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Abstract

The computational science and engineering field, which combines basic science and
computing technology, has emerged as a third scientific methodology, following theories and
experiments. This study aimed to identify factors and relationships that affect the continued
use of the computational science and engineering (CSE) platform for its successful operation,
utilization, and diffusion. To that end, the quality factors of the platform were derived by
combining the information system success model and the technology acceptance model. These
factors affected user satisfaction and intention to reuse through users’ perceived usefulness
and perceived ease of use of the platform. An empirical analysis was conducted through a
questionnaire survey of 373 users of the EDISON platform, a representative CSE platform in
Korea. The results revealed that all quality factors have a positive influence on perceived
usefulness and perceived ease of use. Specifically, information quality has a significant
influence on perceived ease of use, and system quality has a significant influence on perceived
usefulness. Perceived ease of use has a greater impact on user satisfaction than perceived
usefulness, and satisfaction affects intention to reuse. The results can contribute to the
development of CSE platforms and the development strategy to expand the number of users.
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1. Introduction

Computational science and engineering (CSE) is a new discipline consisting of the

algorithms, software (SW), computers, and computing infrastructure to understand and solve
complex problems in the science and engineering field [1,2]. In recent years, the CSE field has
expanded because of rapid developments in computing performance as well as in networks
and storage, accompanied by the increased use of high-performance computing (HPC) [3].
Therefore, cyber infrastructure-based simulations are widely used in various fields for
education and research purposes [4].

Researchers in the CSE field typically develop simulation SW that runs on HPC resources,
such as supercomputers or clusters. However, scientists who are not computational science
engineers require much time and effort to build simulation SW for their research. Thus, there
is a growing demand for simulation SW-centric platforms that support graphical user
interfaces (GUIs) such as web portals, which will enable scientists to easily register, access,
and run simulation SW [3].

The United States and countries in Europe have been pursuing CSE platform research and
development. In particular, HUBZero, a platform of the nanoHUB service developed by
Purdue University in 1995, is a representative CSE platform, currently being used in about 30
fields [5]. In Korea, the Korean Institute of Science and Technology Information (KISTI)
developed and serviced the ED-ucation-research Integration through Simulation On the Net
(EDISON) platform, with the support of the Ministry of Science and ICT, in order to support
online education and research in the CSE field [6,7,8].

Most research papers about CSE platforms focus on platform technology development and
the application and utilization of platforms in various fields. However, there is a lack of
research on factors affecting the use of CSE platforms from the user’s perspective. For the
successful operation of the platform, this study derived factors that affect the usage, examined
the process of influence on user satisfaction, and finally the intention to reuse the platform.
Based on this, the important factors of CSE platforms from the user’s perspective can be
identified to establish a development strategy for CSE platforms in the future.

This study developed a research model combining the factors in the technology acceptance
model (TAM) to identify factors affecting the acceptance of new CSE technology and the
information system success model (ISSM) to consider CSE platforms as a form of information
system. The quality factors of CSE platforms were presented in the proposed research model,
and how these factors affect the user's perceived ease of use and perceived usefulness was
examined. In addition, the impact of these factors on user satisfaction and intention to reuse
was identified [9,10]. In this study a survey of domestic users who have experience using the
EDISON platform was conducted. After verifying the validity of the research model for the
analysis of the survey results, the research model results were described, and the implications
and future research directions were derived.

2. Theoretical Background

2.1 The EDISON Project

The EDISON project, which started in 2011, aims to secure original technology and foster
convergent human resources by developing, utilizing, and diffusing simulation SW in the CSE
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field. The EDISON project has four main goals. First, it aims to conduct research and develop
the EDISON platform based on cyber infrastructure to facilitate next-generation education and
research. This is accomplished by providing science and engineering professors, students,
researchers, and industrial personnel with simulation SW, data, educational materials, and
research results that they can share or utilize. Second, it aims to build and service education
and research web portals to provide a multidisciplinary problem-solving environment and
strengthen the ecosystem through building and distributing high-quality contents that integrate
the EDISON platform. Third, it aims to vitalize the user communities through the operation
and cooperation of the primary and professional centers, and establish and support a voluntary,
self-sustaining virtuous cycle system. Lastly, it seeks to expand and diversify the EDISON
platform by working together with science and engineering educational institutions, research
institutes, and industrial companies, and commercializing outstanding domestic simulation
SW.

