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Abstract 

To stay alive and competitive, organisations need to provide adequate responses to demand and 

changes in their business environment. This means organisations need to keep up with the pace at which 

their environment moves forward. Inevitably, organisations need to adopt technologies which are 

strategic to them. 

 

However, it is important to understand that organisations, as complex systems, only need certain 

technologies/functionalities to perform effectively. Acquiring unneeded technologies is a waste of 

resources. 

 

We applied a system dynamics’ approach to technology adoption processes, focusing on enterprise 

resource planning (ERP) systems as a case study. By doing so, we have identified three important risks 

that sometimes get overlooked. The risk mismatched requirements, when the adopted technology’s 

requirements don’t accurately mirror the organisation’s needed requirements. The risk of “playing it safe”, 

when managers aren’t properly equipped to make decisions that require a technical background and 

protect themselves by choosing the technology’s main vendor, or  by outsourcing the decisions. And the 

risk of long life cycles, when the organisation’s culture drags down the adoption process making it 

possible for the technology to be implemented too late to solve the problem that motivated its acquisition. 

 

Our work concluded that further information is needed to study the issue at hand. Nevertheless, the 

system dynamics model allowed arriving at two important conclusions regarding the ERP vendors. Main 

vendors’ exponential growth is not sustainable in the long run unless they sell more products to the same 

clients. Small alternative vendors will systematically lose market share unless they bring in disruptive 

innovations. 

 

Keywords: ERP, enterprise software, system dynamics, risk analysis, technology adoption.  
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Resumo 

As organizações precisam de se manter competitivas e de dar resposta adequada às solicitações do seu 

ambiente. Tal significa acompanhar a evolução do seu ambiente e, inevitavelmente, adoptar 

technologias que lhes são estratégicas. 

 

No entanto, é important entender que as organizações, como sistemas complexos, apenas necessitam 

de algumas tecnologias/funcionalidades para ter um desempenho eficaz. Adquirir tecnologias 

desnecessárias é um desperdício de recursos. 

 

Aplicámos uma abordagem de dinâmica de sustemas aos processos de adopção de tecnologia, 

focando-nos nos sistemas ERP como caso de estudo, e identificámos três riscos que por vezes são 

negligenciados. O risco de requisitos desencontrados, quando os requisitos da tecnologia adoptada não 

são um reflexo adequado dos requisitos necessários da organização. O risco de “jogar pelo seguro”, 

quando os gestores não estão adequadamente equipados para tomar decisões que necessitam 

conhecimento técnico e protegem-se optando pelo fornecedor principal, ou delegando as decisões. E o 

risco de ciclos de vida longos, quando a cultura organizacional atrasa o processo de adopção podendo a 

tecnologia ser implementada tarde demais para resolver o problema que motivou a sua aquisição.  

 

O nosso trabalho conclui que mais informação é necessária para estudar o problema em mãos. Em todo 

o caso, o nosso modelo dinâmico permitiu chegar a duas conclusões importantes relativamente aos 

fornecedores de ERPs. O crescimento exponencial dos principais fornecedores ERP não é sustentável a 

longo prazo a não ser que vendam mais produtos aos mesmos clientes. Pequenos fornecedores 

alternativos perderão sistematicamente quota de mercado a não ser que inovem de forma disruptiva. 

 

Palavras-chave: ERP, aplicações de gestão, dinâmica de sistemas, análise de risco, adopção de 

tecnologia. 
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1 Introduction 

1.1 Project and researcher’s background 

 

The motivation for this study was to better understand the processes of technology acquisition, 

technology selection and technology implementation, and also the variety of business aspects affected by 

these processes; in general for any technology and particularly for the case of Enterprise Resource 

Planning (ERP) technology.  

 

The company I am working for is a Portuguese CAD/CAM software reseller which has expanded its 

business by entering the ERP market. The product selected was an ERP software package developed by 

a Spanish company which is focused on solving manufacturing and sales flexibility issues. In order to 

carry out this expansion, my company hired me based on my academic profile which was found to be the 

needed match for the job at hand, thanks to both my engineering and management knowledge. But I had 

not taken any course whose contents helped understand those business processes. 

 

1.2 Problem description  

 

To stay alive and competitive, organisations need to provide adequate responses to demand and 

changes in their business environment. This means organisations need to keep up with the pace at which 

their environment moves forward. Inevitably, as progress is linked to technology evolution, to some 

extent, organisations need to adopt technologies which are strategic to them. However, organisations 

should be aware of technologies which provide no strategic value; those are a waste of resources if 

adopted. An ERP system, as it is publicised by its major suppliers (SAP, Oracle, Microsoft, etc.), removes 

redundancy and tediousness from day-to-day work, allows more time for value-added activities, allows 

employees to be more involved in decision making, therefore reducing turnover rates and training costs, 

gives less compatible departments the ability to share information more effectively, allows access to real-

time updated information and the fluid movement of critical data between business functions. All this 

should increase competitive advantages and allow reaping tangible and intangible benefits. 

 

However, there is a catch. The reality is that ERP implementation is a very complex and expensive 

process and implementation statistics are far from encouraging. In their report on the ERP market, 

Panorama Consulting Group (PCG, 2011) says that less than 50% of ERP implementations realise more 

than 50% of the expected benefits, over 61% take longer than expected, and more than 74% go over 

budget. And it should be kept in mind that these are projects that cost around $6M, on average. The 

resulting consequences are money, time and competitiveness losses, affecting all of the organisation’s 

stakeholders such as managers, users, system vendors and clients. The consequences are sometimes 

so dramatic that they can be responsible for bankrupting the organisation. 
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The data presented in PCG’s report clearly show us that the risks associated with ERP implementations 

are great and should not be taken lightly. Therefore, the decision to adopt this technology should not be 

perceived as a simple task and should be preceded by a study of the technology’s value for improving the 

organisation’s performance, rendering clear its strategic importance. 

 

The study of ERP systems is an example. The approach followed is general and can be applicable to any 

technology adoption process. 

 

1.3 Research objective 

 

The objective is to gain insight into the key aspects that influence an organisation’s technology adoption 

process, and to identify possible leverage points to improve the results of the associated decisions. In 

particular, the objective is to understand and cope with the risks associated with technology adoption.  

 

1.4 Social and scientific relevance  

 

This study and its results can provide a better understanding on how to approach the possibility of 

acquiring new technology in general, and ERP technology in particular, by: 

 Addressing a specific aspect of technology adoption that hasn’t been extensively studied by 

using a different perspective. 

 Reinforcing awareness of the strategic importance of technology. 

 Increasing awareness of the reasons why organisations adopt ERP systems and other 

technologies. 

 Adding to the knowledge base on the subject of technology adoption and implementation that 

has been highly debated, has real world implications and continues to present problems. 

 Providing insight into the dynamic relationships of the different aspects influencing an 

organisation’s technology adoption process. 
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2 Literature Review 

2.1 Enterprise Resource Planning (ERP) 

2.1.1 What is ERP 

 

In order to address the case of ERP adoptions, some key definitions will be presented. The first is: 

Strategic technology — the required means for an organisation to accomplish its mission and 

stay competitive. 

 

When it comes to ERP, sometimes the same expressions can be found with different meanings. For the 

sake of clarity, we differentiate four different concepts: enterprise resource planning software, enterprise 

resource planning systems, enterprise software and enterprise systems: 

 Enterprise resource planning software (ERP):  

 In Kumar et al. (2002), we can find a definition of ERP by Watson & Schneider (1999). Using 

that definition as a basis, we define enterprise resource planning software as:  

“A generic term for integrated, customised, packaged enterprise computing software that 

handles the majority of an enterprise’s system requirements in all functional areas such as 

finance, human resources, planning of manufacturing, sales and marketing. An ERP’s 

software architecture aims to facilitate the flow of information among all functions within an 

enterprise and sits on a common database”. 

 Enterprise resource planning system (ERP system):  

 An ERP system is comprised of an ERP and the entire infrastructure needed for the software 

to work: hardware, operating systems, database management systems, and 

telecommunications. 

 Enterprise software:  

 Markus & Tanis (2000) defined enterprise systems as “commercial software packages that 

enable the integration of transactions-oriented data and business processes throughout an 

organisation (and perhaps eventually throughout the entire interorganisational supply chain). 

Enterprise systems include ERP software and such related packages as advanced planning 

and scheduling, sales force automation, customer relationship management, and product 

configuration”. We believe their definition is fit for our definition of enterprise software and we 

choose to define enterprise systems similarly to how we defined ERP systems.  

 Enterprise system:  

 An enterprise system is comprised of enterprise software and the entire infrastructure 

needed for the software to work: hardware, operating systems, database management 

systems, and telecommunications. 

 

Figure 1 shows the representation of ERP systems’ relations and components as presented by 

Davenport (1998). ERP systems are, in fact, enterprise-wide systems. 
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Figure 1: Anatomy of an ERP (Davenport, 1998) 

 

These systems have key characteristics (Markus & Tanis, 2000) which are important to recognise: 

 Integration: ERP vendors promise complete integration of the entire organisation’s information. 

This integration, however, requires some effort. In order to achieve integration, the system needs 

to be set up to match the organisation’s products, customers, accounts and business processes. 

 Packages: ERP software is usually a commercial package and not a solution developed in-

house from scratch. Because modifying the package may result in losing key benefits from using 

the ERP, organisations try to fit the package, with the help of configuration tools and options, 

rather than the other way around. This also means that, when an organisation adopts an ERP 

package, it begins a dependent long-term relationship with its ERP software vendor. 

 Best practices: Through the study of businesses and academic theory, ERP vendors claim to 

have embedded best business practices in their solutions. This is also a solid argument against 

modifying their packages. 

 Some assembly required: ERP vendors’ claim that ERP packages are integrated is overstated. 

While the software is integrated, the hardware infrastructure, by default, is not. This means that 

client organisations must find a set of hardware, operating systems, database management 

systems, and telecommunications suited to their organisational size, structure and geographical 

distribution. 
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 Evolving: ERP is not a constant solution; it changes over time in terms of services and 

architecture like any other information technology. 

 

2.1.2 How ERP evolved 

 

As Umble et al. (2003) explain, the main concern of manufacturing systems in the 1960s was inventory 

control. In those days, the focus was on efficient ways of managing large inventories, because it was 

possible to maintain those inventories and still remain competitive. Back then, most software packages, 

which were usually customised, handled inventories in traditional ways. 

 

However, along with the 1970s came a bigger demand on the efficiency of inventory management. Firms 

could no longer afford keeping such large inventories. Out of this need, came the introduction of material 

requirements planning (MRP) systems. This was a huge step forward, a computer could now calculate 

gross material requirements with the use of a master production schedule supported by a bill of materials. 

This information combined with available inventory levels and materials scheduled to arrive allowed the 

calculation of net material requirements. Orders and priorities were then managed with this new system’s 

support, which was a leap forward for productivity and quality.  

 

To address other management problems, capacity planning techniques, tools to support aggregate sales 

and production levels, forecasting, customer-order promising and resource analysis were added to the 

basic MRP capabilities. With this evolution, users started to see their systems as organisation-wide 

systems (Umble et al., 2003). In the 1980s, as information technologies saw their functionality and 

affordability increase, MRP was coupled with financial activity, leading to MRP II (manufacturing resource 

planning).  

 

By the start of the 1990s, MRP II had expanded to all business areas, such as product design, 

warehousing, materials planning, communication systems, human resources, finance, and project 

management (Umble et al., 2003); and the term ERP (enterprise resource planning) was introduced by 

the Gartner Group refering to business software that evolved as an extension of MRP II (Mabert et al., 

2001; Kumar et al., 2002). Extended-ERP systems started to include processes between different 

organisations such as supplier and customer relation management (Kumar & Hillegersberg, 2000). It was 

at this point in the early 1990s that ERP became one of the fastest growing segments in the software 

market (Somers & Nelson, 2001). ERP vendors were huge success stories and several companies 

gained their place in the sector: SAP, Oracle, Baan, PeopleSoft, JD Edwards (Kumar & Hillegersberg, 

2000). The evolution of ERP was an inside-out process (Kumar & Hillegersberg, 2000) that went, and still 

goes, along with the evolution of information technologies. 

 

For the most part of the 1990s, ERP was probably the biggest thing in business software and its impact 

changed the way companies did business (The Economist, 1999; Stein, 1999b). By 1998, the list of 

organisations that implemented ERP was as big as to include 40% of the companies with annual 
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revenues of more than 1 billion Dollars (Caldwell & Stein, 1998, cited by Markus & Tanis, 2000). These 

large companies could see a big upside in using ERP since those systems are designed to solve the 

fragmentation of information, streamline data flows and provide management with direct access to real-

time operating information in big business organisations (Davenport, 1998). Some even considered that 

ERP was the price of entry for running a business. 

 

In the late 1990s, ERP growth took a dive. Some attributed the market slowdown to the fact that the year 

2000 was too close to resort to ERP to fix the Y2K bug, because fixing the Y2K was argued to be one of 

the motivators for acquiring an ERP system. Nevertheless, the ERP market recovered by taking 

advantage of other markets that hadn’t yet embraced ERP systems, such as India, Brazil, China, 

Singapore, Japan, the United Kingdom and Spain (Kumar & Hillegersberg, 2000). Besides expanding to 

new geographical markets, ERP vendors also moved in to reap benefits from online business, such as 

online procurement (Stein, 1999b).  

 

Nowadays, not all big players are the same (although the biggest two remain SAP and Oracle) and the 

evolution of technology continued to change ERP in terms of architecture and services. Oracle bought 

some of the big players of the late 1990s (Siebel, JD Edwards, PeopleSoft), Microsoft took a 

considerable market share and other players also appeared to challenge existing competitors. In terms of 

services, in recent years, ERP became available in SaaS (software as a service), where the adopting 

organisation doesn’t host the software itself nor the hardware infrastruture, it just accesses it through the 

Internet, therefore using it as a service and leaving the ERP vendor responsible for its maintenance. 

