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Abstract

Refining DeLone and McLean’s (D&M) information system model and technology-organisation-
environment (TOE) framework, this research identifies the prominent factors that determine ERP system
success. Hypotheses are also drawn based on supporting theories to evaluate the causal relationship
between the success determinants. The level of achievement is measured by system quality, information
quality, service quality, external quality and top management support, which intermediated by perceived
usefulness and user satisfaction towards business benefits. To provide empirical evidence, 86 valid
samples out of 156 were collected using a web survey that targeted ERP users in Indonesia. Furthermore,
Partial Least Squares—Structural Equation Modelling (PLS-SEM) algorithm were applied to check the
proposed hypotheses. The results suggest system quality, information quality and service quality
significantly affect user satisfaction, whereas they moderately impact on perceived usefulness.
Interestingly, external pressures were reported as being the biggest influence on user satisfaction and
positively impacted on perceived usefulness. Despite being fairly predictive to perceived usefulness, top
management support along with general perceptual factors ultimately promote system success by
elevating business benefits.
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1. Introduction

Enterprise Resource Planning (ERP) has emerged to be one of the biggest IT
investment in the early 1990s to respond the challenge of business functionality integration from
its predecessor Manufacturing Resource Planning Il [1]. Since then, this billion-dollar system
has attracted attention not only from manufacturing industry but also from other
organisations [2] notes how the ‘ERP system’s true ambition attempts to integrate all
department and function across a company onto a single computer system. Also, by
implementing the information system model, organisations expect to gain competitive
advantages and considerable benefits, including increased productivity and performance
improvement, better resource management, lower total cost ownership and accelerated
business growth [3]. However, information system model implementations often have a high
failure rate [4]. One study found that between 50% and 75% of advanced manufacturing or
information technology implementation in the US firms failed [5]. Furthermore, greater difficulties
with  ERP implementation in developing countries were indicated due to poor change
management, lack of resources and most importantly organisational issues such as high
hierarchical structure and highly bureaucratic government [6]-[7] also found a system-design
mismatch with the reality and culture of organisations as another contributory factor for
implementation failure in developing countries. While ERP system implementation failure is
considered high, the ERP market in developing countries is growing, and ERP adoption by
organisations is increasing [8]. Therefore, it is crucial to understand the magnitude of ERP
system success factors to ensure that organisations gain the most benefits and to minimise
potential risks.
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2. Research Method
2.1. Research Design and Hypotheses

There are many ways to examine the association between the ERP success factors and
to comprehend which dimensions have significant effects on ERP system effectiveness. Non-
experimental quantitative design in which the data is collected from questionnaires is the best
research approach to achieve such purposes. Explanatory studies are also employed to explain
the causal relationship between factors that have been hypothesised below. In addition, a
combination of quantitative technique in this survey research is considered for several reasons:

a. Broader subjects are required in ERP research to cover more implementation in various
industries.

b. The research allows greater accuracy and objectivity than when conducted by a
gualitative method.

c. It prevents personal bias occurring by keeping respondents at a distance.

A computer-assisted questionnaire was developed to cover a larger sample size as well
as to provide more flexibility to respondents in filling in the survey. Additionally, an online survey
instrument was used to reduce data entry errors and efficient data collections.

In the research model in Figure 1, system quality defines the expected attributes of an
ERP system that produces information, including reliability, responsiveness and flexibility [9].
The high quality of the system, including hardware specification, network infrastructure and
system design, signify user satisfaction in the ERP system [10]. Information quality measures
the expected features of an ERP system’s product, output and contents, such as accuracy,
validity, currency/up-to-date and security [9], [11].

Figure 1. Research model structure (after D&M, 2003)

Service quality measures the attributes of overall support provided by the service
provider and the internal/external support team, comprising competency, capability and
credibility. [11]-[13] investigated perceived usefulness as a relevance factor that influences the
shared beliefs about the benefits of technology. Other researchers signify the theoretical
framework developed by Delone and McLean that the factors of system quality and information
quality, along with service quality, are significant for the success of the ERP system [14]-[18]. In
short, a reliable, high-performance ERP system, along with accurate ERP information and
excellent ERP support, will likely affect user satisfaction in utilising the the system. Hence, the
formulated hypotheses were:

Hla: ERP system quality significantly affects perceived usefulness of ERP system usage.
H1b: ERP system quality significantly affects user satisfaction of ERP system usage.

H2a: ERP information quality significantly affects perceived usefulness of ERP system usage.
H2b: ERP information quality significantly affects user satisfaction of ERP system usage.
H3a: ERP service quality significantly affects perceived usefulness of ERP system usage.
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H3b: ERP service quality significantly affects user satisfaction of ERP system usage.