The EDISON project is operated through cooperation between the central center, which is
the overall project organization, and the specialized centers, which are participating research
institutes. The central center, i.e., KISTI, develops the EDISON platform, provides web-based
user services, operates infrastructure for specialized fields, and supports performance
expansion. The specialized centers derive improvement measures for the use of education and
research and develop education and research simulation SW for each field. Currently, the
specialized centers have been consist of seven fields, i.e., computational fluid dynamics,
computational nanophysics, computational chemistry, computational structural dynamics,
computer aided optimal design, computational medicine, urban environment. Fig. 1 presents
an overview of the EDISON project.
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Fig. 1. EDISON project overview

As of December 2019, it consisted of approximately 900 simulation SW and 840 pieces of
content, which are in use by approximately 70,000 cumulative people.

Kim et al. conducted research on how the EDISON platform affected user utilization [11].
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They utilized the technology acceptance model (TAM) and the unified theory of acceptance
and use of technology (UTAUT) and developed a model for user acceptance of the simulation
SW installed on the EDISON platform to analyze the factors affecting the user [11]. However,
this study analyzed users’ satisfaction with the platform based only on their intention of using
the information system

2.2 Information System Success Model

The basic purpose of information systems is to increase the rationality and efficiency of
decision makers. This pertains to not only individuals but also organizations in which
information systems are used to increase the organization’s efficiency and productivity.
Therefore, the benefits accruing to the user as a result of using the information systems in itself
becomes a performance evaluation standard for the information systems [12].

Delone and McLean developed the information system success model (ISSM), which
shows the relationships between six factors, i.e., system quality, information quality, usage
level, user satisfaction, personal performance, and organizational performance, in 1992 [9].
They based their model on information systems and communication research, with the aim of
providing a general definition of information system success that covers different points of
view regarding information system evaluations.

They analyzed the success factors of information systems in 180 studies and structured the
ISSM accordingly. Following Delone and McLean's study, many researchers presented the
ISSM’s limitations and proposed modified models for over a decade. In particular, there have
been many changes in the use environment of information systems due to the rapid
development of information technology. Therefore, Delone and McLean conducted research
to complement their previous work and address its problems; they introduced a revised ISSM
to measure the performance of e-commerce-related systems in 2003 (Fig. 2) [13].

System
Quality
Intention Use
to Use
Information Net
Quality Benefit
User Satisfaction
Service
Quality

Fig. 2. Information System Success Model [13]

Delone and McLean's study is significant not only for categorizing information system
success factors into six but also for its detailed description of how the factors impact the
success of the information system. As such, it is still currently the basis for many studies
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related to the evaluation of information systems. In addition, the model that was released in
2003 evaluates a system from an informational, systemic, and service quality perspective,
determining which characteristics affect user satisfaction and intention to use or reuse.
Furthermore, net benefit occurs as a result of using the information system, and net benefit
affects user satisfaction and the use of the information system. Even today, analyses are being
conducted on factors that affect variables such as user satisfaction, by applying DeLone and
McLean's ISSM to newly released information systems [14,15,16].

2.3 Technology Acceptance Model

The technology acceptance model (TAM) is a simple, highly explanatory model that was
developed to explain and predict the behavior of users utilizing various information
technologies. Understanding why people accept or reject new information technologies is an
important topic in new technology research [17].

Davis proposed TAM to make predictions about the acceptance of information technology,
and many studies have been conducted since then based on the TAM [10]. TAM is
theoretically based on the theory of reasoned action (TRA), which is a behavioral intention
model known to be successful in explaining and predicting human behavior in a wide range of
areas, and is also a good model for explaining behavioral factors of computer use in certain
situations [18].

TAM is a user acceptance model for information technology and has been modified based
on TRA. The purpose of TAM is to provide a theoretical basis for a measurement
methodology on practical user acceptance regarding new technologies. (Fig. 3)
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Fig. 3. Technology Acceptance Model [10]

In TAM, PU and perceived ease of use, which are affected by external variables, affect the
attitude toward using the information technology. The resulting attitude affects the behavioral
intention to use the information technology, and ultimately such behavioral intention affects
actual use. In addition, PU, which is affected by the perceived ease of use and other external
variables, has a direct impact on not only the attitude toward using but also on the behavioral
intention to use the information technology [19, 20].