 

Figure 2 summarises the described evolution of ERP systems. 

 

 

Figure 2: ERP evolution 

 

2.1.3 The importance of ERP 

 

Several reasons for adopting ERP systems were cited in the 1990s: integration of disparate business 

units, consolidation of redundant proprietary systems, solution for Y2K problems, reduction of costs, 

revenue growth expectations, development of global competing abilities, obtainment of accurate business 

information and better data availability (Stein, 1999a; Mabert et al., 2000; Kumar et al., 2002). However, 

from a purely business process management perspective, the need for ERP is related to how it changes 

the way organisations work. As organisations evolve, so do their needs for software and communications. 

As a result, if a consolidated solution isn’t chosen, organisations usually end up with a lot of different 

enterprise systems, each for a specific purpose (legacy systems). These legacy systems, spread across 

the different units, heavily reduce productivity and performance. This is caused by a myriad of different 
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costs (direct and indirect): storing and rationalizing redundant data, rekeying and reformatting data from 

system to system, updating and debugging obsolete software code, programming links between systems, 

slow response from the department of manufacturing to the sales department and, if financial data and 

sales data are inconsistent, managers have to make decisions based on hunches (Davenport, 1998).  

 

An ERP is designed to fix these problems. By centralising operational and financial data, and providing 

real-time access to it, ERP systems enable organisations to streamline management structures, control 

information and standardise processes. This also allows organisations to be more disciplined by having 

well defined and controlled business processes and workflows (Davenport, 1998). The use of ERP 

should result in more accurate demand forecasts, and shorter production cycles among other benefits 

(Stein, Making ERP add up, 1999). 

 

With the support of the data provided by the ERP system, managers should also be able to make better 

informed decisions. The core benefit behind an ERP system is that it does the integrating job, this way 

allowing the organisation and its managers to spend less time understanding what is happening with their 

business and more time improving it (Slater, 2000).  

 

Umble et al.(2003: pp 241-242) make a strong case for the importance of ERP in today’s economy: “As 

the business world moves ever closer to a completely collaborative model and competitors upgrade their 

capabilities, to remain competitive, organisations must improve their own business practices and 

procedures. Companies must also increasingly share with their suppliers, distributors, and customers the 

critical in-house information they once aggressively protected. And functions within the organisation must 

upgrade their capability to generate and communicate timely and accurate information. (…) ERP provides 

two major benefits that do not exist in non-integrated departmental systems: (1) a unified enterprise view 

of the business that encompasses all functions and departments; and (2) an enterprise database where 

all business transactions are entered, recorded, processed, monitored, and reported.” 

 

Several benefits have been argued for implementing ERP. But since ERP came out, these potential 

benefits were rivalled by potential risks. ERP packages touch many internal and external aspects of an 

organisation’s activities; and failure to implement such systems may have crippling consequences (Table 

1). 
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Table 1: Common ERP criticisms and supporting statements (Mabert, et al., 2001) 

In Support of ERP… Criticising ERP… 

 

 An ERP system is a solution panacea for all 
the IS woes of an enterprise and will be the 
only IS an enterprise needs to conduct its 
business. 

 

 The ERP approach simplifies and standardises 
systems across the enterprise making it easier 
to upgrade systems in the future. 

 

 An ERP system typically reduces the cost of IT 
operations and the number of personnel 
needed to maintain the organisational IS. 

 

 An ERP system forces all processes to be 
integrated and a high level of data integrity to 
be achieved. 

 

 ERP is an excellent decision support tool that 
will provide a competitive advantage. 

 

 ERP systems embed all the best practices for 
various processes, allowing a firm to configure 
the systems quickly and easily so as to 
minimise implementations costs. 

 

 ERP systems allow for better global 
integration. 

 

 

 The application of an ERP system is only the 
domain of very large companies. 
 

 An ERP system and its implementation are 
very expensive. The system needs extensive 
modifications, or the organisation needs to go 
through a major reengineering process to use 
it. 

 

 Installed ERP systems are typically slow and 
cannot meet the transaction needs of most 
companies. 

 

 ERP systems have not provided the returns on 
investment that were originally predicted. 

 

 Many firms have gone out of business 
primarily because of the implementation of an 
ERP system. 

 

 ERP systems increase the IT costs and staff 
head counts. 

 

 Multiple additional systems are needed for 
smooth functioning in spite of an ERP 
implementation 

 

 

Despite the risks, ERP software packages are widely sought business solutions and, even though they 

were initially designed for manufacturing companies, their use has expanded and ERP can now be found 

in just about any organisation (Koh et al., 1999, cited by Kumar et al., 2002). 

 

2.1.4 Implementation success stories 

 

In published work, several success stories associated with ERP implementations can be found. In 

Davenport (1998), it can be read that Autodesk reduced delivery times from 2 weeks to 24 hours; IBM’s 

Storage Systems division reduced their product repricing times from 5 days to 5 minutes, shipping times 

from 22 days to 3 days and credit checks from 20 minutes to 3 seconds. Thanks to ERP, the flow of 

information through the supply chain, in the petrochemicals industry, was improved in such a way that it 

became an industry standard.  

 

In Markus & Tanis (2000) it can be read that one ERP implementation allowed the organisation to make a 

70% reduction in accounting personnel thanks to task consolidation and duplicate data entry elimination. 

Umble & Umble (2002) tell us that Owens Corning claims ERP helped it save 50 million dollars in 

logistics, materials management and sourcing, and also, by providing more up-to-date and accurate 
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information to material planners, it led to inventory reductions through better inventory control and 

demand forecasts. 

 

2.1.5 Stories of implementation failure 

 

Although stories of “implementations gone badly” are a lot less spoken of, as ERP vendors have no 

interest in publicising those unlike the success stories, these stories do exist. FoxMeyer Drug has argued 

that its ERP system was a major contributor in driving it to bankruptcy; Dell Computer dropped its ERP 

system when they found out the system wouldn’t be suited for their new and decentralized management 

model; Applied Materials also dropped their ERP system when they had to face the organisational 

changes involved by the implementation process (Davenport, 1998). 

 

As Rajagopal (2002) stated, information technology-based tools are seen as enablers of success. 

Organisations often adopt them thinking they will automatically become more efficient but it is not the 

case. When failure to meet the expected benefits occurs, it normaly isn’t associated with wrong coding of 

software, it’s usually associated with the fact that organisations tend to overlook the real organisational 

needs and fail to acquire the systems required to solve their problems in order to increase performance. 

 

2.1.6 ERP issues 

 

“ERP systems are complex, and implementing one can be a difficult, time consuming and expensive 

project for a organisation. Implementation can take years to complete and cost tens of millions of dollars 

for a medium-sized organisation and 300 to 500 million for large international corporations. (…) And there 

is no guarantee of the outcome” (Mabert et al., 2001: pp. 69). Markus et al. (2000) make a clear point in 

explaining that, by inbedding itself so thoroughly inside an organisation’s internal and external operations, 

the ERP software and platform becomes crucial because the implementation costs and risks rival its 

potential pay-offs.  

 

The same sort of statements can be seen all across the literature (Mabert, et al., 2001; Somers & Nelson, 

2001; Davenport, 1998).  The adoption of software applications and other manufacturing technologies 

have been studied several times, but ERP software implementations, for their enterprise-wide 

implications, are a lot more complex (Kumar et al., 2002). 

 

While it can be heard a lot from ERP vendors, the fact is that the sotware cost isn’t the biggest portion of 

implementation costs. Mabert et al. (2001) give us an implementation cost breakdown from their research 

with US Manufacturing Firms (Table 2). 
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Table 2: Implementation cost breakdown (Mabert et al., 2001) 

Cost Category Average Cost Range 

Consulting 30% 20-60% 
Hardware/ Infrastructure 25% 0-50% 
Implementation Team 15% 5-20% 
Training 15% 10-20% 
Software 15% 10-20% 
 

 

The problems with ERP go far beyond choosing the right software package. Markus et al. (2000) divided 

ERP implementations into 3 phases and identified the folowing problems: 

 Project phase problems:  

1. Software modifications, 

2. System integration, 

3. Product and implementation consultants, 

4. Turnover of project personnel, 

 Shakedown phase problems: 

1. Approaching ERP implementations from an excessively functional perspective, 

2. Inappropriately cutting project scope, 

3. Cutting end-user training, 

4. Inadequate testing, particularly of interfaces, modifications, integrations and exceptions, 

5. Not first improving business processes where this needs doing, 

6. Underestimating data quality problems and reporting needs, 

 Onward and upward phase problems: 

1. Unknown business results, 

2. Disappointing business results, 

3. Fragile human capital, 

4. Migration problems. 

 

Markus et al. (2000) also point out that waiting for the symptoms to present themselves may be very 

dangerous, because remedial actions may be too late to solve the problems. 

 

Umble et al. (2003) have compiled a list categorizing the reasons behind the implementation problems 

(Table 3). 
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Table 3: Reasons for ERP implementation failures (Umble et al., 2003) 

The ten categories of reasons why ERP implementations failures 

 
1. Strategic goals are not clearly defined:  

The organisation has not thought through the goals, expectations and deliverables. 
 

2. Top management is not committed to the system: 
Top management lacks commitment to the system, does not see the profound 
changes it engenders, and/or does not actively participate in the implementation. 
 

3. Implementation project management is poor: 
The organisation understimates the scope, size, and complexity of the project. 

o Achievable schedules are not developed: realistic expectations are not 
communicated. 

o There is a mismatch between the business and the ERP system selected. 
o Companies attempt to automate existing redundant or non-value added 

processes. 
 

4. The organisation is not committed to change: 
o People have a natural tendency to be comfortable with status quo and may 

not see the need for a new system. 
o Employees may fear that the new system will make their jobs more difficult, 

reduce their importance or even cost them their jobs. 
o Front line staff may be uncomfortable with the realisation that upper 

management can easily see what they are doing. 
 

5. A great implementation team is not selected: 
 

6. Inadequate education and training results in users that are unable to satisfactorily 
run the system: 
 

7. Data accuracy is not ensured: 
Inaccurate data will cause ERP to lose credibility, causing people to ignore the new 
system, and continue to run the organisation under the old system. 
 

8. Performance measures are not adapted to ensure that the organisation changes: 
 

9. Multi-site issues are not properly resolved: 
 

10. Technical difficulties can lead to implementation failures: 
These difficulties can include “bugs” in the software, problems interfacing with 
existing systems and hardware dificulties. 
 

 

 

ERPs are supposed to provide best practices but there is no one and only best practice that can fit every 

organisation. The client organisation needs to adapt to the ERP or to interface it with other enterprise 

software. This makes the implementation more complex and prone to delays and cost overruns. On top 

of that, migrating between versions becomes more complicated, because the final solution isn’t the 

standard packaged software that the vendor updates and makes upgrades for. Some vendors include 

tools for customisation of the ERP software but these are more like configuring tools than actual 

customising tools. This problem has led to the componentisation of most ERP solutions, making it easier 

to choose the components (modules) that are more useful for each organisation, and interfacing the ERP 

with other applications (Kumar & Hillegersberg, 2000). Nevertheless, although nowadays it is easier to 

create these interfaces, and usually technical challenges are also easier to overcome, interfaces can still 
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be a source of problems when it comes to initial implementation and later introduction of updates and 

upgrades. 

 

Another important technical issue is related to the hardware platform on which the ERP will run. ERP 

solutions are very resource demanding applications with databases that can reach enormous sizes and 

numerous simultaneous accesses to the stored information. It is very important that the hardware 

platform is chosen accordingly, both in terms of performance and compatibility. Otherwise, application 

errors, slow software response and other problems will drag down the ERP’s performance and, 

consequently, the organisation’s performance (Rajagopal, 2002). 

 

These are technical problems that ERP adopters may face but, as Davenport (1998) and several other 

authors stated, technical problems are not the main reason for ERP implementation failures — 

organisational problems are. 

 

Organisations that realise the most benefits after implementation are the ones that stress the enterprise, 

not the system, as being the most important part of an ERP system. This means it is a mistake to view 

ERP as a technological challenge alone (Davenport, 1998).  

 

An ERP implementation isn’t the simple installation of a computer program, it consists of a change at all 

levels of the way the organisation works. It can mean changing the way people have done their jobs in 

years, or even decades. Sometimes, by jumping into this technology without a proper needs assessment, 

organisations end up buying multimillion dollar software solutions only to discover that, for certain key 

aspects of their businesses, they don’t work well or completely miss the needed functionality or flexibility 

(Slater, 2000).  

 

There are also problems concerning the measures of implementation success. To begin with, it always 

depends on the stakeholder’s perspective one is taking. Also, most organisations don’t worry about 

defining success indicators and measuring them (Stein, 1999a). This creates a situation where, at the 

end of the implementation, organisations don’t know for sure what has been improved and what been 

worsened by the new system. Stein carries on stating that, despite acknowledged enterprise issues, most 

ERP selection ends up being a search for showstoppers, that is, missing features or unsupported 

business process which transform a great fit into a complete mismatch. 

 

Another reason for problems with ERP implementations can be identified as the ERP market became 

global. The fact is that technology creators, software developers included, always use, to some extent, 

their own vision of the world and their own means to access information during the creative process (Soh 

& Sia, 2004). This means that their creation is usually a better fit for their local environment, or for 

environments they are well informed about. However, according to Soh & Sia (2004), the characteristics 

of countries, regions, and organisations vary a lot. There will always be misfits at some point, making it 

very hard, or even impossible, for non-customised packaged ERP solutions to perfectly fit any 

organisation (Figure 3): 
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Figure 3: Package-organisation misalignment (Soh & Sia, 2004) 

 

The research done so far shows us that the ERP package chosen, or even the decision to implement an 

ERP, has a tremendous weight on the organisation’s performance. And, as can be seen in the following 

statistics, the stated problems are not fading away. A different approach is needed to tackle these issues. 

