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ABSTRACT

Today, the firms make effort to have efficient relationships with partners to gain competitive advantages and improve themselves to have highest operational improvement. In order to develop adequate interactions with partners, they benefit from ERP software technology that has the success factors classified with respect to sources such as; people, technical, managerial and economical.  It is believed that operational level of firms can be improved according to ERP software technology usage. In this pursuit, this study investigates if the ERP software technology success factors have impacts on the operational improvement level of the firms. For this reason, a field study involving organizations who utilize ERP software technology in Türkiye were included to obtain the data to answer research studies by conducting a questionnaire to the top executives. In the methodology, the decisions regarding questions are evaluated with discriminant analysis to reveal which of ERP software technology success variables effect manager’s perception in operational improvement levels as satisfactory and unsatisfactory.
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INTRODUCTION
By the effect of developments in the 20th century, the firms especially from manufacturing sector are obliged to cope with external effects besides internal ones. With the development of externally open organization structures, focusing on performance becomes more crucial. The firms have begun to develop or use some supporting systems that strengthen the linkages of firms both of with their internal departments and external partners that take place in the chain. As Schonberger stated (1986), many companies in manufacturing sector know order to survive, operational admirableness is crucial; therefore they tended to increase their ability in operations by focusing on resources and giving more attention on it. They also benefit from many management concepts such as total quality management, just-in-time, world class manufacturing, etc. to be capable of increasing operational performance (Rungtusanatham, 2003). The firms have obliged to improve their operations by using supply chain technologies and Enterprise Resource Planning (ERP) is one of them and as others, it aims to control internal operational activities and coordinate external partners with the firm (Boubekri, 2001).
After a careful analysis of various research studies so far in literature, it has been revealed that the studies mostly focus on impact of supply chain integration on operations performance. As an ERP operation technology; no research work has analysed the impact of ERP software success factors on operational performance improvement level with respect to manufacturing firms. The lack of this issue forces us to reveal out which of ERP software technology success variables effect manager’s perception in operational improvement levels as satisfactory and unsatisfactory. In order to confirm the effect of ERP success factors on operational improvement level with the effect degree of the each criteria, we begin the study by searching a selective literature that illustrate the main concepts of ERP, its success and its operational advantages. We then provide a research methodology based on hypothesis on arguments that are created to be tested for our study goals. The study is concluded with the final part that calls out the findings and conclusion.   
LITERATURE REVIEW

Enterprise Resource Planning (ERP) as an Operation Technology

Today’s competitive environment forces the firms to increase performance by  controlling the operations with applications such as outsourcing, which develop coordinated and integrated relations in the chain. In the companies, supply chain management (SCM) is the core element of business strategy that has been improved by the effect of some drifts such as outsourcing, globalization, time to market, mass customization and pricing pressure (Mondragon, 2006). Generally, SCM can be described as information management and materials flow management in the entire chain. Supplying the correct product to the right person on the time, at right place and price refers to the main goal of SCM (Hawthorne, 1978). 