TAM is composed of four primary factors: PU, perceived ease of use, attitude toward using,
and behavioral intention. PU can be defined as the degree to which it is believed that work
performance can be increased by the use of a particular system [21]. It can be understood to
mean that the user expects that his or her ability to perform a job or quality of life can be
improved by the utilization of a specific information technology that could not be
demonstrated by existing technology in terms of job productivity and efficiency [21]. It can be
understood to mean that the user expects that his or her mental or physical efforts to acquire
and use information technology or innovative products will be reduced. In other words,
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individual attitudes toward the adoption of information technology are determined when it is
judged to be convenient or necessary to adopt new technologies or new systems [21]. Many
studies use TAM to study the adoption of new information technologies and demonstrate the
importance of PU and perceived ease of use [22,23,24].

3. Analytical Method
3.1 Research Model

The purpose of this study is to analyze the impacts of perceived usefulness, perceived ease of
use, and quality factors derived from DeLone and McLean's ISSM on user satisfaction and the
intention to reuse CSE platforms. The quality factors are derived from DeLone and McLean's
ISSM to analyze user behavior related to a new information technology known as the CSE
platform. According to TAM, the perceived usefulness and perceived ease of use ultimately
affect the attitude toward using. The research model for this study is as shown in Fig. 4.
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Fig. 4. Research model

3.2 Research Hypotheses

3.2.1 Relationship between perceived ease of use and perceived usefulness,
and information system quality factors

Previous studies on information systems revealed that system quality (SYSQ) information
quality (INFQ), and service quality (SERQ) have a positive influence on the overall utilization
and user satisfaction (US) of the system, and also on perceived ease of use (PEoU) and
perceived usefulness (PU). Ahn et al. found that system, information, and SERQ in online
retailing affect users’ PEoU and PU [25]. In a study of TAM for the introduction of medical
information systems, Pai et al. confirmed that these factors affect the PEoU, and INFQ and
SERQ affect the PU [26]. Seddon et al. conducted an empirical analysis on various
information systems using DeLone and McLean’s ISSM and found that SYSQ and INFQ
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eventually affect the PU [27].

Nguyen et al. examined factors affecting online customer loyalty in emerging countries
and found that customer interface quality (INTQ) affected PEoU [28]. Mahatankoon et al.
investigated factors affecting mobile device use and found that device INTQ affected PEoU
[29]. Joo et al. confirmed the impact of cyber university’s user interface elements on PEoU
and PU [30]. Keat et al. found that interface design affects the PU on the TAM-based
electronic commerce model [31]. Therefore, this study developed the following hypotheses
based on the results of previous studies, including SYSQ, INFQ, SERQ suggested by ISSM,
and INTQ.

[Hypothesis 1] Quality factors pertaining to CSE platforms will have a positive (+) effect on
perceived ease of use.

[Hypothesis 2] Quality factors pertaining to CSE platforms will have a positive (+) effect on
perceived usefulness.

3.2.2 Relationship between perceived ease of use, perceived usefulness, and
user satisfaction

Rai et al. performed an empirical analysis on ISSM and confirmed that users' PEoU and PU
affected US [32]. In addition, Roca et al. used an expanded TAM to demonstrate the continued
use of e-Learning services and confirmed that PEoU and PU in e-Learning services also affect
US [33]. Through this review of the previous studies, the following hypotheses were
developed:

[Hypothesis 3] Perceived ease of use will have a positive (+) effect on user satisfaction.

[Hypothesis 4] Perceived usefulness will have a positive (+) effect on user satisfaction.

3.2.3 Relationship between user satisfaction and intention to reuse

Kettinger et al. conducted an empirical analysis on how quality factors of information system
affected US and intention to reuse. As a result, it was found that US affected intention to reuse
of information services [34]. Wang found that users' satisfaction affected their intention to
reuse as a result of ISSM's empirical analysis on e-commerce system users [35]. Therefore,
based on these previous findings, this study developed the following hypothesis:

[Hypothesis 5] User satisfaction will have a positive (+) effect on intention to reuse CSE
platforms.

3.3 Operational Definition of Variables

A survey was prepared and conducted based on the content defined by DelLone and McLean
and Davis in order to determine whether the quality factors pertaining to CSE platforms affect
user satisfaction and intention to reuse [36,19].

SYSQ is a characteristic of an information system and is a measure of its ease of use,
system flexibility, system reliability and ease of learning, intuition, elaboration, and response
time. SYSQ was measured by the quality of the simulation SW installed on the EDISON
platform. INFQ is a desirable feature of the system output and is a measure of its fitness for
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purpose, understandability, accuracy, consistency, completeness, and fitness for use. INFQ
was measured by the quality of content for the smooth use of the simulation SW on the
EDISON platform. SERQ refers to the quality of support a system user can receive from the
organization and the IT support staff that manage the information system, and is a measure of
responsiveness, accuracy, reliability, and technical competence.