 

2.1.7 Statistics for the late 1990's 

 

According to Stein (1999a), Meta Group surveyed 63 organisations in the late 1990s and the results 

showed that, over 5-6 years, investments in ERP presented negative returns on investment (ROI) and, on 

average, organisations took 23 months to get an ERP system up and running. 

 

In the same work by Stein, the following statistics from a study performed by Benchmarking Partners can 

be read: 

 

 45% of companies anticipated benefits in personnel reduction, while only 34% said they actually 

saw such benefits.  

 25% anticipated an IT cost reduction, only 12% got it. 
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 18% of companies interviewed thought they would see improvement in order management, but 

33% got that benefit. 

 12% anticipated a benefit in the financial close cycle (the time it takes a organisation to close a 

quarter) but while 20% achieved it. 

 

Umble & Umble (2002) also reported that between 50 percent and 75 percent of U.S. firms experience 

some degree of failure when implementing advanced manufacturing or information technology. 

 

Lengnick-Hall et al. (2004) cite Mabert et al. (2001) claiming that ERP software was starting to saturate 

U.S. manufacturing the late 1990s. In terms of implementation details, only 7% of the organisations 

surveyed by Mabert et al. (2001) reported major customisation and 57% reported little or no 

customization.  

 

2.1.8 Statistics for the 21st century 

 

Table 4 lists the top players in the ERP market at the start of the 21
st
 century (Laughlin, 1999, cited in 

Mabert et al., 2001): 

 

Table 4: List of ERP vendors and their forecasted market shares in 1998 (Mabert et al., 2001) 

ERP Package Market Share 

 
Sap 

 
32% 

 
Oracle 

 
13% 

 
PeopleSoft 

 
9% 

 
JDE 

 
7% 

 
Baan 

 
7% 

 
SSA BPCS 

 
3% 

 
JBA International 

 
3% 

 
Intentia 

 
2% 

 
QAD 

 
2% 

 
MAPICS 

 
<2% 

 
Ross Systems 

 
<2% 

 
Computer Associates 

 
<2% 

 
IFS International 

 
<2% 

 
Symix Systems Inc. 

 
<2% 
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This information was found in the 2011 ERP Report by PCG. Their report was conducted over a period of 

6 months, from June to December 2010, through surveys. The results found in the report were derived 

from a very diverse sample base of 185 organisations from 57 different countries, 30% from North 

America and 70% from the rest of the world. The sample was also diversified in terms of businesses. 

Respondents were from communications, electric, gas, sanitary services, public administration, 

construction, wholesale trade sectors, and others. We are focusing on the nature of the sample because 

its diversity is crucial to accurately mirror the reality of what is happening. PCG (2011) also presents 

results from their previous 2010 report. for comparison. Table 5 presents their results for average ERP 

implementation project cost, project duration, payback period and the ratio ERP project cost/ 

organisation’s revenue and Table 6 presents the percentage of projects that exceeded the estimated 

time, went over budget and failed to realise more than 50% of claimed benefits. 

 

Table 5: ERP project cost (PCG, 2011) 

METRIC 2010 AVERAGE 2009 AVERAGE 

Project Cost $5.48 million $6.2 million 
Project Duration 14.3 months 18.4 months 
Payback Period 2.5 years 2.7 years 
% ERP Cost/Revenue 4.1% 6.9% 

 

 

Table 6: ERP project risk factors (PCG, 2011) 

RISK FACTOR 2010 AVERAGE 2009 AVERAGE 

% Take Longer Than Expected 61.1% 35.5% 
% Cost Exceeds Budget 74.1% 51.4% 
% Benefits Realisation <50% 48.0% 67.0% 
 

 

Still from PCG (2011), Figure 4 provides more detail about how far benefits were realised: 
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Figure 4: Project benefits realisation (PCG, 2011) 

 

This information matches what has been said in all of the referenced academic literature. It can be seen 

that all over the world, and in any economic sector, organisations do indeed face tough challenges in 

ERP implementations, and often fail to reach all the goals they’ve set for their enterprise systems. It can 

also be seen that budgets for ERP implementations are considerable, making it very important to reap 

benefits. 

 

Table 7 shows the players in the ERP market that were mostly selected by the respondents. Recently, 

Activant and Epicor Software have merged bringing them to the forth position: 

 

Table 7: ERP selection (PCG, 2011) 

Selection Rank Vendor Selection Rate 

 1 Oracle 22% 
 2 SAP 19% 
 3 Microsoft Business Solutions 14% 
 4 ABAS Software 5% 
 5 Activant Solutions 4% 
 6 Epicor Software Corporation 4% 
 7 IFS 4% 
 8 Lawson Software 4% 
 9 Unit 4 4% 
 10 Infor Global Solutions 3% 

 

 

PCG reports that one of the reasons why an increase in benefits realisation from 2009 to 2010 can be 

seen (Table 6) is because organisations were more willing to customise their ERP system, trying to have 

a better fit between the enterprise resource planning solution and the enterprise itself. The 

customisations did come with a time and financial penalty though. 

6% 

3% 

15% 

27% 

27% 

21% 

0% 5% 10% 15% 20% 25% 30% 

We have not experienced any measurable benefits so far 

We didn't have a business case 

81 - 100% of projected bebefits 

51 - 80% of projected bebefits 

31 - 50% of projected bebefits 

0 - 30% of projected bebefits 

Project Benefits Realisation 
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2.2 Previous research on ERP issues 

 

The subject of ERP issues has been investigated by academics since around 1998. According to Kumar 

& Hillegersberg (2000), up until that year, most information technology academics weren’t aware of the 

impact ERP was having. Since then, significant work has been done in the fields of ERP selection and 

ERP implementation. 

 

2.2.1 On ERP selection 

 

Several approaches have been used in the attempt to provide a solution to the problem of choosing the 

best ERP package for an organisation. Verville & Halingten (2003) suggest dealing with ERP selection by 

dividing the process into six stages. This division of tasks allows for an organised approach to the whole 

process: 

 Planning, 

 Information search, 

 Selection, 

 Evaluation, 

 Choice, 

 Negotiations. 

When it comes to the actual choice multi-criteria based solutions have been suggested to help decision 

makers (Onut & Efendigil, 2010). Within this field of study, several papers have been produced with 

different techniques. 

 

Perera & Costa (2008) propose a multi-criteria approach using analytic hierarchy process (AHP) – a 

systematic method designed to solve complex decision-making problems with multiple objectives, 

alternatives or criteria to consider (Labid, 2011).  

 

Teltumbde (2000) proposes a framework based on nominal group technique (NGT) – a structured 

variation of small-group discussion to reach consensus – for the decision making and on AHP for the 

evaluation methodology. 

 

Some authors (Kahraman et al., 2010; Ayag & Ozdemir, 2007; Onut & Efendigil, 2010) considered simple 

multi-criteria approaches insufficient to deal with the problem of ERP selection and proposed the 

combination of multi-criteria analysis with fuzzy logic – a multi-valued logic model based on fuzzy set 

theory (Bouchet et al., 2011). 

 

After the ERP package is chosen, the organisation faces its implementation and this is where most of the 

difficulties come to surface. 
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2.2.2 On ERP implementation 

 

Several researchers have studied ERP implementations to try to find the reasons for their success or 

failure. Researchers do agree that the main problems regarding implementations are organisational 

problems. Several methodologies are proposed to cope with the large organisational changes needed to 

successfully implement an ERP system. 

 

Suggestions include breaking down implementation projects into smaller and more manageable phases.  

Somers & Nelson (2001), following Cooper & Zmud (1990), divide ERP implementations into 6 phases: 

 Initiation, 

 Adoption, 

 Adaptation,  

 Acceptance, 

 Routinisation, 

 Infusion. 

All along the phases, managers are advised to keep critical success factors (CSF) in mind. Somers & 

Nelson (2001) built a list of CSF’s during their investigations: 

 Top management support, 

 Project champion, 

 User training and education, 

 Management of expectations, 

 Vendor/customer partnerships, 

 Use of vendors’ development tools, 

 Careful selection of the appropriate package, 

 Project management, 

 Steering committee, 

 Use of consultants, 

 Minimal customisation, 

 Data analysis, 

 Business process reengineering, 

 Defining the architecture, 

 Dedicated resources, 

 Project team competence, 

 Change management, 

 Clear goals and objectives, 

 Education on new business processes, 

 Interdepartmental communication, 

 Interdepartmental cooperation, 

 Ongoing vendor support. 

More can be read on implementation CSF’s in Umble et al. (2003), and Umble & Umble (2002). 
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Loh & Koh (2004) go beyond identifying CSF’s and suggest that there are other critical elements that 

should be considered: 

 Critical success factors: project champion, project management, business plan and vision, top 

management support, effective communication, ERP teamwork and composition. 

 Critical people: vendors, consultants, organisation executives, IT specialists, operations 

manager, end users, IT support personnel. 

 Critical uncertainties: insecure funding/unrealistic budget, inappropriate software selection and 

evaluation, inexperienced project leaders, non-committed project partners, poor project planning, 

ineffective communication, poor teamwork, unclear role and responsibility (vendor and internal 

staff). 

 

Another critical issue in ERP implementation is what happens after go-live, that is, after the system is 

“turned on” and starts to be used. It is from this point on that the organisation expects to reap its benefits. 

However, it’s not simple to reap those benefits. An implementation project may succeed in terms of time 

and budget but fail when it comes to realising the benefits and, for that matter, the opposite may also 

occur (Larsen & Myers, 1997; Markus et al., 2000). On the subject of post-implementation, work by Law, 

Chen, & Wu (2009), Chou & Chang (2008) and Kimberling (2006) provides us interesting insights on how 

to maximise the benefits of ERP implementations. 

 

2.3 Conclusions 

 

A lot of work has been done to help selecting and implementing ERP packages. Organisations implement 

ERP systems to improve their business performance but an ERP implementation is a large and risky 

endeavour.  

 

ERP implementation risks and critical success factors have been widely studied, mostly by post 

implementation research (Vilpola, 2008). However, not much has been done to provide a holistic view of 

the adoption process and its interrelationships. And also, not much has been done to determine if 

organisations are adopting ERP functionality they do not need. Such approach would be important to 

understand if an organisation in fact needs to adopt ERP technology or if it just feels compelled to do so 

to keep up with a perceived trend. 

 

Technological solutions are often sought out because they are supposed to remove specific problems. 

Seeking technological solutions for that reason focuses on detecting defects and removing them. 

However, a key aspect of strategy building, as will be explained in chapter 3.5, is having a clear purpose: 

“where we want to be”. That purpose is very different from defining “where we don’t want to be”. The 

clear purpose combined with the realisation of “where we are” guides organisations to look for what they 

really need to reach their goal instead of just looking for panaceas like ERP systems. 
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Russell Ackoff (Appendix A) explained that detecting what is wrong and removing it seems like common 

sense but is not a good option. If you remove what you don’t want, you do not necessarily get what you 

do want. And you might get something you want even less.  

 

Ackoff illustrated this with the simple example of watching television: if you don’t want to see the program 

that is on, to remove that “problem” you can just change the channel. But that doesn’t mean you’ll get a 

program you want to watch, you might change to a program you want to watch even less.  What you 

have to detect is what you want. The only way to get what you want is to get what you want, not to get rid 

of what you don’t want. 

 

The idea behind ERP is that it brings best practices to the adopting organisation in a one-size-fits-all 

manner. But, for systemic reasons, it is wrong to benchmark parts of an organisation and hope to be 

effective in improving the whole organization. But to benchmark a whole organization goes way beyond 

its information systems. 

 

As Davenport (1998: pp. 10) has put it, “a speedy implementation of an ERP system may be a wise 

business move, but a [rushed] implementation is not”. The decision to adopt ERP should not be rushed 

into, and because there are many potential risks, considerable thinking should be done to support that 

decision. 

 

Stein (1999a: pp. 1) also points out the importance of this question by stating “As companies of all sizes 

collectively poured billions of dollars into enterprise resource planning systems over the past several 

years, the promise of automating and integrating business processes and gaining operational efficiencies 

was often little more than that – a promise. Rarely did anyone do a strict return-on-investment analysis”.  

 

If an organisation concludes that the ERP has real strategic value, the literature provides a lot of 

information on the steps to be taken next: selecting the best ERP package and maximising the benefits 

realisation of the implementation. Before starting the selection process, an organisation should ask the 

following questions (Davenport, 1998): 

 How might an enterprise system strengthen our competitive advantages?  

 How might it erode them?  

 What will be the system’s effect on our organisation and culture?  

 Do we need to extend the system across all our functions, or should we implement only certain 

modules?  

 Would it be better to roll the system out globally or to restrict it to certain regional units?  

 Are there other alternatives for information management that might actually suit us better than an 

ERP?” 

 

These questions influenced tackling the problem from a systems thinking perspective.   
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ERP will be the study example but, again, the approach should be general and applicable to any 

technology acquisition process, because Davenport’s questions can be generalised to any technology 

adoption: 

 How might the technology in study strengthen our competitive advantages?  

 How might it erode them?  

 What will be the technology’s effect on our organisation and culture?  

 Would it be better to implement the new technology globally or to restrict it to certain regional 

units?  

 Are there other alternatives for solving the detected problem that might actually suit us better 

than the technology in study? 
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3 Approach methodologies 

Several suggestions of methods to help decision makers through the process of strategic technology 

adoption can be found. Some of them are financial analysis of projects, such as payback analysis, return 

on assets, return on investment analysis, net present value. Others are risk management techniques and 

decision analysis for decision support. 

