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Abstract. Business information system is an area of the greatest significance in any business enterprise 
today.  Enterprise Resource Planning [ERP] projects are a growing segment of this vital area.  These 
software systems are designed and installed by ERP vendors. Most current research on the subject 
concerns only managerial issues.  This study is to probe the performance of ERP software in terms of 
the three crucial technical factors that determine the success or failure of a given ERP software.  To 
probe these research issues, an exploratory case study was conducted with a survey and interview at a 
large organization with an ERP system.  The statistical analysis of the collected data supports the three 
hypotheses of the study, leading to the conclusion that the crucial technical factors for ERP 
implementation are the same in literature and in the companies with successful ERP implementation.  
The future research study will involve other technical aspects of ERP implementation for enhancing its 
performance. 
 
Keywords: ERP implementation, customization, performance, metrics and information systems. 
 

(Received June 15, 2006 / Accepted September 25, 2006) 
 

1. INTRODUCTION 
Enterprise systems are complex and expensive 

and create dramatic organizational change. Learning 
from high performance projects is crucial for software 
process improvement. Last, but not least, by 
determining the crucial factors of successful ERP 
system, we create incentives that likely will yield 
higher performance. Indeed, Weinberg [41] 
demonstrated many years ago that the proverb “You 
get what you measure” also is highly valid in the 
software engineering field. ERP projects are a 
subclass of software projects [15].  

 

In this paper, we find the crucial technical factors 
determining the performance of ERP projects and 
recommend it as performance indicator. According to 
a report by Advanced Manufacturing Research 
(AMR) obtained from www.amrresearch.com, the 
ERP software market is expected to be $31 billion by 
the end of 2006. From [43], we find that the entire 
enterprise applications market which includes 
Customer Relationship Management (CRM) and 
Supply Chain Management (SCM) software will top 
$70 billion. Many researchers and practitioners have 

suggested that it is easier and less costly to mold business 
processes to ERP systems rather than vice versa [11] [20].  

 

ERP is packaged software that organizes codes and 
standardizes an enterprise’s business processes and data. 
This packaged software converts transactional data into 
useful information and collates the data so that they can be 
analyzed and used for decision making by the top 
management. Many company ERP products developed in 
the 1990s have enabled companies to redesign their 
business processes and eliminate duplications. Hence the 
employees were able to focus on process design value-
adding activities that have dramatically increased 
productive capacity. 
 

  The difficulties and high failure rate in implementing 
ERP systems have been widely cited in the literature [11], 
but research on critical success factors in ERP 
implementation is rare and fragmented. To date, little has 
been done to theorize the important factors for initial and 
ongoing ERP implementation success [8]. Enterprise 
Resource Planning (ERP) systems [16] have emerged as 
the core of successful information management and the 
enterprise backbone of organizations. An enterprise 
resource planning (ERP) system is a packaged business 



software system that enables a company to manage 
the efficient and effective use of resources by 
providing a total, integrated solution for the 
organization’s information-processing needs. It 
supports a process-oriented view of the business as 
well as business processes standardizes across the 
enterprise [16].  
 

ERP implementation is a lengthy and complex 
process and there have been many cases of 
unsuccessful implementations which have had major 
impacts on business performance [31]. As ERP plays 
a very important role in business, ERP 
implementation and its critical issues, success factors 
and implementation problems have been identified in 
[29] [38], but no empirical studies and no explicit 
proposition is being evaluated so far.  

 

Three possible hypotheses with which to examine 
the crucial technical factors determining the 
performance of ERP projects is presented in this 
paper. ERP applications evolved into applications 
capable of linking all internal transactions [19]. Even 
for those companies that have successfully 
implemented large-scale information systems projects 
in the past, ERP implementation still presents a 
challenge, because it is not simply a large-scale 
software deployment exercise [42].  
 

The development, implementation and ownership 
of information systems, especially large-scale systems 
such as enterprise resource planning (ERP) has 
become progressively longer in duration and more 
cost intensive [26]. One study of mid-size to large 
companies conducted by AMR found that 67% of 
these companies are implementing some form of 
ERP, while another 21% are evaluating potential ERP 
systems solutions.  

 

As a growing number of companies adopt ERP 
systems, performance of ERP systems are identified 
as one of the top five IT priorities among global CIOs 
according to independent surveys conducted by 
Morgan Stanley [39] and Deloitte & Touche/IDG 
Research Services Group [1].  