Based on previous studies, it can be concluded that user interface affects PU and PEoU
[28,29,30,31,37]. Most users use the EDISON platform over the Web. A questionnaire of
INTQ was constructed with five attributes (ease of use, ease of navigation, speed of access,
ease of understanding, and ease of search) suitable for the web-based user interface based on
previous studies. Survey questions were prepared based on these four attributes.

Perceived PEoU refers to the degree to which the user believes that they can easily use a
particular system. Therefore, the survey for this study was prepared by considering the ease
with which the user can use the EDISON platform, acquire information easily, and use the
platform conveniently. PU is the degree to which the user believes that the use of a particular
system will increase his or her performance. Therefore, the survey focused on the use of the
platform for user learning, considering the fact that the EDISON platform is used mostly for
education.

US measures the overall user satisfaction of the platform, including factors such as its
functions and performance. And intention to reuse can be defined as the subjective possibility
that the belief and attitude toward the product will be acted upon with regard to user intention
to reuse or repurchase the product [38]. Based on this, the survey questions were prepared to
also assess whether the user plans to continue to use the platform or not, and whether the user
would be willing to recommend the EDISON platform to others. The survey questions for
each variable were prepared as shown in Table 1.

Table 1. Survey questions.

Factors Survey questions

- The EDISON simulation is easy to execute.

- The EDISON simulation is intuitive and easy to understand.

SYSQ - The EDISON simulation can be executed at any time.

- The time required to complete the EDISON simulation is appropriate.
- The execution of the EDISON simulation is stable.

- The EDISON content helps me understand the simulation SW.

- The EDISON content provides the latest information.

- The EDISON content is clear and easy to understand.

INFQ - The EDISON content is accurate and reliable.

- The EDISON content provides specific and sufficient information.
- The EDISON content is useful and valuable.

- The EDISON simulation analysis results are accurate and reliable.

- EDISON responds promptly to requests and inquiries.

- EDISON has expert knowledge about requests and inquiries.

SERQ - EDISON supports customized service for individual requests and inquiries.
- EDISON provides accurate solutions to requests and inquiries.

- EDISON provides bulletin boards and Q&A services properly.

- The overall layout and composition of the EDISON Web portal is intuitive and
easy to grasp.

INTQ - Itis easy to move between contents and pages on the EDISON Web portal.

- The EDISON Web portal facilitates access to desired information with a minimal
number of clicks.
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- The menu names and structure of the EDISON Web portal are clear and easy to
understand.
- Desired information can be easily found on the EDISON Web portal by searching.

- The usage of the EDISON system is easy to learn.

- The EDISON system helps me find the information | want easily.
- Itis easy to use the EDISON system at an expert level.

- The EDISON system is generally convenient to use.

PEoU

- The EDISON system is useful for improving learning ability.

- Learning goals can be easily achieved if the EDISON system is used.
- The EDISON system is useful for effective learning.

- Tasks can be completed quickly if the EDISON system is used.

PU

-l am generally satisfied with the EDISON system.

- | am satisfied with the functions/performance provided by the EDISON system.
- | am satisfied with the effort | have made to use the EDISON system.

- I think using the EDISON system has helped me.

us

- I'will recommend using the EDISON system to other people.

- I 'will continue to use the EDISON system.

-l will take classes for using the EDISON system.

- It will be beneficial for me to continue using the EDISON system in the future.

4. Hypothesis Testing and Analysis Results

4.1 Data Collection and Analytical Method

The survey for this study was conducted twice. The survey was administered to participants at
the EDISON SW Challenge held in 2018 and 2019. A total of 373 responses were collected,
and the missing values were analyzed by replacing them with the mean values of the series.

The SPSS and AMOS were used for hypothesis testing in this study. A frequency analysis
was performed for the demographic analysis. In order to examine the impact of the quality
factors regarding the EDISON platform on user satisfaction, a reliability analysis was
conducted to evaluate the reliability of survey questions, and a factor analysis was used to
evaluate the validity of survey questions. A correlation analysis was performed to evaluate the
strength of the relationship between variables. Finally, a structural equation analysis was
performed to identify the structural relationship between measured variables.

