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ABSTRACT 

 The last two decades have seen an unprecedented rise in enterprise resource planning 

(ERP) systems implementation among companies operating within asset-intensive industries. 

When ERP systems became popular in the early 1980’s, initial adopters were instead from the 

manufacturing sectors. This affirms the notion that ERP systems did evolve from the material 

requirement planning (MRP) concept, which was predominantly production and inventory 

management based. Typical asset-intensive industries such as oil & gas, energy, and mining, rely 

heavily on the performance of their asset investments to stay competitive. Increased concerns 

about reducing maintenance costs and equipment downtimes, especially in upstream operations 

within these industries, led to the attraction of ERP applications. The primary objective of 

implementing these tools has been to streamline supply chain and maintenance operations, which 

account significantly for overall operating costs. In such environments, the direct procurement 

function driven by ERP systems to ensure availability of maintenance supplies of good quality, 

in the right quantities and at the right time is crucial. Recently, several ERP vendors have come 

up with various solutions that are embedded with diverse functionalities to address these 

concerns. However, challenges unique to companies in the asset-intensive industry sector such as 

multiplex global supply chains, geographically dispersed sites, and sporadic climatic conditions 

add to existing impediments. Previous research in the ERP domain focused mostly on 

implementation efforts and general views on their overall benefits to organizations. 

Consequently, available literature provides insufficient information on the impacts of ERP tools 

on direct procurement. This research explored the effects of ERP systems on direct procurement 

with a focus on upstream operations within asset-intensive industries. The study examined 

existing functionalities within ERP systems to determine benefits and constraints in support for 
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direct procurement and builds on a framework with which to address potential gaps and 

opportunities.  

The study adopted a descriptive quantitative research method. Among all invaluable 

techniques involved in this research category, the normative survey approach was employed. The 

survey questionnaire addressed constructs related to ERP systems functionality to support 

inventory levels, delivery lead-times, procure-to-pay process, engineering change management 

and ERP usability. Given the isomorphism that exists within asset-intensive industries, 

respondents were drawn randomly from different segments including the mining, oil & gas and 

energy industries. A total of 80 complete responses after data cleansing were imported into SPSS 

for data analysis. Among the constructs on which the investigation was based on, the research 

found statistically significant relationships between ERP systems effectiveness and all mentioned 

constructs except for the procure-to-pay process and ERP usability. This information among 

other deductions from the study informs both academic and practice communities on future 

improvements and feasible developments in procurement management within this industry niche. 

This study extended the scope of ERP systems knowledge in asset-intensive industries and 

accentuated the need for more significant attention towards procure-to-pay integration and ERP 

usability.   
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CHAPTER 1 

INTRODUCTION 

The adoption of ERP systems in asset-intensive industries is on the rise. IT integrators 

that specialize in energy are seeing more opportunities in what is termed as the “upstream” 

segment of the oil and gas sector (Mishra & Mishra, 2011). Typical examples of asset-

intensive industries include oil & gas, energy, and mining, where high-value and complex 

assets lock up significant capital investments. Nonetheless, these industries depend highly on 

the reliability and productivity of their assets to succeed. For upstream operations, the focus in 

this industry sector is mainly on maintenance and supply chain, aiming at keeping assets 

operational. Furthermore, costs savings incurred from proper maintenance of assets translate 

to increased profitability within such organizations. Therefore, asset-intensive industries 

warrant a protracted asset management tool, coupled with well-mapped business processes 

and highly trained employees working in a supportive environment. As the maintenance and 

supply chain domains in such industries gain more visibility, they become perceived as major 

contributors to both performance and profitability. From a procurement management 

standpoint, the assurance of quality spare parts, sub-equipment, operating supplies, etc., in the 

right quantities and at the right time is preeminent as to support planned and unplanned 

maintenance activities in upstream operations. This suggests that the procurement function is 

of strategic importance in asset-intensive industries. The effects of the ERP tool in this study 

is limited instead to direct procurement which in theory refers to the acquisition of raw 

materials and services to produce finished goods. Since there is no actual production of goods, 

which reflect raw material inputs acquired from third-party purchases for upstream operations 
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in these industries, categorizing purchasing as direct or indirect can be contentious. Therefore, 

direct procurement in the context of this study refers to the acquisition of components, spare 

parts, and supplies, identified for use directly on maintenance of assets within upstream 

operations.  

In recent years supply chain management has become a hot topic as well as a major 

concern for many organizations. Aligning maintenance and production with consumption has 

been an important business goal. In the light of these developments, many big companies 

have taken advantage of the advances in supply chain management practices using special 

software to manage production and inventory (Cooke, p. 2). They have employed inventory 

optimization software, multi-echelon inventory software and network modeling software to; 

(1) determine how much stock to keep on-hand, (2) determine where best to hold inventory in 

the supply chain, and (3) figure out where to place the inventory to minimize the amount of 

buffer stock and still take care of the buyer (Cooke, p. 2). ERP vendors such as JD Edwards, 

Oracle, and SAP, etc., have developed integrated packages that include the supply chain 

management and plant maintenance modules. These are the main modules within the ERP 

package that drive such business objectives. Irrespective of the differences regarding 

technology, design and user environment that these ERP packages may present, they do offer 

similar functionalities. Since this research examined some aspects of the procurement 

functionalities common to all ERP systems, only a few ERP packages were involved in this 

study. However, the SAP ERP package was considered for illustrating the ERP framework. 
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Operational definitions: 

1. Direct procurement; 

Direct procurement, in general, reflects third party goods and services acquired by a 

company that becomes part of or used in the production of the company’s final products 

and services. This definition, however, is arguably valid and limited to manufacturing 

and distribution organizations only. Most asset-intensive industries as previously 

elucidated do not produce goods that reflect material inputs acquired from third-party 

purchases. Since this study is limited to upstream operations, the material procurement 

function, either direct or indirect, is deemed for support and maintenance of assets used at 

various upstream operations such as exploration, mining, extraction, and upgrading. 

Therefore, direct procurement in context reflects third-party goods and services acquired 

by asset-intensive organizations, which can directly be associated with the maintenance 

of assets within upstream operations.  

2. Asset-intensive industries; 

Asset-intensive industries include but are not limited to oil and gas, mining, metals and 

metal processing, energy and utilities, chemicals, pharmaceuticals, and pulp and paper 

(Ismail & Paquin, 2013). Even though these listed industries differ in various ways that 

can be categorized otherwise, they are indeed isomorphic. In these industries, high-value 

and complex assets lock up significant capital investments. It is also likely that such 

assets might leverage other operations within the supply chain of a given industry based 

on their product offerings, nature of operations and other management factors. However, 

this study focuses on upstream operations within asset-intensive industries.                  
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3. Enterprise resource planning; 

Enterprise resource planning is described as a framework for organizing, defining and 

standardizing the business processes necessary to effectively plan and control an 

organization so the organization can use its internal knowledge to seek external 

advantage (APICS, 2013). ERP systems typically consist of modules that represent 

different business functional areas such as finance & controlling, sales & distribution, 

material management, human resource management, and plant maintenance. This study 

focuses more on the materials management and plant maintenance modules since they 

embody the procurement and asset management functionalities.    

ERP for manufacturing industries vs. ERP for asset-intensive industries: 

As earlier mentioned, contemporary ERP is an evolution of earlier concepts such as the 

material requirement planning (MRP), which was predominantly production and inventory 

management. Stummer (2015), claimed that the success rate of implementing ERP packages in 

asset-intensive environments have been very meager, and that ERP solutions, while widely used 

to run companies, are often perceived as poor fit for asset-intensive organization because they 

lack full-blown integrated set of Enterprise Asset Management modules and ERP vendors may 

lack expertise in serving such industries. It can be argued that the entire ERP idea was built 

initially to adapt well to manufacturing industries since ERP systems originated to serve 

information needs of manufacturing companies (Mishra & Mishra, 2011). The success perceived 

from this technology in the manufacturing sectors indeed led to the huge attraction of the tool in 

different sectors such as services and asset-intensive industries. However, several differences do 

exist between ERP for manufacturing industries and that of asset-intensive industries.     
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The determinants of an ERP solution for any given organization lies in the product 

offering, nature, and size of its operations. Organizations in manufacturing industries are 

product-centric, and therefore extend their ERP strategy to include operational areas such as 

procurement, production planning & execution, and supply chain. Manufacturing strategies also 

largely depend on the production type to support steps involved in the manufacturing process. 

ERP for manufacturing can adapt to discrete, process as well as repetitive production types. On 

the other hand, asset-intensive industries consider asset management as the key driver in their 

business environment. The ERP strategy adopted by asset-intensive industries considers the need 

for a collaborative asset lifecycle management solution that encompasses equipment 

maintenance, procurement, engineering and project management. While the focus in 

manufacturing ERP is to ascertain the timely acquisition of raw materials & assemblies, 

production, and shipment of finished goods, the focus in the asset-intensive industry sector 

instead lies on maintenance and supply chain, aiming at keeping assets operational, since high-

value and complex assets lock up significant capital investments. According to Halim (2014), 

managing operations in asset-intensive industries has often been construed as the same as 

managing other industries such as manufacturing. Halim (2014) maintained that even though 

their functional aspects look similar, there are operational distinctions between the two in which 

the former focuses on maintaining equipment; meanwhile, the latter focuses on manufacturing 

equipment/product.             

Another fundamental difference between ERP for manufacturing industries and asset-

intensive industries is centered around the bill of material (BOM). The BOM is the base 

functionality in establishing the production module of an ERP system. Traditionally, the bill of 

material (BOM) contains the total of all components necessary for production of an end product 
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or assembly, such as sub-assemblies, individual parts, and raw materials (Dickersbach et al., 

p.97, 2007). In manufacturing ERP, the BOM details materials needed at each phase of the 

operations, meanwhile the routing defines the methods of manufacturing to be applied at each 

phase of the production cycle. The BOM functionality is also leveraged in asset-intensive 

industry ERP strategy; however, in the maintenance arena, an equipment bill of material 

(EBOM) lists all the components of an asset including its assemblies and sub-assemblies 

(Wallace, 2008). In maintenance, the BOM is used for structure description, assignment of spare 

parts, material planning and locating malfunctions. Therefore, unlike in manufacturing ERP 

where the BOM is representative of the finished product, the BOM from a maintenance 

standpoint, rather indicates spare parts and maintenance supplies that will be required for 

maintaining equipment.  

In ERP for manufacturing, the production planning & execution module acting as the 

primary utilizes the production order as the transactional object to plan and schedule jobs 

through the manufacturing process. Other terminologies such as process orders are used, 

especially in a process manufacturing setting. In asset-intensive industries, on the other hand, the 

plant maintenance module drives the ERP and utilizes work orders as transactional objects to 

plan and schedule maintenance activities, be it corrective, preventative, or predictive.          

Furthermore, from a direct procurement point of view within the context of this research, 

a fundamental difference can also be depicted between ERP for manufacturing industries and 

asset-intensive industries. Direct procurement, in general, reflects third party goods and services 

acquired by a company that becomes part of or used in the production of the company’s final 

products and services. This definition as earlier mentioned is arguably valid and limited to 
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manufacturing and distribution organizations only. Since asset-intensive industries do not 

produce goods that reflect material inputs acquired from third-party purchases, the material 

procurement function, either direct or indirect, is deemed rather for support and maintenance of 

assets. In this case, direct procured material costs do not get factored into the determination of 

finished product costs in these industries. Therefore, product costing, which is an ERP 

functionality driven by the controlling module to value internal cost of materials and production 

for profitability and management accounting purposes, is approached entirely differently in both 

types of industries.  

Since early adopters of ERP software packages stemmed from the manufacturing sectors, 

it, therefore, means that the technology was not initially anticipated for asset-intensive industries, 

which required more of a package centered on asset management and project management 

functionalities. However, the need for a centralized enterprise software environment became 

apparent in asset-intensive industries, as they could no longer stand the lack of visibility from 

disparate operations, by running on disjointed applications. The fundamental difference in ERP 

software packages between these two industries is that asset-intensive ERP packages are 

maintenance and project driven, meanwhile manufacturing ERP packages are driven by 

production and inventory management. In asset-intensive industries, there is need to manage 

equipment acquisition, commissioning, construction, and operations. Most of these phases are 

project based which have proven to be a challenge for most ERP packages. However, 

contemporary ERP suites such as SAP, Oracle and IFS are incorporating project system modules 

to address these limitations. Other modules of ERP such as procurement, finance & controlling 

and production planning are standard and adapt well to the manufacturing industry.  

 Furthermore, health and safety concerns are elevated in asset-intensive industries due to 
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regulatory and practical reasons. In these environments, there is crucial need for incident 

tracking, medical check-ups, material hazard information, fire safety management and much 

more. Contemporary ERP packages are including Environment, Health & Safety modules that 

handle these types of transactions and can share data in real time with other modules such as 

human resources and material management to alleviate some potential risks associated with 

asset-intensive industry sectors.               

Unlike manufacturing ERP packages that are usually fulfilled with standard modules in 

addition to some enhancements if need be, ERP packages for asset-intensive industries must 

have capabilities to address asset management, risk management, project management, document 

management and much more.        

Problem statement: 

From an upstream operation perspective, asset-intensive industries rely on effective and 

efficient procurement practices to guarantee optimal performance on their assets and stay 

competitive. Considering large capital tied to these assets, plants and equipment are bound to run 

uninterruptedly as scheduled within their lifecycle. Furthermore, downtime on assets commonly 

caused by inefficiencies in procurement management needs to be averted as much as possible for 

these organizations to stay profitable. Direct procurement in context turns out to be crucial and 

can be very complex as it stretches extensively into the supply chain. This entails what materials 

are sourced, where they are sourced, where and how they are manufactured, how reliable they 

are, and how they are packaged and shipped. In this realm, the focus of ERP systems should be 

making sure that all materials required for equipment and plant maintenance are in quality 

conformance and readily available in the right quantities. ERP systems embody several 
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functionalities to address critical direct procurement processes namely; purchase order 

management, contract management, sourcing management, supplier relationship management, 

master data management and inventory management. In as much as some organizations within 

asset-intensive industries have expressed satisfaction with their ERP implementations from a 

direct procurement standpoint, there is still evidence of discontent in recent case studies. This has 

ignited the curiosity of investigating the effects of ERP systems on direct procurement 

exclusively for upstream operations within asset-intensive industries. The problems presented in 

this research can be broken down into two parts as shown below: 

• The extent to which ERP systems have impacted direct procurement in upstream 

asset-intensive environments       

• Existing gaps in ERP systems usability in support for direct procurement in 

upstream asset-intensive environments  

Research questions: 

The following preliminary research questions were formulated based on the research 

problems stated above: 

RQ1: Do ERP systems support optimal stocking levels for direct materials in upstream 

asset-intensive environments? 

This research question aimed to evaluate the ERP systems functionality to maintain 

adequate inventory levels for direct materials in upstream asset-intensive industries. 

Carrying excess inventory increases valuated stock and thus has significant cost 

implications. However, low inventory levels may also lead to stock-outs of critical 

maintenance supplies thereby affecting maintenance operations.        
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RQ2: Do ERP systems support lead-times on maintenance supplies in upstream asset-

intensive environments? 

This research question intended to evaluate ERP functionality to support the procurement 

of critical maintenance supplies with both short and long supplier delivery lead-times in 

upstream asset-intensive industries. It is very critical to avoid equipment downtime in 

such high fixed cost structured environments and therefore on-time delivery from 

suppliers will help assure uninterrupted flow of maintenance supplies.       

RQ3: Do ERP systems adequately support the procure-to-pay process for direct 

materials in upstream asset-intensive environments? 

This research question aimed at exploring the procure-to-pay process driven by 

contemporary ERP systems in upstream asset-intensive environments, considering the 

remoteness of operating sites. It also evaluated the entire procurement cycle from the 

inception of a purchase requisition to invoice verification and payment within the ERP 

realm.     

RQ4: To what extent do ERP systems effectively handle engineering changes for 

maintenance BOMs in upstream asset-intensive environments? 

This research question sought to determine if the engineering change order (ECO) 

process in ERP systems adequately sustains maintenance operations as well as the 

procurement functions in the upstream asset-intensive environment. Contemporary ERP 

systems embody the ECO modules that support maintenance in the management of 

equipment and maintenance related BOMs with very limited human intervention. 
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Evaluating the effectiveness of the ECO has impacts in the direct procurement process as 

MRP relies on up-to-date BOM information to generate accurate outputs.       

RQ5: How do business users rate the usability of ERP systems in support for direct 

procurement processes in upstream asset-intensive environments?  

This final research question explored the extent to which business users embrace ERP 

system’s ability to support direct procurement processes in upstream asset-intensive 

environment, from a usability standpoint. Given the generic way most ERP solutions are 

designed, it is not uncommon to find usability issues especially in such environments, 

where the acquisition of skilled users is challenging.    

General hypotheses: 

Further to the research problems and questions developed in this study, this research 

presented testable hypotheses. Listed here are the general hypotheses of this research: 

H1: ERP systems support optimal stocking levels for direct materials in upstream asset-

intensive environments 

H2: ERP systems support lead-times on maintenance supplies in upstream asset-intensive 

environments 

H3: ERP systems support the procure-to-pay process for direct materials in upstream 

asset-intensive environments 

H4: ERP systems effectively handle engineering changes for maintenance BOMs in 

upstream asset-intensive environments 

H5: Business users favorably rate the usability of ERP systems in support for direct 

procurement processes in upstream asset-intensive environments 
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Rationale: 

The systems management arena concerned with this study derives from major areas of 

information systems, operations and supply chain management. The focus on the knowledge 

area from a research standpoint was to explore the effects of ERP systems on direct 

procurement in upstream operations within asset-intensive industries. It is therefore apparent 

that an array of several knowledge areas were antecedents, in arriving at this research topic. 

The theories around preceding knowledge areas must have been justified for the entire 

knowledge path to progress successively. Knowledge is the clear, lucid information gained 

through the process of reason applied to reality and requires that three necessary and sufficient 

conditions be met (Mastin, 2008). These three sets of conditions are truth, belief, and 

justification most often denoted as JTB (Justified true belief). Philosophers contend that upon 

meeting these three conditions, we can claim something to be true. In this regard, it is not 

possible for one to know something that one does not believe. If so, it, therefore, means the 

assertion, “I know such and such, but I don’t believe that such and such is true” is therefore 

contradictory.  

The topic of this research emerged through knowledge and experience in information 

systems, operations and supply chain management. The researcher contends that ERP systems 

do contribute immensely to the enablement of supply chain and maintenance processes. 

However, a gap exists in knowledge as to whether this technology is as beneficial to peculiar 

industries with unique sets of constraints.     
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Research purpose & objectives: 

 The purpose of this research was to provide a good understanding of the effects of ERP 

systems on direct procurement in upstream operations within asset-intensive organizations. This 

research will contribute to the general knowledge of ERP systems and aims to provide insights 

on how these systems could leverage direct procurement in peculiar industry sectors. 

 Furthermore, this research will also enlighten both the academic and practice 

communities on feasible developments in procurement management within this industry niche 

and suggests future research. There are future opportunities in the development of subsequent 

tools to alleviate crisis associated with the use of ERP systems in these environments.  