 

Though there are many critical success factors 
found already for ERP implementation, all of them 
address only managerial issues and could not bring 
much impact on performance of ERP software. Hence 
this studies to establish three crucial technical factors 
determining the performance of ERP software from 
the literature. 

 

An exploratory case study was conducted to study these 
research issues. The case study consisted of a survey and 
interview of 25 employees at one large organization those 
who have recently implemented SAP R/3 successfully. 
SAP (Systems, Applications and Products in Data 
Processing) is a leading ERP vendor. SAP R/3 product is 
the first three-tiered client/server enterprise resource 
planning (ERP) software released by SAP. 
 

The results provide data analysis and findings from the 
survey and qualitative findings from the interview. Three 
hypotheses were formulated and statistical techniques were 
used to analyze the hypotheses. The statistical analysis 
gives a great deal of support to all the three hypotheses. 
This gives a conclusion that the crucial factors for ERP 
implementation are one and the same in literature and the 
companies with successful ERP implementation. Thus, it is 
evident that these factors will ensure the performance of 
ERP projects. This paper is organized as follows. Literature 
review of ERP systems, research study, exploratory case 
study, testing the hypotheses, data analysis and findings, 
conclusions and future research work. 
 

2. LITERATURE REVIEW 
 

Customizations that must be carried over from one 
version of enterprise software to the next are the biggest 
technology headache [33]. The fit between the business 
processes and ERP systems and among business processes 
is believed to be critical success of ERP implementation 
[20], [21], [30], [40]. This is termed as “Customization”. It 
is observed that higher the degree of customization, lower 
will be the performance of ERP projects. Defining business 
requirements and then determining how to configure them 
into the software is an iterative process [12].  

 

Avoiding more drastic forms of customization are 
critical because changes move the system away from a 
packaged solution—and the organization away from the 
enterprise system benefits it seeks to achieve. Also, 
technical changes are costly and can lead to schedule 
slippage because they are complex and need significant 
testing. In addition, the team must reimplement them for 
each package release, which increases long-term 
maintenance costs. Hence customization is considered as 
the first crucial technical factor for ERP performance.  

 

ERP is developed for a market and not for an 
organization alone and hence its performance matters a lot 
[10] [27] [35]. It is observed in [6] [11] [17] that the 
customization determines the performance of ERP 
software. This tells us that ERP systems need to be 
changed to fit existing or reengineered business processes.  
The adaptation of the ERP systems involves the 



customization of ERP system to fit existing or 
reengineered business processes.  
 

Metrics are units of measurement. Software 
engineering metrics are units of measurement that are 
used to characterize the software engineering 
products and software engineering processes. The 
term “metrics” [32] is also frequently used to mean a 
set of specific measurements taken on a particular 
item or process. If used properly, software 
engineering metrics allow us to  
 

(i) Quantitatively define success and failure, and/or 
the degree of success or failure of a product;  

 

(ii) Identify and quantify improvement, lack of 
improvement, or degradation in our products and 
processes;  

 

(iii) Make meaningful and useful managerial and 
technical decisions. 

 

 Thus, effective usage of software metrics for 
software process improvement in ERP projects is the 
second factor deciding its performance. 
 

Wenhong Luo and Diane M. Strong [42] says that 
there is a need for separate set of process approach 
and metrics for ERP projects as the difference 
between ERP and traditional information system 
development project is that ERP projects, which tend 
to be enterprise-wide, are typically larger in scope 
than traditional software development projects, which 
often focus on one or more business processes. The 
risks associated with the ERP projects are relatively 
higher than those traditional projects [2]. Software 
metrics leads to software process improvement (SPI).  

 

SPI has emerged as a critical factor for an 
organization involved in software development. 
Various organizations have reported benefits from 
software process improvement programs and now 
there is little doubt that process improvement can pay 
rich dividends [3] [9] [13] [23]. Software metrics and 
measurements have been an area of active interest for 
a long time. One of the main objectives of the area 
has been to quantify properties of interest in the 
process of the products, with the goal that these can 
used to evaluate and control the products and 
processes.  

 

Though metrics can be used in many ways, in a 
software organization, the three main uses of metrics 
data are: project planning, monitoring and controlling 
a project, and overall process management and 
improvement. In any organization, past experience 

plays a key role in improvement and management. How 
effectively past experience can be leveraged depends on 
how well this experience is captured and organized to 
enable learning and reuse.  