The demographic analysis of the sample was analyzed for variables such as gender,
research fields, and use experience, and the results were shown in Table 2 below. First, among
the 373 participants 270 respondents were men (72.4%) and 99 respondents were women
(26.5%). By research fields, there were 47 respondents in computational nanophysics (12.6%),
60 respondents in computational chemistry (16.1%), 63 respondents in computational
structural dynamics (16.9%), 95 respondents in computer aided optimal design (25.5%), 47
(12.6%) respondents in computational medicine, and 61 (16.4%) respondents in urban
environment.

Half of the users have experienced simulation SW for less than 6 months (198, 53.7%). A
total of 62 (16.6%) respondents have experienced more than 6 months and less than 1 year, 77
(20.6%) respondents more than 1 year and less than 3 years, and 32 respondents (8.7%) used
for more than 3 years.
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Table 2. The demographic analysis

Item Classification Frequency Percentage
Male 270 72.4
Gender

Female 99 26.5
Computational Nanophysics 47 12.6
Computational Chemistry 60 16.1
_ ComputationaI_StructuraI 63 16.9

Research Fields Dynamics
Computer Aided Optimal Design 95 25.5
Computational Medicine 47 12.6
Urban Environment 61 16.4
< 6 months 198 53.7
Experience using the 6 months ~ 1 year 62 16.6
Simulation SW 1 year ~ 3 years 77 20.6
> 3 years 32 8.7

4.2 Reliability Test

Before testing the model and the hypotheses, a reliability test was performed to determine how
consistently the variables were measured. Reliability refers to the variance of measured values
when repeated measurements are made on the same concept. Cronbach’s Alpha (a) is typically
used to measure reliability, that is, how closely related a set of two or more predictor variables
are as a group, with the confidence interval for the alpha coefficient ranging from 0 to 1. In
general, Cronbach's a coefficients are calculated for each variable to determine reliability. A
Cronbach's alpha coefficient of 0.6 or more indicates an acceptable level of reliability [31].

A total of eight constructs were used in this study—SYSQ, INFQ, SERQ, INTQ, PU,
PEoU, US and IR. The number of items for each construct are shown along with the reliability

results in Table 3.

Table 3. Reliability analysis results

Constructs Items Cronbach’s a,
SYSQ 5 0.867
INFQ 7 0.873
SERQ 5 0.950
INTQ 5 0.921
PEoU 4 0.929
PU 4 0.930
us 4 0.928
IR 4 0.944

The reliability analysis results showed that the Cronbach’s a coefficient of all factors
exceeded 0.8, indicating that there was no problem with the reliability of the measured

variables.
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4.3 Validity Test

Validity is a concept that shows how accurately a concept or attribute is measured and can be
said to determine the exact extent to which a measurement tool for measuring a concept or
characteristic accurately represents that characteristic or attribute. There are many validity
tests, such as content validity and predictive validity, but, construct validity is most widely
used in structural equation models.

Construct validity is a method of testing whether the measurement tool properly measures
the concept that is intended to be measured, that is, the construct. It consists of convergent
validity, discriminant validity, and legal validity. In this study, a confirmatory factor analysis
was performed to verify these validities.

4.3.1 Convergent validity

Convergent validity, also known as congruent validity, is a method of evaluating the
consistency of observation variables that measure latent variables. The methods for evaluating
convergent validity include standardized factor loading and significance, average variance
extracted (AVE), and construct reliability.

To secure convergent validity, the standardized factor loading should be at least 0.5,
ideally 0.7 or higher, and the construct reliability (C.R.) should also be at least 1.965. An AVE
of at least 0.5 and a construct reliability of 0.7 or higher are acceptable criteria for the
convergent validity to be confirmed [32,33]. In this study, all three methods were used to
check for convergent validity, and the results are shown in Table 4.

