at a pilot branch to test it for a week or two.” (DO 1) 

 

Furthermore, it is meaningful to test the technology in the real process and not according to a happy 

flow. For this reason, it is important to involve a critical branch in the beginning of the process to receive 

proper feedback:  

 

“If you want results, you must have focus. That means that you first have to do the implementation with 

a limited group. The risk that we have is testing according to a happy flow but that is not the point. First 

let a critical branch come up with their findings, then you are almost certain that you will receive good 

feedback. " (MO 1) 

 

(…) and also to test it at the right branch because this varies a lot. If you pilot it somewhere it has to be 

done very realistically by people with the right motivation.” (CIT 3) 

 

It is also considered as important that the involved people of the project team are working in the 

operation and are of a certain level making them capable to look further and make the right decisions: 

 

“Assembling a project team that consist of at least 1 or 2 people from the operation, with the right 

capabilities. You do not necessarily have to use a transporter but use a team leader who is also able to 

look further.” (RM 1)
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6 Discussion and Conclusion 
This chapter first conclude on the results answering the research question. Second, the theoretical and 

managerial implications are listed. Lastly, the limitations and directions for future research are 

described.  

 

6.1 Answer to the research question 
This thesis investigated the efficiency of the cash supply chain and how information technologies are 

influencing this efficiency through increased information integration. This resulted in the following 

research question: “How can information technologies support information integration and, in turn, 

increase supply chain efficiency?” We studied this subject by executing a qualitative and explorative 

research with a design science approach. During the first part of this research, we examined the 

academic literature to increase the understanding of the problem context. Besides relevant theory, we 

used desk research, observations, and qualitative data gained from interviews with twelve specialists to 

describe the practical insights.  

 

First, the current cash supply chain was analysed. Based on the results of this thesis, it appears that the 

current cash supply chain is missing two types of information, namely customer information and 

information from supporting departments. Relating to this missing information, the current cash supply 

chain information systems are falling short in fields of the human role in the process and the scan 

moments that are required. Because of these shortcomings, multiple efficiency problems and 

improvements were identified. The empirical analysis shows that there was a standardization problem, 

the cash supply chain is too dependent on human actions, and information is not integrated to the right 

amount. Additionally, potential improvements are a more automated cash supply chain and a better 

planning.  

 

Based on this study, it is concluded that logistic information technologies have a positive effect on 

information integration in the cash supply chain. Information integration is highly dependent on the 

quality of information flows. In order to increase the level of information integration, the quality of 

information, speed of information, accessibility of information, and the timing of information should 

increase. This change of information can be divided into multiple improvements that are realized 

through new information technologies. First, when information in the cash supply chain is better 

accessible, it will influence the real-time responsiveness and results in better monitoring of information. 

Second, a better timing and speed of information results in a better tracking and tracing of the cash 

supply chain products and problems can be detected early in the process. Finally, by having information 

of higher quality in the cash supply chain, resources can be better utilized. This has a major effect on 

information integration because more valuable information flows can be created for supplying the cash 

supply chain entities. The most important future technology to achieve these information integration 

improvements is RFID. This technology is capable to increase the timing and accessibility of information, 

resulting in a faster throughput time of cash packages, problems are detected early in the process 

because RFID makes it possible to live track the packages, and departments are better able to adapt 

their resources to the incoming amount of work that is visible earlier in the process.  

 



 

56 
 

Further, this study shows that this increase in the level of information integration with new information 

technology can lead to better cash supply chain efficiency. Because information is quicker accessible, 

real time responsiveness increases, making it possible to, for example, directly respond to situations in 

which mistakes are made to increase the productivity. Furthermore, information of higher quality makes 

it possible to better forecast in fields of inventory, labour and transport, all positively affecting the 

productivity and costs (Lotfi et al., 2013). In addition, more qualitative information enables a better 

monitoring of information causing that more critical data is shared within the cash supply chain to 

manage the flow of information and reach the overall goals. Also, less time and money are needed to 

solve the problems afterwards because information is more real-time resulting that problems are 

detected early in the process. Being able to better monitor information in fields of utilization of 

resources enables that the same amount of work or even more can be done by less resources.  

