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Abstract

Evaluating LIMS Implementation Success in an R&D Organization from an End-
User Perspective: A Structural Equation Modeling Approach

The lack of a framework for measuring IS success in the context of Laboratory
Information Management Systems (LIMS) presents challenges for practitioners
attempting to identify factors of user satisfaction that are of greatest impact to end users.
Without a clear understanding of these factors, organizations can spend time and
resources focusing on aspects of the information system that contribute very little to their
overall success. This can lead to dissatisfaction among end users and ultimately result in
failure associated with discontinued use of the system.

The objectives of this study were three-fold: (a) to understand users’ perceptions of
LIMS, (b) to identify factors that influence end-user satisfaction with LIMS, and (c) to
determine the relationships that exist between the factors identified in (b) above.

The research instrument was designed to measure information quality, system quality,
service quality, and user satisfaction. Data for validation of the survey instrument and
hypothesis testing were collected through a survey of LIMS end users within a global
Research and Development (R&D) organization. The specific LIMS evaluated was
Thermo Scientific Nautilus LIMS, and the end users were employees of the organization.
The survey was adapted from a combination of instruments developed by previous
researchers, such as Doll and Torkzadeh (1998), Seddon and Kiew (1996), DeLone and
McLean (2003), and Aggelidis and Chatzoglou (2012).

Structural equation modeling was used to test five hypothesized relationships in the

research model. Confirmatory factor analysis performed on all the constructs in the

Vi



model confirmed adequate reliability and validity of the model. Study results analyzed
from 353 valid responses reported evidence consistent with user satisfaction—based
studies for the effect of system quality on end-user satisfaction, as well as for the effects
of service quality on system quality and system quality on information quality. Results
indicated that system quality is a major determinant of end-user satisfaction with LIMS.
The main contribution of this research is a framework for evaluating end-user
satisfaction with LIMS. The insights gained from the results are used to recommend
action for practitioners and inform decision making. Additionally, it forms the basis for
future research on IS success in the context of LIMS, given the limited number of studies

published on LIMS end-user-satisfaction measurement.
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Chapter 1. Introduction

Laboratory Information Management Systems (LIMS) are considered mission-critical
components of the overall corporate information system (IS) by many scientific
organizations as they provide the key connections to the organization’s data, instruments,
analysis, and reports (Kasner, 2007). These organizations embark on the implementation
of LIMS as a means of integrating laboratory operations across various functions. They
progressively increase spending on information technology (IT), even when faced with
pressures to cut costs (Kanaracus, 2008, cited by Petter et al., 2008). Gartner’s worldwide
Dollar-Valued IT Spending Growth forecast reported a 3.3% Compound Annual Growth
Rate (CAGR) increase in 2017 compared to 0.3% in 2016 and is expected to increase to
4.3% in 2018 (Gartner, 2017). With significant investments in technology and effort, the
successful implementation of these systems is therefore essential in ensuring value and
long-term sustainability. Unfortunately, IT/IS projects continue to fail at an alarming rate.
For example, the Standish Group reported 29% of software projects as successful, 52% as
challenged, and 19% as outright failures in their 2016 Chaos report (Standish Group,
2016). The results were based on Standish Group’s revised resolution of project success
from the traditional on time, on budget, and within scope (also known as the triple
constraint) to the modern resolution of on time, on budget, and with a satisfactory result.

Although the triple constraint definition remains the most widely used metric for
project success, it is limiting in the sense that it does not consider whether the
stakeholder’s objectives have been achieved (Bannerman, 2008). Bannerman adds that a

project completed within the traditional definition of success may not necessarily meet



the needs of the client or end user whose interests and expectations of a project are
different from those of the triple constraint stakeholders.

Consequently, researchers (e.g., Ballantine et al., 1996; DeLone & McLean, 1992,
2003; Seddon, 1997; Seddon, Staples, Patnayakuni, & Botwell, 1999) have argued that
project success is a function of the success of the information system produced by the
project (as cited by Bannerman, 2008). Therefore, this praxis focuses on the evaluation of
information system success from an end user’s perspective rather than from a project
management perspective.

End users play an important role in evaluating the success or effectiveness of an IS.
Typically, if end users are not able to successfully comprehend and use an IS, then they
are likely not to use it. Low usage rates are associated with system failure. On the other
hand, a system is considered effective and successful if the users absorb, continue to use,
and are satisfied with its quality (DeLone & McLean, 1992).

End-user satisfaction has been a popular and accepted measure of IS success by
several researchers, such as Bailey and Pearson (1983), Doll and Torkzadeh (1998), Ives
et al. (1983), Parasuraman, Zeithaml and Berry (1988), DeLone and McLean (1992,
2003) among others. It has been used to evaluate a variety of IS including Enterprise
Resource Planning (ERP) systems, Hospital Information Systems (HIS), computer
simulations, decision support systems, Geographic Information Systems (GIS),
Accounting Information Systems (AIS), knowledge management systems, e-commerce,
and many others. However, references to its use in the context of LIMS were not found
by this researcher, after considerable effort. Seddon and Yip (1992) proposed the need for

different measures of effectiveness to be validated for different IS. Petter (2008) pointed



out the increasing need for appropriate parameters to be employed in measuring and
evaluating IS effectiveness in organizations.

As R&D organizations continue to depend on LIMS to manage their laboratory
workflows, it is essential for the implementations to be successful not just from the
organization’s standpoint, but from the end user’s perspective as well. In this regard, end-
user satisfaction studies in a LIMS context would be valuable from a practical standpoint
as well as in academic research, filling the gap in the existing literature. From a practical
perspective, managers can benefit from gaining an understanding of the factors that
influence end-user satisfaction, and in turn, plan necessary modifications to systems and
procedures to improve factors that are directly related to end-user satisfaction. The
outcome of improvement efforts should result in an increase in the level of satisfaction
with the system from an end user’s perspective. A 2015 Gartner report suggests for IT
managers committed to improving end-user satisfaction with their information systems to
conduct surveys, evaluate results, and develop an action plan for responding to the
collected data (Gartner, 2015).

The current study attempts to develop a framework for evaluating end user
satisfaction with LIMS in a global R&D organization and in so doing, provide
practitioners with a tool for identifying factors that are contributing the most to overall
user satisfaction with LIMS. Understanding these factors should enable LIMS managers
to focus on and improve on the features and services that matter the most to end users.

1.1 Problem Statement

The lack of a framework for evaluating 1S effectiveness or success in the context of

LIMS hinders LIMS practitioners’ ability to identify factors of user satisfaction that are



of greatest impact to end users. Without a clear understanding of these factors,
organizations can spend time and resources, focusing on aspects of the information
system that contribute very little to their overall success. This can lead to dissatisfaction
among end users and ultimately result in failure associated with discontinued use of the
system.

1.2 Thesis Statement

A framework for measuring end-user satisfaction in the context of LIMS would help
identify factors that are of greatest impact, enabling managers to leverage those factors to
plan strategies for improving the system. Doing so enhances user satisfaction, which
translates into LIMS implementation success in an R&D organization.

1.3 Research Questions

This study was guided by the following research questions:

RQ1 What are end-user perceptions of LIMS?

RQ2 What factors affect end-user satisfaction with LIMS?

RQ3 What relationships exist between the factors identified in RQ2 and end-user

satisfaction?

1.4 Research Objectives

To answer the research questions above, the research focused on the following
objectives:

1. To understand users’ perceptions of LIMS

2. To identify factors that affect end-user satisfaction with LIMS

3. To determine the relationships that exist between LIMS system quality,

information quality, service quality, and LIMS end-user satisfaction



1.5 Summary of Hypotheses

The following hypothesis will be tested:

H1

H2

H3

H4

H5

Information quality has a positive influence on end-user satisfaction with LIMS
System quality has a positive influence on end-user satisfaction with LIMS
Service quality has a positive influence on end-user satisfaction with LIMS
System quality has a positive influence on information quality

Service quality has a positive influence on system quality

1.6 Praxis Organization

This praxis is organized into five chapters. Chapter 1 provides the introduction,

motivation, and objectives of the study. Chapter 2 reviews literature on IS success models

and provides an overview of LIMS. The research model and hypothesis are presented in

chapter 3 along with a description of the research methodology, participants, variables,

survey instrument, and data analysis approach. Chapter 4 presents detailed results of the

data analyses and finally, chapter 5 provides a discussion of the results, the contributions

of the research, and implications for practitioners. Limitations of the study and

recommendations for future research are also presented in this chapter.



Chapter 2. Literature Review

This chapter evaluates studies published on end-user satisfaction and identifies
theories supporting IS success measurements. A conceptual model for evaluating LIMS
implementation success is then proposed.

2.1 Introduction

The evaluation of IS effectiveness or success has long been identified as one of the
key issues in IS management (Ball & Harris, 1982 cited by Sotlar & Zupanc¢i¢, 2007).
This has made it a topic of keen interest among researchers in the last few decades. IS
success is defined as “a measure of the degree to which the person evaluating the system
believes that the stakeholder (in whose interest the evacuation is being made) is better
off” (Seddon, 1997 p.246).

One of the most frequently used measures of IS success is End-User Computing
Satisfaction (EUCS). This is reflected in its frequent use in relevant literature by several
researchers (e.g., Bailey & Pearson, 1983; Baroudi, Olson, & lves,1983; 1986; Doll &
Torkzadeh, 1988) and many others who have extensively investigated EUCS. Myers
(1995) noted that user satisfaction is the best indicator of IS success as it is a form of
stakeholder/user perception. DeLone and McLean (1992) developed their IS success
model with user satisfaction as one of the six proposed dimensions suitable for measuring
IS success. The other dimensions in their 1992 model include system quality, information
quality, information use, individual impact, and organizational impact (Au et al., 2002).

According to Doll and Torkzadeh (1988), EUCS is defined as the affective attitude

towards a specific computer application by someone who interacts with the application



directly (cited by Au, Ngai, & Cheng, 2002). User satisfaction is discussed in more detail
in the sections that follow.

2.2 Overview of Literature Review Sections

The literature review is divided into three sub-categories: Laboratory Information
Management Systems, End-user Computing Satisfaction and previous IS success theories
and models.

2.3 Laboratory Information Management Systems

LIMS provides the key connections to an R&D organization’s data, instruments,
analysis, and reports and is therefore considered a critical component of the overall
corporate IS by most R&D organizations (Kasner, 2007). LIMS is a software tool that
supports modern laboratory operations through key features that: enable rapid
implementation of workflows, support diverse data-tracking needs, allow use in regulated
environments; and provide data import and export capabilities Cramer (2016). Paszko
and Pugsley (2000) view LIMS as ‘database applications that are used to store and
manage information associated with the laboratory, such as customers, sample matrix,
tests, results, methods, parameters, bottle types, employees, control limits, passwords,
etc’ (Paszko & Pugsley, 2000).

Compared to other IS, LIMS is unique in its ability to integrate with multiple systems,
which optimizes laboratory operations. Apart from interfacing with laboratory
instruments, other applications in the LIMS environment may include Electronic Lab
Notebooks (ELN), Scientific Data Management Systems (SDMS), Electronic Document
Management Systems (EDMS), Process Development Execution System (PDES),

Electronic Health Records (EHR), Enterprise Resource Planning (ERP) systems,



corporate reporting applications, and other software modules, depending on the nature of
the laboratory and the needs of the organization. An example of a LIMS environment is

illustrated in Figure 2.1.

The use of LIMS extends to a wide variety of environments and industries that

include medical, pharmaceutical, forensic, oil and gas, chemical, water and

environmental, food safety, public health, and contract laboratories.

Electronic Document
Management System
(EDMS)

Enterprise Resource
Planning (ERP)
System

Specification
Management System

| T
v

Laboratory Information Management
System (LIMS)

Scientific Data CDS Svystem Electronic Lab
Management System y Notebook
A A
¥
Data Data Data
System System System
f ) f
Analytical Instruments Chromatographs Lahorstory
Observations

Figure 2.1:  Diagram of a LIMS environment. Source: McDowall (2009).



2.3.1 A Brief History of LIMS

LIMS has been around since the 1980s and has evolved significantly. It started as a
simple minicomputer introduced in 1982, which allowed the ability to place laboratory
functions on a single computer, enabling greater productivity and functionality as well as
automated reporting capabilities (Gibbon, 1996). By the late 1980s, according to O’Leary
(2011), the second generation of LIMS was introduced, utilizing relational databases to
provide specific solutions. With the prominence of personal computers in the early 1990s,
third generation commercial LIMS offerings took advantage of client/server architecture,
enabling laboratories to implement better data processing and exchanges, and the fourth
generation of LIMS applications are enabling processing to be performed anywhere on
the network (O’Leary, 2011). Instrument and application integration along with
electronic data exchanges are some of the key functions of modern LIMS, enabling
laboratories to address the large amount of data being generated (“Laboratory
information management system”, 2017). LIMS applications are becoming mobile-
friendly, as an increasing number of organizations are beginning to adopt the use of
smartphones in their laboratories.

According to a recent Global Laboratory Information Management System Market
report released by Technavio, the LIMS market is projected to grow to USD 1.5 billion,
posting a CAGR close to 9% during the forecast period of 2017-2021 (Technavio, 2017).
Abbott Laboratories, LabVantage, LabWare, McKesson Corporation and Thermo Fisher
Scientific are identified as the top five LIMS vendors in the report. Two-thirds of
laboratories surveyed in a global survey on LIMS reported the use of a commercial or

open-source LIMS for their laboratory needs; the remaining one third either developed



in-house custom systems or did not use LIMS altogether (Frost & Sullivan, 2015). A list
of commercially available LIMS products and associated vendors is provided in
Appendix A.

With a plethora of LIMS offerings in the present market, selecting the right LIMS
products can be a daunting task for customers. The most important features that influence
selection include implementation time, instrument integration, flexibility to customize,
and interface design (Frost & Sullivan, 2015). Some LIMS customers desire systems that
are flexible and easily customizable to suit their particular requirements while others
prefer LIMS products that offer the majority of the core functionality already built in. To
address these varying needs, LIMS vendors are offering solution approaches called
multipurpose LIMS and purpose-built LIMS. Leitham (2007) describes multipurpose
LIMS as LIMS designed to include a broad range of additional modules that can be
configured and customized to meet a laboratory’s specific needs. In contrast, purpose-
built LIMS are designed with most of the core functionality already built-in, offering the
benefits of reduced implementation time, cost, effort, and minimized risk (Leitham,
2007).

2.3.2 LIMS Architectures and Distribution Models

LIMS is deployed through various architectures and distribution models. These
include thick-client, thin client, web-enabled, and web-based models as discussed briefly
in the section below. Figure 2.2 presents a summary diagram of these different

architectures used for deploying LIMS.
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2.3.2.1 Thick-Client
A thick client LIMS is designed to run in a client-server environment where the
application is installed on the user's workstation and makes a connection to a database
that resides on the server (Kasner, 2007). Some of the strengths of this structure include
faster processing speeds, improved security, and the ability to perform tasks without
requiring real-time connections to the server (O'Leary, 2011). However, installing the
application on the end user's workstation comes with additional costs and ongoing
support associated with deploying enterprise upgrades and enhancements for each user's
workstation. Most organizations take advantage of cross-platform solutions such as
Citrix, Thermo Web Access Client (TWAC), or similar options to minimize the need for
individual deployment, although these come with added maintenance expenses as well.
2.3.2.2 Thin-Client
A thin client LIMS is a web-based application that offers full functionality of LIMS
through the web browser with no processing and zero footprints on the end user's
workstation (Kasner, 2007). The strength of thin client LIMS lies in the ability for users
to access the application from any internet-ready device. Additionally, configuration
changes or customizations made on the server are immediately available to all end users
without the need to propagate the changes to the end user's workstation or leverage
regional servers with cross-platform programs.
2.3.2.3 Web-Based
Web-based LIMS is a hybrid of thick and thin client LIMS and offers the full

functionality of LIMS (Kasner, 2007). It uses .NET framework to download and run
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LIMS on the end-user’s thick-client and offers the benefits of thin-client applications
(“Laboratory information management system,” 2017).
2.3.2.4 Web-Enabled

Web-enabled LIMS are more oriented toward thick or rich clients, with most of the
application residing on the user’s workstation. Add-on modules operate through the web,
offering some of the benefits of thin-client applications. The strengths of this architecture
include local and server-side access to store data, faster functionality as the processing
also takes place on the PC or user’s workstation. Limitations are similar to those of the
thick client, such as the need for cross-platform programs to support enterprise
deployments (O’Leary, 2011).

A representation of the four LIMS architectures discussed above is presented in

Figure 2.2.
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2.3.5 LIMS and Cloud Computing

Cloud computing is playing an increasingly important role in the LIMS market,
allowing organizations the benefits of investing in more cost-effective and flexible
solutions.

The National Institute of Standards and Technology (NIST) defines cloud computing
as “a model for enabling convenient, on-demand network access to a shared pool of
configurable computing resources (e.g., networks, servers, storage, applications, services)
that can be rapidly provisioned and released with minimal management effort or service
provider interaction” (NIST, 2011 p.2).

Due to the ambiguity surrounding cloud service models, NIST has also categorized services
into three types: SaaS, PaaS, and laaS, as defined below:

e Software as a Service (SaaS) —Applications hosted by a third-party provider and

delivered through the web

e Platform as a Service (PaaS)—Hardware and software tools delivered by a third-

party provider that allows access to users to build and deliver applications

e Infrastructure as a Service (laaS)—Virtualized computing resources such as storage,

networking, and servers that are hosted by a service provider
With the wide adoption of cloud computing, LIMS deployment models now include on-
premise, cloud-based (or SaaS as it is often called), and remotely hosted LIMS, adding to
the multitude of options that customers have when selecting a new LIMS product. Table

2.1 provides a comparison of on-premise and cloud-based solutions.
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Table 2.1: Comparison of On-Premise and Cloud-Based Solutions

Deployment model

Category On-Premise Cloud

Delivery Installed locally, on the Hosted on the vendor’s servers
company’s own computers and and accessed through a web
servers browser

Pricing Priced under a one-time Priced under a monthly or annual
perpetual license fee (usually subscription basis, with additional
based on the size of the recurring fees for support, training
organization or the number of and updates
concurrent users). Recurring
fees for support, training and
updates apply

Cost Model Generally considered a capital Typically considered an operating

License Fees

Customization

Implementations

Data security

expenditure (CAPEX) with one
large investment up front

Hefty upfront perpetual license
fees

More customizable, greater
control over data

Implementations can take longer
due to greater ability to
customize

The organization handles its own
data security (perceived as more
secure)

expenditure (OPEX). Predictable
and cheaper upfront investment

Low entry cost means widespread
adoption

Low cost, subscription-based

More limited customization

Faster implementation time due to
less customization

Predictable costs over time,
cheaper upfront investment, no
additional hardware investment
(e.g. server infrastructure)

The vendor handles data security
(still perceived as an issue by
some customers dealing with
sensitive data)

Note. (summarized from Scientific Computing World, 2016; Hedges, 2016).
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2.4 User Satisfaction

User satisfaction emerged in the 1960s and is a more popular measure of IS success
among researchers for the following reasons stated by Vaezi, Mills, Chin, and Zafar
(2016): 1) it has a high degree of face validity, 2) it boasts a relative abundance of tools
equipped to measure it, and 3) it is a stronger indicator of IS success compared to other
measures, which are often conceptually weak or difficult to obtain (Vaezi et. al., 2016).
DeLone and McLean (1992) also attributed the predominance of user satisfaction as a
measure of 1S success to its high degree of validity as well as the relative conceptual
weakness of the other dimensions.