Table 4. Convergent validity results

Validity Analysis
Constructs Measurement Standardized Construct
Indicator i
Factor Loading T-value Reliability AVE
SYSQ1 0.860 12.465
SYSQ 2 0.890 12.697
SYSQ SYSQ 3 0.710 11.071 0.733 0.360
SYSQ 4 0.600 Fix
SYSQ 5 0.660 10.463
INFQ 1 0.830 19.922
INFQ 2 0.790 18.563
INFQ 3 0.850 20.813
INFQ INFQ 5 0.840 Fix 0.861 0.510
INFQ 6 0.840 20.221
INFQ7 0.710 15.818
SERQ 1 0.850 30.935
SERQ 2 0.880 26.769
SERQ SERQ 3 0.940 32.738 0.907 0.660
SERQ 4 0.920 Fix
SERQ5 0.860 25.679
INTQ 1 0.800 20.150
INTQ 2 0.860 23.226
INTQ INTQ 3 0.880 23.926 0.837 0.507
INTQ 4 0.890 Fix
INTQ 5 0.770 18.665
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PEOU 1 0.900 Fix
PEoU 2 0.940 30.237
PEoU PEOU 3 0.920 28.675 0.874 0.635
PEoU 4 0.770 19.730
PU1 0.890 23.728
PU 2 0.880 23.244
PU PU 3 0.870 22.703 0.861 0.608
PU 4 0.870 Fix
US 1 0.880 Fix
US 2 0.870 24.305
Us US 3 0.850 22.946 0.859 0.603
US 4 0.870 23.866
IR1 0.920 29.992
IR 2 0.900 28.310
IR IR 3 0.850 24,552 0.874 0.635
IR 4 0.910 Fix

As a result of the analysis, “INFQ 4” of information quality, which showed a low
standardized factor loading (A = 0.412), was excluded.

In addition, the AVE value of SYSQ was 0.360, which was below the acceptable criterion
of 0.5, but the construct reliability and the standardized factor loading were higher than 0.7 and
0.5, respectively, indicating that there was no problem with convergent validity; thus, it was
used as-is in the analysis.

4.3.2 Discriminant validity

Discriminant validity checks whether there is no overlap or similarity between two or more
latent variables. Discriminant validity can be verified by selecting pairs of two constructs and
comparing the chi-square difference between the non-constrained model (free model) with
free correlations between two constructs, and the constrained model in which the covariance
between the two constructs is set to 1. If the chi-square difference between the two models is
significant (x2= 3.84 or more), the discriminant validity of the correlation between variables is
assessed to be secured [33]. The correlation between latent variables through a confirmatory
factor analysis was as displayed in Table 5.

Table 5. Correlation between constructs

Mean | SD (o) 1 2 3 4 5 6 7 8

1.SYSQ | 4.73 1.23 1

*%

2. INFQ 491 1.16 | .755 1

*k *%

3.SERQ | 5.12 1.27 | .607 | .684 1

*k *k Hk

4. INTQ | 4.68 133 | .571 | .620 | .596 1

Kk *k Hk ek

5.PEoU | 5.02 131 |.709 | .736 | .636 | .667 1

*% *% Hk *k *k

6. PU 4.86 128 | .712 | .778 | .652 | .641 | .824 1

*% *% *k Hk Hk *%

7.US 4.92 13 699 | .788 | .605 | .680 | .787 | .818 1

*% *k *k Hk Hk *% *k

8. IR 4.82 142 | .678 J77 .584 .656 723 .813 .867 1
™ Correlation is significant at the 0.01 level (two-tailed test)
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Because examining all the pairs of constructs is not easy and the correlation coefficients
are high, an examination of the conceptually similar PEoU and PU is as follows: y*= 1746.4,
df = 601 for the non-constrained model and x?=1756.3, df = 602 for the constrained model,
which constrained the covariance between the PEoU and the PU to be 1. Ax?= 9.9 showed a
significant difference between the two models, indicating discriminant validity (Table 6).

Table 6. The chi-square difference between the unconstrained model and constrained model

degree of
2 2
X freedom (df) el
Unconstrained model 1746.4 601
Constrained model 1756.3 602 9.9/1

4.3.3 Legal validity

Legal validity is concerned with the direction between the constructs and involves checking
whether the relationship between the variables is positive or not in Table 5. In this study, the
relationships between all the constructs had been assumed to be positive, and indeed, the
relationships between all variables were shown to be positive, as demonstrated in the
correlation table, thereby confirming legal validity [34].

4.4 Hypothesis Testing Results and Implications

4.4.1 Path analysis for research model

Reliability and validity of constructs in the research model were established on the above tests.
Thus the hypotheses were tested using AMOS to make direct comparisons between
coefficients in the model. In the structural equation analysis, there is no absolute criterion for
the model fit. Sometimes, studies require that both CFI and GFI numbers be above .90, while
in other cases, even if the numbers are above .80, the measurement model is considered to be
of value [35]. The results are shown in Table 7 and Table 8.