 

Systematically recording data from projects, deriving 
lessons from it, and then making the lessons available to 
other projects will enhance the performance of the project. 
This can be done through process database. ERP project, 
being a large scale software project can improve its 
performance by effectively utilizing the process database.  
Hence, the third factor determining the performance of 
ERP projects is process database.  

 

The process database is a repository of process 
performance data from successful projects, which can be 
used for project planning, estimation, analysis of 
productivity and quality and other purpose [18]. The 
process database consists of data from successfully 
completed projects and forms the quantitative knowledge 
about experience in project execution. As can be imagined, 
to populate the process database, data is collected in 
projects, analyzed and then organized for entry into the 
process database [22].  

 

The data captured in the process database can be 
classified into the following categories: Project 
characteristics, Project schedule, Project effort, Size and 
Defects [24] [25]. The Capability Maturity Model (CMM) 
requires that the organization have a process database 
which is used for planning, though CMM does not specify 
what this process database contains.  

 

ERP implementation is viewed as a long and complex 
process with successes and failures at different stages of 
the implementation. In a study of ERP implementation in 
15 different companies, Ross [34] discovered that most 
companies go through the following five stages in their 
implementation process: design, implementation, 
stabilization, continuous improvement, and transformation. 
The system development lifecycle methodology needs to 
be modified for the unique characteristics of ERP 
implementation [6] [37]. 

 

ERP is a structured approach to optimize a company’s 
internal value chain. When the software is fully installed 
across an entire company, it connects the components of 
the business process through a logical transmission and 
sharing of common data within an integrated framework.  

 

Hence the performance of ERP matters the performance 
of the company. This is the motivation for this exploratory 
case study on performance enhancement of ERP projects. 
Also we find that most of research work addresses only 
managerial issues and less research work has been carried 



out to address ERP implementation from technical 
perspective.  

 

From this literature review, we find that the three 
factors that acts as the crucial parameters deciding the 
performance of ERP projects are customization, 
software metrics and process database. Rest of 
sections in this paper will validate these factors with 
the data collected from large scale company with 
successful ERP system. 
 

3.  RESEARCH STUDY 
 

As stated earlier, our research focus on validating 
the crucial technical factors determining the 
performance of ERP projects namely (i) 
customization (ii) software metrics for software 
process improvement and (iii) process database with 
the companies executing successful ERP system. This 
is done by testing the following three hypotheses and 
analyzing it using the data collected from the survey. 
 

Hypothesis 1 (H1): Higher the degree of 
customization, lower will be the performance of ERP 
projects. 
 

Hypothesis 2 (H2): Software metrics leads to 
software process improvement for ERP projects. 
 

Hypothesis 3 (H3): Effective usage of process 
database leads to successful ERP implementation. 
 

The survey questions for testing these hypotheses 
are given in Appendix 1. The first hypothesis deal 
with the role of customization in determining the 
performance of ERP software. The primary goal of 
customization in ERP implementation is to achieve a 
fit between the ERP system and the process that the 
system supports. Thus, both the system and the 
process can be changed or customized to achieve the 
goal. When the system is customized to fit the 
process, we refer to this kind of customization as 
technical customization [42]. Similarly, when a 
process is customized to fit the system, we refer it as 
process customization [42].  

 

When installing an ERP system, companies have 
many choices about how to change and customize the 
software package [6]. There is also a case where there 
will be no need for customization. This can be 
achieved by selecting appropriate system modules. 
Although rare, it is still possible. For example, 
Thermacore decided to implement SAP’s accounting 
module without any changes [14].  
 

The second hypothesis is formulated to stress the fact 
identified from the literature that effective usage of 
software metrics leads to software process improvement 
which in turn brings high performance to the ERP projects. 
Software process improvement helps to keep track of the 
project by establishing checkpoints for project planning, 
monitoring and controlling. Developing and using an 
exclusive set of metrics for ERP projects will enhance its 
performance and traditional metrics cannot create much 
impact on large scale IT projects like ERP projects [15].  
 

The third hypothesis is formulated to test the effect of 
process database in improving the performance of ERP 
projects. We consider a process database in an organization 
as a database or collections of databases that contains 
historical information and data about the use of 
organization processes on completed software projects. 
This process database created for ERP projects will provide 
details on previously completed projects such as project 
size, duration, scheduling, effort required, defects expected 
and risk factors. 