Several researchers have attempted to define end-user satisfaction with respect to an
information system. Doll and Torkzadeh (1988 p. 261) defined it as “the affective attitude
towards a specific computer application by someone who interacts with the application
directly”. Seddon and Kiew (1996 p.95) described it as “the net feeling of pleasure or
displeasure that results from aggregating all the benefits that a person hopes to receive
from interaction with the information system". User satisfaction with an information
system signifies "the overall affective evaluation an end-user has regarding their
experience related with the information system" (Chin & Lee, 2000 p.554). Like Chin
and Lee (2000), Jiang, Klein, and Saunders (2011) describe it as "the overall affective
evaluation a stakeholder has regarding his or her experience related to the information
system product or service". Other definitions include "the IS end-users overall affective
and cognitive evaluation of the pleasurable level of consumption-related fulfilment

experienced with the IS" (Au et al., 2008 p.46).
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2.4.1 Theories of User Satisfaction

Various theories have adopted user satisfaction as a dependent variable. Au et al.
(2002) noted expectation disconfirmation theory, needs theory and equity theory among
the theories that describe user satisfaction formation. Montesdioca & Macada (2015)
developed their model of user satisfaction with information security practices based on
these three theories of user satisfaction described briefly below.

2.4.1.1 Expectation Disconfirmation Theory

Developed by Oliver (1980), the expectation disconfirmation theory employs the
expectancy disconfirmation paradigm to evaluate user satisfaction (Montesdioca &
Macada, 2015). It proposes that users compare product or service performance using a
frame of reference that is created through the concerned expectation. Performances
marked to be below the frame of reference lead to negative disconfirmation, while those
above the frame of reference result in positive disconfirmation. Liao, Chen, and Yen
(2007) and Venkatesh and Goyal (2010) incorporated this theory into their research
models and instruments in order to explain end-user satisfaction formation (Montesdioca
& Macada, 2015; Jin, Cheung, Lee, & Chen, 2008).

2.4.1.2 Needs Theory

Alderfer (1969) developed the needs theory in response to claims of inadequacy in
the theory of motivation developed by Maslow (1943). It suggests that there are three
basic needs an individual seeks to fulfil, which include Existence, Relatedness, and
Growth (Montesdioca & Magcada, 2015). Existence needs include material and
psychological needs. Relatedness refers to the relationship and interaction with others,

and Growth deals with the notions of meaningful individual development. This theory
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has been applied in studies (e.g., Chang & Yuan 2008; Chen, Park, & Park 2012; Scherf,
1974) to evaluate one form or the other of user satisfaction (Montesdioca & Macada,
2015).
2.4.1.3 Equity Theory
Adams’ (1965) equity theory examines the perceptions pertaining to injustice and
dissatisfaction. The mechanism of equity or inequity occurs when one part, the input,
transfers its attributes to another part in expectation of an outcome. Perceptions of
inequality occur when an individual’s ratio of responses to the input, in comparison to
another’s ratio, is unequal. Researchers (e.g., Hess & Hightower 2002; Joshi, 1992) found
equity to be the most relevant construct in users’ information satisfaction and applied it to
their studies for evaluating user satisfaction (Montesdioca & Macada, 2015).
2.4.2 Measurement of End-User Computing Satisfaction
Over the years, various concepts, frameworks, and models concerning the
measurement and evaluation of EUCS have been developed. Bailey and Pearson (1983)
developed an EUCS model identifying 39 factors suitable for measuring EUCS. Ives et
al. (1983) further developed Bailey and Pearson’s (1983) model by eliminating the
factors with undesirable psychometric characteristics and retaining those scales with
factor loadings of 0.50 or higher. Baroudi and Orlikowski (1988) refined the model
leading to the development of a new EUCS instrument that included 13 factors. Around
the same time, Doll and Torkzadeh (1988) developed an EUCS model with content,
accuracy, timeliness, ease of use, and format as the measuring variables. Doll and
Torkzadeh’s instrument, along with other popular IS success models are discussed in the

subsequent section.
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2.4.3 1S Success Models

A number of approaches have been employed in measuring IS success. These include
cost-benefit analysis, system usage and user satisfaction among others. Cost-benefit
analysis has been criticized due to the difficulty of proving that benefits are connected to
the information system, and because the costs and benefits are difficult to measure in
terms of monetary value (Au et al., 2002). Although system usage is easy to measure, it
has been criticized for its relevance only in information systems where use is voluntary.

Popular IS success models are reviewed in the section that follows.

2.4.3.1 Technology Acceptance Model

Davis (1989) developed a model that became popularly known as the technology
acceptance model (TAM) by adopting principles from the theory of reasoned action
(TRA) to explain the reasons for which users accept or reject an information system and
the way in which system design features influence user acceptance (Davis, 1989). His
study suggests that users are more likely to accept a system when it is easy to use and
devoid of complex procedures. He identified Perceived Usefulness and Perceived Ease of
Use as the main factors influencing a user’s decision regarding how and when he or she
will use a new technology when presented with one. Davis defined Perceived Usefulness
as “the degree to which a person believes that using a particular system would enhance
his or her job performance”, and Perceived Ease of Use as the “the degree to which a
person believes that using a particular system would be free from effort.” (Davis, 1989).
The original TAM is shown in Figure 2.3.

Later, the model was further developed by Davis and Venkatesh (2000) to include

factors such as social influence and cognitive instrumental process, which they used to
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explain the Perceived Usefulness and usage intentions (Davis & Venkatesh, 2000). In the
TAM2 model shown in Figure 2.3 the variables of social influence include subjective
norm, voluntariness, image and experience, whereas the variables of cognitive
instrumental process comprise of job relevance, output quality, and result

demonstrability.

Perceived
Usefulness
U N |
External Attitude Behavioral kil
Variables Toward Intention to Systeer Ube
Using (A) Use (BI)

Perceived
Ease of Use
(E)
e —

Figure 2.3:  Dauvis original technology acceptance model. Source: Davis (1989).

The TAM is among the most widely cited among technology adoption models.
Olushola and Abiola, (2017) reviewed recent studies that employed theoretical models in
information technology adoption research and found TAM to be the most robust and
powerful model for predicting user acceptance of information technologies (Olushola &
Abiola, 2017).

Using Latent Semantic Analysis (LSA), Gefen and Larson (2017) replicated and
analyzed the lexical relationships among items in the TAM instrument. They
demonstrated that a significant portion of the variance explained was partly due to the
lexical relationships that existed among the TAM measurement items. They argued that
this served as evidence for the quality and reliability of TAM's methodology rather than

its criticism (Gefen & Larson, 2017).
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Although TAM has been extensively studied and considered to be the most powerful
model for predicting user acceptance of information technologies, it is not devoid of
criticism. Several researchers have questioned its theoretical assumptions, practical
effectiveness, and predictive power (Chuttur, 2009). For instance, Legris, Ingham, and
Collerette (2003) criticized TAM and TAMZ, stating that both of them explain about 40%

of the system use and both models exclude significant factors (Legris et al., 2003).
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Intention Usage
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o Ease of Use
utput Technology Acceptance Model
Quality
Result
Demonstrability

Figure 2.4:  Extended technology acceptance model. Source: Davis and Venkatesh (2000).

2.4.3.2 Unified Theory of Acceptance and Use of Technology
Venkatesh, Morris, Davis and Davis (2003) developed the Unified Theory of
Acceptance and Use of Technology (UTAUT) by integrating elements across eight
popular models in order to explain usage behavior and users' intentions for using IT
(Venkatesh et al., 2003).
The eight models include the theory of reasoned action (TRA), TAM, the

motivational model, the theory of planned behavior (TPB), a model combining TAM and
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TPB, the model of PC utilization, the innovation diffusion theory, and the social
cognitive theory. The UTAUT model, as shown in Figure 2.5, was found to outperform

the eight individual models in terms of predictive power (Venkatesh et al., 2003).

Performance
Expectancy

Effort
Expectancy

Behavioral Use

Intention / Behavior

Social
Influence

Facilitating
Conditions

of Use

Gender Age Experience Voluntanne;s‘

Figure 2.5:  The unified theory of acceptance and use of technology model (Venkatesh et al.,
2003).

2.4.3.3 Doll and Torkzadeh’s EUCS Model

Doll and Torkzadeh (1988) developed their EUCS instrument by merging ease of use
and information product items to measure end-user satisfaction with an IS. They argued
that existing models were more suited for the evaluation of traditional computing
environments involving analysts/programmers in electronic data processing than the non-
developer end-user computing environment. Their research sought to develop an EUCS
instrument that satisfied the following criteria (Suzart, 2013):

e The ability to measure satisfaction with respect to information provided by a

particular IS

e Inclusion of items that measured ease of use
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e Use of a Likert scale in contrast to a semantic differential scale

e An instrument that is small, easy to use, and suitable for both academic and
practical research

e An instrument that is reliable can be validated and explores the relationship

between end-user satisfaction and the other independent variables.

By reviewing the existing literature, Doll and Torkzadeh (1988) originally created a list
of 40 items suitable for measuring EUCS, which were further reduced to 18 post analysis.
The instrument was then provided to 44 companies with over 600 respondents. Using
exploratory factor analysis and multivariate statistical techniques, they observed that five
factors could explain 78% of the variation. The factors included content, accuracy,
format, ease of use and timeliness. The final instrument was reduced to include 12 items
with reliability and validity of 0.92 and 0.76 respectively. This went on to become the
most widely adopted EUCS instrument.

However, the model has been criticized by researchers for various reasons. For
instance, Etezadi-Amoli and Farhoomand (1996) criticized the instrument on a number of
issues. The two main points in this regard were that it measured the frequency instead of
the intensity of satisfaction with the information systems and the fact that it eliminated
the scale that evaluated the degree of importance of each item to the end users. Wu and
Wang (2006) noted that the model only incorporates the dimension of information quality
and not system quality. Furthermore, Seddon and Yip (1992) criticized the instrument for
not including the measurements of the technical support along with the users’ knowledge
and involvement with the information systems. Figure 2.6 illustrates Doll and

Torkzadeh’s EUCS model.
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Figure 2.6:  End-user satisfaction model. Source: Doll and Torkzadeh (1988).

In response to the aforementioned criticism, Doll, Xia, and Torkzadeh (1994)
reviewed four different EUCS models along with the same five factors from their 1988
study to evaluate the model that produced the best fit and provided the most reliable
results. They concluded that their original 12 item-instrument provided the same
reliability and validity, irrespective of the model selected (Doll et al., 1994).

2.4.3.4 The DeLone and McLean IS Success Model

DeLone and McLean (1992) conducted a comprehensive review of empirical articles
published between 1981 and 1987, and based on the review, proposed a model for
measuring IS success (Petter & McLean, 2009). DeLone and McLean (1992) noted that
various studies measured 1S success differently and concluded that the various measures
could be grouped into six interdependent IS success constructs, namely; system quality,
information quality, use, user satisfaction, individual impact, and organizational impact.
The model was widely adopted and referenced in over 300 journal articles by other
researchers (DeLone & McLean 2003). However, it was not without criticism. A number

of scholars argued that the DelLone and McLean (1992) model was incomplete and called
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for additional measures to be included (e.g., Seddon & Kiew, 1996; Seddon, 1997; Rai,

Lang, & Welker, 2002). The model is depicted in Figure 2.7.

System Use
Quality
Individual \ Organizational
Impact —-'/ Impact
Information User :
Quality Satisfaction

Figure 2.7:  Original D&M IS success model. Source: DeLone and McLean (1992).

DeLone and McLean (1992) further noted that IS success models measuring user
satisfaction should include factors such as system quality and information quality, as they
tend to also exert an effect on user satisfaction.

Due to the dramatic changes in IS practice and the contributions from other
researchers, DeLone and McLean (2003) updated their model ten years later, adding
service quality as a third quality construct. Additionally, they grouped organizational and
individual impact into a single measure called ‘Net Benefits’ and adopted intention to use
with the use construct. The six interdependent measures in the updated model included
system quality, information quality, service quality, intention to use/use, user satisfaction,
and net benefits.

Figure 2.8 presents the updated model with these factors.
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Figure 2.8:  Updated D&M model. Source: DeLone and McLean (2003).

The DeLone and McLean (2003) model remains the most popular and widely cited
model in IS success research (e.g., Urbach et al., 2010; Petter et al., 2012; Urbach &
Muller, 2012; Mudzana & Maharaj, 2015; Petter et al., 2013; Rana et al., 2013 cited by
T.D. Nguyen, Cao & Nguyen, 2015).

2.4.3.5 Seddon and Kiev’s IS Success Model

Seddon and Kiev (1996) created their user-satisfaction instrument using a
combination of items adopted from various researchers such as Doll and Torkzadeh,
(1988), Davis (1989), Seddon and Yip (1992), and Zaichkowski (1985). From their
review of use as a success indicator of a system, they concluded that usefulness is the
construct that researchers have been trying to measure and not use. Furthermore, they
deduced that usefulness continues to be a meaningful success indicator in situations
where a system is not used during a period of time or where the system is mandatory.
Therefore, they modified DeLone and McLean’s (1992) model, replacing use with

usefulness, and adding importance of the system. Their final model, shown in Figure 2.9,
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measured the importance of the system, system quality, information quality, perceived
usefulness, and user satisfaction using the data collected from users of a new university
accounting system. Their results provided strong support for the relationships between
system quality and user satisfaction, as well as the relationship between information

quality and user satisfaction. Their model did not include service quality.

Importance of the
System

System Quality Perceived
» Usefulness
.
Information User Satisfaction
Quality

Figure 2.9:  Seddon and KieVv’s IS success model. Source: Seddon and Kiev (1996).

Similar to Seddon and Kiev (1996), Wixom and Todd (2005) formed their IS success
model by integrating the technology acceptance model with the end user satisfaction
model. Although each stream offered valuable contributions towards IS research, they
believed the integration would provide a more complete understanding of the influence of
system features on IT usage.

2.4.3.6 Etezadi-Amoli and Farhoomand’s Model

Etezadi-Amoli and Farhoomand (1996) developed their EUCS model where they

equated user satisfaction with individual user performance. Based on DeLone and

McLean's (1992) IS success model, they found user satisfaction to be affected by
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information and system quality. Their model instrument measured the application's extent
of success in terms of improving the user's quality of work, making the end-users job
easier, saving the end-users time, and helping to fulfill the end-users’ job requirements.
Using exploratory factor analysis, Etezadi-Amoli and Farhoomand (1996) selected seven
factors to measure EUCS, which included documentation, ease of use, functionality of
the system, quality of output, support, security, and user performance. These factors also
showed high reliability and validity when subjected to analysis. They found a significant
positive relationship between satisfaction and individual impact (Etezadi-Amoli &
Farhoomand, 1996)
2.4.3.7 Aggelidis and Chatzoglou’s Model

Aggelidis and Chatzoglou (2012) evaluated end-user satisfaction with a hospital
information system (HIS) using three EUCS models. The first model, referred as the
enriched EUCS model (Figure 2.10), was a modified version of Doll and Torkzadeh’s
(1988) model. However, due to the lack of studies validating the robustness of Doll and

Torkzadeh’s model (1988), a second model, named enhanced EUCS, was proposed.

| Content ] | Format | [ Accuracy l |'['imclincss| | Ease of Use

Overall
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|
Figure 2.10: Enriched EUCS model. Source: Aggelidis and Chatzoglou (2012).
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The enhanced model added six supplementary factors, namely training, system speed,
documentation, interface, in-sourcing support, and outsourcing support. The third model
referred as the extensive model depicted in Figure 2.11, also employed the same factors
that were used in the enriched model. The results of the data analysis revealed high
reliability and validity for all the three models with the five factors present in Doll and

Torkzadeh’s study (1988) presenting similar results.
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Figure 2.11: Extensive EUCS model. Source: Aggelidis and Chatzoglou (2012).

Compared to Doll and Torkzadeh (1988)’s work, the model developed by Aggelidis
and Chatzoglou (2012) included the dimension of system quality and produced a more
accurate and robust model, as suggested by DeLone and McLean (1992). The model is

presented in Figure 2.12.
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Figure 2.12: Aggelidis’ EUCS model. Source: Aggelidis and Chatzoglou (2012).

Other researchers, such as Petter et al. (2008), conducted a qualitative literature
review of 90 research papers, focusing on those that reported empirical results of the
interrelationships existing between the DeLone and McLean (2003) success dimensions.
They summarized the results of their review, both at the individual and the organizational
levels of analysis, in terms of the relationships between the dimensions, and overall
result. Figure 2.13 illustrates the interrelationships the found by Petter et al (2008) at the
individual level of analysis and Appendix C shows a section of hypothesis outcomes

from their review.
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Figure 2.13: Summary of interrelationships among D&M success constructs. Source: Petter et
al. (2008).

2.5 Summary

This chapter provided an overview of LIMS along with architecture types and
deployment models for LIMS. Theories of user satisfaction and popular IS success
models were also reviewed to gain a better understanding of the factors used to evaluate
end user satisfaction. A number of the models reviewed included information quality,

system quality and service quality as the antecedents of IS success.
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Chapter 3. Methodology

This section presents the research model and hypothesis along with a discussion of
the primary constructs used to evaluate user satisfaction with LIMS. The approach for
data collection, survey instrument development, and statistical methods employed in
testing the hypotheses are discussed as well.