Delimitations: 

In this study, only asset-intensive industries as disclosed in the operational definition 

were considered. Scrutinizing various stages in the conventional production process cycle within 

an industry, the focus of this study shall be exclusively on upstream operations. Furthermore, 

although the study acknowledged the existence of various ERP packages in the market, only a 

few packages were considered entirely. Nonetheless, for illustration of the ERP framework, SAP 

ERP, which is currently the most popular amongst ERP packages, was considered throughout 

this study.  

Assumptions: 

Assumptions apply to any research. Since this research will be examining some aspects 

of the procurement functionalities common to all ERP systems, the assumption was that all ERP 

packages adhere to the same existing conditions described in this study. Furthermore, the 

complete discussion of procurement was outside the scope of this study.   
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Relevance of study: 

The relevance of this research can be viewed from both academic and industry 

perspectives. The study built on available literature and uncovered gaps and opportunities from 

which to stem improvements in the management of direct procurement using ERP systems in the 

aforementioned industry niche.      

 

 

 

 

 

 

 

 

 

 

 



 TEXAS TECH UNIVERSITY, LEWIS A. NJUALEM, MAY 2018 

15 
 

CHAPTER 2 

 LITERATURE REVIEW 

Introduction:  

This chapter reviewed the literature on the effects of ERP systems on direct procurement 

in upstream asset-intensive industries. It highlighted and described key concepts contained 

within the study and established the theoretical framework. Among several significant benefits 

that come with reviewing the literature, the restitution of new ideas, approaches, and perspectives 

that may not have been reviewed, is of eminence. Ground-breaking physicist and mathematician 

Isaac Newton wrote in 1675, “If I have seen further it is by standing on the shoulders of giants” 

(Leedy & Ormrod, p. 52, 2013).  

The body of knowledge in this research derives from major areas of information systems, 

operations and supply chain management. ERP systems and direct procurement domains 

constitute parts of information systems and supply chain management bodies of knowledge 

respectively. Since this study is geared towards upstream operations in the aforementioned 

industry niche, it identified both maintenance & inventory control as the stage on which this 

research is conducted. Figure 1.0 shows the positioning of this research.      
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Figure 1.0: Theoretical framework 

Information systems:  

The information age has not only transformed our lives in different aspects but has also 

changed the way in which to conduct several business functions. Information is data whose form 

and content are appropriate for a use (Alter, p. 48). It, therefore, implies that converting data into 

information by formatting, filtering, and summarizing is a key role of information systems 

(Alter, p. 48). Information systems are comprised of interconnected components that collect, 

process, and store raw data and distribute information to support decision making, control, and 

coordination within the organization (Leenders et al., p.92). In as much as information systems 

are also extended to paper-based manual settings, society today relies heavily on information 
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technology infrastructure that consists of hardware, applications and operating systems to operate 

its information systems. The proper definition of terminologies is also very important, as those 

out of the field often use many terms in the technology arena interchangeably. Regarding this 

study, there is a clear difference in meaning between information systems (IS) and information 

technology (IT). While IT focuses on the hardware and software that facilitates the gathering and 

processing of information, IS rather constitute the processes, hardware, applications and people 

taking part in the dissemination of information within an organization. Therefore, information 

technology is part of an information system. Leenders et al., (2006), classified information 

systems into four distinctive types within an organization. The executive support systems (ESS) 

at the strategic level; management information systems (MIS) at the management and decision 

support level; knowledge work systems (KWS) at the knowledge and office automation level; 

and transaction processing systems at the operational level. However, there are further sub-sets 

of information systems, of which some cut across different levels of support within an 

organization. The supply chain information systems (SCM IS) and ERP systems represent such 

information systems. SCM IS plays an increasingly critical role in the ability of firms to reduce 

costs and increase the responsiveness of their supply chains (McLaren et al., 2004).                                 

Operations and supply chain management:  

The operations management (OM) field is vast and comprises several topics studied 

independently, such as procurement, quality, and project management. One can strongly argue 

that supply chain management (SCM) as a domain falls under the operations management 

umbrella. Operations management can be defined as the planning, scheduling and control of the 

activities that transform inputs into finished goods and services (Chopra & Meindl, 2004). Even 
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though the literature depicts a very close relationship between OM and manufacturing, OM is 

extendable to maintenance.  

Supply chain management is the active management of supply chain activities and 

relationships to maximize customer value and achieve a sustainable competitive advantage 

(Chopra & Meindl, 2004). Historically the first supply chains appeared during the era of the 

barter system, where people exchanged goods and services for other goods and services in the 

absence of a legal tender (money). The concept has evolved over time to include outsourcing, 

cross-docking, electronic distribution systems, e-commerce and many more. Estampe, (2014), 

emphasizes on the fact that SCM is an integrative philosophy to manage the total flow of a 

distribution channel from supplier to ultimate user (Estampe, 2014). Akkermans et al. (2003), 

viewed supply chain in their Delphi study as a network consisting of suppliers, manufacturers, 

distributors, retailers, and customers (Akkermans et al., 2003). They maintained that the network 

supports three types of flows namely material flows, information flows, and financial flows. 

These three flows are further supported by three pillars namely processes, organizational 

structures, and enabling technologies. Figure 1.1 shows an integrated model of the supply chain. 

 

Figure 1.1: An integrated model of the supply chain (Akkermans et al., 2013) 
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Maintenance & inventory control: 

Given the fact that this study considered maintenance and inventory control as the stage 

on which to conduct this research, it is therefore imperative to accentuate the implications of 

these concepts. This section describes the relevance of maintenance and inventory control in this 

research. 

Maintenance entails the process of maintaining something that can be an asset from a 

technical standpoint. It provides important support for capital-intensive industry by maintaining 

equipment working life in safe conditions (Parida & Kumar, 2006). Maintenance can be defined 

as all actions appropriate for retaining an item/part/equipment in, or restoring it to, a given 

condition (Dhillon, 2002). The maintenance concept has also evolved in recent years to 

incorporate strategies that address issues beyond restoring an asset to a given condition. Dhillon 

(2002) asserts that profitable operations will be the ones that have employed modern thinking to 

evolve an equipment management strategy that takes effective advantage of new information, 

technology, and methods. For this research, a list of concepts directly related to the sub-topic of 

maintenance is defined; 

Preventative maintenance:  

It comprises all measures for maintaining the target condition of the technical equipment 

in a system (Stengl & Ematinger, 2001). These actions are taken to prevent equipment failures 

rather than to correct them after they fail. 
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Corrective maintenance:  

The unscheduled maintenance or repair to return items/equipment to a defined state and 

carried out because maintenance persons or users perceived deficiencies or failures (Dhillon, 

2002).  

Predictive maintenance:  

The use of modern measurements and signal-processing methods to accurately diagnose 

item/equipment condition during operation (Dhillon, 2002).  

Maintenance plan:  

A document that outlines the management and technical procedure to be employed to 

maintain an item; usually describes facilities, tools, schedules and resources (Dhillon, 2002).  

The ineffectiveness of maintaining assets due to material availability issues has been 

emphasized throughout the literature and is proven to have financially affected asset-intensive 

industries.  

 Inventory control is a method of keeping inventory records accurate to achieve the 

overall objectives set by top management executives (Mackie, p. 101, 2006). To maximize 

customer satisfaction, minimize the investment of inventory and efficiently run maintenance 

operations, controls are necessary such that inventory levels can be determined at any given 

point in time. Poor inventory control can affect maintenance productivity in several ways. 

Critical effects involve delays related to materials such as time to procure materials; time 

required for transportation of materials; time required searching for substitute materials; and time 

required to process a purchase order. The inventory control function, which is the responsibility 
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of procurement in most organization, needs to be efficient as to support planned and unplanned 

maintenance activities. This calls for an effective supply function for organizations in asset-

intensive industries to stay competitive. In the early 21st century, the question is to what extent 

technology applications will change supply management, operationally as well as strategically 

(Leenders et al., p.4). It is imperative that perpetual inventory match the physical inventory in the 

warehouse as to ascertain inventory accuracy. According to Collins (2016), some good practices 

to improve inventory accuracy in the oil and gas industry include and are not limited to; 

1.) Transactional discipline 

2.) Label items and locations clearly 

3.) Verification of Counts 

4.) Determine what is considered Inventory       

5.) Use Updated Technology 

6.) Research discrepancies  

7.) Train and Educate staff 

8.) Reporting   

Enterprise resource planning systems: 

ERP systems have become one of the greatest business technologies to surface in the last 

few decades. Their importance in contemporary business environment builds around the fact that 

information from all functional areas within an organization can be processed and accessed 

through one platform. Rather than having different operating environments with several 

applications and databases supporting different functional areas within an organization, these 
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enterprise systems do not only provide a hub for data exchanges but also enormously reduce 

costs of system maintenance, bringing about integration, standardization, synchronization and 

increased efficiency. Magal & Word (2012) contend that, ERP systems focus primarily on intra-

company processes – that is, the operations that are performed within an organization – and they 

integrate functional and cross-functional processes (Magal & Word, 2012).  

Brief history of ERP systems:   

Since the introduction of computers into the business environment by the mid-1950, the 

dynamics of computing has undergone several waves of technological advancement. Initially 

was the transitioning from a centralized based computing paradigm into a rather end-user 

computing format. Early adoption of computing into businesses saw the development of 

customized software that was non-integrated but supported by programmable interfaces for data 

exchanges. Subsequent advancements saw the emergence of the material requirement planning 

(MRP) systems, which was inventory and production management based. MRP later evolved 

into manufacturing resource planning (MRP II), at this stage incorporating other enterprise 

functions such as capacity, workstations scheduling and sales planning. By early 1980’s due to 

profitability and customer satisfaction objectives, companies started realizing the need to include 

critical functions of the enterprise that extended beyond manufacturing, into the package. These 

advancements all later gave rise to ERP systems, incorporating other functional areas of the 

enterprise. Davenport (2000), contended that ERP systems are software packages that promise to 

deliver seamless integration across enterprises embracing both suppliers and customers 

(Davenport, 2000a). A huge market for ERP vendors such as Oracle, SAP and Baan, etc. has 

generated since then. Some packages are suitable for some companies, based on size of 

operations, industry and complexity of business processes. Furthermore, some vendors have 
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gained considerable exposure to the business processes of some industries such that they are 

providing industry-specific packages to match the needs of these industries. Even though in 

recent years’ specific applications tailored to the oil & gas industry have been realized, there has 

not been yet an industry-specific package covering the entire asset-intensive industries. 

Enterprise systems architecture: 

The architecture of an enterprise system refers to the technical structure of the software, 

the ways in which users interact with the software, and the ways the software is physically 

managed on computer hardware (Magal & Word, 2012). Contemporary enterprise systems are 

built mostly either around a 3-tier client-server architecture or a service-oriented architecture.  

The 3-tier client server architecture distributes an entire application across three separate 

computing layers namely; the presentation layer, the application layer and the data layer. These 

layers are divided across client and server devices. Typically, the presentation layer provides the 

ability to interface with the system, access and work on various applications within application 

layer; meanwhile data is retrieved and stored within the data layer. Magal & Word (2012) 

contend that the shift towards this paradigm has considerably reduced the cost of acquiring, 

implementing, and using ES, as well as significantly increased systems scalability, thereby 

leveraging this technology in numerous companies. Figure 1.2 illustrates the 3-tier client-server 

architecture. 

The service-oriented architecture (SOA) on the other hand builds on top of the 3-tier 

client-server architecture by linking and integrating them through the web. The fundamental 

concept behind SOA relates to the technical capabilities that allow systems to connect with one 

another through standardized interfaces called web services (Magal & Word, 2012). The SOA 
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has facilitated the integration of multiple client-server application through standardization, 

thereby reducing cost and complexity of integrating projects.    

          

Figure 1.2: The three layers of client-server architecture (Magal & Word, 2012) 

Structure of ERP systems: 

There are several ERP packages available through diverse vendors of which the SAP 

ERP happens to be one of the most popular, implemented by most organizations today. SAP AG, 

a German ERP vendor, came up with the SAP suite. SAP means systems, applications, and 

production in data processing. SAP ERP program consists of a modularized structure driven by 

business function. The modules are organized hierarchically and may contain sub-modules. Even 

though these modules are responsible for different functional areas, there is frequent interaction 

with each other, since business processes require data exchanges across departments. 

Furthermore, these interactions using data stored in a single database and most often performed 

in real time; contribute to SAP ERP’s quintessential advantages of integration and availability of 
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consolidated, non-redundant data within the organization. Figure 1.3 shows a list of common 

modules in SAP ERP and their abbreviations. In this research, much attention is placed on 

material management (MM) and plant maintenance (PM) modules since they comprise the 

procurement and asset management functionalities that are central to this study.       

    

Figure 1.3: SAP ERP Modules (Magal & Word, 2012) 

Besides the traditional modules that the SAP ERP package presents, the architecture also 

provides the capability of integrating “bolt on” software that can provide specific functionalities 

not included in the standard solution. Marbet et al. (2001) define “bolt on” software as 

“extension software”, or specialized systems that normally provide a customized capability, 

often taking the form of a decision support system” (Marbet et al., 2001). Regarding this study, 

some examples of “bolt on” are supplier relationship management (SRM), e-procurement, 

oniqua, Prometheus, etc. Figure 1.4 illustrates an overview of an ERP system.   
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Figure 1.4: An overview of an ERP system (Mabert et al., 2001)            

Advantages and disadvantages of ERP systems: 

Asset-intensive organizations continuously strive to improve their competitiveness using 

information systems to support customer service effectively and reduce equipment downtimes. 

ERP systems offer enormous advantages to business organizations with the intention that they 

can get together varying prospects by offering precise, appropriate, and combined information to 

improve the capability of decision making (Subhan & Bhatti, 2015). Furthermore, ERP systems 

offer organizations the opportunity to implement an integrated IT plan, integrate their business 

processes thereby reducing system maintenance cost, and support organizational change and 

business process re-engineering. Lau (2005) asserts that an ES package facilitates organizational 

cultural change by allowing the ES package to give the enterprise a specific vision (Lau, p.12, 

2005).  

In as much as there are several benefits of an ERP system, they also come along with 

some disadvantages. The synergies that evolve between functional areas through sharing of data 

in one common platform might lead to confidentiality issues. There are, however, ongoing 
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studies around IT security that attempt to address this confidentiality issues. The implementation 

of ERP systems also comes with huge costs that make it difficult for small and medium-size 

companies to take advantage of the technology. The total cost of ERP project varies in a wide 

range, from hundreds of thousands of US dollars for a single ERP module implementation in 

small firms, to the magnitude of over one billion dollars for complicated global ERP roll-outs in 

multinational corporations (Zeng et al., 2012). Since the implementation and use of an ERP 

system have turned out to be a focal point of organizations and technology planning, however, 

this implementation is still time consuming and costly with large number of projects costing 

more, taking longer, and providing less than anticipated (Subhan & Bhatti, 2015).    

Direct procurement: 

Procurement, in general, is not just the process of need determination, supplier selection, 

price negotiation, payment and delivery of goods and services, but entails much more. From a 

supply chain management perspective, the focus is on minimizing costs and times across the 

supply chain to the benefit of the final customer in the chain (Leenders et al., p.5). Several terms 

in the literature represent this same concept. Purchasing, supply management and procurement 

are used interchangeably to refer to the integration of related functions to provide effective and 

efficient material and services to the organization (Leenders et al., p.4). Quality also plays an 

important role in procurement, which calls for a strict supplier determination process by 

procurement companies. According to Ujakpa et al. (2016), this makes the process smoother, 

promoting a good business relationship between the buyer and the supplier (Lewis, 2009). Even 

though Ujakpa et al. (2016) linked the acquisition of goods and services, for raw materials with 

direct procurement, and for operating purposes with indirect procurement, it is not necessarily 

applicable across all industry operations. In upstream asset-intensive industries, the material 



 TEXAS TECH UNIVERSITY, LEWIS A. NJUALEM, MAY 2018 

28 
 

procurement function, either indirect or direct, is deemed for support and maintenance of assets 

used at various upstream stages such as exploration, mining, extraction, and upgrading. 

Furthermore, the primary products derived as outputs from upstream operations and channeled 

through mid and downstream operations for refining, and finishing purposes, etc. do not 

constitute material inputs acquired from third-party purchases. Direct procurement within the 

context of this research is therefore associated with the acquisition of third-party goods and 

services, directly used in maintenance plans within upstream operations in asset-intensive 

industries. The type of equipment spare parts used in various assets within upstream maintenance 

operations varies in complexity. Some of these spare parts can be very equipment-specific, 

expensive, and requiring uncompromising transportation modes, resulting in long lead-times in 

procurement. On the other hand, keeping excess stock on expensive spare parts in the inventory 

is detrimental to the financial health of the organization. PayStream Advisors (2015) highlighted 

in a study that direct goods procurement is a much more complex and expansive process than 

indirect procurement, as it entails multinational suppliers, lengthy lead times, extensive 

collaboration and heavy reliance on logistic. Many studies have accentuated the need for 

software that is comprehensive and holistic for direct procurement due to its involvements. By 

automating direct procurement, a single platform can manage core dimensions and provide 

specializations beyond the indirect procurement process, enabling visibility and control of 

planning logistics and communication (PayStream Advisors, Q2 2015).                             

From a maintenance perspective, an ERP system utilizes several tools within its 

applications to drive direct procurement processes. Maintenance plans, materials-repair-

operations (MRO), BOM, MRP, and procure-to-pay (P2P) functionalities constitute critical 

milestones. Figure 1.5 shows a typical direct procurement flow in maintenance organizations.   
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Figure 1.5: Direct procurement process in maintenance organizations      

Asset-Intensive Industries: 

 As stated by Ismail & Paquin (2013), asset-intensive industries include but are not limited 

to: oil and gas, mining, metals and metal processing, energy and utilities, chemicals, 

pharmaceuticals, and pulp and paper (Ismail & Paquin, 2013). There are quite a few standards 

used in classifying companies based on varied characteristics. Popular classification schemes 

such as the Standard Industrial Classification (SIC) and the North American Industry 

Classification System (NAICS) in North America utilize codes to match characteristics. The 

codes can be used to identify transacting companies and public companies with common 

economic activities to the valuation subject (Hood Jr, & Lee, 2011). However, the asset-intensive 

industry examples are stand-alone industries within which companies are classified based on 

varied attributes, product offerings and other important variables.  

Typical asset-intensive industries with complex processes and high equipment usage are 

oil & gas and mining industries. The oil sands exploration is an example of an upstream 

operation in the oil & gas industry, where the mining process constitutes part of the steps in 

recovering and producing bitumen. With advancement of technologies, the latest mining 

operations have changed their system to immense shovels and trucking operations (Banerjee, 

2012). These operations are massive and entail the use of huge shovels and trucks that require 

continuous maintenance. Figure 1.6 shows a simplified diagram of the mining process.         
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Figure 1.6: Commercial Oil sands mining process (Banerjee, 2012)  

The focus in this research is on upstream operations in asset-intensive industries. These 

industries share a commonality in that high-value, and complex assets lock up significant capital 

investments. This reveals the necessity of having assets as such run as scheduled, which puts 

maintenance and inventory control at the center of this study. Asset-intensive organizations are 

taking overall efficiency improvements seriously. This is because these organizations depend on 

their operations of the assets that are expensive, extensive and/or complex, and have a major 

impact on organizational performance over extended periods (Mardiasmo et al. 2008). 