 

During the analysis there was also a direct relationship between information technologies and efficiency 

identified. A new information technology requires less manual handling to perform the activities, 

affecting the number of resources needed, resulting in less costs and a higher productivity. Thus, the 

results of this thesis have revealed that RFID technology is most suitable to enable a higher level of 

information integration and efficiency, mainly because of the better quality of information that is 

generated through this information technology and reduced manual labour.  

 

6.2 Theoretical implications  
Currently, theories related to cash supply chain efficiency do not provide literature about the effect of 

information technologies and information integration on cash supply chain efficiency. This paper 

provides the first literature to close this gap (Figure 16). This study confirms the importance of 

information technologies in the cash supply chain to increase the level of information integration and, 

in turn, the efficiency. The following paragraphs in this section will contribute to the theoretical 

implications that are identified.  

 

Cash supply chain research

Information integration research

Information technology research

Cash supply chain research

Information integration research

Information technology research

 

Figure 16: Visual representation of research themes and research gap 
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Based on the literature review, it can be concluded that the available information about the research 

topics is fairly scattered. This thesis integrates the available information from three research areas, i.e., 

cash supply chain research, information integration research, and information technology research 

competition (Barber et al., 2017; Bian et al., 2016; Brugge et al., 2018; Flynn et al., 2010; Korpela et al., 

2017; Shub & Stonebraker, 2009; Twain, 2016), and empirically test the resulting developed conceptual 

model based on an explorative, qualitative research. This integration of information is done by 

constructing design principles based on identified theories. These design principles form a good 

representation of the literature related to the research gap. By executing interviews with experts, this 

study identified an extensive list of cash supply chain shortcomings related to information technologies 

and information integration that is converted into practical design principles. This study contributes to 

the literature by comparing and combining theory-based design principles with practice-based design 

principles into six final design principles. These final design principles clearly specify what future 

direction the cash supply chain should go to increase the efficiency, i.e., implementing RFID technology. 

 

Second, this study explores how the level of information integration is influenced by information 

technologies and whether this is influencing the efficiency of the cash supply chain. This exploration 

used the measures developed by Flynn et al. (2010), together with the benefits of information sharing 

identified by Lotfi et al. (2013). The empirical data of this master thesis suggest that information 

integration plays a crucial role in cash supply chain management and should be improved to increase 

the efficiency of the cash supply chain. According to the result of this study, important factors for 

improving information integration in the cash supply chain are accessibility, quality, timing, and speed. 

This is partially in line with research by Wu et al. (2016), who discussed the important factors of 

information. According to Wu et al. (2016), information should also be in control of the sharing party. 

Because the cash supply chain is heavily secured, almost no external partners are involved except for 

the customers and the central bank. Therefore, the information is almost all the time in control by G4S 

Netherlands and for this reason it is not identified as important.  

 

Finally, with respect to information technology literature, this study has validated different information 

technologies and their capabilities to resolve cash supply chain shortcomings (as discussed in Table 13). 

Findings from the literature review indicated that internet of things was expected to be an interesting 

future information technology for the cash supply chain (Zhou et al., 2015). However, this was not 

confirmed by the specialists who did not mention this technology at all. Because the current cash supply 

chain is quite traditional, it is expected that internet of things is a step too far. Before internet of things 

can make its advance, the cash supply chain should first consist of smart items. The traditional cash 

supply chain can work towards internet of things by implementing RFID. Because of the unique features 

of the cash supply chain, RFID is the most suitable information technology to increase the efficiency of 

the cash supply chain. By implementing RFID, cash packages can be identified more automatically 

resulting in a smarter cash supply chain (i.e., a higher level of information integration and higher supply 

chain efficiency).  