3.1 Research Model

The research model for this Praxis is adapted from Aggelidis and Chatzoglou’s
(2012) extensive end-user computing satisfaction model. Support (outsourcing),
according to Aggelidis and Chatzoglou (2012), refers to “the supply system of services,
functions or procedures from an external provider/partner, who is usually the one who
has supplied the software or/and hardware as well” (Aggelidis & Chatzoglou, 2012
p.569). End users in the current study are not LIMS administrators and typically do not
interact directly with the LIMS vendor. Therefore, Aggelidis and Chatzoglou’s model is
modified in this praxis, combining insourcing support and outsourcing support into one
category called service quality, as originally defined in the DeLone and McLean (2003)

IS success model. Figure 3.1 presents the proposed model
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Figure 3.1:  Research model.

3.2 Research Model Constructs

The primary constructs measuring user satisfaction in this study include information
quality, system quality, and service quality. Each of these constructs is described in the
subsequent section.

3.2.1 Information Quality

DeLone and McLean (1992) considered information quality as a key factor in IS
success measurement. They described it as the desirable features of information produced
by the information system. Wang et al. (1995) stated that information quality is essential
to business success, and various researchers (e.g., Halawi, McCarthy, & Aronson, 2007,

Wu & Wang, 2006; livari, 2005; Wixom & Todd, 2005; Petter et al., 2009; Petter et al.,
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2008) have found a significant relationship between information quality and user

satisfaction at the individual level of analysis.

Table 3.1 shows a summary of the variables measuring information quality for this

praxis.

Table 3.1: Summary of Study Variables Measuring Information Quality

Variable Definition

Author

Content The extent to which the
information output is sufficient,
precise, complete, and satisfies
the end user’s information needs.

Accuracy The extent to which the
information is free from error

Format The extent to which the
information presented is useful
and clear

Timeliness  The extent to which the
information is current and up-to-
date

Ives et al. (1983), Doll and Torkzadeh
(1988), Sharabati, M. M. N., Sulaiman, A.,
and Salleh, N. A. M. (2015)

Ives et al. (1983), Doll and Torkzadeh
(1988), DeLone and McLean (1992), Myers
et al. (1997), Seddon (1997), Shaw et al.
(2002), Wixom and Todd (2005), Chiu et al.
(2007), Halawi et al. (2007), Leclercq
(2007), Petter et al. (2008)

Doll and Torkzadeh (1988), DeLone and
McLean (1992), Sedera and Gable (2004),
Wixom and Todd (2005), Halawi et al.
(2007), Leclercq (2007)

Ives et al. (1983), Wixom and Todd (2005),
Halawi et al. (2007), Petter et al. (2008)

Note. Source: Vaezi, (2013).

3.2.2 System Quality

System quality represents the “information system processing itself” (Gorla et al.,

2010 p.212) and measures the desirable characteristics of an information system (Petter et

al., (2008). These characteristics include ease of use, system speed, user interface,

documentation among others (Seddon, 1997). Several researchers have found a

significant positive relationship between system quality and end-user satisfaction,
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including Chiu et.al (2007), Halawai et.al (2007), Hsieng and Wang (2007), Kulkarni
et.al (2007), Wu and Wang (2006), Livari (2005), McGill and Klobas (2005).

In this praxis, system quality is assessed through the following variables: ease of use,
system speed, user interface, training and documentation, each of which is discussed
below.

3.2.2.1 Ease of Use

Ease of use is defined as the extent to which using a system is free of effort (Vaezi,
2013). Perceived ease of use is among the most common measures of ease of use (Petter
et al., 2008) and is defined as "the degree to which a person believes that using a
particular system would be free from effort” (Davis, 1989 p.320). Several researchers,
including Doll and Torkzadeh (1988), DeLone and McLean (1992), Myers, Kappelman
and Prybutok, (1997), Seddon (1997), Sedera and Gable (2004), Chang and King (2005),
Chiu, Chiu, and Chang (2007) and Leclercq (2007) have used this measure in their IS
success studies. Davis (1989) notes that end users are more likely to accept a system if it
is easy to use and devoid of complex procedures.

3.2.2.2 System Speed

System speed, also measured as response time, is defined as the extent to which a
system processes requests in a timely manner (Vaezi, 2013). It is suggested to be the
most important factor when evaluating the success of information systems (Everdingen et
al., 2000) and has been used as a measure by several researchers (e.g., DeLone &
McLean, 1992, 2003; Myers et al., 1997; Chang & King, 2005; Chiu et al., 2007; Halawi

et al., 2007; Petter et al., 2008).
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3.2.2.3 User Interface
Research has shown that a system with an attractive and visually appealing interface
positively influences user satisfaction (Santosa, Wei, & Chen, 2005; Peters, Popovic,
Isik, & Weigand, 2014). Interface is described as “the visual part of software which
consists of opening screens, input screens, output screens etc.” (Mishra, 2012 p.182 cited
Peters et al., 2014).
3.2.2.4 User Training
Training is considered to be one of the key factors responsible for ensuring successful
IT usage (Davis & Bostrom, 1993 cited by Aggelidis & Chatzoglou, 2012). Users who
receive training on the use of an information system feel comfortable using it and are
therefore more likely to accept it than those who lack similar training. Aggelidis and
Chatzoglou (2012) also cite several studies that found a strong correlation between
training and system usage, improvement in decision-making, user efficiency,
effectiveness, and user satisfaction.
3.2.2.5 User Documentation
User documentation consists of written or electronic explanation of the software’s
functions and the method of using it (Aggelidis & Chatzoglou, 2012). Quality user
documentation is important in ensuring IS implementation success through user
satisfaction with the system (Gemoets & Mahmood, 1990). Research has shown a
significant correlation between documentation and end user satisfaction (e.g., Doll
&Torkzadeh, 1988; Gemoets & Mahmood, 1990; Aggelidis & Chatzoglou, 2012).
Quiality user documentation increases proficiency with the system, improves user

efficiency and effectiveness, reduces user dependency on support, facilitates installation,
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operation, use, evaluation, and maintenance of a system (Myers, Harper, & Gas, 1994
cited by Aggelidis & Chatzoglou, 2012).
3.2.3 Service Quality

DeLone and McLean (2003) added service quality to their original 1992 model,
arguing that the dynamic nature of IS requires service quality to be assessed when
evaluating IS success. They noted that models measuring end-user satisfaction must
include variables from all three main dimensions which define the general success of an
informational system. They defined service quality as the overall support that end users
receive from their service providers. Measures of service quality include assurance,
empathy, responsiveness, and reliability of the IT personnel (DeLone & McLean, 2003).
Previous research has shown mixed support for the relationship between service quality
and user satisfaction (Petter et al., 2008). While some studies did not find a significant
influence of service quality on user satisfaction, others reported a positive relationship
(e.g., livari, 2005; Halawi et al., 2007; Leclercg, 2007; Shaw et al., 2002; Yoon et al.,
1995; Kettinger & Lee, 1994; Leonard-Barton & Sinha, 1993).

Table 3.2 provides the definitions of the variables that are used to measure service

quality in this study.

37



Table 3.2: Summary of Study Variables Measuring Service Quality

Variable

Definition

Author

Responsiveness The willingness to help

Reliability

Assurance

Empathy

users and provide
prompt service

The ability to perform
the promised service
dependably and
accurately.

The knowledge and
courtesy of IS support
personnel and their
ability to inspire trust
and confidence

The caring and
individualized attention
that the IS support
team provides its users

Parasuraman et al. (1988), Ives et al. (1983),
DelLone and McLean (2003), Kettinger and Lee
(1994), Pitt et al. (1995), Myers et al. (1997),
Gefen and Keil (1998), Parasuraman et al.
(2005), Chang and King (2005), Halawi et al.
(2007), Petter et al. (2008)

Parasuraman et al. (1988), DeLone and McLean
(2003), Kettinger and Lee (1994), Pitt et al.
(1995), Myers et al. (1997), Chang and King
(2005), Halawi et al. (2007), Petter et al. (2008)

Parasuraman et al. (1988), DeLone and McLean
(2003), Kettinger and Lee (1994), Pitt et al.
(1995), Myers et al. (1997), Halawi et al. (2007),
Petter et al. (2008)

Parasuraman et al. (1988), DeLone and McLean
(2003), Kettinger and Lee (1994), Pitt et al.
(1995), Myers et al. (1997), Chang and King
(2005), Halawi et al. (2007), Petter et al. (2008)

Note. Source: Vaezi, (2013).

3.3 Research Hypotheses

Based on the findings from previous research, the following hypotheses will be

tested:

H1 Information quality has a positive influence on end-user satisfaction with LIMS

H2 System quality has a positive influence on end-user satisfaction with LIMS

H3 Service quality has a positive influence on end-user satisfaction with LIMS

H4  System quality has a positive influence on information quality

H5 Service quality has a positive influence on system quality
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3.4 Sample and Data Collection

Data for the survey instrument and hypothesis testing were collected through a survey
of end users of LIMS within a large global R&D organization. The end users are
employees who interact directly with Thermo Scientific Nautilus LIMS, an on-premise
LIMS deployed both through the desktop client and the web portal. The users are located
across the globe and include research scientists and technologists who use LIMS to
manage their workload, submit requests, capture analysis results and generate data for
statistical analysis and modeling.

The questionnaire that reflects the proposed model was adapted from a combination
of instruments developed by Doll and Torkzadeh (1998), Etezadi-Amoli & Farhoomand,
(1996), DeLone and McLean, (2003), Aggelidis and Chatzoglou, (2012). A seven-point
Likert scale ranging from (1) strongly agree to (7) strongly disagree was employed to rate
respondents’ level of agreement with the statements in the questionnaire. It was pre-
tested by LIMS Subject Matter Experts (SME’s) who provided feedback for adjustment.
The final version was sent as an online survey through internal email distribution to 1500
LIMS end users. A total of 353 usable responses were received resulting in a response
rate of 24%.

3.4.1 Operationalization of Variables

This section discusses the operationalization of variables in this study. Variables
include service quality, information quality, system quality, and user satisfaction.

3.4.1.1 Service Quality

A total of 8 items from the following dimensions were used to measure service

quality: responsiveness, empathy, assurance and reliability. The tangibles dimension of
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SERVQUAL was not measured in this study because the end users are located globally
and most typically don't see the LIMS support personnel nor their office facilities to be
able to assess this attribute. This decision is in line with Kettinger et al. (1997) who
eliminated this dimension arguing that most IT services are provided at the customer’s
(end user's) location and not vice versa. They considered it unusual for customers to visit
the IT staff with their requests, or to pay attention to support staff appearance.
3.4.1.2 Information Quality
For Information Quality, a total of 10 items were measured based on the following
variables from the Doll and Torkzadeh (1988) instrument: content, accuracy, Format,
timeliness.
3.4.1.3 System Quality
The following variables were used for system quality: ease of use, interface, system
speed, training, documentation with a total of 10 items adopted from included in the
instrument.
3.4.1.4 User Satisfaction
Mazzoleni et. al., (1996) assessed user satisfaction of an information system using
items from perceived usefulness and ease of use. Similarly, user satisfaction in this study
included 2 items that measured perceived usefulness of LIMS.
3.5 Data Analysis
The approach to statistical analysis is provided in the following sequence of steps.
e Step 1: Perform exploratory factor analysis on all study constructs. Extract the

appropriate factor structure for each study construct.
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e Step 2: Using the factor structure extracted in exploratory factor analysis, perform
confirmatory factor analysis (CFA) for each study construct and extract
acceptable final measurement model with satisfactory evidence for construct
reliability and convergent and divergent validity measures.

e Step 3: Develop the structural model using hypothesized relationship among study
constructs based on final measurement model confirmed in Step 2.

e Step 4: Fit the final structural model using maximum likelihood estimation
procedure and extract path coefficients and results to an associated test for their
significance using path analysis.

Statistical analyses in this study were conducted using the IBM SPSS software
application version 22.0 and the associated analysis of moment structures (AMOS)
package was used to perform confirmatory factor analysis and structural equation
modeling. This package was chosen based on its capabilities and simplicity in terms of
statistical programming. The following section provides details of each statistical method
used in the study.

3.5.1 Exploratory and Confirmatory Factor Analysis

This study involves exploratory, descriptive and explanatory research approaches to
the collected data. The exploratory research approach was adopted to confirm the
correctness of the previously proposed model, using latent factors in this praxis context
and the intended audience of participants. Elements of exploratory factor analysis (EFA)
associated with the method of extracting factors (Principal component analysis and
Principal axis factoring), Varimax method of rotation used, Communalities, Criteria for a

number of factors and significance of factor loadings are explained below.
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3.5.2 Principal Component Analysis and Principal Axis Factoring
Principal component analysis is a statistical technique that reduces a larger set of
variables into a smaller set of uncorrelated factors while retaining the data’s variation as
much as possible (Groth, Hartmann, Klie & Selbig, 2013). PCA uses the correlation
matrix to assess latent factor structure in the data set. In contrast, PAF uses the
correlation matrix with all diagonal elements taking the value of the commonality, which
is the proportion of variance that a variable shares with other variables in the factor
analysis.
3.5.3 Rotation
Orthogonal varimax rotation was performed on the data as it is the most common
method chosen by researchers to simplify data interpretation (Hair et al., 2009; Everitt &
Hothorn, 2011). Orthogonal rotation is a method of restricting factors so that they are
uncorrelated (Everitt & Hothorn, 2011) and the result is an identity matrix with each
factor having relatively few high loadings.
3.5.4 Adequacy of Factor Analysis
Adequacy for factor analysis was determined using the Kaiser — Meyer- Olkin’s
measure of sampling adequacy (KMO) which ranges between 0 and 1, and Bartlett’s test
of Sphericity. Tabachnick and Fidell (2007) recommend KMO values of 0.6 or higher for
adequate factor analysis.
3.5.5 Number of Factors Extracted
A number of criteria were used to determine which factors to retain for this Praxis.
These include Eigen value, percent of variance explained and the scree test. Eigen values

are the total variance explained by a factor and Hair et. al (2009) suggest extracting
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factors with Eigen values greater than one, enough factors with a total percentage of
variance explained of 60% and retaining the number of factors at the point in the scree
plot where the elbow begins to straighten out. A scree plot is a curve of latent roots
against the number of factors (Hair et al., 2009).
3.5.6 Criteria for Significance of Factor Loadings

Tabachnick and Fidell (2007) suggest interpreting only those variables with loadings
of 0.32 or higher, explaining that higher loadings more closely represent the true measure
of the factor. Hair et al. (2009) recommend factor loadings based on sample size as
shown in Table 3.1. For this praxis, only factor loadings with values more than 0.50 are

reported.

Table 3.3: Identifying Significant Factor Loadings Based on Sample Size

Sufficient factor

Sample size loading
50 0.75
60 0.70
70 0.65
85 0.60
100 0.55
120 0.50
150 0.45
200 0.40
250 0.35
350 0.30

Note. Source: Hair et al. (2009).

3.5.7 Reliability Analysis
Reliability was determined from measures of internal consistency of the instrument.
Cronbach’s alpha was also computed as a measure of internal consistency of the scale.
CFA is typically performed after EFA and is used to confirm and further develop the

latent variables as constructs of the measured variables. The items that were indicated as
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belonging to a particular factor (on the basis of the available literature and the conducted
EFA) were included in the initial CFA model. The resultant model fit and goodness of fit
(GOF) indices were used to determine whether or not the developed CFA was
statistically acceptable and significant. The modification indices were then used to
introduce any required covariances between the variables to achieve the best possible
model fit and GOF indices.
3.5.8 Confirmatory Factor analysis for Measurement Model and
Assessment of Construct Validity of the Model

CFA was used first to assess the reliability and construct validity of the measurement
model and was done for each study construct by taking the measurement model with
study construct and its indicator items. Then construct reliability (CR) and construct
validity measures were extracted and compared with the acceptable cut off values to
provide evidence for reliability and validity of the measurement model. Reliability
ensures the measurement instrument is consistent and dependable. Validity is the ability
of the scale to measure truly what it is supposed to measure. The assessment of reliability
and validity is explained below.

3.5.9 Construct Reliability

Construct reliability, also known as composite reliability is assessed by composite
reliability (CR) and average variance extracted (AVE). Both CR and AVE values range
from 0 to 1. Based on the criterion of Fornell-Larcker (1981), minimum values of 0.70
for CR and 0.50 for AVE are generally considered as satisfactory cut off values for

evidence of reliability of the scale. AVE is calculated using the expression

iﬂf (3.1)
AVE = '=1n
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Composite reliability is calculated using the expression

Znﬂ (3.2)

imz +(3)
Where 2, is the standardized factor loading for the ith item in the factor, n is the number of
factor loadings for the construct and &; is the error variance for the i item in the factor.
The recommended factor loadings or squared standardized regression weights reported in
CFA must be more than 0.50 for acceptance, AVE must be more than 0.50 for each
construct and construct reliability must exceed 0.7 (Hair et al., 2010). Another technique
used to assess construct reliability is the squared multiple correlations (SMC) measure.
SMC is used to assess the reliability of each measurement item under each construct and
is calculated as the square of the measurement items’ standardized loading values. A value
of SMC greater than 0.5 is deemed acceptable, although 0.3 is used by some authors as an
indicator of acceptable measurement items (Cunningham, Holmes-Smith & Coote 2006).
3.5.10 Validity assessment

Validity assessment is critical for testing the accuracy of a measure, ensuring that the
measurement items are representing what they are intended to measure (Cunningham,
Holmes-Smith & Coote 2006). CFA and structural equation modeling can be used to test
convergent validity and discriminant validity (Anderson & Gerbing, 1998; Hair et al.,
2010)

3.5.11 Convergent validity

Convergent validity aims to confirm that measurement items actually reflect latent

constructs that they are designed to measure. Factor loading is a critical consideration, as

high factor loadings on a latent factor indicate that the measurement items involved
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converge on a common latent factor. Standardized loading estimates were used to assess
this. The minimum cut off value estimate for the standardized factor loading is 0.5 and
should be significant at a 0.05 level. The dimensions or constructs are considered to have
construct validity when the value of composite reliability (CR) is greater than the value of
AVE (Cunningham, Holmes—-Smith & Coote, 2006; Kripanont, 2007). According to
Nunnally and Berstein (1994), the value of Ave must be greater than 0.40 for satisfactory
evidence of convergent validity.