In order to fulfill SCM’s main benefits, data automation systems should be used and efficiency in operation communication should be increased (Chaudhury and Kuilboer, 2002). Information technology (IT) is one of the beneficial tools that support supply chain. IT dimension of SCM is began with information sharing by paper based platforms, and by the time it is  enlarged to the Enterprise Resource Planning (ERP) based business processes within firms. 
ERP is a system that meets the management needs of organization and coordinates all of the functions such as manufacturing, finance, procurement and distribution. ERP benefits from internet technologies that information linkages are integrated in through business functions, suppliers and customers (Yusuf et al., 2004).
Ho et. Al. (2004) agrees that in ERP software system networks, there are three main features which support access of knowledge between task and software. Basically, the system depends on entering the data only for one time from a series of modular applications (Yusuf et al., 2004) and after the data is entered, sharing it with all pf the persons in the entire chain. The first feature is data dictionary which displays many domains with fixed in tables of all functional areas of the firm. The middleware is the second feature that sets up the application modules and databases for distributing all locations together (Ho et al., 2004). In the ERP software technology, there are modules which are coordinated together to get a complete business solution (Yusuf et al., 2004). This feature makes it easy for firms know about the route of information and which data is necessary for a specific position (Beheshti, 2006).  The third technical feature is called as repository that holds processes’ semantics, business goals and model of organization which form the framework of the business (Ho et al., 2004). Consequently, these technical features give ability to ERP software systems to coordinate all business functions.
Because it makes the vendor inventory managed, and makes supply chains synchronized with collaborative planning, ERP software gives visibility and promising availability to the firms. ERP software benefits can basically be listed as; “automating the business flow, receiving on-time information and developing the supply chain by using e-communication and e-commerce activities” (Yusuf et al., 2004).
The selection of ERP software should be planned and monitored by project manager and supported continuously by top management. The selection duration should not be taken time over six months, because it can make employee demoralized. For the implementation, the adoption of ERP software to the organization is one of the most important issues because fitting software according to firm’s characteristics is hard to achieve. Therefore firms generally have to modify their business functions to fit the ERP software (Akca, n.d.). Definition of the core of the business clearly and make the data accurate can reduce the adoption problems. Moreover, end-users of the software should not be used to trust on the given data at all times, they should feel the needs for updating the information. On the other hand, Yusuf et al. (2004) stated that after the achievement of ERP software, checking mechanisms should be used in order to prevent after-use problems such as reluctance of employee and lack of capability to adopt technology upgrades.
ERP Impact on Operational Improvement

With the help of operation technologies, many operational performance measures are positively affected. There are many operational performance indicators such as reliability, cycle time, inventory turns which also have influence on marketing based performance of the firms. (Voss, 1997). The measurements in operational performance are generated according to some operational priorities.  These kinds of priority elements are improved in order to achieve being capable of dealing with many factors such as demand uncertainties, flexibility problems and new products’ market entering speed (Chase & Aquilano, 1995). In manufacturing systems, the output is accepted as the first noticeable factor that indicates the performance success. Throughput time, output quality, cycle time and output ratio criteria can be seen as output success indicators (Kabadayı, 2002). When the certainty of demand and ability of control on operations are increased, operational performance becomes higher (Rungtusanatham, 2003).
Generally, it is argued that operational side of performance refers to throughput, inventory and operational expense measurements (Chase & Aquilano, 1995). As Armistead and Mapes (1993) believes, by the help of systems that supports the supply chain, quality consistency is increased, delivery lead time is decreased, change in amount becomes faster and advantages on price can be gained (Rungtusanatham, 2003). An also it is indicated by Berry et al. (1994) that the negative effects of demand changes can be decreased by supply chain integration plans, and furthermore, delivery improvement and inventory cost advantages can be achieved. The supply chain integration gives the firm chance to be in relationship with customers for a long time, to decrease circumstantialities in demand, to service quality according to customer needs and to reduce the costs of inventory (Rungtusanatham, 2003).
In manufacturer firms, the balance between ERP implementations and operational goals of the firms strongly influences the meeting success from ERP software usage. As it is noticed before, ERP’s major goal is increasing the support for allocating the operations. However, ERP solutions’ suitability with company’s functionality’s is another crucial necessity for success (Wijngaard & Vries, 2006).