 

4. EXPLORATORY CASE STUDY 
 

A case study was conducted at Company X. X is a 
manufacturer involved in SAP implementation. The survey 
was conducted with the employees in the technical as well 
as managerial position, who were employed during SAP 
implementation and the members of ERP vendor SAP 
deputed to the X for ERP implementation. These 
employees were working with this ERP system in their 
day-to-day job. In addition to the survey, informal 
interviews were conducted to collect additional details. It is 
found that for just an ERP implementation in time, 
managerial issues discussed already will do, but for reaping 
the full benefits of the ERP system after implementation, 
technical factors highlighted in this study plays a crucial 
role. 
 
5. HYPOTHESES TESTING, DATA ANALYSIS AND 
FINDINGS 
 

Each of the survey questions for each hypothesis was 
tested using one sample t test with the null hypothesis 
being the sample mean is less than or equal to three 
(neutral, midpoint of the Likert scale in Appendix 1). The 
alternate hypothesis (at a significance level of 0.025 for 
one–tail t test) states that the sample mean is greater than 
three and the respondents agree with the survey questions. 
Sharma [36] gives the procedure for conducting t test.  

 

 Table 1, Table 2 and Table 3 shows the results of the 
survey for the above stated three hypotheses respectively. 
All the three tables give a great deal of support to all the 



three hypotheses. Figure 1, Figure 2 and Figure 3 
indicates that there is a positive climate prevailing for 
our research study. Hence we find that   the technical 
factors for ERP projects identified from the literature 
and those in the companies are unique. 
 

Hence we can conclude that addressing these 
crucial technical factors will definitely bring higher 
performance to the ERP projects. From the informal 
interview conduced with the employees, we learn that 
though the managerial factors like top management 
involvement, project management, change 
management, ERP project team, end user training etc 
influences the ERP implementation, it does not 
account for failure or performance degradation.  

 

This indicates that the performance of ERP 
software will improve if technical factors cited here 
are given much more importance than managerial 
factors. Hence this study to focus upon the three 
crucial technical factors for performance 
enhancement of ERP projects gains energy. 
 

Enterprise resource planning system has the 
Herculean task of seamlessly supporting and 
integrating a full range of business processes, uniting 
functional islands and making their data visible across 
the organization in real time. Not surprisingly, the 
software that vendors such SAP and Oracle provide is 
unwieldy, expensive and hard to implement. Even 
less surprising is that implementation creates 
organizational change that can be as painful as, well, 
pulling teeth.  

 

No package is a perfect fit on all dimensions, so 
the first part of planning should include a careful 
analysis to determine how the organization will 
bridge gaps. Identifying what organizational 
processes and roles will change and determining how 
to perform transition into new roles are also important 
tasks at this stage.  

 

Defining business requirements and then 
determining how to configure them into the software 
is an iterative process. During the initial 
implementation of an ERP system, many 
organizations choose to customize the standard ERP 
software modules to meet implementation dates and 
to match their unique business requirements. Dealing 
with customization issues during an ERP project 
requires approximately 80% of a software developer’s 
and 66% of a business analyst’s time and effort [33]. 
Managerial factors are often cited as the reason for 

ERP failure and only few articles document the actual 
cause for ERP failure [44]. 
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Figure 1 Results of Hypothesis 1 
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Figure 2 Results of Hypothesis 2 
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Figure 3 Results of Hypothesis 3 

 
6.    CONCLUSIONS 
 

It is hard to find appropriate performance indicators and 
it may ultimately entail comparing apples and pears. 
Measuring performance is a difficult task. Ideally, 
performance assessment should include productivity 
indicators, quality indicators and other external factors. As 
ERP projects differ from custom software development 
(CSD) projects, projecting its performance indicators are 
little hard and all that we have done in this paper is the 
validation of crucial technical factors of ERP projects 
found from the literature than the usual managerial factors.  



