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Abstract 

 

Background: With documented benefits and recent public policies, health information 

technology (IT) has received increasing attention in recent years. However, knowledge 

about Thailand’s state of hospital IT adoption is lacking. The literature also identifies 

organizational management practices that are important to health IT implementation, but 

these factors are rarely included in quantitative analysis. Paucity of theoretical 

developments in the area also prevents a systematic approach to IT implementation. 

Objective: To describe the current state of IT adoption in Thai hospitals and test a 

proposed model of organizational IT adoption that includes facilitating management 

practices and important hospital characteristics, motivated in part by Paré and Sicotte 

(2001)’s IT sophistication framework with modifications. 

Materials and Methods: A nationwide mail survey was conducted using a developed 

instrument with established face and content validity in 1,302 hospitals in Thailand after 

a pilot study using five hospitals for pre-test purposes. Each hospital’s IT chief or 

executive was asked to assess the degrees of specific technologies’ adoption, IT-

supported hospital functions, within- and outside-hospital information sharing, and 

presence of specific management practices, each in a 5-point Likert-type scale. 

Confirmatory and exploratory factor analyses were done, resulting in the rejection of the 

proposed model and a new set of IT adoption factors that fit the data better. Average 

scores for each of these new IT adoption aspects were analyzed descriptively to provide 

Thailand’s baseline adoption levels. Construct and criterion validity was also assessed. 
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Path analysis was used to test the proposed model of hospital IT adoption and identify 

associated organizational factors. Estimates for adoption of basic electronic health 

records (EHRs), comprehensive EHRs, and computerized physician order entry (CPOE) 

were also computed from relevant IT-supported functions for cross-study comparisons. 

Results: The nationwide survey received a 70% response rate, but responding hospitals 

tended to be somewhat larger and public. Thai hospitals overall had acceptable levels of 

IT adoption, but information sharing outside the hospitals was very limited. When both 

outpatient and inpatient settings were considered, about 50% of responding hospitals had 

complete or partial basic EHR adoption and only 5% had comprehensive EHR adoption, 

but 90% had CPOE for medication orders. Adoption estimates for the outpatient setting 

alone were somewhat larger than the inpatient setting. Significant correlations among the 

different aspects of IT adoption and between these constructs and other criterion variables 

provide evidence for construct and criterion validity. In path analysis, after respecifying 

the model based on the factor patterns discovered from the data, the final model indicated 

significant effects of public status on adoption of infrastructural technologies such as 

networking and master patient index, as well as on internal information sharing. Bed size 

was positively associated with infrastructural technologies adoption but negatively 

associated with the levels of IT-supported clinical functions. Teaching status was not 

associated with any aspects of IT adoption in the path model. As hypothesized, the extent 

of facilitating operational IT management was associated with the levels of technology 

adoption and use of IT to support clinical EHR workflows (order entry and results 

viewing) as well as inpatient clinical documentation. These latter three constructs were 
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also associated with the extent of internal information sharing, while the extent of 

external information sharing was associated with the levels of internal information 

sharing and IT support for inpatient clinical documentation. 

Discussion: Thailand’s adoption picture is very encouraging with many hospitals having 

some IT infrastructure in place, though adoption gaps still exist. The discovered IT 

adoption factors and the developed survey instrument had supporting evidence for its 

validity, and the final model resulting from path analysis provides a useful framework for 

health IT adoption in future IT adoption studies. The positive association between public 

status and IT adoption and lack of significant hypothesized association between IT 

adoption and bed size or teaching status were surprising but may reflect the unique health 

IT market and dynamics in Thailand. 

Conclusion: Basic IT adoption in Thai hospitals appears to have passed the tipping point. 

Focus should be on adoption of more advanced technologies (such as comprehensive 

EHRs and clinical decision support systems) and ensuring that adoption translates into 

better processes and outcomes, as well as addressing barriers to health information 

exchange. The utility of the proposed framework is demonstrated, as is the importance of 

identified facilitating IT management practices. The final model from this study, named 

the Theory of Hospital Adoption of Information Systems (THAIS) here, should be cross-

validated and refined in future studies. 

Funding: This study was supported by a research grant from the Faculty of Medicine 

Ramathibodi Hospital, Mahidol University, Bangkok, Thailand under Grant No. 

RD53065/year 2010. 
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Chapter One 

Introduction 

 

1.1 Background and Significance 

With decades of research, development, and advocacy, increased attention has 

been placed on the role of information technology (IT) in improving quality and 

efficiency of health care. Early works in the area led to the seminal report by the Institute 

of Medicine (IOM) advocating the adoption of computer-based patient records.1 

Subsequent well-known IOM reports2,3 highlighted the role of electronic health records 

(EHRs), computerized physician order entry (CPOE), and other technologies in the 

transformation of the healthcare system and delivery in the United States. 

In the past decade, the U.S. federal government has also played a significant role 

in promoting the adoption and use of health IT. President George W. Bush’s 2004 

Executive Order establishing the position of the National Health Information Technology 

Coordinator4 has led to a number of significant initiatives, many of which continue today. 

Under President Barack Obama’s leadership, emphasis on the values of health IT was 

prominent in the economic stimulus legislation.5 In fact, the Health Information 

Technology for Economic and Clinical Health (HITECH) Act6 and its “meaningful use” 

regulations7 serve as today’s hallmark of heavily-invested public policy aimed at 

increasing health IT adoption and use. The health IT adoption landscape has never before 

received this level of attention by informaticians, healthcare practitioners, administrators, 

researchers, and consumers worldwide. 



 

2 

Although the extent of health IT benefits may vary from one organization to 

another, the literature provides evidence that health IT generally improves care quality 

and reduces costs. Medication safety, guideline adherence, and surveillance and patient 

monitoring are among the documented quality benefits of health IT.8,9 Furthermore, 

health IT has been linked to more efficient health care through reduction in healthcare 

costs9,10 and improved financial performance of health care organizations.11,12 While 

evidence to the contrary also exists,13 it in fact underscores what experts have pointed out 

for years, that health IT is not a panacea that will fix all the problems in the system and 

yield the desirable impact in every case.14,15 Blindly implementing health IT in a broken 

system would not lead to substantial improvements and could propagate underlying 

problems. Moreover, the most visible efficiency gains of health IT would result from the 

seamless exchange of health information across providers, a situation that first requires 

widespread IT adoption and hence has not been achieved in a large scale. This should not 

prevent us from facilitating the adoption and use of health IT, but it should remind us that 

we must adopt and use the technology appropriately. The heart of the United States’ 

efforts that facilitate “meaningful” health IT use6,7 is a key step in this direction and, with 

proper execution, would lead to realization of potential benefits of health IT as evidenced 

in the literature. 

A considerable number of studies have investigated the extent of health IT 

adoption in the United States.16-21 With the meaningful use efforts underway, the U.S. 

adoption rate of health IT is expected to rise substantially.7 Other Western countries have 

already had much higher adoption rates than the U.S. and Canada.17,22 While there are 
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still rooms for improvement, many of these countries lead the way by having clear public 

policies and large-scale efforts to facilitate health IT adoption.23 Such policies and efforts 

in developing countries, on the other hand, are still in their infancy if they exist at all, and 

their adoption pictures are still largely unclear.24,25 These developing countries may have 

more pressing priorities,25 and their resources to facilitate adoption may be limited.26 

However, given the relatively poor social and economic conditions of their populations, 

they are the most likely to benefit from improved quality, accessibility, and efficiency of 

health care that health IT has much to offer. 

 Thailand, one of the few middle-income developing countries that have 

introduced a series of health care reform initiatives,27 still has no clear national roadmap 

toward widespread health IT adoption to improve quality and bring down costs. Without 

emphasis on health IT adoption, the country cannot achieve quality and efficient health 

care for all to the same extent as other countries. In the end, the social and economic 

disparities between Thailand and developed nations would widen. Health IT, therefore, is 

not a luxurious, lofty technology for developed nations but a rather vital investment for 

Thailand to bridge the disparity gap and sustainably compete in the twenty-first century. 

In order for Thailand to strategically tackle the health IT adoption problem, 

knowledge about the current situation is critical. A large part of the country’s health care 

is delivered through acute care hospitals, which are arguably the most influential strategic 

point for health IT to make a societal impact. With the health IT adoption picture in Thai 

hospitals still unclear, it is crucial that we capture the current state of Thai hospitals’ 

adoption of IT. The knowledge can be used as the baseline adoption level against which 



 

4 

progress over time can be tracked and the impact of adoption can be evaluated in future 

studies. 

 Additionally, relationships between health IT adoption and the adopting 

organization’s characteristics have been studied considerably, but few studies explore the 

mechanisms through which these characteristics influence adoption. Moreover, the roles 

of certain organizational cultures and management practices on adoption are rarely 

investigated in quantitative studies, although they have been documented greatly in 

qualitative studies and case reports.28 In addition, the adoption level is usually 

conceptualized as a simple construct of availability and use of certain technologies or 

functions. While these simple measurements still offer valuable descriptive information, 

they often limit the opportunities to link the empirical findings to build and improve 

theoretical knowledge on IT adoption. A theoretical framework would enable researchers 

to approach health IT adoption in a systematic way. It would also offer a useful guide for 

practitioners and policymakers to tackle such a complex structure and a dynamic process 

as health IT adoption. 

 With these gaps in the current literature in mind, this study uses the lack of 

knowledge about Thai hospitals’ IT adoption as dual opportunities to validate a proposed 

framework of health IT adoption, while at the same time providing valuable information 

about the country’s adoption state. The proposed model is motivated in part by Paré and 

Sicotte’s IT sophistication framework,29 as well as by qualitative evidence highlighting 

the crucial importance of certain organizational cultures and management practices. It 

breaks health IT adoption down into several aspects, each focusing on technologies, 
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functionalities, information sharing within and outside the hospital, and the 

organizational cultures and management practices. 

With the accumulating evidence in the literature, I believe it is time to move the 

health informatics field forward by developing and testing a model that helps explain not 

just if but how different organizational factors relate to greater IT adoption, with proper 

balance in emphasis among different components of organizational IT. Equally 

important, the practical knowledge about Thailand’s IT adoption landscape would equip 

Thailand’s policymakers with insights about the current state of hospital IT adoption, 

adoption gaps, and potential strategies to facilitate widespread adoption. 

1.2 Study Goals and Specific Aims 

 The overall goals of this study are two-fold: to produce the much-needed local 

knowledge about Thai hospitals’ IT adoption, and to contribute to the scientific 

foundations of biomedical and health informatics by obtaining empirical evidence that 

enhances our theoretical understanding of health IT adoption at the organizational level. 

This is achieved through two specific aims: 

1. To describe the current state of IT adoption in Thai hospitals nationwide. 

2. To test a proposed conceptual framework of IT sophistication and explore the 

relationships between organizational characteristics and these IT 

sophistication measures, using data collected from Thai hospitals. 
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Chapter Two 

Literature Review 

 

This chapter reviews the literature related to this dissertation study. The effects of 

health IT are reviewed in the first section, followed by a review of some theories related 

to IT adoption. Then, studies that assess the state of health IT adoption and associated 

organizational factors are summarized. Organizational cultures and management 

practices that have been found to play a role in health IT adoption are also discussed. 

Finally, a brief description of Thailand, its healthcare system, and the status of its 

national health IT environment is provided. 

2.1 Effects of Health IT 

 The effects of health IT on health care have been examined in many experimental 

and observational studies. At least 21 systematic reviews and meta-analyses evaluated the 

relationship between health IT and care quality and efficiency.8,9,30-48 The reviews have 

found improvements in the process of care as a result of clinical decision support systems 

(CDSSs),30-37 CPOE,8,38-40 and EHRs41 in many evaluation studies. The evidence on 

improved clinical outcomes associated with health IT appears mixed,8,30,32,33,37-44 though 

several methodological issues have been suggested.8,9,30,33,39,43,47 With health IT’s usage 

pattern varying from one setting to the next,49 the roles of socio-cultural and 

organizational factors41 as well as the implementation process40 on differential effects 

have also been noted. 
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 One large systematic review identified three key benefits of health IT on quality 

of care—increased adherence to guidelines, enhanced surveillance and monitoring, and 

reduced medication errors.9 The improvement is most evident in the area of preventive 

health. On the efficiency front, the key benefit of health IT, as noted by the authors, is the 

reduction in unnecessary care utilization. Individual studies have also linked health IT to 

reduction in healthcare costs9,10 and improved financial performance of health care 

organizations.11,12 Another systematic review focused on the benefits of eHealth 

technologies specifically in developing countries.45 The authors concluded that systems 

that enhance inter-institutional communications, assist medication order and 

management, and identify and track patients at risk of abandoning care are promising. 

This study provides evidence for positive effects of health IT in developing countries and 

reinforces the argument that health IT adoption in developing countries should be 

promoted. 

 Overall, there is much supporting evidence that health IT generally improves the 

process of care, but the ultimate impact on patient outcomes remains inconclusive. The 

effect of health IT also depends on a number of factors, including the setting, technology, 

functionalities, implementation, and target endpoints. One thing is clear from the 

literature—health IT is complex, heterogeneous, and context-dependent. Indeed, experts 

have said all along that health IT is not a panacea that will fix everything and yield 

positive values no matter what.14,15,50,51 Risks and unintended consequences of health IT 

have also been well-documented in the literature.52,53 
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 While the existence of risks and the inconclusive data on patient outcome effects 

may be disconcerting and deserve careful study, they do not negate the documented 

positive effects on process of care. As previously discussed, there are many issues with 

those outcome studies that should be addressed in future studies. A reasonable move 

while science improves and these issues are disentangled is not the halt of all health IT 

implementations, which could have detrimental effects on the care processes. Instead, we 

should continue to implement well-designed health IT, with appropriate evaluation. 

Research on health IT adoption would help provide data for such evaluation studies. The 

next sections discuss the theories and empirical studies on health IT adoption. 

2.2 Conceptualizing Health IT Adoption 

2.2.1 Diffusion of Innovations Theory 

One of the most prominent theories in IT adoption is Rogers’ diffusion of 

innovations theory.54 In his theory, an innovation is defined as “an idea, practice, or 

object that is perceived as new by an individual or other unit of adoption,” and diffusion 

refers to “the process by which an innovation is communicated through certain channels 

over time among the members of a social system.”54 Since IT implementation in an 

organization generally introduces a new system aimed at changing how a certain task is 

conducted, such a technology is an innovation, and the spread of the technology within 

the organization is the diffusion process. In this theory, the innovation-decision process 

consists of 5 successive stages—knowledge, persuasion, decision, implementation, and 

confirmation. After acquiring knowledge of and forming an attitude toward an 

innovation, an individual engages in activities that lead to a decision whether to adopt or 
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reject it. Adoption is defined as “a decision to make full use of an innovation as the best 

course of action available,” while rejection indicates “a decision not to adopt an 

innovation.”54 Adoption of an innovation marks the point when it is implemented and put 

into use by an individual. 

A similar process occurs when an innovation is adopted at the organizational 

level, although there are now two levels of decision-making processes. Innovation 

adoption at the organizational level introduces the innovation into the organization, 

kicking off the individuals’ adoption process. For the intended outcomes to be realized, 

the organization must first adopt and implement the innovation, and the individuals in the 

organization must then adopt and use it. This is in line with DeLone and McLean’s 

information systems (IS) success model (Figure 2.1), where success of an information 

system implementation originates from the inherent quality of an information system and 

the information it produces, leading to system use and user satisfaction which in turn 

creates individual and organizational impacts.55,56 

 

 

 

 

Figure 2.1 DeLone & McLean’s original information systems success model. Reprinted by 
permission, DeLone WH, McLean ER, Information systems success: The quest for the dependent 
variable, Information Systems Research, volume 3, number 1, March, 1992. Copyright © 1992, 
the Institute for Operations Research and the Management Sciences, 7240 Parkway Drive, Suite 
300, Hanover, Maryland 21076 USA. Note that an updated model has been reported (See 
reference 56) but for the purpose of this discussion, the simpler original model (as reported in 
reference 55) was used. 
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The diffusion of innovations theory is also well known for its classification of 

individuals and organizations based on how soon they adopt a particular innovation. The 

so-called diffusion curve, which Rogers argued approaches the normal distribution, 

categorizes individuals into 1) innovators, 2) early adopters, 3) early majority, 4) late 

majority, and 5) laggards.54 This theory provides a roadmap for understanding how 

people adopt an innovation and developing strategies to encourage their use. 

2.2.2 Theories of Technology Acceptance 

Another family of theories with extensive research focuses on user acceptance of 

technology. With their roots in social psychology and behavioral sciences, these theories 

view IT use as a behavior that can be explained, at least in part, by how the technology is 

viewed by the users, i.e., technology acceptance. Acceptance of technology is most often 

measured as the intention to use the technology.57 In turn, the intention to use is 

explained by a number of constructs ranging from user attitudes and perceptions to other 

user characteristics. 

One of the most studied theories of technology acceptance is the Technology 

Acceptance Model (TAM).58-60 It originated from the Theory of Reasoned Action 

(TRA),61,62 a classic general behavioral theory. TRA proposes that individuals’ behavior 

is determined by their intention to perform the behavior, and this intention is in turn 

explained by their attitude toward the behavior and their perception of how other 

important persons think about them performing the behavior (subjective norm).61 Like 

TRA, TAM proposes intention to use as the precursor of actual IT use and specifies 

attitude toward IT use as the predictor of behavioral intention. Unlike TRA, however, two 
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new constructs are added to explain the attitude, namely perceived usefulness and 

perceived ease of use (Figure 2.2). The former construct refers to the degree to which the 

individuals believe using the technology would enhance their job performance, while the 

latter addresses their subjective belief that using the technology would be free of 

effort.59,60 

 
 
 
 
 
 
 
 
Figure 2.2 The Technology Acceptance Model (TAM). Reprinted by permission, Davis FD, 
Bagozzi RP, Warshaw PR. User acceptance of computer technology: a comparison of two 
theoretical models, Management Science, volume 35, number 8, August, 1989. Copyright © 
1989, the Institute for Operations Research and the Management Sciences, 7240 Parkway Drive, 
Suite 300, Hanover, Maryland 21076 USA. 
 

While the validity and applicability of TAM have been studied extensively, it is 

not today’s only model of IT acceptance and use. An updated version of TAM, called 

TAM2, was proposed with the removal of the attitude construct and addition of 

subjective norm and some other predictors.63 In an effort to unify a multitude of models, 

Venkatesh et al. proposed the Unified Theory of Acceptance and Use of Technology 

(UTAUT) (Figure 2.3),64 based upon similarities across prior models including TRA, 

TAM, TAM2, Theory of Planned Behavior (TPB),65 and the diffusion of innovations 

theory, among others. 
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Figure 2.3. The Unified Theory of Acceptance and Use of Technology (UTAUT) model. 
Reprinted from Venkatesh V, Morris MG, Davis GB, Davis FD, User acceptance of information 
technology: toward a unified view, MIS Quarterly, volume 27, number 3, September, 2003. 
Copyright © 2003, Regents of the University of Minnesota. Used with permission. 

 
TAM and closely related models, including TAM2 and UTAUT, have been 

recently reviewed, focusing specifically on their application in health IT acceptance and 

use.57 The review noted evidence that supports the utility of the theories in health care, 

but pointed out remaining challenges and the need to contextualize TAM to health care in 

future research.57 Nevertheless, with the focus on individual users’ technology 

acceptance, these theories do not provide sufficient understanding of IT adoption at the 

organizational level. 
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2.2.3 Organizational IT Adoption Theories 

At the organizational level, the theories of IT adoption are less well-established. 

Rogers’ diffusion of innovations theory54 explains the process of innovation diffusion at 

both the individual and organizational levels, but the theory does not provide a 

statistically testable model of organizational IT adoption. In a review by Theera-

Ampornpunt, a striking 87% of health IT adoption studies at the organizational level used 

simple atheoretical measurements of availability and/or use of certain technologies or 

functionalities.28 Holden and Karsh made a similar observation, noting that little attention 

is placed on theories in studies of clinicians’ behavior toward health IT use,66 though 

their comment was directed at adoption studies at the individual level. They also argued 

that a theoretical approach offers a systematic method to conduct the studies, thereby 

serving as a guide for researchers and reducing the influence of methodological biases in 

creating spurious findings. In addition, theories also help us relate findings from disparate 

studies in order to draw generalizable conclusions. Lastly, a good health IT adoption 

theory serves as a practical guide, providing useful strategies so more effective 

implementation can be conducted.66 Similar arguments could be made for organizational 

IT adoption. 

Theera-Ampornpunt28 reviewed several theories of organizational IT adoption. 

Incorporation represents organizational processes to embed an innovation within the 

adopting organization.67-70 Following incorporation of an innovation, the organization 

adjusts itself in various ways. This adjustment process eventually leads to the permanent 

adjustment in the organization such as changes in its governance structures, rules, and 



 

14 

organizational procedures, called routinization.70,71 This concept is echoed in the 

diffusion of innovations theory.54 The incorporation concept gave rise to infusion, another 

aspect of innovation incorporation that involves adjustment in operational and managerial 

work systems and shifts in the related technological configurations.70 High levels of work 

system adjustment suggest that the innovation has been “infused” or embedded deeply in 

the organization. Zmud and Apple70 provided an instructive example—the increasingly 

advanced levels of personal computer (PC) use. Simple stand-alone uses imply 

superficial infusion of PCs in the organization, whereas more sophisticated concurrent PC 

uses by multiple distributed users, well-orchestrated with workflow linkages indicate that 

the technology is deeply embedded in the organization. The increasing levels of infusion 

result from the successive levels of functional configurations built onto the technologies 

achieved from prior configurations.70 

A similar concept that views organizational IT as consisting of increasing levels 

of complexity is IT maturity (or IS maturity). It originated in the late 1960s when 

computer applications in business were observed to follow stages of development, from 

basic clerical applications to managerial and strategic ones.72 This notion of application 

maturity led other researchers to propose their theories of IS development stages.73,74 

Nolan and also Nolan and Gibson proposed a model known as the stage hypothesis, 

which consists of 6 stages of organizational use of information systems—initiation, 

contagion, control, integration, data administration, and maturity.74-82 In this model, use 

of information systems in an organization is a growth process that involves both the 

increasingly matured configurations and advanced IT management and data 
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administration activities. The model is outdated in today’s revolutionized organizational 

IT environment, but its view of organizational IT as a dynamic evolutionary process 

associated with operational and managerial complexity is a foundation to more modern 

theories. 

Burke and Menachemi proposed a concept called IT munificence that offers a 

conceptual perspective on IT capabilities of hospitals.83 Drawing from the diffusion of 

innovations theory and the strategic contingency theory, they developed measures of a 

hospital’s technology base and stakeholder capability by measuring the numbers of 

automated application systems in each category of hospital functions, the number of 

shared applications available across the enterprise (i.e., systems integration), and the 

extent of information available to stakeholders outside the hospital (clinicians, the public, 

and externals business stakeholders). The hospital functions were classified into 3 

clusters—clinical, administrative, and strategic. Clinical IT supports a hospital’s primary 

mission on patient care, whereas administrative systems support other organizational 

functions with no direct involvement in patient care. Strategic systems, on the other hand, 

provide strategic information to executives for planning, oversight, and other 

management tasks. The IT munificence construct provides one systematic framework of 

IT adoption that attempts to “open the black box” of hospital IT.83 

2.2.4 IT Sophistication 

Another recent conceptual framework of organizational IT adoption is IT 

sophistication. The first conceptualization of this model by Raymond and Paré was 

motivated in part by the idea of evolutionary stages of organizational IT in the IT 
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maturity concept.84 In addition to IT maturity, IT sophistication was also influenced by 

the technical sophistication and organizational sophistication concepts used in a study of 

IT impact on user satisfaction and job performance.85 In that study, technical 

sophistication focuses on hardware and software systems and recently implemented 

applications, whereas organizational sophistication assesses the level of planning, 

organization, and control activities associated with managing an organization’s IT 

resources.85 Raymond and Paré defined IT sophistication as “a construct which refers to 

the nature, complexity and interdependence of IT usage and management in an 

organization.”84 The construct has four dimensions—technological sophistication, 

informational sophistication, functional sophistication, and managerial sophistication, 

each representing the respective component of organizational IT.84 

Paré and Sicotte29 modified the original IT sophistication construct to study 

hospital IT adoption in Canada. The model consists of three dimensions—technological 

sophistication, functional sophistication, and integration sophistication. The definitions of 

these dimensions are provided in Table 2.1. In each of these dimensions, three core 

domains are assessed—patient management and patient care activities; clinical support 

activities such as laboratory, pharmacy, and radiology; and administrative functions. 

Figure 2.4 depicts their IT sophistication model. 
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Table 2.1 Definitions of Paré & Sicotte’s IT sophistication constructs. Reprinted from Int J Med 
Inform, volume 63, number 3, Paré G, Sicotte C, Information technology sophistication in health 
care: an instrument validation study among Canadian hospitals, 205-223, Copyright © 2001, with 
permission from Elsevier. 

Construct Definition 
IT Sophistication The diversity of technological devices and software applications used to support 

patient management and patient care, clinical support, and administrative 
activities, as well as the extent to which computer-based applications are 
integrated (electronic and automatic transfer of information) 

Technological 
Sophistication 

The diversity of the hardware devices used by health care institutions, referring 
to various domains such as the newest ones including medical imaging, bar 
coding devices, data warehousing, wireless networks and PACS [picture 
archiving and communication system] equipment 

Functional 
Sophistication 

The proportion and diversity of processes or activities (e.g., vital sign recording, 
medication administration, staff scheduling, post-operative report dictation) 
being supported by computer-based applications 

Integration 
Sophistication 

The degree to which computer-based applications are integrated both internally 
via a common database and externally via electronic communication links 

 

 

 

 

 

 

 
 

 

 

 

 
 
Figure 2.4. IT sophistication framework in hospitals. Reprinted from Int J Med Inform, volume 
63, number 3, Paré G, Sicotte C, Information technology sophistication in health care: an 
instrument validation study among Canadian hospitals, 205-223, Copyright © 2001, with 
permission from Elsevier. 
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Paré and Sicotte also reported their development and validation of the IT 

sophistication questionnaire based on initial in-depth interviews, a pre-test, and a survey 

of hospital information system directors in Quebec and Ontario. The construct validity, 

concurrent validity, and internal consistency reliability of IT sophistication have been 

established.29 Paré and Sicotte’s IT sophistication model has been used in various studies, 

including a health IT adoption study of hospitals in Iowa86,87 and another study in 

Georgia,88,89 as well as an evaluation study in Texas.90 In addition, it has been applied to 

study IT adoption in Missouri’s nursing homes.91 

The conceptualization of health IT adoption into the technological, functional, and 

information exchange components has several strengths. First, the model recognizes that 

available technologies, as important as they are, are but one piece of the IT adoption 

puzzle. A technology available but not used would not yield desirable impact. In addition, 

as argued by the IT maturity concept, a single technology can be used in several ways, 

supporting an organization’s functions to a different degree. Assessing the functional 

aspect of adoption, measured by the extent to which the technology is used to support the 

organization’s activities, prevents us from the overemphasis on the technology’s 

availability. By measuring the functional aspect of adoption, a better picture that provides 

clues on where in the evolutionary stages an organization’s information systems stand 

emerges. Furthermore, by having an integration sophistication component similar to IT 

munificence,83 the model emphasizes the significance of the information exchange 

component of health IT, which is critical to the quality and efficiency gains the health 

informatics community so desires. Unlike the simplistic measurement of IT adoption as 
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availability or use in many studies, IT sophistication helps provide a systematic, balanced 

way to view IT adoption, which could prove helpful in guiding IT implementation efforts 

toward success. 

2.3 Empirical Studies of Health IT Adoption 

2.3.1 State of Health IT Adoption in the United States 

Many empirical studies have attempted to assess the state of health IT adoption in 

the United States, according to a methodological review by Theera-Ampornpunt.28 A 

review by Jha et al.16 suggested that as of 2005, the best estimate of EHR use by 

ambulatory physicians was about 24%. Subsequent studies conducted between 2005 and 

2007 suggested that the ambulatory EHR adoption level ranged from 17–35%,17-19,92 with 

the wide range mostly attributable to differential methods and definitions. The National 

Center for Health Statistics conducts an annual survey known as the National Ambulatory 

Medical Care Survey (NAMCS), collecting patient visit data on a nationally-

representative probability sample of non-federal office-based physicians.92 Findings from 

the annual NAMCS studies provide a longitudinal trend of EHR adoption among office-

based U.S. physicians. In 2005, about 23.9% of U.S. physicians used any EHR system, 

but only about 9.3% used an EHR system with all four features deemed important—

computerized order entry for prescriptions, computerized order entry for tests, electronic 

test results viewing, and physician notes.93 The estimates had since increased to 48.3% of 

physicians using any EHR system and 21.8% using one with those specific features in 

2009.94 Figure 2.5 illustrates the trend of EHR adoption among ambulatory physicians 

from 2001 to 2010.18,92-96 
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In the inpatient setting, a 2006 survey by the American Hospital Association 

(AHA) found that 11% of U.S. hospitals had fully implemented an EHR system,20 while 

recent AHA surveys of U.S. hospitals suggested that the EHR adoption level, using a 

stringent EHR definition, was around 9% in 200821 and 12% in 2009.97 The estimates of 

CPOE adoption among U.S. hospitals ranged from 5% in 2003 to 17% in 2008 and 34% 

in 2009.20,21,97-99 With a low adoption rate, health IT adoption in the U.S. remains a 

challenge, though the trend is encouraging and the meaningful use regulations are 

expected to accelerate this.7 

 

 

 

 

 

 

 

 

 

 

Source: National Ambulatory Medical Care Survey (NAMCS) 2001-2010 (References 18 and 92–96). 
EHR = electronic health record 
 
“Any EHR” refers to percentage of physicians reporting use of an EHR system regardless of features used. 
“EHR with Basic Features” indicates percentage of physicians who reported using all of the following EHR 
features: patient demographics, problem lists, physician clinical notes, laboratory test results, imaging 
results, and computerized order entry for prescriptions (2005 and 2006 estimates based on a less stringent 
definition, specifically computerized order entry for prescriptions and tests, test results, and clinical notes; 
no data available prior to 2005). Estimates for 2010 are preliminary. 
 
Figure 2.5. EHR adoption by U.S. physicians by year. 
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2.3.2 State of Health IT Adoption in Other Western Countries 

 Fewer studies evaluated the state of health IT adoption in other countries,28 but 

there is reliable evidence to suggest that many Western countries have enjoyed high IT 

adoption rates, especially in the ambulatory setting. Protti reported on a qualitative 

comparative study on IT adoption in general practice of 10 countries (Australia, Austria, 

Denmark, England, Germany, the Netherlands, New Zealand, Norway, Scotland, and 

Sweden).23 The study found that general practice offices in most of the countries had 

adopted IT to a great extent, with electronic prescribing one of the most common clinical 

applications. Use of other functions such as receiving discharge summaries, viewing 

laboratory results, and health information exchange (HIE) were less common in some of 

the countries.23 One of the study’s strengths is its description of the social contexts that 

influence IT use in these countries, highlighting the roles of public policy. The author 

reviewed how the government mandate for electronic billing, financial incentives, 

influence from professional organizations, system accreditation, and empowerment and 

assembly of practicing physicians might have explained the satisfactory levels of 

adoption in these countries.23 In another large-scale quantitative study of primary care 

physicians in seven countries conducted in 2006, the majority of respondents in Australia, 

Germany, the Netherlands, New Zealand, and the United Kingdom clearly had in their 

practices a clinical information system with moderate to high functionalities.17 Primary 

care physicians in the U.S. and Canada, on the other hand, mostly had unsophisticated 

systems with few functions. The authors concluded that the importance of nationwide 

policies cannot be overstated and suggested a redesign of the U.S. system to incentivize 
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better performance.17 Finally, Jha et al.22 conducted a literature review as well as expert 

interviews on health IT adoption and use in these seven countries in 2006. The findings 

indicated that EHR use among general practitioners in four countries (Australia, the 

Netherlands, New Zealand, and the United Kingdom) was almost universal (more than 

90%), with Germany having a moderate level of use (40–80%) but the U.S. and Canada 

lagged far behind (10–30%).22 In contrast, less than 10% of hospitals in virtually all of 

the seven countries were estimated to have key components of an EHR,22  suggesting that 

more efforts are still necessary in these nations’ hospital settings. 

2.3.3 Antecedents of Organizational Health IT Adoption 

 Several organizational characteristics have been linked to health IT adoption. 

Findings from many studies supported the positive relationships between health IT 

adoption and size of the organization,20,87,100-105 multi-hospital system affiliation,100-102,106 

teaching status,20,98,102,104 urban location,20,100-102,107 for-profit status,100-102,108 annual 

budget,29,86 operating revenues or financial performance,20,100,108 IT investment,29 patient 

mix,100,102,103,108,109 service volume,100,103,109 size of IT workforce,29,86 accreditation 

status,102 and chief information officer (CIO)’s education29 and experience.29,86,87,110 Non-

significant or conflicting findings, however, also exist for multi-hospital system 

affiliation,87 non-governmental status,98 for-profit status,98 IT investment,86 and CIO’s 

educational level.86 

 Researchers have offered a number of explanations for the relationships between 

health IT adoption and characteristics of the adopting organization. Organizational size is 

perhaps one of the most commonly studied organizational factors within and outside 
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informatics.87 Kimberly and Evanisko111 provided two alternative mechanisms that 

explain the association between organizational size and hospital adoption of innovations. 

The first mechanism posits that increased size facilitates adoption by making the 

organization better able to afford the innovations. Larger organizations generally have 

access to more capital resources100,101 and possess greater internal resources and 

skills,87,100 enabling them to acquire and implement technologies to a greater degree. 

Furukawa et al. also suggested that larger hospitals are more likely to benefit from 

economies of scale when they acquire health IT.102 Alternatively, increased size also 

creates operational and administrative complexity that necessitates IT adoption.111 Jaana 

et al. argued that larger hospitals not only have more resources but they are also more 

complex and geographically dispersed, requiring them to have more sophisticated IT 

infrastructure.87 

 The observed findings that teaching hospitals are more likely to adopt IT have 

been suggested to result from their emphasis on quality improvement,98,104 their tendency 

to adopt health IT to support their research and academic missions,102 their culture for 

innovation, the presence of local expertise, and the familiarity of their staff to changes 

and technologies.112 The relationships between health IT adoption and other 

organizational factors are more straightforward. Privately-owned, for-profit hospitals 

usually have broader access to capital resources and operate under market pressure, 

leading to adoption of IT to improve efficiency and quality, compared to public and non-

profit hospitals that usually operate under a tighter budget and less market pressure. 

Accredited hospitals are attentive to quality and safety issues and will likely adopt health 
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IT for quality improvement purposes. Finally, hospitals with positive margin or higher 

operating revenues, higher investment in IT, larger IT workforce, and a more competent 

and experienced CIO are also more likely to successfully acquire and implement health 

IT than their counterparts. 

 Although the literature provides considerable evidence and insights on the 

facilitating organizational factors of health IT adoption, some studies employed simple 

univariate statistical analysis such as t-tests and chi-square tests.101,113 Others used 

somewhat more sophisticated techniques such as multiple linear regression100,114,115 or 

multivariate logistic regression.21,98,102,103,116,117 These techniques are reasonable, or 

sometimes necessary, in the early stages of empirical research on organizational IT 

adoption. However, these techniques have some limitations that prevent us from fully 

understanding the relationships between the hospital characteristics and IT adoption. 

First, univariate analysis cannot account for the confounding effects of other factors. For 

instance, since teaching hospitals are on average larger than non-teaching hospitals, it is 

possible that the association between teaching status and IT adoption could be explained 

by hospital size. It is important that we use statistical methods that can control for the 

effects of other factors to prevent spurious or misleading conclusions. Even if 

multivariate techniques are used, most studies often focus solely on if the associations 

between a number of independent variables and the level of adoption exist and not how 

these variables relate to one another and the mechanisms through which they lead to 

adoption. With the accumulating empirical evidence as a base, it is important that future 

IT adoption studies contribute to the field’s scientific knowledge by building and refining 
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theories that explain the mechanism of organizational health IT adoption and serve as a 

practical guide for efforts to facilitate adoption. 

2.3.4 Roles of Organizational Cultures and Management Practices 

The importance of certain organizational cultures and management practices on 

health IT adoption and use has been discussed in much of the literature. They have been 

the subject of myriads of case studies and lessons learned on health IT implementation 

successes and failures, as well as qualitative studies and viewpoint articles. Theera-

Ampornpunt28 in his review of health IT adoption literature identified at least ten of these 

“managerial” success factors as presented in Table 2.2. 

Table 2.2 Organizational cultures and management practices related to successful health IT 
adoption and supporting evidence. Adapted from Theera-Ampornpunt N. Measurement of health 
information technology adoption: a review of the literature and instrument development [master’s 
Plan B project]. Minneapolis (MN): University of Minnesota; 2009 Aug. Instrument 
development; p. 78-9. 