3.5.12 Discriminant validity

Discriminant validity aims to confirm the uniqueness of measurement items,
dimensions or constructs in the model in which they should be truly distinct from others
(Hair et al., 2010). Various methods can be used to assess discriminant validity. The first
method is Pearson’s correlation between measurement items. It indicates that the
measurement items under the same measurement dimension should be highly correlated
while having low correlation with measurement items in other measurement dimensions.
(Cunningham, Holmes-Smith & Coote, 2006; Kripanont, 2007).

The second method is covariance, used to inspect the correlation between
measurement constructs rather than measurement items (observed variables). Values less
than 0.9 are likely to have a problem with discriminant validity (Bagozzi, Yi & Phillips,
1991; Holmes-Smith & Coote, 2006, Kline, 2011) and therefore should be 0.9 and above.

The third method is the squared correlation (R%) and AVE assessment. Here, R? is the
squared inter construct correlation. As suggested by Fornell and Larcker (1981),
measurement dimensions or constructs meet discriminant validity criterion when AVE is

greater than R?.
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3.5.13 Assessment of Model Fit

The measurement of good model fit for CFA and structural model can be performed
by calculating three main types of indices, namely incremental fit indices (NFI, CFI and
TLI), absolute fit indices (Chi-square, CMIN /df, GFI, RMSEA and PCLOSE), and
parsimony fit indices (AGFI) (Hair et al., 2010). According to Kline (2005), a model is
identified if a standard model with two or more factors has at least two indicators per
factor.

3.6 Structural Equation Modeling Analyses

Structural equation modeling (SEM) is a multivariate technique that allows complex
analysis of multiple variables with a clear visual presentation of the extracted outcomes.
SEM is particularly useful for considering complex data with a large number of mutually
dependent variables (Lomax & Schumacker, 2012), which is characteristic of surveys and
network of relationships hypothesized. SEM has the capability to determine and
characterize indirect effects caused by an independent variable onto a dependent variable
through the mediation of a third variable. Each of the hypotheses formulated was studied
in detail using the SEM analysis and all tests are performed at 0.05 level of significance.

3.7 Repeated Measures ANOVA

This method is appropriate for comparison of mean scores across repeated
measurements which are correlated. Repeated measures ANOV A assumes sphericity
which is the assumption of equality of covariance matrices for different pairs of

combinations of study constructs.
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3.8 Summary
This chapter described the methodology used in this study along with the survey
instrument, constructs, independent and dependent variables, and the statistical data

analysis steps. Chapter 4 presents the results of the data analysis.
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Chapter 4. Results

The purpose of this research was to develop a framework for evaluating end user
satisfaction with LIMS and identify factors that are of greatest impact to LIMS end-users.
Information quality, system quality and service quality were hypothesized as having
direct positive relationships with LIMS end-user satisfaction. The results of data analysis
and hypothesis testing are reported in this chapter.

Figure 4.1 presents a bar chart of the experience of respondents with computers. Over
75% of the respondents had more than 15 years of experience with computers, 11.9% had
10 to 15 years and 6.8% had 5 to 10 years of computer experience. Figure 4.2 is a bar
chart of experience using LIMS. 21% of the respondents had more than 10 years of
experience, 23% reported between 5 to 10 years, and 26% had 2 to 5 years of experience
with LIMS. Figure 4.3 is a bar chart of the frequency of using LIMS. Over 30% of the
respondents indicated that they use LIMS daily, 26.1% use it 2 to 3 times a week, 13.3%
once a week, and 18.7 use it twice per month. Figure 4.4 provides a bar chart of the most
accessed database in LIMS. The majority (51.06%) indicated mostly accessing the Global
analytical consolidated database while 31% accessed Global Polyolefins. Figure 4.5 is a
bar chart of the mode of accessing LIMS. The majority (61.2%) reported using LIMS via

the web portal while 22.7% use it via both web portal and TWAC.
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4.1 Exploratory Factor Analysis of Study Constructs

4.1.1 Exploratory Factor Analysis for Information Quality Construct

Exploratory factor analysis (EFA) was performed on 10 items of information quality
construct which showed a KMO measure of sampling adequacy of .915. Bartlett’s test of
sphericity rejects the null hypotheses that correlation matrix is proportional to an identity
matrix (y? (36) = 3766.525, p<.001). These results indicate that EFA is appropriate for the
correlation structure of the scale for information quality. The raw EFA output is
presented in Appendix D. Table 4.1 reports the factors extracted and the variance
explained by each factor extracted using principal components method with only those

factors reporting Eigen values greater than one considered as the final set of factors.
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Principal axis factoring method was also used and single factor structure was reported.
This single factor solution accounted for 69.897% of the total variance. Figure 4.6
presents the scree plot of the EFA which also suggests a single factor structure as the
appropriate factor solution. Table 4.2 reports the rotated factor matrix of factor loadings
of items for the extracted factor. Factor loadings more than 0.50 in magnitude only are
reported in the table. This set of 10 items is taken as a single factor labeled as

“Information Quality”.

Table 4.1: Factor Extraction and Factor Variance for Exploratory Factor Analysis for Information
Quality Construct

Component Initial Eigenvalues Extraction Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1 6.990 69.897 69.897 6.990 69.897 69.897
2 .803 8.027 77.924
3 .566 5.658 83.582
4 .385 3.854 87.436
5 341 3.408 90.844
6 .295 2.951 93.795
7 .229 2.290 96.085
8 193 1.928 98.013
9 .106 1.062 99.076
10 .092 924 100.000
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Figure 4.6:  Scree plot for EFA for information quality.

Table 4.2: Rotated Component Matrix of EFA for Information Quality Scale

Iltem Component
C1 .886
C4 .882
Cc2 .868
F2 .864
A2 .848
F1 .834
C3 .807
T2 .803
Al 797
T1 762
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4.1.2 Exploratory Factor Analysis for System Quality Construct

An EFA performed on 10 items of system quality construct reported a KMO measure
of sampling adequacy of .862. Bartlett’s test of sphericity rejects the null hypotheses that
the correlation matrix is proportional to an identity matrix (y? (45) = 3521.257, p<.001).
These results indicate that EFA is appropriate for the correlation structure for system
quality. Table 4.3 reports the factors extracted and the variance explained by each factor
extracted using principal components method. Only those factors with eigen greater than
one are considered. The two-factor solution accounts for 76.998% of the total variance in
the data. Figure 4.7 presents the scree plot of the EFA which also indicates a two-factor
structure as the appropriate factor solution. Table 4.4 displays the rotated factor matrix with
factor loadings of items for two factors. Factor loadings more than 0.50 in magnitude only,
are reported in the table.

The first factor reports high loadings on 6 items (E1, E2, 11, 12, SS1 and SS2)
reflecting elements of system speed, interface and ease of use labeled as "System
Efficiency" factor. Similarly, the second factor reports high loadings on four items (TR1,
TR2, D1, and D2) reflecting elements of training and documentation labeled as "Training

and Documentation" factor.
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Table 4.3: Factor Extraction and Factor Variance for Exploratory Factor Analysis of Systems
Quality Construct

Component Initial Eigenvalues Rotation Sums of Squared Loadings
Total % of Variance Cumulative % Total % of Variance Cumulative %
1 5.912 59.120 59.120 4521 45.209 45.209
2 1.788 17.878 76.998 3.179 31.789 76.998
3 .661 6.606 83.604
4 .537 5.365 88.970
5 .337 3.368 92.338
6 .253 2.534 94.872
7 185 1.849 96.721
8 .143 1.427 98.148
9 123 1.235 99.383
10 .062 617 100.000
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Figure 4.7:  Scree plot for EFA for systems quality construct.
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Table 4.4: Rotated Component Matrix of EFA for Systems Quality Construct

Component
1 2
E2 912
El .887
12 .886
SS1 .859
11 .822
SS2 .680
TR1 .881
TR2 .853
D1 .833
D2 .816

4.1.3 Exploratory Factor Analysis for Service Quality Scale

EFA performed on 8 items of service quality reported a KMO measure of sampling
adequacy of .943. Bartlett’s test of sphericity rejects the null hypotheses that the
correlation matrix is proportional to an identity matrix (® (28) = 3736.565, p<.001).
These results indicate that EFA is appropriate for the correlation structure of service
quality. The principal components method reports a single factor solution as being
appropriate. Table 4.5 reports the factors extracted and the variance explained by each
factor extracted using the principal components method with only those factors reporting
eigen values more than one considered. Figure 4.8 presents the scree plot of the EFA
which also indicates a single factor structure as the appropriate factor structure of the
data. Table 4.6 reports the rotated factor matrix with factor loadings of items for a single

factor.
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Table 4.5: Factor Extraction and Factor Variance for Exploratory Factor Analysis of Service

Quality Scale
Component Initial Eigenvalues Extraction Sums of Squared Loadings
Total % of Variance Cumulative % Total % of Variance Cumulative %
1 6.643 83.032 83.032 6.643 83.032 83.032
2 .385 4.810 87.841
3 .306 3.824 91.665
4 .164 2.048 93.713
5 .155 1.938 95.651
6 129 1.617 97.268
7 114 1.424 98.692
8 .105 1.308 100.000
Scree Plot

Eigenvalue

T T T T T
1 2 3 4 3 [

~1-]
@

Component Number

Figure 4.8:  Scree plot for EFA for service quality scale.
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Table 4.6: Rotated component matrix of EFA for service quality scale.

Component

1
RS2 .947
RL1 .936
COM1 919
RS1 918
EM2 913
RL2 .906
COM2 .884
EM1 .862

Table 4.7 presents the Cronbach alpha measure of internal consistency of the scale.
All four constructs report Cronbach alpha values comfortably more than the acceptable
minimum cut off value of 0.70. These results indicate that all the study constructs are

reliable.

Table 4.7: Cronbach’s Alpha Measure for Reliability of Scales

Scale # items Cronbach’s alpha
Information Quality 10 0.951
System Efficiency 6 0.937
Training and Documentation 4 0899
Service Quality 8 0.970

59



4.2 Confirmatory Factor Analysis
4.2.1 Measurement model for Information Quality Construct

Figure 4.9 presents the final measurement model for information quality construct.
The standardized loading of items is presented in Table 4.8 with 10 items reflecting
information quality. These observed items meet the Fornell-Larcker (1981) convergent
validity criterion with all standardized loadings greater than the required threshold value
of 0.50. It also reports evidence of construct validity with a composite reliability (CR)
value of 0.947 greater than the AVE measure of 0.7815. These values are reported as
percentages in Table 4.11. Further, the scale for information quality is reliable as the
squared multiple correlation (SMC) exceeds the minimum threshold value of 0.3 for each
item reflecting the construct (See Table 4.8). The detailed CFA output is shown in

Appendix E.

Chi-square = 100.821, df = 27. P =<.001, CMIN / DF (< 4) = 3.734,
GFI (> .9) =.947, AGFI =.893, NFI = .971,
TLI (>.95) = .964, CFI (>.9) = .979
PCLOSE =.001, RMSEA (<.09) =.08

Figure 4.9:  Measurement model with standardized regression weights for information quality
construct.
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Table 4.8: Standardized Loading, Squared Correlation and Fit Indices for Information Quality

Construct

Description Squared
Iltem loading Correlation p
C1 The system provides the precise information | need. 0.87 0.756 <.001
Cc2 The information content meets my needs. 0.839 0.703 <.001
ca The system provides reports that seem to be just about exactly 0.783 0.613 <001

what | need.
C4 The system provides sufficient information. 0.903 0.815 <.001
Al The system is accurate. 0.724 0.524 <.001
A2 | am satisfied with the accuracy of the system. 0.797 0.636 <.001
F1 The output is presented in a useful format. 0.799 0.638 <.001
F2 The information | get from the system is clear. 0.832 0.693 <.001
T1 | get the information | need in time. 0.714 0.51 <.001
T2 The system provides up-to-date information. 0.732 0.536 <.001
Fit Indices:

Chi — square = 100.821, df = 27. P = <.001, CMIN / DF (< 4) = 3.734, GFI (> .9) = .947, AGFI = .893, NFI = .971,
TLI (>.95) = .964, CFI (>.9) = .979, PCLOSE = .001, RMSEA (<.09) = .08.

4.2.2 Measurement Model for System Quality Construct

Figure 4.10 presents the final measurement model for system quality construct
formed by two sub-dimensions of SQ1 (system efficiency) and SQ2 (training and
documentation). The standardized loading of items is presented in Table 4.9. Six items
reflect Subdimension of SQ1. These observed items meet the convergent validity
criterion with all standardized loadings greater than the required threshold value of 0.50.
It also reports evidence for construct validity with a value of composite reliability (CR)
value of 0.9292 greater than the AVE measure of 0.8220. These values are shown as
percentages in Table 4.11. Further, the scale for system quality is reliable as SMC
exceeds the minimum threshold value of 0.3 for each item reflecting the construct (See

Table 4.9).
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Four items reflect the subdimension SQ2. These observed items meet the convergent
validity criterion with all standardized loadings greater than the required threshold value
of 0.50. It also reports evidence of construct validity with a composite reliability (CR)
value of 0.8782 greater than the AVE measure of 0.7950. These values are shown as
percentages in Table 4.11. Further, the scale for system quality is reliable as SMC
exceeds the minimum threshold value of 0.3 for each item reflecting the construct (See

Table 4.9).

Chi—square = 87.959, df = 29. P = <.001, CMIN / DF (< 4) = 3.033,
GFI (>.9) = .953, AGFI = .911, NFI = .974,
TLI (>.95) = .973, CFI (>.9) = .982
PCLOSE = .01, RMSEA (<.09) = .076

Figure 4.10: Measurement model with standardized regression weights for system quality
construct.
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4.2.3 Measurement Model for Service Quality Construct

Figure 4.11 presents the final measurement model for service quality construct. The
standardized loading of items is presented in Table 4.10. Eight items reflect service
quality. These observed items meet the Fornell-Larcker (1981) convergent validity
criterion with all standardized loadings greater than the required threshold value of 0.50.
It also reports evidence of construct validity with a composite reliability (CR) value of
0.9691 greater than the AVE measure of 0.8992 (See Table 4.11). Further, the scale for
service quality is reliable as SMC exceeds the minimum threshold value of 0.3 for each

item reflecting the construct (See Table 4.10).

Table 4.9: Standardized loading, Squared Correlation and Fit Indices for System Quality
Construct

Description Squared

Item loading Correlation p

SQ1: System efficiency

EA1 The system is easy to use. 0.949 0.901 <.001
EA2 The system is user friendly. 0.981 0.963 <.001
in rNezl:tiirI:Z It_;l;/IkSS.has all the features and functions needed to perform 0.764 0.584 <.001
12 | am satisfied with the look and feel of the system. 0.851 0.725 <.001
SS1 | am satisfied with how the system operates. 0.793 0.629 <.001
SS2 | am satisfied with the speed of the system 0.592 0.351 <.001

SQ 2: Training and Documentation
TR1 | received adequate training prior to using the system. 0.678 0.46 <.001

The training | received so far provided information needed to perform <.001

TR2 . .
required tasks in LIMS. 0.644 0415

D1 Documentation on how to use the system is available. 0.916 0.839 <.001
D2 The documentation is current and relevant. 0.941 0.886 <.001
Fit Indices:

Chi — square = 87.959, df = 29. P = <.001, CMIN / DF (< 4) = 3.033, GFI (> .9) = .953, AGFI = .911, NFI = .974, TLI (>.95)
=.973, CFI (>.9) = .982, PCLOSE = .01, RMSEA (<.09) = .076
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Chi-square = 40.918, df = 16. P = .001, CMIN / DF (< 4) = 2.557,
GFI (>.9) = .972, AGFI = .937, NFI = .989,
TLI (>.95) = .988, CFI (>.9) = .993
PCLOSE = .128, RMSEA (<.09) = .067

Figure 4.11: Measurement model with standardized regression weights for service quality
construct.

Table 4.10: Standardized Loading, Squared Correlation and Fit Indices for Service Quality

Construct

Description Squared
Item loading  Correlation p
RL1 When a.user hag a problem, the Nautilus LIMS support team shows a sincere 0.928 0.862 <001

interest in resolving it.
RL2 The Nautilus LIMS support services are dependable. 0.877 0.769 <.001
RS1 The Nautilus LIMS support team provides prompt service to users. 0.898 0.807 <.00]
RS2 The Nautilus LIMS support team is always willing to help users. 0.949 0.901 <.001
CoM1L \'inlNautilus LIMS support team has the knowledge required to do their job 0.821 0.826 <.001
COM2  The Nautilus LIMS support team is consistently courteous with users. 0.879 0.77 <.001
EM1 The Nautilus LIMS support team understands the specific needs of its users. ~ 0.909 0.674 <.001
EM2 The Nautilus LIMS support team has the users' best interests at heart. 0.877 0.773 <.00!

Fit Indices:

Chi-square = 40.918, df = 16. P = .001, CMIN / DF (< 4) = 2.557, GFI (> .9) = .972, AGFI = .937,
NFI = .989, TLI (>.95) = .988, CFI (>.9) = .993 PCLOSE = .128, RMSEA (<.09) = .067
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4.3 Final Measurement Model
The final measurement model of study constructs is presented in figure 4.12.
All model goodness of fit measures meet the threshold requirement for reasonably

good fit. Details of the final measurement model are shown in Appendix F.
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Chi-square = 973.233, df = 331. P = <.001, CMIN / DF (< 4) = 2.94,
GFI (> .9) = .906, AGFI = .808, NFI = .917,
TLI (>.95) = .935, CFI (>.9) = .943
PCLOSE = .001, RMSEA (<.09) = .074

Figure 4.12: Final measurement model.
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Table 4.11 displays average variance extracted (AVE) and construct reliability (CR)
for each study construct based on CFA analysis. The recommended factor loadings or
squared standardized regression weights reported in CFA must exceed 0.50 for
acceptance, AVE must be more than 0.50 for each construct and construct reliability for
each construct must be 0.7 or more (Hair et al., 2010). For all the constructs, AVE and

CR measures are comfortably more than the desired cut off values of 0.50 and 0.7.