[19] explain external control theory as environmental pressure, such as information
technology growth and industry/market competition, influencing the decision-making process in
an organisation. With the rapid development and regular updating of new technology, especially
ERP, people and organisations need to be highly adaptable to changes in system usage.
According to the TOE framework [20], the environmental context includes the government as
the regulator. In this research, external pressure defines a measure of the external factors that
influence the ERP system success, including local policy/regulation, technology growth and
market competition. Previous ERP studies also have confirmed that the government plays an
important role as the policymaker and in providing regulatory support in system information
implementation success [21]-[25]. Besides, the system in which the technology being updated is
potentially to have a positive influence on how users perceive usefulness and satisfaction in
using ERP system. As a result, this study drew hypotheses:

H4a: External pressure significantly affects perceived usefulness of ERP system usage.
H4b: External pressure significantly affects user satisfaction of ERP system usage.

To be successfully carried out, complex ERP implementation involves many
stakeholders, including senior management. High-level project management and sponsors are
required to achieve IT-based business innovations, a context of ERP business benefits. A study
by [26] reveals that senior-level management, business promoters and champion involvement
are the important factors succeeding ERP system implementation. Top management support
defines a measurement variable that refers to the support of priorities by senior management or
leadership and the extent of leadership involvement in the ERP system implementation [18].
The measurement items include resource allocation support, responsibilities for resolving
strategic business misalignment and leadership involvement [27], [16], [18], [28]. This research
proposed hypotheses:

H5a: Top-level executives support significantly affects perceived usefulness of ERP system
usage.

H5b: Top-level executives support significantly affects the organisation in achieving the
business benefit of ERP system.

[12] criticises a model developed by [9] that uses perceived usefulness as a success
measurement instead of IS use due to the misinterpretation of the behavioural indicator. In this
study, perceived usefulness defines an indicator level in which users believe that the usage of
the ERP system has enhanced individual performance [12], [10]. Perceived usefulness is
recognised as a proxy of other indicators, such as system quality, information quality and
service quality, to achieve ERP success [13] and user satisfaction [30]. The IS success model is
that frequent ERP system use and user satisfaction will act as strong intermediaries for gaining
more benefits [11]. Accordingly, the hypotheses were drawn as follows:

H6a: Perceived usefulness of ERP system usage significantly affects business benefits.
H6b: Perceived usefulness of ERP system usage significantly affects user satisfaction.
H7: User satisfaction of ERP system usage significantly affects business benefits.

3. Results and Analysis
3.1. Data Collection

The candidates of this survey were initially selected from the listed state-owned
enterprise (SOE), Fortune 100 biggest companies, and the others were recommended by ERP
practitioners. The companies were then shortlisted according to those whose IT departments
invested their corporate information system with ERP applications. The ERP implementation
period was chosen to be at least two years in the post-implementation onward-and-upward
phase. Among those organisations, internal connections were contacted. These hold positions
that include that of staff, supervisor, functional manager, ERP project manager and top level
management.

The second approach was performed by sharing the questionnaire link to the closed
connections in social media such as Facebook, Linkedln, email-based groups and mobile
messaging-based groups. Furthermore, phone calls and emails were conducted to remind the
respondents. A total of 158 responses were returned, with 80 completed, 60 partially-completed
and 18 disqualified. After data verification, nine partial sets of data were included and three
invalid completed data were removed, which resulted in 86 valid data responses used in this
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research. Table 1 shows the demographic profiles of the participants and their companies.
Despite its low responses, the sample was composed of various industry types that have
implemented ERP systems over an average of nine years. Additionally, the ERP experience of
respondents averaged 7.8 years, indicating that the information is sufficiently reasonable to
represent ERP practice understanding. Also, a high percentage of the number of employees
above 1000 shows that ERP are mostly implemented by large companies.