Furthermore, other severe casualties other than financials that can occur in such asset-intensive 

environment, due to inappropriate maintenance because of stock out on critical spare parts, 

should not be overlooked. Crisis derived from such circumstances can often be socially and 

environmentally impacting. 
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From an information systems management perspective, ERP systems are making 

considerable inroads in these industries. Attou & Ahmed (2009), contended that SAP is an 

industry renowned software that has been extensively utilized among asset-intensive industry to 

manage assets, production, operation, technical, and failure data including plant maintenance and 

history (Attou & Ahmed, 2009).    

Inventory levels: 

 The term inventory levels and stocking levels are used interchangeably, and both simply 

refer to the quantity of goods kept in the inventory. Proper inventory control entails keeping 

stocking levels at optimum. Many studies have proven that the necessity in having an adequate 

inventory control system in asset-intensive companies as in most organizations is of pre-

eminence. Spare Parts Management dispensing an organized maintenance storeroom is one of 

the key processes which support effective maintenance planning and scheduling and equipment 

reliability improvement (Baluch et al., 2013). In the manufacturing and service sectors, Baluch et 

al., (2013) accentuated the criticality of reliability and plant availability, suggesting a logical 

approach to solving the issue of spare parts availability that lies in preserving requisite sizes of 

inventories of spare parts for immediate disposition whenever needed. Ogbo et al., (2010) 

contended that an inventory system is the set of policies that controls and monitors inventory 

level and determines what level should be maintained, how large orders should be made and 

when stock should be replenished (Ogbo et al., 2010). Furthermore, Ogbo et al., (2010) asserted 

that the major objective of inventory management and control is to inform managers how much 

of a good to re-order, when to reorder the good, how frequently orders should be placed and 

what the appropriate safety stock is, for minimizing stock-outs (Ogbo et al., 2010). There are 

several inventory control techniques including material classification using always better control 
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(ABC) analysis, economic order quantity (EOQ) and MRP to help keep inventory levels at 

optimum. Using ABC analysis, the criticality of a material becomes apparent, thereby fostering 

better control. According to Onwubolu et al., (2006) ABC analysis tends to measure the 

significance of each item in terms of value (Soni et al., 2016). To get a good sense of the ideal 

quantity to order at any given time, the EOQ is a good tool to use. Bragg (2011) contends that 

the EOQ calculation aims to derive the point at which the carrying cost of inventory equals its 

ordering cost. The following formula below can be used in EOQ calculation: 

EOQ = Square root of {(2*Total use in units*Cost per order)/Carrying cost per unit)} 

In a study carried out on material management in upstream oil and gas industry, Pierce et 

al. (2012) accentuated the importance of material availability and purported the possibility to 

manage materials without incurring delays, extra costs as well as compromising availability. In 

as much as safety stock is required to protect from unseen events, Pierce et al. (2012) asserted 

that opportunities are missed when purchases are in excess, leading to an increase in cost of 

capital. In operations, material stock held by upstream divisions of oil and gas companies varies 

from $1 billion to $2 billion, so a 10 % reduction can release as much as $200 million, 

significantly reducing cost of capital (Pierce et al., 2012). Furthermore, Absoft, a dedicated SAP 

ERP partner, specialized in the upstream oil and gas division with unrivalled experience in 

inventory optimization, reported business challenges and pain points faced by operators, drilling 

and oil service companies which they consistently find. Among these challenges are; 

• Steadily increasing inventory costs in a context of the same or decreased levels of 

operation 

• Too many ‘stock out’ occurrences related to high priority work  
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• Stock in the warehouse which is not in the SAP System, or stock in the SAP System 

which is not in the warehouse 

• Difficulties in differentiating and managing project from operational stock, or customer 

stock from your own 

• Struggling to keep replenishment parameters in line with fluctuating material demand 

(Absoft Oil & Gas SAP Specialist, 2014) 

With over 20 years of experience working with the upstream oil and gas division, Absoft has 

developed comprehensive solutions to address these business challenges. Absoft recognizes that 

a successful change initiative doesn’t just focus on Technology, but respects that technology is 

there to support a Process, that People need to understand the processes and technology, and that 

Data is the lifeblood of an ERP System (Absoft Oil & Gas SAP Specialist, 2014). To deliver 

value to the business, Absoft considers these four dimensions highlighted above when building 

optimization solutions for upstream asset-intensive organizations.  

Besides proper determination of stocking levels, an important aspect of inventory control 

is always to maintain visibility. The level of visibility required in an environment with large 

volumes of transaction can only be achieved using an automated inventory management system. 

Contemporary ERP systems such as SAP ERP incorporate sophisticated inventory control 

functionalities within the material management module, which integrates in real-time with other 

modules such as plant maintenance. The MRP tool embedded in ERP systems comprise of 

planning strategies which when properly defined can perform calculations and generate 

proposals for purchases that reflect an optimum-stocking situation. Traditionally, MRP must 

meet three objectives simultaneously; first, to ensure material is available for production and 
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delivery to customers, second, to maintain the lowest possible level of inventory, and third, to 

plan manufacturing activities, delivery schedules, and purchasing (Murray, p. 327, 2006). MRP 

is driven by three different procedures namely; re-order point planning, forecast-based planning 

and time-phased planning. In re-order point planning, procurement is triggered when total stock 

available, plus firmed anticipated receipts, falls below the reorder point. Forecast-based planning 

uses historical data based on past consumption to determine future stocking levels. Meanwhile 

time-phased planning ascertains that the planned date of the requirement matches a hypothetical 

date when supplies are to be delivered. Data integrity is central to successful material 

requirement planning. For MRP to be efficient in ERP SAP, adequate master data maintenance is 

required. There are numerous configurable data, master data and transactional data, stemming 

from different modules, which have direct impact on MRP output. Among this data, the material 

master (inventory item file) and BOM are significant. The material master is the repository for 

all attributes of a given material and is shared across other applications in the ERP system. These 

attributes include critical parameters for stocking level determination such as re-order point, 

maximum stock level (MSL). Figure 1.7 shows MRP attributes within a Material Master record 

in ERP SAP.           
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Figure 1.7: An MRP View of a Material Master record in SAP ERP  

Lead-times: 

 Lead-time from a generic point of view refers to the period between initiation and the 

completion of a process. It is a widely known concept that is used in several domains, but very 

prevalent in operations and supply chain management. Procurement lead-times, purchasing lead-

times, delivery lead-times, supplier lead-times and manufacturer lead-times, etc., all have 

entirely different meaning, even though a few have sometimes been used interchangeably. 

Procurement lead-time assumes a much broader scope as it begins from the point when demand 

is generated and takes the time required to get an appropriate supplier into consideration. 
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However, the delivery lead-time is going to be of interest in this research. Arnold et al. (2008) 

clearly defines delivery lead-time from the point of view of both the customer and the supplier. 

From a supplier’s perspective, this is the time from the receipt of an order to delivery of the 

product (Arnold et al., p.4, 2008). Meanwhile, from the customer’s perspective, it may also 

include time for order preparation and transmittal (Arnold et al., p.4, 2008). Considering some of 

the logistical impediments inherent to asset-intensive industries, the goal of procurement is to be 

able to negotiate the shortest possible delivery lead-time with suppliers, such that components 

and spare parts can be available when required to fulfill maintenance work orders. This enables 

uninterrupted usage of equipment and plant facility as well as averts downtimes. While there are 

several factors for the downtime, such as bad weather, operational problems, planned shutdown, 

what concerns organizations is the unplanned downtime which has not been forecasted 

(Ankalikar & Mantha, 2014). From a cost perspective, shorter lead-times also reduce costs by 

eliminating inventory-carrying costs, since procurement officers are not tempted to keep excess 

inventory as to prevent stock-outs. Pierce et al. (2012) maintain that there is an industry 

philosophy of having excess material rather than risk delays in projects or the start of production. 

This philosophy is certainly understandable, as materials and component for oil and gas 

production usually have long lead times and often need to reach remote areas (Pierce et al., 

2012). Based on the definition of delivery lead-time, the supplier of choice, therefore, plays an 

important role in the determination of this attribute. The supplier often determines the lead-time, 

and this is subject to their internal processes in fulfilling orders. This does not mean that 

procurement departments should always abide by the lead-times proposed by suppliers, as they 

can stipulate a much realistic time during the supplier selection process, forcing suppliers to 

improve on their ability to fulfill orders. Bragg (2011) argued that lead time should be a prime 
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focus of discussion with suppliers, rather than being blindly accepted by the company (Bragg, p. 

20, 2011). Karunesh & Thotappa (2013) also asserted that lead-time could be reduced by mining 

equipment manufacturing companies through the application of lean concepts like kaizen 

(continuous improvements), Heijunka (Japanese word for leveled production), and VSM (value 

stream mapping).        

 Another important concept in supply chain that can help significantly in the reduction of 

lead-time is vendor-managed inventory (VMI). This approach entails that the supplier maintains 

a set amount of inventory in the customers’ facility. The supplier ‘owns’ the inventory until the 

customer withdraws it for use, after which the customer then pays for that use (Arnold et al., 

p.209, 2008). This approach is very effective, particularly for components of low value, e.g., 

electrical spares, which are linked with direct procurement. The concept of VMI was pioneered 

based on the belief that suppliers would be better equipped to handle the customer’s inventory 

due to their adept knowledge in estimating lead times (Binlootah & Sundarakani, 2012). Supplier 

consignment program is also an approach synonymous with VMI.   

One of the key performance measures for rating a supplier is its ability to deliver ordered 

parts on time, since a late delivery can shut-down a production line (Bragg, p. 278, 2011). The 

On-Time parts delivery percentage is an important indicator. To measure this key performance 

indicator, the actual arrival date of deliveries as well as the requested arrival date is required. 

Ideally, the delivery lead-time is the difference in days between the purchase-order request date 

and the requested arrival date.  

The MRP views in ERP systems provide an attribute for the delivery lead-time. Once this 

attribute is properly maintained in the material master for a component, the systems consider this 

parameter when performing replenishment calculations. In SAP ERP the delivery lead-time is 
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denoted as ‘Planned delivery time’ that signifies the number of days needed to procure the 

material through external procurement. Figure 1.8 shows an MRP view with the ‘Planned 

delivery time’ attribute in the material master record.    

 

Figure 1.8: MRP View indicating ‘Planned delivery time’ in Material Master Record   

Irrespective of these functionalities provided by standard ERP systems to harness 

system’s control over lead-times, there are still concerns on their adaptability with respect to 

asset-intensive industries. Wen-sheng & Zhi-chao (2013) contended that the ERP planning 

management is still the same as that of the MRPII modeled in the 1980’s, which plans demand 

by MPS and MRP, most suitable in manufacturing environments where the BOM process is 
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more stable. The production procedure of the process industries, especially the mining industries 

have great particularity – In the production procedure of the mining industries, the inputs are 

auxiliary materials not fixed BOM, as a result, MPS and MRP cannot be in accordance with the 

principle of the existing ERP (Wen-sheng & Zhi-chao, 2013). To justify this stance, Wen-sheng 

& Zhi-chao (2013) mentioned some of the problems and challenges of existing ERP systems that 

include the following weaknesses:   

• MRP algorithm assumes that the lead time is a known fixed value 

• The system assumes a fixed process route 

• The production priorities are arranged based only on the delivery cycle or date 

• All work is assumed under the premise of infinite capacity  

(Ma et al., 2000) 

Procure-to-Pay: 

 The procure-to-pay (P2P) process connects procurement and invoicing operations. 

However, this process usually begins with the identification of need in maintenance, followed by 

supplier selection, through payment. Historically the process of acquiring goods and services has 

been divided between two departments: purchasing and accounts payable, where purchasing is in 

charge of executing and processing purchase orders, and accounts payable in charge of payments 

to suppliers and other parties (Palmer & Gupta, 2011).  This process needs to be seamless, hence 

requiring the use of information technology to automate various stages involved. Organizations 

usually structure their P2P process in ways that suit their operations. However, the typical 

business flow in the P2P process usually consists of the creation of purchase requisitions from 
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various demand streams in maintenance operations, approval of purchase requisitions, creation 

of purchase orders, expediting purchase orders, order fulfillment by suppliers, receipt of goods or 

services, verification of invoice and payment. There are other related activities surrounding the 

P2P process such as the creation of related purchasing documents, request for quotation, creation 

of contract & agreement, approval processes, inspection of goods, and warehousing. These 

activities are very time consuming thereby necessitating the automation of the entire procure-to-

pay process. Dolphin Enterprise Solutions Corporation, an SAP partner, reported an example of 

an oil & gas company that was having difficulties managing its P2P process. Dolphin analyzed 

their processes and identified a significant redundancy – 10 different steps in the exception 

handling process, creating confusion and a lack of visibility across the entire procure-to-pay 

process (Dolphin Enterprise Solutions Corporation, 2015).  Furthermore, HCL AXON another 

SAP partner that focuses on solutions for oil & gas clients conducted a case study on one of its 

clients namely ConocoPhillips. ConocoPhillips, an integrated oil & gas company, operating in 

over 30 countries globally, combines strategic capital investments with industry-leading business 

practices to ensure exceptional results in its operations. In 2005, i.e., 7 years after initially 

implementing an integrated SAP procurement solution, ConocoPhillips leaders realized the need 

for standardizing the procurement processes across all business locations, built around master 

data standardization, improved catalog search capabilities and user-system interaction. In further 

support of this business case, the Project set a goal of increasing the automation of the 

procurement cycle, thus reducing the amount of user interaction with the system while at the 

same time ensuring that necessary controls were in place (HCL AXON, 2012).                 

 The P2P process relies immensely on accurate user inputs, master data and transactional 

data. The integrative nature of ERP systems also allows for real time interaction of data across 
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the procurement, plant maintenance, financial and controlling modules. These modules are 

central to the procure-to-pay process. Figure 1.9 shows a detailed procure-to-pay process.  

 

Figure 1.9: A detailed procure-to-pay process (Magal & Word, 2012) 

 Automating the P2P process using the capabilities of ERP systems will enormously 

reduce transactional costs within the acquisition cycle. According to Andrew Bartolini, chief 

research officer of Ardent Partners, some of the best-in-class AP teams are saving up to 80% of 

their processing costs with technology such as automation - And with 3.6 times as many 

suppliers enabled on their AP platforms, they have enough transactional volume to optimize their 

network's value (Beaupre, 2016).  
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SAP ERP utilizes standard functionality from its MM module to drive the requisitioning 

process through purchase order and payment. However, the workflow management system, 

which is also part of most contemporary ERP standard solutions, facilitates the necessary 

approval and expediting processes, and much more. Some companies also find the need, based 

on volume or other critical factors, to incorporate ‘bolt-on’ tools into their enterprise systems 

environment. These tools are usually ‘best-in-class’ and they do support very specific needs such 

as the electronic procurement (e-procurement). E-procurement is a business-to-business (B2B) 

enablement for the procurement of goods and services over the internet. It entails connectivity 

not only internally within the ERP realm, but also with external suppliers, where product 

catalogs can be shared, and the requisitioning and ordering processes initiated. The critical 

difference of e-procurement compared to traditional procurement is that it allows individual 

employees to order goods and services directly from their own PCs through the web (Croom & 

Johnston, 2003). Some good examples of e-procurement connectivity tools are electronic data 

interchange (EDI) and e-Hubs. Typically, on the buyer side, ERP systems support the creation of 

purchase orders, and use their workflow systems to drive the approval processes. Once the 

purchase orders are approved, they flow directly to the suppliers using EDI, XML, automatic e-

mail, idocs, and other formats. These enablers can also support the supplier invoicing part of 

these transactions. In short, for both procurement and finance teams – not to mention line-of-

business users – P2P and related systems integration have become the glue to cement better 

overall business strategies and, of course, successful eProcurement and e-invoicing surround 

strategies (Busch, 2015). Sabri et al. (2006) contended that the extension of automation to 

external organizations brought major benefits to the procurement process, and workflows began 

to include external entities as well as internal processes. Nonetheless, the uniqueness of every 
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organization necessitates a compelling business need before implementing any e-procurement 

enabler. Even though automation solutions can offer significant efficiency benefits to both 

procurement and accounts payable departments, there is no “one-size fits all” solution that would 

work within every organization and their various regions and departments (Bohn, 2010).  

Organizations that are willing to stay competitive need to re-evaluate their P2P process and 

modify or re-engineer them when necessary. Such practices are not only good for cost-saving 

initiatives but contribute to the maturity of the entire enterprise system. As technology and 

business requirements evolve, the P2P cycle will certainly need to be revisited from time to time 

to ensure it is meeting the needs of internal customers, and that suppliers are satisfied with the 

system (Handfield, 2006).  

 Zycus, a leading global provider of procurement solutions and technologies also reported 

a recent intention to implement their product at one of the world’s leading petroleum engineering 

companies. As a global oil company, the client has divisional and regional headquarters as well 

as several operating sites across the globe. Hence, the implementation was global. According to 

Potduckhe (2016), the client organization, prior to selecting Zycus as the solution of choice, had 

very challenging requirements including but not limited to; automate and streamline the 

procurement process, enhance buying experience, and the shortest possible implementation time 

for all locations including remote sites. After evaluating several procurement solutions, Zycus’ 

solution was selected for its ease of use, comprehensiveness, flexibility and ability to integrate 

seamlessly with the existing ERP system (Potduckhe, 2016).  As per the client’s goal, this 

implementation will boost inter-departmental collaboration and significantly reduce the usual 

disconnects at department and geographic regions (Potduckhe, 2016).  
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 According to Handfield (2006), a qualitative study on the P2P process, geared towards 

determining the symptoms, root causes, and approaches to identifying and resolving issues 

around the P2P process within SAP environment, revealed six key findings that can improve the 

P2P process.  Listed below is a summary of the findings; 

• Develop common processes and procedures for P2P process, and roll-out training at site 

level to ensure that people are comfortable with the approach 

• Improve master data robustness and integrity 

• Explore punch-out roundtrip and other approaches to exploit external content 

management approaches 

• Exploit the use of procurement cards for high transaction volume, low transaction value 

purchases  

• Be sure to update master data and pricing rates on an on-going basis 

• Establish how you are buying products and services, and document the buying channels 

through which these purchases are occurring 

Maintenance bill of materials & engineering change: 

 Traditionally, the bill of material (BOM) contains the total of all components necessary 

for production of an end product or assembly, such as sub-assemblies, individual parts, and raw 

materials (Dickersbach et al., p.97, 2007). Depending on the BOM type, the BOM contains the 

structural relationships among individual components (Dickersbach et al., p.97, 2007). This 

definition mostly holds in manufacturing settings. In the maintenance arena on the other hand, an 

equipment bill of material (EBOM) lists all the components of an asset including its assemblies 
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and sub-assemblies (Wallace, 2008). Primarily the maintenance BOM is used for structure 

description, assignment of spare parts, material planning and locating malfunctions. Direct 

procurement in upstream asset-intensive companies mainly focuses on components listed on the 

maintenance BOM, be it a stock item or non-stock item. According to Wallace (2008), without a 

complete and accurate BOM, decisions regarding material planning and replenishment are often 

made in an information vacuum, resulting in excess inventory levels, stock-outs, significant 

expediting charges and expensive downtime (Wallace, 2008). Furthermore, BOM also contains 

important data, utilized across different application areas in the ERP system such as material 

planning, procurement, and costing. The EBOM of an asset can take several forms depending on 

its complexity, however the two most common forms are the single-level EBOM and the 

multilevel EBOM. The single-level EBOM contains assemblies and individual parts that are 

assigned to the next subordinate level (Dickersbach et al., p.98, 2007), meanwhile the multilevel 

EBOM presents the internal structure of a product; in order words, the logical relationships of a 

product structure (Dickersbach et al., p.98, 2007). Even though the multilevel EBOM for an asset 

may be complex and require much effort to get them initiated in an ERP system, they are much 

preferable in the maintenance organization. Wallace (2008) contended that the multilevel EBOM 

provides a greater level of specificity when determining exactly which materials are required to 

repair and replace a part of the asset. Figure 2.0 shows a product structure from which a single-

level BOM and a multilevel BOM can be deduced. 
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Figure 2.0: A typical product structure of an asset (Wallace, 2008) 

 In SAP ERP, the production planning (PP) module harbors BOM functionality. The 

BOM takes the form of a master data containing several attributes in its header and item sections. 