Table 4.11: Average Variance Extracted and Construct Reliability for Each Construct in the Final
Measurement Model

Scale(s) # items AVE (%) CR (%)

Information Quality 10 78.15 94.70
System Efficiency 6 82.20 92.92
Training & Documentation 4 79.50 87.82
Service Quality 8 89.22 96.91

Note. AVE = Average Variance Extracted, CR = Construct Reliability (represented as %)

Table 4.12 shows the matrix with AVE measure reported for each study construct and
its squared covariance with each of the other study constructs. For each construct, AVE is
more than the squared inter construct covariances. This establishes strong evidence for
the discriminant validity of the model. In summary, the CFA performed on all the
constructs in the model, confirms that the model has adequate convergent, divergent

validity and hence confirming the construct validity of the model.

Table 4.12: Average Variance Extracted and Inter Construct Squared Covariance for Each
Construct in the Final Measurement Model

Scale AVE (%) Information System Training & Service
Quality (%) Efficiency (%) Documentation (%) Quality (%)

Information 78.15 -- 76.00 32.80 15.40

Quality

System 82.20 76.00 -- 30.10 13.60

Efficiency

Training & 79.50 32.80 30.10 -- 27.20

Documentation

Service Quality 89.22 15.40 13.60 27.20 --
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4.4 Hypothesis Testing

Hypothesis testing is performed for the structural model using path analysis. The
main dependent variable of satisfaction reflected by two items reports an overall mean
score of 4.926 (SD = 1.518). With a rating scale ranging from 1 to 7, a single sample
mean t-test was used to test whether the mean score for satisfaction is significantly more
than 4.0. Results of the one sample mean t-test indicate that the null hypothesis of a mean
score less than or equal to 4.0 must be rejected at .05 level of significance (M = 4.926, t
(352) = 11.462, p = <.001). This result indicates that overall, respondents find the
database useful and satisfactory.

Figure 4.13 presents the fitted structural model with estimated path coefficients.
Table 4.13 displays the estimated path coefficient for each path in the conceptual model
and the associated test for their significance.

Hypothesis H2 tests the direct positive relationship between system Quality and user
satisfaction with LIMS. With a high positive path coefficient and a statistically
significant p-value < 0.05, this hypothesis is supported. This indicates that system quality
has a significant positive influence on end user satisfaction with LIMS (f = 1.009, t =
2.502, p = .012).

Hypothesis H4 tests the direct positive relationship between system quality and
information quality. With a high positive path coefficient and a statistically significant p-
value < 0.001, hypothesis H4 is supported. This indicates that system quality has a
significant positive influence on information quality (B = 0.944, t=9.364, p =<.001).

Hypothesis H5 tests the direct positive relationship between service quality and

system quality. With a positive path coefficient and a statistically significant p-value <
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0.001, hypothesis H5 is supported. This indicates that system quality has a significant
positive influence on information quality (p = 0.435, t = 6.489, p = <.001). This is not
surprising as system quality is a significant function of service quality and it significantly
influences information quality.

Hypothesis H1 tests the direct positive relationship between information quality and
user satisfaction with LIMS. The negative path coefficient (p = -.206), and the high p-
value (p = 0.586) suggest a statistically non-significant relationship. Hypothesis H1 is not
supported, which indicates that the influence of information quality on end user
satisfaction is not significant in the present study.

Hypothesis H3 tests the direct positive relationship between service quality and user
satisfaction with LIMS. The low path coefficient (p = 0.038) and the high p-value (p =
0.380) indicate a statistically non-significant relationship. Hypothesis H3 is not
supported, which implies the influence of service quality on end user satisfaction is not

significant in the present study.

Table 4.13: Structural Model (Construct level) Results with Estimates of Hypothesized Path
Coefficients and Their Significance

Predictor Hypo- Dependent Unstandardized Standardized Critical Sig
Variable thesized Variable Coefficients Coefficients Ratio
path B) p-
b Std t statistic ~ Value
Error

H1 Information -—-> User -0.278 0.511 -.206 -0.544 .586
Quality Satisfaction

H2  System —-> User 2.306 0.922 1.009 2.502 *
Quality Satisfaction

H3  Service —-> User 0.051 0.058 .038 0.877 .380
Quality Satisfaction

H4  System —> Information 1.599 0.171 .944 9.364 ok
Quality Quality

H5  Service - > System 0.254 0.039 435 6.489 *kk
Quality Quality

***gignificant at .001 level, **significant at .01 level, *significant at 0.05 level, +significant at 0.10

level.
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4.4.1 Explanation of Variables

In table 4.13, “b" is a measure of the quantified effect of the predictor variable on the
dependent variable. "t" is the test statistic associated with the test for the significance of
the estimator effect of the predictor variable on the dependent variable (b). This is
computed as the ratio of the estimated coefficient (b) to its standard error value. The
magnitude of t statistic determines the p-value of the test. A large value of t-test statistic
is associated with low values of p (< .05) indicating significant effect. The reported effect
in "b" is the unstandardized effect. When comparing the size of the effect of several
predictor variables on the dependent variable, standardized values () are used. This is
because different predictors may be measured using different scales. Standardization

neutralizes this difference and hence, a comparison can be made directly.
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Chi—square = 1131.989, df = 385. P = <.001, CMIN / DF (< 4) = 2.94,
GFI =.902, AGFI =.785, NFI = .910,
TLI (>.95) = .95, CFI (>.9) =.938
PCLOSE =.001, RMSEA (<.09) =.074

Figure 4.13: Fitted structural model with standardized regression weights. SQ = system quality,
IQ = information quality, SEQ = service quality, U = usefulness / satisfaction
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4.5 Comparison of Response (Satisfaction) Score Between Study Constructs

Table 4.14 shows descriptive statistics of satisfaction with study constructs
determining end user satisfaction. Mean score for system efficiency construct was M =
4.913 (SD = 1.418). Training & documentation construct reported mean M = 4.888 (SD =
1.314). Mean score for service quality construct was M = 5.381 (SD = 1.160).
Information quality construct reported a mean score of M =5.273 (SD = 1.152). Figure
4.14 shows the means plot of scores for these study constructs.

Repeated measures ANOVA was used to test the significance of difference in mean
response satisfaction scores across system quality (system efficiency, training &
documentation), service quality and information quality study constructs. This assumes
sphericity which is the assumption that the covariance matrices of pairs of combinations
of factors are equal (Raykov & Marcoulides, 2012). Mauchly’s test of sphericity is used
to test this assumption which is met if p > 0.05 and violated if p < 0.05 (Tabachnick &
Fidell, 2007; Raykov & Marcoulides, 2012). As shown in Appendix G (W-0.625, 2 (5)
=164.81, p = <.001), the sphericity assumption is not met. When this occurs, the
recommendation is to adjust the degrees of freedom (df) for F test by multiplying df by
the Epsilon measure (Raykov & Marcoulides, 2012). SPSS automatically performs this
adjustment.

Greenhouse Geiser measure reports an epsilon value of 0.793 while Box’s lower
bound estimate is 0.333 (see Appendix G). Results of Greenhouse Geiser based
multivariate test show significant difference across study constructs (F (2.379, 837.419) =
29.289, p = <.001). Therefore, the mean score for the four study constructs is not the

same. Post hoc comparisons indicated no significant difference between mean score for

71



system efficiency and training & documentation constructs (p = >.05). Similarly, no
significant difference was found between service quality and information quality (p =
>.05). However, both service quality and information quality construct reported
significantly higher mean satisfaction score compared to both system efficiency and

training & documentation dimensions.

Table 4.14: Descriptive Statistics of Response to Study Constructs.

M SD N
System efficiency 4913 1.418 353
Training & Documentation 4.888 1.314 353
Service Quality 5.381 1.160 353
Information Quality 5.273 1.152 353
5.40-
5.30
5.20
E
Q
=
_E 5.10
o
=
=
5.00
490
4 50+
System elfficiency Training & Dc:cumerrtation Servicel Cuality Informaﬁc:n Cuality

Figure 4.14: Means plot of satisfaction score for study constructs.
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Chapter 5. Discussion

This chapter discusses the results presented in chapter 4, followed by limitations of
the study and recommendations for future research. The chapter opens with a summary of
the study.

5.1 Results Discussion

This study set out to develop a framework for evaluating end-user satisfaction with
LIMS and, in so doing, provide practitioners with a tool for identifying factors that exert
the most influence on user satisfaction. The research instrument was adapted from
previous research on end-user satisfaction and modified to form the instrument for this
praxis.

Structural equation modeling (SEM) showed 4 constructs measuring user satisfaction:
information quality, system quality which became two constructs (system efficiency and
training & documentation) and Service quality. Results of exploratory factor analysis
reported unidimensional structure for information quality and service quality. Subsequent
confirmatory factor analyses confirmed adequate, satisfactory reliability and construct
validity measures for these two constructs. System quality reported a two-factor structure
reflected by system efficiency and training & documentation dimensions.

Hypothesis H2, which tests the direct positive relationship between system Quality
and user satisfaction with LIMS, was supported in this praxis. System quality was found
to have a strong positive influence on end-user satisfaction with LIMS. This is consistent
with findings from previous researchers such as Seddon & Kiew (1996), Yoon et al.
(1995), Seddon & Yip (1992, Chiu et al. (2007), Halawi et al. (2007), Hsieh & Wang

(2007), Leclercq (2007), Kulkarni et al. (2006), Wu & Wang (2006), Almutairi &
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Subramanian (2005), livari (2005), McGill & Klobas (2005), Wixom & Todd (2005),
McGill et al. (2003), Bharati (2002), Devaraj et al. (2002), Gelderman (2002), Kim et al.
(2002), Palmer (2002), Rai et al. (2002).

System quality measures the desirable characteristics of an information system
(Petter et al., 2008). This praxis reported a two-factor structure for system quality
reflected by system efficiency (speed, ease of use and interface) and training and
documentation sub-constructs.

Quality user documentation has been shown to increase proficiency with the system,
improve user efficiency and effectiveness, reduce user dependency on support, facilitate
installation, operation, use, evaluation, and maintenance of a system (Myers, Harper, &
Gas, 1994 cited by Aggelidis & Chatzoglou, 2012). Training is a key factor responsible
for ensuring successful usage of IT systems (Davis & Bostrom, 1993 cited by Aggelidis
& Chatzoglou, 2012). Improved system speed, ease of use, interface, along with better
training and documentation will likely improve end-user satisfaction with LIMS.

Hypothesis H4, which tests the direct positive relationship between system quality
and information quality, was supported. System quality reported a strong positive
relationship with information quality. That is, a higher level of system quality is
associated with higher quality of information stored and presented to end users.

Hypothesis H5, which tests the direct positive relationship between service quality
and system quality, was supported in this study. Service quality reported a significant
positive effect on system quality. That is, adjusting for the effect of other factors, higher

quality of service is associated with higher system quality.
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Hypothesis H1, which tests the direct positive relationship between information

quality and user satisfaction was not supported in this Praxis. Information quality did not
show a significant influence on user satisfaction in the context of LIMS. This is
consistent with Marble (2003) who did not find a significant relationship between
information quality and user satisfaction in his study of system implementation projects
and user information satisfaction. However, the finding in this praxis deviates from
results of previous studies that found information quality to be a major determinant of
end user satisfaction (e.g., Halawi et al., 2007; Wu & Wang, 2006; livari, 2005; Wixom
& Todd, 2005; Petter et al., 2009; Petter et al., 2008). The uniqueness of LIMS compared
to other IS may be reason for the insignificant effect.
Although information quality has been considered a key dimension of end-user satisfaction
instruments by previous researchers (e.g Ives et al., 1983; Baroudi & Orlikowski, 1988 &
Doll et al., 1994), its measure is problematic for IS success studies because it is often
assessed as a component of user satisfaction and not as a unique construct (Petter et al.,
2008).

Hypothesis H3, which tests the direct relationship between service quality and user
satisfaction was not supported in this praxis. Service quality did not show a direct
relationship with user satisfaction. Petter et al., (2008) found several studies including
Choe (1996), Aladwani (2002), Palmer (2002), Marble (2003), Chiu et al., (2007),
Halawi et al., (2007) that found no significant relationship between service quality and
user satisfaction. More recent scholars such as Urbach et al., (2010), and Seyal and
Rahman (2015), found non-significant relationships between service quality and user

satisfaction. Although this praxis did not show a direct relationship between service

75



quality and user satisfaction, it found an indirect positive impact of service quality on
user satisfaction, through system quality, which acts as a mediating construct.

5.2 Implications for Practice

The results of this praxis can be used by practitioners to plan strategies for improving
LIMS. System quality was found to be a major determinant of end user satisfaction with
LIMS. This implies that any enhancements associated with system speed, ease of use and
user interface are likely to improve user satisfaction and ultimately, improve
implementation success. Similarly, emphasis on designing more effective user
documentation and providing quality user training are likely to improve users’
experiences with LIMS, and ultimately, improve their satisfaction with the system.

The results of this study also showed service quality indirectly influencing user
satisfaction through system quality, which acts as a mediating construct. This suggests
that improvements in service quality are likely to improve system quality and
subsequently improve user satisfaction with LIMS. Finally, system quality was found to
have a direct positive relationship with information quality, implying that enhancements
to system quality are likely to improve the quality of information that the system outputs.

Literature did not reveal any studies to the researcher’s knowledge that have
evaluated end-user satisfaction in the context of LIMS. This study is significant because
it provides a framework for measuring the success and effectiveness of LIMS
implementations from an end user perspective and forms the basis for future EUCS
studies in the context of LIMS. By identifying the constructs that have the greatest impact
on user satisfaction, LIMS managers are able to use the results to plan strategies for

improving the system.
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5.3 Limitations of the Study

The main limitation of this study is that it captured information from one specific
point in time from one organization and for one type of LIMS, specifically Nautilus
LIMS. With multiple LIMS offerings and different architectures, it was not possible to
evaluate the various LIMS applications in order to generalize the results for all LIMS.

5.4 Recommendations for Further Research

It would be interesting to conduct similar studies across multiple organizations for
more than one type of LIMS to compare the results. Further studies utilizing larger
sample sizes would allow a more accurate study of the relationships and effects of the

model constructs.
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Appendix A. Examples of Commercially Available LIMS

Table A1l: Examples of Commercially Available LIMS

LIMS Product Vendor

Accelrys LIMS- Accelrys

BaseSpace Clarity LIMS lllumina

BIOVIA LIMS BIOVIA

CaliberLIMS Caliber Technologies
CCLAS ABB Group

Clinsis Clinsis

CloudLIMS Lite CloudLIMS

Darwin Thermo Fisher Scientific
ELab LabLynx

Exemplar Biomarker Discovery

Sapio Sciences

Exemplar Dx LIMS

Sapio Sciences

Exemplar Research LIMS

Sapio Sciences

Galileo

Thermo Fisher Scientific

Hach WIMS Hach Company
LABbase Analytik Jena
LabCollector AgileBio

LabVantage LabVantage Solutions
LabWare LIMS LabWare

MetaField Lab

Agile Frameworks

Nautilus Thermo Fisher Scientific
NuGenesis 8 Waters Corporation
OmicsHub Integromics

ReadyLIMS Analytik Jena
SampleManager Thermo Fisher Scientific
SampleTrack Bruker Corporation
STARLIMS Abbott Informatics Corporation

TrakCare Lab Enterprise

InterSystems

Watson

Thermo Fisher Scientific

webLIMS

LabLynx
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Appendix B. Survey Instrument

Page 1 of 5

Thank you for taking the time to fill out the Nautilus LIMS survey. It is designhed to be
completed in one sitting once started. Please answer all questions as accurately as
possible, selecting from the choices provided.

Information Quality

1. The system provides the precise information I need.*

c1

OStroneg OAgree OSIighUy O Neither OSIightIy O Disagree OStroneg

Agree Agree Agree nor Disagree Disagree
Disagree

2. The information content meets my needs.*

c2

O Strongly OAgree OSIightiy O Neither O Slightly O Disagree O Strongly

Agree Agree Agree nor Disagree Disagree
Disagree

3. The system provides reports that seem to be just about exactly what I need.*

c3
O Strongly OAgree OSIightiy O Neither O Slightly O Disagree O Strongly
Agree Agree Agree nor Disagree Disagree
Disagree
4. The system provides sufficient information.*
c4
O strongly OAgree O slightly O Neither O slightly O Disagree O strongly
Agree Agree Agree nor Disagree Disagree
Disagree
5. The system is accurate.*
AC1
2 Strongly OAgree OSIightiy O Neither O Slightly O Disagree O Strongly
Agree Agree Agree nor Disagree Disagree
Disagree
6. I am satisfied with the accuracy of the system.*
AC2
O Strongly OAgree OSIighdy O Neither O Slightly O Disagree O Strongly
Agree Agree Agree nor Disagree Disagree
Disagree
7. The output is presented in a useful format.*
F1
OStrongly OAgree OSIightIy O Neither OSIighdy ODisagree OStroneg
Agree Agree Agree nor Disagree Disagree
Disagree
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10.

11,

12.

1

w

14.

The information I get from the system is clear.*
F2

O Strongly OAg ree O Slightly O Neither

Agree Agree Agree nor
Disagree

I get the information I need in time.*

T1

OStroneg OAgree OSIightiy O Neither

Agree Agree Agree nor
Disagree

The system provides up-to-date information .*

T

O strongly OAgree O slightly O Neither

Agree Agree Agree nor
Disagree

System Quality

The system is easy to use.*

Ei

O Strongly OAgree OSIightIy O Neither

Agree Agree Agree nor
Disagree

The system is user friendly.*

E2

(@) Strongly OAgree OSIightIy O Neither

Agree Agree Agree nor
Disagree

I1

O Strongly OAgree OSIightiy O Neither

Agree Agree Agree nor
Disagree

I am satisfied with the look and feel of the system.*
12

O strongly OAgree O slightly O Neither
Agree Agree Agree nor
Disagree
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OSIightIy 0 Disagree
Disagree

OSIightIy 0] Disagree
Disagree

O slightly O Disagree
Disagree

OSIightIy O Disagree
Disagree

OSIightIy O Disagree
Disagree

. Nautilus LIMS has all the features and functions needed to perform required tasks.*

OSIightIy O Disagree
Disagree
O slightly O Disagree
Disagree

Page 2 of 5

O Strongly
Disagree

O Strongly
Disagree

O strongly
Disagree

OStroneg
Disagree

O Strongly
Disagree

O Strongly
Disagree

O strongly
Disagree



15

16.

17

18.

19.

20.

21.

22.