RESEARCH FRAMEWORK

Development of Critical Success Factors for ERP Software Technology
The ERP software success factors were developed by the results of face-to-face interviews and telephone calls with information system managers and production planning managers of ISUZU (Anadolu Group-Türkiye), presentation documents’ research of firms that participate SAP Forum Meeting - 2007 (that is held in Ankara) and the literature; Finney & Corbett (2007), Nah & Lau (2001), Soja (2006), Woo (2007) and Zhang et al (2005). 
Development of Operational Performance Criteria
Operational performance criteria issue has considerably important for operations management theory. As Devaraj (2007), Hill, (2005), Krajewski & Ritzman (1993), Slack et al. (2004) distinguish, the basic dimensions of operational performance are quality, reliability, speed, flexibility and cost. Operational performance criteria which are taken into account in this study are proposed by Christiansen et al. (2003) for manufacturing sector. These are; “price”, “quality conformance”, “delivery reliability” and “delivery speed”. They and their sub criteria are illustrated at Table 1.
Methodology

The questionnaire

A questionnaire was developed based on literature search that examined the development of criteria. Respondents from manufacturing sector were asked many questions consist of three main parts. Firstly, the questions about general firm characteristics were asked. Then, the respondents were asked to answer importance degree of ERP success factors in their firms. At the last part of the survey, how the firms’ improvement on operational performance factors were affected by utilizing ERP software package was tried to be measured.

Within the questionnaire, the importance degree given by firms on ERP success factors was measured with 15 questions. In this part, the questions were answered by using Likert-scale 
ranging from 1 to 10 (1:least important, 10:most important). The third part includes fourteen sub-criteria of operational performance which are developed by (Christiansen et al, 2003). Managers’ perceptions of satisfaction about improvements in their operational performance level because of utilizing an ERP software packages are also measured with the Likert-scale that is ranging from –5 (least improvement) to 5 (highest improvement). For the total score of operational improvement items, all variable scores were summed and total scores were taken into account for the analyses. A SPSS 16.0 package program for Windows was used to process the collected data. The descriptive statistical techniques were employed to evaluate the data. In addition to this, factor analyses and discriminant analyses were also undertaken.
The descriptive statistics for the ERP success factors and operational performance improvement sub criteria are illustrated in Table 2. Arithmetic mean as central tendency measure and standard deviation as dispersion measure are utilized for description.
The sample

For the study, the database related with contact information of ERP using firms is obtained   from many ERP consultancy firms in İstanbul. The respondents were selected from the managers who are involved in ERP implementation process at least one year (such as production planning manager, information system manager etc.). The questionnaires were sent by e-mail to the managers and 45 target respondents’ usable answers were chosen to be involved the study. The basic sample characteristics of the firms are illustrated in the Table 3.

Data Analysis and Findings

The data analyses were undertaken in the following order:

1. Summing up the values of operational performance improvement criteria in order to find total score.

2. Finding the median value of total scores and taking the firms that have median value out.

3. Accepting the firm as ‘satisfied’ in operational improvement if its total value is over the median and as ‘unsatisfied’ if its total score is under the median value.

4. Factor analysis was used to determine the factors of the statements related to the importance degree of ERP success criteria, which were considered during the life of ERP implementation.
5. At the end, discriminant analysis were undertaken for determining which of the ERP implementation success dimensions have impact on the discrimination of firms through their responses about operations improvements .
Median Value Description

Initially, the answers were regulated in order to make them suitable and ready for being used. Because this study aims to indicate if and how the ERP success factors impact on distinguishing the firms as satisfied or unsatisfied according to their operational improvements, initially separation should be made for all firms. 

The median value can be accepted as a useful method to distinguish a group if there are no extreme variables in data (Kitchens, 1998). For this reason, median value of the total operational performance improvement score is calculated as 44. Then, 4 firms that have total score equals to median value were taken out from the data list. Nineteen firms which have total score over 44 are grouped as ‘satisfied’ firms and 22 firms which have total score under 44 are grouped as ‘unsatisfied’ firms.

Factor Analysis 

In the research, a principal component factor analysis was performed using varimax rotation to determine if the variables comprised sub-dimensions. In the analysis, the items, possessing a factor loading smaller than 0.5 were eliminated. As a result of the factor analysis, for ERP success factors, the rotated solution revealed three significant components with an eigen value of 1 or greater (K.M.O=0.783, Bartlett’s test, p=0.000). The success factors are referred to three dimensions and they explain 49.39%, 10.31% and 6.94% of the variance, respectively. 