In the header section, data elements such as BOM number, description, plant, validity dates and 

status are maintained. Meanwhile the item section holds all data elements contained within the 

BOM including their associated quantities, units of measures and item categories. From a direct 

procurement perspective, the item category is important in that it specifies if the material is stock 

or non-stock. The values assigned to these attributes for each BOM component is considered by 

MRP during BOM explosion. BOM accuracy is very critical within organizations in asset-

intensive industries. According to Wallace (2008), some benefits of having an accurate EBOM 

include; fewer incorrect material purchases, faster execution of planned and unplanned work, 

disposition of inactive inventory and more effective reliability engineering. Figure 2.1 shows 
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BOM record in SAP ERP.                   

 

Figure 2.1: BOM record in SAP ERP  

Nowadays, manufactured products keep changing due to increased global competition. 

Such changes affect not only the sales department but the entire organization, from product 

design and development through production. In such situations, the BOMs of the affected 

finished products are subject to change accordingly. In a similar way, components that make up 

an asset in maintenance organizations do change from time to time, which also subject their 

related EBOMs to subsequent changes. Wallace (2008) argued that to maintain EBOM accuracy 

by keeping up with updates and periodic reviews, consideration should be given to 

decommissioning, design changes, parts substitution and standardization. Genpact a global 
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leader in transforming and running business processes and operations reported a case study 

conducted on a global oil and gas company that provides industry-leading drilling and 

production applications. The study uncovered business challenges faced by the industry listed 

below; 

• Non-standardized engineering and sourcing processes led to incorrect parts 

procurement, inventory pile up, and high maintenance cycle time 

• High number of field assets (250+globally) without engineering Bill of Materials 

(BOM) 

• Historical technical data of most assets distributed in multiple, disparate IT 

systems    

(GENPACT, 2014) 

Based on the case study, great results were realized by the oil and gas client upon 

implementation of the Genpact solution which included, a 3% cost savings through better spare 

parts availability as well as clean BOM for all assets.       

Due to the dependency of direct procurement on BOMs, a seamless change management 

process is therefore warranted. A change management system is intended for frequent technical 

changes that in some cases will not occur until some point in the future, both for bill of material 

and routing master data, and for production orders (Dickersbach et al., p.18, 2007). SAP ERP 

provides functionality through its engineering change management module (ECM) that supports 

this process. ECM is a central logistics function that can be used to change various aspects of 

production basic data (for example, BOMs, task lists, materials, and documents) with history 

(with date effectivity) or depending on specific conditions (with parameter effectivity) (SAP AG, 
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2001). The main aim of the ECM solution is to allow engineers to establish items and Bills of 

Materials (BOMs) in advance of their release to the production side, where they can be 

manufactured and procured according to the rules and procedures of the organization (EBECS, 

2012). Three options to implement ECM in SAP ERP are; Change master, ECR/ECO process, 

and Notifications with change numbers. Figure 2.2 shows a typical ECM process flow. 

   

Figure 2.2: Typical ECM process flow 

Usability: 

 This section focuses on the usability of ERP systems in support for direct 

procurement processes within upstream asset-intensive environments. ERP systems are 

engineered with a high degree of sophistication, which also translates to a high complexity in 

usage. Kumar et al., (2015) contended that although ERP systems are sophisticated database that 

automates cross-functional business processes, the ERP user often encounters challenges using 

complex ERP interfaces. Irrespective of how robust software is, its ability to ease usage is of 

prominence. There are many industry sectors where ERP system usability issues are relatively 

minimal. Nonetheless, it is important to understand that such environments usually present high-

quality users, whom with minimal training, can take good advantage of the ERP systems 

capabilities. On the other hand, finding such high-quality users in asset-intensive industries to 

support upstream operations in remote areas has proven to be very challenging. Hopkins (2008) 
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concluded that there is labour and skill crisis in the oil and gas sector, and there are very limited 

formal education and training courses for pipeline engineers, which suggests that the industry 

and universities must work together to attract young people to tailored courses that satisfy skill 

shortages. This is also part of the reason why usability is critical and must be a highly visible 

topic during ERP implementation projects, especially within upstream asset-intensive industries. 

Shipcom Wireless, a Houston based company and leading provider of event-driven composite 

applications, reported a case study on a renowned global offshore oil and gas drilling contractor 

that provides exploration and development services to energy companies worldwide. Among 

several business challenges faced by the client – ENSCO International Inc., ERP usability was 

mentioned as a critical issue that contributed to an enormous challenge in asset, inventory and 

maintenance management within the industry. The ongoing data management of inventory and 

spare parts on rigs was a challenge primary due to the complex presentation of operational data 

ENSCO was facing in their Corporate ERP (PeopleSoft), with rigs moving around constantly, 

the issue was contributed to the need for the solution caused by delayed data entry, exhaustive 

paperwork and the complexity of PeopleSoft transactions for their “EDGE” workers (SHIPCOM, 

2012).       

According to ISO 9241-11: 1998 guidelines, usability is defined as the extent to which a 

product can be used by specified users to achieve specified goals with effectiveness, efficiency 

and satisfaction in a specified context of use (ISO 9241-11, p.2, 1998). Nielsen (1993) suggested 

several characteristics of usability including, learnability, efficiency, memorability, errors and 

satisfaction. Figure 2.3 shows a model of the attributes of systems acceptability based on 

usability. The model looks at usability from a holistic point of view, thereby taking the system 

infrastructure as well as all stakeholders into consideration. Nielsen (1993) further argued that 
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the system is deemed acceptable from a systemic point of view, only when all the needs and 

requirements of all business users, management as well as the client itself are met. The model 

also emphasizes the need for a system-to-be both socially and practically acceptable to achieve 

system acceptability.           

 

Figure 2.3: A model of attributes of system acceptability (Nielsen, 1993) 

Furthermore, Sadiq & Pirhonen (2014) contended that the assumed usability goals of the ERP 

are that end users should not have to spend a great deal of time learning to use the ERP system, 

they should be able to complete their tasks in effective and efficient ways, and they should not be 

confused when using the ERP system (Sadiq & Pirhonen, 2014).     

Finally, two important concepts were identified that can significantly improve the user 

experience especially during ERP systems implementations within upstream operations in asset-

intensive industries. These concepts are user-centered design (UCD) and requirement 

engineering. Incorporating these concepts into ERP implementation will increase productivity, 
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increase collaboration and user adaptability, reduce complexity, minimize training times, and 

reduce total cost of ownership.    

User-centered design:  

UCD is a methodology used by developers and designers to ensure they are creating 

products that meet user’s needs (Lowdermilk, p.13, 2013). It is derived from human factor 

interaction (HCI), which is based on usability but focuses on how humans relate to computing 

products. From an ERP systems point of view, most purchased packages are already developed 

and ready. However, for scalability reasons, there is room for further configuration and 

customization capabilities to suit client’s adaptability and business processes. The UCD 

approach requires that the implementation project takes into consideration user’s desires and 

what they do not like in the application. This will strongly help determine content, features, 

functionality, information architecture, content structure and visual design. User-centered 

analysis and design need to be done at the beginning of the ERP implementation project, as it is 

the best time to learn about users as well as capture their needs and training requirements. By 

applying UCD in ERP implementation projects, asset-intensive organizations can increase 

efficiencies in operations and realize high returns on their capital investments.                      

Requirements engineering: 

There are several approaches to requirement engineering in ERP implementation 

projects. We may apprehend requirements engineering more precisely as a coordinated set of 

activities for exploiting, evaluating, documenting, consolidating, revising and adopting the 

objectives and capabilities, qualities, constraints and assumptions that the system to-be should 

meet based on problems raised by system as-is and opportunities provided by new technologies 
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(Lamsweerde, p. 6, 2009). The pre-state of the system is vital in driving the rest of the 

implementation project. It is also important to distinguish between functional and non-functional 

requirements during the analysis phase in requirement engineering.  

Based on prior literature in ERP implementation, the focus has mostly been on 

conducting gap analyses between ERP packages and existing business processes within 

organizations. However, pursuing a more holistic approach in the requirement engineering 

process, while incorporating UCD, will have a positive impact on user experience, especially 

within upstream operations in asset-intensive industries.                     

Conceptual framework: 

 Previous studies in the ERP systems area focused more on investigating critical success 

factors in implementation projects, as well as improvements on ERP functionalities from a 

generic standpoint. Meanwhile, research on the effects of these applications in very peculiar 

environments has only scratched the surface. ERP implementation projects are not only very 

costly but also very time consuming and, in most cases, require reorganization of business 

processes. Hence, it is important for organizations in asset-intensive industries to have a better 

understanding of ERP systems as well as the ERP package of choice, before engaging in such 

capital investments. Wood & Caldas (2001), suggested that ERP implementation projects not be 

planned and conducted with a reductionist point of view, but should be considered a major 

organizational change process.  

Guiding this research effort, a conceptual framework was established based on the 

literature review. This review considered the relevant theories in various knowledge areas 

associated with the study, as well as the fundamentals of ERP systems and direct procurement. 
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According to Jabareen (2009), a conceptual framework is a network, or “a plane,” of interlinked 

concepts that together provide a comprehensive understanding of a phenomenon or phenomena. 

Conceptual frameworks possess ontological, epistemological, and methodological assumptions, 

and each concept within a conceptual framework plays an ontological or epistemological role 

(Jabareen, 2009). In the introductory chapter these two main research problems were outlined; 

• The extent to which ERP systems have impacted direct procurement in upstream 

asset-intensive environments       

• Existing gaps in ERP systems usability in support for direct procurement in 

upstream asset-intensive environments  

These research problems are the bases from which constructs within this framework were 

derived. Five a priori constructs namely inventory level, lead-time, procure-to-pay, engineering 

change and usability were identified. The research hypothesized that these five constructs would 

have positive effects on ERP systems effectiveness. Figure 2.4 shows the conceptual framework 

of this research.                  
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Inventory level 

(ERP Systems functionality to 

support optimal stocking 

levels)   

Lead time 

(ERP Systems functionality to 

support delivery lead times)

Procure-to-Pay

(ERP Systems functionality to 

support P2P process)

Engineering change (ERP 

functionality to support BOM 

changes)

Usability 

(ERP usability)    

ERP Systems effectiveness 

(ERP Systems support for direct 

procurement in upstream asset-intensive 

industries)  

 

 Figure 2.4: Conceptual research framework 

 The only way to develop theoretical concepts is through knowledge. Knowledge has to 

do with one’s ability to be aware and understand certain aspects of reality. As previously stated, 

knowledge is the clear, lucid information gained through the process of reason applied to reality 

and requires that three necessary and sufficient conditions (Justified - truth - belief) be met 

(Mastin, 2008). From an epistemological standpoint, knowledge rests not only on its acquisition 

but also on its validity. Regarding the knowledge area concerned with this research, it can be 

discerned that an array of several bodies of knowledge must have been encountered, before 

arriving at this research topic. The theories around the preceding bodies of knowledge must have 

also been justified for the entire knowledge path to have progressed successively. In this regard, 

the emphasis on operational definitions early in this study made it easy to manipulate the derived 

constructs to suit the purpose of this research. Based on the theoretical background from where 
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these concepts stem, it was also assumed that the research questions built around these constructs 

were best suited to resolve the problems within the context of this study.   
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CHAPTER 3 

RESEARCH METHODOLOGY 

 This chapter discusses and describes the methodology that was used for this research. The 

orientation of the research methodology is discussed from a generic perspective, followed by 

details and requirements of the methods adopted. This format will help provide a better 

understanding as to the rationale used throughout the research process.     

 In the past, very diverse research methodologies had been employed to study phenomena 

in the information systems, operations, and supply chain management areas, especially when it 

comes to topics related to ERP systems. Hence, given the nature of this research topic, several 

research methods could have been envisaged as suitable for the development of knowledge in 

this subject area. Nonetheless, the descriptive quantitative research method was adopted for this 

study. This general category of research designs involves either identifying the characteristics of 

an observed phenomenon or exploring possible associations among two or more phenomena 

(Leedy & Ormrod, p.136, 2013). Furthermore, among all the invaluable techniques involved in 

this research category, the descriptive or normative survey approach was adopted specifically, in 

resolving the problems associated with this study. Survey research involves acquiring 

information about one or more groups of people – perhaps about their characteristics, opinions, 

attitudes, or previous experiences – by asking those questions and tabulating their answers 

(Leedy & Ormrod, p.136, 2013). The output of such efforts is analyzed, and inferences drawn 

from which advancement in knowledge is derived. According to Leedy & Ormrod (2013), the 

descriptive research generally aims at examining a situation as-is and does not involve changing 
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or modifying the situation under investigation, nor intended to determine cause and effects 

relationships.        

Research philosophy:     

 Research philosophy guides researchers to stay focused. It helps in refining and clarifying 

the methods employed in research and facilitates the gathering of evidence to resolve research 

problems. Research philosophy relates to the development of knowledge and the nature of 

knowledge (Saunders et al., 2012). Regarding this study, the research philosophy was the 

primary determinant of the techniques employed. Furthermore, from both scientific and 

philosophical perspectives, the research approach is confronted by three fundamental concepts, 

namely ontology, epistemology, and methodology. These three fundamental concepts even 

though interconnected, are addressed rather differently by the various noted research paradigms, 

namely positivism, interpretivism, realism, and constructivism.         

 Ontology: 

 According to Blaikie (1995), ontology is the claims or assumptions that an approach to 

social inquiry makes about the nature of social reality. This constitutes in other words claims 

about what exists, what it looks like, what units make it up and how these units interact with each 

other (Blaike, 1995).   

 Epistemology:  

 Epistemology is the branch of philosophy that deals with knowledge. In fact, the question 

“How do we know what we know?” revolves around it. Comprehensively put, epistemology is 

concerned with how we know what we know, what justifies us in believing what we believe, and 

what standards of evidence we should use in seeking truths about the world and human 
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experience (Audi, 2011). Scientific and philosophical studies have come up with several theories 

over time that attempts to justify the foundation of knowledge. However, the paradigmatic 

evolution ignited by distinctive tenets of philosophies that transcends the Aristotelian epoch 

leaves us with questions regarding this phenomenon. 

 Methodology:  

 According to Ramsay (1998), a methodology is concerned with the analysis of how 

research should be undertaken or how it can proceed, in other words, the study of the means of 

attaining knowledge of the world, rather than the techniques of research or practices themselves 

(Ramsey, p.163, 1998). In this regard, researchers are open to proceed with a study either 

quantitatively or qualitatively. Typically, positivists would continue with a quantitative approach 

as a suitable way to verify hypotheses. Meanwhile, constructivist will adopt rather a qualitative 

approach to interpret their findings through an argumentative stance.     

 Following the philosophical perspectives surrounding this research, coupled with the fact 

that the topic emerged through knowledge and experience in information systems, operations and 

supply chain management, a positivist stance was adopted. 

Research structure: 

 Given that a survey research method was adopted to address the problems of this 

research, a survey instrument based on the research questions was generated. Figure 2.5 shows a 

view of how the survey research was structured.      
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RQ1: Do ERP systems support optimal 

stocking levels for direct materials in 

upstream asset intensive environments?

RQ2: Do ERP systems support lead-times on 

maintenance supplies in upstream asset 

intensive environments?

RQ5: How do business users rate the 

usability of ERP systems in support for 

direct procurement processes in upstream 

asset intensive environments?

Challenge: The extent to which ERP systems have 

impacted direct procurement in upstream asset 

intensive environments

Challenge: Existing gaps in ERP systems usability 

in support for direct procurement in upstream asset 

intensive environments

RQ3: Do ERP systems adequately support 

the procure-to-pay process for direct 

materials in upstream asset intensive 

environments?

RQ4: To what extent do ERP systems 

effectively handle engineering changes for 

maintenance BOMs in upstream asset 

intensive environments?

 

Figure 2.5: A view of the research structure 
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Research hypotheses restated: 

 At the beginning of this study, five testable hypotheses were crafted in conjunction with 

the research problems. A survey questionnaire focusing on the research questions was generated. 

The questionnaire was designed to facilitate the systematic collection of data that was used in 

making factual conclusions rather than conjectural stances about the phenomena under 

investigation. The questionnaire was also the source of primary data in this research. Gray & 

Guppy (1999) contended that as with all research findings, information from surveys is used 

either to describe, explain, or influence some phenomenon (Gray & Guppy, 1999). According to 

Harari (2014), modern science has no dogma – yet it has a common core of research methods 

which are all based on collecting empirical observations – those we can observe with at least one 

of our senses – and putting them together with the help of mathematical tools (Harari, 2014).       

 The following are testable hypotheses for this research: 

H1: ERP systems support optimal stocking levels for direct materials in upstream asset-

intensive environments 

H2: ERP systems support lead-times on maintenance supplies in upstream asset-intensive 

environments 

H3: ERP systems support the procure-to-pay process for direct materials in upstream 

asset-intensive environments 

H4: ERP systems effectively handle engineering changes for maintenance BOMs in 

upstream asset-intensive environments 

H5: Business users favorably rate the usability of ERP systems in support for direct 

procurement processes in upstream asset-intensive environments 
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 The restated hypotheses for this research above as in any other hypotheses are nothing 

more than tentative propositions set forth to assist in guiding the investigation of a problem to 

provide possible explanation for observation made (Leedy & Ormrod, p.39, 2013). It is therefore 

imperative to note that, objectivity and unbiased open-mindedness are essentials for good 

research. On the other hand, only supporting data from a research effort may prove or disprove 

the hypotheses. Therefore, it is common practice in research to set up an opposite hypothesis 

(null hypothesis) that rejects the main hypothesis. Leedy & Ormrod (2013) further supposed that 

most null hypotheses are not appropriate as a priori hypotheses. Instead, they are used primarily 

during statistical analyses; we support a research hypothesis by showing, statistically that it’s 

opposite – the null hypothesis – probably is not true (Leedy & Ormrod, p.39, 2013).    

 The following are corresponding null hypotheses for this research:               

H1(0): ERP systems do not fully support optimal stocking levels for direct materials in 

upstream asset-intensive environments 

H2(0): ERP systems do not support lead-times on maintenance supplies in upstream 

asset-intensive environments 

H3(0): ERP systems do not fully support the procure-to-pay process for direct materials 

in upstream asset-intensive environments 

H4(0): ERP systems do not effectively handle engineering changes for maintenance 

BOMs in upstream asset-intensive environments 

H5(0): Business users do not favorably rate the usability of ERP systems in support for 

direct procurement processes in upstream asset-intensive environments 
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Data collection and analysis: 

 This section describes how data was collected and analyzed to test the hypotheses. As 

mentioned previously, the survey instrument was deployed as means of collecting data. 