Table 1. Characteristics of the Respondents (N=86)

Respondents
By industry f company
Percent Count
Industry type
Mining 5.8 5
Construction 35 3
Manufacturing 18.6 16
Oil and Gas 1.6 10
Telecommunication 5.8 5
Information and Technology 8.1 7
Retail 23 2
Banking/Insurance 1.2 1
Utility 18.8 17
Others 23.3 20
Years of company implements ERP
Under 2 years 23 2
2- 10 years 7.8 67
Above 10 years 14.0 12
NIA 5.8 s
Number of employees
Under 50 1.2 1
50 — 200 10.5 9
200 — 1000 16.3 14
Above 1000 66.3 57
M/ 58 5
ERP Vendors
SAP T6.7 66
Oracle 93 8
Others 8.1 T
1Y 58 5
By employee Respondents
Percent Count

Years of ERP experience
Under 2 years 23 2
2 — 8 years B4.0 55
Above B years 279 24
1Y 58 5

B&
Job/Position
Mamagement 221 19
Non-Management 53.5 44

3.2. Result of Technological Context

According to the mean scores inspection reported in Table 2, all indicators in the
system quality and information dimensions show values in the range of 3 to 4, suggesting
neutrality to the agreement with the survey statements. In particular, SYQUAL1 (system
reliability) and INQUALS3 (data/information security) have the highest mean score among other
indicators, suggesting the ERP system is characterised by high-reliability hardware and
infrastructure that has provided secure information as the biggest priority. However, ERP is
perceived as less flexible for integrating with other systems, indicated by the lowest mean score
of the indicator SYQUAL3. Moreover, the ERP system characteristics are preferable to users,
including fast response system (SYQUALZ2), accurate information (INQUAL1) and real-time data
(INQUAL3). Concerning negative skewness, the score represents more of a distribution of the
sample on the lower score than the mean value.

Table 2. Descriptive Statistics of the Technological Context

Excess

Variables Mean Median Min Max Std Dev Curtosis Skewness
syYQuaL1 4.035 4.000 2.000 5.000 0.789 0.946 -0.840
sSYQUAL2 3791 4.000 1.000 5.000 0.823 1.101 -0.863
SYQUAL3 3.477 4.000 1.000 5.000 1.085 -0.381 -0.527
INQUAL1 3.907 4.000 1.000 5.000 0.741 2.604 -1.068
INQUALZ 3.872 4.000 1.000 5.000 0.759 1.634 -0.751
INQUALS 4.035 4.000 1.000 5.000 0.754 28613 -1.052
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3.3. Result of Organisational Context

Upon observing the success level of the organisational context in Table 3, perceived
usefulness indicators obtain relatively higher mean figures among the others, except for the
PERUSE? indicator that achieves the lowest degree by 3.512. Interestingly, the intensive use of
an ERP system to support works has the highest mean score by 4.279 among other indicators,
possessing the positive skew value of 1.716, which signifies the strong agreement degree of
respondents in utilising ERP system. As the highest Min value, indicator PERUSE4 also
confirmed that no respondent disagreed with adopting an ERP system as a best practice
solution. Concerning user satisfaction, the mean score 3.68 explained the degree of personal
satisfaction in using an ERP system.

Table 3. Descriptive Statistics of the Organisational Context

Variables ~ Mean Median  Min Max  Std Dev Em“? Skewness
Curtosis

TOPMAN1 3872 4000 2000 5000 0812 0353  -0.582
TOPMAN2 3872 4000 2000 5000 0759 0082  -0427
TOPMAN3 3837 4000 2000 5000 0760 0564  -0.682
PERUSE1 4279 4000 2000 5000 0659 1716  -0.674
PERUSEZ 3512 4000 1000 6000 1000 0773 0413
PERUSE3 4000 4000 2000 5000 0762 0467  -0.641
PERUSE4 4198 4000 3000 5000 0626 -0.542 0475
USRSAT! 3686 4000 1000 5000 0880 0292  -0.690
BENEFH 3568 4000 1000 5000 @ O.897 0347 -0.669
BENEFIZ 3877 4000 1000 5000 0777 2882  -1.169
BENEFI3 ~ 3907 4000 1000 5000 0844 2183  -1.119
BENEFI4 3819 4000 1000 5000 0702 2802  -0.908
BENEFI5S ~ 3.884 4000 2000 5000 0654 0575  -0.381
BENEFIE 3605 4000 1000 5000 0625 1083  -0.658
BENEFIT 3709 4000 1000 5000 0800 0802  -0.844
BENEFIE 3849 4000 1000 5000 0800 1342  -0.826
BENEFI9 3791 4000 1000 5000 0748 1712 0815
BENEFIM0 3791 4000 2000 5000 0733 0708  -0.726

3.4. Result of Environmental Context

In Table 4 below, the mean scores 4.035 and 4.135 of EXTERN2 and EXTERN3
respectively contrast the average value of EXTERNL1 by 3.209, indicating the government policy
may have lesser effects on-system effectiveness than accelerated technology innovation and
market competition. A highest mean point of EXTERN3 also exhibits users believe that market
competition is the potential strongest challenge in achieving ERP system success. About the
service quality dimension, system support expertise stands out as one of the critical criteria of
system effectiveness. Mean values of 3.791, 3.686 and 3.826 illustrate the indicators of support
experience, technical competence and support credibility respectively. Having a positive value
of skewness describes the longer tail distribution to the higher values than the mean, although
points under 2.0 are still normal.