 

3.1 Financial analysis of projects 

 

3.1.1 Payback period, Return on assets, Return on investment 

 

Payback period (PP) 

Payback period refers to the time needed for the net cash inflows, or earnings, of a project to become 

equal to the project’s net cash outflows, or expenses. The lower the payback period, the better because it 

means having the investment refunded faster. This is a very simplistic financial metric because it ignores 

the time value of money or inflation effect (Flaig, 2005). Also, it is an inadequate metric to properly assist 

managers with technology adoption decisions because it dismisses technical and organisational aspects. 

 

Return on assets (ROA) 

The return on assets metric is the result of net income divided by total assets. In the case of projects, “net 

income” is the expected earnings minus expenses and “total assets” is the value of the assets applied to 

the project. The goal here is to have the highest ROA possible. Just like the PP metric, ROA doesn’t take 

into account the time value of money (Flaig, 2005), and it dismisses the technical and organisational 

aspects, making this metric inadequate to properly assess strategic technology adoptions. 

 

Return on investment (ROI) 

The return on investment metric is similar to the ROA metric. It is calculated by dividing net income by the 

investment, where “net income” is as before and “investment” is the value of the investment in the project. 

This metric is inadequate for the same reasons as ROA. 

 

3.1.2 Net present value, expected net present value 

 

Net present value 

The net present value (NPV) metric, unlike the previous financial metrics presented, does take inflation 

into account, making it a more powerful analysis tool than PP, ROA or ROI. It is calculated with the 

following expression: 
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Where      is the cash flow of benefits at time  ,      is the cash flow of costs at time  , and   is the 

annual interest rate (cost of capital), (Flaig, 2005). 

 

Expected net present value 

Flaig (2005) presents another metric built upon NPV, the expected net present value (ENPV) since NPV 

tipically does not consider a lot of factors affecting the system, such as quality costs, the probability of 

completing the project on schedule and budget and other factors. Flaig’s ENPV metric provides a more 

complete approach to the financial analysis, but again it still dimisses technical and organisational 

aspects, and therefore does not provide us with the needed tool for these decisions. 

 

There are other financial metrics, but all share the same reason why they are not adequate to give proper 

insight to the problem we have set out to study. 

 

3.2 Risk management 

 

According to the Project Management Body of Knowledge Guide (PMI, 2008), risk management (RM) is 

the project management stage that deals with project risks. It is a process composed of several phases; 

within each there are different inputs and outputs: 

 Plan risk management, 

 Identify risks, 

 Perform qualitative risk analysis, 

 Perform quantitative risk analysis, 

 Plan risk responses. 

 

Plan risk management 

This is the process of defining how risk management activities will be conducted for the project. Table 8 

shows us the needed inputs and the expected output for this phase. 
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Table 8: Risk management - Plan risk management 

INPUTS OUTPUTS 

 
1. Project scope statement 

 
2. Cost management plan 
 
3. Schedule management plan 
 
4. Communications management plan 
 
5. Enterprise environmental factors 
 
6. Organisational process assets 

 
1. Risk management plan 

 

 

Identify risks 

In this phase, risks that may affect the project are identified and their characteristics are documented. 

Table 9 shows us the inputs and the expected output for this phase. 

 

Table 9: Risk management - Identify risks 

INPUTS OUTPUTS 

 
1. Risk management plan 

 
2. Activity cost estimates 

 
3. Activity duration estimates 

 
4. Scope baseline 

 
5. Stakeholder register 

 
6. Cost management plan 

 
7. Schedule management plan 

 
8. Quality management plan 

 
9. Project documents 

 
10. Enterprise environmental factors 

 
11. Organisational process assets 

 
1. Risk register 

 

 

 

Perform qualitative risk analysis 

This phase serves the purpose of identifying and prioritising the project’s risks for further analysis or 

action, after assessing and combining their impact and probability of occurrence. Table 10 shows us the 

inputs and the expected output for this phase. 
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Table 10: Risk management - Perform qualitative risk analysis 

INPUTS OUTPUTS 

 
1. Risk register 

 
2. Risk management plan 

 
3. Project scope statement 

 
4. Organisational process assets 

 
1. Risk register updates 

 

 

Perform quantitative risk analysis 

After the risks have been identified and their priorities have been settled, this phase provides a numerical 

analysis of the risk impacts on the project’s overall objectives. Table 11 shows us the inputs and the 

expected output for this phase. 

 

Table 11: Risk management - Perform quantitative risk analysis 

INPUTS OUTPUTS 

 
1. Risk register 

 
2. Risk management plan 

 
3. Cost management plan 

 
4. Schedule management plan 

 
5. Organisational process assets 

 
1. Risk register updates 

 

 

Plan risk responses 

Finally, in this phase, options and actions are developed in order to enhance opportunities and reduce 

threats originated by identified project risks. Table 12 shows us the inputs and outputs of this phase. 

 

Table 12: Risk management - Plan risk responses 

INPUTS OUTPUTS 

 
1. Risk register 

 
2. Risk management plan 

 
 

1. Risk register updates 
 

2. Risk-related contract decisions 
 

3. Project management plan updates 
 

4. Project document updates 

 

 

Risk management is common in project management. It works by conjecturing possible problems during 

project implementation and providing instructions to act accordingly. However, RM is inadequate to deal 

with this thesis’s study problem because it focuses on project risks, that is, risks that may jeopardise the 
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ability to achieve schedule and budget objectives of implementation projects. This means it assumes that 

the adoption was the right decision in the first place, or simply dismisses that question since it is focused 

on solving implementation problems, not technology investment decisions. The CSFs methodologies 

mentioned in chapter 2.2.2 on ERP implementations are RM techniques. 

 

3.3 Decision analysis 

 

Daniel Kahneman (Appendix A), Israeli American psychologist, a Nobel laureate in economics for his 

distinguished work in the psychology of judgment and decision-making, divides the human processes of 

thinking and acting into two different categories, which he calls system 1 and system 2 in his book 

“Thinking, Fast and Slow” (Kahneman, 2011). 

 System 1: Automatic, intuitive and skilled responses – “things that happen”. For example, while 

driving, automatically breaking if danger is detected.  

 System 2: Deliberate actions that require effort – “things you do”. Example, to calculate 56x75 

one must remember the “program” that has been learnt for the task and apply it in a step by step 

process. 

 

In his work, Kahneman explained how intuition cannot be trusted many times. He explains that system 1 

shapes our behaviour without us even being aware of it, and that system 1 mechanisms lead us to bad 

judgements through substitution. 

 

If we are asked something we do not know the answer to, system 1 will tend to automatically substitute 

the question with an easier one that is known, and thus provide the answer to a different question and 

simplify the issue. This happens through an automatic mechanism of associative memory and, if 

undetected by the person, is done with as much confidence as if the answer was right. 

 

However, because system 1 is a highly skilled system, it can be updated through reinforced practice of 

system 2 tasks. In the beginning, learning how to ride a bicycle is a system 2 task, one needs to be 

extremely concentrated to master it. But, over time, as one becomes skilled, riding a bicycle no longer 

takes any effort; it becomes a system 1 task. 

 

The same is true about thinking processes. As a person expands his ways of thinking and interpreting the 

world, she updates her system 1 mechanisms into more effective ones. Systems thinking, as will be 

explained, provides a framework to become more aware of interactions, interdependences and patterns 

of behaviour in the world. This reflective framework (system 2 task) should allow system 1 to be updated 

and people become more effective in assessing situations and less guided by hunches. 

 

Decision analysis (DA) provides tools to choose between various alternatives. It recognises the reasons 

that make certain decisions hard to make. Business investment decisions are complex in the sense that 

they involve several key variables. DA has the ability to deal with complex problems. The behaviour of 
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these key variables is uncertain and DA also has tools to deal with uncertainty. On top of that, when 

contemplating a business management decision, such as a technology adoption decision, there will 

always be intent to reach multiple objectives. This complicates the process even further. Allied to that, 

there are always different perspectives to consider, each stakeholder will be affected differently by the 

resulting decision. Finally, decision making processes are sensitive to the conditions in which they are 

carried out, which means that if those conditions change, so can the result of the decision making 

process. To support the results provided, DA can make use of simulation models. 

 

Unlike the previous methods presented, DA does not assume adopting a technology is the right choice 

from the start. DA allows us to analyse a decision where the alternatives are to adopt or not to adopt. 

After that, as was seen in chapter 2.2.1, if the decision to adopt a new technology is made, a multi-criteria 

analysis may be carried out to choose from the available technology alternatives by comparing their 

performance in key selected criteria.  

 

However, although DA is a more adequate methodology than the others presented, because it is an 

analytical approach, we believe it is inadequate to the study of the problem because it is an optimisation 

tool. One can only make supported decisions after understanding the problem. To use decision analysis 

tools, first it is necessary to properly understand the interdependences, the interrelations, and, ultimately, 

the behaviour of the systems in question.  

 

3.4 Systems thinking 

 

Russell Ackoff (Appendix A) explained that analysis is the typical approach people use to tackle any 

problem, issue or object. The analytical approach produces knowledge. It is the method used to gain 

insight into how things work. It is a “divide and conquer” approach and it’s consisted of three steps: 

 

1. Take apart current understanding, basically, disassembling it into its composing parts. 

2. Try to understand the behaviour of the parts taken separately. 

3. Try to aggregate the understanding of the parts into an understanding of the whole. 

 

In complex systems, this approach studies and deals mostly with what Peter Senge (Senge, 1990) refers 

to as “detail complexity”, that is, situations with many variables. However, it does not produce 

understanding, it only produces knowledge because it does not provide answers to why things are the 

way they are or behave the way they do. It only provides insight into how they work.  

 

The knowledge on how things work is very important but, to gain understanding, Russell Ackoff explained 

that a different approach is needed, one that is also consisted of three steps but which are the complete 

opposite of those in analysis. This approach is synthesis, it is the systemic approach. The three steps of 

synthesis are as follows: 
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1. Take current understanding and ask "what is this a part of?", "what whole is this a part of?" 

2. Try to understand the behaviour of the whole. 

3. Try to disaggregate the understanding of the containing whole by identifying the role or function 

of the part that is being studied. 

 

The “whole” we refer to is what we call a system. A system is a whole that cannot be divided into 

independent parts. It consists of interdependent and interacting parts, and it is more than the sum of its 

parts (STI, 2009). The reason why it cannot be divided into independent parts is because each part’s 

function is only made possible because of interactions with other parts. A simple example to understand 

this is a car’s engine. It is essential to move a car, but if you divide a car into its parts, the engine no 

longer performs its function; it no longer moves anything because it needs to interact with other parts. 

This is true for anything and is very important to be acknowledged because analytical approaches focus 

on parts rather than on wholes. Improving the performance of parts does not necessarily lead to 

improving the performance of the whole. In fact, it might lead to just the opposite. 

 

As mentioned, risk management assumes that the correct decision on technology adoption has already 

been made so it cannot assist us in technology adoption decisions. As for the other listed methods, they 

are analytical procedures. Meaning that they disregard important interactions within the system they 

study. It is a fallacy to believe one can accurately measure something like the return on investment of 

strategic technology adoption. Many other factors and interactions can influence an organisation’s 

performance after the technology’s implementation. Also, beneficial or negative consequences may 

appear and not be detected.  

 

Besides, those methods also disregard what Peter Senge described as dynamic complexity, that is, 

situations where cause and effect are far apart in time and space. It is easy to assess one’s actions and 

decisions when immediate feedback is provided. However, it is very hard to do so when it takes a long 

time to get the feedback. The consequences of our decisions get lost in the mists of all our actions and 

interactions in the meantime. And it’s even worse to understand the system’s behaviour when the 

feedback we are getting is the result of other people’s decisions from a long time ago.  

Strategic technology adoptions take a long time to become fruitful and are a lot more deeply interrelated 

with the organisation than we tend to believe or realise. This takes to mean that these adoption decisions 

are dynamically complex and require an appropriate tool to deal with. 

 

3.5 Systems design 

 

In general, people react to events, identified or predicted. Events are exogenous inputs. Inputs to a 

system induce characteristic behaviours which are determined by its structure. A system’s structure 

consists of endogenous variables, relations, and delays. In engineering, the blame for failure falls on the 

system’s structure, the real responsible for its behaviour. Failure is diagnosed by comparing the system’s 

behaviour with specified objectives and requirements. It is hard to identify strategy failure when objectives 
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are vague and requirements are too general to actually have a solid meaning. A pragmatic approach 

when it comes to strategy building consists of understanding: 

1. Where we are, 

2. Where we want to be, 

3. How to get there. 

These three stages make use of different engineering tools to understand a system’s problem, or threat, 

and define a strategy to deal with it. Engineering is an effective means to deal with time and budget 

constraints in the process of technology adoption. 

 

There is a common misunderstanding that high uncertainty is an impediment to using engineering 

methods, but engineering methods help specify resources and define the sequence of actions that enable 

the successful management of the implementation steps. It is possible to engineer strategies, design 

implementations, predict their effects and certify their results (Mendes & Marques , 2012). 

 

Between recognising the need for an ERP system and realising its benefits, years may pass. The ability 

to make strategic decisions with consequences far in time and space is not innate to human beings 

(Sterman, 1989). Decisions depend on intuition, knowledge and experience about the “counterintuitive 

behaviour of social systems” (Forrester, 1971). An analysis and study tool that captures the 

understanding of systems’ structures is the dynamic simulator. 