Organizational Cultures  
and Management Practices 

Supporting Evidence 
(List of Reference Numbers) 

Clear vision of what IT initiatives will achieve 119, 121, 125, 128, 130, 146, 148 
Management support of IT implementation projects 119–121, 125, 128, 130, 133, 136, 138, 143, 

146, 147 
Shared commitment among stakeholders 119, 126, 127 
Communications of project plans and progresses 118, 121, 122, 124, 125, 128, 129, 148–151 
Physician and non-physician user involvement 114, 119, 121, 124–145 
Attention to workflow changes during 
implementation 

118–121, 125, 130, 150, 152–154 

Well-executed project management 118–121, 133, 147 
Adequate user training 118, 119, 121, 124, 125, 129, 131, 139, 141, 

143, 146, 147, 150, 151 
Organizational learning 118, 119 
Organizational innovativeness 54, 112, 143, 156, 157 
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In a workshop at the American Medical Informatics Association (AMIA) 2006 

Annual Symposium sponsored by ten AMIA working groups, participants shared 

experience and discussed aspects of health IT implementation.118 The need to address 

sociological and cultural issues emerged as part of the consensus. Implementation 

challenges include the complexity in project communications and workflow implications, 

as well as the need to link IT implementation to quality improvement efforts. When asked 

to draw lessons from research and experience, participants noted the importance of 

proper management of risks, projects, and changes; sufficient training; attention to 

lessons learned in the past and from others; and the identification of incentives that will 

help engage stakeholders.118 An expert consensus echoed a similar theme when 

considerations crucial to a successful CPOE implementation were identified (Table 

2.3).119 Also, Lorenzi et al.120 classified health IT implementation issues into 4 

categories—design, management, organization, and assessment. While design issues 

focus mainly on the system usability and performance, workflow issues were also raised. 

Management issues concern the management of organizational change and the 

implementation process, while organizational issues underscore the role of the 

organization’s management.120 These issues were reiterated in a recent compilation of 

lessons drawn from reported health IT successes and failures.121 The same cross-cutting 

point emerges from all of these, that a successful health IT implementation requires not 

only a well-design, high-quality technology but also a well-executed implementation 

process backed by an environment of collaboration, support, and engagement in the 

organization. 
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Table 2.3 Considerations for a successful implementation of computerized physician order entry 
(CPOE). Reproduced from J Am Med Inform Assoc, Ash JS, Stavri PZ, Kuperman GJ, volume 
10, number 3, 229-234, Copyright © 2003 with permission from BMJ Publishing Group Ltd. 

Considerations 
Motivation for implementation 
CPOE vision, leadership, and personnel 
Costs 
Integration: Workflow, health care processes 
Value to users/Decision support systems 
Project management and staging of implementation 
Technology 
Training and Support 24 x 7 
Learning/Evaluation/Improvement 

 
Change management is among the most emphasized managerial processes of 

health IT implementation. Its role in biomedical and health informatics was reviewed by 

Lorenzi and Riley a decade ago,122 and a textbook123 has been dedicated to this complex 

topic. Change management is multi-faceted, but a consistent set of guides to managing 

change emerges from the literature. Riley and Lorenzi suggested that to minimize change 

resistance and gain acceptance of physicians, an implementation effort must involve 

physician champions; create a sense of ownership through communications and 

physicians’ involvement; understand their values; be attentive to the climate in the 

organization; and provide adequate training and support.124 Similarly, Nagle and Catford 

recommended focus on leadership and engagement, communication, process and 

workflow integration, education and training, and evaluation.125 

Engaging users is at the crux of any successful IT implementation. Since users are 

the ones most affected by the changes introduced by IT implementation, not involving 

users in the project greatly risks project failure. Ives and Olson126 suggested multiple 

reasons user involvement is critical to success. An obvious reason is because it allows the 
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implementer to better understand the needs and requirements of the users. The 

implementation team can also leverage the expertise of the users about their tasks and 

how the organization functions, information helpful to the project. Additionally, 

implementers can assess the importance of specific features to the users, thereby 

efficiently prioritizing the implementation. On the other hand, involving users allows 

them to better understand the system and develop realistic expectations, provides them 

venues to negotiate and resolve potential conflicts, and creates a sense of ownership. 

These will help reduce the risks of resistance later in the course of the implementation.126 

The benefits of user involvement in health IT implementation were studied by Paré et 

al.,127 who found that user participation helps develop the feeling of ownership toward 

CPOE. The need to engage users in health IT implementation has been documented 

consistently in the literature.114,124,125,128-143 Also noted is the importance of involving 

non-physician stakeholders, including nurses, pharmacists, management, and users in 

other departments.136,141,144,145 

Organization’s leadership support is also influential to IT implementation 

success.119,128,130,133,136,138,143,146,147 Management support refers to not only the provision of 

adequate financial and human resources but also the visible, unwavering, and committed 

political support. This will send a clear signal to the entire organization that the project is 

important to the organization and that additional support will be provided if needed for its 

success, dispelling fear and uncertainty that could lead to change resistance. 

Other aspects of change management are worth noting as well. Communications 

of project goals, plans, and progresses have been discussed as important,122,128,129,148-151 as 
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is a clear, shared vision within the organization.119,125,128,130,146,148 As previously noted, the 

necessity to adequately assess and consider workflow implications of the implementation 

can never be overstated,119,125,130,150,152-154 especially since health IT can result in power 

shift among various users and lead the project toward conflicts if not properly 

handled.131,132,155 Finally, adequate training also prepares the users for the changes 

introduced by the new system.119,124,125,129,131,139,141,143,146,147,150,151 

Project management refers to a systematic process to create a project plan, 

manage schedule and resources, track progress, and coordinate with various parties. With 

the complex, dynamic, and perhaps even chaotic nature of health IT implementation, 

effective project management helps keep various parts of the project under control. It is 

not surprising, therefore, that project management is also frequently listed as important to 

health IT implementation success.118,119,121,133,147 

Lastly, two organizational cultures have been linked to IT implementation 

success. Organizational learning, referred to as the culture in which an organization 

learns from its past experience to improve how it operates in the future, was noted 

previously as relevant to successful implementation.118,119 Another notion, termed 

organizational innovativeness in this dissertation, refers to the organizational 

environment in which a hospital is open to new ways of conducting its operations. This 

concept, applied to organizations, is parallel to Rogers’ diffusion of innovations theory 

which categorizes people based on their tendency to adopt an innovation.54 The role of 

organizational innovativeness has been investigated in a study which found that 

organizations with developmental or innovative culture were more likely to implement 
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quality improvement processes.156 Because many implement health IT to pursue quality 

gains, it can be argued that innovative organizations would be more likely to adopt health 

IT. Others also described the culture of innovation or cultural readiness to change as 

influential to health IT adoption.112,143,157 

In summary, various organizational cultures and management practices are 

described as success factors of health IT adoption. Table 2.2 listed ten factors and the 

supporting evidence based on a review by Theera-Ampornpunt.28 It is important to note 

that most of the cited evidence is based on case studies, lessons learned, expert opinions, 

and qualitative studies. Few quantitative studies have investigated the relationship of 

these managerial factors and health IT adoption. The 2006 AMIA workshop previously 

described called for more qualitative and longitudinal studies of successful and failed IT 

projects throughout their stages of implementation,118 but surprisingly it did not argue for 

quantitative investigations of these important issues. 

2.4 Thailand 

2.4.1 Thailand: An Overview 

The Kingdom of Thailand is a sovereign nation located in Southeast Asia, 

bordering Myanmar and Laos to its north, Laos and Cambodia to its east, the Gulf of 

Thailand and Malaysia to its south, and Myanmar and the Andaman Sea to its west 

(Figure 2.6). It has a land area of approximately 197,256 square miles (510,890 square 

kilometers), about 2.5 times the size of Minnesota. Bangkok is its capital, and there are 

76 other provinces in 6 geographic regions (north, central, northeast, east, west, and 

south).158 As of December 2010, Thailand officially has a population of more than 63.8 
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million,159 about 12 times that of Minnesota. Three quarters of the population are Thai, 

14% are Chinese, and the remaining 11% are of other ethnic groups. An overwhelming 

number of people (94.6%) are Buddhists, 4.6% are Muslims, and less than 1% are 

Christians.160 

 

Figure 2.6. Map of Thailand. Reproduced from The world factbook [Internet]. Washington, D.C.: 
Central Intelligence Agency; 2011. Available from: https://www.cia.gov/library/publications/the-
world-factbook/graphics/maps/newmaps/th-map.gif 
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Thailand is a unitary state governed by constitutional monarchy and parliamentary 

democracy. King Bhumibol Adulyadej, Rama IX, is the current head of state and has 

reigned since 1946. The King exercises the sovereign power through the National 

Assembly, the Council of Ministers (also known as the Cabinet), and the Courts, which 

serve as the legislative, executive, and judicial branches of government, respectively. 

Thailand’s prime minister serves as the head of government. While Thailand has been a 

constitutional monarchy since 1932, there has been periodic political instability, the 

recent ones being the 2006 coup d'état and the 2010 violent clashes between the 

government and the opposition. Since then, a democratic election has been held in July 

2011 and a new government has taken office, leading Thailand toward a path of political 

stability amid ongoing polarized and at times divisive and confrontational political views. 

According to the World Bank, Thailand was previously a lower-middle-income 

country but has recently been classified as upper-middle-income.161 As of 2010, the 

country ranks 92th on the United Nations Development Programme (UNDP)’s Human 

Development Index, a composite index of social and economic indicators measuring 

health, education, and living standards of the people.162 The life expectancy at birth is 70 

years.163 A comparison of social and economic indicators between Thailand and the 

United States is presented in Table 2.4. Overall, Thailand still lags behind the United 

States on economic development, social development, healthcare quality, healthcare 

resources, and technological infrastructure. It is noteworthy, however, that Thailand 

spends far less money per capita on health care with relatively scarce healthcare 

resources but has achieved reasonable care quality.164 
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Table 2.4 Comparison of social and economic indicators of Thailand and the U.S. 

Indicator Thailand United States 
Population Indicators* 

Population 
 

66,720,153 
(July 2011 est.) 

313,232,044 
(July 2011 est.) 

Age structure 
0–14 years 
15–64 years 
65 years and over 

(2011 est.) 
19.9% 
70.9% 
9.2% 

(2011 est.) 
20.1% 
66.8% 
13.1% 

Median age (years) 34.2 (2011 est.) 36.9 (2011 est.) 
Population growth rate 0.566% (2011 est.) 0.963% (2011 est.) 
Birth rate (births per 1,000 population) 12.95 (2011 est.) 13.83 (2011 est.) 
Economic Indicators† 

GDP (current US$) 318,847 million (2010) 14,582,400 million (2010) 
GDP per capita (current US$) 4,679 (2010) 47,084 (2010) 
GDP growth (annual %) 7.8 (2010) 2.9 (2010) 
GNI, (PPP int. $) 561,499 million (2010) 14,561,698 million (2010) 
GNI per capita, (PPP int. $) 8,240 (2010) 47,020 (2010) 
Inflation, consumer prices (annual %) 5.5 (2009), -0.8 (2010) 3.8 (2009), -0.4 (2010) 
Social Indicators‡ 

Human Development Index 0.654 (2010) 
Rank 92th 

0.902 (2010) 
Rank 4th 

Adult literacy rate (% of aged 15 and above) 94.7 (2010) 99.0% (2009 est.)
Infrastructure Indicators§ 

Internet users (per 100 population) 21.2 (2010) 79.0 (2010) 
Mobile cellular subscriptions (per 100 
population)  

100.81 (2010) 89.86 (2010) 

Households with computer (%) 19.6 (2008) 72.5 (2008) 
Households with Internet (%) 8.6 (2008) 62.5 (2008) 
ICT Development Index 3.27 (2008) 

Rank 76th 
6.54 (2008) 
Rank 19th 

Health Indicatorsǁ 

Total health expenditure (% of GDP) 4.0 (2010) 16.0 (2010) 
Total health expenditure per capita  
(PPP int. $) 

323 (2010) 7,536 (2010) 

Government health expenditure per capita (PPP 
int. $) 

261 (2009) 3,602 (2009) 

Government expenditure on health  
(% of total government expenditure) 

14.0 (2009) 18.7 (2009) 

Physician density (per 10,000 population) 3.1 (2007) 26.7 (2007) 
Hospital bed density (per 10,000 population) 22 (2008) 31 (2008) 
Life expectancy at birth (years) 70 (2009) 79 (2009) 
Infant mortality rate (per 1,000 live births) 12 (2009) 7 (2009) 
Adult mortality rate (between 15 and 60 years 
per 1,000 population) 

205 (2009) 106 (2009) 

Sources: *CIA’s World Factbook †World Bank ‡United Nations Development Programme 
  §International Telecommunication Union ǁWorld Health Organization 

est. = estimate, N/A = data not available, GDP = gross domestic product, 
GNI = gross national income, ICT = information and communications technology, 
PPP int. $ = Purchasing Power Parity at international dollar rate. 
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2.4.2 Thailand’s Healthcare System 

Thailand has a pluralistic healthcare system, with both public and private health 

care providers serving the population, although public providers including public 

hospitals and community health centers constitute a large part of the system. The nation’s 

healthcare system is financed predominantly by public funds. It had undergone a number 

of gradual, piecemeal changes since 1975, until the health care reform in 2001 brought 

the nation to universal coverage.165,166 

There are currently three main health care schemes in Thailand. The Civil Servant 

Medical Benefit Scheme (CSMBS) emerged in 1980 as a fringe benefit for the 

government’s active and retired civil servants and their dependents.167 It is a non-

contributory fee-for-service scheme covering most healthcare services (except some non-

essential prescriptions and other services deemed unnecessary) delivered by public 

providers. Recently, the coverage extended to certain services provided by some private 

hospitals. The scheme is known for uncontrollably escalating costs and has been 

characterized as an inequitable, pro-rich scheme,168 though there have been recent efforts 

to contain costs through the introduction of diagnosis-related group (DRG)-based 

inpatient payments and the rationing of high-cost medications. 

The Social Security Scheme (SSS) is another health insurance scheme with 

mandated tripartite contributions from the employee, employer, and the government.169 It 

pays participated public and private hospitals a capitation fee for providing the registered 

employees outpatient and inpatient services. While this scheme is highly successful in 

containing costs through capitation-based payments, it suffers from instances of poor 
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quality through cream skimming, cost shifting, under-provision of care, and ineffective 

regulatory oversight.169,170 Other schemes also exist, including the legally-mandated, 

employer-funded Workmen Compensation Scheme for occupational injuries and 

voluntary private insurance schemes, but these schemes were limited in scale and 

expenditure.167,171 

 Finally, a Universal Coverage (UC) scheme was implemented in 2001, providing 

coverage to all Thai people uncovered by the CSMBS or SSS. It was motivated by the 

ineffectiveness of other schemes that targeted the poor.172,173 To be covered, registration 

is required, and UC members must seek services at the registered community health 

center or the public hospital in their residential area, which would refer them to more 

sophisticated providers if necessary. Because of its broad population coverage and deeply 

covered benefit packages, it provides effective risk pooling to the population as well as 

financial protection and more equitable access to the poor. Lessons learned from the 

capitation-based SSS and the fee-for-service CSMBS led to the UC scheme’s mixed 

mode of payment to providers—capitation fees for outpatient and DRG-based payment 

for inpatient services.165,166,174 The National Health Security Office (NHSO) serves as the 

purchaser who allocates funding to the participating public providers. Many studies have 

reviewed and evaluated this scheme, noting success, issues, and lessons 

learned.27,164,165,174-190 Table 2.5 compares three schemes that predominate in Thailand. 
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Table 2.5 Comparison of three main public health insurance schemes in Thailand. 

Characteristic CSMBS SSS UC 
Scheme nature Fringe benefit Compulsory Compulsory 
Population covered (% of 
total population)* 

Government 
employees and 
dependents (9%) 

Employees in the 
formal private sector 
(16%) 

Others not covered by 
CSMBS and SSS, 
registration required 
(75%) 

Financing Source General tax, 
non-contributory 

Tri-partite 
contribution from 
employee, employer, 
and the government 

General tax 

Mode of provider payment Fee-for-service 
(recent efforts for 
DRG-based inpatient 
payment) 

Capitation for 
outpatient and 
inpatient 

Capitation for 
outpatient; DRG-
based payment with 
global budget for 
inpatient 

Care provider Public for outpatient; 
public and private for 
inpatient 

Participating public or 
private provider (or 
its network) as 
annually chosen by 
employee for both 
outpatient and 
inpatient 

Public community 
health center or 
district hospital 
registered by patient, 
or referred public 
hospital; except 
accidents and 
emergencies 

Key strengths Patient satisfaction Cost containment Universal coverage, 
equitable and 
effective financial 
protection, and 
strengthened primary 
care 

Key issues Cost containment Lowered quality by 
some providers to 
minimize costs 

Low capitation fees 
leading to poor 
financial performance 
of many providers; 
increased utilization, 
with relatively scarce 
health care resources 

CSMBS = Civil Servant Medical Benefit Scheme, DRG = Diagnosis-related group, SSS = Social Security 
Scheme, UC = Universal Coverage Scheme. 
*Source of population coverage: Prakongsai P, Limwattananon S, Tangcharoensathien V. The equity 
impact of the universal coverage policy: lessons from Thailand. Adv Health Econ Health Serv Res. 
2009;21:57-81. (Reference 165). 

 
The country’s health care is delivered through a number of public and private 

entities. A community health center located in every subdistrict, usually staffed by 2–5 

non-physician professionals, serves as the government’s primary care unit close to 

people’s home. Recently, these community health centers have been upgraded to the  
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so-called “health promotion hospitals,” with plans to enhance their capability, though 

their functions do not appear to change and virtually all are still not staffed by physicians. 

Patients who need medical care by physicians can also go to the district hospital in their 

district. Apart from these community health centers and district hospitals, the Ministry of 

Public Health also has provincial and regional hospitals with increasing levels of 

capability, typically located in the urban areas. Other general and specialty hospitals 

within the Ministry of Public Health also exist. In addition, there are university hospitals 

(all public) with the highest level of capability, as well as hospitals under other 

ministries’ oversight. Private providers include private hospitals, private physician’s 

clinics, and private pharmacies. As of November 2010, the distribution of public and 

private hospitals is displayed in Table 2.6 

Table 2.6 Distribution of public and private hospitals in Thailand by category. 

Hospital Category Number of Hospitals Percentage of All Hospitals 
District hospitals (MOPH) 737 56.4% 
General hospitals (MOPH) 68 5.2% 
Regional hospitals (MOPH) 26 2.0% 
Other hospitals under MOPH* 50 3.8% 
Other public hospitals outside MOPH† 111 8.5% 
Private hospitals 315 24.1% 
Total 1307 100.0% 

*Including general and specialty hospitals under other departments within the Ministry of Public Health. 
†Including university hospitals, military hospitals, autonomous public hospitals, prison hospitals, hospitals 
of state enterprises, and public hospitals under local governments. 
MOPH = Ministry of Public Health 
Source: Bureau of Policy and Strategy, Ministry of Public Health (November 2010). 
 

2.4.3 Health IT Environment in Thailand 

While much has been talked about on health care reform in Thailand, few 

discussions on the country’s health IT situation exist in the literature, and there has been 

no national policy to systematically facilitate health IT adoption to date. Theera-

Ampornpunt191 suggested that Thailand can learn greatly from the initiatives in the 
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United States, including HIE efforts, pay for performance, and biomedical and health 

informatics research, although contextual differences of the two countries must be taken 

into account. In a more recent publication,192 he reviewed the policy contents in the 

HITECH Act and drew lessons Thailand could learn from such a large-scale national 

policy. The analysis highlighted the needs for strong political support, adequate funding, 

a national body, an evidence base, and full understanding about the roles of standards and 

interoperability.192 Annual conferences have been organized by the Thai Medical 

Informatics Association for twenty years, and academic institutions have recently 

sharpened their focus on health IT, but little was translated into national policy.  

This lack of policy has been noted in a study by Kijsanayotin et al.193 that 

convened a meeting with national experts as part of the World Health Organization 

(WHO)’s Global Observatory for eHealth (GOe) survey.194 In that study, experts agreed 

that national policy and strategy on eHealth are still absent, as is the national eHealth 

governance body. Some enabling factors exist such as exposure of health science students 

and practitioners to IT and use of some information standards, though much still remain 

to be done on health information privacy laws and development of other necessary 

standards. Overall, the authors concluded that eHealth efforts in Thailand exist but are 

largely fragmented, and there is an urgent need to close the foundational gaps so that 

sustainable eHealth environment can be achieved. Among the recommendations are: 1) 

creation of a multi-stakeholder, national eHealth authority, 2) incorporation of eHealth 

strategy into the national ICT framework, 3) the promulgation of health information 
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privacy legislations, 4) development of national health information standards, and 5) 

more systematic capacity building.193 

In addition to the lack of enabling policies, the evidence base on Thailand’s health 

IT adoption is also limited. An early effort by the Ministry of Public Health in the area of 

telemedicine has been documented,195 but limited IT skills and user acceptance together 

with technological, social, political, and economic challenges at the time led to the 

project’s discontinuation.196 More recently, the adoption and user acceptance of IT in a 

representative sample of Thailand’s community health centers has been studied by 

Kijsanayotin et al.196-199 The study, conducted in 2005, found that basic infrastructural 

technologies such as PCs were pervasive, though Internet connectivity existed in less 

than half and most centers connected through low-bandwidth dial-up.196 The technology 

acceptance among the respondents was reasonably high, but their basic IT knowledge 

was still relatively low.196,197 Users also complained about their workloads in data 

management and reporting activities.197 The UTAUT model64 was applied to study how 

attitudes relate to acceptance and use, and findings provide support for the validity of this 

model in the health IT context of developing countries.198 However, the study focused on 

basic IT such as PCs and Internet connectivity, and only examined the status of IT 

adoption in small community health centers. While the role of community health centers 

in Thailand’s primary care makes this study useful, the adoption picture is incomplete 

and limited policy implications can be drawn without knowledge about Thai hospitals’ 

adoption of information technology. This is especially important given that hospitals 

serve as a large part of patient care in Thailand, and many of the documented benefits of 
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health IT relate to more sophisticated clinical settings like hospitals where the need to 

prevent dangerous errors and deliver high-quality care is paramount. 

The first and only national survey of Thai hospitals’ IT adoption before this 

current study was conducted by Pongpirul et al. in 2004.200 Using a mixed-mode survey, 

the researchers found that among the 39% of hospital responded, 88% used a 

computerized hospital information system, defined as an information system that utilizes 

computers and electronic devices in the management of information directly related to 

patient care.200 While this is highly encouraging, the study suffered from a number of 

methodological concerns that limited its utility. First, the survey had a relatively low 

response rate, and the use of electronic mail as one of the methods to deliver the 

questionnaires to respondents raises concerns about possible biases and non-

representativeness in the respondents, an issue acknowledged by the researchers.200 In 

addition, the definition of a computerized hospital information system can be interpreted 

in a number of ways by the respondents, and the binary yes/no measurement makes it 

hard to distinguish low-adoption hospitals from high-adoption hospitals. This underscores 

the need to graduate from the technological approach of adoption measurement to a more 

functional one, as Theera-Ampornpunt argued in his methodological review.28 The study 

was also conducted several years ago, while the health IT landscape in Thailand has 

changed greatly and attention has much increased since then. In summary, there is a 

serious lack of the current state of health IT adoption among Thai hospitals that makes it 

challenging for policymakers to formulate much-needed appropriate policy. 



 

41 

Another study assessed attitudes toward IT of hospital providers and local public 

health administrators.201 Its key findings echoed perspectives of health informatics 

experts on the people issues, noting that shortage of IT staff, the lack of appropriate 

skills, and limited user involvement are among the pressing issues. Other challenges were 

also revealed, including inadequate financial investments, technical issues, poor 

coordination among the departments within the Ministry of Public Health, and high 

workload.201 Similar organizational problems were noted in another article that focuses 

on provider attitudes on IT quality improvement initiatives according to Thailand’s 

hospital accreditation processes.202 It demonstrated that managing a hospital IT’s 

environment is a challenging task that requires not only leadership and facilitating 

organizational conditions but also full collaboration by relevant stakeholders.202 

In summary, this chapter reviewed the potential benefits of health IT, surveyed a 

number of IT adoption theories and argued for a better conceptualization of 

organizational health IT adoption. It also underscored the roles of organizational factors 

as well as the organizational cultures and management practices on successful adoption. 

Finally, it noted the lack of national policy on health IT and clear IT adoption picture in 

Thai hospitals, emphasizing the need to capture such knowledge to drive policymaking. 

At the same time it also suggested that organizational and management issues are also 

important in Thailand’s context. The next chapter presents this study’s conceptual 

framework and hypotheses. 
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Chapter Three 

Conceptual Framework and Hypotheses 

 

This chapter presents this study’s conceptual framework and hypotheses to be 

investigated. It begins with the high-level conceptual framework and then proposes the 

research questions and hypotheses that will be discussed throughout the rest of the 

dissertation. 

3.1 Conceptual Framework 

It has been previously argued that the theoretical approach to measuring health IT 

adoption in health care organizations not only provides a systematic way to tackle the 

adoption problem, but also improves the understanding of complex and dynamic IT 

adoption processes and helps push the science forward. By breaking down health IT 

adoption into technologies, functions, and information sharing aspects, Paré and Sicotte’s 

IT sophistication framework29 provides a balanced lens for conceptualizing health IT 

adoption and serves as the foundation of this study. However, the original model falls 

short of a complete picture of organizational IT adoption. Without the managerial 

dimension representing important IT management activities as initially included in 

Raymond and Paré’s early work on the model,84 their importance is de-emphasized. 

Realizing that successful and sustainable adoption of health IT would require certain 

management practices and organizational cultures, these should be captured and 

incorporated into the IT sophistication construct. These management practices and 

cultures are not merely success factors or antecedents to successful adoption that an 
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organization must possess, but they are rather dynamic processes and values that an 

organization must adopt and implement together with the adoption and implementation of 

technologies.55 The level of sophistication of these aspects in an organization is also a 

good indicator of how much emphasis the organization puts on the non-technical aspects 

of IT implementation. With supporting evidence suggesting ten management practices 

that are critical to successful health IT implementation (presented in Table 2.2), this study 

restores Raymond and Paré’s managerial sophistication dimension,84 with some changes 

in its definition and operationalization, and proposes a modified conceptual framework of 

IT sophistication as displayed in Figure 3.1. 

 

 

 

 
 

 

 

 

 

Figure 3.1. The conceptual framework of this study. 
 

This conceptual framework keeps all three dimensions in Paré and Sicotte’s IT 

sophistication framework,29 namely, technological sophistication, functional 

sophistication, and integration sophistication, each representing the technological, 

functional, and information sharing components of hospital IT adoption. With the 
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addition of a new managerial sophistication dimension, it makes clear that the roles of 

organizational cultures and management practices cannot be ignored. Unlike Paré and 

Sicotte’s framework (Figure 2.4),29 however, this study does not differentiate activities 

that support patient care, clinical support, and administration, to avoid too much 

complexity. Definitions of the four dimensions are provided in Table 3.1. 

Table 3.1 Definitions of the IT sophistication constructs used in this study. 

Construct Definition 
IT Sophistication The extent to which information technology and associated management 

practices and organizational cultures are adopted and employed in a health care 
organization 

Technological 
Sophistication 

The extent to which information technology, including hardware devices and 
software applications, is made available in an organization to support its 
operations 

Functional 
Sophistication 

The extent to which work processes within an organization are assisted by 
computerized information systems 

Integration 
Sophistication 

The extent to which electronic information exchange takes place among 
information systems within an organization and with information systems of 
outside entities 

Managerial 
Sophistication 

The extent to which organizational cultures and management practices that 
facilitate successful adoption of information technology are present and 
employed in the organization 

 
This multifaceted framework proposes that the four dimensions of IT 

sophistication are interrelated. On the right hand side of Figure 3.1, it posits that hospitals 

with conducive cultures and management practices, such as those that are innovative or 

those that manage changes and IT projects well, would be more likely to succeed in their 

IT implementation endeavors. This would lead to increased levels of sophistication in 

their technology base (technological sophistication), their operations that are supported 

by information systems (functional sophistication), and their information exchange 

(integration sophistication). Consistent with the original IT sophistication model,29 

technological sophistication is expected to associate with functional and integration 
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sophistication. This is because when a hospital adopts a technology, it also adopts the 

associated functionalities, which computerize part of the work processes. This, in turn, 

generates more electronic data that enable information exchange within and outside the 

hospital. The direct path between technological sophistication and integration 

sophistication reflects the plausible positive direct effect of adopting some technologies, 

such as infrastructural IT and certain enabling health IT, on information exchange above 

and beyond the effect of increased functional sophistication. 

The left part of the framework suggests that organizational characteristics of the 

adopting hospitals, such as size, teaching status, and for-profit status, influence how the 

hospitals adopt technologies and functions. The associations between various 

organizational characteristics and adoption of technologies and functionalities have been 

reviewed in Chapter 2. It is proposed that these organizational factors exert their effects 

on technological, functional, and integration sophistication directly, as well as indirectly 

through appropriate organizational cultures and management practices that are known to 

facilitate IT adoption (managerial sophistication). The next section details the research 

questions and hypotheses of this study. 

3.2 Research Questions and Hypotheses 

As stated in Chapter 1, this study aims to assess the state of IT adoption in Thai 

hospitals while at the same time use the empirical data to test the conceptual framework 

as presented in Figure 3.1, thereby improving the theoretical knowledge of health IT 

adoption at the organizational level. Research questions related to Thailand’s state of 

hospital IT adoption are as follows: 
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Research Question 1: What is the extent of IT adoption in Thai hospitals nationwide? 

Research Question 2: Are there variations in the IT adoption levels among hospitals in 

different geographic regions of the country? 

 Given the descriptive nature of the above research questions and the lack of 

reliable baseline information about Thai hospitals’ IT adoption, no specific a priori 

hypotheses are proposed for this part of the study. Hypothesis testing is especially 

irrelevant when a study is a census study where all hospitals are included in the sample 

and thus any observed difference, large or small, is a real difference and statistical 

inference is not necessary.28 Nevertheless, this study will attempt to examine for 

statistically significant differences when possible (such as in Research Question 2) to 

assist readers familiar with statistical inference in their interpretation. It should be noted 

that the statistical significance in this case should be interpreted as if the study sample 

came from a hypothetical population of similar hospitals. 

 The other part of the study uses the same empirical data to evaluate the proposed 

model of IT adoption. The analysis first assesses whether the observed data support the 

proposed conceptualization of hospital IT adoption into four dimensions of IT 

sophistication (managerial, technological, functional, and integration sophistication). This 

analysis answers the following research question. 

Research Question 3: Do the data support the conceptualization of hospital IT adoption 

into four IT sophistication dimensions as proposed? If not, what pattern do the data reveal 

that will guide the subsequent model testing? 
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Then, guided by the underlying structure revealed from the observed data, a 

model of relationships among the facets of IT adoption and between these aspects and 

hospital characteristics is tested. Figure 3.2 shows the originally proposed model, 

although the model may undergo a series of respecifications informed by the discovered 

structure of the data. The model can be broken down into two components, one that tests 

the interrelationships between the various aspects of hospital IT adoption and another that 

assesses the direct and indirect effects of hospital characteristics on these dimensions of 

IT adoption. Results from the first part would enhance our understanding about how 

different components of IT adoption interact with one another. This is accomplished by 

the following research question and its accompanying sets of hypotheses. 

 

Figure 3.2. The hypothesized model of hospital IT adoption. Each number in a shaded box 
corresponds to a proposed set of hypotheses. 
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Research Question 4: Are the associations hypothesized in the model statistically 

significant? 

 This research question examines the interrelationships among the constructs in the 

model in Figure 3.2, which can be accomplished by testing the following hypotheses. 

Hypothesis 1A: There is a significant positive direct effect of managerial sophistication on 

technological sophistication. 

Hypothesis 1B: There is a significant positive direct effect of managerial sophistication on 

functional sophistication. 

Hypothesis 1C: There is a significant positive direct effect of managerial sophistication on 

integration sophistication. 

Hypothesis 2A: There is a significant positive direct effect of technological sophistication on 

functional sophistication. 

Hypothesis 2B: There is a significant positive direct effect of technological sophistication on 

integration sophistication. 

Hypothesis 3: There is a significant positive direct effect of functional sophistication on 

integration sophistication. 

 As previously discussed, significant positive associations between technological, 

functional, and integration sophistication have been documented by Paré and Sicotte,29 

although how they operationalized the constructs was different from this study. Since 

these three dimensions represent three important components of any information system, 

I hypothesize that the significance of these associations can also be observed in this 

study. In addition, given the extensive literature evidence of the importance of 

organizational cultures and management practices on IT adoption, it is hypothesized that 
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managerial sophistication is positively associated with the other three IT sophistication 

dimensions. Unlike Paré and Sicotte29 who examined bivariate correlations among these 

dimensions, however, this study also uses a multivariate approach and examines if 

significance associations exist after adjusting for the effects of other covariates. The 

presence of most, albeit not necessarily all, of the hypothesized associations would lend 

support to the construct validity of the dimensions. Explanation of different types of 

validity evaluated in this study is provided in Chapter 4. 

 The remaining part of the framework theorizes how different organizational 

factors lead to increased levels of IT sophistication, building upon knowledge from the 

existing literature. The following hypotheses present how this study frames these 

relationships. 

Hypothesis 4A: There is a significant positive direct effect of the size of IT workforce on 

managerial sophistication. 

Hypothesis 4B: There is a significant positive direct effect of the size of IT workforce on 

technological sophistication. 

Hypothesis 4C: There is a significant positive direct effect of the size of IT workforce on 

functional sophistication. 

Hypothesis 4D: There is a significant positive direct effect of the size of IT workforce on 

integration sophistication. 

Hypothesis 5A: There is a significant positive direct effect of IT budget on managerial 

sophistication. 

Hypothesis 5B: There is a significant positive direct effect of IT budget on technological 

sophistication. 
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Hypothesis 5C: There is a significant positive direct effect of IT budget on functional 

sophistication. 

Hypothesis 5D: There is a significant positive direct effect of IT budget on integration 

sophistication. 

 With evidence from previous studies,20,29,86,100,108 organizational resources 

devoted to IT, as indicated by IT budget and size of IT workforce, are believed to lead to 

more technological, functional, integration, and managerial sophistication. Paré and 

Sicotte found significant positive associations of annual IT budget and the number of IT 

staff on technological, functional, and integration sophistication,29 while Jaana et al. 

observed a significant positive association between all three IT sophistication dimensions 

and the number of IT staff as well as annual hospital budget, but not annual IT budget.86 

Wang et al. found that cash flow and total operating revenue were positively associated 

with hospital IT adoption, but they did not examined the size of hospital IT workforce 

and IT budget specifically.100 

Hypothesis 6: There is a significant positive direct effect of IT budget on the size of IT 

workforce. 

 This hypothesis does not directly relate to the conceptualized model of hospital IT 

adoption, but it proposes a plausible relationship between IT budget and the size of IT 

workforce, which is another independent variable of IT adoption. It is expected that the 

size of IT workforce would require financial resources, which is reflected by this 

hypothesized relationship. 

Hypothesis 7: There is a significant positive direct effect of hospital size on IT budget. 

Hypothesis 8: There is a significant negative direct effect of public status on IT budget. 
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Hypothesis 9: There is a significant positive direct effect of teaching status on IT budget. 

Hypothesis 10: There is a significant positive direct effect of accreditation status on IT budget. 

Hypothesis 11: There is a significant positive direct effect of hospital size on managerial 

sophistication. 

Hypothesis 12: There is a significant negative direct effect of public status on managerial 

sophistication. 

Hypothesis 13: There is a significant positive direct effect of teaching status on managerial 

sophistication. 

Hypothesis 14: There is a significant positive direct effect of accreditation status on managerial 

sophistication. 

The literature contains evidence for positive relationships between hospital 

size,20,87,100-105 for-profit status,100,101,108 teaching status,20,98,102,104 and accreditation 

status102 on one hand, and IT adoption on another. However, the mechanisms that explain 

how these variables exert their effects on IT adoption are unclear, and some conflicting 

findings exist for for-profit status.98,102 In this study, these hospital characteristics are 

believed to lead to hospital IT sophistication through increased IT budget, either because 

of their differential availability of financial resources or their functional requirements, or 

both. In addition, different types of hospitals may have different management practices 

that may explain different levels of IT sophistication beyond the effect of IT budget 

alone, so the framework also includes their direct effects on managerial sophistication. 

 Given the limited theoretical knowledge on how various hospital characteristics 

lead to health IT adoption at the organizational level, the conceptual framework in this 

study should be viewed as a somewhat exploratory investigation (as opposed to an 
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entirely confirmatory analysis). It builds on earlier studies and attempts to explore how 

different organizational characteristics lead to aspects of IT adoption. Data from Thai 

hospitals will determine if the model as proposed is supported by empirical data, but it is 

very much possible that the model needs to undergo a series of modifications in order to 

better explain the observed relationships. Moreover, data quality issues may arise that 

limit the usefulness of some variables. These constraints would dictate necessary changes 

to the model, and hence the hypotheses. Therefore, some of the hypotheses presented in 

this chapter may need to be modified or dropped and some additional hypotheses may be 

added as model modifications take place. Such changes in the hypotheses, if required, 

will be noted in the results along with the respective modification steps. 
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Chapter Four 

Methodology 

 

This chapter describes the methods conducted in this study to investigate the 

research questions and hypotheses in Chapter 3. 