According to Rea & Parker (2005), there are many considerations that a researcher must address 

in the process of questionnaire development and survey implementation. Furthermore, sound 

questionnaire construction is a highly developed art form within the practice of scientific inquiry 

(Rea & Parker, p. 30, 2005). Therefore, the questionnaire design, study population, sampling 

procedures, survey implementation, data analysis, and presentation are discussed.    

Questionnaire design: 

 In designing the research survey questionnaire, several alterations were made before 

generating the final questionnaire that was deployed. According to Swanson and Holton (2005), 

one of the most fundamental objectives of survey research design is to ensure that the study 

correctly answers the questions it addresses with the data it collects, an achievement referred to 

as internal validity (Phillips et al., 2013). In this study, the empirical foundation is the survey 

questionnaire, which was constructed based on ERP literature and feedback from relevant 

practitioners. The five research questions derived earlier from the problems of this research were 

analyzed further, and several sub-questions generated thereof, as to address each research 

question in a meaningful way. The sub-questions were reviewed for clarity, comprehensiveness, 

and acceptability by five professionals working in the maintenance, procurement and ERP 

consulting functions within reputable asset-intensive organizations. Details of a small-scale, 

web-based implementation of the initial version of the questionnaire are provided in the “sample 

procedure and survey implementation” sub-section. The survey questionnaire comprised of 24 

questions that required between 5 to 15 minutes to complete. This was done taking into 
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consideration the fact that most potential respondents have hectic schedules and the chances of 

committing time to complete a longer questionnaire are slim. The survey instrument was divided 

into four sections. The first section featured a welcome statement that reiterated the purpose of 

the survey including its objectives and guidelines on how to complete the questions. This will 

help ensure that respondents are aware of the intended achievement of the research as well as 

their expectation. The second section comprised of 12 questions about general information about 

the respondents including, organization and types of ERP systems used as well as modules 

implemented. The third section comprised of 9 questions pertaining to four constructs on ERP 

systems functionalities to support direct procurement in upstream asset-intensive industries. 

Lastly, the fourth section comprised of 3 questions pertaining to the usability aspect of ERP 

systems functionalities to support direct procurement in upstream asset-intensive industries. The 

questions in both section 3 and 4 required the respondent to rate their level of satisfaction for the 

12 items in total on a Likert Scale, which ranged from 1 (strongly disagree) to 7 (strongly agree).  

The 24 questions in the questionnaire, in summary, addressed different dimensions 

relating to the research problems. Questions 1 – 6 & 13 were general questions, meanwhile 

questions 7 – 12 addressed all five constructs together. Questions 14 – 16 addressed ERP 

systems functionality to support inventory levels specifically. Questions 17 – 18 addressed ERP 

systems functionality to support lead-times specifically. Question 19 addressed ERP systems 

functionality to support the procure-to-pay process specifically. Questions 20 – 21 addressed 

ERP systems functionality to support bill of material (BOM) change management process 

specifically. And finally, questions 22 – 24 specifically assessed the usability aspect of ERP 

systems to support direct procurement in upstream asset-intensive environments. Table 1.0 

below shows a summary of the survey questionnaire structure.  
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Table 1.0: A summary of the survey questionnaire structure 

Section 1: 

Page 1 

Welcome Statement: See Appendix section for message 

Section 2:  

Page 2 – 5 

General information about the respondent, organization and ERP systems: 

 

Question 1:  Industry Type 

Question 2:  Department Type 

Question 3:  Job Role 

Question 4:  ERP Longevity 

Question 5:  ERP Type 

Question 6:  ERP Modules 

Question 7:  Stock out based Plant Shutdown  

Question 8:  P2P Third-party tools  

Question 9:  RFQ Usage 

Question 10: Single/Multi-Plant Location 

Question 11: BOM Usage   

Question 12:  ERP Requirement Participation   

Section 3:  

Page 6 – 7 
ERP Systems Functionalities: 

 

Question 13:  ERP Systems Support 

Question 14:  Inventory Level - ERP Systems 

Question 15:  Inventory Level – Master Data Maintenance 

Question 16:  Stock-Outs – Order Control Accuracy  

Question 17:  Lead times – ERP Systems  

Question 18:  Stock-Outs – Lead times 

Question 19:  P2P Automation 

Question 20:  ERP ECM - BOM Management  

Question 21:  Delays – ECM BOM Errors 
Section 4:  

Page 8 
User Experience: 

 

Question 22:  ERP Training 

Question 23:  ERP User Features 

Question 24:  ERP Usability   

 

 Study population: 

 The intended population of study in this survey research was derived from professionals 

working in the field of procurement and maintenance management, and utilizing ERP systems, 

within upstream asset-intensive industries. Given the isomorphism that exists within industries in 

this sector, respondents were drawn randomly from different segments including the mining, oil 

and gas and energy industries. The premise is that high-value and complex assets lock up 
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significant capital investments in these industries, which underscore the significance of 

maintenance and inventory control. A subset of the population within the entire identified 

universe was easily captured and studied. According to Leedy & Ormrod (2013), a sample 

should be so carefully chosen that, through it, the researcher is able to see characteristics of the 

total population in the same proportions and relationships that they would be seen if the 

researcher were, in fact, to examine the total population (Leedy & Ormrod, 2013). The study 

population was derived from representative members of The Association of Operations 

Management (APICS). APICS is the premier professional association for supply chain 

management and the leading provider for research, education and certification programs that 

elevate supply chain excellence, innovations and resilience – with over 45,000 members and 

approximately 300 channel partners, APICS is transforming the way people do business, drive 

growth and reach global customers (APICS). Several resources including networking with 

supply chain professionals around the globe to share best practices and proven methodologies are 

among the earned advantages for registered members. The targeted professionals who 

participated in the survey included employees from asset-intensive organizations working in the 

capacities of operations director, maintenance manager, procurement manager, inventory analyst, 

business analyst, supply officer, maintenance planner, warehouse clerk and other operator roles 

with responsibilities related to maintenance and procurement. The sample population best-

reflected inputs to support this thesis in the sense that, it constituted individuals who part-take, 

not only in the implementation of ERP, but also in daily operations, and are affected by direct 

procurement processes within upstream asset-intensive environments.                                 
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Sample procedures and survey implementation: 

Probability sampling was utilized to select respondents for the survey research. The 

sample was drawn randomly from the overall population mainly focusing on respondents from 

maintenance and procurement departments in upstream asset-intensive organizations. Leedy & 

Ormrod (2013) contended that when such random sample is selected, the researcher can assume 

that the characteristics of the sample approximate the characteristics of the total population 

(Leedy & Ormrod, p. 159, 2013). Complete details on sample size and the response rate will be 

discussed in the next chapter.  

In survey research, the questionnaire development process is of paramount importance. 

The key considerations in this process, including the placement of questions within the survey 

instrument and their format in terms of the method of implementation (Rea & Parker, p. 30, 

2005) was imperative. Furthermore, as part of the requirement in carrying out sound ethical 

research, an institutional review board application, coupled with the survey questionnaire sample 

was filed at the office of Human Research Protection Program at Texas Tech University. This 

submission was initially approved via IRB # 2016-904.  

A web-based implementation was considered for this survey research as it entails less 

costs and considering a high number of respondents anticipated. Considering the rigor that is 

associated with the development of questionnaire, to ascertain consistency with the objectives of 

the study, a pre-test (small-scale implementation), using an earlier version of the questionnaire 

draft was carried out. This exercise intended to assess critical factors such as questionnaire 

clarity, comprehensiveness, and acceptability. To accomplish this pre-test, a database consisting 

of 40 professionals working in various maintenance and procurement functions within reputable 

asset-intensive organizations, where ERP systems are utilized, was assembled. The pre-test was 
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successfully carried out during the last two weeks of December 2016, and the feedback served as 

bases for improving the questionnaire.    

Data analysis and presentation: 

Data analysis is a systematic process, where statistical and logical techniques are being 

utilized to recount, illustrate, summarize and evaluate data. According to Leedy & Ormrod 

(2013), since numbers are meaningless unless we can find patterns that lie beneath them, 

statistics can be employed to summarize large numerical data sets, make predictions about future 

trends, and determine whether various experimental treatments have led to significantly different 

outcomes. The response rate in survey research is also of importance, since getting respondents 

to participate from such a population can be challenging. An ideal response rate greater than 50% 

of the total questionnaire sent out is preferably considered.  

Data gathered from the survey was coded, summarized and analyzed. Several statistical 

tools were employed. The measures of central tendency and dispersion (mean, frequencies, 

range, and standard deviation), distribution tables and percentages were utilized. The SPSS 

statistical package was used to perform reliability testing on survey items and assumptions 

testing for subsequent statistical analysis. The package was also used for a complete descriptive 

data analysis, as well as correlation analyses to look for relationship between the dependent 

variable and each independent variable. Hypothesis testing was employed to accept or reject the 

two types of statistical hypotheses, which were previously outlined. The hypothesis testing was 

based primarily on the correlation analyses. The sampling error associated with any sample was 

used to determine if the sample permits certain conclusions to be drawn from the sample against 

some standard or hypothetical objective under conditions of 95 percent and 99 percent 

confidence (Rea & Parker, p. 131, 2005).  
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Methodological issues: 

 This section addresses methodological issues surrounding this research effort. The survey 

instrument validity and reliability, as well as the replicability and representativeness, are 

discussed. 

Instrument validity: 

It is imperative to act appropriately on instrument validity before committing to research, 

since the effort will be worth your time and effort only to the extent that it allows one to draw 

meaningful and defensible conclusions from the data (Leedy & Ormrod, p.85, 2013). The 

validity of a measurement instrument is the extent to which the instrument measures what it is 

intended to measure (Leedy & Ormrod, p.96, 2013). In this research, working professional and 

consultants in procurement and maintenance functions, affiliated with upstream operations in 

asset-intensive industries, were engaged in a pre-test using the initial version of the instrument to 

ensure that the questionnaire was addressing the research questions in a meaningful manner.  

Instrument reliability: 

From an instrumentation point of view, reliability is mostly concerned with consistency 

of the results over time. More generally, reliability is the consistency with which a measurement 

instrument yields a certain, consistent result when the entity being measured has not changed 

(Leedy & Ormrod, p.96, 2013). Leedy & Ormrod (2013) distinguish four different forms of 

reliability associated with a research study. These diverse forms are interrater reliability, test-

retest reliability, equivalent forms reliability and internal consistency reliability. Among these 

four forms, the instrument reliability of the survey instrument in this study is concerned with the 

internal consistency reliability. The internal consistency reliability focuses on how well items on 
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a test, which are proposed to measure the same construct, yield consistent results. A popular 

measure of internal consistency that is used in this survey research is the Cronbach’s alpha. The 

Cronbach’s alpha measures effectively how a set of items are as a group, which is very suitable 

for assessing questionnaire items from several constructs addressed in this research.  

Replicability: 

One of the main advantages of survey research is its replicability. It is easy for other 

researchers to repeat at different times, an already implemented survey instrument, under the 

same conditions. A questionnaire that has been used in one city or community can be 

implemented in another community or administered once again in the same community later to 

assess differences attributable to location or time (Rea & Parker, p. 7, 2005). As mentioned 

earlier, the working population for this research survey was derived from APICS pool of 

professional members. There are several other similar associations such as the Institute of Supply 

Management (ISM) with similar working population, where the same survey instrument can be 

replicated. 

Representativeness: 

Establishing a representative working population in survey research is imperative. It is 

also necessary to select a list or a combination of lists that maximizes representativeness and 

minimizes systematic omissions (Rea & Parker, p. 159, 2005). In this survey research, the 

working population derived from APICS pool of professional members in the procurement and 

maintenance domains provided adequate representation.  
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Detailed survey instrument for this research.   

Exploring the effects of enterprise resource planning systems on direct 
procurement in upstream asset-intensive industries 

Welcome to My Survey 

 
 

Thank you for participating in my survey. There are 24 questions in total that can be 

completed within 15 minutes. This study is intended strictly for academic purposes. 

Your truthful and accurate responses will be invaluable for this research endeavor. 

There are no right or wrong answers in this questionnaire and the information you 

provide will be treated with utmost confidentiality. Only summative information will be 

presented in the final report and details about individual survey responses will not be 

reported. You may also be selected randomly for an optional follow-up interview, 

which will not last for more than 10 minutes. 

 
If you have any questions about the study or the procedures, please contact Mr. 

Lewis A. Njualem at (416) 825-2195 or Dr. Milton Smith, Department of Industrial, 

Manufacturing and Systems Engineering, Texas Tech University, at (806) 834-1267. 

 
For information about your rights as a subject or any questions or research related 

problems you might have, contact the Office of the Vice President for Research, Texas 

Tech University Human Research Protection Program (HRPP), Lubbock, Texas 79409. 

You can also call (806) 742-2064. 

 

Figure 2.6: Survey Instrument – Page 1 
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Figure 2.7: Survey Instrument – Page 2 
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Figure 2.8: Survey Instrument – Page 3 
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Figure 2.9: Survey Instrument – Page 4 
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Figure 3.0: Survey Instrument – Page 5 
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Figure 3.1: Survey Instrument – Page 6 



 TEXAS TECH UNIVERSITY, LEWIS A. NJUALEM, MAY 2018 

77 
 

 

Figure 3.2: Survey Instrument – Page 7 
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Figure 3.3: Survey Instrument – Page 8 
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CHAPTER 4 

 DATA COLLECTION & ANALYSIS 

Introduction: 

 This chapter provides details of the data collection and processing efforts, data analysis, 

and results of this research. The results are interpreted and discussed as to answer the questions 

that were initially generated from the research problems. The purpose of this study was to 

provide a good understanding of the effects of ERP systems on direct procurement in upstream 

asset-intensive organizations. The research contributes to the general knowledge of ERP systems 

and provides insights on how these systems could better be leveraged for direct procurement in 

very peculiar industry sectors. Based on the research questions, the following testable hypotheses 

were derived; 

H1: ERP systems support optimal stocking levels for direct materials in upstream asset-

intensive environments 

H2: ERP systems support lead-times on maintenance supplies in upstream asset-intensive 

environments 

H3: ERP systems support the procure-to-pay process for direct materials in upstream 

asset-intensive environments 

H4: ERP systems effectively handle engineering changes for maintenance BOMs in 

upstream asset-intensive environments 

H5: Business users favorably rate the usability of ERP systems in support for direct 

procurement processes in upstream asset-intensive environments 
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   This chapter also includes details of the statistical techniques employed to analyze and 

interpret data in responding to the questions of this research. It concludes with a summary of the 

answers to the research questions.  

Data collection: 

 As part of the requirement in carrying out sound ethical research, an institutional review 

board application, coupled with the final survey questionnaire sample was filed at the office of 

Human Research Protection Program in Texas Tech University. The submission to the review 

board was first approved under IRB # 2016-904, on the 3rd of November 2016. Upon 

modifications on the survey questionnaire that stemmed from the pilot study carried out in 

December 2016, a resubmission to the review board was done. This resubmission was approved 

on the 21st of March 2017, before the actual data collection process for this research began. 

Furthermore, another resubmission to the review board was done to upgrade the review type 

from exempt status to an expedite status, which will allow for few selected respondents to be 

interviewed, to gather some feedback on their opinions on specific questions in the survey 

instrument. This final resubmission for an expedite review was approved on the 5th of September 

2017. A web-based implementation of the survey was done through Survey Monkey, and all 

implementation procedures were followed as previously discussed in chapter 3 under the “Data 

collection and analysis” sub-section. The IBM SPSS Statistics 24 version was used to perform 

data analysis for this research. Data gathered from the survey was downloaded into MS Excel, 

where it was cleansed. It was ensured that the first row of the excel spreadsheet consisted of 

variable names that were compatible with the SPSS naming convention. Incomplete responses 

with missing data were eliminated. This process was repeated using another instance of the 

initial excel file. Both files were later compared to ensure accuracy. The data were coded 
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following the questionnaire, and abbreviations were used to input variable information into SPSS 

environment.  

 Pre-implementation:     

As earlier mentioned in the previous chapter, a pre-test (small-scale implementation) 

using an earlier version of the questionnaire draft was carried out. This version of the 

questionnaire was distributed to 40 professionals working in different capacities with ERP 

systems from three reputable asset-intensive organizations. These respondents were also required 

to provide their comments on questionnaire clarity, comprehensiveness, and acceptability; 13 out 

of the 40 questionnaires sent out were returned with well-elaborated comments and suggestions. 

The pre-test was successfully carried out during December 2016, and the feedback served as 

bases for improving the questionnaire, as well as preparation for data analysis of the research.    

Survey Respondents: 

The study population in this survey research was derived mainly from members of 

Association of Operations Management (APICS) at the chapter level. It targeted only 

professionals working in the field of procurement and maintenance management, utilizing ERP 

systems within upstream asset-intensive industries. The population covered respondents from 

different job roles and experience levels within the population parameter.  

The questionnaire was distributed using Survey Monkey web tools on the 22nd of March 

2017 and was opened for four weeks. Two reminders were sent within this period to improve the 

response rate. Achieving the highest possible response rate is key to ensure the credibility of 

your data (Phillips et al., 2013). Out of the 314 questionnaires that were sent out, a total of 109 

responses were returned, resulting in a response rate of 34.71%. Ten e-mails from the 
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questionnaires initially sent either bounced or had respondents opt-out. During the data cleansing 

phase, 29 responses were found incomplete. These responses were eliminated, leaving a total of 

80 responses that were finally imported into SPSS and used for data analysis.       

Instrument validity and reliability:  

The validity of a measurement instrument is the extent to which the instrument measures 

what it is intended to measure (Leedy & Ormrod, p.96, 2013). To ascertain the validity of the 

survey instrument in this research, results from the small-scale implementation were thoroughly 

reviewed. The comments and suggestions from working professional and consultants in 

procurement and maintenance functions who participated in the pilot study were scrutinized.  

Revisions were made accordingly to ensure that the final questionnaire that was deployed 

addressed the research questions in a meaningful manner. 

Reliability is the consistency with which a measurement instrument yields a certain, 

consistent result when the entity being measured hasn’t changed (Leedy & Ormrod, p.96, 2013).  

The internal consistency of survey instruments consisting of several items has frequently been 

assessed using the Cronbach’s alpha. In most social science studies, a reliability alpha coefficient 

of 0.70 or higher, is usually considered acceptable. In this study, internal consistency reliability 

tests were carried out using the statements on the questionnaire. These statements utilized the 7-

point Likert scale, which ranged from 1 (strongly disagree) to 7 (strongly agree). The questions 

were clustered based on the constructs provided earlier in this research. Table 1.1 below shows 

the results of the reliability coefficients (Cronbach’s alpha). 
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Table 1.1: Result of Cronbach’s alpha from SPSS 

Reliability Statistics (Cronbach’s alpha)   

Survey items  Cronbach’s alpha 

Cronbach's alpha 

Based on Standardized 

Items 

N of Items 

Inventory levels survey items 0.825 0.836 3 

Lead times survey items 0.742 0.742 2 

Change management BOM 

survey items  
0.770 0.770 2 

Usability survey items 0.840 0.855 3 

      

The results in table 1.1 depict a reliability coefficient (Cronbach’s alpha) of 0.899 for all 12 

items combined as well as reliability coefficients greater than 0.70 for various grouped construct 

variables, which suggested an acceptable level of internal consistency of the survey instrument. 
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Research results: 

Respondents’ profile: 

In this study, general information was collected from respondents about their 

organizations and varied aspects related to ERP systems. The demographic attributes included 

industry types, department types, job role, ERP longevity, ERP applications used, and modules 

implemented.   