 

A dynamic simulator is also a response and design tool because it reproduces intended behaviours for 

defined policies. Dynamic simulators are one of the big results of system dynamics (Sterman, 2000). Its 

basis was developed by Jay Forrester at MIT from the principles of control systems engineering 

(Forrester, 1961). A simulator is built using clear and transparent rules, making the assumptions shared 

by the decision makers and other stakeholders explicit. This makes the simulator a rich way to debate 

risky scenarios and predict eventual undesirable consequences of what, in the beginning, were good 

intentions (Mendes & Marques, 2012). 

 

We will not, in this work, expand on all the tools presented in this chapter. We will focus on the holistic 

view provided by systems thinking, beginning with the building of the system’s conceptual model, 

combined with a preliminary system dynamics model to gain insight into the problem at hand. 
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4 Identification of strategic risk factors - Model conceptualisation 

4.1 A systems perspective 

 

Systems thinking is a concept explored in Peter Senge’s The Fifth Discipline: The Art and Practice of the 

Learning Organization (Senge, 1990). 

 

Changes in organisational systems, which consist of complex webs of interrelations and 

interdependences, often produce unintended consequences. That means the relations between causes 

and effects in complex systems are neither simple nor direct. A core concept of systems thinking that 

aims to understand these consequences is feedback. It refers to any reciprocal flow of influence. The 

idea is that every influence is both cause and effect. Nothing is ever influenced in one direction only. 

Systems are structured in loops, feedback loops. 

 

A feedback loop exists when information resulting from some action at some point in a system travels 

through that system and eventually returns in some form to its point of origin, potentially influencing future 

action and results. Feedback loops are divided in two categories:  

 Positive or reinforcing feedback loop: if the loop has the tendency to reinforce the initial action. 

 Negative or balancing loop: if the loop has the tendency to oppose the initial action. 

 

Reinforcing loops are associated with growth or accelerating collapse and tend to destabilise the system. 

They are “snowball effects” and can be vicious or virtuous cycles. Balancing loops, on the other hand, 

tend to stabilise the system. They exist when there is a goal oriented behaviour. Balancing loops are 

more difficult to see because it often looks like nothing is happening. It maintains the status quo even 

when all participants want change. When there is resistance to change, there are one or more balancing 

processes at work (Senge, 1990; SDS, 2011). 

 

People tend to react to the emergence of symptoms, but treating symptoms – with so-called “quick fixes” 

– does not cure “diseases”. The causes of symptoms are the problem, not the symptoms themselves. 

This is not new. However, in complex systems, it can be very hard to distinguish what is a problem and 

what is a symptom, or to identify what loops are at work. This can result in dramatic misinterpretations of 

system needs (Figure 5).  
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Figure 5: Misreading of a system's interrelations and consequences (STI, 2009) 

 

Systems thinking aims to bring perspective into systemic problems, that is, problems that are imbedded 

into the system’s structure, so people can find leverage points for decisions and get insight to change 

things for the better. This approach doesn’t intend to understand systems per se; it intends to understand 

systems in the context of problems.  

 

A fundamental contribution of systems thinking is the identification of recurring behavioural patterns, or 

system archetypes. The archetypes describe typical behaviours that can be found everywhere in 

organisations and, surprisingly enough, they are not so many, around ten. They can be used as 

diagnostic tools, by providing insight into the underlying structures that originate behaviour over time, or 

as prospective tools, by alerting managers to future unintended consequences. The recognition of system 

archetypes in the behaviour of organisations challenges managers to consider the merits of fundamental 

solutions as opposed to symptomatic solutions (Braun, 2002). Also, systems thinking brings 

understanding into the dynamic complexity of systems, which is complexity that arises from the 

interaction of system variables over time. It arises because systems are (Sterman, 2000): 

 Dynamic: Everything changes. Even what seems static, if given a long enough time horizon, will 

show variation. 

 Tightly coupled: The variables and actors of a system interact strongly with one another and with 

their environment. All is connected. 

 Governed by feedback: The tight coupling creates feedback, one actor’s actions influence 

another actor’s actions which, in turn, will influence the first actor’s next actions. Every action 

eventually feeds back. 

 Nonlinear: Effect is rarely proportional to cause, and what happens in one point of a system often 

does not apply to another point. A simple example of the non-proportionality is that, in a 

production company, one can boost production when faced with insufficient inventory; however, 

production cannot fall under zero if one is faced with excess inventory. 

 History-dependent: Many actions are irreversible. Taking one road often implies not being to take 

others (path dependence). As a simple example, one cannot unscramble an egg. 
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 Self-organising: The dynamic patterns of system behaviour arise spontaneously from their 

internal feedback structure. 

 Adaptive: The capabilities and decision rules of the agents in complex systems change over time. 

In the case of evolution, some agents proliferate while others become extinct. 

 Counterintuitive: Cause and effect are far apart in time and space in complex systems but we 

tend to look for causes near the events we wish to explain, drawing our attention to the 

symptoms of difficulty rather than the underlying cause. Policies of high leverage are often not 

obvious. 

 Policy resistant: Our understanding capability is overwhelmed by the complexity of the systems 

we are embedded in. As a result, many solutions that seem obvious actually worsen the 

situation. 

 Characterised by trade-offs: The time delays from the feedback structure imply that the system’s 

response to an intervention will have different short term and long term consequences. Typically, 

high leverage policies cause worse-before-better behaviour, and low leverage policies cause 

better-before-worse behaviour. 

 

Recapping, systems thinking is a discipline for seeing wholes, for seeing interrelationships rather than 

events, for seeing patterns of change rather than static snapshots. It is grounded on engineering control 

theory and backed up by implementation tools. This is a key factor because theories and concepts are 

not enough to produce results, only the tools for implementation can really enable change in 

organisations. The first step of a systems thinking approach is creating the system’s conceptual model. 

The model will be explained in three parts, each dedicated to one identified risk. 

 

4.2 Risk 1 – Risk of mismatched requirements 

 

The evolution of ERP systems keeps up with the evolution of information technologies (IT), it is an inside 

out process (Kumar & Hillegersberg, 2000). Using current available IT, these solutions try to satisfy the 

management needs that motivate IT functionality acquisition. Typical motivations are: 

1. Fear of not keeping up with the competition. 

2. Difficulties in the access to critical management information because of the use of independent 

and incompatible systems (legacy systems). 

3. Slow business processes faced against more demanding needs and business requirements. 

4. Break in the organisation’s reputation due to mistakes in business processes. 

5. Loss of competitiveness because of the excessive use of resources. 

 

The improvement needs of organisations fall into two categories: transaction costs reduction and 

resource renewal. Transaction costs are all costs that are not explicitly included in the prices of goods 

and services sold by an organisation (Williamson, 1981). These include the effort to prepare the closing 

of a deal, the monitoring of contract compliance, and also the opportunity cost of not having more efficient 

resources. Motivations 3 and 4 fall into this category. 
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The needs in resource renewal dictate their life cycle. Most products require services from several 

resources and most resources may be used on several products. There are minimal resource 

commitments needed for an organisation to be able to have a sustainable performance or to be able to 

enter new markets (Wernerfelt, 1984). Motivations 1, 2 and 5 fall into this category.  

 

The combination of the two categories of needs presents us with the most pressing threats, or potential 

problems, for organisations. This is where the concept of external threat comes into place. As the 

functionality gap between the systems still in use by the organisation and the systems currently available 

in the market widens, the perception of threat severity increases. The adoption of systems that can 

increase the functionality in use responds to the threat (Figure 6). 

 

Figure 6: The reaction is useful before threats become actual problems 

 

Before it can be said that the technological solution 

responds to the threat, it is necessary to build a 

requirements list. This requires deep knowledge of the 

organisation and of the available technologies, which 

can rarely be found in the same person. Top 

managers, responsible for the organisation’s strategy 

and the technology adoptions that support it, often lack 

the technical knowledge. For this reason, they tend to 

fail in the process of technology innovation. As an 

example, managers in Apple and IBM did not see the 

emergent technologies nor the business discontinuities 

and changes associated with them. Both were asked to 

resign (Antoniou & Ansoff, 2004). The reason for this 

may also be found in communication problems. The 

evaluation and interpretation of information on future 

technologies means dealing with people with 

knowledge in areas where managers are not experts. 

The avoidance of such matters might lead to the 

Diagram notation: 

A causal diagram shows cause and effect 

relations between system variables. It 

uses arrows with positive or negative 

signs to indicate the type of influence (the 

arrow’s sign is called polarity). A positive 

relation between two variables means 

changes in the first induce the same effect 

in the second (if the first increases, so 

does the second), all else being equal.  A 

negative relation indicates the inverse 

effect, that is, if the first increases, the 

second decreases; all else being equal 

(Mendes and Agua, 2012). Balancing 

loops are marked as “Eq” (from 

equilibrium), and reinforcing loops are 

marked as “Rf”.  

 

 



34 
 

investment in inadequate technologies, or in technologies on route to become obsolete (Antoniou & 

Ansoff, 2004). 

 

Managers know how to identify the organisational problem that justifies technology adoption. However, 

the decision to install a technology that will change all business processes in the organisation, like in the 

case of ERP systems, is neither obvious nor trivial. Not only is the investment high, but normally 

managers don’t have the necessary preparation and background to build the requirements list. 

Consequently, if the technology isn’t correctly specified, post implementation and adaptation activities will 

be a waste of resources. 

 

The necessary requirements are those that respond to the real needs of the organisation. However, the 

lack of technical knowledge makes managers more likely to be influenced by main ERP vendors, who 

tend to influence the building of the requirements list (specified requirements) in order to make it fit the 

solutions they themselves provide. The bigger the discrepancy between specified and necessary 

requirements, the bigger the risk of adopting technology based on mismatched requirements (Figure 7). 

 

Figure 7: Lack of knowledge can lead to poor requirements definition 

 

The poor requirements definition tends to create difficulties that are ignored by financial evaluation 

techniques (covered in chapter 3.1), and are badly estimated. A general solution from a main vendor 

implies more adaptation needs than a dedicated alternative, when such a solution exists. The larger the 

distance between the specified requirements and the functionality in use, the larger the adaptation needs 

will be. These adaptation needs will counter the very intention of adopting a new technology (Figure 8). 
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Figure 8: Inadequate requirements counteract the acquisition process 

 

The term “dominant design” applies to solutions that end up becoming industry standards when their 

market penetration becomes significant (Utterback, 2006). The more organisations choose market leader 

solutions, the more their vendors are considered safe choices and the more organisations choose them. 

Senge called this effect the “success to the successful” archetype. In Figure 8, it can be seen the system 

archetype between the “Available functionality” and the “Main vendors” variables described by a 

reinforcing feedback loop. 

 

4.3 Risk 2 – Risk of “playing it safe” 

 

Placed in a position of having to make a decision without the needed safety and backup, managers tend 

to “play it safe”, adopting a general solution from a market leader. Allegedly, such solutions have an 

effectiveness track record. However, there may be an alternative vendor whose solution fits more 

adequately the organisation’s requirements. If there isn’t, the connections described in this hypothesis do 

not apply (are null). 

 

Disruptive technologies are revolutionary innovations; precursors of future patterns, originating in 

alternative vendors that end up overthrowing established ones (Christensen, 1997). However, not all 

organisations are prepared to seize the opportunity of these possible competitive advantages. An 

organisational culture that values stability tends to use a defensive acquisition process, favouring the 

choice of a main vendor. A culture that values change tends to use an aggressive acquisition process, 

favouring alternative choices. A second source of risk is the practice of “playing it safe”, which creates 

dependence on main vendors, and on complex and slow implementation processes (Figure 9). 
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Figure 9: A defensive culture has hidden costs 

 

4.4 Risk 3 – Risk of long life cycles 

 

As we saw in chapter 2.1.8, adopting an ERP system means making a significant investment. Even if we 

only count for direct costs, it is not surprising that the statistics aren’t very reassuring (Table 6). Once an 

ERP system is installed, its use and maintenance are part of the organisation’s business policies. But, 

until that happens, we have to add opportunity costs (normally unaccounted for) associated with the 

duration of the adoption processes. These processes compose the adoption life cycle. This life cycle has 

two components. 

 

The time to acquire, proportional to the functionality gap, is the time interval between the threat 

identification and the acquisition of the technological solution chosen to face it. A bureaucratic culture 

removes agility and flexibility from acquisition processes. Also, the harder it is to release the necessary 

funds for the adoption, the longer the acquisition process will take. On top of that, the perception of other 

threats creates competition over the same funds, inducing financial restrictions (Figure 10). 
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Figure 10: A defensive culture increases opportunity costs 

 

The time to implement is the time interval between the technology’s acquisition and the moment when the 

system goes live and the benefits realisation begins. It lasts, on average, 14 months but it can take years 

(Table 5). It is affected by the specified requirements (the more complex they are, the longer the 

implementation) and the aversion to change (the higher it is, the more difficulties will be encountered 

during implementation). The more the organisational culture values stability and also the higher the 

mismatched requirements risk is, the higher the aversion to change will be, because organisational 

members will doubt the technology’s usefulness. On the other hand, the higher the functionality gap is, 

the lower the aversion to change will be, because organisational members will be aware of the need for 

change and, therefore, be more receptive (Figure 11). 

 

Figure 11: The organisational culture influences the aversion to change 
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The longer the adoption life cycle is, the longer it will take to reap benefits, making it possible for the 

technology to arrive too late to resolve the problem that originated the acquisition. This being said, a third 

source of risk are life cycles in the adoption of technology that are too long (Figure 12). 

 

 

Figure 12: A long life cycle threatens the organisation's survivability 

 

This is the conceptual model, slightly improved from what can be found in Mendes & Marques (2012). It 

is the starting point for the process of engineering strategies for ERP systems’ adoptions. The 

requirements definition is central to understand the systemic configuration of the risk factors for these 

adoptions. In the model, the exogenous variables are the organisational culture and the influence of 

vendors (main and alternative). 