4.1 Study Design, Population, and Sample 

 In order to achieve the study objectives, a nationwide cross-sectional survey of 

Thai hospitals, named the Thai Hospitals’ Adoption of Information Technology Survey 

(THAIS), was conducted. The target population of this observational study consists of all 

hospitals in Thailand that provide medical services. Hospitals that provide exclusive 

dental services without medical services were not part of the study, nor were the almost-

10,000 so-called “health promotion hospitals” recently upgraded from the Ministry of 

Public Health’s primary care community health centers as described in Chapter 2. The 

excluded organizations only provide very limited services to patients, are not staffed by 

physicians, and generally do not operate in the same way as traditional hospitals included 

in this study. All other hospitals in Thailand, including specialty hospitals and all public 

and private hospitals regardless of ownership, constitute the study population. 

 A list of all currently operating hospitals and their contact information, obtained 

from the Ministry of Public Health’s Bureau of Policy and Strategy Web site203 in 

November 2010, served as the study’s sampling frame, where all hospitals in the list were 

selected except five hospitals already participated in the pilot study (described in the next 

section). There were a total of 1,302 hospitals included in the main survey. A census 
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(rather than a probability or non-probability sampling) was chosen for several reasons. 

This study was the first large-scale national study to establish the baseline of current 

hospital IT adoption. A census, without the statistical uncertainty inherent in probability 

sampling, would provide a more precise estimate of Thai hospitals’ current state of 

adoption, giving policymakers more confidence in the findings. In addition, a census 

would allow comparisons among different categories of hospitals, even if some 

categories might have a small number of hospitals, without concerns about 

underrepresentation of these categories. Also, the size of the target population is not 

prohibitively large and is financially and practically feasible for a survey in Thailand. 

Similar primary surveys of this scale have been conducted elsewhere.21,197,204-206 

The argument for a census in this particular study can be demonstrated by simple 

sample size calculations. One might be interested in obtaining an estimate of Thai 

hospitals’ adoption level of an EHR system with key functionalities experts identified as 

important, such as clinical documentation, order entry, and electronic viewing of 

laboratory and radiology results.207 To obtain a 95% confidence interval of such an 

estimate with a 2.5% margin of error (i.e., a 5% confidence interval width), one would 

need to conduct a probability survey with 984 hospitals in the sample, assuming that 20% 

of Thai hospitals currently adopt such an EHR system. In the context of assessing the 

conceptual model in Figure 3.2, experts suggest a rule of thumb of 5-20 cases per 

estimated parameter in the model,208-210 with a ratio of 20 cases per parameter considered 

ideal.209 Another recommendation considers an absolute sample size of 200 cases only a 

moderate size.209,210 This suggests a sample size of 145-580 hospitals for the relatively 
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complex model used in this study. When considering the possibility of nonresponses, 

using the entire population as the sample seemed an appropriate course of action. 

4.2 Survey Development 

4.2.1 Initial Development 

Paré and Sicotte’s29 original survey instrument was obtained from the authors,86 

and it was used as a base for the development. Potential issues in the original instrument 

were identified and a new instrument was developed in English, taking these issues and 

other possible improvements into account. Details of the instrument development were 

previously reported,28 and they are repeated here for completeness. One major 

improvement was the restructuring of the question format, especially for functional 

sophistication items, from simple checklists of whether the work processes are 

computerized to 5-point scales asking the extent of work processes assisted by 

computerized information systems. This was done in order to balance the depth and 

breadth of organizational IT adoption, a point suggested by Ash in her study of EHR 

diffusion.114 A binary checklist of whether a process is computerized allows a researcher 

to gauge a crude level of vertical “infusion” of IT in the organization, but it ignores the 

horizontal “diffusion” across departments. Given that many technologies are not rolled 

out in a “big bang” approach across an organization as large and complex as a typical 

hospital, a Likert-type scale211 would enable a finer level of adoption measurement, 

taking the innovation diffusion process within an organization into account.54 

Another improvement on the original instrument was the extensive addition of 

work processes and activities essential to most hospitals.28 The original instrument 
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contained only a handful of work processes in each activity domain, which did not seem 

adequate to capture the extent of IT-supported functions of a hospital. Many activities 

that are typical and important to most hospitals were added to the instrument, including 

those related to patient management, outpatient and inpatient care, nursing, pharmacy, 

and finance. Similarly, some additional technologies and applications that are most likely 

relevant in today’s hospitals were also added. While this added some complexity to the 

survey, the items in the original survey were deemed inadequate and somewhat outdated, 

especially when considering that the survey was developed a decade ago. Other 

improvements included revisions of survey structure, item wording, and other design 

features to minimize misunderstanding and enhance interpretability of respondents, as 

well as inclusion of appropriate questions about the characteristics of the hospital and the 

respondent relevant to this study. 

A last major addition to the instrument involved the items for the proposed 

managerial sophistication. After identifying ten management practices and organizational 

cultures related to health IT adoption in the literature (Table 2.2), eleven survey items 

were developed.28 Each of the identified management practices and organizational 

cultures was translated to one survey item, except user involvement which led to two 

items—one on the extent of involvement and another on the multidisciplinary nature of 

user involvement, both of which were considered essential to success according to the 

review. While a single item might not represent the full scope of these practices, adding 

too many items would increase the cognitive burden of respondents, reduce the feasibility 

of the survey, and threaten the response rate. Therefore, only their most salient points, as 
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the literature review suggested, were captured in the developed items. Any possible 

addition of new items or improvement of existing items was considered areas for future 

research. 

4.2.2 Face and Content Validity 

As previously reported,28 interviews were conducted with five experts to establish 

the face and content validity of the modified survey instrument. The experts had 

backgrounds in medicine, nursing, pharmacy, and health informatics. Some were familiar 

with the U.S. healthcare system, some with Thailand’s healthcare system. Some also had 

experience managing IT in a hospital setting. Details of the individual experts’ 

background and areas of expertise are displayed in Table 4.1. 

Table 4.1 Background and areas of expertise of five experts interviewed. Adapted from Theera-
Ampornpunt N. Measurement of health information technology adoption:  
a review of the literature and instrument development [master’s Plan B project]. Minneapolis 
(MN): University of Minnesota; 2009 Aug. 165 p. 

Expert Familiarity 
with Thai 

Healthcare 
System 

Familiarity 
with U.S. 

Healthcare 
System 

Experience 
Managing IT 
in Hospital 

Setting 

Background and Areas of Expertise 

A    Pharmacy, Medicine, Health Informatics 
B    Medicine, Public Health,  

Health Informatics 
C    Pharmacy, Health Informatics 
D    Medicine, Health Informatics 
E    Nursing, Health Informatics 

 
The experts were provided with the draft questionnaire in advance of the 

individual interview, and were asked to review the specific items related to four IT 

sophistication dimensions. Specifically, the concepts of face validity and content validity 

were described, and the experts were asked to comment on the items’ face and content 

validity. Face validity is “a judgment by the scientific community that the indicator really 
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measures the construct.”212 It addresses whether, on the face of it, the definition and 

method of measurement seem to fit together. To establish face validity, the five experts 

were provided the definitions of the IT sophistication dimensions and were asked if they 

thought the questions and items addressed the corresponding dimensions of IT 

sophistication. Content validity, a close concept to face validity, ensures that the full 

content of a definition is represented in a measure.212 In this case, the experts were asked 

to check the list of items in each of the IT sophistication dimensions and suggest any 

items that seemed to be missing or identify existing items that did not seem to represent 

the corresponding dimension.28 Comments related to other survey questions and the 

overall survey design were also welcome, though they were not related to instrument 

validation. All interviews were conducted in person and lasted for 1–2 hours on average, 

with the exception of an interview with one expert (Expert B), in which case a telephone 

interview with e-mail follow-up was done because of geographical distance. In addition, 

the initial survey instrument was translated into Thai by the author, and the translation 

was also reviewed by the two Thai experts (Experts B and C) along with their instrument 

validation. 

Several changes were made to the instrument based on the comments from the 

experts. Wording and translated wording of some items were revised and new items 

deemed relevant and important were added. Modifications of other items related to 

hospital and respondent characteristics were also made. Experts also expressed concerns 

that the survey was relatively long, and thus some less important and redundant questions 

were removed. The resulting survey instrument, as previously reported,28 consisted of 38 
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questions (some with multiple items), and this was later revised by removing more 

ancillary questions to shorten the survey further. The finalized questionnaire to be used in 

the pilot testing contained 25 questions (see Appendix A). 

4.2.3 Pilot Study 

Before conducting the nationwide survey, a pilot study was conducted between 

July and September 2010 with five hospitals to pre-test the survey instrument as well as 

to provide estimates for measurement reliabilities. The five pilot hospitals were chosen 

partly based on ease of access and likely cooperation, but care was taken to include 

hospitals of varying sizes and types so that the pilot sample roughly represented the 

nationwide sample. The participating hospitals included a large public university hospital, 

a private hospital, a district hospital, a provincial hospital, and a regional hospital. The 

latter three hospitals were under the oversight of the Ministry of Public Health, but they 

provided different levels of service. The five hospitals were distributed geographically. 

The identities of these hospitals could not be revealed because confidentiality was part of 

the agreement to gain access to their respondents. 

A contact person was identified for each of the hospitals, and an initial telephone 

contact was made to each of them explaining the study and the need to conduct a pilot 

survey prior to a nationwide study. They were asked for permission to conduct the pilot 

study at their hospital, and they were given an opportunity to discuss this within their 

hospital before agreeing to participate. All five hospitals agreed to be part of the study. 

After permission was granted, a package containing a cover letter, informed consent 

documents, and ten identical questionnaires were mailed to each hospital (see Appendix 
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A for a copy of these documents). In order to assess how different respondents of the 

same hospitals would respond, the hospitals were instructed to forward the questionnaires 

to ten of their employees who belonged in one of the three groups—A) IT executives or 

other IT staff members responsible for administering, developing, or maintaining the 

information systems, B) health care professionals who were users of the hospitals’ 

information systems, C) the hospital director or other hospital executives. The choice of 

respondents was at the hospitals’ own discretion, as was the specific number of 

respondents in each group, to allow them to determine the most appropriate respondents 

within each group. It was anticipated that by allowing the hospitals to select their 

respondents, this group of respondents would likely capture those who would have been 

the target respondents in the nationwide survey. Each questionnaire was accompanied by 

a separate stamped and addressed return envelope so that full confidentiality of their 

responses was guaranteed. A 150-baht (about US$5) incentive was promised for each 

completed questionnaire, if the respondents voluntarily provided information for the 

incentive mailing. The data collection period lasted for about 8 weeks. 

 The revised and Thai-translated survey instrument that resulted from validation 

with experts was used for the pilot study. It contained 25 questions organized in the A4-

sized booklet format, with a total of 16 folded pages (equivalent to 8 full A4-sized 

pages). There were 3 sections in the questionnaire, asking about the hospital’s general 

information, IT adoption and use, and the respondent’s information, respectively. The 

first section gathers information about the hospital’s general characteristics, including 

bed size, public status, teaching status, the number of IT staff, and IT budget. Because 
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some experts have concerns about the accuracy of information about IT budget, the 

instrument included questions that asked for the absolute amount of hospital and IT 

budgets, as well as a question that allowed them to estimate the ratio of IT budget to the 

hospital budget if they could not obtain the absolute amount. This would help determine 

how much variation existed among various respondents of the same hospitals. It also 

contained items measuring the managerial sophistication dimension. The second section 

inquired about the hospital’s technological, functional, and integration sophistication. 

Finally, the last section asked about the respondent’s demographic information, 

education, and experience. To gauge the burden to respondents, a final question asked 

how much time they used in completing the survey. The questionnaire ended with blank 

spaces for any open-ended comments and voluntary contact information for the incentive 

mailing. 

Table 4.2 Survey questions of the four IT sophistication dimensions as appeared in the pilot 
survey instrument. 

Dimension Survey Question 
(See Appendix A) 

Number of Items in the 
Question 

Technological Sophistication #15 19 
Functional Sophistication #14 51 
Integration Sophistication #16-17 12 for each question 
Managerial Sophistication #9 11 

 
 Table 4.2 identifies the survey questions measuring the sophistication dimensions 

in the pilot survey instrument (see Appendix A for reference). The technological 

sophistication question contained 19 items asking the extent to which each specific 

technology was made available in the entire hospital, from a scale of 1 to 5, 5 being 

extensively available. The technologies inquired included Internet access, networking 

technologies, computerized order entry, the picture archiving and communication system 
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(PACS), and barcoding, among others. Integration sophistication was measured by two 

questions, each with 12 items, asking the extent that the information systems in each of 

the 13 hospital settings were linked to other systems within and outside the hospital, 

again from a scale of 1 to 5. There were 51 items inquiring about the functional 

sophistication, i.e., the extent that each activity was supported by computerized 

information systems in the entire hospital, from 1 (not supported at all by computers) to 5 

(fully supported by computers). The activities listed included various activities related to 

emergency room, patient management, inpatient care, outpatient care, nursing, surgery, 

laboratory, imaging, pharmacy, public health, finance, human resource management, 

materials management, and miscellaneous administrative functions. The managerial 

sophistication dimension was represented by eleven 5-point Likert-type items asking the 

respondent’s level of agreement to the statements about the hospital’s management 

practices and organizational cultures. All of the items in every dimension included a “Not 

Applicable” option in case certain activities, statements, or technologies did not apply in 

a particular hospital (such as when a hospital did not provide surgical services). 

4.2.4 Instrument Modification 

Findings from the pilot study were used to identify potential issues before 

launching the nationwide survey. Variation of responses among the respondents of the 

same hospital on items asking about objective hospital characteristics, where responses 

from all respondents were expected to be the same, would indicate either a problem with 

the survey design, or the fact that respondents were unreliable sources of the information. 

Particular emphasis was placed on the accuracy of IT budget reported by respondents, 
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because some experts expressed concerns about potential problems. While certain 

information such as the hospital’s bed size was available from authoritative sources and 

could serve as the “gold standard” against which responses could be compared, such 

authoritative information was not available to this study for IT budget, size of IT 

workforce, and some other variables. In these cases, the degree of variation among the 

respondents of the same hospitals would help determine what should be done, if any. 

For subjective questions on the four IT sophistication dimensions, where some 

variations were expected, intraclass correlations were computed as a measure of interrater 

reliability. Interrater reliability provides information about the degree of consistency 

among results of different raters, in this case respondents, who are measuring the same 

thing, such as the level of IT sophistication of the same hospital.212 A sizeable reliability 

would indicate that responses of different respondents within the same hospital were 

expected to be consistent and thus response bias due to different respondents or differing 

job roles should be inconsequential. Because respondents of different hospitals were not 

the same, calculation of intraclass correlation coefficients was based on a one-way 

random-effects model213 (Shrout and Fleiss’s so-called Case 1),214 but nonresponses led 

to unbalanced data, requiring the use of a formula provided by Donner,215 reproduced 

here with slight notational changes: 

r MSB MSW / MSB n 1 MSW    (4.1) 

where r  is the one-way random-effects analysis of variance (ANOVA) estimator of 

intraclass correlation, MSB is the mean square between-group, MSW is the mean square 

within group, and n N 	∑ n /N / k 1 , with N being the total number of 
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observations, n  the number of observations within each group, and k the total number of 

groups. A value of intraclass correlation close to one suggests a very reliable instrument, 

and a value, high or low, that is nonetheless significantly different from zero in an F-test 

indicates that respondents in the same hospital tended to answer in a similar way 

compared with respondents from other hospitals beyond chance.215 Given that only five 

hospitals were in the pilot study, and measurements of subjective opinions (such as used 

in IT sophistication questions) tend to have small or moderate intraclass correlations 

(e.g., less than 0.5),216 it was expected that intraclass correlation in this study would not 

be very high. Müller and Büttner217 made a similar remark in his critical review of 

intraclass correlations, that its interpretation is problematic, given their dependence on 

the population’s variance, thus lacking the absolute meaning. They noted that it does not 

make much sense to judge an intraclass correlation’s value greater than 0.75 as indicating 

good reliability, or vice versa.217 Therefore, this study used intraclass correlations only as 

a guide together with other information, with no clear-cut point indicating good or poor 

reliability. As is common in other scales, Cronbach’s coefficient alpha was also 

calculated to evaluate the internal consistency of the items of the same IT sophistication 

question. Given its extensive use, a conventional guideline for interpreting Cronbach’s 

coefficient alpha was used to determine the internal consistency reliability. A coefficient 

alpha’s value of 0.70 is considered acceptable especially during instrument 

development,218 although a value of 0.60 or 0.50 was sometimes considered sufficient.219 

The values of coefficient alpha as well as item-total correlations, alpha after an item was 

removed, and an individual item’s standard deviation, were used to inform the decisions 
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on if changes were necessary for the particular item, or if the item needed to be dropped. 

Data analysis in the pilot study was performed with SAS 9.2 (SAS Institute Inc., Cary, 

NC). Findings from the pilot study which led to specific changes in the survey instrument 

are presented in Chapter 5. 

4.2.5 Final Survey Instrument 

Based on some pilot respondents’ self-reported time to complete the questionnaire 

(reported in Chapter 5), a number of survey questions have been substantially shortened 

and less important items dropped to reduce the respondents’ burden and increase the 

response rate.  The final survey instrument in Thai that was used in the nationwide survey 

consisted of 24 questions in 12 folded pages (equivalent to 6 full A4-sized pages). The 

questionnaire comprised three same sections as the pilot questionnaire, namely general 

information of the hospital, the IT adoption and use profile, and information of the 

respondents. The first section included questions asking about the hospital’s public status, 

teaching status, numbers of total and IT staffs, amounts of total and IT budgets in the 

2010 fiscal year (or if unknown, a subjective estimate of the ratio of IT budget to hospital 

budget), and the level of agreement to each managerial sophistication item. The section 

on IT adoption and use profile assessed the number of PCs in use in the hospital, the 

vendor of the main hospital information system (if any), the year the current system was 

first implemented, the levels of technological and functional sophistication, and two 

separate questions for internal and external integration sophistication. It also included a 

single question asking about the respondent’s summary judgment about the hospital’s 

overall IT utilization in a scale of 1 to 5. The last section asked about the respondent’s 
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gender, age, educational level, levels of training in IT, health science, and management 

training, duration of IT experience at any workplace in years, and role in the hospital. It 

also had spaces for open-ended comments and for voluntary contact information for 

mailing of incentives and study results. Table 4.3 lists the respective IT sophistication 

questions in the final questionnaire (see Appendix B for reference), and compares the 

numbers of items in these questions in the pilot and nationwide surveys. 

Table 4.3 Survey questions of the four IT sophistication dimensions as appeared in the final 
survey instrument used in the nationwide study. 

Dimension Survey Question
(See Appendix B) 

Number of Items for 
This Dimension in 

Pilot Questionnaire 

Number of Items for 
This Dimension in 

Final Questionnaire 
Technological 
Sophistication 

#14 19 10 

Functional Sophistication #13 51 25 
Integration Sophistication #15-16 12 for each question 10 for each question 
Managerial Sophistication #8 11 11 

 
Like the pilot study, the technological sophistication asked about the extent of 

availability of each technology in the hospital. The specific technologies included such 

infrastructural technologies as Internet access, hospital Web site and local area network 

(LAN), as well as health IT used for patient care—master patient index, CPOE, electronic 

medication administration records, EHRs, laboratory information systems, PACS, and 

use of barcoding technologies for patient care. Functional sophistication examined the 

extent of hospital operations supported by computerized information systems in areas 

from patient management and outpatient/inpatient care to nursing, pharmacy, and billing. 

Other functional areas present in the pilot study, while useful, were deemed less critical 

and therefore dropped. 
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The question format and item structure for internal and external integration 

sophistication were substantially revised because of poor findings in the pilot study. 

Instead of asking the extent of information exchange within and outside the hospital for 

each departmental domain, the questions now asked for the extent of information 

exchange, again within and outside the hospital, but for each of the types of health 

information, including patient demographics; outpatient and inpatient clinical notes, 

diagnoses, and medications prescribed; surgical procedures; laboratory test results; and 

medical images and radiological results. The restructuring was considered conceptually 

more appropriate than the original structure used in the pilot study because integration 

sophistication represents the information exchange component of IT, and therefore its 

items should represent various types of information being exchanged rather than various 

hospital departments exchanging the information. 

The wording of some managerial sophistication items was revised to fix problems 

identified in the pilot study, but because each item represented an identified culture or 

practice based on the literature, none was dropped. All IT sophistication items were in a 

5-point Likert-type format, with 5 being the highest level of sophistication. However, 

unlike the pilot questionnaire, the “Not Applicable” option was removed because some 

pilot respondents mistook it as the total absence of adoption for that specific item (when 

they should have chosen the choice with a lowest score of 1). Question wording was 

revised to instruct respondents to skip an item instead if the item was not relevant to their 

hospitals (e.g., when a hospital did not have a radiology department and thus had no 

functions related to medical imaging). 
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4.3 Survey Methodology 

 In December 2010, a self-administered paper-based questionnaire was sent via 

registered postal mail to the director of each hospital in the sample. In university 

hospitals, where IT responsibilities are usually overseen by another executive rather than 

the hospital director, the questionnaire was addressed to the dean, who had the ultimate 

oversight. The hospitals’ mailing addresses, as obtained from the Ministry of Public 

Health, were verified against the addresses from the hospital Web sites, if any, and/or 

other business listing Web sites when possible, and any changes were made to the master 

data file. Following recommendations by Dillman,220 a prenotice letter preceded the 

actual questionnaire to inform the target hospitals that an important survey was arriving 

and that they would be asked for their help. The questionnaire was mailed out 

approximately one week afterwards, in a stamped and addressed envelope accompanied 

by a cover letter, an endorsement letter, informed consent documents, and a return 

envelope. 

The cover letter asked the recipient to forward the questionnaire to the person 

responsible for managing information systems in the hospital, such as the chief 

information officer, an IT manager or administrator, or someone in an equivalent 

capacity. Given that this person is most likely involved and well-informed in the 

hospital’s IT implementation projects, it was believed that information elicited from this 

person would be accurate and complete, regardless of the size and type of the hospital. 

Respondents were also allowed to consult other persons or data sources if necessary. 

Similar surveys in other countries also targeted these individuals and did not report 
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serious problems with the responses.29,86 Nevertheless, the survey also asked for 

information about the respondents’ roles in the hospital, which would permit 

identification of possible biases and remedial actions if necessary. 

The endorsement letter presented a statement explaining the importance of this 

study on national policymaking to facilitate health IT adoption in the country and asking 

the target hospitals to participate. It was signed by the Director of Cluster for Health 

Information Development, Bureau of Policy and Strategy, Ministry of Public Health, who 

was also the president of the Thai Medical Informatics Association at the time. 

Finally, the informed consent documents consisted of three pages explaining the 

purpose of the study, the participant’s risks and benefits of participation, the voluntary 

nature of the study, how the study protects data privacy, and the researcher’s contact 

information. The last part displayed the informed consent statement, which indicated that 

consent was implied when the questionnaire was returned to the researcher. An explicit 

consent statement with the respondent’s signature was not used because it could reveal 

the identity of some respondents who might not feel comfortable identifying themselves, 

thereby jeopardizing the responses. A waiver for informed consent documentation was 

granted as part of the ethical approval process. The described documents and their 

English-translated versions are presented in Appendix B. 

The cover letter also mentioned a 150-baht (about US$5) monetary incentive 

provided to respondents of completed and returned questionnaires, as well as an offer to 

provide the study results upon request, if they expressed their wishes to receive one or 

both of these at the end of the survey. The amount of the monetary incentive was 
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comparable to 1–2 hours of wage for a typical intermediate-level hospital worker. 

Therefore, it should not lead to ethical concerns of perceived coercion by respondents, 

yet it should be sufficient to trigger the social exchange behavior central to survey 

studies.220 Nevertheless, because of limited budget, the incentive was not provided 

upfront when mailing the questionnaire but instead it was provided only to respondents 

who returned the questionnaires and voluntarily provided information for the incentive 

mailing. It was believed that this should nevertheless encourage respondents to complete 

the survey. 

 Six weeks following the initial questionnaire mailout, a letter and the replacement 

questionnaire, as well as the endorsement letter, the informed consent documents, and the 

stamped, addressed envelope, were sent via registered postal mail again to 

nonrespondents, to provide them a second opportunity to respond in case the original 

questionnaire was lost, never received, or forgotten. The final follow-up via telephone, 

emphasizing the importance of their responses, and any necessary third questionnaire 

mailing were planned for if the response rate from the first two rounds was not 

satisfactory, but these contacts were never made because the response rate at the time was 

deemed sufficient. The survey closed in April 2011, 16 weeks after the first survey 

mailing. The entire survey implementation process is depicted in Figure 4.1. 
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Week 0:
Prenotice Letter

Week 1:
1st Questionnaire 

Mailout
(Dec. 18, 2010)

Week 6:
2nd Questionnaire 

Mailout
(Jan. 27, 2011)

 

Weeks 9-13:
Planned Follow-up Phone 
Calls to Nonrespondents 

and 3rd Questionnaire 
Mailout If Necessary 
(Never Conducted 

Because of Satisfactory 
Response Rate)

Week 16:
Survey Returns 

Closed
(Apr. 8, 2011)  

Figure 4.1. Timeline of survey implementation. 
 

 Several strategies were deliberately used to ensure an acceptable response rate. 

First, the monetary incentive for completed questionnaires and the offer to provide study 

results upon the study’s completion, if indicated by respondents, should encourage many 

target respondents to respond. In addition, the study name as well as the design of the 

survey and the accompanying documents tried to instill a sense of professionalism of the 

study. Similarly, official sponsorship from one of the country’s prestigious medical 

schools and endorsement from an authoritative and influential figure, who served as the 

high-ranking IT director in the Ministry of Public Health and also the president of the 

Thai Medical Informatics Association at the time, would enhance the credibility and 

image of the study. Finally, several contacts, with a prenotice letter and the replacement 

questionnaires were employed, and if the response rate was still unsatisfactory, the 

planned follow-up telephone calls for nonrespondents would have been made, although 

this was not the case. Most of these are strategies survey experts believe would trigger the 

social exchange behavior and have been shown to improve survey response rates in 

general.220 The relatively favorable response rates in prior health IT studies in Thailand, 

from 39–98%,197,200,221 suggest that this study should receive sufficient responses. 
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4.4 Dependent and Independent Variables 

 The dependent variables of this study were the average scores of the 5-point 

Likert-type survey items that belong to the constructs of hospital IT adoption, excluding 

the ones marked as “Not Applicable” (pilot study) or missing (both pilot and nationwide 

studies). However, use of the IT sophistication scores in the proposed model in Figure 3.2 

was predicated on the assumption that the observed data supported the proposed 

conceptualization of hospital IT adoption according to factor analysis to be described in 

the next section. If the data indicated otherwise, alternative measures of hospital IT 

adoption would be used instead. These alternative measures would still be based on 

average scores of these 5-point Likert-type survey items, but the meaning of these 

measures and identification of items belonging to these measures could not be specified 

beforehand and would need to be determined from the observed data (as reported in the 

next chapter). The resulting “factor scores” are continuous variables with a minimum 

value of 1 and a maximum value of 5, with 5 being the highest, most preferable level.  

 Organizational characteristics of a hospital that served as the variables in the 

conceptual model included hospital size, public status, teaching status, IT budget, and 

size of IT workforce. Public status was dichotomized into public or private hospitals 

(non-profit private hospitals are rare in Thailand), and teaching status, defined as whether 

or not the hospital regularly teaches medical students, into teaching or non-teaching 

hospitals. Hospitals’ registered bed size, as obtained from the Ministry of Public Health, 

was used as a measure of hospital size. Accreditation status was initially asked in the 

pilot study by asking the respondents to choose among the four levels of progress toward 
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accreditation of their hospital, but results indicated that respondents were unreliable 

sources of this information and authoritative data were not available to this study. 

Therefore, accreditation status was dropped from the analysis. Lastly, the size of IT 

workforce was measured by the number of IT personnel in the hospital as provided by the 

respondents, and IT budget referred to the approximate proportion of hospital budget 

devoted to IT, including hardware, software, personnel, consulting, and outsourcing. 

4.5 Data Analysis 

4.5.1 Descriptive Analysis of Respondents 

In order to assess whether we should be concerned about the nonresponse bias 

that could arise from differences between respondents and nonrespondents, basic 

characteristics about responding and nonresponding hospitals—such as the hospital’s bed 

size, public status, and geographic regions—were compared using information obtained 

from the Ministry of Public Health using t-tests for continuous variables (e.g., bed size) 

or chi-square tests for categorical variables (e.g., public status and geographic regions) as 

appropriate. 

4.5.2 Factor Analysis of Survey Items 

Because other analyses are predicated on the validity of the proposed constructs 

of IT adoption (managerial, technological, functional, and integration sophistication), 

factor analysis was first conducted to test if the conceptualization fitted the collected data 

and to reveal any insights that will guide the rest of the analyses. 

Confirmatory factor analysis of all IT sophistication dimensions was performed to 

assess the factorial validity of the proposed constructs. In confirmatory factor analysis, 
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statistical tests are performed to check the extent to which the factor structure 

hypothesized by the researcher fits the data. Ideally, items of each IT sophistication 

dimension should correlate well with one another in a relatively uniform fashion. The 

lack of statistical fit between the hypothesized factor patterns of survey items and the 

data, as measured by a likelihood ratio chi-square statistic (discussed in more detail in 

subsection 4.5.5), would indicate that either the proposed constructs are not 

unidimensional or some items may correlate with other constructs to which they do not 

supposedly belong. 

A lack of evidence for factorial validity, a probable outcome in this relatively 

underdeveloped research endeavor, would suggest that the hypothesized structures may 

deserve a second look. To this end, exploratory factor analysis was also performed on the 

items of all IT sophistication dimensions combined. As the name implies, exploratory 

factor analysis employs statistical methods to explore (rather than test) the underlying 

structure of the studied construct by identifying the factors based on the data.223 Steps 

involved in exploratory factor analysis include determining the number of factors to 

retain; extracting the factors from the data; rotating the factors to convert them to a 

simple structure solution that maximizes interpretability, using either an orthogonal 

(assuming independent factors) or oblique rotation (with possibly correlated factors) 

algorithm; and finally interpreting the factors.223 By performing exploratory factor 

analysis on the survey items, an underlying structure of the items could be revealed in 

ways that would inform proper specification of path analysis models. Findings might also 
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provide better understanding about how the items relate or if an item exhibits a potential 

issue. 

In this study’s exploratory factor analysis, the appropriate number of factors was 

determined based on recommended criteria, i.e., selecting factors with eigenvalues larger 

than one, and examining the scree plot.223 The analysis used as factor extraction methods 

principal components analysis and principal axis factoring. The former method seeks a 

linear combination of items that maximizes the variance extracted to the factors, whereas 

the latter attempts to extract the least number of factors that account for the common 

variance among the items. The resulting structure was then rotated to enhance 

interpretability using the oblique Promax rotation. The oblique rotation, where the 

underlying factors were presumed to be correlated, was used because of the possible 

overlaps between different information systems and hence the factors in each dimension. 

The resulting factor structure and factor pattern matrices were subsequently interpreted 

by examining their pattern of factor loadings. A factor loading is essentially a correlation 

coefficient between an item and a factor, and when squared, reflects the proportion of 

variance in the item uniquely explained by the factor. An item that has a factor loading 

greater than 0.40 belongs to the respective factor,223 but because factors may be 

correlated, some items may load on two or more factors. Another value, a communality, 

is the sum of squared factor loadings for all factors of a given item and reflects the 

proportion of variance in the item explained by all of the factors, and is a measure of the 

item’s reliability. In an oblique rotation, the resulting factor structure matrix contains the 

simple zero-order correlations between the items and the factors without controlling for 
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between-factor correlations, whereas the factor pattern matrix contains the loadings 

representing the unique contribution of each item to the factors controlling for 

correlations among the factors.223 Both matrices provide information that help interpret 

the factors. Pett et al.223 recommend that the researcher first interpret the factor structure 

matrix, then check the factor pattern matrix to compare decisions, and report both 

matrices. 

In this study, the meaning of each factor discovered through exploratory factor 

analysis was interpreted based on their member items, while problematic items (e.g., ones 

with no factor loadings greater than 0.30 or low communalities)223 were considered if 

they should be dropped. Items that loaded substantially on multiple items were 

determined on a case by case basis, using the magnitude of the loadings as a guide but 

also the conceptual fit of the items to the factors, as exemplified by Pett et al.223 

Substantively meaningful factors were identified based on the final factor pattern, which 

was then used to compute descriptive statistics of the factor scores (subsection 4.5.3), 

assess validity and reliability of the survey items (subsection 4.5.4) and specify 

appropriate path models (subsection 4.5.5). 

4.5.3 Descriptive Analysis of Hospital IT Adoption 

To obtain a national estimate of health IT adoption and compare geographic 

variations, several analyses were conducted. First, the factor scores of the important 

factors revealed from exploratory factor analysis above, calculated by averaging the 

scores of the identified items belonging to the factors, were used to gauge the national 

and regional averages of the aspects of health IT adoption. Regional comparisons among 
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hospitals in six geographic regions of Thailand were also performed to reveal adoption 

gaps from a geographic standpoint that policymakers should pay attention to. Hospital 

and respondent characteristics, including bed size, public status, teaching status, and 

respondents’ age and gender were also used to compare the scores in univariate analyses. 

Descriptive statistics included means and standard deviations for continuous 

variables and proportions for categorical variables. Statistical inferences were made using 

t-tests, chi-square tests, one-way ANOVA, Pearson product-moment correlations, and 

univariate simple linear regression depending on the nature of the variables. However, it 

should be repeated that this study was a census so sampling errors were not part of the 

estimates and statistical inferences should be interpreted as if the respondents came from 

a hypothetical population. Also, given that these univariate analyses were not adjusted for 

potential confounders, they should be interpreted with caution. 

One descriptive analysis that was particularly interesting was the distribution of 

different health IT products, based on a survey item asking for the name of the product of 

the main hospital information system, if any. The distribution could inform us about the 

current state of health IT environment, such as the relative competitiveness or monopoly 

among the vendors. It would also be interesting to compare the distribution in this study 

and that of the previous study200 conducted in 2004, to illustrate how much the local 

health IT environment has changed in the past six years. 

Additionally, responses to certain survey items were used to assess the level of 

adoption of specific technologies. For instance, functional sophistication responses that 

indicate complete or partial computerization (a score over 1 on the items) on 
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demographics, medication order entry, laboratory results viewing, and clinical notes, 

were used to assess the proportion estimates of hospitals with basic EHR adoption in 

outpatient, inpatient, or both settings. This definition was similar to the list of key 

functionalities recommended by the IOM, including electronic documentation of clinical 

notes, computerized medication order entry, and electronic viewing of laboratory 

results,207 though viewing of imaging results was not included in this study because in 

Thailand, radiologic reports are available only in some medium-sized to large hospitals 

with radiologists. It was also similar to the definition of basic EHR systems in studies by 

Jha et al.,16,21,97 although some items such as problem lists, medication lists, radiologic 

reports, and diagnostic test results were deemed too detailed and thus not measured in 

this study. We also imposed a more restrictive definition of an EHR system, called 

comprehensive EHR, that was close to, though still less stringent than, the definition used 

by Jha et al.16,21,97 For the estimate of comprehensive EHR adoption, this study used a 

score of at least 4 (from a 5-point scale) on all the basic functions and also on laboratory 

and imaging order entry, image viewing, drug allergy checking, and drug interaction 

checking. Responses to medication, laboratory, and imaging order entry were also 

employed, counting a score above 1 on all relevant items as partial or complete adoption, 

to provide adoption estimates of medication order entry and all-order order entry 

functions in the hospitals’ outpatient, inpatient, and both settings. These analyses would 

also enable comparisons with similar studies in other countries and show how Thailand 

ranks with other countries. Table 4.4 summarizes the definitions used by Jha et al.21 and 

this study. 
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Table 4.4 Functions used as definitions of EHR and CPOE adoption in Jha et al. and this study. 

Functions Jha et al. This Study 
 Basic EHR 

System with 
Clinical 
Notes*

Comprehensive 
EHR System* 

Basic EHR 
System†‡ 

Comprehensive 
EHR System†‡ 

CPOE† 

Clinical documentation 
Demographics     
Physicians’ notes      
Nursing assessments   § § 
Problem lists      
Medication lists    
Discharge summaries   § §  
Advanced directives   
Test and imaging results 
Laboratory reports     
Radiologic reports      
Radiologic images      
Diagnostic-test results      
Diagnostic-test images      
Consultant reports      
Computerized provider-order entry
Laboratory tests     ǁ 
Radiologic tests     ǁ 
Medications      
Consultation requests      
Nursing orders      
Decision support
Clinical guidelines      
Clinical reminders      
Drug-allergy alerts      
Drug-drug-interaction 
alerts 

     

Drug-laboratory 
interaction alerts

     

Drug-dose support      
EHR - electronic health record. 
*Jha et al. (reference 21) defined a basic EHR system as one with electronic functionalities in at least one 
clinical unit and a comprehensive EHR system as one with electronic functionalities in all clinical units. 
†This study estimated three proportions for each definition: outpatient, inpatient, and both settings. 
‡A basic EHR system was defined in this study as a response with a score over 1 in a 5-point scale on all of 
the relevant functional items. A comprehensive EHR system was defined as a response with a score of at 
least 4 in a 5-point scale on all of the relevant functional items. 
§A function that was included in estimates for inpatient and both settings, but not for outpatient. 
ǁA function that was included in estimates of all-order CPOE adoption but not medication-order CPOE. 
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4.5.4 Validity and Reliability of Survey Instrument 

In addition to confirmatory factor analysis of survey items as described above, 

additional analyses were conducted to assess the measurement validity and reliability of 

the developed survey items. Neuman212 described measurement validity as the fit 

between how a construct is conceptualized and operationalized. Four types of 

measurement validity were enumerated—face validity, content validity, criterion validity, 

and construct validity. As face and content validity of this study’s survey instrument has 

been reported in an earlier section, the focus in this section is on the latter two. 