Based on the definition of asset-intensive industries as earlier stated within the context of 

this research, several categories were listed as possible choices for selection. The results showed 

that the mining & metals and the oil & gas industries both ranked first and second positions in 

terms of respondents, with 58.8% and 25.0% respectively. The pharmaceutical industry ranked 

the least with no respondents amounting to 0%. This result is in tandem with the presumption 

that the mining & metals and oil & gas industries are the most popular asset-intensive industries, 

possessing upstream operations especially in North America where the population sample of this 

research was drawn. Furthermore, typical organizations in the pharmaceutical industry in North 

America are either manufacturing or distribution based, which accounts for the zero-respondent 

result in the study. The category for other industries which accounted for 5.0% consisted mainly 

of industries providing support and project implementation functions to users in upstream asset-

intensive industries, such as information technology and ERP consulting. Table 1.2 below shows 

the results of industry type per respondents. 
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Table 1.2: Industry type 

Industry Category Frequency Percentage 

Chemicals 1 1.3 

Construction 3 3.8 

Energy & Utilities 3 3.8 

Mining & Metals 47 58.8 

Oil & Gas 20 25.0 

Paper & Pulp 2 2.5 

Pharmaceuticals 0 0 

Other 4 5.0 

Total 80 100 

 

Regarding departments where the respondents worked within asset-intensive 

organizations, several relevant departments that impact direct procurement in upstream 

operations were listed as choices for selection. The results showed that the procurement, 

maintenance and operations departments ranked the three highest with 38.8%, 22.5%, and 20.0% 

respectively. This result is in tandem with the information revealed previously in the literature, 

which accentuated maintenance and supply chain management as important support functions for 

capital-intensive industries. According to Halim (2014), maintenance planning, acquiring spare 

parts and coordinating human resources or personnel to perform maintenance activities are 

critical factors for operational success in Enterprise Asset Management (EAM) system. Other 

departments such as engineering and accounting were well represented since the supply chain 

and maintenance processes are highly impacted by these departments as well. Table 1.3 below 

shows the results of department type per respondents.            

       

 



 TEXAS TECH UNIVERSITY, LEWIS A. NJUALEM, MAY 2018 

86 
 

Table 1.3: Department type 

Department Category Frequency Percentage 

Accounting   2 2.5 

Engineering 7 8.8 

Maintenance  18 22.5 

Operations 16 20.0 

Procurement  31 38.8 

Other 6 7.5 

Total 80 100 

 

            Among the job roles of the respondents in this study, individual contributors, team leads, 

and managers were the highest with 38.8%, 25.0% and 25.0 respectively. These three categories 

account for 88.8% of the total number of respondents. Based on experience in practice, the three 

categories constitute the best individuals who are well equipped to provide feedback on the 

effectiveness of ERP systems on direct procurement in upstream asset-intensive environments. 

These categories consist mainly of individuals that support ongoing operations and are well 

versed with ERP functionality and usability issues, which are central to this research. Table 1.4 

below shows the results of job role per respondents.        

             Work experience using ERP systems in the upstream asset-intensive industry was also an 

essential attribute. The results of this study revealed that 52.5% of the respondents had more than 

10 years of experience working with ERP systems. Furthermore, 86.3% of the respondents could 

be defined as well experienced as they had over seven years of experience. These values are 

significant in that the feedback from the study stems from a very reliable base.  Table 1.5 below 

shows the results of ERP longevity per respondents.          
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Table 1.4: Job role   

Job Role Category Frequency Percentage 

Director    2 2.5 

Individual Contributor 31 38.8 

Manager  20 25.0 

Senior Manager 5 6.3 

Team Lead   20 25.0 

Other 2 2.5 

Total 80 100 

 

Table 1.5: ERP longevity 

ERP Longevity Category Frequency Percentage 

Less than a year     0 0 

1 – 2 years 0 0 

3 – 7 years   11 13.8 

7 – 10 years 27 33.8 

More than 10 years   42 52.5 

Other 0 0 

Total 80 100 

 

              The study sought to determine the types of ERP packages that respondents used in their 

various organizations. The results revealed that 91.3% of the respondents used SAP, which 

seems to suggest according to the study that SAP ERP is the most preferred package 

implemented by asset-intensive industries. Table 1.6 below shows the results of ERP 

applications used by respondents in their various organizations 
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Table 1.6: ERP application used 

ERP Type Category Frequency Percentage 

IFS Applications     0 0 

Infor 2 2.5 

JD Edwards    1 1.3 

Microsoft 2 2.5 

Oracle    2 2.5 

SAP 73 91.3 

Other 0 0 

Total 80 100.0 

 

             In most ERP implementations across varied industries, often not all the modules 

provided by the packages are implemented. During the requirement analysis phase, organizations 

determine the types of modules to be implemented based on their business processes. Table 1.7 

below shows the results of ERP modules that were implemented in various organizations of the 

respondents.  The top 3 modules implemented by respondents’ organizations were finance & 

controlling, materials management and plant maintenance. This result is in tandem with what the 

literature portrayed about ERP implementations in upstream asset-intensive organizations 

concerning critical modules. The finance & controlling module is paramount to every ERP 

implementation, followed by modules that support core business processes. The results of the 

analysis support a priori suggestion in this research, which maintained that much attention is 

placed on material management (MM) and plant maintenance (PM) modules since they comprise 

the procurement and asset management functionalities that are central in support of direct 

procurement initiatives. The main component modules in EAM are maintenance, purchasing and 

human resource and all are centered around the key activities of maintenance and material 

management (Halim, 2014). Furthermore, the SAP-PM is the system being used to capture asset, 
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technical, maintenance and failure data, and maintenance execution is generally done by using 

SAP-PM system (Attou & Ahmed, 2009).    

Table 1.7: ERP modules implemented 

ERP Modules Implemented Percentage 

Finance & Controlling 97.5 

Materials Management 100.0 

Plant Maintenance  97.5 

Production Planning 32.5 

Supply Chain Management 56.3 

Warehouse Management 50.0 

Project Systems 35.0 

Supplier Relationship Management  27.5 

Change Management  27.5 

Workflow Management 70.0 

Fixed Asset Management  38.8 

Other  19.2 

 

          Low inventory levels may lead to stock-outs of critical maintenance supplies thereby 

affecting maintenance operations. The study sought to understand the frequency of such 

occurrences in relation to ERP systems ineffectiveness in inventory management. Respondents 

were asked in the questionnaire if they had encountered any plant shut-down due to stock-out of 

maintenance supplies after ERP implementation. Even though 63.7% of the respondents 

indicated there were no shut downs, 36.3% accepted to have experienced a plant shut-down 

before ERP implementation. There could be other factors beyond ERP functionality that could 
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account for these results, however, based on few comments from respondents this aspect is worth 

further investigating, using similar data on plant shut-down before ERP implementation.  

Table 1.8: Plant shut-down caused by stock-out of supplies 

Plant shut-down caused 

by stock-out of supplies 
Frequency Percentage 

Yes 29 36.3 

No 51 63.7 

Total 80 100 

 

          The study sought to determine from the respondents, the extent to which asset-intensive 

organizations have integrated third-party tools with their ERP systems to support procurement. 

The results revealed 67.5% of the respondents accepting to have integrated their ERP 

applications with diverse third-party tools. The result is of significance, suggesting that most 

asset-intensive organizations are leveraging their entire enterprise architecture to support direct 

procurement processes. Even though several respondents commented that they had in fact built 

custom applications to interface with their ERP, many them cited some popular third-party 

applications such as ONIQUA, Prometheus, and ARIBA. Table 1.9 below shows the result 

details. 

Table 1.9: Implementation of third- party tool to support procurement     

Implementation of third- party 

tool to support procurement 
Frequency Percentage 

Yes 54 67.5 

No 26 32.5 

Total 80 100 
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          The request for quotation is a critical component in the supplier selection process, and can 

be supported by most ERP systems. Respondents were asked if they used RFQ’s for the supplier 

selection process in their organizations. They were also asked to comment if RFQ’s were done 

manually or integrated within the ERP. The results revealed that 85% of the respondents’ 

organizations were using RFQ’s, which indicated significant support for procurement. After 

reviewing the comments, about half of the respondents indicated that their RFQ process was not 

integrated within the ERP, which suggests an area for improvement. Table 2.0 below shows the 

result details.      

Table 2.0: RFQ for Procurement support           

RFQ for Procurement support Frequency Percentage 

Yes 68 85.0 

No 12 15.0 

Total 80 100 

 

          Since most upstream operations in asset-intensive organizations are often located in 

remote areas, it is common to have organizations running several plants in different locations 

locally, nationally and globally. Even though an organization may have upstream operations 

across geographical boundaries, a centralized procurement model can still be adopted. 

Centralized procurement is well supported by supply chain advancements, as well as ERP 

functionality. Respondents were asked if their organizations operated two or more plants in 

different locations. They were also required to comment on whether their procurement strategy 

was centralized or decentralized in case they had plants in multiple locations; 90.0% of the 

respondents have multiple plant operations in different locations. However, over half of the 
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respondents responded to have a rather decentralized procurement model. Table 2.1 below shows 

the result details.          

Table 2.1: Single or Multiple plant operations       

Single or Multiple plant 

operations 
Frequency Percentage 

Yes 72 90.0 

No 8 10.0 

Total 80 100 

 

          The bill of material is a master data, which is utilized across different application areas of 

ERP to drive material planning, procurement, and costing. It provides adequate support for direct 

procurement, especially in preventative maintenance. Respondents were asked if they utilize 

maintenance BOM to drive the preventative maintenance process within the ERP. The results 

revealed that 82.5% of the respondents were using maintenance BOM’s. However, 17.5% of 

respondents that did not indicate using maintenance BOM’s is significant, since most ERP 

standard packages do come with this functionality. Table 2.2 below shows the result details.   

Table 2.2: BOM usage for preventative maintenance       

BOM usage for preventative 

maintenance 
Frequency Percentage 

Yes 66 82.5 

No 14 17.5 

Total 80 100 
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          The study sought to assess the extent to which business users participate in the requirement 

gathering phase during ERP implementation. Involving business users from different 

departments during ERP implementation is essential in improving usability, especially in 

upstream asset-intensive environments. 76.3% of the respondents indicated having participated 

during this phase. Furthermore, the respondents who accepted were asked to comment on the 

level of cross-departmental involvement during the requirement analysis phase of the 

implementation. Almost all respondent comments indicated that there was reasonable 

involvement across the various department. Table 2.2 below shows the result details. 

Table 2.3: Participation in ERP requirement gathering phase during implementation 

Participation in ERP 

requirement gathering phase 

during implementation 

Frequency Percentage 

Yes 61 76.3 

No 19 23.8 

Total 80 100 

 

          A basic cross tabulation analysis was done between experience working with ERP systems 

and participation in ERP requirement gathering phase during implementation. The purpose of 

this analysis was to find out if participation in the ERP requirement gathering phase was mostly 

limited to employees with more experience working with ERP. However, the result did not 

necessarily suggest such. Figure 2.7 below shows a bar chart of the results, which revealed that 

over 85% of the most experienced category, which had more than 10 years of experience using 

ERP systems, accepted to have participated in the requirement gathering phase of ERP 

implementation. 
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  Figure 2.6: Cross-tabs: Experience vs. Participation 

          Another basic cross tabulation analysis was done between ERP application used and ERP 

systems effectiveness ratings to support direct procurement. The purpose of this analysis was to 

find out how the respondents rated the effectiveness of the individual ERP applications. Figure 

2.8 below shows a bar chart of the results. The results revealed that 86.3% of the respondents 

using SAP package, and who agreed that their ERP systems supported direct procurement 

processes adequately, were from the “mostly agree” and “strongly agree” categories. However, 

the result here is limited to this study and cannot be generalized as the number of respondents 
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using other ERP systems than SAP, which participated in the study were not considerably 

represented. 

 

Figure 2.7: Cross-tabs: ERP application used vs. ERP support ratings  
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Descriptive evaluation of ERP functionalities: 

Table 2.4: Summary of ERP functionalities evaluation 

          ERP systems 

functionalities 

Survey 

Question 

Number 

Minimum Maximum Mean  
Standard 

Deviation 

ERP systems provide adequate 

functionalities to support 

direct procurement 

13 4 7 5.87 0.682 

Inventory levels for direct 

materials are usually at 

optimum due to the 

effectiveness of ERP systems 

14 3 7 5.06 1.071 

Inventory levels for direct 

materials are usually at 

optimum due to accurate 

master data maintenance 

15 2 7 4.96 1.335 

Minimal stock-outs on direct 

materials due to accurate order 

controls 

16 1 6 4.88 1.426 

ERP systems automatically 

calculates and resets lead-time 

for maintenance supplies 

based on past delivery records 

17 1 6 3.84 1.479 

Minimal stock-outs on 

maintenance supplies due to 

effective ERP systems support 

for delivery lead times 

18 1 6 4.44 1.431 

The procure-to-pay process 

within the enterprise systems 

is automated 

19 1 7 4.30 1.554 

ERP systems change 

management tool is effective 

in managing bill of material 

(BOM) changes 

20 1 7 4.53 1.492 

Delays in maintenance work-

orders caused by wrong parts 

supply generated from 

material requirement planning 

(MRP) is minimal 

21 1 7 4.81 1.284 
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          In the study, respondents were asked to provide their opinions as to how ERP systems’ 

functionalities support direct procurement in upstream asset-intensive industries. There were 

nine statements in total as shown in table 2.4 above, that addressed various research questions as 

previously indicated in table 1.0. The responses were analyzed using a Likert Scale, which 

ranged from 1 (strongly disagree) to 7 (strongly agree). As shown in the results on table 2.4, the 

most favorable mean of 5.87 pertained to the statement on ERP systems ability to provide 

adequate functionalities to support direct procurement. This statement was very generic among 

others within this category and indicated that business users find ERP systems in general 

effective in accomplishing their various business processes to support direct procurement in 

asset-intensive organizations. The results also showed one unfavorable mean of 3.84 that was 

below 4. Below is the statement for the item; 

• ERP systems automatically calculate and reset lead-time for maintenance supplies based 

on past delivery records  

          The above nine statements reflecting respondents’ opinion on various ERP systems 

functionalities were further grouped based on their respective constructs and analyzed as to 

address specific questions on the research. The four research questions below intended to inform 

the research on the extent to which ERP systems have impacted direct procurement in upstream 

asset-intensive environments. They constituted the first part of the research problems initially 

highlighted at the beginning of the study.  Listed below is a breakdown of the research questions 

and their corresponding survey items as indicated in the questionnaire summary in Table 1.0. 
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• RQ1: Questions 14, 15 &16  

• RQ2: Question 17 & 18 

• RQ3: Question 19 

• RQ4: Question 20 & 21 

Table 2.5 below shows the average mean and average standard deviations of responses to 

statements based on specific research questions. The table summarizes the aggregated scale 

score, where each research questions is defined as a variable for the analysis.   

Table 2.5: Summary of average mean and standard deviation for ERP functionalities 

Research Questions on ERP Functionalities Min  Max 
Average 

Mean 

Average 

Standard 

Deviation 

RQ1: Do ERP systems support optimal 

stocking levels for direct materials in upstream 

asset-intensive environments? 

2.33 6.33 4.97 1.107 

RQ2: Do ERP systems support lead-times on 

maintenance supplies in upstream asset-

intensive environments? 

1.5 6.0 4.14 1.297 

RQ3: Do ERP systems adequately support the 

procure-to-pay process for direct materials in 

upstream asset-intensive environments? 

1 7 4.30 1.554 

RQ4: To what extent do ERP systems 

effectively handle engineering changes for 

maintenance BOMs in upstream asset-

intensive environments? 

1 6.5 4.67 1.255 

 

The results above show that all research questions namely RQ1, RQ2, RQ3, and RQ4, 

had means averaging above 4, which is the mid-point between 1 and 7.  
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Descriptive evaluation of ERP usability: 

          Respondents were also asked to provide their opinions regarding user experience in 

working with ERP systems to support direct procurement in upstream asset-intensive industries. 

There were three statements in total as shown in Table 2.6 below that addressed the ERP 

usability aspect of this research as previously indicated in table 1.0. The responses were also 

analyzed using a Likert Scale as described in the previous section. Based in table 2.6, the most 

favorable mean of 5.29 pertained to the statement that rated the overall user experience while 

performing tasks within ERP systems. This statement was very generic among others within this 

category and indicated that business users positively rate their user experience with ERP systems 

in accomplishing their various business tasks to support direct procurement in asset-intensive 

organizations.  

Table 2.6: Summary of ERP usability evaluation 

ERP systems usability 

Survey 

Question 

Number 

Minimum Maximum Mean  
Standard 

Deviation 

Training received to use ERP 

systems to perform my current 

tasks was effective 

22 1 7 4.29 1.708 

ERP systems provide adequate 

user-friendly features to 

efficiently support direct 

procurement 

23 1 7 4.49 1.475 

Overall experience performing 

my tasks within the ERP 

systems is positive 

24 1 7 5.29 1.127 

 

          The above results reflected respondents’ opinions on various statements that addressed the 

fifth research question pertaining to ERP systems usability. This research question intended to 
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inform research on existing gaps on ERP systems usability in support for direct procurement. 

They constituted the second and last part of the research problems mentioned at the beginning of 

the study. The breakdown of the research question and its corresponding survey items as 

indicated in the questionnaire summary is as thus; 

RQ5: Question 22, 23, & 24 

Table 2.7 below shows the results summary for this research question. 

Table 2.7: Summary of average mean and standard deviation for ERP usability 

Research Question on ERP Usability Min Max 
Average 

Mean 

Average 

Standard 

Deviation 

RQ5: How do business users rate the usability of 

ERP systems in support for direct procurement 

processes in upstream asset-intensive 

environments? 

1 7 4.69 1.267 

 

The results summary shows that research question RQ5, which addressed ERP systems usability 

specifically, had an average mean of 4.69, which was well above 4. It also summarized the 

aggregated scale score of RQ5, where RQ5 was defined as a variable for the analysis.   