 

In this work, the next step is evolving this conceptual model into a system dynamics simulator where 

several different scenarios could be studied. This is a tool that would allow for an improvement of the 

sequence of decisions in each scenario, with the intent to reach the desired results, showing the probable 

consequences in the long run of inconsistent decisions, or non-existent decisions even. 
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5 System dynamics model 

5.1 System dynamics overview  

 

The definition of system dynamics as presented by the System Dynamics Society (SDS) is as follows: 

System Dynamics is a computer-aided approach to policy analysis and design.  It applies to 

dynamic problems arising in complex social, managerial, economic, or ecological systems -- 

literally any dynamic systems characterized by interdependence, mutual interaction, 

information feedback, and circular causality (SDS, 2011). 

 

This field was developed by Jay W. Forrester in his 1961 book Industrial Dynamics and his work remains 

a significant reference of philosophy and methodology in the field nowadays. Quickly, in just ten years, 

the field of applications for industrial dynamics grew from corporate and industrial problems to include 

management of research and development, urban stagnation and decay, commodity cycles, and the 

dynamics of growth in a finite world. In the present days, industrial dynamics are also applied in the study 

of economics, public policy, environmental studies, defence, theory-building in social science, and other 

areas, not forgetting its original application, management. This wide variety of applications evolved the 

original expression of industrial dynamics into system dynamics in order to reflect its broad application 

field (Richardson, 1991, cited by SDS, 2011). 

 

When studying phenomena, system dynamics seeks endogenous explanations, that is, causes within the 

system due to the interactions among variables. The underlying idea is that the system’s structure and 

rules of interaction create the observed patterns of behaviour. The insights come from understanding how 

the patterns can be changed by changing the structure and/or the rules (Sterman, 2000).  

A system dynamics approach involves the following (SDS, 2011): 

 Defining problems dynamically, in terms of graphs over time. 

 Striving for an endogenous, behavioural view of the significant dynamics of a system, a focus 

inward on the characteristics of a system that themselves generate or exacerbate the perceived 

problem. 

 Thinking of all concepts in the real system as continuous quantities interconnected in loops of 

information feedback and circular causality. 

 Identifying independent stocks or accumulations (levels) in the system and their inflows and 

outflows (rates).  

 Formulating a behavioural model capable of reproducing, by itself, the dynamic problem of 

concern.  The model is usually a computer simulation model expressed in nonlinear equations, 

but is occasionally left unquantified as a diagram capturing the stock-and-flow/causal feedback 

structure of the system. 

 Deriving understandings and applicable policy insights from the resulting model. 

 Implementing changes resulting from model-based understandings and insights. 
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The system’s structure itself is conceptualised using diagrams of loops of information feedback and 

circular causality as tools, allowing the study of complex structures, as was done for the conceptual 

model in chapter 5 (SDS, 2011). 

 

As Daniel Kahneman (Appendix A) explained, the world is not predictable. And, when there is some 

predictability but poor, formulas are better at predicting than people. When there aren’t many clues, 

people are bad at picking them up and even worse at using them consistently. A system dynamics model 

is a tool that aims at helping people pick up the clues, use them consistently and better predict future 

patterns of behaviour. 

 

5.2 Seeking leverage 

 

The purpose of modelling systems is, ultimately, to find leverage points that can change the system’s 

behaviour for the better. In Meadows (1999) a list of the best places to intervene in a system is identified 

(Table 13). 

  

Table 13: Leverage points in a system (Meadows, 1999) 

Places to intervene in a system (in increasing order of effectiveness) 

12 Constants, parameters, numbers (such as subsidies, taxes, standards) 

11 The sizes of buffers and other stabilizing stocks, relative to their flows. 

10 The structure of material stocks and flows (such as transport networks, population age 
structures) 

9 The lengths of delays, relative to the rate of system change. 

8 The strength of negative feedback loops, relative to the impacts they are trying to correct 
against 

7 The gain around driving positive feedback loops 

6 The structure of information flows (who does and does not have access to what kinds of 
information) 

5 The rules of the system (such as incentives, punishments, constraints). 

4 The power to add, change, evolve or self-organise system structure. 

3 The goals of the system. 

2 The mind-set or paradigm out of which the system - its goals, structure, rules, delays, 
parameters - arises. 

1 The power to transcend paradigms (being able to change one’s mental model if evidence 
indicates one should). 

 

This list is a useful tool to facilitate learning and change once the model is built and can act as orientation 

for searching and experimenting different policies to see how they affect the model’s behaviour. 
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5.3 Modelling process 

 

Forrester suggested developing dynamic models through a structured framework based on a hierarchy of 

four steps that we’ll list for the purpose of concept explanation (Forrester, 1968a). These parts are 

present in the simple generic stock and flow structure for a goal seeking feedback loop (Figure 13). 

1) Closed boundary: It is important to limit the system’s broadness to be able to study it. The 

boundary encloses the system of interest. It limits the system’s behaviours to the interaction of 

the components within the boundary, meaning that no outside influence needs to be considered 

in order to study the behaviour under investigation. The first step, then, is to define a problem, a 

set of symptoms and a behaviour mode to be studied. This being settled, the system boundary 

should be the smallest one possible, only components that affect the behaviour of interest should 

be considered. 

2) Feedback loops: These are the loops we previously described. They are closed paths and, 

inside the boundary, we can find several interacting feedback loops. They are the building blocks 

of the system’s model, they define the nature of the system’s cause and effect interactions and it 

is within them that decisions are made. 

3) Levels and rates: Inside the loops, we find two different types of variables: levels and rates. The 

levels (also called state variables or stocks) represent the system’s condition at a certain moment 

in time. Levels are accumulations within the system and mathematically they are obtained 

through integration of the rate equations. The rates (also called flows) represent the system’s 

activity and define the levels’ variations. Levels depend only on rates. 

4) Policy structure (goal, observed condition, discrepancy, desired action): Rate equations 

define rate variables; and are statements of system policy. The policy statement incorporates 

four components: the goal of the decision point in the loop, the observed conditions (used as 

basis for the decision), the discrepancy between the goal and the observed conditions, and the 

desired action based on the discrepancy. It is important to emphasize the difference between the 

observed conditions of the system and its actual conditions. Decisions are based on the apparent 

system state (that is, the available information) but this may differ from the true state, sometimes 

very substantially. Both states must be represented, and also how the observed state arises from 

the actual state. Reasons for this difference are typically delay in recognising system changes, 

bias in not wanting to believe what is visible, distortion, insensitivity, and misinterpretation of 

meaning. 
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Figure 13: Generic stock and flow structure for a goal seeking loop 

 

These four parts are useful to bring to light the nature of system dynamics modelling and the important 

aspects that have to be considered. Forrester argued that it is essential to understand these four parts of 

the structure in order to successfully develop a system dynamics model. 

 

The modelling process was based on the methodologies presented in Richmond & Peterson (2000) and 

Sterman (2000), which evolved from Forrester’s approach. 

The model will be presented following these steps: 

1. Defining the issue/problem 

a. Stating the purpose — already covered in previous chapters 

b. Developing a reference behaviour pattern (RBP) 

c. Developing a system diagram 

2. Developing and representing hypotheses 

a. Mapping the hypotheses 

b. Making the map simulatable 

 

The point of the model is to be a simplified version of reality that replicates its behaviour in order to bring 

insight into the problem at hand. As Deming once said, “All models are wrong. Some models are useful” 

(cited in Richmond & Peterson, 2000). 

Jay Forrester explains the link between models and thinking (Forrester, 1968b): 

“A model is a substitute for an object or system. (…) Any set of rules and relationships that 

describe something is a model of that thing. In this sense, all of our thinking depends on 

models.”  
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5.3.1 Developing a reference behaviour pattern  

 

A reference behaviour pattern (RBP), or reference mode, is a first look at reality. A RBP is a graph over 

time of a variable that characterises the symptom or behaviour we want to understand (Richmond & 

Peterson, 2000). RBPs help breaking out of short-term event-oriented worldviews (Sterman, 2000). 

 

A good set of variables to characterise the problem from the client side would be “Functionality in use” 

and "Available functionality"(Figure 12). Information about these variables is not available in the literature 

and organisations don't disclose information about how they acquire ERP systems. However, there is 

information available about vendors’ growth. A good candidate RBP set will be the main vendor’s 

cumulative revenues over the years. Therefore, the starting point to create a system dynamics model will 

be to study the growth behaviour of main ERP vendors. 

 

In particular, we studied the top two companies (in global market share), SAP and Oracle (PCG, 2011). 

SAP and Oracle have enjoyed an astonishing growth along the years and are still growing. They are the 

living image of the successful ERP businesses mentioned in the literature review.  The information 

regarding their revenues was consulted in annual financial reports available at their official websites. 

 

Table 14 presents corporate revenues from 1997 to 2011. The information is presented in American 

Dollars for Oracle and Euros for SAP, which were the currencies used in the reports. We will not pay 

special attention to the currency because the focus is on the nature of the growth behaviour, not the 

specific numbers. 

 

Table 14: SAP and Oracle's corporate revenues (source: SAP and Oracle’s annual financial reports) 

SAP Group  Oracle Corporation 

Year Revenues (M€)  Year Revenues (M$) 

1997 3.077  1997 5.684 

1998 4.328  1998 7.144 

1999 5.110  1999 8.827 

2000 6.265  2000 10.130 

2001 7.341  2001 10.860 

2002 7.413  2002 9.673 

2003 7.025  2003 9.475 

2004 7.514  2004 10.156 

2005 8.512  2005 11.799 

2006 9.402  2006 14.380 

2007 10.242  2007 17.996 

2008 11.575  2008 22.430 

2009 10.672  2009 23.252 

2010 12.464  2010 26.820 

2011 14.233  2011 35.662 
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Their businesses include product (business software) sales, support, consulting services and, in the case 

of Oracle in more recent years since their acquisition of Sun Microsystems, hardware sales. 

 

We will not strictly focus on ERP sales because the business application market has become too blurry to 

categorise the applications (EMR Research, 2007). We will reasonably assume growth in ERP revenues 

presents the same growth behaviour as business software revenues, as was done by EMR Research in 

the ERP market study in 2007 (EMR Research, 2007). By software revenue, we mean new licenses, 

licence maintenance and product support. The revenues from those operations, in the same period, are 

shown in Table 15, from which we extract Figure 14 and Figure 15. 

 

Table 15: SAP and Oracle's software revenues (source: SAP and Oracle’s annual financial reports) 

SAP Group  Oracle Corporation 

Year Revenues (M€)  Year Revenues (M$) 

1997 2.040  1997 4.142 

1998 2.720  1998 4.883 

1999 3.094  1999 5.936 

2000 4.129  2000 7.294 

2001 4.702  2001 8.153 

2002 4.714  2002 7.053 

2003 4.716  2003 7.199 

2004 5.184  2004 8.070 

2005 5.955  2005 9.421 

2006 6.605  2006 11.541 

2007 7.427  2007 14.211 

2008 8.623  2008 17.843 

2009 8.209  2009 18.877 

2010 9.868  2010 20.625 

2011 11.346  2011 24.031 
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Figure 14: SAP's software revenues over time 

 

 

Figure 15: Oracle's software revenues over time 

 

Two “hiccups” can be immediately seen: 

 2001 – 2003: High devaluation of the American Dollar. 

 2008 – 2009: Beginning of the financial/economic crisis. 

 

But, overall, it seems that SAP and Oracle’s business is growing exponentially. That nature of growth can 

be better observed if we build graphs for their cumulative revenues (Figure 16 and Figure 17). These 

cumulative revenue graphs are the RBPs the system model is supposed to replicate. 
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Figure 16: SAP's cumulative revenues 

 

 

Figure 17: Oracle's cumulative revenues 

 

 

5.3.2 Developing a system model  

 

In Figure 12, a system diagram for the whole adoption process was presented. Here, we are focusing on 

the market part, which, as explained, presents the archetypical behaviour, “success to the successful”. 

 

This archetype describes the common practice of rewarding good performance with more resources 

which contribute to improve performance even more (Braun, 2002). This common practice arises from 

the belief that top performers (products, peoples, departments, etc.) have “earned” the increase of 

resources or value attributed to them. The downside of this belief is that, as increased resources are 
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given or value is attributed to the top performers, the under-performance of the rest is further downgraded 

even if those products/people/departments do not lack skill or capability. This is an underlying cause that 

often gets overlooked. In other words, current performance may be more of a reflection of initial 

impressions or conditions than it is of true commitment to top performance. This is also the reason why 

companies battle so hard to be first to market. Being the first gives them the initial conditions that set the 

archetype’s wheels turning in their favour.  

 

However, one cannot simply conclude that whenever there is a gap between top performers and under-

performers, it is due to a difference in favour between the two at the beginning. But this archetype does 

the important job of asking the question. Posing the question leads to the search for understanding that 

can guide decisions. If the gap of performance can be explained by intrinsic merits, that knowledge can 

be used to make operational and strategic decisions that can serve long term interests. But if current 

performance is more a matter of initial conditions, that knowledge can also be used to make different 

operational and strategic decisions that can serve long term interests. In the case of ERP vendors, this 

translates into understanding that the market leaders also benefitted from first to market conditions and 

that their market position does not necessarily mean they have the best ERP product for every 

organisation. 

 

The dynamic theory behind the archetype explains that if two groups compete for resources, giving more 

to one will make it more capable which, in turn, will justify giving them more resources thus increasing the 

performance gap between the two. In one sentence, the archetype rewards the winners with the means 

to win again and which penalises the losers. The typical behaviour of a success to the successful 

archetype can be seen in Figure 18. 