Table 7. Model fit index

x* df p
Research 1880.916 612 0.000
model
Table 8. Model fit index

CFI NFI GFI AGFl | RMSEA | SRMR
Goodness of | g4 877 764 729 075 0467
fit index
Acceptance | g > 9 > 9 > 9 <1 <05
criteria

The goodness-of-fits for the research model in this study were: CFl =0.913 and RMSEA =
0.075 with NFI, CFIl, RMSEA, and SRMR as shown above. Thus, the research model was
considered to be fit for analysis without a modified model and the results were shown in Fig. 5
[34].
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The analysis results of all path coefficients in the research model were significant. The
quality factors of the CSE platform were all found to have positive effects on PEoU and PU. In
addition, it was found that both PEoU and PU affected US and then positively affected the
intention to reuse the CSE platform.

Based on Fig. 5, from the result of standardized coefficients, it was found that the INFQ of
the platform (0.464) had the most significant impact on PEoU, and the SYSQ (0.383) had the
most significant impact on PU. It was found that both PEoU and PU had positive impacts on
US, and PEoU (0.594) had a more significant impact than PU (0.362). In addition, it was found
that US (0.940) significantly impacted the intention to reuse the CSE platform.

4.4.2 Hypothesis test results

Table 9 shows the results of the path coefficients for the hypothesis verification of the
research model.
Table 9. Path coefficient results

. Standardized Non- Hypothesis

Path (hypothesis) -~ standardized | S.E C.R p Adopted or
Coefficient Coefficient Rejected
SYSQ 218 .285 .085 | 3.359 faled Accepted
INFQ | PEoU 464 475 077 | 6.174 *x ] Accepted
SERQ .155 .148 .045 | 3.270 | .001 Accepted
INTQ 141 128 040 | 3.209 | .001 Accepted
SYSQ .383 535 .099 | 5.419 *x Accepted
INFQ T .301 .329 .082 | 3.999 fall ] Accepted
SERQ 114 116 049 | 2352 | .019 Accepted
INTQ .199 195 044 | 4.426 *x Accepted
PEoU .594 .628 .055 | 11.464 ** Accepted
PU — | s .362 .358 049 | 7.276 *x Accepted
us — IR .940 .990 .042 | 23578 *x Accepted

*p < 0.05, **p < 0.01
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First, hypothesis 1 regarding the relationship of each quality factor to PEoU was verified.
The path coefficient of SYSQ and PEoU was 0.218 (t=3.359), INFQ was 0.464 (1=6.174),
INTQ was 0.141 (t=3.209), and SERQ was 0.155 (t=3.270). That is, hypothesis 1 was adopted
because all factors had a statistically significant effect at the 0.01 level. The results that system
quality, information quality, and service quality affect PEoU are the same as those of Ahn et al.
and Pai et al. [25, 26]. In addition, the finding that interface quality affects perceived ease of
use is the same as those of Joo et al. and Nguyen et al.[30,28].

As such, it was confirmed that all the quality factors of the CSE platform contribute to
making it easier for users to use the platform. Comparing the path coefficients of other quality
factors, the path coefficient of information quality is the highest and has the greatest influence
on PEoU. This is related to the frequency analysis of survey users; 53% of users had less than
6 months of experience using the CSE platform, and 70% had less than 1 year of experience.
The CSE platform provides users with a variety of information that allows them to use
simulation easily. It can be interpreted as a result that the information helps a number of users
who have little experience with the CSE platform.

Second, hypothesis 2 regarding the relationship of each quality factor to PU was verified.
The path coefficient of SYSQ and PU was 0.383 (t=5.419), INFQ was 0.301(t=3.999) INTQ
was 0.199 (t=4.426), and had a statistically significant effect at the 0.01 level. The path
coefficient of SERQ was 0.114 (t=2.352) and had a statistically positive effect at the 0.05
significance level. The results that system quality, information quality, and service quality
affect PU are the same those of Ahn et al. and Pai et al.[25,26]. The finding that user interface
affects perceived usefulness is the same as those of Joo et al. and Keat et al. [30,31].

It was confirmed that all quality factors of the CSE platform contribute for users to use
simulation through CSE platforms. The path coefficient showed that the quality of the system
significantly affected perceived usefulness compared to the three other qualities. The purpose
of CSE platforms is to provide an environment in which scientists and engineers can easily
register, access, and execute simulation SW [3]. Therefore, the analysis results confirmed that
the core function of the CSE platform functions properly.