Table 4. Descriptive Statistics of the Environmental Context

Variables Mean  Median Min Max  Std Dev Excesls Skewness
Curtosis
SEQUAL1 3791 4.000 1.000 5.000 0.837 1.644 -1.038
SEQUAL2 3686  4.000 1.000 5.000 0.893 0.798 0.829
SEQUAL3 3826 4000  2.000 5.000 0.668 0.682 0.495
EXTERN1  3.209 3.000 1.000 5.000 1.089 -0.640 0.198
EXTERN2 4.035  4.000 1.000 5.000 0.799 2002 -1.038
EXTERN3 4.163  4.000 3.000 5.000 0.680 -0.832 0.218

3.5. Reliability

The results in Table 5 show that the outer loadings are mostly above the cut-off value of
0.70, reflecting the high indicator reliability, except for indicators SYQUAL3, INQUALS3,
EXTERN1, PERUSE2, PERUSE4 and BENEFI, which have values in the range 0.60-0.70;
however, they are acceptable. Hair et al. (2011) suggest that indicator loadings and composite
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reliability should be greater than 0.70 while the AVE should be higher than 0.50, although, in
exploratory research, 0.60 for composite reliability is sufficient.

Table 5. Model Internal Consistency Reliability and Validity

Composite
Latent Variables Indicators  Loadings - AVE
Reliability
ERP System Quality SYQUALL 0.876 0.831 0.627
SYQUALZ 0.857
SYQUALS 0.615
ERP Information Quality  INQUALL 0.862 0.851 0.658
INQUALZ 0.863
INQUALS 0.696
ERP Service Quality SEQUALL 0.845 0.902 0.754
SEQUALZ 0.507
SEQUAL3 0.847
External Pressures EXTERN1 0.671 0.785 0551
EXTERNZ 0.823
EXTERN3 0.724
Top Management Support  TOPMANL 0.874 0.905 0.760
TOPMAN2 0.903
TOPMAN3 0.838
Perceived Usefulness PERUSEL 0.821 0.803 0.507
PERUSEZ 0.639
PERUSES 0.730
PERUSE4 0.644
User satisfaction USRSATL 1.000 1.000 1.000
Business benefit BENEFI1 0.778 0923 0.548
BENEFI2 0.741
BENEFI3 0.788
BENEFI4 0.727
BENEFIS 0.648
BENEFIG 0.740
BENEFI7 0.780
BENEFIS 0.671
BENEFIS 0.729
BENEFI10 0.786

3.4. Validity

Another aspect of the model evaluation is discriminant validity, which measures how
well the construct discriminates from others [30]. In structural equation modelling based on
partial least squares, there are two acceptable methods for analysing the relationship between
constructs: The Fornell-Larcker measure and cross-loadings technique [11]. Subsequently, [32]
proposed an alternative approach to a measurement mean using the heterotrait-monotrait
(HTMT) ratio of correlation. [33] postulates that the square root of AVE, whose criterion should
be greater than its correlation with other latent variables, may also be used to calculate the
discriminant validity. Fornell-Larcker condition can be presented as the following equation:

A/ pve > max |rij|

where r; denotes the correlation coefficient between the constructs i and j. Table 6 shown the
values of the Fornell-Larcker discriminant validity (AVE square root). Its block of indicators is
higher than the correlation values (with other variables) below them. That is, discriminant validity
has been established.

Table 6. Fornell-Larcker Criterion Discriminant Validity

Variables | BENEFI EXTERN INQUAL PERUSE SEQUAL SYQUAL TOPMAN USRSAT

BENEFI 0.740
EXTERN 0.579 0.742

INQUAL 0.486 0.370 0.811

PERUSE 0.5286 0.582 0.283 0.712

SEQUAL 0.566 0.452 0.445 0.263 0.B68

SYQUAL 0.486 0.291 0.554 0.258 0.542 0.792

TOPMAN 0.474 0.250 0.368 0.147 0.487 0.411 0.8vz

USRSAT 0.722 0.576 0.562 0.484 0.633 0.577 0.414 1.000
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Cross-loadings as an alternative measure of discriminant validity proposes a condition
where each indicator loading value should be higher than all of its cross-loadings [34]. As shown
in Table 7, the values of each indicator loading are higher than other cross-loading values,
except that the one value, SYQUALS3, is lower than the cross-loading value of SYQUAL-
PERUSES. However, [32] investigated the result of the Fornell-Larcker criterion and cross-
loadings measurement, finding it to be poor due to the lack of ability to detect a discriminant
validity problem.