 

 

Figure 18: Success to the successful pattern behaviour (Braun, 2002) 

 

Detecting this typical behaviour is a clue to find the archetype in action. Detailed data on the ERP market 

weren’t available to us regarding alternative vendors. However, in EMR Research’s study of the ERP 

market in 2005-2006 (EMR Research, 2007), we can see a sign of this behaviour. In Table 16, we can 

see that, in the 2005-2006 periods of great growth for ERP vendors (Table 15), main vendors gained 

market share (87% to 88%) over other ERP vendors, alternative vendors (13% to 12%). This means main 
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vendors are growing faster and it’s an indicator of a success to the successful behavioural pattern in the 

ERP market.  

 

Table 16: ERP vendors by application revenue (EMR Research, 2007) 

Companies 
 

Revenue share (2005) Revenue share (2006) Growth rate, (2005-2006) 

SAP 42 % 41 % 11 % 

Oracle 20 % 21 % 17 % 

Infor 2 % 7 % 340 % 

Sage Group 6 % 6 % 27 % 

Microsoft 3 % 3 % 18 % 

Lawson 1 % 2 % 62 % 

Epicor 1 % 1 % 32 % 

IFS 1 % 1 % 11 % 

Exact Software 1 % 1 % 8 % 

Activant 1 % 1 % 11 % 

CDC Software 1 % 1 % 19 % 

QAD 1 % 1 % 6 % 

Deltek Systems 1 % 1 % 52 % 

Glovia 1 % 1 % 0 % 

SSA Global* 3 % 0 % -100 % 

Geac* 2 % 0 % -100 % 

Mapics* 1 % 0 % -100 % 

Subtotal 87 % 88 % 16 % 

Other ERP vendors 13 % 12 % 1 % 

Total 100 % 100 % 14 % 

* Acquired by Infor in 2006 

 

We can now adapt the archetype to the case study (Figure 19): 

 

Figure 19: ERP market - Success to the successful 

 

 

The insight this archetype brings is that alternative vendors should not be disregarded since they may be 

falling behind the main vendors not because of their lack of competence but because the main vendors 

had a head start. ERP vendor growth is not only affected by the dynamic properties of the archetype. The 
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new diagram in Figure 20 couples the archetype with the growth properties of the market itself, which 

explains how alternative vendors can grow while losing market share at the same time (Table 16). 

 

 

Figure 20: ERP market - Success to the successful with market growth 

 

5.3.3 Developing & representing hypotheses  

 

The system model consisting of a structure of stock/flow variables and feedback loops is a dynamic 

hypothesis. It is dynamic because it must provide an explanation of the dynamics characterising the 

problem in terms of underlying feedback. It is a hypothesis because it is always subject to revision or 

abandonment as we learn from the model or from the real world. The dynamic hypothesis is the working 

theory of how the problem arose and it will guide the modelling efforts (Sterman, 2000).  

 

For the success to the successful archetype (Figure 21), the formulation from Bourguet-Díaz & Pérez-

Salazar (2003) was used. 
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Figure 21: Success to the successful stock and flow structure (Bourguet-Díaz & Pérez-Salazar, 2003) 

 

Adapting the archetype to the case, we get Figure 22: 

 

Figure 22: Success to the successful stock and flow structure for the ERP market 

 

The "perceived value" stocks correspond to the brand attributed factors and other notions of value that 

make people choose a certain ERP vendor. The underlying assumption in the model is that the more 

perceived value a certain vendor has in the market, the more likely it will sell its products. The 

"willingness to buy" flows change the respective perceived value stocks, depending on the market’s 

preferences. 

 

5.3.4 Mapping the hypotheses 

 

In Figure 23, two variables were added, the delays in preference adjustment. Typically, preferences 

towards main vendors adjust more rapidly than they do towards alternative vendors. Main vendors also 

have to live up to the expectations created by their high perceived value. So, if main vendors fail to 
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deliver, the market will adjust its preferences faster. There is an adequate saying for this phenomenon 

“the higher you rise, the harder you fall”. 

 

When it comes to alternative vendors, if things go wrong, the market tends to be more forgiving because 

they are not mainstream companies. If things go well, promotion and word of mouth are also usually 

slower to translate into market value. 

 

 

 

Figure 23: The market takes some time to adjust preferences 

 

To model how the perceived value stocks dictate the way the market chooses ERP vendors, a variable 

that is the sum of both perceived value stocks at any one time was created. The market sales are then 

distributed between main and alternative vendors according to the fraction of perceived value that each 

have.  

 

Figure 24 shows the modelling of that effect for main vendors. 
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Figure 24: Turning perceived value into revenues - Main vendors 

 

Figure 25 adds the effect for alternative vendors as well.   
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Figure 25: Turning perceived value into revenues - Alternative vendors 

 

Finally, the customers are added keeping in mind that the ERP market has been experiencing 

phenomenal growth since the 1990s. The market growth is modelled as a stock of customers which is fed 

by the flow of new customers influenced by the market’s growth rate. One final variable in the model 

needs to be connected to the revenues flow and that is the revenue per customer per year. Because the 

market’s growth rate applies to the size of the market in the previous year, the market growth’s loop is a 

third reinforcing loop in the model. Figure 26 shows the final model. 
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Figure 26: System dynamics model for the ERP market 

 

5.3.5 Making the map simulatable  

 

We have the “web of interdependences”, now we need to complete the model with the equations and 

constants that make simulation possible. The diagram shown in the previous step was obtained taking 

into account each variable’s units. The following equations also guarantee the model’s dimensional 

integrity (Appendix B). 

 

Market growth 

This auxiliary variable is a constant and represents the average annual growth of the ERP market. The 

constant chosen was 11%, which is the estimated value that can be read in EMR Research (2007) for the 

years 2007-2011. One could be rigorous as to defining a different value for each year, using a graphical 

function, instead of an average value but, for the purpose of the study, such effort would bring little 

benefit. 
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Customers 

This level is the ERP clients’ pool over time. It is obtained by calculating the integral of the flow variable 

Growing that feeds it. 

 

Growing 

This flow feeds the “Customers” level. It depends on the values of Customers and Market growth. 

Its expression is given by: 

 

                                      

 

Preference of main solution over alternative 

This variable is the responsible for the success to the successful behavioural pattern. It represents the 

difference of perceived value between main vendors and alternative vendors. Its formulation can be 

found in Bourguet-Díaz & Pérez-Salazar (2003): 

 

                                                

                                                                  

 

Delay in adjusting alternative vendors’ preference 

This auxiliary variable is a constant. However, its value cannot be found in the literature, it is a parameter 

that can be adjusted to allow the model to replicate reality. Value chosen: 20. 

 

Alternative vendors’ perceived value 

This level accumulates the market’s perceived value of alternative vendors. It is the integral of the flow 

variable Willingness to buy alternative solution. 

 

Willingness to buy alternative solution 

This flow feeds the Alternative vendors’ perceived value level. It depends on the value of Delay in 

adjusting alternative vendors´ preference, Preference of main solution over alternative and Alternative 

vendors’ perceived value. For the sake of model integrity, this level cannot have negative values. Its 

formulation required resorting to an “IF THEN ELSE” function to ensure that constraint: 

 

                                           

                                                 

 
                                            

                                                
    

 

What this formulation means is that if (IF) the Alternative vendors’ perceived value is above the slightly 

positive value of 0.9 (value above the last positive computation for the level that was, after testing, 0.824), 

then (THEN) it returns the value of the Preference of main solution over alternative variable. Otherwise 

(ELSE), it returns 0 therefore stopping the draining flow for the following computations. 
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Delay in adjusting main vendors’ preference 

This auxiliary variable works like the Delay in adjusting alternative vendors’ preference with the exception 

that it is supposed to be a lower value. Value chosen: 10.  

 

Main vendors’ perceived value 

This level accumulates the market’s perceived value of main vendors. It is the integral of the flow variable 

Willingness to buy main solution. 

 

Willingness to buy main solution 

Similarly to the Willingness to buy alternative solution, this flow feeds the Main vendors’ perceived value 

level. It depends on the value of Delay in adjusting main vendors´ preference, Preference of main 

solution over alternative and Main vendors’ perceived value. Also, it cannot be negative: 

 

                                    

                                           

         
                                            

                                         
    

 

The difference between this flow and the Willingness to buy alternative solution is that it moves in an 

opposite direction by not being modelled with a negative sign multiplying the preference of main solution 

over alternative. The effect created is that when main vendors gain perceived value, alternative ones lose 

it, and vice-versa. 

 

Relative attractiveness denominator 

This auxiliary variable accounts for all of the market’s perceived value: 

 

                                       

                                                                  

 

Revenue per customer per year 

This auxiliary variable is a constant that indicates how much revenue each customer from the Customers 

level brings in each year. The value we attributed to this variable is based on the average cost of ERP 

implementations presented in PCG’s report – around 5.5 million dollars as seen in Table 5, combined 

with the software cost percentage – 15% as seen in Table 2. Value: 5.000.000 x 15% = 750.000. 

 

Main vendors’ accumulated revenues 

This level accumulates the main vendors’ revenues over time so that we can compare the model’s 

behaviour with the RBPs. It is the integral of the flow variable Main vendor revenues. 
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Main vendor revenues 

This flow feeds is influenced by Customers, Main vendors’ perceived value, Relative attractiveness 

denominator and Revenue per customer per year. Its equation is as follows: 

 

                       

                                        

 
                            

                                   
 

 

This formulation allows main vendors to get revenues that are proportional to their share of market 

perceived value.  

 

Alternative vendors’ accumulated revenues 

Similarly to the Main vendors’ accumulated revenues, this level accumulates the alternative vendors’ 

revenues over time. It is the integral of the flow variable Alternative vendor revenues. 

 

Alternative vendor revenues 

This flow variable’s formulation is also similar to the one in Main vendor revenues. 

 

                              

                                        

 
                                   

                                   
 

 

After defining equations and constant values, the initial values for the level variables must be inserted: 

 Customers: 1000. In terms of behaviour, this value is not very relevant for the model. 

 Main vendors’ perceived value: 50.5. We chose a middle value of 50 and gave main vendors a 

1% “head start”. 

 Alternative vendors’ perceived value: 49.5. 

 Main vendors’ accumulated revenues: 2.000.000.000. This value is not very relevant in terms of 

behaviour. We chose this number from SAP’s software revenue in 1997. 

 Alternative vendors’ accumulated revenues: 100.000.000. We chose a significantly lower value 

than the one for main vendors’ revenues. 

 

Finally, to have the model ready to simulate, we must adjust some of its settings: 

 Time unit: The time unit is years, which is the same as the RBP’s.  

 Time horizon: The time horizon should extend far back in history as the data allow or to show 

how the problem emerged and describe its symptoms. Also, it should extend far enough into the 

future to capture delayed and indirect effects of potential policies (Sterman, 2000). In this case, 

the time horizon will extend back into 1997 as is allowed by the available data, which is 14 years 
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into the past counting from the most recent data. And forward 14 years into 2025, which allows 

us to see some interesting effects. 

 Solution interval (dt): This is the time between the model’s computations. The proper value for dt 

is related to the shortest delays in the model. If the interval is too long, instability is generated by 

the computing process instead of any inherent dynamic characteristic. If the interval is too short, 

unnecessary computing time will be used. As a practical rule-of-thumb, dt should be half or less 

of the model’s shortest delay (Forrester, Principles of Systems, 1968b). The shortest delay is 10, 

however the chosen dt is a lot smaller than half of that, 0.125, because we are not as limited by 

computer’s capabilities as Forrester was in the 1960s. 
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6 Results and interpretation 

After running the model, the following graphs for “Main vendors’ perceived value” were obtained (Figure 

27), “Alternative vendors’ perceived value” (Figure 28), “Main vendors’ accumulated revenues” (Figure 

29) and “Alternative vendors accumulated revenues” (Figure 30). Year 0 is 1997, year 14 is 2011 and 

year 28 is 2025. 

 

Figure 27 and Figure 28 show us the correct reproduction of the success to the successful typical 

behaviour as intended. With the alternative vendors’ perceived value becoming no more than just a 

residual value near year 22. This residual value was allowed by the formulation of the model to account 

for new alternative vendors that keep entering the market even as old ones leave. 

 

 

Figure 27: Main vendors' perceived value over time 
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Figure 28: Alternative vendors' perceived value over time 

 

The curve in Figure 29 reproduces the expected exponential growth of main vendors’ revenues. To be 

rigorous in this claim, one should perform a spectral analysis of the behaviour shown in Figure 29 and the 

one shown in the RBPs (Figure 16 and Figure 17). However, that analysis is not in the scope of this work 

and we suggest it for future work. 

 

 

Figure 29: Main vendors' accumulated revenues over time 



61 
 

Figure 30 shows an exponential growth for alternative vendors as well but the growth slows down once 

their respective perceived value becomes residual. 

 

 

Figure 30: Alternative vendors' accumulated revenues over time 

 

Russell Ackoff explained a method to try to predict and prepare for impending changes in organisations. 

It is called reference projecting and it finds its basis in two fundamental assumptions: 

1. The organisation keeps doing what it is doing in exactly the same way as it moves into the future. 

2. The future will only change in ways one can predict. 

 

These assumptions are deliberately false. Organisations change over time and some aspects of the 

future always change in ways that can’t be predicted. But, if we make these two assumptions and project 

the future of the organisation, any organisation will destroy itself because the created scenario is of a 

non-adaptive organisation in a changing environment. So, by making this projection, the organisation’s 

fundamental weakness or self-destructing tendency can be revealed and appropriate actions can be 

taken. 

 

The model produces a reference projection. It shows the evolution of vendors’ revenues if they keep 

growing like they have until now and, like any projection, assumes the future will change only in ways we 

can predict. 