Survey  
Questions 

Mean Standard 
Deviation 

t-value P (t-value)  
for one-tail test 

Result 

C1 3.92 1.07703 4.27 0.0001 Reject Null Hyp. Support H1 
C2 3.80 1.11803 3.57 0.00076 Reject Null Hyp. Support H1 
C3 3.84 1.14309 3.67 0.0006 Reject Null Hyp. Support H1 
C4 3.76 1.16476 3.26 0.00165 Reject Null Hyp. Support H1 
C5 3.96 1.05987 4.53 0.0001 Reject Null Hyp. Support H1 

 

Table 1: Results of Hypothesis 1  
 

Survey  
Questions 

Mean Standard 
Deviation 

t-value P (t-value)  
for one-tail test 

Result 

M1 3.64 1.18603 2.70 0.0063 Reject Null Hyp. Support H2 
M2 3.80 1.08012 3.70 0.0006 Reject Null Hyp. Support H2 
M3 4.00 1.04083 4.80 3.4E-05 Reject Null Hyp. Support H2 
M4 3.68 1.10755 3.06 0.002627 Reject Null Hyp. Support H2 
M5 3.96 1.05987 4.53 0.001 Reject Null Hyp. Support H2 

 

Table 2: Results of Hypothesis 2  
 

Survey  
Questions 

Mean Standard 
Deviation 

t-value P (t-value)  
for one-tail test 

Result 

P1 3.64 1.18603 2.70 0.0063 Reject Null Hyp. Support H3 
P2 3.80 1.08012 3.70 0.0006 Reject Null Hyp. Support H3 
P3 4.20 1.11803 5.36 8E-06 Reject Null Hyp. Support H3 
P4 3.64 1.18603 2.69 0.006281 Reject Null Hyp. Support H3 
P5 3.80 1.19023 3.36 0.0013 Reject Null Hyp. Support H3 

 
 

Table 3: Results of Hypothesis 3 
 

 

Organizations should change their business 
processes to fit the ERP system, which provides the 
best practices and avoid customization. The review of 
case studies of ERP system implementation indicates 
that, in reality the practice is otherwise. Many articles 
have come up addressing the managerial issues in 
ERP implementation. It is necessary to mention here 
that managerial issues are manageable and ERP 
failure and its performance upgradtion have to be 
viewed from the other side. This opened the door for 
this research study focusing the crucial technical 
factors for successful ERP implementation and 
enhancing its performance.  

 

Though ERP is a managerial concept, basically it 
is packaged software and its failure and performance 
requires consideration from technical perspective [4]. 
An exploratory case study was conducted to study 
this research issues and data analysis done through 
statistical techniques. The literature review was done 
meticulously and the crucial technical factors 
identified from the literature for performance 
enhancement of ERP projects agree with the factors 

cited by the ERP team in the industry. The outcome of this 
paper is establishment of three crucial technical factors to 
the ERP vendors for performance enhancement of ERP 
projects. 
 

ERP vendors and organizations in the process of 
launching ERP should remember to integrate these crucial 
technical factors with other managerial factors to deliver a 
quality ERP system on time as well as within budget that 
will reap the full benefits of packaged software. Validating 
our results by a multi-organizational case study, 
considering other technical aspects of ERP implementation 
like operating system, client-server technology, mainframe 
technology, reliability and future technology integration 
are the other areas for future research. 
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APPENDIX—1 

 
                        

1—Strongly Disagree       2—Disagree    3—Neutral       4—Agree  5—Strongly Agree 
 

1.  Customization degrades the performance of ERP software (C1) 
2.  Degree of process customization and technical customization must be balanced. (C2) 
3. Customization involves organizational capability to make necessary system and process changes (C3) 
4.  Customization though unavoidable, must be kept aside as it leads to schedule slippage (C4) 
5.  Customization is complex and expensive and need significant testing (C5) 
6.  Effective usage of software metrics leads to software process improvement (M1) 
7.  Perfectly tuned software process tunes the performance of ERP projects (M2) 
8.  Failure to apply the software metrics leads to poor software project management (M3) 
9.  Metrics infrastructure will reduce the defects and risks and ensure productivity (M4) 
10. Software metrics acts as a performance indicator for ERP projects (M5) 
11. Process database is a must for large scale software projects like ERP projects (P1) 
12. Process database is essential to quantitavely monitor and control ERP project (P2) 
13. Process database enables ERP team to determine their process capability (P3) 
14. Process database is an excellent tool for building a knowledge base for ERP projects (P4) 
15. Managerial factors decide the successful ERP implementation and technical factors decide  
      the performance of large scale information system projects like ERP project. (P5) 