Criterion validity uses an external criterion as a standard against which an 

indicator is compared, and the comparison could be made using a concurrent 

measurement of the criterion (concurrent validity) or using a future measurement of the 

criterion (predictive validity).212 In this cross-sectional large-scale study, establishing 

concurrent validity was more practical, and it was done in two ways. First, a 5-point 

Likert-type scaled summary judgment question in the questionnaire that asked about the 

hospital’s overall IT utilization was used as a criterion against which the IT adoption 

factor scores as revealed by the exploratory factor analysis were compared. This indicator 

was reverse coded so that a significant positive correlation between a factor score and this 

indicator would provide support for criterion validity for that aspect of IT adoption. The 

size of the correlation coefficient would indicate the strength of the support. Another 

item, the number of PCs in use in the hospital, was also used as a criterion since one 

would expect high-adoption hospitals to have more PCs on average than low-adoption 

hospitals. The number of PCs per bed was also used as a criterion to adjust for bed size. 
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Second, as discussed in the previous subsection on descriptive analysis, certain 

organizational characteristics were analyzed with the discovered factor scores. For those 

“criterion” characteristics that literature evidence suggests were associated with IT 

adoption such as bed size, being a teaching hospital, and being a for-profit (private) 

hospital, a statistical significance (using t-tests, chi-square tests, and correlations as 

appropriate) would lend another set of evidence for criterion validity. This method of 

establishing criterion validity has been used by Paré and Sicotte,29 as well as others,86 

though some relationships were found to be insignificant. Also, literature evidence is 

conflicting for some characteristics. Given the difference between Thailand’s health care 

and health IT environment and that of other countries191 and the dearth of literature 

evidence in Thailand’s context, this method has its limits, but it was performed because it 

could provide insights into how similar (or different) Thailand’s context is compared to 

that of others, and also because previous researchers in this line of research had used it 

for validation purposes. 

Another type of validity investigated was construct validity. This type of validity 

indicates whether multiple indicators of the same construct operate in similar ways 

(convergent validity) and multiple indicators of different constructs do not (discriminant 

validity).212 In this study, convergent validity of the IT sophistication constructs was 

examined by assessing if the different factors identified from exploratory factor analysis 

were significantly correlated in a bivariate manner. Similar analysis was also done by 

Paré and Sicotte29 who proposed the original model of hospital IT sophistication, 

although with this study’s factor pattern based on exploratory factor analysis results, the 
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conceptual and operational definitions differed from those used by Paré and Sicotte.29 

Discriminant validity could also be evaluated at the same time, as a significant but not 

very high correlation between two factors would suggest that the two constructs are not 

exactly the same. This would provide further support for the validity of the IT adoption 

framework with multiple related, but distinct dimensions. In addition to bivariate 

correlations, construct validity among the IT adoption factors was also evaluated in a 

multivariate manner as part of the proposed model (see next subsection) using path 

analysis. A significant direct relationship between any two factors, after adjusting for 

other variables, would provide an even stronger evidence for construct validity. However, 

it is possible that after adjusting for other factors, some of the individual relationships 

would become non-significant, so the evidence of construct validity of these factors 

should be interpreted altogether. 

Pearson product-moment correlation and one-way ANOVA were mainly used, but 

when the distribution of a variable is highly non-normal, Spearman’s rank correlation 

coefficient was also computed given its non-parametric nature. The size of a correlation 

coefficient was interpreted using Cohen’s suggestion,222 i.e., a correlation below 0.3 was 

considered weak,  that between 0.3 and 0.5 was considered moderate, and that above 0.5 

was a strong correlation. Cronbach’s coefficient alpha, item-total correlations, and 

Cronbach’s alpha if an item is removed were calculated in the same way as in the pilot to 

provide another set of reliability estimates of the instrument and identify any issues. 
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4.5.5 Developing A New Theoretical Framework 

Path analysis was employed in order to develop a new theoretical framework 

guided in part by the proposed conceptual model in Figure 3.2 and also from findings of 

the exploratory factor analysis as described. Considered a special case of structural 

equation modeling, path analysis is a statistical analysis technique that models systems of 

structural relationships between a set of observed variables.224 A full structural equation 

model is a general model that posits relationships among observed and unobserved 

(latent) variables. The model consists of two parts—the measurement part that models the 

relationships between observed and latent variables, and the structural part that models 

the relationships between latent variables. Confirmatory factor analysis, which specifies 

how multiple individual items relate to one or more latent factors, is a special case of 

structural equation modeling where the model only contains the measurement part. Path 

analysis, on the other hand, is another special case of structural equation modeling where 

the model consists of only the structural part. Therefore, in a path analysis, the researcher 

specifies how the various observed variables relate to one another in a system of 

relationships. 

Structural equation modeling is designed for analysis of multiple related 

regression equations simultaneously.224 With the focus on the structural relationships 

among observed variables, path analysis can be considered as a system of multiple linear 

regressions conducted at the same time in the same model. It is a powerful technique to 

evaluate a system of relationships together rather than each individual relationship 

separately as in regression, yet it is not difficult to understand and interpret. With the 
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study’s goal to fill the void in the theoretical understanding of hospital IT adoption that 

led to the proposed conceptual framework, path analysis using the average dimensional 

scores is a fitting analysis method. Given that many studies of organizational adoption of 

health IT relied on univariate or multivariate regression, path analysis is a step forward 

toward better theoretical understanding. 

In path analysis, a path diagram (similar to Figure 3.2) specifies the hypotheses in 

the path model that are being tested with the data. The path diagram contains rectangles 

that represent observed variables, single-headed arrows that reflect hypothesized 

directional effects of one variable on another, and double-headed curved arrows that 

represent covariances (non-directional relationships) between two independent variables. 

Each directional arrow represents a direct effect of one variable on another in a similar 

manner to linear regression. An indirect effect, on the other hand, is the effect of a 

variable on another variable through one or more variables in the model that serve as 

mediators. If there are multiple variables exerting an effect directly on another variable, 

each arrow represents a direct effect after adjusting for other variables in the same way as 

in multiple linear regression, with these multiple variables serving as independent 

variables in the equation. Unlike regression, however, the terms exogenous and 

endogenous variables are used in path analysis instead of dependent and independent 

variables because a dependent variable in one relationship could be an independent 

variable in another relationship. An exogenous variable has a direct effect on one or more 

variables, without any variable exerting an effect upon it. An endogenous variable, on the 

contrary, is influenced by one or more variables, but it may or may not have an effect on 
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other variables. Like regression, a direct effect in path analysis implies an associative 

relationship between the variables, but whether the relationship is truly causal could not 

be evaluated in the model and must be determined based on other factors, including study 

design (e.g., cross-sectional versus longitudinal), the nature of the variables, plausible 

directions of causal effects, and the possibility of confounding. 

As outlined by Kline,209 evaluation of the conceptual framework consists of a 

series of steps, from model specification, evaluation of model identification, model 

estimation and evaluation, model respecification, and reporting of results. The initially 

specified model to be evaluated has been discussed in detail in Chapter 3 (see Figure 3.2 

for the model’s path diagram), but in light of the findings from confirmatory and 

exploratory factor analyses and some data quality issues, this initial model was modified 

before the path analysis commenced (discussed in detail in Chapter 5). In path analysis, 

this model specification step also involves specification of the mathematical model in the 

analysis software. Thus, the mathematics of path analysis is briefly reviewed here before 

subsequent steps are discussed. 

While the path diagram depicts the relationships among the variables in a pictorial 

format, the same relationships could be specified mathematically using matrix algebra. 

The general equation for path analysis of observed variables is:226 

	 	      (4.2) 

where 

  = m x m coefficient matrix 

  = m x n coefficient matrix 
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  = p x 1 vector of endogenous variables 

  = q x 1 vector of exogenous variables 

  = p x 1 vector of errors in the equations 

The general form of the question is somewhat similar to a linear regression 

equation, where the dependent variable appearing on the left side of the equation is a 

linear combination of products between the independent variables and their coefficients, 

as well as the error term. Unlike linear regression that contains one dependent variable, 

however, an equation for path analysis, with multiple endogenous variables, needs to be 

written in matrix form. The presence of the vector  on the right hand side signifies that 

an endogenous variable may exert an effect on other endogenous variables. The matrices 

 and  contain the regression coefficients for the endogenous and exogenous variables 

on some other endogenous variables, respectively. Some of the elements in these matrices 

are specified as zero if no direct relationship between the corresponding variables was 

specified in the hypothesized model, while other elements are freely estimated. The 

vector  contains errors in the equations, called disturbances in structural equation 

modeling, which represent residual effects of some other variables not specified in the 

model. The disturbances are assumed to be independent of elements in . Two additional 

matrices,  and , are also part of the path analysis model. The matrix  is the 

covariance matrix of  (representing covariances among exogenous variables), while  is 

the covariance matrix of error terms in  (representing covariances among the disturbance 

terms). 
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After relationships among the variables are specified in a path diagram (or 

equivalently in a mathematical model), the researcher must determine if the model is 

identified before proceeding. Identification refers to a property of the specified model 

that indicates if it is theoretically possible for an estimation algorithm to derive a unique 

estimate of every parameter in the model.209 Underidentified models cannot lead to 

parameter estimates that are unique because the amount of input information (variances 

and covariances of the observed variables in the case of structural equation models) is 

insufficient, regardless of the sample size. There are several rules that help determine a 

model’s identification,209,226 but one of them is relevant in this study. Models that are 

recursive (i.e., with uncorrelated disturbances and no feedback loops or reciprocal 

effects) are always theoretically identified.209,226 The initial path model in this study, as 

depicted in Figure 3.2, is a recursive model, and therefore is theoretically identified. 

Once a model is determined to be identified, model estimation can proceed. In 

this step, the collected data are subjected to the analysis software, which will use an 

estimation algorithm together with the specified model to derive a unique set of 

parameter estimates that maximizes the fit between the estimated model and the data. The 

most commonly used estimation algorithm is maximum likelihood. In a series of iterative 

estimation, it uses an initial set of start values to derive parameter estimates that 

increasingly improve the fit between the estimated model and the observed data. The 

iterative estimation stops when it converges to a final solution that maximizes the fit (or 

equivalently, minimizes the fit function) based on pre-specified criteria, unless the 
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algorithm could not converge because of problems in the data, the model, or the start 

values.209 

The maximum likelihood estimator assumes a multivariate normal distribution of 

endogenous variables, although Kline noted that the algorithm works fine for 90% or 

more of the models described in the literature.209 When endogenous variables are 

continuous but severely non-normal, maximum likelihood estimates are relatively 

accurate in large samples, but their estimated standard errors tend to be too low, leading 

to inflated type I error. In addition, the tests of model fit also tend to be too high, leading 

to increased rejection of true models.209 Methods for correcting these issues are available, 

including the Satorra-Bentler statistic227 that adjusts the value of the chi-square test 

statistic downward based on the degree of kurtosis. In this study, the IT sophistication 

scores serving as endogenous variables were derived from averages of individual items, 

thus they are continuous. To assess if non-normality was an issue, skewness and kurtosis 

were examined for the endogenous variables. Second, third, and fourth moments about 

the mean were used to calculate the skew index and kurtosis index as described by 

Kline.209 Consistent with existing guidelines,209 an endogenous variable with an absolute 

skew index value greater than 3.0 was considered extremely skewed, and that with an 

absolute kurtosis index greater than 10.0 was considered to be problematic, although 

some simulation studies found problems with models with a skew index over 2.0 or a 

kurtosis index over 7.0.228 Because a special form of maximum likelihood estimator that 

handles missing data automatically (full-information maximum likelihood) was available 

in the analysis software, survey responses with missing data were included in the model 
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without deletion or imputation. Such an estimation method partitions the responses into 

subsets, each with the same pattern of missing observations, and statistical information 

was extracted from these subsets and used to calculate the parameter estimates and 

standard errors. Computer simulation studies found that this special maximum-

likelihood-based method generally outperforms classical methods such as listwise 

deletion, pairwise deletion, and various imputation methods.209,229-231 

Before interpreting the estimates, it is important that the overall model fit is 

evaluated. A goodness-of-fit statistic provides a measure of fit between the estimated 

model and the observed data. A likelihood ratio chi-square test statistic is a commonly 

accepted statistic computed from maximum likelihood estimation. A likelihood ratio chi-

square test evaluates the null hypothesis (called the exact-fit hypothesis in the structural 

equation modeling context) that the discrepancies between the variance-covariance 

matrix of the estimated model and the observed data are due to chance, given that the 

specified model is correct. A p-value over 0.05 is generally considered acceptable and 

suggests that the null hypothesis that there was no discrepancy between the estimates and 

the data apart from chance cannot be rejected.209 On the other hand, a p-value below 0.05 

suggests a significant discrepancy between the estimated model and the data, in which 

case model respecification is recommended. In addition to chi-square test statistics which 

some experts have noted are too sensitive to negligible model misspecifications in large 

sample sizes,232 other fit indices, called approximate fit indices, that are not sensitive to 

sample size are also available. These include the root mean square error of approximation 

(RMSEA),233 the comparative fit index (CFI),234 the Tucker-Lewis index (TLI),235 and 
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the standardized root mean square residual (SRMR).236 Cutoff values for these fit indices 

were provided based on simulation studies, including 0.95 for CFI and TLI, 0.06 for 

RMSEA, and 0.08 for SRMR,237 though the practice of using these approximate fit 

indices in general and the cutoff values in particular has been strongly discouraged in 

recent publications.209,238 This is because these approximate fit indices disregard 

deviations between the model and the data beyond chance, and there is no direct 

correspondence between these values and the seriousness or type of misspecification.209 

While chi-square test statistics are imperfect and sensitive to sample size, they provide 

some assessment of the degree of discrepancies that are unlikely to be due to chance. This 

would be helpful in model evaluation when determining if the model should be 

respecified. Following this recent trend in the methods of structural equation modeling, 

this study used a chi-square test statistic with a significance level (α) of 0.05 as the main 

criterion. Other approximate fit indices are also reported and interpreted for 

completeness, but they did not play a key role in determining the respecification. 

After model estimation, inspection of model fit statistics was performed, together 

with examination of the parameter estimates and the pattern of residuals to identify 

possible issues, a method recommended by Kline.209 If the chi-square test rejects the null 

hypothesis, the modification indices and the pattern of residuals were examined to 

suggest possible options to modify the model, together with substantive reasons. A 

modification index239,240 estimates the amount of reduction in the model chi-square 

statistic if a particular constrained-to-zero parameter were freely estimated,209 or 

equivalently a new specific effect were added to the model. A large modification index 
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value for a particular effect, as calculated by the software with the model estimation, 

would indicate that adding the corresponding path in the path diagram would result in a 

substantially reduced chi-square value, indicating a better fit. Large and significant values 

of modification indices were considered based on substantive grounds. In addition, factor 

patterns observed from exploratory factor analysis were also used to inform the 

respecification. This approach was used because results from confirmatory factor analysis 

(as reported in Chapter 5) suggested that the proposed conceptual model in Chapter 3 was 

not a good fit to the data, and it was helpful to use interpretable factor patterns from the 

subsequent exploratory factor analysis to suggest a new way of conceptualizing hospital 

IT adoption. While this method takes advantage of chance by using observed findings to 

respecify and test a model against the same data, it was more appropriate than developing 

a new IT adoption theory based on the proposed IT sophistication conceptual model that 

did not fit the data. Moreover, with enough sample size and response rate, the study’s 

power would be relatively high to counter the effect of chance capitalization.  

Considering both the modification indices and other substantive reasons, the 

model was respecified, and the model estimation and evaluation were repeated as 

previously described. This respecification was repeated until the chi-square test statistic 

was not significant at α = 0.05. The exact respecification steps taken and their 

justification are described in detail in Chapter 5. 

Once the final model is reached, the significance and path coefficient estimate of 

each path in the model were reported and interpreted in the same manner as in linear 

regression. Examination of the final results would provide answers to the hypothesized 
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relationships in the model and the effect size of the direct and indirect effects of each 

variable. Each path coefficient in the unstandardized model is interpreted as a regression 

coefficient, i.e., a unit change in the dependent variable associated with a one-unit change 

in the independent variable, after adjusting for covariates. Because the hypotheses in 

Chapter 3 argue for effects in a particular direction, a one-tailed significance testing was 

employed for each path coefficient. 

In addition, the standardized path coefficients also reflect the relative effect sizes 

of the different independent variables on the same dependent variable because they refer 

to one standard deviation change in the dependent variable associated with one standard 

deviation change in the independent variable. Finally, the standardized estimates for the 

variance of disturbance terms also reflect the proportion of unexplained variance. 

Therefore, an R  value representing the proportion of variance explained for each 

endogenous variable was computed as 1 minus the standardized variance estimate of the 

appropriate disturbance term. 

As noted, model respecification uses empirical data to modify the model and then 

use the same data to derive the estimates and model fit statistics, experts caution against 

over-interpretation of the chi-square tests. This is because model respecification, 

especially when done repeatedly until a non-significant chi-square fit statistic is achieved, 

capitalizes on chance.209 When a model is respecified and evaluated based on the same 

data, it is not appropriate to draw definitive conclusions about the model’s 

appropriateness. The respecification may be necessary, especially in the early stages of 

theory building such as in this study where empirical evidence is limited.209 Such an 



 

93 

exploratory investigation is acceptable, and in fact takes advantage of advanced modeling 

techniques such as structural equation modeling to discover a model that best corresponds 

to the data.209 However, to be fully embraced, the final model needs to be cross-validated 

using a fresh dataset in a more confirmatory mode. Because this study focuses on the 

initial theory development using IT sophistication framework, a confirmatory cross-

validation of the final model is considered out-of-scope. The final model of this study 

should therefore be interpreted as a plausible but not definitively validated model of 

organizational adoption of health IT. Future studies are encouraged to use the product of 

this study to validate or improve the model. 

Because measures of instrument reliability, such as Cronbach’s coefficient alpha, 

were available for the factor scores, they were also incorporated in the model using the 

method suggested by Kline.209 That is, the respective constructs in the final model from 

the previous steps (without measurement errors) were converted into latent variables 

measured by a single observed indicator each, and the variances of the error terms of 

these indicators were fixed as one minus the respective reliability coefficients, rather than 

letting them be estimated as free parameters. The reliability coefficients were computed 

as Cronbach’s coefficient alpha from the items that belong to the corresponding 

constructs based on exploratory factor analysis findings. This specification was 

equivalent to incorporating measurement errors of the sophistication constructs into the 

model. Similar model estimation and evaluation were performed, and results were 

compared with the final model without reliability measures incorporated. Consistent 

results would provide additional confidence in the conclusions, whereas inconsistent 
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results would allow us to inspect the analysis in more detail and gain insights about the 

relationships among the variables. 

4.5.6 Content Analysis of Open-Ended Survey Comments 

To qualitatively analyze the open-ended comments in the nationwide survey 

responses, content analysis was also performed. Hsieh and Shannon’s241 conventional 

approach to qualitative content analysis was employed, whereby the responses were used 

in an inductive approach to identify the emergent themes that capture the essence of the 

comments. The resulting themes and subthemes of responses are reported, with some 

original quotes that represent the themes cited to enrich the analysis. 

4.5.7 Analysis Software 

SAS 9.2 (SAS Institute Inc., Cary, NC) was used for descriptive analysis, 

exploratory factor analysis, and instrument validation. Confirmatory factor analysis and 

path analysis employed Mplus 6.11 (Muthén & Muthén, Los Angeles, CA). Finally, 

NVivo 9.1.106.0 (QSR International Pty Ltd., Victoria, Australia) was used for content 

analysis of open-ended comments. 

4.6 Funding and Ethical Considerations 

This study was funded for the amount of 200,000 baht (about US$6,700) under 

grant number RD53065/year 2010 from the Faculty of Medicine Ramathibodi Hospital, 

Mahidol University, Bangkok, Thailand. This study was considered exempt by the 

Institutional Review Board (IRB) of the University of Minnesota (Study No. 

1005E82796), and it was approved by the Committee on Human Rights to Researches 

Involving Human Subjects of the Faculty of Medicine Ramathibodi Hospital, Mahidol 
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University (Study ID 05-53-05). Per a request by the Prasat Neurological Institute, one of 

the target hospitals, an application for ethical approval was also submitted to the Institute, 

and it was subsequently approved. Copies of the letters of ethical approval were available 

in Appendix C. The funding agency did not have an influence on the content, conduct, 

interpretation, or dissemination of this study outside the scope of ethical considerations 

and oversight of the research grant, and did not have access to the study data. 
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Chapter Five 

Results 

 

This chapter reports on the analysis results of this study based on the research 

questions and hypotheses in Chapter 3 and the methodology in Chapter 4. The results 

start from the pilot study and subsequent instrument modification and then mainly follow 

the structure laid out in the Data Analysis section of Chapter 4. 

5.1 Pilot Study Results and Instrument Modification 

 From a total of 50 questionnaires mailed to five hospitals in the pilot study (ten 

questionnaires each), 32 questionnaires were returned, yielding an overall pilot response 

rate of 64%. The response rate for each pilot site varied from 40% to 90%. Table 5.1 

reports the overall and site-specific descriptive statistics for respondent characteristics. 

Overall, respondents had an average age of 40 years and about 60% were male. About 

87% were at least college-educated, and the majority had some IT and management 

training, but the pattern varies somewhat among the hospitals. Many of the respondents 

were non-IT hospital employees, but a sizeable percentage of them were IT operational 

staff or hospital executives. Respondents reported an average duration to complete the 

questionnaire of 27 minutes (SD 18), ranging from 5 minutes to 90 minutes. 
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Table 5.1 Descriptive statistics for respondent characteristics of the pilot study by site. 

Respondent 
Characteristic 

Overall Site 1 
(District 
Hospital) 

Site 2 
(Private 

Hospital) 

Site 3 
(Provincial 
Hospital) 

Site 4 
(Regional 
Hospital) 

Site 5 
(University 
Hospital) 

Age (years) 40.5 ± 9.1 
(26-58) 

33.8 ± 5.1 
(28-40)

35.4 ± 9.0 
(26-45)

36.9 ± 7.5 
(26-49)

46.9 ± 10.1 
(31-58) 

44.2 ± 7.0 
(30-55)

Gender 
   Female 
   Male 

 
41% 
59% 

 
50% 
50% 

 
40% 
60% 

 
43% 
57% 

 
43% 
57% 

 
33% 
67% 

Level of education 
completed 
   Below bachelor’s 
   Bachelor’s 
   Master’s or  
      higher 

 
 

13% 
53% 
34% 

 
 

50% 
50% 
0% 

 
 

0% 
80% 
20% 

 
 

29% 
71% 
0% 

 
 

0% 
57% 
43% 

 
 

0% 
22% 
78% 

Level of IT training 
   No training 
   Non-degree  
      training 
   Degree received 

 
22% 
59% 

 
19% 

 
50% 
50% 

 
0% 

 
20% 
60% 

 
20% 

 
0% 

71% 
 

29% 

 
14% 
71% 

 
14% 

 
33% 
45% 

 
22% 

Level of clinical 
training 
   No training 
   Non-degree  
      training 
   Degree received 

 
 

44% 
12% 

 
44% 

 
 

50% 
25% 

 
25% 

 
 

20% 
20% 

 
60% 

 
 

100% 
0% 

 
0% 

 
 

29% 
14% 

 
57% 

 
 

22% 
11% 

 
67% 

Level of 
management 
training 
   No training 
   Non-degree  
      training 
   Degree received 

 
 

41% 
47% 

 
12% 

 
 

50% 
50% 

 
0% 

 
 

60% 
20% 

 
20% 

 
 

43% 
43% 

 
14% 

 
 

43% 
43% 

 
14% 

 
 

22% 
67% 

 
11% 

Roles of 
respondents* 
   Director or senior  
      executives 
   Management  
      with direct IT  
      oversight 
   Non-executive IT  
      manager 
   IT specialist or  
      staff 
   User involved in  
      IT projects 
   User not involved  
      in IT projects 
   Others 

 
 

19% 
 

3% 
 
 

3% 
 

19% 
 

31% 
 

25% 
 

3% 

 
 

25% 
 

0% 
 
 

0% 
 

0% 
 

50% 
 

25% 
 

0%

 
 

20% 
 

0% 
 
 

0% 
 

20% 
 

20% 
 

40% 
 

0%

 
 

0% 
 

0% 
 
 

14% 
 

29% 
 

43% 
 

14% 
 

0%

 
 

43% 
 

0% 
 
 

0% 
 

14% 
 

14% 
 

29% 
 

14% 

 
 

11% 
 

11% 
 
 

0% 
 

22% 
 

34% 
 

22% 
 

0%
Data are mean ± SD (range) or frequency in %. Significance tests not done due to low sample size. 
*Total percentage might exceed 100% because of possible multiple selections. 
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Table 5.2 shows the site-specific descriptive statistics for basic hospital 

characteristics. Data in Table 5.2 could illustrate if reliability is a problem for basic 

hospital characteristics where all respondents of the same hospitals should be similar. The 

numbers of hospital beds were reliable in smaller hospitals (Sites 1–2) where almost all 

respondents reported the same numbers, but the numbers varied greatly for the largest 

hospital in the pilot study (Site 5). When checked against the authoritative source, 

respondent-reported numbers did not necessarily agree with authoritative numbers in 

medium to large hospitals. The public status, on the contrary, was in total agreement. 

Responses for teaching status of the smaller hospitals (Sites 1–2) and the university 

hospital (Site 5) were in agreement among the respondents, but non-negligible 

disagreements existed for medium hospitals, presumably because medical students 

occasionally rotated to these hospitals and thus responses depended on how the question 

was interpreted. The responses for accreditation status was quite different for some 

hospitals (Sites 1, 2, and 4), and even if the responses were similar, they did not 

necessarily agree with the authoritative source (for example, Site 3). 

Table 5.2 Descriptive statistics for basic hospital characteristics of the pilot study by site. 

Hospital 
Characteristic 

Site 1 Site 2 Site 3 Site 4 Site 5 

Response rate 40% 50% 70% 70% 90% 
Hospital beds 
 
 
   No. of beds from  
      authoritative  
      source* 

30 ± 0 
 
 

30 

120.2 ± 0.4 
(120-121) 

 
120 

360 ± 0 
 
 

335 

303.1 ± 9.4 
(282-307) 

 
305 

1,058.1  
± 187.1 

(863-1,500) 
938 

Public status 
   Public 
   Private 

 
100% 
0% 

 
0% 

100% 

 
100% 

0% 

 
100% 

0% 

 
100% 
0% 
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Table 5.2 Descriptive statistics for basic hospital characteristics of the pilot study by site 
(continued). 

Hospital 
Characteristic 

Site 1 Site 2 Site 3 Site 4 Site 5 

Teaching status 
   Teaching - part of a  
      medical school 
   Teaching - affiliated  
      with but not part of 
      a medical school 
   Non-teaching 

 
0% 

 
0% 

 
 

100% 

 
0% 

 
0% 

 
 

100% 

 
0% 

 
83% 

 
 

17% 

 
0% 

 
57% 

 
 

43% 

 
100% 

 
0% 

 
 

0% 
Accreditation status 
   Not accredited &  
      without plan 
   Not accredited,  
      with plan but no  
      significant progress 
   Not accredited,  
      with plan and  
      significant progress 
   Accredited 
 
   Status from  
      authoritative  
      source† 

 
25% 

 
75% 

 
 

0% 
 
 

0% 
 

Level 2 
progress 
(expired) 

 
0% 

 
40% 

 
 

40% 
 
 

20% 
 

Level 1 
progress 
(expired) 

 
0% 

 
0% 

 
 

0% 
 
 

100% 
 

Level 2 
progress 
(expired) 

 
0% 

 
14% 

 
 

86% 
 
 

0% 
 

Level 2 
progress 
(active) 

 
0% 

 
0% 

 
 

0% 
 
 

100% 
 

Accredited 
 

Number of IT staff 
   None 
   1-5 
   6-20 
   21-50 
   51 or more 

 
0% 

75% 
25% 
0% 
0% 

 
0% 

80% 
20% 
0% 
0% 

 
0% 

100% 
0% 
0% 
0% 

 
0% 

43% 
57% 
0% 
0% 

 
0% 
0% 
22% 
11% 
67% 

2009 total budget 
(million baht) 

22.00 
[n=1] 

300.00 
[n=1] 

578.00 
[n=1] 

368.39  
± 93.68 
(300.00-
475.00) 
[n=3] 

7,000.00  
± 1,414.21 
(6,000.00-
8,000.00) 

[n=2] 
2009 IT budget  
(million baht) 

0.40 
[n=1] 

10.00 
[n=1] 

2.10 ± 1.56 
(0.30-3.00) 

[n=3] 

5.47 
± 0.66 

(5.00-5.93) 
[n=2] 

93.00 
± 39.96 
(50.00-
129.00) 
[n=3] 

Number of computers 
in hospital 

23.8 ± 4.8 
(20-30) 

106.7 ± 90.2
(20-200) 

170.0 ± 
108.9 

(10-300) 

207.1 ± 82.2 
(100-290) 

2,350.0  
± 1,332.3  

(100-4,000) 
Percentage of 2009 IT 
budget according to 
provided amount 
(calculated from ratio 
of 2009 IT budget to 
2009 total budget) 

1.82% 
[n=1] 

3.33% 
[n=1] 

0.52% 
[n=1] 

1.38% 
[n=2] 

1.25% 
[n=1] 
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Table 5.2 Descriptive statistics for basic hospital characteristics of the pilot study by site 
(continued). 

Hospital 
Characteristic 

Site 1 Site 2 Site 3 Site 4 Site 5 

Subjective estimated 
percentage of 2009 IT 
budget (if amount not 
provided above) 
   Below 1% 
   1-4% 
   5-8% 
   Above 8% 

 
 
 
 

0% 
75% 
25% 
0% 

 
 
 
 

0% 
40% 
40% 
20% 

 
 
 
 

20% 
60% 
20% 
0% 

 
 
 
 

0% 
86% 
14% 
0% 

 
 
 
 

0% 
17% 
50% 
33% 

Data are mean ± SD (range) or frequency in %. n = number of item responses. 
Significance tests not done due to low sample size. 
*Source of bed size: Ministry of Public Health’s Bureau of Policy and Strategy (September 2010). 
†Source of accreditation status: Healthcare Accreditation Institute (Public Organization), Thailand 
(September 2010). 
 

The numbers of IT staff as reported by each hospital’s respondents were largely 

different except in Site 3. As for total and IT budgets, the problem was more serious. All 

hospitals had only one to three respondents who reported the approximate amount of 

these budgets in fiscal year 2009, suggesting that most respondents did not have access to 

this data or were not confident enough in their estimates. When more than one responded, 

the numbers greatly differed. For those who could not provide the numeric amount, the 

subjective estimated percentages of IT to total budget, using four interval categories in 

the questionnaire, also varied and were mostly not in agreement with the calculated ratios 

from the provided amounts. Finally, the ranges for the number of computers in each 

hospital were also very wide. In summary, most of the respondents did not agree on most 

hospital characteristics and using the questionnaire as it was would raise doubts about the 

study’s validity. 

The fact that variations existed among respondents on some hospital 

characteristics is not surprising, but the degree of variation is concerning for some of the 
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questions. For bed size, a more reliable authoritative data source was available, thus this 

question was dropped from the questionnaire. Some differing interpretations existed for 

the current wording of teaching status, but no other data source existed, so a rewording 

was desirable. Accreditation status would be interpreted widely among the respondents of 

the main survey, but the authoritative data were not readily accessible for all hospitals. It 

was decided that this variable be dropped from the questionnaire and the proposed model 

along with associated hypotheses because of potential issues, and assessing its effect on 

IT adoption is left for future research with better data quality. The number of computers 

was also quite unreliable, especially in larger hospitals, but no other source was available 

and like Paré & Sicotte,29 it was used only as one of several criteria to evaluate criterion 

validity. This item was therefore retained. 

For the hospitals’ total and IT budgets, the survey questions were extremely 

unreliable, and no other data sources were available. However, given that IT budget is 

central to the proposed model, the questions were retained in the nationwide 

questionnaire. Depending on how good the model fit was, this variable might need to be 

dropped from the model because of poor reliability, in which case the proposed model 

and its associated hypotheses would need to undergo revision. This part of the analysis 

will be discussed later in the chapter. The detailed changes in the survey items are 

provided in Appendix D. 

 Descriptive statistics of the IT sophistication scores for each site are provided in 

Table 5.3. The mean scores for all sites in each dimension (second column) ranged from 

3.48 to 4.03 on 5-point Likert-type scales except integration sophistication outside the 
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hospital with a mean score of 2.25. This suggests that the pilot hospitals, on average, had 

reasonable IT sophistication scores in most dimensions, but they generally had low level 

of external information exchange. It also indicates that information exchanges within 

(internal integration) and outside (external integration) the hospitals are two distinct 

dimensions and should be treated separately.  

Table 5.3 Descriptive statistics for IT sophistication scores of each site in the pilot study. 

Construct Overall* Site 1 Site 2 Site 3 Site 4 Site 5
Managerial 
Sophistication 

3.64 ± 0.43 
(3.18-4.17) 

3.18 ± 0.17 
(3.00-3.36) 

4.17 ± 0.42 
(3.64-4.73) 

3.86 ± 0.50 
(3.09-4.73) 

3.78 ± 0.39 
(3.36-4.27) 

3.23 ± 0.85 
(1.91-4.18) 

Technological 
Sophistication 

3.48 ± 0.28 
(3.09-3.76) 

3.09 ± 0.24 
(2.79-3.37) 

3.42 ± 0.62 
(2.74-4.11) 

3.74 ± 0.95 
(2.37-5.00) 

3.36 ± 0.46 
(2.89-4.25) 

3.76 ± 0.45 
(3.11-4.29) 

Functional 
Sophistication 

4.03 ± 0.34 
(3.50-4.42) 

3.50 ± 0.51 
(3.00-4.14) 

4.42 ± 0.38 
(4.06-5.00) 

4.10 ± 0.59 
(3.30-5.00) 

4.19 ± 0.47 
(3.73-5.00) 

3.96 ± 0.32 
(3.47-4.37) 

Integration 
Sophistication 
(Within 
Hospital) 

3.79 ± 0.26 
(3.44-4.17) 

3.78 ± 0.33 
(3.36-4.08) 

4.17 ± 1.15 
(2.50-5.00) 

3.83 ± 0.64 
(3.17-4.67) 

3.72 ± 0.49 
(3.00-4.27) 

3.44 ± 0.74 
(2.33-4.25) 

Integration 
Sophistication 
(Outside 
Hospital) 

2.25 ± 0.89 
(1.11-3.56) 

1.11 ± 0.04 
(1.09-1.17) 

2.53 ± 1.35 
(1.00-3.58) 

3.56 ± 0.78 
(2.83-4.71) 

1.98 ± 0.90 
(1.00-3.25) 

2.06 ± 0.54 
(1.17-2.82) 

Overall IT 
Sophistication† 

3.44 ± 0.37 
(2.93-3.88) 

2.93 ± 0.19 
(2.75-3.18) 

3.70 ± 0.68 
(3.21-4.18) 

3.88 ± 0.62 
(3.26-4.68) 

3.40 ± 0.26 
(3.14-3.81) 

3.29 ± 0.42 
(2.60-3.83) 

Data are mean ± SD (range). 
Scores are average of non-missing 5-point Likert-type items (range from lowest to highest = 1-5). 
Each dimension might be based on different number of responses since some respondents might not have 
responded in any item of certain dimensions. 
*Unweighted average of mean scores for all sites. 
†Unweighted average of technological, functional, integration (within), integration (outside), and 
managerial sophistication scores. 
 
 Because responses of the same site are measuring the same thing, but with 

different “judges,” the standard deviations of each site’s scores could tell us how varied 

the responses were. Most standard deviations for technological, functional, and 

managerial sophistication were well below 1.0, indicating relatively small variations. 

Some standard deviations for integration sophistication (both within and outside the 

hospital) were larger than 1.0 and the score ranges were wide. This suggests that these 
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integration items could be interpreted much differently by respondents and thus they 

deserve a closer look. 

 The intraclass correlation and Cronbach’s coefficient alpha for each IT 

sophistication dimension are presented in Table 5.4. The intraclass correlation was 

moderate (0.50) for external integration sophistication. The intraclass correlations for the 

managerial sophistication and overall IT sophistication were weak-to-moderate, and they 

were statistically different from zero, suggesting that respondents from the same hospitals 

tended to be similar beyond chance. While the correlations were not strong, a value lower 

than 0.50 is to be expected in subjective responses, according to Donner and Koval,216 

and echoed by Müller and Büttner217 who cautioned against setting an arbitrary value for 

good reliability such as 0.75. 

Table 5.4 Intraclass correlation and Cronbach’s alpha of each site’s IT sophistication 
dimensions in the pilot study. 