 

6.3 Managerial implications  
The findings of this study can be used in an organizational context. This master thesis has been 

conducted in a cash processing business and is therefore especially useful for this kind of business. 

Because the use of cash money is decreasing in developed countries around the world, it is necessary 
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to increase the efficiency of the cash supply chain by implementing new technologies. The findings of 

this study can be used by supply chain managers to identify shortcomings of the supply chain. These 

shortcomings have a negative effect on supply chain efficiency and new information technologies can 

help to mitigate the impact of these shortcomings.  

 

G4S Netherlands should pursue the final design principles during the development of the cash supply 

chain. These final design principles provide very specific information on what critical points the cash 

supply chain should be developed. Therefore, the final design principles can be used as a criterion tool 

to measure whether new developments meet these principles. First, it is important to create a logistic 

cash supply chain process that is dynamic, reliable, and capable of early problem detection. Second, the 

business units should be aligned to share information that is real-time and easily accessible. Third, scan 

moments should be eliminated in the process to reduce manual labour. Fourth, when activities are 

executed by employees, the system should give warnings when mistakes are made. And finally, G4S 

Netherlands should create organizational awareness when implementing a new information technology 

system and should involve the right people at the right time. To achieve these principles, supply chain 

management should first experiment with different RFID configurations to identify which configuration 

is most suitable for the cash supply chain. By using RFID technology, instead of the current barcode 

technology, cash packages can be identified without manual proceedings and information is shared 

earlier in the process. To make RFID a success in the cash supply chain, it is recommended to construct 

a project group that is responsible for the implementation and construction of the new supply chain 

process. This group should consist of people with supply chain and management knowledge. The main 

task of this project group is to involve the right people in the change process to a new supply chain 

structure. In this case the right people are employees that need to work with the technology and RFID 

specialists that know all the ins and outs of the technology. By involving employees, greater support is 

created resulting in less resistance. Another benefit of involving employees among the whole supply 

chain is that it results in a greater organizational awareness that could lead to a better alignment of the 

different departments. When management creates a better alignment, information is shared faster and 

it is easier to collect information from other departments. If RFID is implemented in the right way, it 

enables information to be shared earlier in the process resulting that managers can detect problems 

early and it will make the current barcode technology obsolete because cash packages are identified 

automatically without manual activities. Although these design principles clearly illustrate a direction 

for improvements, it is no guarantee that all the cash supply chain shortcomings are solved when these 

principles are implemented in the new cash supply chain. 

 

In addition, for G4S Netherlands it is of interest to understand the effect of a new information 

technology on cash supply chain efficiency. The new business process model provides this information 

by displaying all the logistic activities of the new cash supply chain relative to the current cash supply 

chain. This model mainly displays the change of manual activities into user or service activities and is 

therefore a tool for management to see the differences. For a fully new business process model it is key 

to involve the right people into the process and identify all the specific changes for each supply chain 

entity when a new information technology is implemented. Furthermore, it is considered as important 

that the implementation of a new information technology is done per location and not all at once.  
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6.4 Limitations and further research 
In this part we review the limitations of our research and provide suggestions for future research. The 

main objective of this study was to investigate the effect that information technologies have on 

information integration and subsequently on the efficiency of the cash supply chain. This study used a 

qualitative and explorative approach to gain more in-depth knowledge about these themes. To 

complement this study, future research could use quantitative research to measure what positive 

impact RFID technology can have on cash supply chain efficiency. For this quantitative future research, 

the identified KPIs could be used to measure the difference in efficiency before and after the 

implementation of RFID. This KPI data is available within the cash supply chain of G4S but is very 

confidential. For this reason, future research could be executed by internal researchers of G4S or with 

supplied unreal KPI data from G4S that reflects the real data.   

 

As discussed in the introduction of this research, supply chain integration can be divided into integration 

of material flows, integration of information flows, and integration of financial flows. This research 

mainly contributes to the integration of information flows, also called information integration. However, 

to make the cash supply chain research more complete, future research should also consider the 

importance of material and financial flows in the cash supply chain. Future research can, therefore, 

investigate the influence of information technologies on material and financial flows to increase supply 

chain efficiency.  