Hypotheses 3 and 4 were adopted, as the coefficient of pathways for PEoU and US was
0.594 (t=11.464) and the coefficient of pathways for PU and USwas 0.362 (t=7.276) all having
statistically significant effects at a significance level of the 0.01. This confirmed that, as with
the studies of Lai et al. and Juan Carlos Roca et al., the perceived ease of use and perceived
usefulness of users affect user satisfaction [32,33].

Comparing the path coefficients of PU and PEoU in the CSE platform, PEoU had a greater
impact than PU. However, Rai et al. revealed similar effects of PEoU and PU on US [32],
while Roca et al. found that PU has a greater influence on US than PEoU [33]. Nguyen et al.
and Ramkumar et al. found that PEoU did not have a direct effective influence on US [28,44].
Traditionally, simulation users used an unfriendly user interface, CLI (Command Line
Interface), to perform simulations. However, through the web interface provided by CSE
platforms, it can be interpreted that users were more satisfied with the environment in which
simulations could more be easily executed than the CLI environment. Thus, the results of the
analysis differed from those of previous studies.

Finally, the path coefficient for US and IR was 0.940 (t=23.578), which was found to have
a statistically significant effect at the 0.01 level, and hypothesis 5 was adopted. As in Kettinger
et al. and Wang, the user satisfaction level of those using the services of the CSE platform was
found to eventually affect the reuse of the platform [34,35].

In summary, it is necessary to improve user satisfaction affecting the user's intention to
reuse CSE platforms. To this end, efforts must be made to improve platform quality factors
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that affect perceived ease of use and perceived usefulness. In particular, system quality and
information quality appeared to be the primary quality factors of CSE platforms, and it was
confirmed that perceived ease of use had a greater influence on user satisfaction than
perceived usefulness. Therefore, for the successful operation of CSE platforms, efforts should
be made to improve quality factors of the platform by providing information that makes it easy
for users to use CSE platforms while making it easy and reliable to run simulations.

5. Conclusion

This study derived the factors of CSE platforms that affect the use of the platform for the
successful and continuous operation of the platform and examined user satisfaction and its
influence on intention to reuse. Therefore, the quality factors were derived based on the ISSM
and the TAM by adding the quality of the interface reflecting the characteristics of the
platform being served on the Web. Then, adding the variables of perceived ease of use and
perceived usefulness, those factors were used to develop a research model that demonstrates
the factors that affect user satisfaction and intention to reuse.

This study conducted empirical analysis of users of the EDISON platform, the
representative CSE platform in Korea. The results revealed that system, information, interface,
and service quality all affected the perceived ease of use and perceived usefulness. In
particular, it was found that information quality had a significant influence on perceived ease
of use, and system quality had a significant influence on perceived usefulness. This result
showed that CSE platforms fulfilled its purpose, which provided an environment in which
scientists easily performed simulations. In addition, both perceived usefulness and perceived
ease of use affected user satisfaction, and the latter had a greater impact on user satisfaction
than the former. This means that users were more satisfied because they were able to run
simulations easily through the Web interface provided by CSE platforms compared to
traditional CLI-based ones. Finally, user satisfaction was shown to have a significant impact
on intention to reuse. This confirms that the proposed research model is suitable for analyzing
the intention to reuse CSE platforms.

The implications of the results are that user satisfaction is critical for users to continue to use
CSE platforms. The quality factors that affected user satisfaction were the information quality,
which has a significant impact on perceived ease of use, and the system quality, which had a
significant influence on perceived usefulness. In addition, as all other quality factors
eventually affected user satisfaction and intention to reuse, improvement strategies in CSE
platforms should be developed to improve quality in future, and the primary quality factors,
improving information and system quality, should be considered first.

This study had the limitation that the survey respondents were only participants in the
EDISON SW Challenges, which represented only a small proportion of the total number of
users of the EDISON platform. The EDISON platform is currently being utilized by about
10,000 users a year, of which a large majority use the EDISON platform for undergraduate
classes. Therefore, a further research would be needed to generalize the results on the usage of
the EDISON platform.

In addition, one of the goals of the EDISON project is to foster computational science
engineers to result in an expansion of computational science and engineering in Korea.
Consequently, it is expected to contribute to increasing the number of HPC and supercomputer
users in Korea. To ensure that this goal is met, For this goal, it is necessary to study that the
learning transfer of CSE platforms user occurs. To this end, future research is needed to
analyze which factors affect the user’s learning transfer through empirical analysis. Such a
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study is expected to show whether the investments that have been made in the EDISON
project for ten years contribute to the expansion of CSE and the HPC ecosystem in Korea.
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