Table 7. Discriminant Validity—cross Loadings

BEMEFI EXTERMN INGIAL PERLISE USRSAT SECUAL SYQUAL  TOPMAN
BEMEFI 0.778 0.330 0.2587 0.210 0.s0z 0.456 0.ddd 0.4z0
BEMEFIZ 0.1 0.415 0.z23 0.4a0 0.534 0.443 0303 0.243
BEMEFI3 0.788 0.336 0.3585 0332 0.603 0.566 044z 0.352
BEMNEFI4 0.727 0.345 0.235 0.380 0.410 0.426 0.343 0.376
BEMEFIS 0.648 0412 0.302 0325 0.320 0215 0277 0.208
BEMEFIE 0.740 0.545 0.442 0.353 0.538 0.332 0.312 0.447
BEMEFIT 0.780 0.423 031 0.385 0.575 0367 0.385 0.350
BEMEFIG 0.671 0.470 0.445 0.3 0.534 0.430 0354 0.245
BEMEFI3 0.729 0.470 0.445 0.344 0.294 0.430 0.384 0.245
BEMEFID 0.786 0.437 0.443 0.443 057 044z 0.321 0.360
EXTERM1 0.343 0671 0.313 0.370 0.441 0.236 0.210 0163
EXTERMZ 0625 0.823 0.zv 0.437 0512 0.433 0317 0.283
EXTERM3 0.285 0.724 0.24d 0432 0.313 0166 0107 0.030
INQUALT 0353 034 0.863 0.203 0.430 0.322 0.534 0.233
INGILALZ 0.4435 0.338 0.663 0.310 0.437 0315 0,453 0.270
INQILALS 0.385 0.203 0.636 0.154 0.367 0.433 0473 0.430
PERLISET 0.352 0.404 0166 0.821 0.352 0.z01 0.205 0153
PERUSES 0.323 0.301 0.156 0.730 0.225 0173 0110 0147
USRSATI 07zz 0.576 0.582 0.454 1.000 0.633 0577 0.414
SEQUALA 0332 03 0.374 0156 0.473 0.643 0412 0.373
SEQUALZ 0.833 0.441 0.442 0.230 0615 0.907 0.543 0.473
SEQUALS 0.532 0.410 0.333 0.285 0.540 0.847 0.436 0.406
SrauaLt 0.333 0.245 05613 0.284 0.513 0.415 0.876 0.343
SvYQUaLz 0.477 0,131 0.403 0235 0.472 0.457 0.857 0.304
SYQUALS 0.267 0.2582 0.353 (1 ] 037 0423 0615 0331
TORPMAMN1 0.404 0133 0.281 0133 0312 0413 0402 0.874
TORMAMNZ 0.402 0.235 0.300 0,166 0.358 0.334 0.343 0.302
TOFMARNS 0.432 0.273 0.335 0.075 0.410 0.450 0.331 0.638

4. Conclusion

Developing the D&M model and incorporating a TOE framework, this research
proposes an integrative ERP success measurement model and establishes an empirical work
from a developing country, in this case, Indonesia. To rectify the missing gaps in a
multidimensional success concept, this research reviewed eight predictors of ERP system
success viewing in the technological context (system quality and information quality) and
organisational context (perceived usefulness, user satisfaction, top management support and
business benefits). Empirical works were conducted to support a combined theoretical and
structural model utilising online survey that collected 86 valid respondents from various
industries in Indonesia. The data was analysed using a PLS-SEM algorithm.

The findings demonstrate that system quality, information quality and service quality
significantly impact on user satisfaction; whereas these factors are reported to influence
perceived usefulness fairly. Notwithstanding the contradictory results of previous research, the
latter reveals the phenomenon that ERP users in developing countries might overlook the
capability and useful features of an ERP system. This research also recognises that external
factors, interestingly, play critical roles in determining both system use and degree of user
satisfaction, thus confirming that organisations need to pay attention to rapid technology
changes that could be beneficial to the ERP system, although, it also found that government
policy might be a weak indicator.

With regard to the organisation level, this research finds meaningful proxies of
perceived usefulness and user satisfaction, leading most independent factors to achieve the
final goal of the system, which is to anticipate the most business benefit. Moreover, the obvious
correlation between senior management support and overall system benefits was identified as
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the most critical success indicator that can drive the organisation, the business process and
technology to achieve the company’s goal.
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