 

Besides, now that information integration is considered as an important factor for cash supply chain 

efficiency, it is of interest to investigate how this can be improved in other ways than applying a new 

information technology. Future research should, therefore, study information integration as standalone 

and examine how it can be improved by taken the cash supply chain characteristics into account. 

 

Another limitation applies to the perspective of this study, where it has concentrated on a single 

perspective of the cash supply chain of G4S Netherlands. The focus of this thesis was to discover how 

the current cash supply chain can be improved in terms of information integration and efficiency by 

implementing a new information technology. For this study twelve specialists were interviewed from 

only one cash supply chain. This resulted in a very specific and valuable contribution for G4S Netherlands 

but limits the generalizability to other supply chains in the same context. To enable to extend the 

findings to a wider population and increase the validity, more specialists could be interviewed from 

multiple cash supply chains or even other supply chains that are very similar to a cash supply chain. 

Furthermore, the participants for the interviews where selected based on the desk research and theory-

based design principles. This selection of interviewees was performed by one researcher and was partly 

based on the availability of the interviewees. While interviewees provided very valuable insights for the 

purpose of this study, future research might prevent selection bias by taking a more random approach 

in selecting participants across multiple companies and multiple supply chains.  

 

In addition, for this research, mainly the point of view from G4S is considered. However, other players 

in the cash supply chain could have influence on the cash supply chain efficiency as well. This could be, 

for example, the customers or the central bank. Future research should therefore make use of a network 

approach to take all the players of the cash supply chain into account.  
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Furthermore, no beta-testing was included due to limited time and resources in this master thesis. It is 

advised that future research apply beta-testing for examining the final design with the end users before 

further implementation.  

 

The next step in researching information technologies in the cash supply chain should be more focused 

on RFID. Since this thesis identified this information technology as most promising, it is important to 

understand how this information technology should be implemented and in what configuration. RFID 

technology is available in different configurations (e.g., passive and active) and to better understand 

what configuration is best for the cash supply chain it is considered as an important area for future 

research.  

 

 

 

  



 

61 
 

7 References 
2018 Digital Transformation Report. (2018). 

Aken, J. E. van, Berends, H., & Bij, H. van der. (2007). Problem Solving in Organizations: A Methodological 
Handbook for Business Students. https://doi.org/10.1017/CBO9780511618413 

Barber, M. A. R. A.-S. K. D., Garza-Reyes, J. A., Kumar, V., & Abdi, M. R. (2017). The effect of supply chain 
management practices on supply chain and manufacturing firms’ performance. 28(5), 577–609. 

Beamon, B. M. (2001). Measuring Supply Chain Performance. Production and Operations Management. 

Bian, W., Shang, J., & Zhang, J. (2016). Two-way information sharing under supply chain competition. 
International Journal of Production Economics, 178, 82–94. 
https://doi.org/10.1016/j.ijpe.2016.04.025 

Brugge, J., Denecker, O., Jawaid, H., Kovacs, A., & Shami, I. (2018). Attacking the cost of cash. Retrieved 
from https://www.mckinsey.com/industries/financial-services/our-insights/attacking-the-cost-of-
cash?cid=soc-web 

Cassel, C., & Symon, G. (2004). Essential Guide Qualitative Methods in Organizational Research. 91, 1–
388. 