I am satisfied with how the system operates.=

ss1 O Neither
O strongly OAgree O slightly A?"ee nox

Disagree
Agree Agree

I am satisfied with the speed of the system*

552
O Strongly OAgree OSIightiy O Neither
Agree Agree Agree nor

Disagree

I received adequate training prior to using the system.*
TR1

O Strongly O Agree O Slightly O Neither
Agree Agree Agree nor
Disagree

Oslightly
Disagree

O slightly
Disagree

O slightly
Disagree

O Disagree

0] Disagree

O Disagree

The training I received so far provided information needed to perform required tasks in LIMS.*

TR2
O Strongly OAg ree O Slightly O Neither
Agree Agree Agree nor

Disagree

Documentation on how to use the system is available.*
D1

O Strongly OAgree Oslighﬁy O Neither
Agree Agree Agree nor
Disagree

The documentation is current and relevant.~

D2
@] Strongly OAgree OSIightIy O Neither
Agree Agree Agree nor

Disagree

Service Quality

O slightly
Disagree

Oslightly
Disagree

Oslightly
Disagree

@ Disagree

O Disagree

O Disagree

Page 3 of 5

O strongly
Disagree

(D) Strongly
Disagree

O strongly
Disagree

OStroneg
Disagree

OStroneg
Disagree

@] Strongly
Disagree

When a user has a problem, the Nautilus LIMS support team shows a sincere interest in resolving it.*

RL1
OStroneg OAgree OSIighdy O Neither
Agree Agree Agree nor

Disagree

The Nautilus LIMS support services are dependable.*
RL2

O strongly OAagree O slighty O Neither
Agree Agree Agree nor
Disagree
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Oslightly
Disagree

O slightly
Disagree

O Disagree

0] Disagree

O Strongly
Disagree

OStroneg
Disagree



23.

24.

25

26.

27.

28.

29.

The Nautilus LIMS support team provides prompt service to users.*

RS1
O Strongly OAgree OSIightiy O Neither O Slightly O Disagree
Agree Agree Agree nor Disagree

Disagree

The Nautilus LIMS support team is always willing to help users.*

RS2
OStroneg OAgree OSIightiy O Neither OSIightIy ODisagree
Agree Agree Agree nor Disagree

Disagree

The Nautilus LIMS support team has the knowledge required to do their job well.*
AS1

O strongly OAgree O slightly O Neither O slightly O Disagree
Agree Agree Agree nor Disagree
Disagree

The Nautilus LIMS support team is consistently courteous with users.*

AS2
O strongly Oagree Oslightly O Neither O slightly O Disagree
Agree Agree Agree nor Disagree

Disagree

The Nautilus LIMS support team understands the specific needs of its users.*
EM1

O strongly Oagree O slightly O Neither O slightly O Disagree
Agree Agree Agree nor Disagree
Disagree

The Nautilus LIMS support team has the users' best interests at heart.*
EM2

(8] Strongly OAgree OSIighdy O Neither OSIightIy (® Disagree
Agree Agree Agree nor Disagree
Disagree

Other Information

LIMS saves me time.*

OStroneg OAgree OSIightiy O Neither OSIightIy ODisagree
Agree Agree Agree nor Disagree
Disagree
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O Strongly
Disagree

O Strongly
Disagree

O strongly
Disagree

OStroneg
Disagree

O strongly
Disagree

OStroneg
Disagree

OStroneg
Disagree



30.

2l

32.

33.

34.

35.

LIMS has a positive impact on the results of my projects/work~

Page 5 of 5

O strongly OAgree O slightly O Neither O slightly O Disagree O strongly
Agree Agree Agree nor Disagree Disagree
Disagree

My experience with computers is*

O Less than 2 years O2t05 years Os5to 10 years 010 to 15 years QOover 15 years

I have used LIMS for*

O Less than 1 year Ott2 years O2to5 years Osto 10 years Qover 10 years

I use LIMS*

O Daily O2-3Timesa  Oo0Once aWeek (O1-2 times per O Once every 3-6 ORarely
Week Month Months

I mostly access LIMS through*

O The web portal

O Thermo Web Access Client(TWAC) or Start Nautilus
O Both web portal and TWAC

O other (Excel Upload tools)

I mostly access the following LIMS database*
O POFR - PRISM

O ASL LIMSNEXT

O pusHLAB

O THERMOSETS

ORLIMS

O 086G LAB

O BMCELL

Opws

36. Please provide any comments or feedback you may have about your experience with the current LIMS
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Appendix C. Summary of Results at the Individual Level of Analysis

Table C1: Summary of Results at the Individual Level of Analysis

Relationship Empirical Studies Study Overall Conclusion
Result | Result
System quality -> Chiu et al. (2007) + 210of21 Strong
user satisfaction Halawi et al. (2007) + positive support
Hsieh & Wang (2007) +
Leclercq (2007) Kulkarniet | +
al. (2006) +
Wu & Wang (2006) +

Almutairi & Subramanian
(2005)

livari (2005)

McGill & Klobas (2005)
Wixom & Todd (2005)
McGill et al. (2003)
Bharati (2002)

Devaraj et al. (2002)
Gelderman (2002)

Kim et al. (2002)
Palmer (2002)

Rai et al. (2002)
Seddon & Kiew (1996)
Yoon et al. (1995)
Seddon & Yip (1992)

15 of 22 Moderate
positive support

System quality -> Hsieh & Wang (2007)

net benefits Klein (2007)

Bharati & Chaudhury
(2006)

Wixom & Todd (2005)
Shih (2004)

Yang & Yoo (2004)

Rai et al. (2002)

Devaraj et al. (2002)
Hong et al. (2001/2002)
Venkatesh & Davis (2000)
Venkatesh & Morris (2000)
Agarwal & Prasad (1999)
Lucas & Spitler (1999)
Gefen & Keil (1998)

I S kT T T T i o o T o S S e S S S S S O I T

+

Seddon & Kiew (1996 Mixed
Kositanurit et al. (2006 NS
Kulkarni et al. (2006) NS
Wu & Wang (2006) NS
McGill & Klobas (2005) NS
Chau & Hu (2002) NS
Goodhue & Thompson NS

(1995)
Subramanian (1994)

Note. Source: Petter et al., (2008).
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Table C1 (cont.)

Information quality
-> user satisfaction

Chiu et al. (2007)
Halawi et al. (2007)
Leclercq (2007)
Kulkarni et al. (2006)
Wu & Wang (2006)
Almutairi & Subramanian
(2005)

livari (2005)

Wixom & Todd (2005)
McGill et al. (2003)
Bharati (2002)

Kim et al. (2002)
Palmer (2002)

Rai et al. (2002
Seddon & Kiew (1996)
Seddon & Yip (1992)
Marble (2003)

15 0of 16
positive

Strong
support

Information quality
-> net benefits

Bharati & Chaudhury
(2006)

Kositanurit et al. (2006)
Wu & Wang (2006)
Shih (2004)

Rai et al. (2002)
D’Ambra & Rice (2001)
Seddon & Kiew (1996)
Gatian (1994)

Kraemer et al. (1993
Hong et al. (2001/2002)
Kulkarni et al. (2006)

++ + A+ FHZE A+ o+

9of 11
positive

Moderate
support

Service quality->
user satisfaction

Halawi et al. (2007)
Leclercq (2007)

Shaw et al. (2002)
Yoon et al. (1995)
Kettinger & Lee (1994)
Leonard-Barton & Sinha
(1993)

Devaraj et al. (2002)
Chiu et al. (2007)
Marble (2003)
Aladwani (2002)
Palmer (2002)

Choe (1996)

6 of 12
positive

Mixed support

Service quality ->
net benefit

Agarwal & Prasad (1999)
Gefen & Keil (1998)
Leonard-Barton & Sinha
(1993)

Blanton et al. (1992
Igbaria et al. (1997)
Kositanurit et al. (2006)

4 of 7 positive

Moderate
support

Note. Source: Petter et al., (2008).
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Appendix D: Statistical Analysis — Exploratory Factor Analysis

Factor Analysis - Information Quality

Correlation Matrix

Cl C2 C3 C4 Al A2 F1
C1 1.000 .894 .672 779 .635 .691 .706
Cc2 .894 1.000 .710 773 .590 .651 .738
C3 .672 .710 1.000 726 545 .602 .708
c4 779 773 726 1.000 .655 .718 729
Al .635 .590 .545 .655 1.000 .882 .538
Correlation
A2 .691 .651 .602 .718 .882 1.000 .588
F1 .706 .738 .708 .729 .538 .588 1.000
F2 .749 .718 .675 716 .617 .645 770
T1 .615 .556 .540 .612 543 .629 .601
T2 .630 .583 .560 .640 .669 .690 574
Correlation Matrix
F2 T1 T2
C1 749 .615 .630
Cc2 .718 .556 .583
C3 .675 .540 .560
C4 716 .612 .640
Al 617 543 .669
Correlation
A2 .645 .629 .690
F1 770 .601 574
F2 1.000 .622 .694
T1 .622 1.000 .696
T2 .694 .696 1.000
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KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 915
Approx. Chi-Square 3766.525
Bartlett's Test of
. df 45
Sphericity
Sig. .000
Communalities
Initial Extraction
C1 1.000 .785
C2 1.000 .753
C3 1.000 .651
C4 1.000 779
Al 1.000 .635
A2 1.000 720
F1 1.000 .695
F2 1.000 147
T1 1.000 .581
T2 1.000 .645

Extraction Method: Principal
Component Analysis.

103



Total Variance Explained

Component Initial Eigenvalues Extraction Sums of

Squared Loadings

Total % of Variance Cumulative % Total % of Variance
1 6.990 69.897 69.897 6.990 69.897
2 .803 8.027 77.924
3 .566 5.658 83.582
4 .385 3.854 87.436
5 341 3.408 90.844
6 .295 2.951 93.795
7 .229 2.290 96.085
8 193 1.928 98.013
9 .106 1.062 99.076
10 .092 .924 100.000
Total Variance Explained
Component Extraction Sums of Squared Loadings
Cumulative %
1 69.897
2
3
4
5
6
7
8
9
10

Extraction Method: Principal Component Analysis.
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Component Matrix?®

Component
1

C1 .886
C4 .882
Cc2 .868
F2 .864
A2 .848
F1 .834
C3 .807
T2 .803
Al 797
T1 762

Extraction Method:
Principal Component

Analysis.2

Factor Analysis - System Quality

Correlation Matrix

E1l E2 11 12 SS1 SS2 TR1
El 1.000 .933 711 .809 .735 .552 .358
E2 .933 1.000 751 .833 778 .580 357
11 711 751 1.000 .760 726 .539 .350
12 .809 .833 .760 1.000 .783 544 .335
Ss1 .735 778 726 .783 1.000 .663 351
Correlation
SS2 .552 .580 .539 544 .663 1.000 .359
TR1 .358 .357 .350 .335 .351 .359 1.000
TR2 .384 377 .362 351 .394 .338 .844
D1 .408 423 412 .408 407 .335 .634
D2 438 AT72 492 A72 490 341 .634
Correlation Matrix
TR2
Correlation El 408 438
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E2 377 423 472

11 .362 412 492
12 351 .408 472
SS1 .394 407 490
SS2 .338 .335 341
TR1 .844 .634 .634
TR2 1.000 .595 .609
D1 .595 1.000 .863
D2 .609 .863 1.000

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .862
Approx. Chi-Square 3521.257
Bartlett's Test of
- df 45
Sphericity
Sig. .000

Communalities

Initial Extraction

El 1.000 .833
E2 1.000 .882
11 1.000 737
12 1.000 .829
SS1 1.000 .799
SS2 1.000 .515
TR1 1.000 .805
TR2 1.000 .766
D1 1.000 .761
D2 1.000 774

Extraction Method: Principal
Component Analysis.
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Total Variance Explained

Component Initial Eigenvalues Extraction Sums of
Squared Loadings

Total % of Variance Cumulative % Total % of Variance
1 5.912 59.120 59.120 5.912 59.120
2 1.788 17.878 76.998 1.788 17.878
3 .661 6.606 83.604
4 .537 5.365 88.970
5 .337 3.368 92.338
6 .253 2.534 94.872
7 .185 1.849 96.721
8 143 1.427 98.148
9 123 1.235 99.383
10 .062 .617 100.000

Total Variance Explained
Component Extraction Sums of Rotation Sums of Squared Loadings
Squared Loadings
Cumulative % Total % of Variance Cumulative %

1 59.120 4521 45.209 45.209
2 76.998 3.179 31.789 76.998
3
4
5
6
7
8
9
10

Extraction Method: Principal Component Analysis.
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Component Matrix?@

Component

1 2
E2 .871 -.349
El .848 -.339
12 .843 -.344
SS1 .843 -.298
11 .813 -.275
D2 741 A74
D1 .694 529
SS2 .686 -.210
TR2 .656 579
TR1 .649 .620

Extraction Method: Principal
Component Analysis.2
a. 2 components extracted.

Rotated Component Matrix?

Component

1 2
E2 912 222
El .887 217
12 .886 210
SS1 .859 247
11 .822 .249
SS2 .680 227
TR1 .168 .881
TR2 197 .853
D1 .258 .833
D2 .327 .816

Extraction Method: Principal
Component Analysis.
Rotation Method: Varimax
with Kaiser Normalization.2
a. Rotation converged in 3
iterations.
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Component Transformation

Matrix
Component 1 2
1 .814 .581
2 -.581 .814

Extraction Method: Principal
Component Analysis.

Rotation Method: Varimax with
Kaiser Normalization.

Factor Analysis - Service Quality

Correlation Matrix

RL1 RL2 RS1 RS2 COM1 COM2 EM1
RL1 1.000 .855 .858 .883 .839 .823 743
RL2 .855 1.000 .859 .837 .796 742 735
RS1 .858 .859 1.000 .861 .806 767 .758
RS2 .883 .837 .861 1.000 .861 .835 .788
COM1 .839 .796 .806 .861 1.000 .824 752
CcOom2 .823 742 767 .835 .824 1.000 .669
EM1 743 735 .758 .788 752 .669 1.000
EM2 .816 .780 T77 .834 .818 .782 .852

Correlation Matrix

EM2
RL1 .816
RL2 .780
RS1 JT77
Correlation RS2 .834
CcoM1 .818
COM2 .782
EM1 .852
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EM2

1.000

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .943
Approx. Chi-Square 3736.565
Bartlett's Test of
o df 28
Sphericity
Sig. .000

Communalities

Initial Extraction

RL1 1.000 .877
RL2 1.000 .822
RS1 1.000 .843
RS2 1.000 .898
COM1 1.000 .845
COM2 1.000 .781
EM1 1.000 .743
EM2 1.000 .834

Extraction Method: Principal
Component Analysis.

Total Variance Explained

Component Initial Eigenvalues Extraction Sums of
Squared Loadings
Total % of Variance Cumulative % Total % of Variance
1 6.643 83.032 83.032 6.643 83.032
2 .385 4.810 87.841
3 .306 3.824 91.665
4 .164 2.048 93.713
5 .155 1.938 95.651
6 129 1.617 97.268
7 114 1.424 98.692
8 .105 1.308 100.000
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Total Variance Explained

Component Extraction Sums of Squared Loadings

Cumulative %

83.032

00 N O 0o A W N B

Extraction Method: Principal Component Analysis.

Component Matrix?

Component
1

RS2 .947
RL1 .936
COM1 919
RS1 .918
EM2 913
RL2 .906
COM2 .884
EM1 .862

Extraction Method:
Principal Component
Analysis.2

a. 1 components
extracted.

Rotated
Component
Matrix?

a. Only one component was extracted. The solution cannot be rotated.
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Factor Analysis — User Satisfaction/usefulness

Correlation Matrix

Ul

1.000
.846

U2
.846
1.000

Ul
U2

Correlation

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .500
Approx. Chi-Square 441.889
Bartlett's Test of
o df 1
Sphericity
Sig. .000
Communalities
Initial Extraction
Ul 1.000 .923
U2 1.000 .923

Extraction Method: Principal
Component Analysis.
Total Variance Explai

ned

Component Initial Eigenvalues Extraction Sums of
Squared Loadings
Total % of Variance Cumulative % Total % of Variance
1.846 92.325 92.325 1.846 92.325
.154 7.675 100.000
Total Variance Explained
Component Extraction Sums of Squared Loadings

Cumulative %

92.325

Extraction Method: Principal Component Analysis.

Component Matrix?

Component
1
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Ul 961
u2 961

Extraction Method:
Principal Component
Analysis.2

a. 1 components
extracted.

Rotated
Component
Matrix?

a. Only one
component was
extracted. The
solution cannot
be rotated.
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Appendix E: Statistical Analysis — Confirmatory Factor Analysis

Information Quality

Analysis Summary

The model is recursive.