Construct Intraclass 
Correlation

Cronbach’s Alpha 

Managerial Sophistication 0.2585* 0.9106 
Technological Sophistication 0.0354 0.8083 
Functional Sophistication 0.1991 0.9263 
Integration Sophistication (Within Hospital) 0.0000 0.8896 
Integration Sophistication (Outside Hospital) 0.5021* 0.9734 
Overall IT Sophistication 0.3047* 0.9558 

*p < 0.05 on F-test. 
 

On the other hand, the intraclass correlations for technological, functional, and 

internal integration sophistication were poor and not significantly different from zero. 

One possible explanation is the large variations between respondents in different roles in 

the same hospital, but limiting the analysis to those who were IT executives or IT 

operational staff and thus should know their IT environment best did not improve the 
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correlations (results not shown). Another possible explanation is the subjective nature of 

these items, possibly coupled with respondents’ cognitive burden due to the length of 

some of these items. The use of only five hospitals in the pilot study was also a practical 

constraint that limited the ability to differentiate between-hospital and within-hospital 

variations effectively. Because of these methodological weaknesses and since others have 

also criticized the utility and meaning of intraclass correlation,217 the intraclass 

correlations were used only as a descriptive guide. Nevertheless, it is important to check 

these items closely to correct identifiable issues. 

 In a stark contrast to intraclass correlation, Cronbach’s alpha indicates that all 

dimensions had very satisfactory internal consistency reliability. Technological 

sophistication had the lowest alpha value (0.81), but this is still well-above the 0.70 

criterion suggested by Nunnally and Bernstein.218 A somewhat lower reliability on this 

dimension was expected because in theory, Cronbach’s alpha measures how responses 

from different items are similar. Since a hospital may adopt a particular technology (e.g., 

Internet access) but does not necessarily adopt other separate technologies (e.g., 

computerized order entry), a reliability coefficient this high is reasonable. Other 

dimensions had a reliability coefficient of 0.89 or higher. While intraclass correlation and 

Cronbach’s alpha measure two different aspects of reliability, the favorable alpha values 

still suggest that the items of each dimension are internally consistent overall. It is 

possible, however, that a particular item might have a problem that needed to be fixed. 

 In order to identify potential issues with the individual IT sophistication items, the 

item-total correlation and the Cronbach’s alpha value if the item is removed were used to 
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see if an item was similar to the remaining items and rightly belonged to the group. A 

well-behaved item should have at least a moderate (e.g., > 0.30) item-total correlation 

and the Cronbach’s alpha if the item is removed should not substantially increase. The 

results for each dimension are displayed in Table 5.5. One item in the managerial 

sophistication dimension (clear vision of IT projects) has a weak item-total correlation 

and the Cronbach’s alpha increases when the item is dropped. A possible explanation is 

that some respondents could interpret the item as asking about the hospital’s overall 

vision and mission statement as opposed to vision of the IT projects. Because the 

literature suggests that clear vision of IT projects is still an important factor, this item was 

retained but reworded for clarity. Analysis of the nationwide responses (presented later in 

the chapter) would determine if this decision should be reconsidered. Other items in this 

dimension were also retained, but slight rewording of some items was also made for 

better clarity (see Appendix D). 

Table 5.5 The item-total correlation and Cronbach’s alpha if an item is removed for each item in 
the IT sophistication dimensions in the pilot study. 

Construct Item-Total 
Correlation 

Cronbach’s Alpha 
If Item Removed 

Managerial Sophistication (Cronbach’s alpha = 0.9106) 
a. Our hospital is open to new ways of conducting 

operations. 
0.6291 0.9042 

b. Our hospital sets clear visions and goals on what we 
wish to achieve with IT projects. 

0.2930 0.9201 

c. When a new technology is introduced, we clearly 
communicate the goals, plans, and progress to key 
stakeholders. 

0.7347 0.8985 

d. Those who will use the information systems are fully 
involved early in our IT projects. 

0.6668 0.9036 

e. Our top-level management fully supports the use of IT. 0.5123 0.9093 
f. We have a multi-disciplinary team of users involved in 

our IT projects. 
0.5206 0.9106 

g. Before new IT is implemented in our hospital, the 
workflow changes required are carefully considered. 

0.8245 0.8928 

h. The majority of hospital employees are committed to 
achieving the envisioned organizational goals. 

0.6866 0.9011 
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Table 5.5 The item-total correlation and Cronbach’s alpha if an item is removed for each item in 
the IT sophistication dimensions in the pilot study (continued). 

Construct Item-Total 
Correlation 

Cronbach’s Alpha 
If Item Removed 

i. Before a new system is introduced, we adequately 
provide training to those who will use the system. 

0.8333 0.8932 

j. When our hospital is conducting an IT project, we have 
a process in place to track its progress and manage it. 

0.8188 0.8939 

k. Our hospital learns from the past experience to improve 
its operations. 

0.7753 0.8958 

Technological Sophistication (Cronbach’s alpha = 0.8083) 
a. Internet access 0.3019 0.8039 
b. Hospital Web site 0.4511 0.7954 
c. Hospital intranet (internal Web site) 0.4231 0.7994 
d. Hospital e-mail system 0.2632 0.8085 
e. Local area network (LAN) -0.0203 0.8132 
f. Wireless networks 0.0569 0.8162 
g. Data warehouse 0.2235 0.8074 
h. Computerized order entry 0.2175 0.8100 
i. Electronic medical record/electronic documentation of 

clinical care 
0.2155 0.8085 

j. Disease management systems 0.4965 0.7927 
k. Laboratory information system 0.3815 0.8016 
l. Pharmacy information system 0.3286 0.8029 
m. Electronic medication administration records 0.3345 0.8024 
n. Picture archiving and communication system (PACS) 0.6227 0.7817 
o. Radiology information system 0.6384 0.7810 
p. Telemedicine (remote provision of medical services or 

consultation through IT) 
0.6164 0.7843 

q. Teleconferencing 0.4723 0.7939 
r. Barcoding 0.4711 0.7939 
s. Enterprise resource planning (ERP) system to manage 

finance, human resources, and materials of the 
organization 

0.5773 0.7880 

Functional Sophistication (Cronbach’s alpha = 0.9263) 
Patient Management   

1. Patient registration 0.6352 0.9247 
2. Insurance eligibility verification 0.6070 0.9250 
3. Outpatient appointment scheduling 0.1804 0.9270 
4. Patient management within outpatient clinics 0.3669 0.9254 
5. Inpatient admissions 0.7013 0.9240 
6. Inpatient discharges 0.5680 0.9247 
7. Patient referral to another facility 0.6598 0.9227 
8. Bed occupancy and availability check 0.6066 0.9232 

Inpatient Care   
9. Inpatient medication order entry 0.4513 0.9251 
10. Inpatient lab order entry 0.5050 0.9251 
11. Inpatient imaging order entry 0.5659 0.9237 
12. Inpatient lab results reporting 0.4985 0.9252 
13. Inpatient imaging results reporting 0.3427 0.9260 
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Table 5.5 The item-total correlation and Cronbach’s alpha if an item is removed for each item in 
the IT sophistication dimensions in the pilot study (continued). 

Construct Item-Total 
Correlation 

Cronbach’s Alpha 
If Item Removed 

14. Inpatient clinical notes 0.4899 0.9244 
15. Discharge summary documentation 0.6413 0.9239 

Outpatient Care   
16. Outpatient medication order entry 0.4082 0.9251 
17. Outpatient lab order entry 0.6983 0.9239 
18. Outpatient imaging order entry 0.7594 0.9218 
19. Outpatient lab results reporting 0.7309 0.9242 
20. Outpatient imaging results reporting 0.6464 0.9230 
21. Outpatient clinical notes 0.4876 0.9244 

Nursing   
22. Care planning 0.4212 0.9252 
23. Order review and processing 0.3501 0.9257 
24. Medication administration and documentation 0.2084 0.9270 
25. Documentation of nursing assessment 0.3881 0.9256 

Surgery/Operating Room (OR)   
26. Surgery appointments and scheduling 0.4976 0.9245 
27. Patient management within operating rooms 0.5367 0.9241 
28. Operative note documentation 0.4562 0.9248 
29. Anesthetic note documentation 0.4306 0.9250 
30. Case service charging 0.5586 0.9243 

Laboratory   
31. Specimen handling 0.6193 0.9236 
32. Results capture from automated equipments 0.5828 0.9241 
33. Results entry for non-automated tests 0.5434 0.9243 
34. Results validation and confirmation 0.5783 0.9243 

Radiology and Imaging   
35. Imaging appointments and scheduling 0.5533 0.9238 
36. Image capture from imaging devices 0.1236 0.9296 
37. Imaging reports entry 0.4885 0.9245 
38. Image viewing by radiologists 0.1871 0.9286 
39. Image viewing by attending physicians 0.2123 0.9281 

Pharmacy   
40. Pharmacist’s review of medication orders 0.4304 0.9250 
41. Outpatient medication dispensing 0.4590 0.9247 
42. Outpatient pharmacy inventory control 0.5283 0.9244 
43. Inpatient medication dispensing 0.5398 0.9245 
44. Inpatient pharmacy inventory control 0.4769 0.9247 

Finance   
45. Billing, claims, and reimbursement 0.2705 0.9263 
46. Accounting 0.2162 0.9267 

Human Resource Management   
47. Personnel records 0.4885 0.9245 
48. Staff workload management 0.5379 0.9240 

Materials Management   
49. Inventory management 0.1786 0.9269 
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Table 5.5 The item-total correlation and Cronbach’s alpha if an item is removed for each item in 
the IT sophistication dimensions in the pilot study (continued). 

Construct Item-Total 
Correlation 

Cronbach’s Alpha 
If Item Removed 

Administration/Miscellaneous   
50. Internal communications 0.3669 0.9254 
51. Public relations and external communications 0.4333 0.9249 

Internal Integration Sophistication (Cronbach’s alpha = 0.8896) 
a. ER 0.7276 0.8759 
b. Patient registration, admissions, discharges, and 

transfers 
0.6425 0.8787 

c. Inpatient 0.7566 0.8731 
d. Outpatient clinics 0.7403 0.8726 
e. Nursing 0.5714 0.8829 
f. Surgery/OR 0.6886 0.8762 
g. Laboratory 0.6466 0.8792 
h. Radiology 0.4266 0.8914 
i. Pharmacy 0.6312 0.8787 
j. Finance 0.4352 0.8899 
k. Human resource management 0.5276 0.8855 
l. Others 0.5422 0.8840 

External Integration Sophistication (Cronbach’s alpha = 0.9734) 
a. ER 0.8145 0.9726 
b. Patient registration, admissions, discharges, and 

transfers 
0.8662 0.9708 

c. Inpatient 0.9250 0.9695 
d. Outpatient clinics 0.9459 0.9689 
e. Nursing 0.9491 0.9687 
f. Surgery/OR 0.9563 0.9686 
g. Laboratory 0.9277 0.9692 
h. Radiology 0.9095 0.9699 
i. Pharmacy 0.8907 0.9701 
j. Finance 0.5619 0.9782 
k. Human resource management 0.6672 0.9758 
l. Others 0.9332 0.9692 

Overall IT Sophistication Cronbach’s alpha = 0.9558 
Items were analyzed within each IT sophistication dimension. Shaded cells indicate potential issues. 
 
 The item-total correlations suggested that six initial items on the technological 

sophistication dimension were problematic. Less important items, such as hospital e-mail 

system or wireless networks were dropped, as were items with weak-to-moderate item-

total correlations with which respondents are unlikely to be familiar and varied 

interpretation is likely (e.g., disease management systems; pharmacy information system). 

Important but problematic items (e.g., computerized order entry; electronic medical 
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record/electronic documentation of clinical care) were revised to increase clarity. In 

some cases when the respondents might not be familiar with the terminology (e.g., 

electronic medication administration records), the translated wording in Thai added a 

brief description. An additional item was also added (master patient index) because it was 

considered important but missing from the pilot questionnaire. 

 For the functional sophistication items, eight of the 51 items had low item-total 

correlations. These findings were considered together with the time some respondents 

used to complete the questionnaire, where they took on average 27 minutes and the 

longest time was 90 minutes. Many items were removed, including several problematic 

items (e.g., image capture from imaging devices; image viewing by radiologists) and 

other non-essential items that reflect either trivial administrative functions or less 

common clinical functions (e.g., internal communications; inventory management; 

operative note documentation). Some items had a low item-total correlation but they 

were retained on substantive grounds because they were considered important hospital 

functions (e.g., outpatient appointment scheduling), in some cases with rewording (e.g., 

medication administration and documentation) or item splitting (e.g., image viewing by 

attending physicians; billing, claims, and reimbursement). Two items were added 

because they were considered important but missing clinical decision support features 

(automatic drug allergy checking; automatic drug interaction checking). The resultant 

functional sophistication question had 25 items, and the specific changes are documented 

in Appendix D. 
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 While the item-total correlations for integration sophistication dimensions (both 

internal and external) did not reveal serious problems with the individual items, and the 

dimensions’ Cronbach’s alpha values were satisfactory, a major change was made to 

questions of these two dimensions. This is partly motivated by the poor intraclass 

correlation of internal integration sophistication which suggests that most respondents of 

the same hospitals interpreted the question differently. The initial structures of these two 

dimensions are parallel to each other, measuring the extent of information sharing within 

and outside the hospital for the specific hospital departments. It is likely that respondents 

would interpret differently if information exchange in a large inter-departmental 

information system (such as an EHR system or a CPOE) should fall under which 

department (e.g., pharmacy; inpatient; or other clinical domains). This could be 

responsible for the poor interrater reliability. An overhaul of the question structure was 

therefore made, by asking the extent of information exchange for specific types of 

information (i.e., demographic information; laboratory results; medical images and 

results; operations and procedures; history and medical documentation; diagnoses; 

medication orders) rather than for specific hospital departments. The latter three types of 

information were also split into outpatient and inpatient services given their likely 

separate implementation in Thai hospitals. The restructuring was considered conceptually 

more appropriate because as Raymond and Paré84 suggested when they first 

conceptualized IT sophistication, each dimension should represent the respective 

components of organizational IT environment. The technological, functional, and 

managerial sophistication reflect the technologies, the hospital functions supported by the 
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technologies, and the associated management practices, respectively. The integration 

sophistication (both internal and external) should represent the information being 

exchanged. The restructured items put the focus on the specific types of information, 

rather than the specific hospital units or departments as initially structured. The specific 

wording changes are also presented in Appendix D. 

5.2 Descriptive Statistics of Nationwide Study’s Respondents 

From a total of 1,302 hospitals to which the questionnaires were mailed in the 

nationwide study, 4 were deemed ineligible (1 returned mail because out of business; 2 

not operating as a hospital; and 1 duplicate listing). For the remaining eligible hospitals, 

908 hospitals completed and returned questionnaires, 2 refused to participate, and 388 did 

not respond. One questionnaire did not answer any of the IT sophistication items and 

therefore was excluded from further analysis except the respondents’ descriptive statistics 

presented next. The overall response rate, using the American Association for Public 

Opinion Research (AAPOR)’s response rate 1 (RR1) definition,242 was 69.9%. 

Comparisons of responding and non-responding hospitals, using data from authoritative 

source, are presented in Table 5.6. Respondents tended to be larger (mean difference = 

34.6 registered beds; t = 3.32; p = 0.0009) and public (RRresponse = 1.50; χ2 = 71.36; p < 

0.0001) hospitals, and were more likely to come from the northern and less likely from 

the central regions (χ2 = 22.59; p = 0.004), when compared to non-respondents. 
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Table 5.6 Comparison of descriptive statistics for responding and non-responding hospitals. 

Characteristic Overall Responding 
Hospitals 

Non-Responding 
Hospitals 

N of eligible hospitals 1,298 908 390 
Bed size** 106.9 ± 189.0 117.5 ± 200.0 82.9 ± 159.1 
Public status** 
   Private 
   Public 

 
311 (24.0%) 
987 (76.0%)

 
158 (17.4%) 
750 (82.6%) 

 
153 (39.2%) 
237 (60.8%)

Geography* 
   Central 
   East 
   North 
   Northeast 
   South 
   West 

 
434 (33.4%) 
97 (7.5%) 

144 (11.1%) 
352 (27.1%) 
198 (15.3%) 
73 (5.6%) 

 
282 (31.1%) 

71 (7.8%) 
123 (13.5%) 
244 (26.9%) 
135 (14.9%) 

53 (5.8%) 

 
152 (39.0%) 

26 (6.7%) 
21 (5.4%) 

108 (27.7%) 
63 (16.2%) 
20 (5.1%) 

Data are mean ± SD (% within column). Percentages may not sum to 100% because of rounding. 
*p < 0.01, **p < 0.001. 
 
5.3 Factor Analysis of Survey Items in the Nationwide Study 

As described in Chapter 4, further analyses of the nationwide study responses 

were predicated on whether the proposed constructs of hospital IT adoption (represented 

as the dimensions of IT sophistication as discussed in Chapter 3) were supported by the 

observed data. The next subsection reports findings that evaluate this assumption. 

5.3.1 Confirmatory Factor Analysis 

Confirmatory factor analysis was performed to assess if the proposed structures of 

IT sophistication constructs fitted the data. The path diagram in Figure 5.1 shows the first 

structure being tested, with the managerial sophistication proposed as a latent 

(unobserved) construct that is measured by eleven observed survey items. Table 5.7 

shows the model fit statistics for this model testing. 
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Figure 5.1. Path diagram for confirmatory factor analysis of managerial sophistication. The 
numbers in the rectangles refers to the corresponding survey items in Question 8 of the survey 
instrument (see Appendix B). As in any standard confirmatory factor analysis, E1-E11 are 
measurement errors to be estimated in the model for the respective survey items. 
 
Table 5.7 Values of fit statistics for the confirmatory factor analysis model in Figure 5.1. 

Index Value of Fit Statistics for the Estimated Model 

χ  913.651 
dfM 44 
Chi-square p-value < 0.0001 
RMSEA (90% CI) 0.148 (0.140–0.156) 
Close-fit hypothesis p-value < 0.0001 
CFI 0.820 
TLI 0.775 
SRMR 0.066 

CFI - comparative fit index, CI - confidence interval, RMSEA - root mean square error of approximation, 
SRMR - standardized root mean square residual, TLI - Tucker-Lewis index. 
 
 The fit statistics show that the model in Figure 5.1 performed very poorly, as 

witnessed by the rejection of chi-square likelihood ratio test at α = 0.05 and reinforced by 

poor values of other fit statistics. Inspection of the modification indices, which estimate 

the reduction in chi-square test statistics associated with adding a relationship to the 

model, suggested that the items do not correlate in a uniform, uni-dimensional manner 

(results not shown). Several items were correlated with one another to a greater extent 
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than others. This suggests that what is conceived as facilitating organizational cultures 

and management practices in fact consists of multiple sub-dimensions. It would be 

important to conduct exploratory factor analysis of these items to reveal the underlying 

factor patterns that emerge from the data, which would inform the development of a 

theory in the path analysis section. Confirmatory factor analysis of other IT sophistication 

dimensions is considered next. 

 Figure 5.2 shows the path diagram for confirmatory factor analysis of the 

technological sophistication dimension. Table 5.8 shows the model fit statistics resulting 

from the analysis. 

1 1 1 1 1 1 1 1 1 1

 
Figure 5.2. Path diagram for confirmatory factor analysis of technological sophistication. The 
numbers in the rectangles refers to the corresponding survey items in Question 14 of the survey 
instrument (see Appendix B). E1-E10 are measurement errors to be estimated in the model for the 
respective survey items. 
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Table 5.8 Values of fit statistics for the confirmatory factor analysis model in Figure 5.2. 

Index Value of Fit Statistics for the Estimated Model 

χ  636.121 
dfM 35 
Chi-square p-value < 0.0001 
RMSEA (90% CI) 0.138 (0.129–0.147) 
Close-fit hypothesis p-value < 0.0001 
CFI 0.716 
TLI 0.635 
SRMR 0.089 

CFI - comparative fit index, CI - confidence interval, RMSEA - root mean square error of approximation, 
SRMR - standardized root mean square residual, TLI - Tucker-Lewis index. 
 
 Like the managerial sophistication dimension, confirmatory factor analysis of 

technological sophistication items showed that the items did not belong to one single 

factor in a uniform manner. This is not very surprising because we would expect that 

hospitals do not adopt various technologies in a uniform way. In other words, some 

technologies may often be adopted together although adopting these technologies may 

not be related to the decision to adopt some other technologies. Exploratory factor 

analysis would offer clues to help us understand which technologies form a coherent 

cluster of adoption. 

 Next, confirmatory factor analysis of 25 functional sophistication items was 

performed (Figure 5.3). Table 5.9 reports the model fit statistics of this analysis. The 

tested model again did not fit the data well at all, and inspection of the modification 

indices showed aggregation of certain IT-supported hospital functions (results not 

shown). This indicates IT-supported functions that are often implemented together (for 

instance, laboratory test order entry and results viewing). Again, exploratory factor 

analysis would help us discover functions that are often implemented together, which 

would be useful information for the subsequent path analysis. 
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Figure 5.3. Path diagram for confirmatory factor analysis of functional sophistication. The 
numbers in the rectangles refers to the corresponding survey items in Question 13 of the survey 
instrument (see Appendix B). E1-E25 are measurement errors to be estimated in the model for the 
respective survey items. 
 
Table 5.9 Values of fit statistics for the confirmatory factor analysis model in Figure 5.3. 

Index Value of Fit Statistics for the Estimated Model 

χ  6889.940 
dfM 275 
Chi-square p-value < 0.0001 
RMSEA (90% CI) 0.163 (0.160–0.166) 
Close-fit hypothesis p-value < 0.0001 
CFI 0.591 
TLI 0.554 
SRMR 0.100 

CFI - comparative fit index, CI - confidence interval, RMSEA - root mean square error of approximation, 
SRMR - standardized root mean square residual, TLI - Tucker-Lewis index. 
 
 As noted in the pilot study findings, data suggested that the levels of information 

sharing within and outside the hospitals are two distinct dimensions. The proposed 

integration sophistication dimension in Chapter 3 was therefore split into internal and 

external integration sophistication and analyzed separately. Confirmatory factor analysis 
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of internal integration sophistication is depicted in Figure 5.4 and results are reported in 

Table 5.10. The model also performed poorly according to the model fit statistics. 

Exploratory factor analysis would show the underlying pattern in the data. 

1 1 1 1 1 1 1 1 1 1

 
Figure 5.4. Path diagram for confirmatory factor analysis of internal integration sophistication. 
The numbers in the rectangles refers to the corresponding survey items in Question 15 of the 
survey instrument (see Appendix B). E1-E10 are measurement errors to be estimated in the model 
for the respective survey items. 
 
Table 5.10 Values of fit statistics for the confirmatory factor analysis model in Figure 5.4. 

Index Value of Fit Statistics for the Estimated Model 

χ  932.262 
dfM 35 
Chi-square p-value < 0.0001 
RMSEA (90% CI) 0.169 (0.160–0.178) 
Close-fit hypothesis p-value < 0.0001 
CFI 0.873 
TLI 0.836 
SRMR 0.051 

CFI - comparative fit index, CI - confidence interval, RMSEA - root mean square error of approximation, 
SRMR - standardized root mean square residual, TLI - Tucker-Lewis index. 
 

 Finally, Figure 5.5 shows the path diagram for confirmatory factor analysis of 

external integration sophistication. According to model fit statistics in Table 5.11, the 

model performed poorly and was rejected. Modification indices suggested that there were 
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correlations among some of the survey items beyond what could be explained by the 

latent construct external integration sophistication alone (results not shown). 

1 1 1 1 1 1 1 1 1 1

 
Figure 5.5. Path diagram for confirmatory factor analysis of external integration sophistication. 
The numbers in the rectangles refers to the corresponding survey items in Question 16 of the 
survey instrument (see Appendix B). E1-E10 are measurement errors to be estimated in the model 
for the respective survey items. 
 
Table 5.11 Values of fit statistics for the confirmatory factor analysis model in Figure 5.5. 

Index Value of Fit Statistics for the Estimated Model 

χ  1437.904 
dfM 35 
Chi-square p-value < 0.0001 
RMSEA (90% CI) 0.212 (0.202–0.221) 
Close-fit hypothesis p-value < 0.0001 
CFI 0.880 
TLI 0.845 
SRMR 0.040 

CFI - comparative fit index, CI - confidence interval, RMSEA - root mean square error of approximation, 
SRMR - standardized root mean square residual, TLI - Tucker-Lewis index. 
 
 In summary, confirmatory factor analysis showed that survey items of all of the 

proposed IT sophistication dimensions did not behave as anticipated. Poor performance 

was also observed when confirmatory factor analysis was done with the items of all the 

proposed dimensions included in the same model and correlations among the dimensions 

specified (results not shown). Before moving on to path analysis to test the hypothesized 
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model in Chapter 3, the decision was then made to conduct exploratory factor analysis of 

all the items combined in order to reveal the underlying pattern of factors which would 

help inform how subsequent analyses should be conducted.  

5.3.2 Exploratory Factor Analysis 

Exploratory factor analysis was performed to reveal the underlying factors and the 

pattern of factor loadings for the survey items. Interpretation of the factor patterns could 

help us understand the nature and relationships among the items in each factor. The factor 

patterns were discovered using two extraction methods, namely principal component 

analysis (PCA) and principal axis factoring (PAF) and their results were compared. 

Because the two methods use different approaches as discussed in Chapter 4, they might 

lead to different factor patterns, and thus this study explored both. However, given the 

lengthy output associated with each method, only findings from PCA but not PAF were 

reported. Important differences between PCA and PAF are noted.  

 The following discussion reports on the results of exploratory factor analysis of 

all IT sophistication items using the PCA extraction. The scree plot, which plots the 

eigenvalue for each factor identified in a descending order, is shown in Figure 5.6. The 

eigenvalues reflect the amount of variance in the survey items explained by the 

corresponding factors. Figure 5.6 shows that the eigenvalues drop sharply after the first 

factor, and after the first 6-7 factors, the drop ceases and the “elbow” of the curve can be 

seen. On the other hand, if another criterion, namely selecting factors with eigenvalues 

larger than one, was used, eleven factors could be identified. These factors and the factor 

loadings of each survey item on these factors are presented in Tables 5.12–5.13.  



 

120 

 
Figure 5.6. The scree plot for exploratory factor analysis of survey items based on the principal 
component analysis (PCA) extraction method. 
 

Table 5.12 reports the results based on the factor structure matrix, which ignores 

the correlations among the discovered factors. On the other hand, Table 5.13 is based on 

the factor pattern matrix, which partials out the correlations among the factors. Factor 

loading patterns based on these two matrices are compared to assist in factor 

interpretation. The factors reported in the columns of Table 5.12 are shown in descending 

order of their eigenvalues, with each row representing each survey item. The value in 

each cell is the item’s factor loading, which reflects the correlation between the item and 

the respective factor and when squared, indicates the proportion of variance in that item 

explained by that factor. The last column, communalities, shows the proportions of 

variance in the items explained by all factors. 
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Table 5.12 Rotated factor structure matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax 
rotation. 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10 Factor 11 Comm-
unalities

Managerial Sophistication (“To what extent do you agree or disagree with each of the following statements?”) 
M1. Our hospital is open to 

new ways of 
conducting operations. 

0.1460 0.0347 0.1845 0.4284 0.0702 0.1336 0.1889 0.1567 0.0254 0.8337* 0.0683 0.7105 

M2. Our top-level 
management fully 
supports the use of IT. 

0.2517 0.0834 0.1848 0.4334 0.0954 0.1330 0.2407 0.2165 0.0571 0.8437* 0.1197 0.7280 

M3. Our hospital sets clear 
vision, goals, and 
plans on IT works. 

0.2163 0.1075 0.2503 0.6538 0.0670 0.2530 0.2378 0.2363 0.0721 0.7100* 0.2517 0.6723 

M4. Our hospital 
communicates goals, 
plans and progress on 
IT works to 
stakeholders clearly. 

0.2463 0.1252 0.2639 0.6902* 0.0726 0.2456 0.2336 0.2321 0.0799 0.6131 0.2487 0.6171 

M5. Those who will use 
the information 
systems are fully 
involved in hospital IT 
development. 

0.1392 0.1135 0.1662 0.7572* 0.0899 0.1520 0.1365 0.1509 0.0129 0.3756 0.0702 0.5878 

M6. The team of users 
involved in our IT 
development comes 
from several 
disciplines. 

0.2252 0.1465 0.1988 0.7547* 0.0822 0.1089 0.1725 0.1777 0.0178 0.2298 0.0290 0.6036 
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Table 5.12 Rotated factor structure matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax 
rotation (continued). 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10 Factor 11 Comm-
unalities

M7. The majority of 
hospital employees are 
committed to 
achieving the 
envisioned 
organizational goals. 

0.1838 0.0700 0.1805 0.6539* 0.0502 0.2141 0.2144 0.1916 -0.0198 0.4441 -0.0509 0.4888 

M8. In our hospital’s IT 
development, the 
workflow changes are 
carefully considered. 

0.2525 0.0990 0.2392 0.7466* 0.0745 0.2431 0.2303 0.2505 -0.0007 0.4811 0.0647 0.5965 

M9. Our hospital provides 
training to those who 
will use the system 
adequately. 

0.2471 0.1329 0.2298 0.7562* 0.0899 0.1793 0.3249 0.2475 0.0325 0.1771 0.1589 0.6329 

M10. Our hospital has a 
process in place to 
track work progress 
and manage IT works 
appropriately. 

0.2394 0.1423 0.2861 0.8154* 0.1183 0.2513 0.2498 0.2091 0.0583 0.2897 0.1916 0.6850 

M11. Our hospital uses our 
past experience as 
lessons driving our 
current works. 

0.2548 0.1167 0.2795 0.7503* 0.0919 0.2575 0.3178 0.2142 0.0034 0.3556 0.0674 0.5828 

Functional Sophistication (“How much is each of the activities supported by computerized information systems in your hospital?”) 
F1. Patient registration 

and recording of 
patient’s demographic 
information 

0.5259 0.1055 0.3544 0.2813 0.0534 0.2248 0.6522* 0.5536 0.2185 0.2377 -0.1191 0.5356 
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Table 5.12 Rotated factor structure matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax 
rotation (continued). 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10 Factor 11 Comm-
unalities

F2. Outpatient 
appointment 
scheduling 

0.6200* 0.1965 0.3888 0.2825 0.1342 0.3008 0.3500 0.5719 0.2101 0.1737 0.0847 0.5026 

F3. Viewing the list of 
hospitalized patients 

0.6140* 0.1518 0.4151 0.2763 0.1215 0.3274 0.5490 0.5928 0.0085 0.1766 -0.1288 0.5337 

F4. Outpatient medication 
order entry 

0.6745* 0.1286 0.3596 0.1751 0.0188 0.2789 0.4691 0.4429 0.4897 0.1421 -0.1148 0.6537 

F5. Outpatient lab order 
entry 

0.8550* 0.1299 0.4599 0.2067 0.0649 0.3100 0.4200 0.3976 0.3153 0.1793 0.1768 0.8077 

F6. Outpatient lab results 
viewing 

0.8250* 0.1384 0.4697 0.1867 0.1109 0.2817 0.3631 0.4098 0.2935 0.2117 0.2725 0.7851 

F7. Outpatient imaging 
order entry 

0.8334* 0.1197 0.4386 0.2418 0.1653 0.3110 0.3605 0.4056 0.2725 0.2297 0.0963 0.7359 

F8. Electronic image 
viewing (instead of 
using films) for 
outpatients 

0.1726 0.0619 0.0400 0.0990 0.9090* 0.1504 0.0504 0.1758 -0.0811 0.0896 0.1328 0.8336 

F9. Documentation of 
history & physical 
examination of 
outpatients 

0.5797 0.1180 0.4399 0.1776 0.0062 0.4613 0.3186 0.3241 0.6072* 0.1832 0.0481 0.6754 

F10. Inpatient medication 
order entry 

0.7900* 0.1694 0.4868 0.2151 0.0771 0.4888 0.4322 0.4220 0.1139 0.1487 -0.2045 0.7149 

F11. Inpatient lab order 
entry 

0.9130* 0.1547 0.5056 0.2389 0.1109 0.4084 0.3803 0.4034 0.1018 0.2022 0.0214 0.8502 

F12. Inpatient lab results 
viewing 

0.8474* 0.1668 0.5053 0.2373 0.1593 0.3498 0.2906 0.4231 0.0855 0.2081 0.1471 0.7542 

F13. Inpatient imaging 
order entry 

0.8207* 0.1488 0.4374 0.2372 0.2022 0.3828 0.2930 0.3727 0.0624 0.1522 -0.0288 0.7090 
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Table 5.12 Rotated factor structure matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax 
rotation (continued). 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10 Factor 11 Comm-
unalities

F14. Electronic image 
viewing (instead of 
using films) for 
inpatients 

0.1790 0.0484 0.0487 0.1001 0.9185* 0.1880 0.0619 0.1963 -0.0780 0.0851 0.1003 0.8565 

F15. Documentation of 
history, physical 
examination & 
progress note of 
inpatients 

0.3546 0.2250 0.3414 0.1978 0.2299 0.8417* 0.1907 0.2266 0.1715 0.1531 0.0451 0.7334 

F16. Discharge summary 
documentation 

0.5263 0.2600 0.4665 0.2625 0.0916 0.6557* 0.3470 0.3563 0.1897 0.1481 -0.1043 0.5535 

F17. Documentation of 
medication 
administration to 
patients 

0.3832 0.1909 0.3725 0.1998 0.1018 0.8558* 0.2384 0.2177 0.1266 0.1580 0.0813 0.7438 

F18. Nursing 
documentation 

0.3249 0.2292 0.3361 0.2084 0.1769 0.8798* 0.1827 0.2273 0.1632 0.1291 0.0661 0.7949 

F19. Outpatient medication 
dispensing 

0.6028 0.1167 0.4064 0.1851 0.0368 0.2367 0.6863* 0.6579 0.2635 0.1922 -0.2612 0.6940 

F20. Inpatient medication 
dispensing 

0.6603* 0.1353 0.4565 0.1927 0.0900 0.3589 0.6333 0.6356 0.0294 0.2217 -0.3199 0.7082 

F21. Pharmacy inventory 
control 

0.2521 0.1421 0.2247 0.2035 0.2453 0.1603 0.2987 0.7276* -0.0707 0.1423 0.0735 0.6140 

F22. Automatic drug 
allergy checking 

0.5895 0.1388 0.4513 0.2020 0.1181 0.2867 0.4632 0.7882* 0.3101 0.1852 0.0282 0.7177 

F23. Automatic drug 
interaction checking 

0.4455 0.1854 0.3503 0.2240 0.1288 0.2418 0.2538 0.7035* 0.2746 0.2136 0.1268 0.6154 

F24. Patient billing 0.5812 0.0833 0.3328 0.1894 0.0996 0.3174 0.5561 0.5970* -0.1913 0.2036 0.0959 0.6159 
F25. Reimbursement claims 0.5222 0.1219 0.3497 0.2270 0.0583 0.3627 0.5810 0.6520* -0.1486 0.2102 0.1492 0.6542 
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Table 5.12 Rotated factor structure matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax 
rotation (continued). 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10 Factor 11 Comm-
unalities

Technological Sophistication (“To what extent is each of the technologies made available in your hospital?”) 
T1. Internet access 0.1799 0.1391 0.2808 0.1912 -0.0595 0.1619 0.6911* 0.1239 0.2631 0.1591 0.0901 0.6407 
T2. Hospital Web site 0.2049 0.1389 0.1536 0.3197 0.1967 0.1950 0.4266* 0.2199 -0.0402 0.2294 0.3586 0.3987 
T3. Local area network 

(LAN) 
0.4422 0.1199 0.3912 0.2214 0.0872 0.2068 0.7789* 0.4209 0.1588 0.2273 0.0307 0.6391 

T4. Master Patient Index 0.3561 0.1060 0.3659 0.2681 0.0605 0.1954 0.7136* 0.4611 0.1779 0.1428 -0.0409 0.5387 
T5. Computerized 

physician order entry 
0.5120 0.1560 0.4943 0.2039 0.0627 0.3204 0.4222 0.3592 0.6439* 0.1676 0.1072 0.6595 

T6. Electronic medication 
administration records 

0.3773 0.1626 0.3449 0.1659 0.0453 0.5454* 0.4049 0.3251 0.4771 0.1086 -0.0462 0.5394 

T7. Electronic medical 
records that 
documents clinical 
care in the system 

0.4104 0.1996 0.4860 0.1595 -0.0232 0.4275 0.4289 0.3189 0.5955* 0.1845 0.0180 0.6018 

T8. Laboratory 
information system 

0.3138 0.0929 0.2569 0.1453 0.1654 0.1598 0.2177 0.3375 0.1147 0.1566 0.6164* 0.5581 

T9. Picture archiving and 
communication 
system (PACS) for 
electronic storage of 
medical images 
instead of films 

0.1121 0.0540 0.0023 0.0583 0.9133* 0.0873 0.0325 0.1426 -0.1046 0.0622 0.1847 0.8474 

T10. Barcode use in patient 
care 

0.1372 0.2324 0.1500 0.1782 0.4998* 0.1759 0.0910 0.0882 -0.0489 0.1302 0.4119 0.3962 