 

Two main conclusions can be drawn from this exercise. 
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Main vendors: Exponential growth is not sustainable in a world with a limited number of potential clients 

This effect could also be modelled by creating a stock and flow structure for customers as defined by 

another system archetype called “limits to growth”. One of the best ways to delay market stagnation is to 

remove the limits slowing down or preventing growth. In this case, since eventually there cannot be more 

ERP customers than there are organisations, the way to try to sustain growth is by selling more 

functionality to the same customers. However, the market does not need to stop growing for vendors to 

try to sell more to the same customers as Deming explained in his system of profound knowledge, 

“accounting-based measures of performance drive employees to achieve targets of sales, revenue, and 

costs, by manipulation of processes, and by flattery or delusive promises to cajole a customer into 

purchase of what he does not need” (Deming, 2000: pp 95). This happens in the ERP market where 

vendors try, most likely, to sell as much functionality as possible to the customers, even functionality they 

don’t really need. 

 

Alternative vendors: You either disrupt or just try to survive 

As can be seen in Figure 28 and Figure 30, alternative vendors will lose market share/perceived value 

until they disappear. Unless organisations are motivated to choose alternative vendors, the nature of the 

system’s behaviour is to annihilate those alternative vendors. So, if an alternative vendor is selling pretty 

much the same solutions as the main vendors, he will eventually either be out of business or just be 

conditioned to working in a small niche. However, if an alternative vendor successfully brings to market a 

disruptive technology, that is, something that substitutes traditional ERP systems, the market can change 

in ways that overthrow the established main vendors, as Christensen explained (Chistensen, 1997). This 

insight is also very important for adopting organisations because, on the one hand, if they have an 

aggressive acquisition process and the ability to recognise disruptive technologies (which can rarely be 

found in top managers or their close collaborators), by considering alternative vendors when selecting an 

ERP vendor, they may become one of the first organisations to acquire a possible disruptive technology, 

which can bring substantial competitive advantages. On the other hand, if they have a defensive 

acquisition process, they may disregard important technology changes and be sent far behind 

competitors that did not make the same mistake. 

 

Coming back to the causal diagram of the whole system as presented in Figure 12, specifically to Risk 2: 

“playing it safe”. Russell Ackoff (Appendix A) explained that there are two types of error. Doing something 

you shouldn’t have done: an error of commission. And not doing something you should have done: an 

error of omission.  

 

However, only errors of commission are recorded on paper (since accountancy is used to evaluate 

businesses) and very few errors of omission are noticed. In this context, in order to secure their jobs, the 

managers’ best strategy is to do as little as possible. However, because errors of omission in terms of 

following technological trends are noticed, managers’ strategy shifts from doing nothing to doing 

something but, they typically choose to do something they can’t be held accountable for. And that is 

“playing it safe”, choosing the technology’s main vendor, the one that is allegedly reliable and, therefore, 
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presents less risks. By doing this, if things fail, they can always say “we chose the best supplier in the 

market; we could not have done any better”. Hidden behind this strategy lies the biggest error, an error of 

omission, the failure to choose the solution that best fitted the organization. And errors of omission such 

as these are a lot worse than errors of commission. They are the ones responsible for destroying 

organisations. 

 

Now, how can we say that this is the strategy naturally adopted by managers? The statistics on ERP 

implementations are overwhelming in the sense that they do not go as well nor realise the benefits as 

planned (Table 6). Improving the quality of business processes is a good thing, so there must be a 

problem with how it is being pursued. The manager’s strategy of “playing it safe” is but a scratch on the 

surface of the complex system in which the ERP adoption process is contained, and further data is 

required to learn more about how organisations are acquiring business software.  
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7 Future research 

As mentioned in chapter 3.5.1, further data was needed to develop RBPs for the Functionality in use and 

Acquired functionality variables. We suggest the development of a functionality scale for future research. 

 

The scale’s purpose should be to measure the levels of available ERP functionality in the market, 

acquired functionality and functionality in use in organisations in order to be able to compare these 

variables with each other. Also, gathering of specific information on how organisations are acquiring and 

implementing ERP systems over time should follow the development of the scale. 

 

If the needed scale for functionality was available, the dynamic model would evolve along the following 

lines. Using Figure 26 as a starting point, it is possible to infer that the revenues from ERP sales are the 

behaviour generators of the ERP market functionality variable. The more vendors sell, the more they can 

invest in ERP development and increase the available functionality represented by the ERP market 

functionality variable. An auxiliary variable is inserted into the model to convert revenues into 

functionality. 

 

ERP market functionality would be the target functionality for organisations trying to remain competitive 

and keep up with the evolution of information technology. However, it is the discrepancy between the 

Functionality in use by organisations and the ERP market functionality that acts as the threat that indeed 

motivates acquisition.  

 

The Functionality in use stock is the level of functionality that first needs to be acquired and then 

implemented. In that stock and flow chain, the Time to acquire and Time to implement variables can be 

modelled. According to the literature review, implementations usually do not run as smoothly as intended 

so the Rate of implementation success variable is added to the model in order to account for the fact. 

 

The sum of the two time variables affecting the Rate of acquisition and Rate of implementation flows, 

Time to acquire and Time to implement, constitute risk 3 of the overall causal diagram (Figure 12), the 

risk of long life cycles. 

 

These time variables are affected by organisational processes and culture. Therefore, changes in 

organisational culture increasing the organisation’s flexibility will reduce time needed for the acquisition 

and implementation processes. 

 

Finally, for this stage of the work, the market’s preferences and the organisational culture can be linked 

together to form risk 2, the risk of “playing it safe”, as seen in Figure 12. If the market preferences tilt too 

much in the main vendors’ favour, the risk will be bigger. And the same if the organisation has a 

defensive and less flexible acquisition process. 
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Figure 31 shows the model for the explained variables and structure. 

 

 

Figure 31: A defensive and inflexible culture carries associated risks 
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8 Conclusions 

The literature review confirmed that there is a problem with how organisations have been trying to 

upgrade and update their business systems’ infrastructures. A lot of research has been carried out on the 

subject of ERP selection (on selection criteria), and on ERP implementation (essentially on 

implementation critical success factors). However, not much work has been found trying to deal with the 

decision that precedes ERP selection and implementation – the decision on whether to adopt ERP or not, 

even though Davenport (1998) clearly states its importance. This work seeks to bring a contribution to 

understanding the problems of ERP adoptions by beginning to study the issue through a systems 

perspective, toward the goal of helping organisations know if they should adopt ERP technology or not. 

 

By building a causal diagram, we have surfaced three crucial risks in ERP adoption, risks that can be 

mirrored to strategic technology adoption: 

 The risk of mismatched requirements, 

 The risk of “playing it safe”, 

 And the risk of long life cycles. 

 

These risks are a source for reduced effectiveness of adopted technologies, they create situations where 

technologies are adopted and then abandoned halfway into their implementations, and they severely hurt 

alternative vendor’s chances to succeed in highly competitive technological markets even if they don’t 

lack the operational competence to do so. 

 

A system dynamics model is what Peter Senge refers to as a micro world, and John Sterman as a virtual 

world. It is a formal model with a known structure and level of complexity and that allows the conducting 

of controlled experiments in order to foster learning and skill acquisition which can then be used more 

proficiently when we get to the real world. Senge explained it is like a playground for children where they 

learn the basics of physics and geometry (and other things) in a safe environment with "transitional 

objects". 

 

By directly observing the behaviours produced by the model, we have gained two important insights into 

the ERP market: 

 The exponential growth of main ERP vendors is not sustainable in the long run. ERP vendors 

will, and most likely already do, have to sell more products to their clients in order to try to sustain 

growth.  

 Alternative vendors are doomed to small market niches unless they bring in some form of 

disruptive technology. 

 

Finally, because we lacked needed data, a suggestion to build a functionality scale in future research was 

made, complemented with the gathering of specific information on how organisations are acquiring and 
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implementing ERP systems over time. Also, a partial model of the overall system was provided as 

orientation for future work. 
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Appendix A 

W. Edwards Deming videos: 

 The 5 Deadly Diseases, 1984: 

o http://www.youtube.com/watch?v=ehMAwIHGN0Y 

 Conversation between W. Edwards Deming and Russell Ackoff: 

o http://www.youtube.com/watch?v=2MJ3lGJ4OFo 

 

Russell Ackoff lectures and other videos: 

 Keynote at ICSTM2004: 

o http://www.youtube.com/watch?v=ZLU3aoQ7t7c 

o http://www.youtube.com/watch?v=VsF32GAHVfI&feature=relmfu 

o http://www.youtube.com/watch?v=_Z3hJIGHdfk&feature=relmfu 

 College of Business Administration at the University of Cincinnati on May 2, 1995: 

o http://www.youtube.com/watch?v=_pcuzRq-rDU 

o http://www.youtube.com/watch?v=k8g6ZoobDV4&feature=relmfu 

o http://www.youtube.com/watch?v=A25qNUxhpKQ&feature=relmfu 

o http://www.youtube.com/watch?v=ZzGWjU_Sjnk&feature=relmfu 

 On systems thinking: 

o http://www.youtube.com/watch?v=IJxWoZJAD8k 

o http://www.youtube.com/watch?v=UdBiXbuD1h4 

o http://www.youtube.com/watch?v=MBrEJjT-dWU 

 1994 event on the Learning and Legacy of W. Edwards Deming hosted by Clare Crawford-

Mason and Lloyd Dobyns: 

o http://www.youtube.com/watch?v=OqEeIG8aPPk 

o http://www.youtube.com/watch?v=bu7JMAQggfo&feature=relmfu 

 2001 Interview by Phyllis Haynes: 

o http://www.youtube.com/watch?v=MzS5V5-0VsA 

 

Peter Senge lectures and other videos: 

 http://www.youtube.com/watch?v=HOPfVVMCwYg 

 http://www.youtube.com/watch?v=iLFCrv7-XlI 

 http://www.youtube.com/watch?v=wZe4ickBfYo 

 http://www.youtube.com/watch?v=BLd3y3_Wf50 

 

Daniel Kahneman: 

 http://www.youtube.com/watch?v=CjVQJdIrDJ0 

 http://www.youtube.com/watch?v=i_UVDD7ErJ4 
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http://www.youtube.com/watch?v=_Z3hJIGHdfk&feature=relmfu
http://www.youtube.com/watch?v=_pcuzRq-rDU
http://www.youtube.com/watch?v=k8g6ZoobDV4&feature=relmfu
http://www.youtube.com/watch?v=A25qNUxhpKQ&feature=relmfu
http://www.youtube.com/watch?v=ZzGWjU_Sjnk&feature=relmfu
http://www.youtube.com/watch?v=IJxWoZJAD8k
http://www.youtube.com/watch?v=UdBiXbuD1h4
http://www.youtube.com/watch?v=MBrEJjT-dWU
http://www.youtube.com/watch?v=OqEeIG8aPPk
http://www.youtube.com/watch?v=bu7JMAQggfo&feature=relmfu
http://www.youtube.com/watch?v=MzS5V5-0VsA
http://www.youtube.com/watch?v=HOPfVVMCwYg
http://www.youtube.com/watch?v=iLFCrv7-XlI
http://www.youtube.com/watch?v=wZe4ickBfYo
http://www.youtube.com/watch?v=BLd3y3_Wf50
http://www.youtube.com/watch?v=CjVQJdIrDJ0
http://www.youtube.com/watch?v=i_UVDD7ErJ4
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Appendix B 

Model documentation: 

 

(01) Alternative vendor revenues= Customers*Revenue per customer per year*Alternative vendors' 

perceived value /Relative attractiveness denominator 

 Units: $/Year 

  

(02) Alternative vendors' accumulated revenues= INTEG (Alternative vendor revenues, 1e+008) 

 Units: $ 

  

(03) Alternative vendors' perceived value= INTEG (Willingness to buy alternative solution, 49.5) 

 Units: Value 

  

(04) Customers= INTEG (Growing, 1000) 

 Units: Companies 

  

(05) Delay in adjusting alternative vendor preference= 20 

 Units: Year 

  

(06) Delay in adjusting main vendor preference= 10 

 Units: Year 

  

(07) FINAL TIME = 28 

 Units: Year 

 The final time for the simulation. 

 

(08) Growing= Customers*Market growth 

 Units: Companies/Year 

  

(09) INITIAL TIME = 0 

 Units: Year 

 The initial time for the simulation. 

 

(10) Main vendor revenues=  Customers*Revenue per customer per year*Main vendors' perceived 

value/Relative attractiveness denominator 

 Units: $/Year 

  

(11) Main vendors' accumulated revenues= INTEG ( Main vendor revenues, 2e+009) 

 Units: $ 
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(12) Main vendors' perceived value= INTEG (Willingness to buy main solution, 55.5) 

 Units: Value 

  

(13) Market growth= 0.11 

 Units: 1/Year 

  

(14) Preference of main solution over alternative= (Main vendors' perceived value-Alternative vendors' 

perceived value) 

 Units: Value 

  

(15) Relative attractiveness denominator= Main vendors' perceived value+Alternative vendors' 

perceived value 

 Units: Value 

  

(16) Revenue per customer per year= 5e+006*0.15 

 Units: $/Companies/Year 

  

(17) SAVEPER = TIME STEP 

 Units: Year [0,?] 

 The frequency with which output is stored. 

 

(18) TIME STEP = 0.125 

 Units: Year [0,?] 

 The time step for the simulation. 

 

(19) Willingness to buy alternative solution= IF THEN ELSE(Alternative vendors' perceived value > 

0.9, -Preference of main solution over alternative /Delay in adjusting alternative vendor 

 preference, 0) 

 Units: Value/Year 

  

(20) Willingness to buy main solution= IF THEN ELSE(Main vendors' perceived value > 0.9, 

Preference of main solution over alternative/Delay in adjusting main vendor preference, 0) 

 Units: Value/Year 

  