Sample size =

353

Variable Summary (Group number 1)

Variable counts (Group number 1)

Number of variables in your model:

Number of observed variables:

Number of unobserved variables:

Number of exogenous variables:

Number of endogenous variables:

21
10
11
11
10

Parameter summary (Group number 1)

Weights Covariances Variances Means Intercepts Total
Fixed 11 0 0 0 0 11
Labeled 0 0 0 0 0 0
Unlabeled 9 8 11 0 0 28
Total 20 8 11 0 0 39
Sample Moments (Group number 1)
Sample Covariances (Group number 1)
T2 T1 F2 F1 A2 Al C4 C3 Cc2 C1l
T2 | 1.637
T1 | 1.209 1.892
F2 | 1.216 1.173 1.890
F1 | 1.132 1.308 1.674 2.402
A2 | 1.193 1.167 1.190 1.217 1.832
Al | 1.140 983 1.141 1.088 1.605 1.809
C4 | 1.091 1146 1351 1501 1.319 1.174 1.786
C3 | 1051 1081 1345 1631 1.174 1.055 1.449 2.182
C2 990 1031 1356 1583 1.202 1.059 1.435 1.447 1.886
Cl ]| 1047 1115 1375 1461 1.242 1.121 1398 1.323 1634 1.779

Condition number = 78.918

Eigenvalues

13.307 1.594 1.077 .767 .693 .562 .388 .350 .188 .169
Determinant of sample covariance matrix = .029

Sample Correlations (Group number 1)
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T2 T1 F2 F1 A2 Al C4 C3 C2 Cl
T2 | 1.000
T1 .687 1.000
F2 .691 .620 1.000
F1 571 .614 .786  1.000
A2 .689 .627 .639 .580 1.000
Al .662 531 .617 522 .882  1.000
C4 .638 .624 735 725 729 .653  1.000
C3 .556 .532 .662 712 .587 531 734 1.000
C2 .563 .546 .718 744 .647 573 782 .713  1.000
C1 .614 .608 .750 707 .688 .625 784 .672 .892 1.000

Condition number = 76.289
Eigenvalues
6.969 .835 .580 .381 .349 .300 .213 .179 .103 .091

Models
Default model (Default model)
Notes for Model (Default model)
Computation of degrees of freedom (Default model)
Number of distinct sample moments: 55
Number of distinct parameters to be estimated: 28
Degrees of freedom (55 - 28): 27

Result (Default model)

Minimum was achieved
Chi-square = 100.821
Degrees of freedom = 27
Probability level = .000

Group number 1 (Group number 1 - Default model)
Estimates (Group number 1 - Default model)

Scalar Estimates (Group number 1 - Default model)
Maximum Likelihood Estimates

Regression Weights: (Group number 1 - Default model)

Estimate S.E. C.R. P Label
Cl < 1Q 1.000
C2 <—- 1Q 993 .030 32.803 ***
C3 <- 1Q 997 .054 18.318 ***
C4 <—- 1Q 1.040 .044 23.743 =
Al <-- 1Q 839 .052 16.182 ***
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Estimate S.E. C.R. P Label
A2 < 1Q 930 .049 18.910
F1 <—-- 1Q 1.065 .056 18.896 ***
F2 <-- 1Q 988 .048 20.373  ***
Tl <-- 1Q .847 .053 15.864 ***
T2 <-- 1Q 807 .049 16.432 ***

Standardized Regression Weights: (Group number 1 - Default model)

Estimate
Cl <-- 1Q .870
C2 <—-- 1Q .839
C3 <—-- 1Q .783
C4 < 1Q .903
Al <—-- 1Q 724
A2 <--- 1Q 797
F1 <-- 1Q .799
F2 <-- 1Q .832
Tl <-- 1Q 714
T2 <—-- 1Q 732
Estimate
T2 .536
T1 .510
F2 .693
F1 .638
A2 .636
Al .524
C4 .815
C3 .613
Cc2 .703
C1 .756

Matrices (Group number 1 - Default model)

Residual Covariances (Group humber 1 - Default model)

T2 T1 F2 F1 A2 Al C4 C3 C2 Cl
T2 .001
T1 .001 .000
F2 .002 .048 -.006
F1 | -024 .094 -004 .007
A2 .183 107 -.047  -117 .000
Al .228 026 .025 -.115 .000 .000
C4 | -038 -039 -032 .010 .017 .000 .000
c3 | -031 -055 .020 .011 -.073 -.071 .054  .000
c2|-08 -101 .036 .025 -.041 -.063 .045 -013 -.002
Cl|-039 -024 046 .028 -009 -009 -002 -018 -002 .000
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Standardized Residual Covariances (Group number 1 - Default model)

T2 T1 F2 F1 A2 Al C4 C3 Cc2 C1l

T2 .006
T1 .011  .000
F2 .014 405 -.039
F1 | -199 723 -025 .041
A2 | 1.716 940 -393 -882 .000
Al [ 2199 239 216 -900 .000 .000
C4 | -348 -332 -259 075 .146 -.004 .000
C3 | -268 -442 154 072 -585 -585 422 .000
c2 | -808 -859 292 177 -347 -547 365 -.094 -.016
ci1| -39 -207 .381 .208 -079 -076 -016 -143 -013 .000
Model Fit Summary
CMIN
Model NPAR CMIN DF P CMIN/DF
Default model 28 100.821 27 .000 3.734
Saturated model 55 .000 0
Independence model 10 3499.321 45 .000 77.763
RMR, GFI
Model RMR GFI  AGFI PGFI
Default model .060 .947 .893 465
Saturated model .000 1.000
Independence model | 1.150 .200 .022 .163
Baseline Comparisons

NFI RFI IFI TLI
Model Deltal rhol Delta2 rho2 CFl
Default model 971 952 979 .964 979
Saturated model 1.000 1.000 1.000
Independence model .000 .000 .000 .000 .000
Parsimony-Adjusted Measures
Model PRATIO PNFI PCFI
Default model .600 .583 .587
Saturated model .000 .000 .000
Independence model 1.000 .000 .000
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NCP

Model NCP LO 90 HI 90
Default model 73.821 46.788 108.432
Saturated model .000 .000 .000
Independence model | 3454.321 3263.916 3652.012
FMIN
Model FMIN FO LO90 HI 90
Default model .286 .210 133 .308
Saturated model .000 .000 .000 .000
Independence model | 9.941 9.813 9.272 10.375
RMSEA
Model RMSEA LO90 HI90 PCLOSE
Default model .088 .070 107 .000
Independence model 467 454 480 .000
AlC
Model AIC BCC BIC CAIC
Default model 156.821 158.627 265.082 293.082
Saturated model 110.000 113.548 322.656 377.656
Independence model | 3519.321 3519.967 3557.986 3567.986
ECVI
Model ECVI LO90 HI90 MECVI
Default model 446 .369 544 451
Saturated model .313 .313 .313 .323
Independence model | 9.998 9.457 10.560 10.000
HOELTER
Model HOELTER HOELTER
.05 .01
Default model 141 164
Independence model 7 8

Execution time summary

Minimization: .018
Miscellaneous: .082
Bootstrap: .000
Total: .100
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System Quality
Analysis Summary
Notes for Group (Group number 1)

The model is recursive.
Sample size = 353

Variable Summary (Group number 1)
Variable counts (Group number 1)

Number of variables in your model: 22

Number of observed variables: 10
Number of unobserved variables: 12
Number of exogenous variables: 12

Number of endogenous variables: 10

Parameter summary (Group number 1)

Weights Covariances Variances Means Intercepts Total

Fixed 12 0 0 0 0 12

Labeled 0 0 0 0 0 0

Unlabeled 8 6 12 0 0 26

Total 20 6 12 0 0 38
Models

Default model (Default model)
Notes for Model (Default model)
Computation of degrees of freedom (Default model)
Number of distinct sample moments: 55
Number of distinct parameters to be estimated: 26
Degrees of freedom (55 - 26): 29

Result (Default model)

Minimum was achieved
Chi-square = 87.959
Degrees of freedom = 29
Probability level = .000

Group number 1 (Group number 1 - Default model)

Estimates (Group number 1 - Default model)
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Scalar Estimates (Group number 1 - Default model)
Maximum Likelihood Estimates

Regression Weights: (Group number 1 - Default model)

Estimate S.E. C.R. P Label

EAl <--- SOQ1 1.000

EA2 <--- SOQ1 1.045 .024 43.828 ***
11 <- SQ1 745 .037 20.369  ***
2 <-- SQ1 873 .033 26.354  ***
SS1 <-—-- SQ1 812 .037 22.062 ***
SS2 <--- S0Q1 614 046 13.219 ***
TR1 <--- SQ2 1.000

TR2 <--- SQ2 825 .039 21.191 **
D1 <- SQ2 1.212 .080 15.207 ***
D2 <- SQ2 1.166 .076 15.285 ***

Standardized Regression Weights: (Group number 1 - Default model)

Estimate
EA1 <-- SQ1 .949
EA2 <--- SOQ1 .981
11 <-- SO1 .764
12 <-- S0Q1 .851
SS1 <--- SQ1 793
SS2 <--- SQ1 .592
TR1 <--- SQ2 .678
TR2 <--- SQ2 .644
D1 <-- SQ2 916
D2 <-- SQ2 .941

Squared Multiple Correlations: (Group number 1 - Default model)

Estimate
D2 .886
D1 .839
TR2 415
TR1 .460
SS2 .351
SS1 .629
12 725
11 .584
EA2 .963
EA1 901

120



Residual Covariances (Group number 1 - Default model)

D2 DI TR2 TR1 SS2 Ss1 12 11 EA2 EAl
D2 .000
D1 .001 .000
TR2 | -.007 -.004 .000
TR1 | -.020 .028 .000 .000
Ss2 | .138 170 .333 414  .000
SS1 | .264 120 .307 .181 .072 .037
12 153  .033 .149 .080 .102 .026 .000
11 277 132 226 191 212 .054 .000 .000
EA2 | .007 -073 .114 .009 -011 .005 -.010 .000 .000
EAl | -.034 -066 .162 .052 -041 -051 .010 -.037 .004 .000
Standardized Residual Covariances (Group number 1 - Default model)

D2 D1 TR2 TR1 SS2 SS1 12 I1 EA2 EAl
D2 .000
D1 .008 .000
TR2 | -.056 -.030 .000
TR1 | -.140 179 .000 .000
SS2 | 1.094 1.268 2.613 2.813 .000
SS1 | 2.060 .879 2403 1.222 431 .187
12 1.180 239 1.158 .540 .647 147 .000
11 2283 1.025 1857 1361 1.442 .333 .000 .000
EA2 .054 -501 .847 .055 -063 .025 -.055 -.002 .000
EAl1 | -.250 -.456 1.218 335 -250 -284 .054 -221 .022 .000

Regression Weights: (Group number 1 - Default model)

M.l.  Par Change
D2 <-- SS1 | 6.541 .057
D2 <-- 11 8.067 .066
TR2 <--- SS1 | 6.047 .062
SS2 <--- TR1 | 9.689 123
11 <- SQ2 | 5104 .103
11 <- D2 6.732 .092
11 <--- SS2 | 4.399 .063
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Model Fit Summary

CMIN
Model NPAR CMIN DF P CMIN/DF
Default model 26 87.959 29 .000 3.033
Saturated model 55 .000 0
Independence model 10 3383.319 45 .000 75.185
RMR, GFI
Model RMR GFI AGFlI PGFI
Default model 128 .953 911 .503
Saturated model .000 1.000
Independence model | 1.282 .258 .094 211
Baseline Comparisons
NFI RFI IFI TLI
Model Deltal rhol Delta2 rho2 CFl
Default model 974 960 982 973 .982
Saturated model 1.000 1.000 1.000
Independence model .000 .000 .000 .000 .000

Parsimony-Adjusted Measures

Model

PRATIO PNFI PCFI

Default model
Saturated model
Independence model

.644 628  .633
.000 .000 .000
1.000 .000 .000

NCP
Model NCP LO 90 HI 90
Default model 58.959 34.492 91.054
Saturated model .000 .000 .000
Independence model | 3338.319 3151.187 3532.747
FMIN
Model FMIN FO LO90 HI 90
Default model .250 .167 .098 .259
Saturated model .000 .000 .000 .000
Independence model | 9.612 9.484 8.952 10.036
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RMSEA

Model RMSEA LO90 HI90 PCLOSE
Default model .076 .058 .094 .010
Independence model .459 446 AT72 .000
AlC
Model AlC BCC BIC CAIC
Default model 139.959 141.637 240.487 266.487
Saturated model 110.000 113.548 322.656 377.656
Independence model | 3403.319 3403.964 3441.984 3451.984
ECVI
Model ECVI LO90 HI90 MECVI
Default model .398 .328 .489 402
Saturated model .313 .313 .313 .323
Independence model | 9.669 9.137 10.221 9.670
HOELTER
Model HOELTER HOELTER
.05 .01
Default model 171 199
Independence model 7 8

Execution time summary

Minimization: .032
Miscellaneous: .068
Bootstrap: .000
Total: .100
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Service Quality

Analysis Summary
Notes for Group (Group number 1)

The model is recursive.
Sample size = 353

Variable Summary (Group number 1)
Variable counts (Group number 1)
Number of variables in your model: 17
Number of observed variables: 8
Number of unobserved variables: 9
Number of exogenous variables: 9
8

Number of endogenous variables:

Parameter summary (Group number 1)

Weights Covariances Variances Means Intercepts Total

Fixed 9 0 0 0 0 9

Labeled 0 0 0 0 0 0

Unlabeled 7 4 9 0 0 20

Total 16 4 9 0 0 29
Models

Default model (Default model)
Notes for Model (Default model)
Computation of degrees of freedom (Default model)
Number of distinct sample moments: 36
Number of distinct parameters to be estimated: 20
Degrees of freedom (36 - 20): 16

Result (Default model)

Minimum was achieved
Chi-square = 40.918
Degrees of freedom = 16
Probability level = .001
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Group number 1 (Group number 1 - Default model)
Estimates (Group number 1 - Default model)

Scalar Estimates (Group number 1 - Default model)
Maximum Likelihood Estimates

Regression Weights: (Group number 1 - Default model)

Estimate S.E. C.R. P Label

RL1 <-- SEQ 1.000

RL2 <-- SEQ 944 032 29.952 ***
RS1 <-- SEQ 982 .034 29.023 wx*
RS2 <--- SEQ 1.034 .029 35.075 %=
EM1 <--- SEQ 958 .042 22.852 ***
EM2 <-- SEQ 957 .035 27.227 =
COM1 <--- SEQ 968 .032 30.095 F**
COM2 <--- SEQ 916 .034 27.082 ***

Standardized Regression Weights: (Group number 1 - Default model)

Estimate
RL1 <-- SEQ .928
RL2 <-- SEQ 877
RS1 <-- SEQ .898
RS2 <-- SEQ .949
EM1 <-- SEQ .821
EM2 <-- SEQ .879
COM1 <--- SEQ .909
COM2 <--- SEQ 877

Squared Multiple Correlations: (Group number 1 - Default model)

Estimate
COM2 770
COoM1 .826
EM2 773
EM1 .674
RS2 .901
RS1 .807
RL2 .769
RL1 .862
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Matrices (Group number 1 - Default model)

Residual Covariances (Group humber 1 - Default model)

COM2 COM1 EM2 EM1 RS2 RS1 RL2 RL1
COoM2 .000
CcoMm1 .035 .000
EM2 .012 .026  .000
EM1 .007 .002 -.004 -.005
RS2 -.002 -006 -.006 .010 .000
RS1 -.042 -.023 -.027 .027 .010 .000
RL2 -.051 -007 .014 .020 .008 .009 .006
RL1 .007 -011 -006 -042 -003 .035 .012 .000

Standardized Residual Covariances (Group number 1 - Default model)

CcoOmM2 CoOM1 EM2 EM1 RS2 RS1 RL2 RL1

COM2 .000
Ccom1i 334 .000
EM2 114 .237  .000
EM1 .069 .019 -.031 -.032
RS2 -.020 -052 -055 .085 .000
RS1 -.396 -211 -244 234 .083 .000
RL2 -.487 -066 .125 172 .073 .077 .048
RL1 .070 -100 -.056 -361 -.026 .310 .104 .000
Model Fit Summary
CMIN
Model NPAR CMIN DF P CMIN/DF
Default model 20 40.918 16 .001 2.557
Saturated model 36 .000 0
Independence model 8 3620.906 28 .000 129.318
RMR, GFI
Model RMR GFI  AGFlI PGFI
Default model .019 .972 .937 432
Saturated model .000 1.000
Independence model | 1.151 .181  -.053 141
Baseline Comparisons

NFI RFI IFI TLI
Model Deltal rhol Delta2 rho2 CFl
Default model 989 .980 993 .988 .993
Saturated model 1.000 1.000 1.000
Independence model .000 .000 .000 .000 .000
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Parsimony-Adjusted Measures

Model PRATIO PNFI PCFI
Default model 571 565  .567
Saturated model .000 .000 .000
Independence model 1.000 .000 .000
NCP
Model NCP LO 90 HI 90
Default model 24918 9.753 47.752
Saturated model .000 .000 .000
Independence model | 3592.906 3398.902 3794.191
FMIN
Model FMIN FO LO90 HI 90
Default model 116 .071 .028 136
Saturated model .000 .000 .000 .000
Independence model | 10.287 10.207 9.656 10.779
RMSEA
Model RMSEA LO90 HI90 PCLOSE
Default model .067 .042 .092 .128
Independence model .604 .587 .620 .000
AIC
Model AIC BCC BIC CAIC
Default model 80.918 81.968 158.248 178.248
Saturated model 72.000 73.889 211.193 247.193
Independence model | 3636.906 3637.326 3667.838 3675.838
ECVI
Model ECVI LO90 HI90 MECVI
Default model .230 .187 .295 .233
Saturated model .205 .205 .205 .210
Independence model | 10.332 9.781 10.904 10.333
HOELTER
Model HOELTER HOELTER
.05 .01
Default model 227 276
Independence model 5 5
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Execution time summary

Minimization:
Miscellaneous:
Bootstrap:
Total:

.016
.084
.000
.100
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Appendix F: Statistical Analysis — SEM and Hypothesis Testing

Variable counts (Group number 1)

Number of variables in your model: 71

Number of observed variables: 30
Number of unobserved variables: 41
Number of exogenous variables: 36

Number of endogenous variables: 35

Parameter summary (Group number 1)

Weights Covariances Variances Means Intercepts Total

Fixed 41 0 0 0 0 41

Labeled 0 0 0 0 0 0

Unlabeled 31 13 36 0 0 80

Total 72 13 36 0 0 121
Models

Default model (Default model)
Notes for Model (Default model)
Computation of degrees of freedom (Default model)
Number of distinct sample moments: 465
Number of distinct parameters to be estimated: 80
Degrees of freedom (465 - 80): 385

Result (Default model)

Minimum was achieved
Chi-square = 1131.989
Degrees of freedom = 385
Probability level = .000

Group number 1 (Group number 1 - Default model)
Estimates (Group number 1 - Default model)
Scalar Estimates (Group number 1 - Default model)

Maximum Likelihood Estimates
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Regression Weights: (Group number 1 - Default model)