The rotated factor loadings, communalities and percent of variance explained by each dimension are shown in Table 4. The communalities are ranging from 0.53 to 0.80 and related to the rotated loadings, the factors can be referred as “technical usage based ERP software success factors (TBE)”, “economical based ERP software success factors (EBE)”, and “socio-cultural based ERP software success factors (SBE)”.

The hypotheses of the study eventually can be defined as the following:

H1:  The importance of technical usage based ERP software success factors (TBE) has impact on distinguishing the firms as satisfied or unsatisfied in related to operational improvements.
H2:  The importance of economical based ERP software success factors (EBE) has impact on distinguishing the firms as satisfied or unsatisfied in related to operational improvements.

H3:  The importance of socio-cultural based ERP software success factors (SBE) has impact on distinguishing the firms as satisfied or unsatisfied in related to operational improvements.
The research model that is developed on these hypotheses can be shown as in the Figure 1.
Discriminant Analysis

As it is used in many studies such as Hansen (2005), Tomlinson (1994), Ugurlu and Aksoy (2006), discriminant analysis is chosen, because the dependent variables are categorical, and the effective independent variables are aimed to obtain for distinguishing the dependent variables. The discriminant analysis was performed to examine if the ERP success factors have impact on distinguishing the firms according to their operational improvement. As a result of the discriminant analysis, for dependent variables related to satisfied/unsatisfied firms and independent variables related to ERP success factors, the significance value was found as 0.97 (greater than 0,05) that is satisfactory for this analysis. 

In order to make comparison between independent variables’ importance, standardized canonical discriminant function coefficients and structure matrix results are evaluated. The coefficients of standardized canonical discriminant function that are seen at the left side of Table 5 show the relative importance of independent variables. All independent variables take place into the matrix; that means, all of them have impact on distinguishing of dependent variables. Therefore, all of the hyphotheses (H1, H2 and H3) are accepted. The structure matrix which is shown at the right side of Table 5 indicates the correlation of each variable with discriminant function. Because there is one category in the dependent variable, one function is developed. As it is seen from structure matrix, EBE factor has the highest impact on distinguishing a firm as satisfied/unsatisfied. TBE factor has secondary influence. And the impact of SBE factor is the least one. 
On the other hand, according to the correct classification percentages of the analysis that are shown at Table 6, the success of the discriminant analysis is found as satisfactory. However, by the help of some methods such as performing the analysis to the bigger size sample or diversifying the ERP success factors more, the analysis’ performance can be increased.
The Findings and Conclusion
The descriptive statistics which are illustrated at Table 2 show that communication efficiency takes the first place in the rank of importance given to ERP success factors. The firms believe that strengthening the communication in the organization by increasing honesty, clarity and reliability makes the supply chain technologies more efficient. At the operational improvement side, the firms’ perceptions show that they mostly get improvement on the items of ‘on time delivery’ and ‘lead times’ after ERP software usage. This result is in parallel with the firms’ ERP software usage reasons and advantages of ERP as an operations technology that were come out in the literature.
On the other hand, for the firms, the results of hypotheses’ tests imply that ‘the importance of economical based ERP software success factors (EBE)’ can be accepted as the most effective predictor of the satisfaction from operational performance improvement. For example; the firms believe that profitability analysis should performed before setting the ERP software and the consultancy supports should be taken in moderate ways. So, managers believe that this success criterion has important effect on operational performance improvement. In addition to this, the database structure and its design cost so much during the standardization process of ERP software installation (Gattiker and Goodhue, 2003). Operational improvements could be accepted as satisfactory if ERP Software were installed with appropriate investment amount. Overall, it can be noticed that companies think cost oriented and mostly, economical benefits refer to how satisfied they are on improving operational performance after ERP software usage. 
The importance of ‘technical usage based ERP software success factors (TBE)’ is the secondary good predictor of the satisfaction in operational performance improvement. TBE success factors consist of technical performance criteria and improvement items of ERP implementation. For continuous suitability and quality, the firms should choose ERP software according to its technical performance sub-criteria; modular integration’s accuracy, adequacy of main software components, software and data quality. On the other hand, communication efficiency, preliminary research studies, continuous education, business reengineering and project management refer to improvement items of ERP software. For successful implementation, employees should be educated for chosen software by consultants. Furthermore, when employees are informed about what and why the changes happen and at which points the gains the firm will acquire, it is accepted that honesty and clarity are enhanced and communication becomes effective. In business reengineering activities, management of fundamental design changes on processes is conceptually analyzed. Business reengineering activities aim to reach the most accurate standard by foreseeing the necessary and major changes that affect the business alignment to the software technology. Besides them, firms agree that for a successful ERP software implementation, some drivers and coordinated motivators are necessary who have responsibility to develop the ERP system and satisfy the continuous reengineering. The motivators should form a project team to manage all phases of implementation process. As the results of undertaken analyses, it is seen that these TBE factors have important impact on distinguishing the firms according to their satisfaction from operational improvement.