Decker, C., Berchtold, M., Chaves, L. W. F., Beigl, M., Roehr, D., Riedel, T., … Herzig, D. (2008). Cost-
Benefit Model for Smart Items in the Supply Chain. Nursing Education Perspectives, 34(1), 167–
184. Retrieved from 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3690076&tool=pmcentrez&rendert
ype=abstract 

Denyer, D., Tranfield, D., & Van Aken, J. E. (2008). Developing design propositions through research 
synthesis. Organization Studies, 29(3), 393–413. https://doi.org/10.1177/0170840607088020 

Dubberly, H., Evenson, S., & Robinson, R. (2008). The Analysis-Synthesis Bridge Model. Retrieved from 
http://www.dubberly.com/articles/interactions-the-analysis-synthesis-bridge-model.html 

Fawcett, S. E., Osterhaus, P., Magnan, G. M., Brau, J. C., & McCarter, M. W. (2007). Information sharing 
and supply chain performance: The role of connectivity and willingness. Supply Chain 
Management, 12(5), 358–368. https://doi.org/10.1108/13598540710776935 

Fink, A. (2014). Conducting Research Literature Reviews. 

Flynn, B. B., Huo, B., & Zhao, X. (2010). The impact of supply chain integration on performance: A 
contingency and configuration approach. Journal of Operations Management, 28(1), 58–71. 
https://doi.org/10.1016/j.jom.2009.06.001 

Guest, G., Bunce, A., & Johnson, L. (2006). How Many Interviews Are Enough?: An Experiment with Data 
Saturation and Variability. Field Methods, 18(1), 59–82. 
https://doi.org/10.1177/1525822X05279903 

Hult, G. T. M., Hurley, R. F., & Knight, G. A. (2004). Innovativeness: Its antecedents and impact on 
business performance. Singapore Management Review, 30(1), 55–76. 
https://doi.org/10.1016/j.indmarman.2003.08.015 

IT. (n.d.). Retrieved from https://techterms.com/definition/it 

Jr., R. J. B., & Collopy, F. (2004). Managing as Designing. 

Khurana, M. K., Mishra, P. K., & Singh, A. R. (2011). Barriers to Information Sharing in Supply Chain of 
Manufacturing Industries. International Journal of Manufacturing Systems, 1(1), 9–29. 
https://doi.org/10.3923/ijmsaj.2011.9.29 

Korpela, K., Hallikas, J., & Dahlberg, T. (2017). Digital Supply Chain Transformation toward Blockchain 



 

62 
 

Integration. (January). https://doi.org/10.24251/HICSS.2017.506 

Lotfi, Z., Mukhtar, M., Shahnorbanun, S., & Zadeh, A. T. (2013). Information Sharing in Supply Chain 
Management. Journal of Digital Information Management, 11(2), 125–130. 
https://doi.org/10.1016/j.protcy.2013.12.194 

Manenti, P. (2017). How to Approach the Digital Supply Chain Future. Material Handling & Logistics, pp. 
2–5. https://doi.org/10.1116/1.590278 

Mason, J. (2002). Qualitative Researching. 1–223. 

Matt, C., Hess, T., & Benlian, A. (2015). Digital Transformation Strategies. Business and Information 
Systems Engineering, 57(5), 339–343. https://doi.org/10.1007/s12599-015-0401-5 

Mentzer, J. T., Keebler, J. S., Nix, N. W., Smith, C. D., & Zacharia, Z. G. (2001). JOURNAL OF BUSINESS 
LOGISTICS, Vol.22, No. 2, 2001 1. Journal of Business, 22(2), 1–25. https://doi.org/10.1002/j.2158-
1592.2001.tb00001.x 

Nakasumi, M. (2017). Information sharing for supply chain management based on block chain 
technology. Proceedings - 2017 IEEE 19th Conference on Business Informatics, CBI 2017, 1, 140–
149. https://doi.org/10.1109/CBI.2017.56 

Patton, M. Q. (2002). Qualitative Research & Evaluation Methods. In Qualitative Inquiry. 

Pfohl, H. J. (2004). Logistiksysteme: Betriebswirtschaftliche Grundlagen. Springer-Verlag. 

Prockl, G., Bhakoo, V., & Wong, C. (2017). Supply chains and electronic markets - impulses for value co-
creation across the disciplines. Electronic Markets, 27(2), 135–140. 
https://doi.org/10.1007/s12525-017-0253-6 

Roller, R. M. (n.d.). INTERVIEW GUIDE DEVELOPMENT: A 4-STAGE “FUNNEL” APPROACH. 