Estimate S.E. C.R. P Label
SQ <--- SEQ .254  .039 6.487 ***  par_33
1Q <--- SQ 1599 .171 9.364 ***  par_32
U <--- SEQ .051 .058 .877 .380 par_29
U <--- SQ 2.306 .922 2502 .012 par_30
U <--- 1Q -.278 511 -544 586 par_31
SQ1 <--- SQ 1.926 .204 9.451 ***  par_42
SQ2 <--- SQ 1.000
RL1 <--- SEQ 1.000
RL2 <--- SEQ 947 .032 29.981 ** o par_1
RS1 <--- SEQ 985 .034 29.015 ** par_2
RS2 <--- SEQ 1.035 .030 34.755 **  par_3
EM1 <-- SEQ 966 .042 23.136 ***  par_4
EM2 <-- SEQ 961 .035 27.304 ***  par 5
COM1 <--- SEQ 969 .032 29.948 ***  par_6
COM2 <--- SEQ 915 .034 26.799 ** - par_7
C1 <--- 1Q 1.000
Cc2 <--- 1Q 998 .030 33.248 % par_12
C3 <--- 1Q 994 054 18.399 ***  par_13
C4 <--- 1Q 1.022 .044 23.141 ***  par_14
Al <--- 1Q 842 .052 16.342 ***  par_15
A2 <--- 1Q 925 .049 18.804 **  par_16
F1 <--- 1Q 1.104 .055 20.155 % par_17
F2 <--- 1Q 1.009 .048 21.218 ***  par_18
T1 <--- 1Q .862 .053 16.365 ***  par_19
T2 <--- 1Q .821 .048 16.955 ***  par_20
Ul <--- U 1.000
uz2 <--- U .862 .035 24.341 % par_21
EA1 <-- SQ1 1.000
EA2 <-- SQ1 1.057 .025 43.129 ***  par_34
12 <--- SQ1 1.011 .044 22.853 ***  par_35
11 <--- SQ1 .903 .044 20.392 ***  par_36
SS2 < S01 .766 .053 14.377 ***  par_37
SS1 <-- SQ1 1.009 .045 22.528 ***  par_38
TR1 <--- SQ2 1.000
TR2 <--- SQ2 .827 .039 21.208 ***  par_39
D1 <--- SQ2 1.204 .080 15.134 ***  par_40
D2 <--- SQ2 1.181 .077 15.332 ¥ par_41
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Standardized Regression Weights: (Group number 1 - Default model)

Estimate
SQ <--- SEQ 435
1Q <--- SQ .944
U <--- SEQ .038
U <--- SQ 1.009
U <--- 1Q -.206
SQ1 <-- SQ .924
SQ2 <-- SQ .609
RL1 <-- SEQ .927
RL2 <--- SEQ .879
RS1 <--- SEQ .899
RS2 <--- SEQ .948
EM1 <-- SEQ .826
EM2 <-- SEQ .881
COM1 <--- SEQ .909
COM2 <--- SEQ .875
C1 <--- 1Q .868
Cc2 <--- 1Q .841
C3 <-- 1Q .781
C4 <-- 1Q .885
Al <-- 1Q .725
A2 <--- 1Q 791
F1 <--- 1Q .825
F2 <--- 1Q 847
T1 <-- 1Q .725
T2 <-- 1Q .743
Ul <--- U .939
u2 <-- U .902
EA1 <-- SQ1 .858
EA2 <-- SQ1 .898
12 <--- S0Q1 .891
11 <--- S0Q1 .838
SS2 < SQ1 .668
SS1  <--- S0Q1 .885
TR1 <-- SQ2 676
TR2 <--- SQ2 .643
D1 <--- SQ2 .907
D2 <--- SQ2 .950
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Squared Multiple Correlations: (Group number 1 - Default model)

Estimate
SQ .189
1Q .891
SQ2 371
SQ1 .853
U .697
D2 .902
D1 .822
TR2 414
TR1 457
SSs1 .783
SS2 447
11 .702
12 .795
EA2 .806
EAL1 737
u2 .813
Ul .881
T2 .552
T1 .526
F2 .718
F1 .680
A2 .626
Al 526
C4 .784
C3 .610
Cc2 .707
C1 .753
COM2 .766
COoM1 .825
EM2 776
EM1 .683
RS2 .899
RS1 .809
RL2 T72
RL1 .859

Matrices (Group number 1 - Default model)
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Total Effects (Group number 1 - Default model)

SEQ SQ IQ SQ2 SQ1 U
SQ 254 000 .000 .000 .000 .000
IQ 406 1599 .000 .000 .000 .000
SQ2 254 1.000 .000 .000 .000  .000
SQ1 489 1.926 .000 .000 .000 .000
U 524 1.861 -278 .000 .000 .000
D2 300 1.181 .000 1.181 .000  .000
D1 306 1.204 .000 1.204 .000  .000
TR2 210 .827 .000 .827 .000  .000
TR1 254 1.000 .000 1.000 .000  .000
Ss1 493 1.943 .000 .000 1.009  .000
SS2 374 1475 000 .000 .766  .000
11 442 1740 .000 .000 .903  .000
12 494 1.947 .000 .000 1.011  .000
EA2 517 2036 .000 .000 1.057  .000
EAL 489 1.926 .000 .000 1.000 .000
U2 451 1.604 -240 .000 .000 .862
U1 524 1.861 -278 .000 .000 1.000
T2 333 1313 .821 .000 .000 .000
T1 350 1.378 .862 .000 .000  .000
F2 409 1.613 1.009 .000 .000  .000
F1 448 1765 1.104 .000 .000  .000
A2 375 1479 925 .000 .000 .000
Al 342 1347 842 000 .000 .000
C4 415 1.634 1.022 .000 .000 .000
c3 404 1590 .994 .000 .000  .000
c2 405 1596 .998 .000 .000  .000
C1 406 1599 1.000 .000 .000  .000
COM2 | 915 000 .000 .000 .000  .000
COM1 | 969 .000 .000 .000 .000 .000
EM2 961 .000 .000 .000 .000 .000
EM1 966 .000 .000 .000 .000 .000
RS2 | 1.035 .000 .000 .000 .000 .000
RS1 985 .000 .000 .000 .000 .000
RL2 947 000 .000 .000 .000  .000
RL1 1.000 .000 .000 .000 .000  .000
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Standardized Total Effects (Group number 1 - Default model)

SEQ SQ IQ SQ2 SO1 U
SQ 435 000 .000 .000 .000 .000
IQ 410 944 000 .000 .000 .000
SQ2 265 .609 .000 .000 .000 .000
SQ1 402 924 000 .000 .000 .000
U 393 .815 -206 .000 .000 .000
D2 252 579 .000 .950 .000 .000
D1 240 553 .000 .907 .000 .000
TR2 170 392 .000 .643 .000 .000
TR1 179 412 .000 .676 .000 .000
ss1 355 .817 .000 .000 .885 .000
SS2 268 .617 .000 .000 .668 .000
11 337 774 000 .000 .838 .000
12 358 .823 .000 .000 .891 .000
EA2 361 .830 .000 .000 .898 .000
EAL 345 793 .000 .000 .858 .000
U2 354 734 -186 .000 .000 .902
U1 369 .765 -194 .000 .000 .939
T2 305 .701 .743 .000 .000 .000
T1 298 685 .725 .000 .000 .000
F2 348 800 .847 .000 .000 .000
F1 338 .778 .825 .000 .000 .000
A2 325 746 .791 .000 .000 .000
Al 298 .684 .725 .000 .000 .000
C4 363 .836 .885 .000 .000 .000
c3 321 737 .781 .000 .000 .000
c2 345 794 841 .000 .000 .000
c1 356 .819 .868 .000 .000 .000
COM2 | 875 .000 .000 .000 .000 .000
COM1 | 909 .000 .000 .000 .000 .000
EM2 881 .000 .000 .000 .000 .000
EM1 826 .000 .000 .000 .000 .000
RS2 948 .000 .000 .000 .000 .000
RS1 899 .000 .000 .000 .000 .000
RL2 879 .000 .000 .000 .000 .000
RL1 927 .000 .000 .000 .000 .000
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Direct Effects (Group number 1 - Default model)

SEQ SQ IQ SQ2 SQ1 U
SQ 254 000 .000 .000 .000 .000
IQ 000 1599 .000 .000 .000  .000
SQ2 000 1.000 .000 .000 .000  .000
SQ1 000 1.926 .000 .000 .000  .000
U 051 2306 -278 .000 .000 .000
D2 000 .000 .000 1.181 .000  .000
D1 000 .000 .000 1.204 .000  .000
TR2 000 .000 .000 .827 .000  .000
TR1 000 .000 .000 1.000 .000  .000
ss1 000 .000 .000 .000 1.009 .000
SS2 000 .000 .000 .000 .766  .000
11 000 .000 .000 .000 .903  .000
12 000 .000 .000 .000 1.011  .000
EA2 000 .000 .000 .000 1.057  .000
EAL 000 .000 .000 .000 1.000 .000
U2 000 .000 .000 .000 .000 .862
U1 000 .000 .000 .000 .000 1.000
T2 000 .000 .821 .000 .000  .000
T1 000 .000 .862 .000 .000 .000
F2 000 .000 1.009 .000 .000  .000
F1 000 .000 1.104 .000 .000  .000
A2 000 .000 .925 .000 .000  .000
Al 000 .000 .842 .000 .000  .000
C4 000 .000 1.022 .000 .000 .000
c3 000 .000 .994 .000 .000 .000
c2 000 .000 .998 .000 .000  .000
c1 000 .000 1.000 .000 .000  .000
COM2 | 915 000 .000 .000 .000  .000
COM1 | 969 .000 .000 .000 .000 .000
EM2 961 .000 .000 .000 .000 .000
EM1 966 .000 .000 .000 .000 .000
RS2 | 1.035 .000 .000 .000 .000 .000
RS1 985 .000 .000 .000 .000 .000
RL2 947 000 .000 .000 .000  .000
RL1 1.000 .000 .000 .000 .000  .000
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Standardized Direct Effects (Group number 1 - Default model)

SEQ SQ IQ SQ2 SO1 U
SQ 435 000 .000 .000 .000 .000
IQ 000 .944 000 .000 .000 .000
SQ2 000 .609 .000 .000 .000 .000
SQ1 000 .924 .000 .000 .000 .000
U 038 1.009 -206 .000 .000 .000
D2 000 .000 .000 .950 .000 .000
D1 000 .000 .000 .907 .000 .000
TR2 000 .000 .000 .643 .000 .000
TR1 000 .000 .000 .676 .000 .000
ss1 000 .000 .000 .000 .885 .000
SS2 000 .000 .000 .000 .668 .000
11 000 .000 .000 .000 .838 .000
12 000 .000 .000 .000 .891 .000
EA2 000 .000 .000 .000 .898 .000
EAL 000 .000 .000 .000 .858 .000
U2 000 .000 .000 .000 .000 .902
U1 000 .000 .000 .000 .000 .939
T2 000 .000 .743 .000 .000 .000
T1 000 .000 .725 .000 .000 .000
F2 000 .000 .847 .000 .000 .000
F1 000 .000 .825 .000 .000 .000
A2 000 .000 .791 .000 .000 .000
Al 000 .000 .725 .000 .000 .000
C4 000 .000 .885 .000 .000 .000
c3 000 .000 .781 .000 .000 .000
c2 000 .000 .841 .000 .000 .000
c1 000 .000 .868 .000 .000 .000
COM2 | 875 .000 .000 .000 .000 .000
COM1 | .909 .000 .000 .000 .000 .000
EM2 881 .000 .000 .000 .000 .000
EM1 826 .000 .000 .000 .000 .000
RS2 948 000 .000 .000 .000 .000
RS1 899  .000 .000 .000 .000 .000
RL2 879 .000 .000 .000 .000 .000
RL1 927 .000 .000 .000 .000 .000
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Indirect Effects (Group number 1 - Default model)

SEQ SQ IQ SQ2 SO1 U
SQ 000 .000 .000 .000 .000 .000
IQ 406 .000 .000 .000 .000 .000
SQ2 254 000 .000 .000 .000 .000
SQ1 489  .000 .000 .000 .000 .000
U 473  -445 000 .000 .000 .000
D2 300 1.181 .000 .000 .000 .000
D1 306 1.204 .000 .000 .000 .000
TR2 210 .827 .000 .000 .000 .000
TR1 254 1.000 .000 .000 .000 .000
Ss1 493 1.943 .000 .000 .000 .000
SS2 374 1475 .000 .000 .000 .000
11 442 1740 .000 .000 .000 .000
12 494 1.947 000 .000 .000 .000
EA2 517 2.036 .000 .000 .000 .000
EAL 489 1.926 .000 .000 .000 .000
u2 451 1.604 -240 .000 .000 .000
U1 524 1.861 -.278 .000 .000 .000
T2 333 1.313 .000 .000 .000 .000
T1 350 1.378 .000 .000 .000 .000
F2 409 1.613 .000 .000 .000 .000
F1 448 1765 .000 .000 .000 .000
A2 375 1.479 .000 .000 .000 .000
Al 342 1347 .000 .000 .000 .000
C4 415 1.634 .000 .000 .000 .000
c3 404 1590 .000 .000 .000 .000
c2 405 1596 .000 .000 .000 .000
C1 406 1599 .000 .000 .000 .000
COM2 | .000 .000 .000 .000 .000 .000
COM1 | .000 .000 .000 .000 .000 .000
EM2 000 .000 .000 .000 .000 .000
EM1 000 .000 .000 .000 .000 .000
RS2 000 .000 .000 .000 .000 .000
RS1 000 .000 .000 .000 .000 .000
RL2 000 .000 .000 .000 .000 .000
RL1 000 .000 .000 .000 .000 .000
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Standardized Indirect Effects (Group number 1 - Default model)

SEQ SQ IQ SQ2 SQ1 U
SQ 000 .000 .000 .000 .000 .000
IQ 410 .000 .000 .000 .000 .000
SQ2 265 .000 .000 .000 .000 .000
SQ1 402 .000 .000 .000 .000 .000
U 354 -195 .000 .000 .000 .000
D2 252 579 000 .000 .000 .000
D1 240 553 .000 .000 .000 .000
TR2 170 392 .000 .000 .000 .000
TR1 179 412 000 .000 .000 .000
ss1 355 .817 .000 .000 .000 .000
SS2 268 .617 .000 .000 .000 .000
11 337 774 000 .000 .000 .000
12 358 .823 .000 .000 .000 .000
EA2 361 .830 .000 .000 .000 .000
EAL 345 793 .000 .000 .000 .000
U2 354 734 -186 .000 .000 .000
U1 369 .765 -194 .000 .000 .000
T2 305 .701 .000 .000 .000 .000
T1 298 685 .000 .000 .000 .000
F2 348 800 .000 .000 .000 .000
F1 338 .778 .000 .000 .000 .000
A2 325 746 .000 .000 .000 .000
Al 298 .684 .000 .000 .000 .000
C4 363 .83 .000 .000 .000 .000
c3 321 737 000 .000 .000 .000
c2 345 794 000 .000 .000 .000
c1 356 .819 .000 .000 .000 .000
COM2 | .000 .000 .000 .000 .000 .000
COM1 | .000 .000 .000 .000 .000 .000
EM2 000 .000 .000 .000 .000 .000
EM1 000 .000 .000 .000 .000 .000
RS2 000 .000 .000 .000 .000 .000
RS1 000 .000 .000 .000 .000 .000
RL2 000 .000 .000 .000 .000 .000
RL1 000 .000 .000 .000 .000 .000
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Model Fit Summary

CMIN
Model NPAR CMIN DF P CMIN/DF
Default model 80 1131.989 385 .000 2.940
Saturated model 465 .000 0
Independence model 30 12580.121 435 .000 28.920
RMR, GFI
Model RMR GFI AGFlI PGFI
Default model A77 .822 .785 .680
Saturated model .000 1.000
Independence model | 1.034 115 .054 .108
Baseline Comparisons
NFI RFI IFI TLI
Model Deltal rhol Delta2 rho2 CFl
Default model 910 .898 939 931 .938
Saturated model 1.000 1.000 1.000
Independence model .000 .000 .000 .000 .000
Parsimony-Adjusted Measures
Model PRATIO PNFI PCFI
Default model .885 .805 .831
Saturated model .000 .000 .000
Independence model 1.000 .000 .000
NCP
Model NCP LO 90 HI 90
Default model 746.989 649.928 851.665
Saturated model .000 .000 .000
Independence model | 12145.121 11782.532 12514.064
FMIN
Model FMIN FO LO90 HI 90
Default model 3.216 2.122 1.846 2.420
Saturated model .000 .000 .000 .000
Independence model | 35.739 34.503 33.473 35.551
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RMSEA

Model RMSEA LO90 HI90 PCLOSE
Default model .074 .069 .079 .000
Independence model .282 277 .286 .000
AlC
Model AlC BCC BIC CAIC
Default model 1291.989 1307.440 1601.306 1681.306
Saturated model 930.000 1019.813 2727.908 3192.908
Independence model | 12640.121 12645916 12756.115 12786.115
ECVI
Model ECVI LO 90 HI90 MECVI
Default model 3.670 3.395 3.968 3.714
Saturated model 2.642 2.642 2.642 2.897
Independence model | 35.909 34.879 36.958 35.926
HOELTER
Model HOELTER HOELTER
.05 .01
Default model 135 141
Independence model 14 15

Execution time summary

Minimization: 301
Miscellaneous: .706
Bootstrap: .000
Total: 1.007

140




Appendix G. Test for Assumption of Sphericity

Mauchly's Test of Sphericity?

Measure: MEASURE 1

Within Subjects Mauchly's W Approx. Chi- df Sig. Epsilon®
Effect Square Greenhouse-

Geisser
factorl 625 164.807 5 .000 793

Mauchly's Test of Sphericity?
Measure: MEASURE 1

Within Subjects Effect Epsilon
Huynh-Feldt Lower-bound
factorl 799 333

Tests the null hypothesis that the error covariance matrix of the orthonormalized
transformed dependent variables is proportional to an identity matrix.?

a. Design: Intercept

Within Subjects Design: factorl

b. May be used to adjust the degrees of freedom for the averaged tests of significance.
Corrected tests are displayed in the Tests of Within-Subjects Effects table.

Tests of Within-Subjects Effects
Measure: MEASURE 1

Source Type Il Sum df Mean Square F
of Squares
Sphericity Assumed 66.328 3 22.109 29.289
factorl Greenhouse-Geisser 66.328 2.379 27.880 29.289
Huynh-Feldt 66.328 2.396 27.679 29.289
Lower-bound 66.328 1.000 66.328 29.289
Sphericity Assumed 797.157 1056 755
e ; 1 Greenhouse-Geisser 797.157 837.419 .952
rror(factorl) ,  nh-Feldt 797.157 843.499 945
Lower-bound 797.157 352.000 2.265
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Tests of Within-Subjects Effects

Measure: MEASURE 1

Source Sig. Partial Eta Squared
Sphericity Assumed .000 077
factorl Greenhouse-Geisser .000 077
Huynh-Feldt .000 077
Lower-bound .000 077
Sphericity Assumed
Greenhouse-Geisser
Error(factorl) Huynh-Feldt

Lower-bound
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