For the firms, ‘socio-cultural based ERP software success factors (SBE)’ has the least impact on distinguishing the firms. SBE factors consist of teamwork and top management support items. In many organizations, socio-cultural items’ importance is ignored. However, top management that controls the encouragement of right people to the right jobs and gives enough time and budget for completion of the job can increase the operational improvements related to ERP software implementation. Moreover, the team which is formed by most skillful and delegated members from different departments of the firm (for example, staffs, consultants, administrators etc.) and know all information about products, services, and work functions in the project may affect the implementation process’s efficiency positively. And at the end, the firms can improve operational performance more by the help of SBE factors.

The result of this study provides firms an insight into the succcesuful implementation of ERP so that they could control their operational activities as well as results of these activities. Firms should spare sufficent time for feasibility studies understanding what is needed, what is cost of meeting the requirments with use of ERP package program and what are the gains from ERP implementation in terms of monetary if they want to enhance their operational activities. Consequently, the importance degree that are given to economical-based sucess criteria such as  ‘appropriate differentiation cost’, ‘cost effectiveness’ studies and setting cost will effect satisfaction or dissatisfaction level in related to operational performance improvement.  

TABLES AND FIGURES

Table 1: Operational performance criteria (Christiansen et al., 2003)

	COST
	Scrap/rework, warranty cost, average quality costs, raw material inventory turn rate, WIP turn rate, finished goods inventory turn rate, average rank of inventory turn rates

	QUALITY
	Finished product first pass yield, in plant defect fallout rate, customer reject rate

	DELIVERY RELIABILITY
	On time delivery

	DELIVERY SPEED
	Lead time in purchasing, lead time in manufacturing, lead time to customers.


Table 2: Descriptive statistics for ERP success factors and operational performance criteria

	ERP SUCCESS FACTORS
	Mean
	St. Dev.
	OPERATIONAL PERFORMANCE CRITERIA
	Mean
	St. Dev.

	Communication Efficiency (CO)
	8,82
	1,17
	Scrap/rework (SR)
	2,57
	1,47

	Capability of Teamwork (CT)
	8,20
	1,85
	Warranty cost (WA)
	2,00
	1,53

	Education Adequacy (EA)
	7,67
	1,76
	Average quality cost (QC)
	2,65
	1,27

	Preliminary Research Success (PS)
	8,45
	1,76
	Raw material inventory turn rate (RT)
	3,23
	1,51

	Modular Integration Accuracy (MI)
	8,23
	1,67
	WIP turn rate (WR)
	3,07
	1,55

	Adequacy of Main Software Components (MC)
	8,25
	1,50
	Finished goods inventory turn rate (FT)
	3,11
	1,51