Internal Integration Sophistication (“To what extent is each type of information shared or transmitted among the information systems within your hospital?”) 
II1. Patient’s demographic 

information 
0.4606 0.2218 0.8306* 0.2878 0.0604 0.2919 0.4333 0.4297 0.2473 0.1833 0.0279 0.7257 

II2. Outpatient’s history 
and medical 
documentation 

0.4439 0.2616 0.8116* 0.2242 -0.0045 0.4240 0.3346 0.3004 0.4903 0.2010 0.0696 0.7848 
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Table 5.12 Rotated factor structure matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax 
rotation (continued). 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10 Factor 11 Comm-
unalities

II3. Outpatient’s diagnoses 0.4843 0.2277 0.8896* 0.2279 0.0013 0.2993 0.4127 0.3749 0.4010 0.1939 0.0590 0.8562 
II4. Outpatient’s 

medication orders 
0.5130 0.1972 0.8726* 0.2323 0.0369 0.2626 0.4235 0.3753 0.3089 0.1897 0.0411 0.8063 

II5. Inpatient’s history and 
medical 
documentation 

0.3973 0.2605 0.7533* 0.2912 0.0466 0.6335 0.2872 0.2366 0.2674 0.1834 0.0903 0.7250 

II6. Inpatient’s diagnoses 0.4726 0.2768 0.8823* 0.2520 0.0529 0.4050 0.3986 0.3782 0.1778 0.1747 -0.0019 0.7878 
II7. Inpatient’s medication 

orders 
0.5554 0.2543 0.8548* 0.2675 0.0893 0.4409 0.3841 0.3315 0.0103 0.1841 -0.0439 0.7924 

II8. Surgical operations 
and procedures 

0.4803 0.2950 0.7860* 0.2283 0.1489 0.4315 0.3041 0.3556 -0.0404 0.1699 0.1384 0.6858 

II9. Laboratory results 0.6298 0.1783 0.7709* 0.2559 0.1573 0.2852 0.3021 0.3587 0.0260 0.2578 0.3003 0.7600 
II10. Medical images and 

results 
0.2093 0.1957 0.2849 0.1805 0.7616* 0.2851 0.0875 0.1875 -0.0920 0.1084 0.1617 0.6465 

External Integration Sophistication (“To what extent is each type of information shared or transmitted between your hospital’s information systems and other 
information systems outside your hospital?”) 
EI1. Patient’s demographic 

information 
0.1174 0.8862* 0.2390 0.1494 0.0669 0.1814 0.1497 0.1479 0.0992 0.0419 0.0338 0.7959 

EI2. Outpatient’s history 
and medical 
documentation 

0.1264 0.8980* 0.2761 0.1450 0.0429 0.2530 0.1145 0.1173 0.1470 0.0599 0.0842 0.8202 

EI3. Outpatient’s diagnoses 0.1415 0.9210* 0.2455 0.1119 0.0487 0.1460 0.1576 0.1828 0.1194 0.0234 0.0234 0.8728 
EI4. Outpatient’s 

medication orders 
0.1460 0.9310* 0.2608 0.1363 0.0836 0.2059 0.1495 0.1734 0.0867 0.0281 0.0586 0.8733 

EI5. Inpatient’s history and 
medical 
documentation 

0.1473 0.9006* 0.2625 0.1636 0.1214 0.3290 0.1150 0.1017 0.0577 0.0732 0.1038 0.8245 

EI6. Inpatient’s diagnoses 0.1450 0.9248* 0.2392 0.1375 0.0757 0.1812 0.1411 0.1566 0.0268 0.0248 0.0235 0.8660 
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Table 5.12 Rotated factor structure matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax 
rotation (continued). 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10 Factor 11 Comm-
unalities

EI7. Inpatient’s medication 
orders 

0.1687 0.9274* 0.2775 0.1673 0.1270 0.3033 0.1388 0.1499 -0.0107 0.0817 0.0902 0.8695 

EI8. Surgical operations 
and procedures 

0.1803 0.9040* 0.2701 0.1443 0.1284 0.2216 0.1565 0.1769 -0.0196 0.0548 0.0823 0.8274 

EI9. Laboratory results 0.2433 0.8410* 0.2882 0.1646 0.1596 0.2976 0.0924 0.1123 0.0123 0.1126 0.1882 0.7438 
EI10. Medical images and 

results 
0.1311 0.5813* 0.1532 0.1247 0.4956 0.2869 0.0304 0.0697 -0.0171 0.1186 0.2650 0.5611 

Variance Explained by 
Factor, Ignoring Other 
Factors 

13.6822 9.2238 12.4723 7.5857 4.2838 8.1711 8.6295 8.8244 3.3229 4.6272 1.7695  

Inter-factor Correlations 
Factor 1 1            
Factor 2 0.1623 1           
Factor 3 0.5375 0.2810 1          
Factor 4 0.2602 0.1605 0.2844 1         
Factor 5 0.1500 0.1179 0.0680 0.1118 1        
Factor 6 0.4196 0.2607 0.4220 0.2571 0.1766 1       
Factor 7 0.4759 0.1361 0.4047 0.2809 0.0288 0.2834 1      
Factor 8 0.5423 0.1474 0.3852 0.2472 0.1515 0.2764 0.5492 1     
Factor 9 0.1420 0.0602 0.1957 0.0334 -0.1147 0.0792 0.1321 0.0931 1    
Factor 10 0.2267 0.0599 0.2144 0.4371 0.0818 0.1923 0.2216 0.2131 0.0439 1   
Factor 11 0.0267 0.0951 0.0770 0.1333 0.1656 0.0411 -0.1055 -0.0873 0.0042 0.1529 1  
M = Managerial sophistication, F = Functional sophistication, T = Technological sophistication, II = Internal integration sophistication, EI = External integration 
sophistication. Number of factors based on eigenvalues > 1. Factor extraction method = Principal component analysis. Rotation method = Promax. Correlations 
among factors not accounted for in factor loadings (factor structure matrix). Shaded cells indicate factor loadings ≥ 0.40. 
*Factor on which each item has the highest factor loading. 
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From the factor loading pattern above, the following interpretation is offered: 

Factor 1 The extent of IT adoption to support clinical workflows, including 

order entry for medications, laboratory tests, and imaging as well 

as electronic results viewing for laboratory tests for outpatient and 

inpatient settings; outpatient appointment scheduling; and inpatient 

medication dispensing.  

Factor 2 The extent of information sharing with outside entities. 

Factor 3 The extent of information sharing within the hospital (except 

imaging). 

Factor 4 The extent of facilitating operational management practices in IT 

implementation. 

Factor 5 The extent of PACS adoption, electronic image viewing, and 

internal sharing of imaging information (but not external sharing), 

as well as the adoption of barcoding technologies. 

Factor 6 The extent of IT adoption to support inpatient clinical 

documentation (clinical notes, discharge summaries, medication 

administration records, and nursing documentation). 

Factor 7 The extent of adoption of basic infrastructural technologies 

(networking, Web site, master patient index), and also adoption of 

IT to support outpatient medication dispensing. 

Factor 8 The extent of IT adoption to support pharmacy and billing 

functions (including inventory control and CDSS alerts). 
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Factor 9 The extent of IT adoption to support other clinical functions 

(outpatient clinical notes) and the adoption of CPOE technologies 

and electronic clinical documentation technologies. 

Factor 10 The extent of facilitating high-level executive management 

practices related to organizational IT. 

Factor 11 The extent of adoption of laboratory information system. 

 Consider next the factor loading pattern based on the factor pattern matrix as 

shown in Table 5.13. 
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Table 5.13 Rotated factor pattern matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax 
rotation. 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10 Factor 11 Comm-
unalities

Managerial Sophistication (“To what extent do you agree or disagree with each of the following statements?”) 
M1. Our hospital is open to 

new ways of 
conducting operations. 

-0.0630 -0.0166 0.0458 0.0974 0.0222 -0.0328 0.0121 -0.0291 -0.0061 0.8161* -0.0733 0.7105 

M2. Our top-level 
management fully 
supports the use of IT. 

0.0838 0.0368 -0.0470 0.0774 0.0269 -0.0800 0.0399 -0.0143 0.0197 0.8075* -0.0145 0.7280 

M3. Our hospital sets clear 
vision, goals, and 
plans on IT works. 

-0.0642 -0.0126 -0.0005 0.4060 -0.0483 0.0647 0.0042 0.0616 0.0289 0.5036* 0.1345 0.6723 

M4. Our hospital 
communicates goals, 
plans and progress on 
IT works to 
stakeholders clearly. 

-0.0041 -0.0020 0.0038 0.5005* -0.0433 0.0384 -0.0097 0.0420 0.0360 0.3618 0.1347 0.6171 

M5. Those who will use 
the information 
systems are fully 
involved in hospital 
IT development. 

-0.0290 0.0140 -0.0135 0.7649* 0.0164 -0.0256 -0.0825 0.0090 0.0040 0.0778 -0.0528 0.5878 

M6. The team of users 
involved in our IT 
development comes 
from several 
disciplines. 

0.1166 0.0502 -0.0020 0.8257* 0.0131 -0.1209 -0.0633 -0.0133 -0.0031 -0.1091 -0.0772 0.6036 
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Table 5.13 Rotated factor pattern matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax rotation 
(continued). 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10 Factor 11 Comm-
unalities

M7. The majority of 
hospital employees 
are committed to 
achieving the 
envisioned 
organizational goals. 

-0.0093 -0.0237 -0.0172 0.5836* -0.0158 0.0556 -0.0074 -0.0016 -0.0471 0.2151 -0.1582 0.4888 

M8. In our hospital’s IT 
development, the 
workflow changes are 
carefully considered. 

0.0315 -0.0240 -0.0052 0.6611* -0.0267 0.0402 -0.0469 0.0531 -0.0379 0.1901 -0.0481 0.5965 

M9. Our hospital provides 
training to those who 
will use the system 
adequately. 

0.0318 -0.0035 -0.0309 0.7996* -0.0041 -0.0382 0.1546 0.0285 -0.0037 -0.2219 0.1092 0.6329 

M10. Our hospital has a 
process in place to 
track work progress 
and manage IT works 
appropriately. 

-0.0056 -0.0197 0.0470 0.8224* 0.0161 0.0325 0.0283 -0.0048 0.0238 -0.1058 0.0950 0.6850 

M11. Our hospital uses our 
past experience as 
lessons driving our 
current works. 

0.0118 -0.0257 0.0422 0.7048* 0.0076 0.0420 0.1198 -0.0603 -0.0420 0.0208 -0.0263 0.5828 

Functional Sophistication (“How much is each of the activities supported by computerized information systems in your hospital?”) 
F1. Patient registration 

and recording of 
patient’s demographic 
information 

0.2214 -0.0064 -0.0265 0.0683 0.0086 -0.0600 0.4198* 0.1839 0.1216 0.0489 -0.0781 0.5356 
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Table 5.13 Rotated factor pattern matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax rotation 
(continued). 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10 Factor 11 Comm-
unalities

F2. Outpatient 
appointment 
scheduling 

0.4197* 0.0583 -0.0137 0.1036 0.0042 0.0059 -0.0792 0.3623 0.1246 -0.0467 0.0841 0.5026 

F3. Viewing the list of 
hospitalized patients 

0.3422* 0.0149 0.0474 0.0726 0.0166 0.0285 0.2066 0.2512 -0.1021 -0.0288 -0.1081 0.5337 

F4. Outpatient medication 
order entry 

0.5869* 0.0253 -0.1027 0.0063 -0.0101 -0.0075 0.1462 0.0384 0.4023 -0.0132 -0.1047 0.6537 

F5. Outpatient lab order 
entry 

0.8895* -0.0089 -0.0294 -0.0130 -0.0482 -0.0510 0.0755 -0.0857 0.1927 -0.0293 0.1722 0.8077 

F6. Outpatient lab results 
viewing 

0.8361* -0.0048 0.0188 -0.0579 -0.0165 -0.0842 0.0049 -0.0097 0.1766 0.0148 0.2597 0.7851 

F7. Outpatient imaging 
order entry 

0.8651* -0.0169 -0.0225 0.0264 0.0639 -0.0552 -0.0272 -0.0578 0.1730 0.0363 0.0505 0.7359 

F8. Electronic image 
viewing (instead of 
using films) for 
outpatients 

0.0505 -0.0418 -0.0531 -0.0073 0.9110* -0.0121 0.0080 0.0315 0.0257 0.0148 -0.0086 0.8336 

F9. Documentation of 
history & physical 
examination of 
outpatients 

0.3981 -0.0504 0.0347 -0.0183 -0.0405 0.2622 -0.0167 -0.0020 0.5232* 0.0260 0.0299 0.6754 

F10. Inpatient medication 
order entry 

0.7165* 0.0202 0.0561 0.0150 -0.0212 0.1857 0.0328 -0.0756 -0.0131 -0.0220 -0.2358 0.7149 

F11. Inpatient lab order 
entry 

0.9681* 0.0064 0.0384 0.0135 -0.0257 0.0339 -0.0405 -0.1236 -0.0329 0.0040 -0.0225 0.8502 

F12. Inpatient lab results 
viewing 

0.8669* 0.0142 0.0978 0.0130 0.0059 -0.0253 -0.1520 0.0100 -0.0370 0.0068 0.0973 0.7542 

F13. Inpatient imaging 
order entry 

0.8785* 0.0107 0.0244 0.0636 0.0837 0.0409 -0.1177 -0.0870 -0.0379 -0.0347 -0.0938 0.7090 
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Table 5.13 Rotated factor pattern matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax rotation 
(continued). 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10 Factor 11 Comm-
unalities

F14. Electronic image 
viewing (instead of 
using films) for 
inpatients 

0.0316 -0.0655 -0.0507 -0.0078 0.9211* 0.0351 0.0045 0.0509 0.0290 0.0071 -0.0396 0.8565 

F15. Documentation of 
history, physical 
examination & 
progress note of 
inpatients 

0.0124 0.0023 -0.0238 -0.0123 0.0996 0.8380* -0.0651 0.0080 0.1276 0.0000 -0.0096 0.7334 

F16. Discharge summary 
documentation 

0.2341 0.0678 0.0897 0.0683 -0.0173 0.4866* 0.0029 0.0214 0.0919 -0.0377 -0.1426 0.5535 

F17. Documentation of 
medication 
administration to 
patients 

0.0480 -0.0365 0.0004 -0.0222 -0.0501 0.8620* -0.0010 -0.0258 0.0513 -0.0082 0.0580 0.7438 

F18. Nursing 
documentation 

-0.0446 -0.0008 -0.0329 0.0107 0.0309 0.9098* -0.0730 0.0456 0.1141 -0.0386 0.0277 0.7949 

F19. Outpatient medication 
dispensing 

0.2777 0.0083 0.0148 -0.0450 0.0052 -0.0736 0.3729* 0.2857 0.1519 0.0401 -0.2049 0.6940 

F20. Inpatient medication 
dispensing 

0.3598* 0.0077 0.0867 -0.0650 0.0176 0.0489 0.2710 0.2230 -0.0977 0.0807 -0.2971 0.7082 

F21. Pharmacy inventory 
control 

-0.2070 0.0305 0.0253 0.0399 0.1086 -0.0124 -0.0721 0.8684* -0.1067 -0.0253 0.1239 0.6140 

F22. Automatic drug 
allergy checking 

0.1764 -0.0219 0.0783 -0.0334 0.0033 -0.0038 -0.0293 0.6810* 0.2136 -0.0157 0.0814 0.7177 

F23. Automatic drug 
interaction checking 

0.0757 0.0514 0.0332 0.0252 -0.0057 0.0086 -0.2474 0.7557* 0.2123 0.0359 0.1480 0.6154 

F24. Patient billing 0.3205 -0.0468 -0.0387 -0.0731 -0.0699 0.0815 0.3017 0.3262* -0.3100 0.0150 0.1720 0.6159 
F25. Reimbursement 

claims 
0.1496 -0.0270 -0.0318 -0.0443 -0.1296 0.1536 0.3149 0.4505* -0.2718 -0.0063 0.2459 0.6542 
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Table 5.13 Rotated factor pattern matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax rotation 
(continued). 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10 Factor 11 Comm-
unalities

Technological Sophistication (“To what extent is each of the technologies made available in your hospital?”) 
T1. Internet access -0.1361 0.0489 0.0545 0.0020 -0.0321 0.0011 0.8945* -0.3243 0.1756 0.0167 0.1526 0.6407 
T2. Hospital Web site -0.0388 0.0333 -0.1109 0.1439 0.0970 0.0494 0.4807* -0.0141 -0.0773 0.0222 0.3741 0.3987 
T3. Local area network 

(LAN) 
0.0839 -0.0050 0.0728 -0.0433 0.0618 -0.0757 0.7659* -0.0572 0.0491 0.0479 0.0903 0.6391 

T4. Master Patient Index -0.0571 -0.0228 0.0924 0.0845 0.0416 -0.0486 0.6473* 0.0992 0.0831 -0.0660 0.0262 0.5387 
T5. Computerized 

physician order entry 
0.2301 -0.0140 0.1602 0.0059 0.0500 0.0526 0.1582 0.0238 0.5592* -0.0144 0.0974 0.6595 

T6. Electronic medication 
administration records 

0.0349 -0.0058 -0.0311 -0.0097 0.0064 0.4527* 0.1974 0.0550 0.4147 -0.0443 -0.0319 0.5394 

T7. Electronic medical 
records that 
documents clinical 
care in the system 

0.0498 0.0312 0.1761 -0.0645 -0.0378 0.2382 0.2013 0.0094 0.5014* 0.0478 0.0178 0.6018 

T8. Laboratory 
information system 

0.0947 -0.0430 0.0253 -0.0567 0.0122 -0.0018 0.0838 0.3083 0.0612 -0.0317 0.6620* 0.5581 

T9. Picture archiving and 
communication 
system (PACS) for 
electronic storage of 
medical images 
instead of films 

-0.0003 -0.0352 -0.0519 -0.0384 0.9216* -0.0600 0.0457 0.0325 0.0100 0.0027 0.0542 0.8474 

T10. Barcode use in patient 
care 

-0.0124 0.1276 0.0251 0.0387 0.4216* 0.0234 0.0974 -0.0360 -0.0255 0.0009 0.3293 0.3962 

Internal Integration Sophistication (“To what extent is each type of information shared or transmitted among the information systems within your hospital?”) 
II1. Patient’s demographic 

information 
-0.0482 -0.0107 0.7968* 0.0597 0.0203 -0.0938 0.0747 0.1139 0.0874 -0.0278 -0.0170 0.7257 

II2. Outpatient’s history 
and medical 
documentation 

-0.0198 0.0234 0.7157* -0.0205 -0.0315 0.1108 -0.0148 -0.0188 0.3422 0.0322 0.0066 0.7848 
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Table 5.13 Rotated factor pattern matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax rotation 
(continued). 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10 Factor 11 Comm-
unalities

II3. Outpatient’s 
diagnoses 

-0.0063 -0.0102 0.8623* -0.0242 -0.0181 -0.0941 0.0539 0.0298 0.2295 0.0114 0.0093 0.8562 

II4. Outpatient’s 
medication orders 

0.0662 -0.0321 0.8535* -0.0126 0.0155 -0.1496 0.0751 0.0013 0.1383 0.0054 -0.0115 0.8063 

II5. Inpatient’s history and 
medical 
documentation 

-0.0854 -0.0106 0.6282* 0.0621 -0.0379 0.4196 -0.0309 -0.0717 0.1292 -0.0225 0.0193 0.7250 

II6. Inpatient’s diagnoses -0.0390 0.0291 0.8607* 0.0009 -0.0040 0.0380 0.0319 0.0333 0.0032 -0.0148 -0.0625 0.7878 
II7. Inpatient’s medication 

orders 
0.1568 0.0149 0.8047* 0.0196 0.0111 0.0645 0.0203 -0.0953 -0.1679 -0.0047 -0.1233 0.7924 

II8. Surgical operations 
and procedures 

0.0555 0.0583 0.7367* -0.0318 0.0281 0.0965 -0.0443 0.0631 -0.1989 -0.0174 0.0746 0.6858 

II9. Laboratory results 0.3619 -0.0438 0.6692* -0.0240 0.0310 -0.1289 -0.0646 0.0055 -0.1343 0.0511 0.2330 0.7600 
II10. Medical images and 

results 
-0.0490 0.0334 0.2339 0.0353 0.7247* 0.0751 -0.0323 0.0070 -0.0526 -0.0159 0.0139 0.6465 

External Integration Sophistication (“To what extent is each type of information shared or transmitted between your hospital’s information systems and other 
information systems outside your hospital?”) 
EI1. Patient’s demographic 

information 
-0.0422 0.8991* -0.0013 0.0247 -0.0177 -0.0550 0.0346 0.0256 0.0464 -0.0097 -0.0414 0.7959 

EI2. Outpatient’s history 
and medical 
documentation 

-0.0442 0.8915* 0.0270 0.0018 -0.0536 0.0336 -0.0169 -0.0025 0.0876 0.0079 0.0022 0.8202 

EI3. Outpatient’s 
diagnoses 

-0.0060 0.9473* -0.0045 -0.0183 -0.0361 -0.1117 0.0235 0.0699 0.0606 -0.0149 -0.0425 0.8728 

EI4. Outpatient’s 
medication orders 

-0.0200 0.9386* 0.0026 -0.0010 -0.0169 -0.0436 0.0147 0.0536 0.0284 -0.0275 -0.0153 0.8733 

EI5. Inpatient’s history and 
medical 
documentation 

-0.0167 0.8797* -0.0125 0.0057 0.0049 0.1214 -0.0021 -0.0505 0.0048 0.0104 0.0088 0.8245 

EI6. Inpatient’s diagnoses 0.0152 0.9461* -0.0083 0.0121 -0.0240 -0.0696 0.0140 0.0275 -0.0316 -0.0229 -0.0535 0.8660 
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Table 5.13 Rotated factor pattern matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax rotation 
(continued). 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 Factor 10 Factor 11 Comm-
unalities

EI7. Inpatient’s medication 
orders 

-0.0041 0.9128* 0.0055 -0.0026 -0.0015 0.0676 0.0016 -0.0004 -0.0726 0.0182 -0.0014 0.8695 

EI8. Surgical operations 
and procedures 

0.0281 0.9032* 0.0163 -0.0132 0.0101 -0.0387 0.0233 0.0308 -0.0823 -0.0053 0.0024 0.8274 

EI9. Laboratory results 0.1481 0.8127* 0.0064 -0.0159 0.0235 0.0484 -0.0573 -0.0688 -0.0477 0.0411 0.0846 0.7438 
EI10. Medical images and 

results 
-0.0006 0.5187* -0.0503 -0.0430 0.4049 0.1176 -0.0176 -0.0613 0.0051 0.0572 0.1374 0.5611 

Variance Explained by 
Factor, Eliminating Other 
Factors 

3.6523 6.7669 3.3568 3.2232 3.1311 2.4062 1.8344 1.6098 1.9256 1.4820 1.3000  

Inter-factor Correlations 
Factor 1 1            
Factor 2 0.1729 1           
Factor 3 0.5711 0.2926 1          
Factor 4 0.2871 0.1718 0.3120 1         
Factor 5 0.1742 0.1160 0.0749 0.1305 1        
Factor 6 0.4417 0.2790 0.4530 0.2804 0.2001 1       
Factor 7 0.5072 0.1515 0.4568 0.3246 0.0472 0.2790 1      
Factor 8 0.5636 0.1768 0.4272 0.3000 0.2054 0.2789 0.6171 1     
Factor 9 0.0808 0.0224 0.1419 -0.0080 -0.1634 0.0637 0.1711 0.1069 1    
Factor 10 0.2265 0.0417 0.2063 0.3987 0.0918 0.1821 0.2320 0.2350 0.0098 1   
Factor 11 -0.0686 0.0381 -0.0097 0.0589 0.1054 -0.0104 -0.1685 -0.1812 -0.0406 0.1198 1  
M = Managerial sophistication, F = Functional sophistication, T = Technological sophistication, II = Internal integration sophistication, EI = External integration 
sophistication. Number of factors based on eigenvalues > 1. Factor extraction method = Principal component analysis. Rotation method = Promax. Correlations 
among factors accounted for in factor loadings (factor pattern matrix). Shaded cells indicate factor loadings ≥ 0.40. 
*Factor on which each item has the highest factor loading. 
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 The factor loading pattern in Table 5.13 is very similar to that of Table 5.12. 

However, it reveals that viewing the list of hospitalized patients (F3), Outpatient 

medication dispensing (F19), Inpatient medication dispensing (F20), and Patient billing 

(F24) failed to load substantially on any factor when inter-factor correlations have been 

taken into account. These findings, together with the fact that they are not substantively 

important clinical functions of health IT, suggest that they should be dropped. With few 

exceptions, findings based on another factor extraction method, principal axis factoring 

(PAF), were similar (results not shown). One difference between the factor structure 

matrices of PCA and PAF was the item Our hospital sets clear vision, goals, and plans 

on IT works (C3) which in PAF belonged to Factor 4. 

 Since the scree plot in Figure 5.6 suggests that the first 6-7 factors were most 

relevant, a separate exploratory factor analysis was done by restricting the number of 

factors retained to 7 factors (instead of using the criterion of eigenvalues larger than one 

which led to 11 factors). Findings from the factor structure matrix based on the PCA 

extraction method are reported in Table 5.14. Results from the PCA’s factor pattern 

matrix and the PAF extraction method were not reported but essentially similar. 

 

 

 

 

 

 



 

138 

Table 5.14 Rotated factor structure matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax 
rotation and restricting the number of factors to 7. 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Communal-
ities 

Managerial Sophistication (“To what extent do you agree or disagree with each of the following statements?”) 
M1. Our hospital is open to new 

ways of conducting operations.
0.1390 0.0303 0.6061* 0.1825 0.2032 0.1086 0.0843 0.3757 

M2. Our top-level management fully 
supports the use of IT. 

0.2454 0.0789 0.6132* 0.1856 0.2700 0.1162 0.1138 0.3922 

M3. Our hospital sets clear vision, 
goals, and plans on IT works. 

0.2162 0.1086 0.7594* 0.2526 0.2791 0.2237 0.1139 0.5841 

M4. Our hospital communicates 
goals, plans and progress on IT 
works to stakeholders clearly. 

0.2472 0.1274 0.7594* 0.2668 0.2700 0.2230 0.1154 0.5814 

M5. Those who will use the 
information systems are fully 
involved in hospital IT 
development. 

0.1420 0.1179 0.7382* 0.1626 0.1378 0.1282 0.1020 0.5535 

M6. The team of users involved in 
our IT development comes 
from several disciplines. 

0.2264 0.1522 0.6902* 0.1949 0.1648 0.0962 0.0841 0.4918 

M7. The majority of hospital 
employees are committed to 
achieving the envisioned 
organizational goals. 

0.1771 0.0734 0.6738* 0.1699 0.1907 0.1744 0.0539 0.4605 

M8. In our hospital’s IT 
development, the workflow 
changes are carefully 
considered.

0.2515 0.1039 0.7641* 0.2305 0.2347 0.1983 0.0985 0.5876 

M9. Our hospital provides training 
to those who will use the 
system adequately. 

0.2394 0.1408 0.6814* 0.2292 0.3143 0.1593 0.1128 0.4803 
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Table 5.14 Rotated factor structure matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax 
rotation and restricting the number of factors to 7 (continued). 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Communal-
ities 

M10. Our hospital has a process in 
place to track work progress 
and manage IT works 
appropriately. 

0.2375 0.1488 0.7640* 0.2864 0.2483 0.2316 0.1437 0.5901 

M11. Our hospital uses our past 
experience as lessons driving 
our current works. 

0.2413 0.1220 0.7304* 0.2731 0.2782 0.2221 0.1039 0.5411 

Functional Sophistication (“How much is each of the activities supported by computerized information systems in your hospital?”) 
F1. Patient registration and 

recording of patient’s 
demographic information 

0.5066 0.1077 0.2935 0.3549 0.6820* 0.2712 0.0285 0.5144 

F2. Outpatient appointment 
scheduling

0.6381* 0.2013 0.2804 0.3865 0.4783 0.3155 0.1589 0.4587 

F3. Viewing the list of hospitalized 
patients

0.6015* 0.1582 0.2829 0.3930 0.5683 0.2749 0.1310 0.4698 

F4. Outpatient medication order 
entry

0.6740* 0.1257 0.1623 0.3815 0.5412 0.4343 -0.0424 0.5677 

F5. Outpatient lab order entry  0.8516* 0.1299 0.2193 0.4747 0.4688 0.3838 0.0664 0.7381 
F6. Outpatient lab results viewing  0.8296* 0.1387 0.2156 0.4842 0.4441 0.3409 0.1319 0.6948 
F7. Outpatient imaging order entry 0.8353* 0.1191 0.2615 0.4463 0.4121 0.3681 0.1552 0.7005 
F8. Electronic image viewing 

(instead of using films) for 
outpatients

0.1816 0.0592 0.1127 0.0250 0.0689 0.0889 0.8812* 0.7871 

F9. Documentation of history & 
physical examination of 
outpatients

0.5908 0.1136 0.1779 0.4726 0.4177 0.6397* -0.0384 0.5752 

F10. Inpatient medication order 
entry

0.7755* 0.1717 0.2185 0.4711 0.4003 0.4799 0.0528 0.6411 

F11. Inpatient lab order entry  0.9043* 0.1570 0.2604 0.4960 0.3734 0.3934 0.1175 0.8276 
F12. Inpatient lab results viewing  0.8524* 0.1701 0.2637 0.4964 0.3358 0.3220 0.1915 0.7453 
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Table 5.14 Rotated factor structure matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax 
rotation and restricting the number of factors to 7 (continued). 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Communal-
ities 

F13. Inpatient imaging order entry 0.8182* 0.1511 0.2427 0.4234 0.2894 0.3568 0.1993 0.6886 
F14. Electronic image viewing 

(instead of using films) for 
inpatients

0.1881 0.0460 0.1116 0.0318 0.0799 0.1240 0.8875* 0.8063 

F15. Documentation of history, 
physical examination & 
progress note of inpatients 

0.3552 0.2265 0.2139 0.3326 0.1861 0.8104* 0.2398 0.6982 

F16. Discharge summary 
documentation 

0.5204 0.2626 0.2583 0.4570 0.3424 0.6538* 0.0815 0.5180 

F17. Documentation of medication 
administration to patients 

0.3759 0.1940 0.2225 0.3622 0.2120 0.8056* 0.1315 0.6618 

F18. Nursing documentation  0.3265 0.2321 0.2174 0.3266 0.1814 0.8394* 0.1990 0.7346 
F19. Outpatient medication 

dispensing
0.5882 0.1186 0.1939 0.4034 0.7409* 0.2991 -0.0054 0.6295 

F20. Inpatient medication 
dispensing

0.6394* 0.1397 0.2217 0.4301 0.6296 0.3191 0.0696 0.5459 

F21. Pharmacy inventory control  0.2829 0.1529 0.2172 0.1971 0.4902* 0.0563 0.3214 0.3545 
F22. Automatic drug allergy 

checking
0.6174 0.1445 0.2104 0.4502 0.6731* 0.3273 0.1433 0.5753 

F23. Automatic drug interaction 
checking

0.4903 0.1912 0.2397 0.3498 0.5029* 0.2657 0.1770 0.3527 

F24. Patient billing  0.5630 0.0933 0.2387 0.3015 0.5691* 0.1741 0.1771 0.4586 
F25. Reimbursement claims  0.5089 0.1332 0.2719 0.3211 0.6263* 0.2235 0.1511 0.4627 

Technological Sophistication (“To what extent is each of the technologies made available in your hospital?”) 
T1. Internet access  0.1225 0.1359 0.2022 0.3067 0.5866* 0.2609 -0.0988 0.4190 
T2. Hospital Web site  0.1792 0.1426 0.3507 0.1544 0.3985* 0.1389 0.2488 0.2701 
T3. Local area network (LAN)  0.3960 0.1206 0.2510 0.3970 0.7286* 0.2409 0.0685 0.5408 
T4. Master Patient Index  0.3223 0.1087 0.2595 0.3696 0.6989* 0.2353 0.0395 0.4984 
T5. Computerized physician order 

entry
0.5182 0.1512 0.1927 0.5340* 0.5324 0.5256 0.0106 0.4964 
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Table 5.14 Rotated factor structure matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax 
rotation and restricting the number of factors to 7 (continued). 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Communal-
ities 

T6. Electronic medication 
administration records 

0.3741 0.1606 0.1519 0.3650 0.4522 0.6696* 0.0015 0.5219 

T7. Electronic medical records that 
documents clinical care in the 
system

0.4087 0.1949 0.1637 0.5193 0.5050 0.6080* -0.0741 0.5290 

T8. Laboratory information system 0.3296 0.0977 0.1830 0.2695 0.3558* 0.1385 0.2678 0.2183 
T9. Picture archiving and 

communication system (PACS) 
for electronic storage of 
medical images instead of films

0.1203 0.0513 0.0730 -0.0110 0.0517 0.0224 0.8923* 0.8105 

T10. Barcode use in patient care  0.1377 0.2327 0.2017 0.1489 0.1051 0.1174 0.5389* 0.3309 
Internal Integration Sophistication (“To what extent is each type of information shared or transmitted among the information systems within your hospital?”) 
II1. Patient’s demographic 

information
0.4575 0.2240 0.2858 0.8324* 0.4907 0.3383 0.0563 0.7164 

II2. Outpatient’s history and 
medical documentation 

0.4481 0.2588 0.2288 0.8342* 0.4104 0.5587 -0.0324 0.7477 

II3. Outpatient’s diagnoses  0.4836 0.2267 0.2328 0.9054* 0.4856 0.4085 -0.0184 0.8360 
II4. Outpatient’s medication orders 0.5077 0.1971 0.2390 0.8815* 0.4735 0.3411 0.0206 0.7969 
II5. Inpatient’s history and medical 

documentation 
0.3929 0.2617 0.2947 0.7561* 0.2949 0.6613 0.0520 0.7171 

II6. Inpatient’s diagnoses  0.4648 0.2793 0.2587 0.8762* 0.4197 0.4171 0.0545 0.7707 
II7. Inpatient’s medication orders  0.5377 0.2580 0.2827 0.8349* 0.3433 0.3902 0.0979 0.7185 
II8. Surgical operations and 

procedures
0.4746 0.3005 0.2538 0.7651* 0.3123 0.3466 0.1987 0.6231 

II9. Laboratory results  0.6285 0.1822 0.3020 0.7625* 0.3423 0.2349 0.2157 0.7149 
II10. Medical images and results  0.2144 0.1954 0.1908 0.2663 0.0916 0.2034 0.7572* 0.6325 

External Integration Sophistication (“To what extent is each type of information shared or transmitted between your hospital’s information systems and other 
information systems outside your hospital?”) 
EI1. Patient’s demographic 

information
0.1172 0.8855* 0.1339 0.2400 0.1689 0.1940 0.0662 0.7903 
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Table 5.14 Rotated factor structure matrix for survey items in the nationwide study, using principal component analysis (PCA) with Promax 
rotation and restricting the number of factors to 7 (continued). 

Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Communal-
ities 

EI2. Outpatient’s history and 
medical documentation 

0.1291 0.8967* 0.1359 0.2810 0.1408 0.2759 0.0478 0.8148 

EI3. Outpatient’s diagnoses  0.1440 0.9202* 0.0956 0.2476 0.1942 0.1681 0.0474 0.8635 
EI4. Outpatient’s medication orders 0.1477 0.9309* 0.1208 0.2600 0.1764 0.2080 0.0911 0.8708 
EI5. Inpatient’s history and medical 

documentation 
0.1452 0.9002* 0.1616 0.2596 0.1112 0.3098 0.1352 0.8229 

EI6. Inpatient’s diagnoses  0.1437 0.9252* 0.1225 0.2337 0.1495 0.1651 0.0835 0.8626 
EI7. Inpatient’s medication orders  0.1656 0.9283* 0.1702 0.2681 0.1350 0.2567 0.1505 0.8639 
EI8. Surgical operations and 

procedures
0.1776 0.9051* 0.1422 0.2608 0.1614 0.1790 0.1502 0.8247 

EI9. Laboratory results  0.2435 0.8410* 0.1787 0.2835 0.0954 0.2587 0.1898 0.7322 
EI10. Medical images and results  0.1352 0.5794* 0.1489 0.1482 0.0380 0.2359 0.5126 0.5444 
Variance Explained by Factor, 
Ignoring Other Factors 

13.5303 9.2576 8.1842 12.4585 10.1416 8.6712 4.5132  

Inter-factor Correlations 
Factor 1 1        
Factor 2 0.1657 1       
Factor 3 0.2775 0.1586 1      
Factor 4 0.5221 0.2793 0.2922 1     
Factor 5 0.4791 0.1531 0.2926 0.4402 1    
Factor 6 0.4072 0.2447 0.2234 0.4494 0.3064 1   
Factor 7 0.1731 0.1323 0.1629 0.0527 0.0330 0.0670 1  

M = Managerial sophistication, F = Functional sophistication, T = Technological sophistication, II = Internal integration sophistication, EI = External integration 
sophistication. Number of factors restricted to 7 based on scree plot. Factor extraction method = Principal component analysis. Rotation method = Promax. 
Correlations among factors not accounted for in factor loadings (factor structure matrix). Shaded cells indicate factor loadings ≥ 0.40. 
*Factor on which each item has the highest factor loading. 
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Table 5.14 shows that when forced to retain only 7 factors, some of the factors 

revealed from the earlier analysis were combined into a single factor. These included 

items related to management practices that were previously split into 2 factors but now 

combined (operational management practices and high-level executive management 

practices); IT adoption to support pharmacy and billing functions that was combined with 

adoption of basic infrastructural technologies; and items related to use of IT to support 

inpatient clinical documentation that were combined with technological adoption of 

electronic medical records and electronic medication administration records. On the other 

hand, the factor loading patterns of other factors were virtually unchanged, including the 

previously identified factors on IT adoption to support clinical workflows, information 

sharing within the hospital, information sharing outside the hospital, and the factor 

related to PACS and imaging items. One item, adoption of laboratory information 

system, failed to load substantially on any factor. 