Romme, A. G. L. (2003). Making a difference Organization as design. Soviet Meteorology and Hydrology, 
14(10), 558–573. https://doi.org/10.1287/orsc.14.5.558.16769 

Romme, A. G. L., & Endenburg, G. (2006). Construction Principles and Design Rules in the Case of Circular 
Design. Organization Science, 17(2), 287–297. https://doi.org/10.1287/orsc.1050.0169 

Rouse, M. (2015). Information Technology (IT). Retrieved from 
https://searchdatacenter.techtarget.com/definition/IT 

Rüßmann, M., Lorenz, M., Gerbert, P., Waldner, M., Justus, J., Engel, P., & Harnisch, M. (2015). Industry 
4.0 The future of productivity and growth in manufacturing industries. Jane’s Defence Industry. 
https://doi.org/10.1007/s12599-014-0334-4 

Saunders, M., Lewis, P., & Thornhill, A. (2009). Research methods for business students. 
https://doi.org/10.1017/CBO9781107415324.004 

Schrauf, S., & Berttram, P. (2016). How digitization makes the supply chain more efficient, agile, and 
customer-focused. Retrieved from https://www.strategyand.pwc.com/reports/digitization-more-
efficient?utm_content=AllEnterpriseStrategy 

Sekaran, U., & Bougie, R. (2016). Research Methods for Business: A Skill Building Approach. 1–420. 

Services/Cash solutions. (n.d.). Retrieved from http://www.g4s.com/en/what-we-do/services/cash-
solutions 

Shub, A. N., & Stonebraker, P. W. (2009). The human impact on supply chains: Evaluating the importance 
of “soft” areas on integration and performance. Supply Chain Management, 14(1), 31–40. 
https://doi.org/10.1108/13598540910927287 

Simon, H. A. (1988). The Science of Design : Creating the Artificial. Design Issues, IV(1), 67–82. 

The Art of Direct Process Observation – A Proven Technique for Improving Manufacturing Performance. 
(2015). Retrieved from https://www.mnp.ca/en/posts/the-art-of-direct-process-observation-–-a-



 

63 
 

proven-technique-for-improving-manufacturing-performance 

Twain, M. (2016). Cash report 2016. 

van Anholt, R. G. (2014). Optimizing logistics processes in cash supply chains. Retrieved from 
http://asia.iccos.com/files/Dissertation_Roel_G_van_Anholt.pdf 

Weyer, S., Schmitt, M., Ohmer, M., & Gorecky, D. (2015). Towards Industry 4.0 - Standardization as the 
crucial challenge for highly modular, multi-vendor production systems. IFAC-PapersOnLine, 48(3), 
579–584. https://doi.org/10.1016/j.ifacol.2015.06.143 

Wu, L., Yue, X., Jin, A., & Yen, D. C. (2016). Smart supply chain management: a review and implications 
for future research. Int J Logistics Management. https://doi.org/10.1108/09574090910954864 

Yang, T. M., & Maxwell, T. A. (2011). Information-sharing in public organizations: A literature review of 
interpersonal, intra-organizational and inter-organizational success factors. Government 
Information Quarterly, 28(2), 164–175. https://doi.org/10.1016/j.giq.2010.06.008 

Ye, F., & Wang, Z. (2013). Effects of information technology alignment and information sharing on supply 
chain operational performance. Computers and Industrial Engineering, 65(3), 370–377. 
https://doi.org/10.1016/j.cie.2013.03.012 

Yin, R. K. (2003). Case Study Research: design and methods. 1–53. 
https://doi.org/10.1017/CBO9780511803123.001 

Zhou, L., Chong, A. Y. L., & Ngai, E. W. T. (2015). Supply chain management in the era of the internet of 
things. Int. J. Production Economics, 159, 1–3. https://doi.org/10.1016/j.ijpe.2014.11.014 

 