	Technical Consultancy Sufficiency (TC)
	8,62
	1,48
	Average rank of inventory turn rate (IT)
	3,16
	1,41

	ERP Software Quality (SQ)
	8,39
	1,59
	Finished product first pass yield (FP)
	2,36
	1,84

	Data Quality (DQ)
	8,55
	1,44
	In plant defect fallout rate (DF)
	2,21
	2,35

	Business Reengineering and Software Development (RD)
	8,48
	1,77
	Customer reject rate (CR)
	2,40
	1,76

	Top Management Support (TM)
	7,77
	1,93
	On time delivery (OD)
	3,36
	1,50

	Project Management Success (PM)
	8,45
	1,39
	Lead time in purchasing (LP)
	3,02
	1,42

	Appropriate Setting Cost (SC)
	7,74
	2,31
	Lead time in manufacturing (LM)
	3,23
	1,51

	Appropriate Differentiation Cost (DC)
	7,95
	1,56
	Lead time to customers (LC)
	3,36
	1,31

	Cost Effectiveness on Operations (CE)
	8,37
	1,53
	 
	 
	 


Table 3: Firms’ characteristics

	A. Industry Mix
	N
	Sample %
	B. Employees Range
	N
	Sample %

	Automotive
	15
	33,3
	0-100
	5
	11,1

	Electrical/electronics 
	7
	15,6
	100-500
	20
	44,4

	Steel
	6
	13,3
	> 500
	20
	44,4

	Food
	5
	11,1
	C. The Age of The Firms
	N
	Sample %

	Chemistry-Medicine
	5
	11,1
	Less than  ten year
	3
	6,6

	Building
	2
	4,4
	Ten year-Twenty year
	19
	42,2

	Transportation
	1
	2,2
	More than twenty  year
	26
	57,7

	Packaging
	1
	2,2
	D. Tasks of  Respondents
	N
	Sample %

	Cement
	1
	2,2
	ERP Project Official
	15
	33,3

	Clothing
	1
	2,2
	Information System Manager 
	11
	24,4

	Wood
	1
	2,2
	Production Planning and Control Manager 
	9
	20

	 
	Top Managers and Assistants
	6
	13,3

	
	Supply Chain Manager
	4
	8,8

	TOTAL:
	45
	100
	TOTAL:
	45
	100


Table 4: Rotated factor loadings and communalities

	ERP
	Rotated Component
	Communalities
	

	Success Factors
	
	
	

	MI
	0,82
	
	
	0,77
	TBE



	SQ
	0,8
	
	
	0,63
	

	DQ
	0,79
	
	
	0,74
	

	MC
	0,74
	
	
	0,62
	

	PS
	0,72
	
	
	0,59
	

	PM
	0,68
	
	
	0,53
	

	RD
	0,64
	
	
	0,56
	

	CO
	0,59
	
	
	0,69
	

	EA
	0,58
	
	
	0,61
	

	CE
	
	0,77
	
	0,69
	EBE

	DC
	
	0,75
	0,79
	0,74
	

	SC
	
	0,75
	0,75
	0,8
	

	TM
	
	
	0,79
	0,74
	SBE

	CT
	
	
	0,75
	0,8
	


Table 5: The evaluation of independent variables’ importance

	Standardized Canonical 
Discriminant Function 
Coefficients 
	Structure Matrix 

	
	

	 
	Function 1
	 
	Function 1

	EBE
	0,858
	EBE
	0,833

	TBE
	0,551
	TBE
	0,512

	SBE
	0,045
	SBE
	0,041


Table 6: Classification results

	Classification Results

	Groups
	Predicted Group Membership

	 
	unsatisfied
	satisfied
	Total

	unsatisfied
	13
	9
	22

	satisfied
	8
	11
	19

	unsatisfied %
	59,1
	40,9
	100

	satisfied %
	42,1
	57,9
	100


Figure 1: Research model
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