From these exploratory factor analysis results, the following decisions were made: 

1. Items that failed to load substantially on any factor or performed poorly were 

dropped, including: 

- Viewing the list of hospitalized patients (F3) 

- Outpatient medication dispensing (F19) 

- Inpatient medication dispensing (F20) 

- Patient billing (F24) 

- Laboratory information system (T8; Factor 11) 



 

144 

Factor loadings of these items suggested that they were not associated with 

other items in a coherent manner. They also did not represent substantively important 

clinical functions or health IT but rather reflect mostly non-clinical operational functions. 

Retaining of these items might jeopardize the validity of further analyses. 

2. Factors that only explained a small amount of the items’ variance and did not 

appear to be substantively meaningful or very important to the purpose of this 

study were dropped, including: 

- PACS adoption, electronic image viewing, internal sharing of imaging 

information, and adoption of barcoding technologies (Factor 5) 

- IT adoption to support pharmacy and billing functions (Factor 8) 

- IT adoption to support other clinical functions and technologies (Factor 9) 

- The extent of facilitating high-level executive management practices 

related to organizational IT (Factor 10) 

In Thai hospitals, PACS is not widely adopted except in large, mostly 

teaching hospitals. Including this factor (Factor 5) would not help explain much of the 

hospital IT adoption processes in Thailand. The fact that adoption of barcoding 

technologies (which are not heavily adopted in Thai hospitals) belonged to this factor 

also raises a concern on whether this factor simply refers to miscellaneous, less adopted 

technologies. Similarly, the aggregation of pharmacy functions such as inventory control, 

CDSS alerts together with billing and reimbursement items suggest that this factor may 

simply reflect another miscellaneous group of mostly non-clinical items. The reason that 

CDSS alerts belong to this factor might be because in many hospitals, the CDSS features 
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are implemented to support the work processes of the pharmacy (e.g., with pharmacists as 

primary users of these features) rather than to support the clinical workflows of 

physicians (Factor 10). For Factor 9, even though this factor contains some clinically 

important items such as adoption of CPOE and electronic clinical documentation 

technologies, the hospital functions that are supported by these technologies have already 

been represented in other factors, and little additional amount of variance was explained 

by this factor. The fact that these items in Factor 9 did not belong together with those 

other factors suggests that these items may behave erratically, perhaps because of 

problematic interpretation of these items. Lastly, the three managerial items focusing on 

high-level executive IT management did not belong with another factor on IT 

management, indicating that the two managerial factors operate at different levels of IT 

adoption. Since Factor 10 explained little variance in the data, its items were unlikely to 

be very important to hospital IT adoption in this population. For these reasons, these 

factors were dropped. 

3. Items that did not appear to be conceptually coherent with or relevant to other 

items in the same factor were also dropped, including: 

- Medical images and results (EI10) (inconsistent with other imaging items) 

- Outpatient appointment scheduling (F2) 

While the extent of information sharing for medical images and results outside 

the hospitals belonged with the extent of external information sharing for other types of 

information, the extent of information sharing for this information type within the 

hospitals did not belong with the extent of internal information sharing for other 
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information types. Instead, it formed a new factor together with other PACS and 

imaging-related items. This constrasting finding suggests that items related to PACS and 

imaging did not behave coherently. In order to make the constructs on internal and 

external information sharing conceptually similar, this item was therefore dropped. For 

the item outpatient appointment scheduling, it does not represent a clinically important 

function unlike other items in the same factor (e.g., order entry and results viewing). The 

fact that it loaded on another factor (Factor 8 which was dropped) almost equally well 

reinforces the argument that this item does not contribute much to the substantive 

meaning of Factor 1 to which it belonged. This item was thus removed from Factor 1. 

4. Finally, an item that had a large overlap with another item in the same factor 

was dropped: 

- Electronic medication administration records (T6) (overlapped with 

Documentation of medication administration to patients (F17) and also 

failed to load substantially in PAF factor pattern matrix [results not 

shown]) 

While these two items refer to two different aspects of IT adoption 

(technological vs. functional), they are closely related conceptually, and since other items 

in the same factor focused on the functional aspect, the item on technological adoption of 

electronic medication administration records was therefore removed. 

With these decisions, the following factors were retained and used in subsequent 

analyses: 



 

147 

Factor 1 The extent of IT adoption to support clinical workflows of EHR 

systems not related to clinical notes, including order entry for 

medications, laboratory tests, and imaging as well as electronic 

results viewing for laboratory tests, both in outpatient and inpatient 

settings (F4-F7, F10-F13). 

Factor 2 The extent of information sharing with outside entities (EI1-EI9). 

Factor 3 The extent of information sharing within the hospital (II1-II9). 

Factor 4 The extent of facilitating operational management practices in IT 

implementation (C4-C11). 

Factor 5 The extent of IT adoption to support inpatient clinical 

documentation (clinical notes, discharge summaries, medication 

administration records, and nursing documentation) (F15-F18). 

Factor 6 The extent of adoption of basic infrastructural technologies 

(Internet, Web site, LAN, master patient index) (T1-T4). 

 These modified factor patterns appeared more conceptually interpretable and 

parsimonious than the original factor patterns discovered through exploratory factor 

analysis. While items related to adoption of basic infrastructural technologies were 

combined with another factor when restricting the number of factors retained to seven, 

these items still represent an important and distinct aspect of IT adoption uncaptured by 

other factors, namely the adoption of basic technologies that serve as the technological 

infrastructure of the hospital beneath other health IT. The decision therefore was made to 

include this factor as part of further analyses. Next, descriptive analysis is described. 
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5.4 Descriptive Analysis of Hospital IT Adoption in the Nationwide Study 

 Table 5.15 shows other descriptive statistics among the respondents. The majority 

of respondents were male (67%), received a bachelor’s degree (60%), had non-degree 

training in IT (54%), graduated in a health science-related area (58%), but had no formal 

training in management (45%). Their average age was 39 years, and they had worked in 

IT-related capacities for an average of 8 years. Many of them had IT responsibilities 

(17% as an IT executive; 31% as an IT chief; and 20% as a non-executive IT staff 

member), were hospital executives (18%), or were users involved in IT projects (13%). 

Table 5.15 Descriptive statistics of respondents. 

Characteristic No. of Responses* Statistic† 
Gender 
   Female 
   Male 

893 
296 
597 

 
33.1% 
66.9% 

Age (years) 889 39.2 ± 8.8 (22.0-79.0) 
Educational level achieved 
   Below bachelor’s 
   Bachelor’s (including M.D.)‡ 
   Master’s degree or higher (including specialist physician) 

902 
42 
543 
317 

 
4.7% 
60.2% 
35.1% 

IT training 
   No formal training 
   Non-degree training 
   Received a degree 

901 
170 
491 
240 

 
18.9% 
54.5% 
26.6% 

Health science training 
   No formal training 
   Non-degree training 
   Received a degree 

900 
255 
126 
519 

 
28.3% 
14.0% 
57.7% 

Management training 
   No formal training 
   Non-degree training 
   Received a degree 

899 
401 
336 
162 

 
44.6% 
37.4% 
18.0% 

Duration in IT-related job at any workplace (years) 862 8.3 ± 5.9 (0.1-32.0) 
Job role 
   Director or senior executive 
   Hospital executive with direct IT oversight 
   IT manager/head of IT unit 
   Non-executive IT specialist 
   Hospital worker with past/present role in IT projects 
   Hospital worker without role in IT projects 

894 
157 
148 
277 
181 
113 
18 

 
17.6% 
16.6% 
31.0% 
20.2% 
12.6% 
2.0% 

*Numbers may not sum up to all respondents because of missing data. 
†Data are mean ± SD (range) or frequency in %. 
‡In Thailand, an M.D. degree is a 6-year bachelor’s degree because there are no pre-medical years. 
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 The majority of responding hospitals were public (83%), non-teaching (79%) 

hospitals, and they had on average 368 total employees and 4 IT employees (see Table 

5.16). Almost half did not provide either the amount of total budget or IT budget or both, 

but some of them provided the subjective estimate of the ratio between the two amounts. 

This suggests that respondents of many hospitals did not have access to this information, 

and its accuracy among those who provided was doubtful. Among those who provided 

the amounts, the ratio of IT budget to total budget was 2.7% on average, and more than 

half of the hospitals had an IT/total budget ratio from 1–4%. The hospitals had 126 PCs 

on average, though the range was very wide. Three quarters of the respondents thought 

their hospitals had high or very high overall IT utilization. 

Table 5.16 Descriptive statistics of responding hospitals. 

Characteristic Number of Responses* Statistic† 
Public status 
   Private 
   Public 

908 
158 
750 

 
17.4% 
82.6% 

Teaching status 
   Non-teaching 
   Teaching 

901 
716 
185 

 
79.5% 
20.5% 

Total employees 890 368.2 ± 573.5 (10-5269) 
IT employees 901 4.3 ± 5.3 (0-60) 
Total budget (million baht)  443 146.67 ± 313.60 (0.25-3,067) 
IT budget (million baht)  598 2.77 ± 8.79 (0-100) 
Ratio of IT budget to total budget‡ 
   < 1% 
   1-4% 
   5-8% 
   > 8% 

416 
135 
218 
40 
23

2.7% ± 4.6% (0-43.3%) 
32.5% 
52.4% 
9.6% 
5.5% 

Subjective estimate of IT budget to total 
budget ratio§ 
   < 1% 
   1-4% 
   5-8% 
   > 8% 

612 
 

158 
353 
69 
32 

 
 

25.8% 
57.7% 
11.3% 
5.2% 
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Table 5.16 Descriptive statistics of responding hospitals (continued). 

Characteristic Number of Responses* Statistic† 
Extent of overall IT utilization 
   Very low 
   Low 
   Moderate 
   High 
   Very high 

905 
5 

35 
169 
454 
242 

 
0.6% 
3.9% 
18.7% 
50.2% 
26.7% 

Total PCs in use 883 126.1 ± 218.6 (0-3,000) 
*Numbers may not sum up to all respondents because of missing data. 
†Data are mean ± SD (range) or frequency in %. Percentages may not sum to 100% because of rounding. 
‡Calculated only from respondents who provided both amounts 
§Some respondents also provided budget amounts for calculation above. 
 
 Table 5.17 shows the average score of each identified aspect of adoption (based 

on exploratory factor analysis above) for all hospitals nationwide from a scale of one to 

five. Most of the nationwide scores were in the moderate-to-high range, except external 

information sharing that was relatively low. The regional scores for all aspects of IT 

adoption were highest in the north and northeast regions, with the south, east, and west 

regions among the lowest except for external information sharing where the east and 

central regions had the lowest scores. The differences between the highest and lowest 

regional scores were statisticaly significant in all aspects, but the significance varied 

across aspects for scores in the middle of the ranges. 

Table 5.17 Descriptive statistics for IT adoption factor scores nationwide and by geographic 
region. 

Region 

IT Adoption Factor 
Extent of 

Facilitating 
Operational 
Management 

Practices* 

Extent of IT 
Support for 

Clinical 
Workflows* 

Extent of IT 
Support for 

Inpatient 
Clinical 

Document-
ation  

Extent of 
Adoption of 

Basic 
Infrastructural 
Technologies* 

Extent of 
Internal 

Information 
Sharing* 

Extent of 
External 

Information 
Sharing* 

Nation-
wide 

3.57 ± 0.67 4.18 ± 1.05 3.04 ± 1.35 4.31 ± 0.71 3.81 ± 1.07 2.34 ± 1.25 

Central 3.57a ± 0.63 4.17a ± 1.10 2.99ab ± 1.36 4.28ab ± 0.73 3.76ab ± 1.09 2.26ab ± 1.24 

East 3.58ab ± 0.65 4.09ab ± 1.21 2.89ab ± 1.32 4.25ac ± 0.70 3.59a ± 1.20 1.94a ± 1.12 

North 3.69a ± 0.69 4.24a ± 0.84 3.16a ± 1.35 4.37bc ± 0.69 3.97bc ± 1.03 2.42bc ± 1.28 
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Table 5.17 Descriptive statistics for IT adoption factor scores nationwide and by geographic 
region (continued). 

Region 

IT Adoption Factor 
Extent of 

Facilitating 
Operational 
Management 

Practices* 

Extent of IT 
Support for 

Clinical 
Workflows* 

Extent of IT 
Support for 

Inpatient 
Clinical 

Document-
ation  

Extent of 
Adoption of 

Basic 
Infrastructural 
Technologies* 

Extent of 
Internal 

Information 
Sharing* 

Extent of 
External 

Information 
Sharing* 

North-
east 

3.61a ± 0.69 4.31a ± 1.00 3.21a ± 1.32 4.42c ± 0.69 3.96c ± 1.01 2.55c ± 1.33 

South 3.40b ± 0.64 3.93b ± 1.11 2.82b ± 1.26 4.20a ± 0.64 3.65a ± 1.03 2.29ab ± 1.13 

West 3.48ab ± 0.84 4.20ab ± 1.04 3.05ab ± 1.51 4.17ab ± 0.82 3.69abc ± 1.15 2.28ac ± 1.19 
Data are mean ± SD. Each factor refers to the identified and retained factor discovered from the observed 
data through exploratory factor analysis (see text on subsection 5.3.2. for detailed operationalization). For 
each regional comparison within the same column, scores with different letters were significantly different 
(p < 0.05) while scores sharing the same letter were not distinguishable. 
*Scores that were significantly different among geographic regions in one-way analysis of variance F-test 
(p < 0.05). 
 
 The distributions of scores for each aspect of IT adoption are depicted in the 

corresponding histograms in Figures 5.7–5.12.  

 
 

Figure 5.7. The histogram of scores for the extent of facilitating operational management 
practices. The curve shows the superimposed normal distribution with the same mean and 
variance. 
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Figure 5.8. The histogram of scores for the extent of IT support for clinical workflows. The curve 
shows the superimposed normal distribution with the same mean and variance. 
 

 
 

Figure 5.9. The histogram of scores for the extent of IT support for inpatient clinical 
documentation. The curve shows the superimposed normal distribution with the same mean and 
variance. 
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Figure 5.10. The histogram of scores for the extent of adoption of basic infrastructural 
technologies. The curve shows the superimposed normal distribution with the same mean and 
variance. 

 

 
 

Figure 5.11. The histogram of scores for the extent of internal information sharing. The curve 
shows the superimposed normal distribution with the same mean and variance. 
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Figure 5.12. The histogram of scores for the extent of external information sharing. The curve 
shows the superimposed normal distribution with the same mean and variance. 
 
 It can be seen from the histograms that the scores for the extent of facilitating 

operational management practices were approximately normally distributed. The scores 

for the extent of IT support for clinical workflows, the extent of adoption of basic 

infrastructural technologies, and the extent of internal information sharing were skewed 

to the left. Unlike other dimensions, the scores for the extent of external information 

sharing were clearly skewed to the right, with about one-third of the hospitals having a 

score of 1.20 or below (Figure 5.12). The different patterns of distributions for internal 

and external information sharing (Figures 5.11 and 5.12) also reinforce the observations 

from the pilot study and exploratory factor analysis that these two aspects of IT adoption 

are likely distinct and separate. 

 The descriptive statistics of individual IT adoption items are presented in 

Appendix E. Most of the items had a score in the medium to high range, except external 
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integration items where the items mostly had an average below 2.5 from a scale of one to 

five. Another noticable departure from other items was the very low scores for items 

related to PACS and electronic image viewing in every dimension. Adoption of 

barcoding technologies also had a low average score. 

 Findings from univariate analyses of scores for the six aspects of IT adoption 

based on hospital and respondent characteristics are shown in Table 5.18. In a univariate 

simple linear regression, hospital bed size had a significant positive association with the 

extent of facilitating operational management and the extent of infrastructural 

technologies adoption, but it was negatively associated with the extent of IT support for 

inpatient clinical documentation. Upon closer look, two hospitals with more than 1,500 

beds were obvious outliers in these analyses (see Figure 5.13). When these two outliers 

were excluded, the significance patterns of the bivariate associations between scores of 

these aspects of IT adoption with bed size did not change. 

Table 5.18 Univariate analyses of scores for aspects of IT adoption and characteristics of 
hospitals and respondents. 

Character-
istics 

IT Adoption Factor 
Extent of 

Facilitating 
Operational 
Management 

Practices 

Extent of IT 
Support for 

Clinical 
Workflows 

Extent of IT 
Support for 

Inpatient 
Clinical 

Document-
ation  

Extent of 
Adoption of 
Basic Infra-
structural 

Technologies

Extent of 
Internal 

Information 
Sharing 

Extent of 
External 

Information 
Sharing 

Bed size (0.00029)* (-0.00026) (-0.00064)** (0.00035)** (-0.00023) (-0.00004) 

Public status 
   Private 
   Public 

 
3.58 ± 0.72 
3.56 ± 0.66 

** 
3.94 ± 1.26 
4.23 ± 0.99 

*** 
2.68 ± 1.32 
3.12 ± 1.34 

*** 
4.10 ± 0.83 
4.35 ± 0.67 

*** 
3.29 ± 1.24 
3.92 ± 1.00 

** 
2.09 ± 1.16 
2.39 ± 1.26 

Teaching status 
   Non-teaching 
   Teaching 

* 
3.54 ± 0.69 
3.67 ± 0.60 

 
4.16 ± 1.07 
4.21 ± 0.97 

 
3.03 ± 1.37 
3.07 ± 1.26 

*** 
4.26 ± 0.74 
4.50 ± 0.52 

 
3.77 ± 1.11 
3.92 ± 0.92 

** 
2.27 ± 1.25 
2.59 ± 1.23 

Age in years (0.003) (-0.005) (-0.033)*** (0.001) (-0.010)* (-0.012)* 

Gender 
   Female 
   Male 

 
3.54 ± 0.71 
3.58 ± 0.66 

 
4.16 ± 1.10 
4.19 ± 1.02 

*** 
2.82 ± 1.31 
3.15 ± 1.35 

* 
4.22 ± 0.78 
4.35 ± 0.67 

 
3.76 ± 1.10 
3.85 ± 1.05 

* 
2.19 ± 1.22 
2.40 ± 1.27 
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Table 5.18 Univariate analyses of scores for aspects of IT adoption and characteristics of 
hospitals and respondents (continued). 

Character-
istics 

IT Adoption Factor 
Extent of 

Facilitating 
Operational 
Management 

Practices 

Extent of IT 
Support for 

Clinical 
Workflows 

Extent of IT 
Support for 

Inpatient 
Clinical 

Document-
ation  

Extent of 
Adoption of 
Basic Infra-
structural 

Technologies

Extent of 
Internal 

Information 
Sharing 

Extent of 
External 

Information 
Sharing 

IT experience of 
respondent in 
years 

(0.021)*** (0.021)*** (-0.003) (0.015)*** (0.013)* (0.011) 

Education† 
   Below  
      bachelor’s 
   Bacheolor’s 
   Master’s or  
      higher 

 
3.65a ± 0.81 

 
3.56a ± 0.67 
3.56a ± 0.66 

 
4.13a ± 1.23 

 
4.21a ± 1.03 
4.13a ± 1.06 

*** 
3.82a ± 1.40 

 
3.17b ± 1.32 
2.72c ± 1.31 

 
4.24ab ± 0.68

 
4.27a ± 0.73 
4.37b ± 0.67 

 
4.01ab ± 1.18 

 
3.86a ± 1.04 
3.71b ± 1.09 

 
2.38a ± 1.35 

 
2.38a ± 1.26 
2.27a ± 1.22

IT Training† 
   No training 
   Non-degree 
   Degree 

*** 
3.28a ± 0.70 
3.62b ± 0.66 
3.67b ± 0.64 

*** 
3.85a ± 1.25 
4.19b ± 1.04 
4.38c ± 0.83 

*** 
2.41a ± 1.29 
3.00b ± 1.31 
3.59c ± 1.24 

*** 
4.06a ± 0.89 
4.36b ± 0.65 
4.37b ± 0.63 

*** 
3.47a ± 1.19 
3.85b ± 1.06 
3.98b ± 0.94 

** 
2.07a ± 1.24 
2.34b ± 1.27
2.51b ± 1.20

Health Training† 
   No training 
   Non-degree 
   Degree 

 
3.59a ± 0.70 
3.58a ± 0.62 
3.55a ± 0.67 

 
4.24a ± 0.98 
4.18a ± 1.03 
4.14a ± 1.09 

*** 
3.46a ± 1.30 
3.29a ± 1.29 
2.77b ± 1.31 

 
4.24a ± 0.73 
4.34a ± 0.67 
4.33a ± 0.70 

 
3.82a ± 1.05 
3.84a ± 1.03 
3.80a ± 1.09 

 
2.34a ± 1.25 
2.43a ± 1.27 
2.31a ± 1.25

Management 
Training† 
   No training 
   Non-degree 
   Degree 

** 
 

3.48a ± 0.69 
3.66b ± 0.63 
3.59ab ± 0.66 

 
 

4.14a ± 1.02 
4.18a ± 1.10 
4.27a ± 0.99 

 
 

2.97a ± 1.33 
3.12a ± 1.36 
3.05a ± 1.32 

*** 
 

4.21a ± 0.76 
4.41b ± 0.63 
4.33ab ± 0.70

 
 

3.80a ± 1.07 
3.83a ± 1.08 
3.81a ± 1.03 

 
 

2.25a ± 1.24 
2.46b ± 1.28
2.31ab ± 1.18

Data are mean ± SD or (linear regression coefficient). 
*p < 0.05, **p < 0.01, ***p < 0.001 for comparison within each cell. 
†For comparisons based on education or training levels within the same cell, scores with different letters 
were significantly different (p < 0.05) while scores sharing the same letter were not distinguishable. 
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Figure 5.13. Scatterplot of scores for the extent of IT support for clinical workflows and hospital 
bed size, showing outliers. 

 
Public hospitals tended to adopt IT to support their functions and share 

information within and outside the hospitals to a significantly greater degree than private 

hospitals, although the extent of facilitating operational management in the organization 

was not different. Teaching hospitals also had significantly higher scores than non-

teaching hospitals, although the differences were significant only for the extent of 

facilitating operational management, the extent of infrastructural technologies adoption, 

and the extent of external information sharing. Age and gender of respondents were 

associated with some aspects of IT adoption but not others. This is likely due to 

confounding effects between respondent and hospital characteristics since public 
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hospitals had significantly younger respondents (mean difference = 3.6 years; t = 3.80; p 

= 0.002) and tended to have male respondents, although the latter was not statistically 

significant (RRmale = 1.12; χ2 = 3.26; p = 0.07) (results not shown on the table). 

Respondents’ IT experience was significantly associated with most of the dimensions of 

IT adoption except the extent of IT support for inpatient clinical documentation and the 

extent of external information sharing, but it was also associated with public status (mean 

difference = -2.5 years; t = 3.83; p = 0.0002) and bed size (Pearson r = 0.18; p < 0.0001). 

Also noteworthy were the significant positive relationships between bed size and 

respondent age (Pearson r = 0.23; p < 0.0001), teaching status and bed size (mean 

difference = 181.2 beds; t = 7.44; p < 0.0001), and teaching status and public status (all 

teaching hospitals were public), though bed size and public status were not significantly 

associated (mean difference = 9.0 beds; t = 0.81; p = 0.42). The patterns of significance 

held when the two outlying hospitals with more than 1,500 beds were excluded (results 

not shown). 

The scores for most aspects of IT adoption were not significantly different across 

educational levels of respondents or levels of health science training, with the exception 

of the extent of inpatient clinical documentation, although lower educational levels in this 

case were associated with higher scores. This is likely due to confounding effects because 

higher educational levels were associated with larger bed sizes (F = 16.66; p < 0.0001). It 

is striking to note, however, that the levels of IT training were associated with highly 

significant differences in all dimensional scores. The associations between the levels of 

management training and IT adoption scores were mixed. These observed associations 
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were not adjusted for other confounding effects. They merely provided preliminary 

information before path analysis was performed. 

Table 5.19 shows the frequency distribution of the different products and vendors 

of the main hospital information system used in the responding hospitals, as reported by 

the respondents. The distribution is also depicted in Figure 5.14 to allow easy comparison 

with the distribution from an earlier national study in 2004 (reproduced in Figure 

5.15).200 

Table 5.19 Frequency distribution of different health IT products used as the main hospital 
information system in the responding hospitals. 

Product/Vendor Frequency (%) 
HOSxP 449 (50.17%) 
Self-developed or outsourced 142 (15.87%) 
Hospital OS 64 (7.15%) 
SSB 32 (3.58%) 
Mit-Net 22 (2.46%) 
MRecord 21 (2.35%) 
H.I.M. Professional 20 (2.23%) 
MedTrak/TrakCare 19 (2.12%) 
HoMC 18 (2.01%) 
No hospital information system used 14 (1.56%) 
Thiades 14 (1.56%) 
HIMS 11 (1.23%) 
Abstract ePHIS 10 (1.12%) 
HI 8 (0.89%) 
InterMediSoft 7 (0.78%) 
Datasoft MIS 6 (0.67%) 
Medical 2020 6 (0.67%) 
EZ-Hosp InfoSystem 5 (0.56%) 
PMK 5 (0.56%) 
BIT (Korea) 3 (0.34%) 
JHCIS 2 (0.22%) 
Benchmark 1 (0.11%) 
Doctor Com 1 (0.11%) 
EHOSP 1 (0.11%) 
EMR Soft 1 (0.11%) 
HIS 1 (0.11%) 
HIS 2000 1 (0.11%) 
Kluay Nam Thai Health Software 1 (0.11%) 
Matrix Hos 1 (0.11%) 
Medico 1 (0.11%) 
Micron 1 (0.11%) 
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Table 5.19 Frequency distribution of different health IT products used as the main hospital 
information system in the responding hospitals (continued). 

Product/Vendor Frequency (%) 
Microsoft Amalga 1 (0.11%) 
Naval Medical Department 1 (0.11%) 
Rajavithi Hospital 1 (0.11%) 
SINAP 1 (0.11%) 
Stat 1 (0.11%) 
Thai Traditional Medicine Specialized Software 1 (0.11%) 
ZoneHos 1 (0.11%) 

 

 

 

 

 

 

 

 

Figure 5.14. Distribution of hospital information system vendors/products in Thailand, 2011. 
 

 

 

 

 

 
 
 
 
 
Figure 5.15. Distribution of hospital information system vendors/products in Thailand, 2004. 
Reprinted by permission, Pongpirul K, Sriratana S, Computerized information system in hospitals 
in Thailand: a national survey, Journal of Health Science, volume 14, number 5, September-
October 2005. Copyright © 2005, Journal of Health Science. 
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From Figures 5.14 and 5.15 it is interesting to note how much market share 

HOSxP (Bangkok Medical Software Co., Ltd., Bangkok, Thailand) has received in the 

past six years. Only a very small fraction of the 446 hospitals in 2004 used HOSxP, 

presumably because it was in the early phase of development. In early 2011, 50% of the 

891 hospitals that provided this information to the current study used this product. The 

market shares for the top four commercial products in 2004 (Stat/Dispense, 17%; Mit-

Net, 9%; HI, 5%; and Thiades, 4%)200 have shrunken greatly to 0.1%, 2.5%, 0.9%, and 

1.6% in 2011, respectively. Another local vendor, Hospital OS (Open Source Technology 

Co., Ltd., Phuket, Thailand), has also gained market share, although at a much slower 

rate than HOSxP. The percentage of hospitals using self-developed solutions as the main 

hospital information system has risen from 8% in 2004 to 15.9% in 2011. The relatively 

low response rate in the 2004 study by Pongpirul200 might have accounted for some of the 

differences, but it alone could not explain the large market share HOSxP now enjoyed. 

To allow cross-study and cross-country comparisons, this study also used the 

functional sophistication responses that indicate complete or partial computerization of 

certain functions (a score over 1 on all relevant items) to estimate the proportion of 

hospitals with EHR and order entry adoption. The national and regional estimates are 

presented in Table 5.20. When using a basic definition of an EHR, with demographics, 

medication order entry, laboratory results viewing, and clinical notes, about 86.6%, 

50.4% and 49.8% of responding hospitals nationwide were estimated to have adopted an 

EHR system in the outpatient, inpatient, and both settings, respectively. When a more 

comprehensive definition of an EHR was used, with at least a score of 4 on all the basic 
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functions (with 5 being the highest level of IT-supported functions) and also on 

laboratory and imaging order entry, image viewing, drug allergy checking, and drug 

interaction checking, 10.6% of the hospitals nationwide had comprehensive EHR in 

outpatient, 5.7% in inpatient, and 5.3% in both settings. As for order entry features, more 

than 90% of Thai hospitals nationwide implemented complete or partial computerized 

order entry for medications, and about 80% implemented complete or partial order entry 

for medications, laboratory tests, and imaging. The EHR and order entry estimates varied 

somewhat geographically but none of the differences were statistically significant. 

Table 5.20 National and regional proportion estimates of EHR and order entry functions adoption 
in Thai hospitals. 

Estimate Nationwide Central East North Northeast South West 
Basic EHR,  
outpatient 

86.6% 84.0% 83.1% 91.1% 90.2% 83.6% 86.8% 

Basic EHR,  
inpatient 

50.4% 53.7% 45.1% 50.4% 54.1% 40.3% 49.1% 

Basic EHR,  
both settings 

49.8% 52.3% 43.7% 50.4% 53.7% 40.3% 49.1% 

Comprehensive EHR, 
outpatient 

10.6% 12.8% 7.0% 8.9% 10.7% 9.7% 9.4% 

Comprehensive EHR, 
inpatient 

5.7% 6.4% 5.6% 5.7% 6.1% 3.7% 5.7% 

Comprehensive EHR, 
both settings 

5.3% 6.0% 4.2% 4.9% 5.7% 3.7% 5.7% 

Order entry of 
medications, 
outpatient 

96.5% 94.6% 93.0% 99.2% 97.5% 97.8% 96.2% 

Order entry of 
medications, inpatient 

91.4% 90.3% 84.5% 94.3% 94.2% 89.2% 92.5% 

Order entry of 
medications, both 
settings 

90.2% 89.3% 84.5% 93.5% 93.0% 86.6% 90.6% 

Order entry of all 
orders, outpatient 

88.6% 88.9% 84.5% 91.1% 90.6% 85.8% 84.9% 

Order entry of all 
orders, inpatient 

81.7% 85.3% 76.1% 77.0% 84.7% 76.3% 81.1% 

Order entry of all 
orders, both settings 

79.4% 82.9% 73.2% 74.8% 82.8% 73.1% 79.2% 

Responses with missing values on all relevant items were excluded. No regional variations at p < 0.05. 
See Table 4.4 for a detailed comparison of estimate definitions. 
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5.5 Validity and Reliability of Survey Instrument 

Since confirmatory factor analysis (subsection 5.3.1) indicated that the proposed 

conceptualization of IT adoption in Chapter 3 was not supported by the collected data, 

the important analysis which is reported in this section assesses the validity and reliability 

of the IT adoption “factors” discovered from the data through exploratory factor analysis 

(subsection 5.3.2). Considering first the criterion validity, specifically concurrent validity, 

relationships between the several criteria and the six IT adoption factor scores were 

evaluated. This section then reports the results on construct validity. 

The criteria used to evaluate criterion validity of the IT adoption factors were the 

summary question asking about the hospitals’ overall IT utilization in the view of the 

respondents, the number of PCs in use in the hospital, and the organizational factors that 

literature evidence suggests are likely to be associated with IT adoption. The 

relationships between the criteria and the IT adoption factor scores are displayed in Table 

5.21. 

Table 5.21 indicates that all of the IT adoption factors identified from the 

exploratory factor analysis, each reflecting a particular aspect of hospital IT adoption, 

were significantly and positively associated with the respondents’ responses to the 

summary question on overall IT utilization. The mean factor scores also increased in a 

dose-response fashion when the respondents perceived that their hospitals utilized IT to a 

higher level. Using another criterion, the number of PCs in use, its associations with the 

IT adoption scores as measured by Pearson product-moment correlations were also 

significant with the exception of the extent of infrastructural technologies adoption and 
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the extent of external information sharing, but all associations were significantly positive 

when Spearman’s non-parametric rank correlations which are more robust to non-

normality were used instead (results not shown). When the number of PCs in use per 

hospital bed was used as a criterion instead to adjust for the confounding between 

hospital size and the number of PCs, all IT adoption factor scores became significantly 

and positively associated with the number of PCs per hospital bed, regardless of whether 

Pearson or Spearman correlations were used. None of the patterns of associations 

changed and the magnitude of associations only changed slightly when two outliers with 

more than 1,500 beds were excluded (results not shown). 

Table 5.21 Relationships between the six IT adoption factor scores and the criterion variables. 

Criterion 

IT Adoption Factor 
Extent of 

Facilitating 
Operational 
Management 

Practices 

Extent of IT 
Support for 

Clinical 
Workflows 

Extent of IT 
Support for 

Inpatient 
Clinical 

Document-
ation  

Extent of 
Adoption of 
Basic Infra-
structural 

Technologies

Extent of 
Internal 

Information 
Sharing 

Extent of 
External 

Information 
Sharing 

Overall IT 
Utilization† 
   Very low 
   Low 
   Moderate 
   High 
   Very high 

*** 
 

2.40a ± 0.86 
2.64a ± 0.76 
3.24b ± 0.60 
3.56c ± 0.58 
3.97d ± 0.57 

*** 
 

2.15a ± 1.60 
2.68a ± 1.35 
3.67b ± 1.20 
4.27c ± 0.91 
4.61d ± 0.71 

*** 
 

2.00abc ± 1.54
1.98a ± 1.16 
2.60b ± 1.23 
3.04c ± 1.30 
3.53d ± 1.33 

*** 
 

3.20a ±1.10 
3.22a ± 1.09 
4.06b ± 0.73 
4.35c ± 0.61 
4.58d ± 0.58 

*** 
 

2.29a ± 1.49 
2.86a ± 1.38 
3.35b ± 1.11 
3.85c ± 0.95 
4.24d ± 0.97 

*** 
 

2.11abcd ± 1.02
1.52a ± 0.92 
2.11b ± 1.12 
2.36c ± 1.21 
2.57d ± 1.39 

No. of PCs (0.00044)*** 
[0.1435]*** 

(0.00039)* 
[0.0839]* 

(0.00017) 
[0.0207] 

(0.00054)***
[0.1698]*** 

(0.00035)* 
[0.0710]* 

(0.00023) 
[0.0426] 

No. of PCs 
Per Bed 

(0.0229)* 
[0.0736]* 

(0.0720)*** 
[0.1390]*** 

(0.0928)*** 
[0.1251]*** 

(0.0425)*** 
[0.1274]*** 

(0.0786)*** 
[0.1492]*** 

(0.0529)* 
[0.0862]* 

Data are mean ± SD or (linear regression coefficient) [Pearson product-moment correlation coefficient]. 
**p < 0.01, ***p < 0.001 for significance testing within each cell. 
†For comparisons within the same cell, scores with different letters were significantly different (p < 0.05) 
while scores sharing the same letter were not distinguishable. 
 

Associations between the IT adoption factor scores and other organizational 

characteristics that served as additional criteria were already presented in Table 5.18. 

Teaching status, respondents’ IT experience, and levels of IT training of respondents 
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were found to be significantly associated with some IT adoption factor scores. The 

significance patterns for bed size were mixed. Contrary to the literature, public hospitals 

in Thailand tended to have significantly higher scores in almost all IT adoption factors. 

With respect to construct validity, Pearson product-moment correlations among 

the IT adoption factor scores were assessed. As evident in Table 5.22, all bivariate 

correlations were statistically significant at p < 0.001. The correlations among the levels 

of IT support for clinical workflows, IT support for inpatient clinical documentation, and 

internal information sharing were strong, which provide further support for these factors’ 

validity since hospital IT used to support clinical workflows and documentation is 

expected to be well-integrated and generate health information that is shared internally 

within the realm of patient care. 

Other correlations were weak-to-moderate in range. Particularly noteworthy is the 

extent of external information sharing, which had relatively weak associations with other 

dimensions. Also of particular interest to this study are the associations between the 

scores on the extent of facilitating operational management practices and other IT 

adoption factors that were mostly moderate in range, reinforcing this study’s argument 

that theis managerial aspect often uncaptured in IT adoption studies is important to 

hospital IT adoption. 

To assess the sensitivity of these findings to outliers and violations to 

distributional assumptions, outliers were also excluded and Pearson product-moment 

correlations reassessed. Spearman’s rank correlation coefficients were also computed 
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with and without outliers. None of the significance disappeared and no correlation 

coefficients changed substantially (results not shown). 