Correlation analysis: 

 The study further determined the relationships between paired variables by using 

correlation analysis. Based on the constructs that were identified earlier, each aggregate rating 

for the research questions was defined as an independent variable, together with one dependent 

variable for ERP systems support. Listed below are the defined variables with their 

corresponding survey items as indicated in the questionnaire summary on table 1.0. 
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• ERP systems effectiveness ratings – Dependent variable – Question 13 

• VarRQ1: Inventory optimality ratings – Independent variable – Questions 14, 15 &16  

• VarRQ2: Lead time functionality ratings – Independent variable - Question 17 & 18 

• VarRQ3: P2P ratings – Independent variable - Question 19 

• VarRQ4: BOM Change management ratings – Independent variable - Question 20 & 21 

• VarRQ5: Overall ERP usability ratings – Independent variable - Question 22, 23, & 24 

In performing correlation analysis, certain standard assumptions were taken into consideration, 

and tested accordingly. First, the fact that the variables were ordinal in nature suggested that a 

non-parametric Spearman’s correlation analysis be performed rather than the Pearson correlation 

analysis. The Spearman’s correlation analysis is mostly carried out when the pair of the 

dependent and independent variables are not normally distributed. The Spearman’s correlation 

analysis is not also sensitive to outliers. To test the assumptions further, a Shapiro-Wilk 

Normality test that was carried out on each of the variables, indicated in all cases, statistically 

significant outcomes where, p < 0.05. Table 2.8 below shows the result summary of the Shapiro-

Wilk Normality test. Based on the test result, the null hypothesis was rejected, suggesting that 

the variables were not normally distributed. Furthermore, to assess linearity and test for 

monotonicity on each independent variable against the dependent variable, scatter plots were 

graphed for each pair of the variables. Figures 2.9 – 3.2 below shows the scatter plots with the 

line of fit for all 5 cases. Based on these assumption testing, it was, therefore, important to 

consider the non-parametric Spearman’s correlation analysis to measure the strength of the 

monotonic relationship between the paired variables.  
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Table 2.8: Summary of Shapiro-Wilk Normality test results 

Tests of Normality       

Shapiro-Wilk       

  Statistic Df Significance 

ERP systems effectiveness ratings 0.713 80 0.000 

Inventory optimality ratings 0.886 80 0.000 

Lead time functionality ratings 0.923 80 0.000 

P2P ratings 0.876 80 0.000 

BOM Change management ratings 0.876 80 0.000 

Overall ERP usability ratings 0.951 80 0.004 

 

 

Figure 2.8: Scatter plot with line of fit for variables - VarRQ1 
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Figure 2.9: Scatter plot with line of fit for variables – VarRQ2 

 

Figure 3.0: Scatter plot with line of fit for variables – VarRQ3 
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Figure 3.1: Scatter plot with line of fit for variables – VarRQ4 

 

Figure 3.2: Scatter plot with line of fit for variables – VarRQ5 
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The results of the Spearman’s coefficient for all paired variable relationships are shown below. 

Table 2.9: Summary of Spearman’s rho correlation analysis results 

 

 Correlation               

      

ERP systems 

effectiveness 

ratings 

Inventory 

optimality 

ratings 

Lead time 

functional

ity ratings  

P2P 

ratings 

BOM 

Change 

manage

ment 

ratings  

ERP 

usability 

ratings  

Spearman's 

rho 

ERP systems 

effectiveness 

ratings 
Correlation 

Coefficient 1 .369** .442** -.062 .300** .102 

    Sig. (2-tailed) . 0.001 0 0.582 0.007 0.368 

    N 80 80 80 80 80 80 

  

Inventory 

optimality 

ratings 
Correlation 

Coefficient .369** 1 .648** .333** .727** .665** 

    Sig. (2-tailed) 0.001 . 0 0.003 0 0 

    N 80 80 80 80 80 80 

  

Lead time 

functionality 

ratings  
Correlation 

Coefficient .442** .648** 1 .483** .680** .459** 

    Sig. (2-tailed) 0 0 . 0 0 0 

    N 80 80 80 80 80 80 

  P2P ratings 
Correlation 

Coefficient -.062 .333** .483** 1 0.275* 0.295** 

    Sig. (2-tailed) 0.582 0.003 0 . 0.14 0.008 

    N 80 80 80 80 80 80 

  

BOM Change 

management 

ratings  
Correlation 

Coefficient .300** .727** .680** 0.275* 1 .632** 

    Sig. (2-tailed) 0.007 0 0 0.14 . 0 

    N 80 80 80 80 80 80 

  

ERP usability 

ratings  
Correlation 

Coefficient .102 .665** .459** 

0.295*

* .632** 1 

    Sig. (2-tailed) 0.368 0 0 0.008 0 . 

    N 80 80 80 80 80 80 

** Correlation signif. @ 0.01 level (2-tailed). * Correlation signif. @ 0.05 level (2-tailed). 
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Comparing dependent variable to various independent variables, the correlation analysis revealed 

the following results; 

• A moderate positive relationship between ERP support ratings and leadtime functionality 

ratings with significance at p < 0.01 level 2-tailed (r = 0.442, p = 0.000).  

• A moderate positive relationship between ERP support ratings and inventory optimality 

ratings with significance at p < 0.01 level 2-tailed (r = 0.369, p = 0.001).  

• A moderate positive relationship between ERP support ratings and BOM change 

management ratings with significance at p < 0.01 level 2-tailed (r = 0.300, p = 0.007).  

• An insignificant relationship between ERP support ratings and ERP usability ratings 

where p > 0.01 (r = 0.102, p = 0.368).  

• An insignificant relationship between ERP support ratings and P2P ratings where p > 

0.01 (r = -0.062, p = 0.582). 

Summary of findings:    

This section provides a synthesis of the entire analysis in this research and contains 

findings that provide answers to the research questions. The purpose of the research was to 

provide a good understanding on the effects of ERP systems on direct procurement in upstream 

operations within asset-intensive organizations. The findings provide insights on how ERP 

systems could better leverage direct procurement in peculiar industry sectors. A survey 

questionnaire was developed and used for the collection of data via Survey Monkey. The study 

population was derived mainly from members of the Association of Operations Management 

(APICS) at the chapter level, and targeted only professionals working in the field of procurement 
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and maintenance management, utilizing ERP systems in upstream asset-intensive industries. The 

sample also included respondents from different job roles and experience levels within the 

population parameter. Out of 314 questionnaires that were sent out, a total of 109 responses were 

returned, amounting to a 34.71% response rate. A total of 29 out of the 109 responses were found 

incomplete during data cleansing, and were rejected, leaving 80 responses that were finally 

imported into SPSS for further data analysis.      

The research presented five questions from which five corresponding hypotheses were 

derived.  The findings for each research question based on analyses conducted on the survey data 

are summarized below. 

RQ1: Do ERP systems support optimal stocking levels for direct materials in upstream 

asset-intensive environments? 

The analyses results provided support for the alternate hypothesis H1: ERP systems 

support optimal stocking levels for direct materials in upstream asset-intensive environments. 

This information is gathered from the results of the correlation analyses, which indicated a 

significant Spearman correlation (r = 0.369, p = 0.001) between ERP support ratings and 

inventory optimality ratings. It, therefore, suggested that the null hypothesis H1(0): ERP systems 

do not fully support optimal stocking levels for direct materials in upstream asset-intensive 

environments, be rejected.  

RQ2: Do ERP systems support lead-times on maintenance supplies in upstream asset-

intensive environments? 

The analyses result provided support for the alternate hypothesis H2: ERP systems 

support lead-times on maintenance supplies in upstream asset-intensive environments. This 
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information is gathered from the results of the correlation analyses, which indicated a significant 

Spearman correlation (r = 0.442, p = 0.000) between ERP support ratings and lead-time 

functionality ratings. It, therefore, suggested that the null hypothesis H2(0): ERP systems do not 

support lead-times on maintenance supplies in upstream asset-intensive environments, be 

rejected.           

RQ3: Do ERP systems adequately support the procure-to-pay process for direct

 materials in upstream asset-intensive environments? 

The results of the analyses failed to provide support for the alternate hypothesis H3: ERP 

systems support the procure-to-pay process for direct materials in upstream asset-intensive 

environments. This information is gathered from the results of the correlation analyses, which 

indicated a non-significant Spearman correlation (r = -0.062, p = 0.582) between ERP support 

ratings and P2P ratings. It, therefore, suggested that the null hypothesis H3(0): ERP systems do 

not fully support the procure-to-pay process for direct materials in upstream asset-intensive 

environments, not be rejected. Based on these findings, it can be inferred that ERP systems do 

not fully support the procure-to-pay process for direct materials in upstream asset-intensive 

environments. 

RQ4: To what extent do ERP systems effectively handle engineering changes for 

maintenance BOMs in upstream asset-intensive environments? 

The analyses results provided strong support for the alternate hypothesis H4: ERP 

systems effectively handle engineering changes for maintenance BOMs in upstream asset-

intensive environments. This information is gathered from the results of the correlation analyses, 

which indicated a significant Spearman correlation (r = 0.300, p = 0.007) between ERP support 
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ratings and BOM change management ratings. It, therefore, suggested that the null hypothesis 

H4(0): ERP systems do not effectively handle engineering changes for maintenance BOMs in 

upstream asset-intensive environments, be rejected.  

The four research questions above addressed the extent to which ERP functionalities have 

impacted direct procurement in upstream asset-intensive environments. In as much as there are 

very limited studies that attempt to examine ERP functionalities to address specific processes 

within an industry niche, Halim (2014) accentuated the necessity of choosing the right enterprise 

solutions for diverse requirements of asset-intensive industries.      

RQ5: How do business users rate the usability of ERP systems in support for direct 

procurement processes in upstream asset-intensive environments? 

This research question was aimed at exploring the extent to which business users 

embrace ERP system’s ability to support direct procurement processes in upstream asset-

intensive environment, from a usability standpoint. A curiosity of this research was to find out 

ease of use of the ERP systems amongst users in this niche, due to the peculiarities surrounding 

these industry sectors. It was hypothesized that business users favorably rate the usability of ERP 

systems in support for direct procurement processes in upstream asset-intensive environments. 

The results of the analyses failed to provide support for the alternate hypothesis H5: Business 

users favorably rate the usability of ERP systems in support for direct procurement processes in 

upstream asset-intensive environments. This information is also gathered from the results of the 

correlation analyses, which indicated a non-significant Spearman correlation (r = 0.102, p = 

0.368) between ERP support ratings and ERP usability ratings. It, therefore, suggested that the 

null hypothesis H5(0), which stated that the business users do not favorably rate the usability of 
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ERP systems in support for direct procurement processes in upstream asset-intensive 

environments, not be rejected.  

In a recent study that empirically examined the user acceptance of ERP systems in the 

United States of America, Oldacre (2016) also revealed that there was no relationship between 

perceived ease of use and end-user acceptance of ERP systems in the United States of America. 

Even though the study was not restricted to asset-intensive related industries, it provides an 

indication of business user opinion with regards to ERP usability from a generic standpoint.    
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CHAPTER 5 

 DISCUSSION, CONCLUSION & RECOMMENDATIONS 

Introduction: 

This chapter provides a synthesis of the research study. It discusses the findings of the 

study and addresses its limitations. Some respondents’ feedback as to unfavorable ratings on 

ERP support for the P2P process and usability was captured. The chapter also informs on ERP 

integration advancements, concludes the study and proposes recommendations for future 

research based on the research problems mentioned in the introductory chapter. The main 

objective of this study is to provide a good understanding of the effects of ERP systems on direct 

procurement in upstream asset-intensive organizations. The research made substantial 

contributions to both theory and practice within the domain of enterprise systems. Furthermore, 

the research provides insights on how ERP systems could better be leveraged for direct 

procurement in very peculiar industry sectors. Based on literature in ERP domain and experience 

in practice, the two main research problems below were introduced in this research; 

• The extent to which ERP systems have impacted direct procurement in upstream 

asset-intensive environments       

• Existing gaps in ERP systems usability in support for direct procurement in 

upstream asset-intensive environments  

These problems were critically analyzed and derived pertinent research questions, which led an 

investigation to uncover areas of improvements both in ERP functionality and usability. The 
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research questions generated five testable hypotheses and a path to a comprehensive analysis 

carried out on several variables.  

Research discussion: 

 Analysis of demographics showed that 88.8% of the total respondents in this survey 

research had job roles within the individual contributor, team lead and manager categories. This 

is a significant representation of the best individuals within the industry who are well informed 

on ERP functionality and usability. Individual contributors usually include professionals in non-

managerial roles, who execute day-to-day operational requirements using the system. Their 

degree of interaction with the system in executing operational transactions is very high, and 

typically such roles include, procurement officers, inventory analysts, maintenance planners, 

supply chain analysts, etc. This is a very important factor to consider in terms of the reliability of 

the research findings, coupled with the fact that over 86.3% of the respondents had well over 7 

years of experience using ERP systems.  

 There is clear evidence based on the research findings that SAP ERP package continues 

to be the leading ERP software, implemented in organizations within asset-intensive industry. 

The study revealed that 91.3% of the respondents used SAP. Furthermore, finance & controlling, 

plant maintenance and material management modules of ERP systems were proven to be key 

modules implemented by upstream asset-intensive organizations, based on the nature of their 

operations.  

 It is very common to have asset-intensive organizations running multiple plants across 

several locations locally, nationally or globally. As previously mentioned, this structure is 

warranted since upstream operations are usually located remotely. The research findings 
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provided support for this notion as 90% of the respondents have multiple plant operations. 

However, over half of the respondents have a rather decentralized procurement model. The 

supply chain management literature accentuates several advantages when organizations adopt a 

centralized procurement strategy mostly in the light of economies of scale. However, a more 

decentralized model can be suitable especially when operational sites of an organization are 

dispersed, thereby sitting at far distant locations apart from each other. According to Simchi-Levi 

et al. (2008), the objective of noncritical item procurement is to simplify and automate the 

procurement process as much as possible. In this case, a decentralized procurement policy is 

appropriate; for example, a policy where authorized employees order directly, without going 

through a formal requisition and approval process (Simchi-Levi et al., p. 287, 2008). 

 Typically, the procurement process is automated by integrating third party tools with the 

ERP systems. The study revealed that 67.5% of respondents accepted to have integrated their 

ERP tools with diverse third-party applications to better leverage the procurement process. This 

is a significant result suggesting that asset-intensive organizations are extending their enterprise 

landscape to support direct procurement processes. However, the Spearman correlation analysis 

failed to provide support for the alternate hypothesis H3, which stated that ERP systems support 

the procure-to-pay process for direct materials in upstream asset-intensive environments. 

Automating the P2P process by integrating ERP with third-party tools can be a very complex 

process, especially when the strategy is not well defined to incorporate technology. The study 

suggests this area be one that requires further investigation for improvement. There are varied 

technology and process-based solutions designed for the automation of the P2P process; 

however, due to the complexity of the process, various functions within the P2P stream must be 

critically analyzed for every unique implementation.    
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 In assessing usability of ERP systems in asset-intensive industries, it was hypothesized 

that business users favorably rate the usability of ERP systems in support for direct procurement 

processes in upstream asset-intensive environments. The results of correlation analysis also 

failed to provide support for alternate hypothesis H5. The fact that the literature emphasized 

difficulty in acquiring skilled users in upstream asset-intensive environments due to several 

constraints including their remoteness leaves the area of usability a very important topic to be 

further investigated.  

Respondents’ feedback: 

 Upon approval of the IRB resubmission to upgrade the review type to an expedite status, 

which will allow for few selected respondents to be interviewed, some survey responses were 

reviewed. The review was strictly based on survey items related to ERP systems effectiveness to 

support direct procurement, P2P process, and ERP usability. This criterion was also deduced 

based on the results of the quantitative analysis, which revealed the following; 

• ERP systems do not fully support the procure-to-pay process for direct materials 

in upstream asset-intensive environments 

• Business users do not favorably rate the usability of ERP systems in support for 

direct procurement processes in upstream asset-intensive environments 

Reviewing the responses, 11 respondents that entered low ratings on statements related to the 

two constructs mentioned above were randomly selected. Even though their responses towards 

these two constructs were low, their responses towards the statement on ERP systems 

effectiveness to support direct procurement were above average. These respondents were 

solicited via e-mail for a voluntary interview that would last no more than 10 minutes, and 8 out 
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of the 11 respondents accepted to participate. However, only 6 of the respondents were 

successfully interviewed. The interviews were conducted online via skype, and feedback was 

collected. Table 2.9 below shows the demographic profile of the interviewed respondents. 

Meanwhile, Table 3.0 below also shows the aggregate mean ratings of each respondent regarding 

survey items related to ERP systems effectiveness to support direct procurement, P2P process, 

and ERP usability. 

Table 3.0: Demographic profile of interviewed respondents 

Respondents Industry Category Department 

Category 

Job Role 

Category 

ERP Longevity 

Category 

Respondent # 1 Mining & Metals Procurement Manager More than 10 years   

Respondent # 2 Mining & Metals Procurement Manager More than 10 years   

Respondent # 3 Oil & Gas Engineering Team Lead More than 10 years   

Respondent # 4 Mining & Metals Procurement Manager More than 10 years   

Respondent # 5 Mining & Metals Procurement Manager More than 10 years   

Respondent # 6 Oil & Gas Other (IT) Team Lead More than 10 years   

 

Table 3.1: Summary of aggregate mean ratings of interviewed respondents 

Respondents Mean Ratings: ERP 

support for direct 

procurement  

Mean Ratings: ERP 

support for P2P 

Process 

Mean Ratings: 

ERP support for 

usability 

Respondent # 1 5.00 1.00 3.33 

Respondent # 2 5.00 3.00 2.00 

Respondent # 3 5.00 2.00 2.67 

Respondent # 4 5.00 1.00 1.00 

Respondent # 5 5.00 1.00 1.00 

Respondent # 6 5.00 2.00 3.33 
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The main reason for conducting these brief interviews was to get some ideas as to why 

the respondents thought that ERP systems do not fully support the procure-to-pay process and 

ERP usability in upstream asset-intensive industries.  The above-mentioned respondents were 

interviewed between September 8, 2017 and September 13, 2017. Due to confidentiality reasons, 

their actual identities are not disclosed. A summary of their feedback is provided below.  

Respondent # 1 explained that corporate leadership in their organization is finance focus and as 

such gives very limited attention to operational requirements of the organization, especially in 

the upstream segment. This is affecting training needs as very limited resources are being 

deployed to support employees in effectively performing their tasks. Furthermore, respondent # 1 

mentioned that because of limited integration, over 90% of the entire P2P process is executed 

manually, except for the capability to send purchase orders to suppliers. This manually driven 

process is causing a lot of inconsistencies in the P2P process especially in purchasing related 

master data. 

Respondent # 2 disclosed that even though their P2P process within the enterprise infrastructure 

is reasonably automated, they experience delays in getting purchase requisitions approved on 

time by supervisors, managers, and other individuals within the approval stream. This is causing 

a backlog when purchase orders are entered into the system, causing the planning department 

unwarranted need to make changes to orders as to avoid errors downstream in the P2P process.  

Furthermore, respondent # 2 mentioned that the lack of acquiring competent purchasing agents in 

their upstream operations is one of the main reason that ERP usability is affected in the 

procurement process.   

Respondent # 3 pointed out that regardless of the effectiveness of SAP ERP solution to manage 

engineering changes in bill of materials post-implementation, the procurement department is still 



 TEXAS TECH UNIVERSITY, LEWIS A. NJUALEM, MAY 2018 

117 
 

lagging in the P2P process, due to the lack of cross-functional collaboration. A huge effort is 

often required to get information via workflow on time across finance, engineering and 

procurement departments, due to lack of employee ability to quickly understand and process 

change requirements. 

Respondent # 4 explained that their P2P process is experiencing a lot of issues with the B2B 

integration for a vast amount of their suppliers. For the P2P process to be streamlined, the 

expectation from the supplier side is to provide confirmations on purchase orders, advanced 

shipment notifications, and invoices through the interface they share. Most of the subsequent 

processes in procurement within the ERP realm such as goods receipts, invoice verification, and 

payment are dependent on these confirmations, and for some suppliers, this information is not 

shared timely, due to file sharing incompatibilities within the interface. This causes a huge 

number of aging invoices in the accounts payable department, which in turn affects future 

negotiations with suppliers. 

Respondent # 5 pointed out a complete lack of third-party tools that will help streamline the P2P 

process within the enterprise landscape. Their system is based mostly on standard ERP 

functionality to run the entire P2P process, but with the increase in volume of purchases being 

experienced, the department is not capable of processing orders timely. Furthermore, respondent 

# 5 emphasized that irrespective of the effectiveness of the ERP systems to handle internal 

procurement requirements, employees are not well versed in the system. They lack the skills to 

easily navigate the system to address these difficulties experienced due to high volume of 

purchases.   

Respondent # 6 is an IT Lead Consultant who supports improvement projects in upstream asset-

intensive organizations. This respondent emphasized that based on experience in this industry 
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sector, the P2P integration process and ERP usability are lagging due to the inability of business 

process owners, business users and affected employees within organizations to effectively and 

efficiently leverage ERP capabilities.  

Based on the interview feedback from the respondents, inferences can be made about the 

efficacy of ERP systems on direct procurement from both P2P process and ERP usability 

perspectives. In fact, it is suggestive from the feedback summary that lack of seamless 

integration in the procurement process is highly affecting the expectations and perception of ERP 

systems performance. Even though the ERP suite in most cases requires additional add-ons 

within the enterprise landscape to achieve ultimate integration in the B2B realm, it is 

meaningless to the business user who does not understand the underlying technology but relies 

on the system to deliver. According to the feedback on P2P process, the lesser the automation of 

tasks the more inefficient the entire procurement cycle. Therefore, considering the complexity 

and multiple steps involved in the P2P process, future improvements will require greater internal 

and external automation of tasks as well as compatibility in technology between supply chain 

partners.     

 The interview feedback summary from the respondents also provided crucial insights into 

the usability issues plaguing ERP system users in upstream asset-intensive industries. It is 

indicative that the inadequacy of training, the insufficiency of user support, the inability to 

source for competent users in the upstream segment, and the complexity of ERP suite impact 

user experience. In as much as ERP vendors and integrators can draw from these insights to 

reengineer future releases of software and emphasize on usability during implementation projects 

respectively, corporate leadership sustainability support for upstream operations remains 

imperative.                 
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Implications of study: 

 This research makes several contributions both in theory and in practice. ERP systems are 

part of information systems which have gained so much popularity in academic curricula within 

the past few years. In this light, ERP research can be seen not only to be profitable in practice but 

also in the academic realm.  

 This study extended the scope of ERP systems knowledge in asset-intensive industries as 

well as very peculiar industry sectors that are project oriented. First, in the introductory chapter 

of this research, an operational definition of direct procurement was mentioned within the 

research context. This knowledge adds onto the literature of ERP systems and supply chain 

management as it redefines direct materials in the maintenance environment, which could have 

been classified rather as MRO’s or operating supplies from a manufacturing ERP standpoint. 

Secondly, the study contributed theoretically by developing five constructs to empirically 

investigate the effectiveness of ERP systems on direct procurement in upstream asset-intensive 

industries namely; inventory levels, lead times, procure-to-pay, BOM change management, and 

ERP usability. Some of these constructs such as procure-to-pay, BOM change management and 

ERP usability have the potential to be broken down further into several constructs that can be 

investigated independently. Thirdly, the study contributed to knowledge by highlighting usability 

concerns on ERP tools within upstream operations in asset-intensive environments. ERP 

usability has always been a frequent topic in ERP research and this study found no significant 

relationship between ERP usability and ERP systems effectiveness. The literature also 

accentuated ERP usability concerns, not only from a software feature perspective but also from a 

human resource sourcing standpoint.      
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 The study results also have several implications for different stakeholders in practice 

including ERP vendors, ERP integrators, ERP implementation consultants, as well as ERP client 

organizations and their leaders. First, ERP vendors can profit from the findings of this research 

that calls for greater attention towards the procure-to-pay integration process and ERP usability. 

To achieve a seamless P2P process, integration is key. Spend Matters, a blog and social media 

site in the procurement and supply chain sector, cannot overemphasize the importance of 

prioritizing systems integration as a core component of overall P2P strategy (Busch, 2015). ERP 

vendors can spur development by adapting their solutions to diverse enterprise infrastructure to 

ease integration processes. These developments should be flexible enough to accommodate both 

native and cloud integration capabilities. Ease-of-use of ERP application has been in continuous 

improvement by most ERP vendors. The results of this study also contribute to practice by 

pointing ERP vendors to place emphasis on usability, especially when designing and developing 

industry-specific applications tailored to asset-intensive industries. Secondly, ERP integrators 

and consultants play a very important role in the acquisition and implementation of ERP systems 

in organizations. Integrators and consultants participate in the ERP package selection process, 

requirement analysis process, as well as the pre-implementation & post-implementation phases. 

It is therefore imperative that they cautiously guide the client organization towards proper 

acquisition, implementation, and usage of ERP systems. This study contributes in highlighting 

the P2P process and ERP usability as critical areas to be noted during such implementation 

efforts. It is essential to think about integration even before a selection process begins – and for 

integration to have at least moderate consideration during a selection process (Busch, 2015). 

Finally, the results of this study also provide great contributions to the client organization 

acquiring ERP solutions as well as their leaders, by pointing them to the consideration of 
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improvements in usability, which entails implementing intervention strategies that will improve 

ease of use of ERP systems, especially within upstream operations in asset-intensive industries.                                   

Limitation of study: 

In as much as ERP systems and supply chain management have been immensely 

researched, there is absolute uniqueness in every study. In this study, only upstream operations 

within asset-intensive industries as mentioned in the operational definition were considered. 

Although the response rate in the survey research was reasonable, there was lack of a 

considerable number of respondents with lesser ERP experience to provide opinions on some of 

the impediments on system usage in asset-intensive environments. Furthermore, given that the 

study captured mostly respondents utilizing SAP ERP, considerable feedback from users of other 

ERP packages was lacking. Finally, most existing models on questionnaire development in the 

ERP research domain are very generic and therefore could not be suitable to accomplish the 

specific objectives of this research.     

ERP integration & usability advancements: 

 This research found no significant relationship between procure-to-pay process and ERP 

systems effectiveness in upstream asset-intensive environments. Amid various functionalities 

that embody ERP systems to support and streamline the procurement process, a possible reason 

behind this opinion could be related to the complexity in integrating B2B solutions, especially in 

such peculiar environments. Most asset-intensive organizations due to their operating nature are 

project-based and as such, these organizations must overcome additional challenges during ERP 

systems implementation. Because of physical dispersion of project teams, ERP systems in 

project-based firms must be implemented in a multi-site manner, which brings special concerns 
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(Umble et al., 2003). The conflicts between centralized control and individual site autonomy, and 

between corporate standardization and localized optimization, increase the complexity of ERP 

implementation and entail difficult trade-offs (Zeng et al., 2012). As a result, achieving 

integration and interoperability to some extent between ERP system and non-ERP applications is 

a big challenge during implementation process (Zeng et al., 2012). One way of achieving ERP 

optimization is by using certified add-on solutions that provide a platform within the enterprise 

infrastructure to automate a series of processes in ERP systems for more efficiency. According to 

Womack (2012), this type of solution offers more integration with ERP systems to SAP ERP 

users and provides the same look and feel as any other SAP transaction. It can be presented 

inside of the SAP GUI, offering a real-time view of workloads, pending tasks, document inflow, 

ongoing transactions, and up-to-the-moment validation against SAP data (Womack, 2012). 

Solutions like this have proven to help users become more cost-efficient, improve control over 

financial processes, and shortened total processing times (Womack, 2012).  

Moreover, the procure-to-pay (P2P) process needs to be seamless, hence requiring the use of 

information technology to automate various stages involved. In fact, it is one process among 

several business processes that challenge standard ERP. Therefore, it is not uncommon to see 

ERP implementations leveraging third party workflow solutions, building interfaces with 

preferred vendors, and adding a layer of sourcing cockpit within the enterprise landscape, to 

enhance the P2P process. The emergence of big data and cloud computing has also brought forth 

tremendous opportunities that can enhance the effectiveness of traditional ERP systems. From 

database management and decision support systems standpoint, these innovations when 

incorporated in an enterprise will have a positive impact on ERP systems procure-to-pay 

capabilities. Cloud-based or Hybrid Cloud ERP environment can maintain the tight integration, 



 TEXAS TECH UNIVERSITY, LEWIS A. NJUALEM, MAY 2018 

123 
 

workflow discipline and data consistency required to support real-time operational decision-

making and financial reporting based on accurate data, while also providing the flexibility for 

individual departments in the business to leverage the most advanced functional capabilities and 

evolve quickly to meet changing needs (Orbach, 2015).  A systemic approach is also necessitated 

when attempting to integrate traditional ERP systems with other B2B solutions. According to the 

Hackett Group, the potential returns from P2P effectiveness improvements (seen through 

improved service levels and operating excellence) can have significantly greater impact than 

what is gained from improving the effectiveness of individual processes within P2P (measuring 

the direct process cost reduction) (Womack, 2012).  In summary, automating the P2P process 

appropriately brings about reduced procurement, logistics and accounting costs; optimized 

supplier selection process; increased visibility across the procurement cycle; and low total cost of 

ownership.                 

It was also suggested based on the research results that the area of ERP usability in 

upstream asset-intensive industries is one to be further investigated. It is common in asset-

intensive industries that management often neglects operational field staff during the requirement 

engineering phase of an ERP implementation project. The nature of these industries allows for 

this in the sense that most often the implementation team is located at corporate headquarters; 

meanwhile, site operators are usually remotely located. These situations often lead to high 

resistance to the newly implemented ERP package as well as poor adoption of the system. 

Therefore, it is imperative to employ a methodology that can significantly improve the user 

experience, especially during ERP systems implementations. To improve usability in such 

environments, not only should stakeholders in all functional areas of the organization contribute 

to the ERP requirement analysis process, but also a continued focus should be maintained on 
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training, as to adapt to changing technologies. Hopkin (2008) asserted that the contemporary 

limitations in oil and gas and pipeline companies would not be computers, communications, 

finance and technology, but rather learning, experience, values, and information. The oil and gas 

industries need to be as enthusiastic about buying training and learning packages as it is when 

buying new IT systems or gleaming HQ building (Hopkin, 2008). Training is a very important 

component before, during and after the implementation of an ERP system, regardless of the 

industry. There is tremendous amount of benefits that can be reaped from an ERP software 

solution; however, without proper training for all users and departments, a mere implementation 

of the solution won’t increase efficiency in any given organization. Even though ERP systems 

are business tools just like hundreds of applications out there, they typify a high degree of 

sophistication based on their integrative nature. A generic way to pursue effective training of 

ERP systems before, during and after implementation is to; 

• Formulate a training plan and budget after properly assessing training needs 

• Design training to be role-specific for various departments 

• Provide adequate documentation       

Following these steps will ensure that there is an effective training plan as well as resources in 

place; employees get trained in their specific business areas and existing, and new employees 

have up-to-date documents to work with. Another way of achieving effective usability on 

complex applications such as ERP systems is by integrating usability into the software 

development process. Having understood such complexity and challenges in usage these systems 

could pose, existing ERP vendors and new entrants into the market need to explore ERP usability 

improvement initiatives to create competitive advantage. To find out what technologies can 
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improve the usability of applications in the software development process, Silva et al. (2015) 

presented a Systematic Mapping study (SM) that categorizes and summarizes technologies that 

have had past successes in improving usability. The result of the SM study did not only identify 

several technologies focused on supporting HCI designers and software engineers to improve 

usability, but also revealed the need for the creation of new technologies to support the usability 

of applications from the very early stages in the development process.     

Conclusion: 

In deriving a good understanding of the implications of new technology in information 

systems and supply chain management, holism is required. It is not sufficient to appreciate 

innovation in wholeness without dissecting its impacts on various components that make up the 

system. The researcher conceived this research idea fundamentally due to the adherence to the 

underlying principles of knowledge under which all scientist work. ERP systems have been 

embraced contemporarily by most industries, although its tenets stemmed from the 

manufacturing sector. The uniqueness of asset-intensive industries and their dissimilarities 

fundamentally with respect to the manufacturing sector triggered the idea to investigate how 

ERP systems can benefit peculiar industry sectors. The efforts in this research have been to 

provide a good understanding of the effects of ERP systems on direct procurement in upstream 

asset-intensive organizations. Being an exploratory study that attempted to identify critical 

processes within the asset-intensive industries, where ERP systems will make the greatest 

impact, several contributions are made both to theory and practice. The study first utilized 

descriptive statistical techniques to provide insights on the types of ERP systems and specific 

modules implemented in this industry sector. It informed on conceptions about direct 

procurement related processes driven by ERP systems such as RFQ process, engineering change 
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management, P2P integration, inventory management and usability. Furthermore, the study 

defined constructs related to ERP systems functionality to support inventory levels, delivery 

lead-times, procure-to-pay process, engineering change management and ERP usability, and 

used statistical techniques to draw inferences with respect to ERP effectiveness. The research 

found statistically significant relationships between ERP systems effectiveness and all mentioned 

constructs except for the procure-to-pay process and ERP systems usability. This information 

among other deductions from the analyses informs both academic and practice communities on 

future improvements and feasible developments in procurement management within upstream 

asset-intensive industries. 

Recommendations for future research: 

 Further research endeavors can emerge based on several findings of this research. A case 

study can be conducted on few organizations within asset-intensive industries using ERP systems 

to drive direct procurement, to compliment or confirm the results of this study. In this realm, a 

thorough qualitative study is suggested, where interviews will be targeting specific users in these 

organizations that can speak to the impediments faced by this industry sector. The findings of 

this research also revealed a desperate need to inquire further on feasible developments that will 

help bridge the gap on some aspects of the procure-to-pay integration. Future studies in this area 

must employ a holistic approach by examining organizational business strategies, analyzing 

business process alignments and establishing a framework that will guide technological 

advancement in the procure-to-pay process. Finally, the results of the research also suggest that 

industry leaders consider improvements in usability, which entails implementing intervention 

strategies that will improve ease of use of ERP systems.     
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Defining variables in SPSS 

 

V3 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid  76 95.0 95.0 95.0 

ERP Support 1 1.3 1.3 96.3 

Heavy equipment 1 1.3 1.3 97.5 

Information Technology 1 1.3 1.3 98.8 

SAP Consulting 1 1.3 1.3 100.0 

Total 80 100.0 100.0  

 

Other industries 
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V5 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid  74 92.5 92.5 92.5 

Business Development 1 1.3 1.3 93.8 

Consultant 1 1.3 1.3 95.0 

Consulting 1 1.3 1.3 96.3 

IT 2 2.5 2.5 98.8 

IT - ERP Applications 1 1.3 1.3 100.0 

Total 80 100.0 100.0  

 

Other department types 

V7 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid  78 97.5 97.5 97.5 

Buyer 1 1.3 1.3 98.8 

Senior Maintenance Planner 1 1.3 1.3 100.0 

Total 80 100.0 100.0  

 

Other job roles 
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ERP Modules implemented 
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ERP Modules implemented  
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Other ERP Modules implemented 
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V27 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid  58 72.5 72.5 72.5 

custom application 1 1.3 1.3 73.8 

custom built program 1 1.3 1.3 75.0 

custom solution built 1 1.3 1.3 76.3 

EDI 1 1.3 1.3 77.5 

Inventory 1 1.3 1.3 78.8 

Microsoft SharePoint 

integration 
1 1.3 1.3 80.0 

MS share point 1 1.3 1.3 81.3 

OCI 2 2.5 2.5 83.8 

Oniqua 1 1.3 1.3 85.0 

Oniqua 3 3.8 3.8 88.8 

ONIQUA 1 1.3 1.3 90.0 

Oniqua and others I believe 1 1.3 1.3 91.3 

Oniqua and Prometheus 1 1.3 1.3 92.5 

SCHEDULEX 2 2.5 2.5 95.0 

STRUTURE 1 1.3 1.3 96.3 

Supplier 1 1.3 1.3 97.5 

SUPPLIER SHOPPING 

CART 
1 1.3 1.3 98.8 

Supply management ad-on 1 1.3 1.3 100.0 

Total 80 100.0 100.0  

 

Third-Party Bolt-on tools comments  
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V29 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid  52 65.0 65.0 65.0 

AUTOMATED 1 1.3 1.3 66.3 

Both 1 1.3 1.3 67.5 

Integrated 5 6.3 6.3 73.8 

INTEGRATED 2 2.5 2.5 76.3 

integrated with ERP 1 1.3 1.3 77.5 

integrated with system 1 1.3 1.3 78.8 

Manual 3 3.8 3.8 82.5 

Manual 4 5.0 5.0 87.5 

MANUAL 1 1.3 1.3 88.8 

Manually 2 2.5 2.5 91.3 

Manually 4 5.0 5.0 96.3 

manually done 1 1.3 1.3 97.5 

Not sure how it is done, but 

probably manually. 
1 1.3 1.3 98.8 

Semi-automated 1 1.3 1.3 100.0 

Total 80 100.0 100.0  

 

RFQ intergration comments 
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V31 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid  50 62.5 62.5 62.5 

Both 1 1.3 1.3 63.7 

central 1 1.3 1.3 65.0 

centralized 2 2.5 2.5 67.5 

Centralized 1 1.3 1.3 68.8 

CENTRALIZED 1 1.3 1.3 70.0 

centralized by region 1 1.3 1.3 71.3 

decentralization 1 1.3 1.3 72.5 

Decentralization 1 1.3 1.3 73.8 

Decentralized 1 1.3 1.3 75.0 

decentralization 1 1.3 1.3 76.3 

decentralize 2 2.5 2.5 78.8 

decentralized 4 5.0 5.0 83.8 

Decentralized 10 12.5 12.5 96.3 

DECENTRALIZED 1 1.3 1.3 97.5 

Not sure 1 1.3 1.3 98.8 

Some of both 1 1.3 1.3 100.0 

Total 80 100.0 100.0  

 

Procurement strategy comments  
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V35 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid  44 55.0 55.0 55.0 

All 1 1.3 1.3 56.3 

All 3 3.8 3.8 60.0 

All employee tier 1 1.3 1.3 61.3 

all involved 2 2.5 2.5 63.7 

All involved 1 1.3 1.3 65.0 

all levels 1 1.3 1.3 66.3 

All Levels 1 1.3 1.3 67.5 

All representatives 1 1.3 1.3 68.8 

all stakeholders 1 1.3 1.3 70.0 

All stakeholders 1 1.3 1.3 71.3 

All stakeholders involved 1 1.3 1.3 72.5 

All tier 1 1.3 1.3 73.8 

All tiers 1 1.3 1.3 75.0 

not all relevant 1 1.3 1.3 76.3 

Not always 1 1.3 1.3 77.5 

organization wide 

represented 
1 1.3 1.3 78.8 

planner, GF, Super, Buyer, 

Whse manager, etc. 
1 1.3 1.3 80.0 

UCD - All user level 1 1.3 1.3 81.3 

Yes 4 5.0 5.0 86.3 

Yes 9 11.3 11.3 97.5 

Yes All 1 1.3 1.3 98.8 

Yes. All tiers of organization 1 1.3 1.3 100.0 

Total 80 100.0 100.0  

 

Stakeholder involvement during ERP implementation requirement analysis comments 
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Shapiro-Wilk Normality test result in SPSS 

 

 

Correlation analysis output in SPSS    