Table 5.22 Correlations among the IT adoption factor scores of hospitals nationwide. 

IT Adoption 
Factor 

IT Adoption Factor 
Extent of 

Facilitating 
Operational 
Management 

Practices 

Extent of IT 
Support for 

Clinical 
Workflows 

Extent of IT 
Support for 

Inpatient 
Clinical 

Document-
ation  

Extent of 
Adoption of 
Basic Infra-
structural 

Technologies

Extent of 
Internal 

Information 
Sharing 

Extent of 
External 

Information 
Sharing 

Extent of 
Facilitating 
Operational 
Management 
Practices 

1      

Extent of IT 
Support for 
Clinical 
Workflows 

0.3018*** 1     

Extent of IT 
Support for 
Inpatient 
Clinical 
Document-
ation  

0.2571*** 0.4709*** 1    

Extent of 
Adoption of 
Basic Infra-
structural 
Technologies 

0.3703*** 0.3763*** 0.2646*** 1   

Extent of 
Internal 
Information 
Sharing 

0.3106*** 0.5991*** 0.5092*** 0.4133*** 1  

Extent of 
External 
Information 
Sharing 

0.1731*** 0.1881*** 0.2697*** 0.1853*** 0.3037*** 1 

***p < 0.001. 
 
As done in the pilot study, Cronbach’s coefficient alpha was also evaluated to 

assess internal consistency reliability of each IT adoption factor’s items. In addition, 

item-total correlations were also examined for each factor’s items to check how they 

performed and identify any potential issues. Results are presented in Table 5.23. The 
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Cronbach’s alpha for the extent of adoption of basic infrastructural technologies was the 

lowest, at 0.64, while other dimensions had a value of 0.86 or above. Most items had a 

strong (above 0.50) item-total correlation and the Cronbach’s alpha did not increase 

substantially if they were removed, indicating that they belonged to the group of items in 

their dimensions. An exception was the item Hospital Web site (under the factor Extent of 

adoption of basic infrastructural technologies), which had a weak-to-moderate item-total 

correlation and the Cronbach’s alpha if the item was removed increased. However, since 

in Thailand, having a hospital Web site is one of the indicators that help differentiate 

hospitals based on their IT capabilities, this item measures a important aspect of Thai 

hospitals’ IT adoption and was retained for path analysis, which is presented next. 

Table 5.23 The item-total correlation and Cronbach’s alpha if an item is removed for each item in 
the IT adoption factors in the nationwide study. 

Construct Item-Total 
Correlation 

Cronbach’s Alpha 
If Item Removed 

Extent of Facilitating Operational Management Practices (Cronbach’s alpha = 0.8818) 
1. Our hospital communicates goals, plans and progress on 

IT works to stakeholders clearly. 
0.6252 0.8693 

2. Those who will use the information systems are fully 
involved in hospital IT development. 

0.6587 0.8660 

3. The team of users involved in our IT development 
comes from several disciplines. 

0.6364 0.8691 

4. The majority of hospital employees are committed to 
achieving the envisioned organizational goals. 

0.5733 0.8743 

5. In our hospital’s IT development, the workflow changes 
are carefully considered. 

0.6762 0.8643 

6. Our hospital provides training to those who will use the 
system adequately. 

0.6365 0.8683 

7. Our hospital has a process in place to track work 
progress and manage IT works appropriately. 

0.7182 0.8603 

8. Our hospital uses our past experience as lessons driving 
our current works. 

0.6673 0.8653 

Extent of IT Support for Clinical Workflows (Cronbach’s alpha = 0.9334) 
1. Outpatient medication order entry 0.6317 0.9340 
2. Outpatient lab order entry 0.8358 0.9205 
3. Outpatient lab results viewing 0.7754 0.9241 
4. Outpatient imaging order entry 0.7972 0.9223 
5. Inpatient medication order entry 0.7174 0.9283 
6. Inpatient lab order entry 0.8830 0.9157 
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Table 5.23 The item-total correlation and Cronbach’s alpha if an item is removed for each item in 
the IT adoption factors in the nationwide study (continued). 

Construct Item-Total 
Correlation 

Cronbach’s Alpha 
If Item Removed 

7. Inpatient lab results viewing 0.7856 0.9234 
8. Inpatient imaging order entry 0.7596 0.9268 

Extent of IT Support for Inpatient Clinical Documentation (Cronbach’s alpha = 0.8632) 
1. Documentation of history, physical examination & 

progress note of inpatients 
0.7395 0.8139 

2. Discharge summary documentation 0.5690 0.8786 
3. Documentation of medication administration to patients 0.7368 0.8151 
4. Nursing documentation 0.8081 0.7838 

Extent of Adoption of Basic Infrastructural Technologies (Cronbach’s alpha = 0.6374) 
1. Internet access 0.4903 0.5413 
2. Hospital Web site 0.3373 0.7277 
3. Local area network 0.5752 0.5122 
4. Master Patient Index 0.4622 0.5408 

Extent of Internal Information Sharing (Cronbach’s alpha = 0.9411) 
1. Patient’s demographic information 0.7670 0.9350 
2. Outpatient’s history and medical documentation 0.7853 0.9336 
3. Outpatient’s diagnoses 0.8452 0.9306 
4. Outpatient’s medication orders 0.8277 0.9316 
5. Inpatient’s history and medical documentation 0.7192 0.9379 
6. Inpatient’s diagnoses 0.8369 0.9307 
7. Inpatient’s medication orders 0.7993 0.9328 
8. Surgical operations and procedures 0.7223 0.9377 
9. Laboratory results 0.7010 0.9384 

Extent of External Information Sharing (Cronbach’s alpha = 0.9731) 
1. Patient’s demographic information 0.8611 0.9707 
2. Outpatient’s history and medical documentation 0.8734 0.9701 
3. Outpatient’s diagnoses 0.9080 0.9686 
4. Outpatient’s medication orders 0.9174 0.9682 
5. Inpatient’s history and medical documentation 0.8742 0.9701 
6. Inpatient’s diagnoses 0.9099 0.9686 
7. Inpatient’s medication orders 0.9087 0.9686 
8. Surgical operations and procedures 0.8780 0.9699 
9. Laboratory results 0.8014 0.9731 

Overall Cronbach’s alpha = 0.9455 
Items were analyzed within each IT adoption factor. 
 
5.6 Developing A New Theoretical Framework 

This section reports on the path analysis results and the model respecification 

steps taken. Because the initial model as hypothesized in Chapter 3 did not reflect the 

underlying factor structure in the data as the confirmatory and exploratory factor analyses 

revealed, the model needed to undergo an initial respecification. Data quality issues were 
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also another important reason for the initial respecification. Subsequent model 

respecification was then made, guided by model fit statistics, until the model fit was 

acceptable. The two outlying hospitals with more than 1,500 beds were excluded.  

5.6.1 Model Testing and Respecifications 

An initial respecification was necessary before further analysis because of issues 

encountered after the data collection period. First, hospital accreditation status was not 

readily available to this study, requiring this variable and the associated hypotheses to be 

dropped from the model. The distinction between information sharing within (internal 

integration) and outside (external integration) the hospitals was also clearly demonstrated 

in descriptive analyses during the pilot and nationwide studies. These two dimensions, 

while both assessing the extent of information sharing, measure two separate properties 

of the hospitals’ information systems. They therefore should be separated into two 

constructs in the model as opposed to one combined integration construct. 

As the findings from the pilot study and the descriptive analysis of the nationwide 

study showed, inaccurate and missing data on total and IT budgets of the hospitals were a 

great concern. The large numbers of missing responses for total and IT budgets suggested 

that many respondents did not have access to such information or were not confident 

enough to provide an estimate. Among those who provided an estimate of total and/or IT 

budgets in the pilot study, results showed that there were large variations of the estimates 

even within the same hospitals, indicating a very poor reliability for this variable. In 

terms of the data distribution, the skew index and kurtosis index for this variable were 

extremely high and well above the recommended cutoff values as cited in Chapter 4 
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(skew index = 7.3; kurtosis index = 69.2), suggesting severe non-normality. Because of 

these threats to validity and reliability of this measure together with the fact that no other 

reliable source of IT budget data was available, this variable had to be dropped from the 

model. Size of IT workforce was also dropped, because it was closely linked to IT budget 

in the initial model, its reliability was also called into question in the pilot study, and it 

was also highly non-normal (skew index = 4.1; kurtosis index = 26.1). 

The six IT adoption factors discovered through exploratory factor analysis 

(subsection 5.3.2) were used instead of the original constructs. While scores in some 

factors did not have a normal distribution, their skew and kurtosis indices were well 

below the recommended threshold,209 so no corrective action was done. Several 

relationships in the respecified model resembled the initial model in Chapter 3. 

Figure 5.16 shows the respecified model before path analysis commenced. 

IT-Supported 
Clinical EHR 
Workflows

Operational IT 
Management

Adoption of 
Infrastructural 
Technologies

IT-Supported 
Inpatient Clinical 
Documentation

Internal 
Information 

Sharing

External 
Information 

Sharing

Bed Size
Teaching 

Status
Public 
Status

 

Figure 5.16. The initial respecified path model (Round 1). 
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The model in Figure 5.16 shows hypothesized interrelationships among the 

factors identified and retained from exploratory factor analysis. Like the original model 

in Chapter 3, it was hypothesized that bed size, teaching status, and public status have 

direct effects on how well the hospital managed their IT implementation (the extent of 

facilitating operational IT management), which in turn has a direct effect on the extent of 

infrastructural technologies (networking, Web site, master patient index) adopted. The 

three hospital characteristics were hypothesized to have direct effects on the extent of 

adoption of infrastructural technologies as well. The levels of important clinical EHR 

workflows (order entry and results viewing) and inpatient clinical documentation that are 

supported by IT are believed to be influenced by hospital characteristics, the extent of 

facilitating operational IT management practices, and the extent of infrastructural 

technologies adoption. The levels of clinical EHR workflows and inpatient clinical 

documentation supported by IT are also hypothesized as correlated given their conceptual 

overlap and the observed strong bivariate correlation reported in the previous section. 

The levels of  information sharing within and outside the hospital were hypothesized as 

depending upon the extent of facilitating operational management, how much 

infrastructural technologies are adopted, and how much of clinical EHR workflows and 

inpatient clinical notes are supported by IT. Finally, the information sharing outside the 

hospital was hypothesized to be associated with the extent of within-hospital information 

sharing as well. 

This led to a revised set of hypotheses as follows. 
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Revised Hypotheses 

Hypothesis R1: There is a significant positive direct effect of hospital size on the extent of 

facilitating operational IT management. 

Hypothesis R2: There is a significant positive direct effect of teaching status on the extent of 

facilitating operational IT management. 

Hypothesis R3: There is a significant negative direct effect of public status on the extent of 

facilitating operational IT management. 

Hypothesis R4: There is a significant positive direct effect of hospital size on the extent of 

adoption of infrastructural technologies. 

Hypothesis R5: There is a significant positive direct effect of teaching status on the extent of 

adoption of infrastructural technologies. 

Hypothesis R6: There is a significant negative direct effect of public status on the extent of 

adoption of infrastructural technologies. 

Hypothesis R7: There is a significant positive direct effect of hospital size on the extent of 

clinical EHR workflows that are supported by IT. 

Hypothesis R8: There is a significant positive direct effect of teaching status on the extent of 

clinical EHR workflows that are supported by IT. 

Hypothesis R9: There is a significant negative direct effect of public status on the extent of 

clinical EHR workflows that are supported by IT. 

Hypothesis R10: There is a significant positive direct effect of hospital size on the extent of 

inpatient clinical documentation that is supported by IT. 

Hypothesis R11: There is a significant positive direct effect of teaching status on the extent of 

inpatient clinical documentation that is supported by IT. 
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Hypothesis R12: There is a significant negative direct effect of public status on the extent of 

inpatient clinical documentation that is supported by IT. 

Hypothesis R13: There is a significant positive direct effect of the extent of facilitating 

operational IT management on the extent of adoption of infrastructural technologies. 

Hypothesis R14: There is a significant positive direct effect of the extent of facilitating 

operational IT management on the extent of clinical EHR workflows that are supported by IT. 

Hypothesis R15: There is a significant positive direct effect of the extent of operational IT 

management on the extent of inpatient clinical documentation that is supported by IT. 

Hypothesis R16: There is a significant positive direct effect of the extent of adoption of 

infrastructural technologies on the extent of clinical EHR workflows that are supported by IT. 

Hypothesis R17: There is a significant positive direct effect of the extent of adoption of 

infrastructural technologies on the extent of inpatient clinical documentation that is supported by 

IT. 

Hypothesis R18: There is a significant positive direct effect of the extent of facilitating 

operational IT management on the extent of internal information sharing. 

Hypothesis R19: There is a significant positive direct effect of the extent of adoption of 

infrastructural technologies on the extent of internal information sharing. 

Hypothesis R20: There is a significant positive direct effect of the extent of clinical EHR 

workflows that are supported by IT on the extent of internal information sharing. 

Hypothesis R21: There is a significant positive direct effect of the extent of inpatient clinical 

documentation that is supported by IT on the extent of internal information sharing. 

Hypothesis R22: There is a significant positive direct effect of the extent of facilitating 

operational IT management on the extent of external information sharing. 

Hypothesis R23: There is a significant positive direct effect of the extent of adoption of 

infrastructural technologies on the extent of external information sharing. 
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Hypothesis R24: There is a significant positive direct effect of the extent of clinical EHR 

workflows that are supported by IT on the extent of external information sharing. 

Hypothesis R25: There is a significant positive direct effect of the extent of inpatient clinical 

documentation that is supported by IT on the extent of external information sharing. 

Hypothesis R26: There is a significant positive direct effect of the extent of internal information 

sharing on the extent of external information sharing. 

The model fit statistics of the path model in Figure 5.16 are reported in Table 

5.24. The likelihood ratio chi-square test (the exact-fit hypothesis) was rejected (χ  = 

33.9; p < 0.0001), indicating that the estimated model differed from the population 

covariances beyond chance. Approximate fit statistics such as RMSEA and TLI also did 

not perform very well. The RMSEA and its close-fit hypothesis p-value were in a 

borderline range. Inspection of the standardized residuals (results not shown) indicated a 

large discrepancy between the model and the data on public status and internal 

information sharing. The five largest modification indices, which estimate the reduction 

in the model fit chi-square statistic if a specific new path was added to the model, along 

with their expected parameter changes are presented in Table 5.25. 

Table 5.24 Values of fit statistics for path analysis of the model in Figure 5.16. 

Index Value of Fit Statistics for the Corresponding Estimated Model 
χ  33.911 
dfM 6 
Chi-square p-value < 0.0001 
RMSEA (90% CI) 0.072 (0.050–0.096) 
Close-fit hypothesis p-value 0.053 
CFI 0.978 
TLI 0.879 
SRMR 0.022 

CFI - comparative fit index, CI - confidence interval, RMSEA - root mean square error of approximation, 
SRMR - standardized root mean square residual, TLI - Tucker-Lewis index. 
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Table 5.25 Top five largest modification indices for the estimated model in Figure 5.16. 

Relationship Modification 
Index 

Expected Parameter 
Change 

Public        Internal information sharing 26.947 0.368 
Public        Internal information sharing 25.880 0.050 
Internal information sharing        Adoption of infrastructural 
technologies 

13.356 -0.298 

Internal information sharing        Adoption of infrastructural 
technologies 

13.355 -0.478 

Internal information sharing        Clinical EHR workflows 9.799 -1.228 
 

The largest modification index from Table 5.25, the direct effect of public status 

on the extent of internal information sharing, suggests that the model fit chi-square 

statistic would drop 26.95 points if the effect was added to the model. Its expected 

parameter change also indicates a considerable increase from zero in the parameter 

estimate (the path coefficient). While supporting evidence for the association between 

public status and the extent of information sharing within the organization is lacking, the 

effect could theoretically be explained. Considering Thailand’s context, public hospitals 

have adopted information systems at a fast pace in the past few years. Many of them 

implemented the hospital information system for the first time, making it relatively easy 

to implement an integrated solution when compared to private hospitals, many 

presumably having legacy systems that made it difficult to achieve a high degree of 

integration. Another plausible explanation is the organizational cultures that are 

somewhat different between public and private hospitals. For instance, private hospitals 

may be more reluctant to make their patients’ information easily exchanged even within 

their own hospitals because their target consumers are generally of higher socio-

economic status and thus tend to have increased privacy concerns than those of public 

hospitals. Other suggested paths had considerably lower modification indices. For these 
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reasons, the decision was made to respecify the model by adding the direct effect of 

public status on the extent of internal information sharing. The respecified model, as 

depicted in Figure 5.17, was then estimated and reevaluated.  

 

Figure 5.17. The respecified path model (Round 2). The direct path from public status to the 
extent of internal information sharing was added. 
 
 Table 5.26 reports the values of model fit statistics based on the respecified model 

in Figure 5.17. The likelihood ratio chi-square p-value was considerably above the 

significance level of 0.05 (χ  = 6.5; p = 0.26), and all approximate fit indices appeared 

satisfactory, indicating a good fit. Modification indices and standardized residuals 

suggested that additional improvements in the chi-square statistic could be made if the 

path from teaching status to the extent of external information sharing was freed (results 

not shown). However, this was not done because the respecifications that had been done 

already took some advantage of chance by fitting the model against the same data. 
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Further capitalization on chance could lead to overfitting of the model that makes it less 

generalizable. The decision therefore was to retain this model (Figure 5.17). Its path 

coefficients, significance pattern, and R2 are evaluated next (see Table 5.27). 

Table 5.26 Values of fit statistics for path analysis of the model in Figure 5.17. 

Index Value of Fit Statistics for the Corresponding Estimated Model 
χ  6.523 
dfM 5 
Chi-square p-value 0.2586 
RMSEA (90% CI) 0.018 (0.000–0.053) 
Close-fit hypothesis p-value 0.932 
CFI 0.999 
TLI 0.992 
SRMR 0.011 

CFI - comparative fit index, CI - confidence interval, RMSEA - root mean square error of approximation, 
SRMR - standardized root mean square residual, TLI - Tucker-Lewis index. 
 
Table 5.27 Results of path analysis for the estimated model in Figure 5.17. 

Relationship Parameter 
Estimate 

P-value Standardized 
Estimate 

Direct Effects
Bed size         Operational IT management 0.280×10-3 0.049 0.072 
Public status         Operational IT management -0.045 0.464 -0.025 
Teaching status         Operational IT management 0.088 0.159 0.053 
Operational IT management         Adoption of infrastructural 
technologies 

0.381 < 0.001*** 0.362 

Bed size         Adoption of infrastructural technologies 0.459×10-3 0.001** 0.112 
Public status         Adoption of infrastructural technologies 0.259 < 0.001*** 0.139 
Teaching status         Adoption of infrastructural technologies 0.058 0.334 0.033 
Adoption of infrastructural technologies         Clinical EHR 
workflows supported by IT 

0.449 < 0.001*** 0.303 

Operational IT management         Clinical EHR workflows 
supported by IT 

0.312 < 0.001*** 0.200 

Bed size         Clinical EHR workflows supported by IT -0.464×10-3 0.023* -0.076 
Public status         Clinical EHR workflows supported by IT 0.185 0.034 0.067 
Teaching status       Clinical EHR workflows supported by IT -0.069 0.438 -0.027 
Adoption of infrastructural technologies         Inpatient 
clinical documentation supported by IT 

0.385 < 0.001*** 0.202 

Operational IT management         Inpatient clinical 
documentation supported by IT 

0.382 < 0.001*** 0.190 

Bed size         Inpatient clinical documentation supported by 
IT 

-1.133×10-3 < 0.001*** -0.146 

Public status         Inpatient clinical documentation supported 
by IT 

0.327 0.005** 0.092 

Teaching status         Inpatient clinical documentation 
supported by IT 

0.021 0.862 0.006 
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Table 5.27 Results of path analysis for the estimated model in Figure 5.17 (continued). 

Relationship Parameter 
Estimate 

P-value Standardized 
Estimate 

Operational IT management         Internal information 
sharing 

0.119 0.006** 0.075 

Adoption of infrastructural technologies         Internal 
information sharing 

0.232 < 0.001*** 0.154 

Clinical EHR workflows supported by IT         Internal 
information sharing 

0.389 < 0.001*** 0.383 

Inpatient clinical documentation supported by IT         
Internal information sharing 

0.199 < 0.001*** 0.251 

Public status         Internal information sharing 0.368 < 0.001*** 0.131 
Internal information sharing         External information 
sharing 

0.245 < 0.001*** 0.209 

Operational IT management         External information 
sharing 

0.117 0.072 0.063 

Adoption of infrastructural technologies         External 
information sharing 

0.091 0.158 0.051 

Clinical EHR workflows supported by IT         External 
information sharing 

-0.064 0.195 -0.053 

Inpatient clinical documentation supported by IT         
External information sharing 

0.147 < 0.001*** 0.158 

Non-Directional Associations
Clinical EHR workflows supported by IT          Inpatient 
clinical documentation supported by IT 

0.459 < 0.001*** 0.385 

Disturbance Variances
Operational IT management 0.446 < 0.001*** 0.989 
Adoption of infrastructural technologies 0.411 < 0.001*** 0.824 
Clinical EHR workflows supported by IT 0.901 < 0.001*** 0.819 
Inpatient clinical documentation supported by IT 1.579 < 0.001*** 0.873 
Internal information sharing 0.605 < 0.001*** 0.531 
External information sharing 1.385 < 0.001*** 0.885 

Operational IT management 0.011 0.108  
Adoption of infrastructural technologies 0.176 < 0.001*** 
Clinical EHR workflows supported by IT 0.181 < 0.001*** 
Inpatient clinical documentation supported by IT 0.127 < 0.001*** 
Internal information sharing 0.469 < 0.001*** 
External information sharing 0.115 < 0.001*** 

*p < 0.025, **p < 0.01, ***p < 0.001. All p-values reported were two-tailed p-values from analysis output, 
but significance testing for path coefficients as indicated by the asterisks (*) was one-tailed. 
 
 Table 5.27 shows that, consistent with the hypotheses, how well the organizations 

manage IT (the extent of facilitating operational IT management) had significant positive 

associations with the extent of adoption of infrastructural technologies (networking, Web 

site, master patient index), the extent of IT support on clinical EHR workflows (order 
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entry and results viewing), and the extent of IT support on inpatient clinical 

documentation. The extent of adoption of infrastructural technologies was also associated 

with the levels of IT support on clinical EHR workflows and inpatient clinical 

documentation. These four constructs in turn had significant positive effects on the extent 

of internal information sharing. However, only the levels of IT support for inpatient 

clinical documentation and internal information sharing had significant positive 

associations with the extent of external information sharing outside the hospitals.  

 None of the hospital characteristics had a significant association with the extent of 

facilitating operational IT management in a one-tailed test. Larger and public hospitals 

were significantly associated with higher levels of infrastructural technologies adoption, 

but teaching hospitals were not. Bed size was negatively associated with the levels of IT 

support for clinical EHR workflows and inpatient clinical documentation. Public status 

had a significant association with only the level of IT support for inpatient clinical 

documentation but not clinical EHR workflows. Teaching status was not associated with 

either. As the largest modification index in the first round of model testing suggested, 

which led to an addition of the effect of public status on the extent of internal information 

sharing, this effect was significant in the positive direction. The hypothesized non-

directional association between the levels of IT support for clinical EHR workflows and 

inpatient clinical documentation was also statistically significant and positive. 

 The R2 values suggested a considerably high proportion of variance for the extent 

of internal information sharing explained by variables in the model. The proportions of 

variance explained for other constructs were relatively small but significant, except that 
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of the extent of facilitating operational IT management which was negligible and non-

significant. 

The comparison of standardized path coefficients can help us assess the relative 

importance of the explanatory variables of each endogenous variable. Considering first 

the predictors of the extent of adoption of infrastructural technologies, the positive effect 

of the extent of facilitating operational IT management was considerably higher than the 

effects of bed size (per bed) and public status (as indicated by the absolute value of its 

standardized path coefficient). The levels of IT-supported clinical EHR workflows and 

inpatient clinical documentation had as its strongest predictor the extent of adoption of 

infrastructural technologies, followed by the positive effect of facilitating operational IT 

management and the very small negative effect of bed size. The effects on the extent of 

internal information sharing were strongest for the extent of IT-supported clinical EHR 

workflows, followed by the extent of IT-supported inpatient clinical documentation, the 

extent of adoption of infrastructural technologies, public status, and the extent of 

facilitating operational IT management, respectively. The extent of internal information 

sharing, in turn, had a stronger effect on the extent of external information sharing than 

the extent of IT-supported inpatient clinical documentation.  

Figure 5.18 shows the final model with the estimated unstandardized path 

coefficients reported. It shows that in this population, none of the hospital characteristics 

had a significant effect on how well the organizations manage their IT environment. Bed 

size had a positive association with the extent of infrastructural technologies adoption but 

a negative association on the levels of IT-supported clinical EHR workflows and 
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inpatient clinical documentation, while public status appeared to be positively associated 

with the levels of technology adoption, IT-support inpatient clinical documentation, and 

information sharing within the hospitals. The levels of facilitating operational IT 

management and infrastructural technologies adoption appeared to be significant 

predictors of other downstream constructs from the levels of clinical functions supported 

by IT and the extent of internal information sharing, but not the extent of external 

information sharing. This outside-hospital information sharing was influenced only by 

the extent of inpatient clinical documentation that is supported by IT and the level of 

information sharing that already exists in the hospital. 

 
 

Figure 5.18. Final IT adoption model and unstandardized parameter estimates without 
measurement errors. Dashed lines indicate non-significant effects based on a one-tailed test. The 
rectangle with dashed borders indicates a variable without any significant hypothesized effects on 
other variables. *p < 0.025, **p < 0.01, ***p < 0.001. 
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Table 5.28 reveals the effect decomposition of the variables in the model in 

Figure 5.17. For each pair of independent and dependent variables of interest, total 

indirect effects show the changes in the dependent variable that are a result of changes in 

the independent variables through other variables in the model, whereas total effects are a 

combination of all direct and indirect effects related to these two variables. The 

magnitude of the standardized estimates can be used to gauge the relative strength of the 

effects in the model. 

Table 5.28 Effect decomposition of variables in Figure 5.17. 

Relationship Parameter 
Estimate 

P-value Standardized 
Estimate 

Bed size       Adoption of infrastructural technologies 
   Total effects 
   Total indirect effects 

 
0.566×10-3 
0.107×10-3 

 
< 0.001*** 

0.052 

 
0.138 
0.026 

Public status          Adoption of infrastructural technologies 
   Total effects 
   Total indirect effects 

 
0.242 
-0.017 

 
< 0.001*** 

0.465 

 
0.130 
-0.009 

Teaching status          Adoption of infrastructural 
technologies 
   Total effects 
   Total indirect effects 

 
 

0.092 
0.034 

 
 

0.156 
0.162 

 
 

0.053 
0.019 

Operational IT management         IT-supported clinical EHR 
workflows 
   Total effects 
   Total indirect effects 

 
 

0.483 
0.171 

 
 

< 0.001*** 
< 0.001*** 

 
 

0.309 
0.110 

Bed size       IT-supported clinical EHR workflows 
   Total effects 
   Total indirect effects 

 
-0.122×10-3

0.342×10-3 

 
0.583 

< 0.001*** 

 
-0.020 
0.056 

Public status         IT-supported clinical EHR workflows 
   Total effects 
   Total indirect effects 

 
0.280 
0.095 

 
0.003** 
0.022* 

 
0.102 
0.034 

Teaching status         IT-supported clinical EHR workflows 
   Total effects 
   Total indirect effects 

 
0.000 
0.069 

 
0.997 
0.092 

 
0.000 
0.027 

Operational IT management         IT-supported inpatient 
clinical documentation 
   Total effects 
   Total indirect effects 

 
 

0.528 
0.147 

 
 

< 0.001*** 
< 0.001*** 

 
 

0.264 
0.073 

Bed size       IT-supported inpatient clinical documentation 
   Total effects 
   Total indirect effects 

 
-0.808×10-3

0.325×10-3 

 
0.004** 
0.001*** 

 
-0.104 
0.042 
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Table 5.28 Effect decomposition of variables in Figure 5.17 (continued). 

Relationship Parameter 
Estimate 

P-value Standardized 
Estimate 

Public status         IT-supported inpatient clinical 
documentation 
   Total effects 
   Total indirect effects 

 
 

0.403 
0.076 

 
 

0.001** 
0.075 

 
 

0.114 
0.022 

Teaching status         IT-supported inpatient clinical 
documentation 
   Total effects 
   Total indirect effects 

 
 

0.090 
0.069 

 
 

0.472 
0.092 

 
 

0.027 
0.021 

Operational IT management         Internal information 
sharing 
   Total effects 
   Total indirect effects 

 
 

0.501 
0.382 

 
 

< 0.001*** 
< 0.001*** 

 
 

0.315 
0.240 

Bed size        Internal information sharing 
   Total effects 
   Total indirect effects 

 
-0.044×10-3

-0.044×10-3

 
0.772 
0.772 

 
-0.007 
-0.007 

Public status         Internal information sharing 
   Total effects 
   Total indirect effects 

 
0.609 
0.240 

 
< 0.001*** 
< 0.001*** 

 
0.217 
0.086 

Teaching status         Internal information sharing 
   Total effects 
   Total indirect effects 

 
0.050 
0.050 

 
0.447 
0.447 

 
0.019 
0.019 

Adoption of infrastructural technologies        Internal 
information sharing 
   Total effects 
   Total indirect effects 

 
 

0.484 
0.252 

 
 

< 0.001*** 
< 0.001*** 

 
 

0.320 
0.167 

Operational IT management         External information 
sharing 
   Total effects 
   Total indirect effects 

 
 

0.321 
0.204 

 
 

< 0.001*** 
< 0.001*** 

 
 

0.172 
0.110 

Bed size        External information sharing 
   Total effects 
   Total indirect effects 

 
-0.038×10-3

-0.038×10-3

 
0.684 
0.684 

 
-0.005 
-0.005 

Public status         External information sharing 
   Total effects 
   Total indirect effects 

 
0.208 
0.208 

 
< 0.001*** 
< 0.001*** 

 
0.063 
0.063 

Teaching status         External information sharing 
   Total effects 
   Total indirect effects 

 
0.044 
0.044 

 
0.214 
0.214 

 
0.014 
0.014 

Adoption of infrastructural technologies        External 
information sharing 
   Total effects 
   Total indirect effects 

 
 

0.238 
0.147 

 
 

< 0.001*** 
< 0.001*** 

 
 

0.134 
0.083 

IT-supported clinical EHR workflows         External 
information sharing 
   Total effects 
   Total indirect effects 

 
 

0.032 
0.096 

 
 

0.484 
< 0.001*** 

 
 

0.027 
0.080 
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Table 5.28 Effect decomposition of variables in Figure 5.17 (continued). 

Relationship Parameter 
Estimate 

P-value Standardized 
Estimate 

IT-supported inpatient clinical documentation         External 
information sharing 
   Total effects 
   Total indirect effects 

 
 

0.196 
0.049 

 
 

< 0.001*** 
< 0.001*** 

 
 

0.210 
0.052 

*p < 0.05, **p < 0.01, ***p < 0.001. All p-values reported were two-tailed. 
 

Although the size of IT workforce in the hospitals was dropped from the model 

because of some data quality concerns, it was also used in a separate path analysis to 

check how the pattern of relationships changed. First, a path model similar to Figure 5.17 

was specified with the absolute number of IT staff serving as a proxy measure for IT 

budget. The number of IT staff was specified as an endogenous variable of the three 

hospital characteristics (bed size, public status, and teaching status) and a predictor of the 

levels of facilitating operational IT management, adoption of infrastructural technologies, 

IT support for clinical workflows, and IT support for inpatient clinical documentation. 

The direct paths between hospital characteristics and these IT adoption constructs were 

retained. Findings showed size of IT workforce to be positively associated with bed size 

and negatively associated with public status (results not shown). It was also associated 

with the level of facilitating operational management. Additionally, it appeared to be a 

mediator for the effect of bed size on the extent of infrastructural technologies adoption, 

but the direct effects of bed size on the levels of IT support for clinical workflows and 

inpatient clinical documentation were unchanged (with size of IT workforce having no 

direct effect). Likewise, the direct effects of public status on the levels of infrastructural 

technologies adoption and IT support for clinical workflows remained, and the direct 

effect of public status on the extent of IT support for clinical EHR workflows became 
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significant. Other relationships in the model were similar. Overall, this demonstrates that 

size of IT workforce, and IT budget of which it is a proxy measure, did not explain most 

of the observed effects between hospital characteristics and IT adoption, except the effect 

of bed size on the extent of infrastructural technology adoption. Because data on the size 

of IT workforce deserve more attention regarding their reliability, they were left out of 

the final model of this study. 

5.6.2 Model Estimation with Measurement Reliabilities Incorporated 

When measurement errors of the instrument were taken into account, the model as 

depicted in Figure 5.17 was again reestimated and the results were compared with when 

measurement errors were absent. Variance of each measurement error term was defined 

as 1 minus the respective reliability coefficient, times variance of the factor score. The 

error variance for each of the six factors was fixed at this value. The Cronbach’s alpha 

was used as a measure of internal consistency reliability for each construct in the model. 

The values of their Cronbach’s alpha and the calculated measurement error variance are 

reported in Table 5.29. 

Table 5.29 Cronbach’s alpha of the constructs in the path model in Figure 5.17. 

Construct Cronbach’s alpha 
Measurement Error 

([1-Alpha]*Variance) 
Operational IT management 0.881785 0.053574 
IT-supported clinical EHR workflows 0.933353 0.073576 
IT-supported inpatient clinical 
documentation 

0.863226 
0.247488 

Adoption of infrastructural 
technologies 

0.637356 
0.180963 

Internal information sharing 0.941129 0.067567 
External information sharing 0.973065 0.042159 

 
 Using values in Table 5.29, the model in Figure 5.17 was reestimated. Table 5.30 

shows the model fit statistics. The model was an excellent fit to the data and the fit 
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statistics had negligible changes from those in Table 5.26. Table 5.31 reports the 

unstandardized and standardized parameter estimates of this model. 

Table 5.30 Values of fit statistics for path analysis of the model in Figure 5.17, with 
measurement errors taken into account. 

Index Value of Fit Statistics for the Estimated Model 

χ  6.365 
dfM 5 
Chi-square p-value 0.2723 
RMSEA (90% CI) 0.017 (0.000–0.052) 
Close-fit hypothesis p-value 0.937 
CFI 0.999 
TLI 0.993 
SRMR 0.010 

CFI - comparative fit index, CI - confidence interval, RMSEA - root mean square error of approximation, 
SRMR - standardized root mean square residual, TLI - Tucker-Lewis index. 
 
Table 5.31 Results of path analysis for the estimated model in Figure 5.17, with measurement 
errors taken into account. 

Relationship Parameter 
Estimate 

P-value Standardized 
Estimate 

Direct Effects
Bed size         Operational IT management 0.279×10-3 0.050 0.077 
Public status         Operational IT management -0.045 0.464 -0.027 
Teaching status         Operational IT management 0.089 0.155 0.057 
Operational IT management         Adoption of infrastructural 
technologies 

0.433 < 0.001*** 0.484 

Bed size         Adoption of infrastructural technologies 0.435×10-3 0.001** 0.133 
Public status         Adoption of infrastructural technologies 0.262 < 0.001*** 0.177 
Teaching status         Adoption of infrastructural technologies 0.054 0.364 0.039 
Adoption of infrastructural technologies         Clinical EHR 
workflows supported by IT 

0.784 < 0.001*** 0.436 

Operational IT management         Clinical EHR workflows 
supported by IT 

0.210 0.003** 0.131 

Bed size         Clinical EHR workflows supported by IT -0.619×10-3 0.003** -0.106 
Public status         Clinical EHR workflows supported by IT 0.100 0.280 0.037 
Teaching status       Clinical EHR workflows supported by IT -0.095 0.299 -0.038 
Adoption of infrastructural technologies         Inpatient 
clinical documentation supported by IT 

0.658 < 0.001*** 0.297 

Operational IT management         Inpatient clinical 
documentation supported by IT 

0.316 0.001** 0.159 

Bed size         Inpatient clinical documentation supported by 
IT 

-1.271×10-3 < 0.001*** -0.176 

Public status         Inpatient clinical documentation supported 
by IT 

0.258 0.032 0.078 

Teaching status         Inpatient clinical documentation 
supported by IT 

0.004 0.971 0.001 
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Table 5.31 Results of path analysis for the estimated model in Figure 5.17, with measurement 
errors taken into account (continued). 

Relationship Parameter 
Estimate 

P-value Standardized 
Estimate 

Operational IT management         Internal information 
sharing 

0.058 0.311 0.035 

Adoption of infrastructural technologies         Internal 
information sharing 

0.392 < 0.001*** 0.214 

Clinical EHR workflows supported by IT         Internal 
information sharing 

0.374 < 0.001*** 0.366 

Inpatient clinical documentation supported by IT         
Internal information sharing 

0.223 < 0.001*** 0.269 

Public status         Internal information sharing 0.320 < 0.001*** 0.117 
Internal information sharing         External information 
sharing 

0.247 < 0.001*** 0.207 

Operational IT management         External information 
sharing 

0.099 0.239 0.050 

Adoption of infrastructural technologies         External 
information sharing 

0.183 0.151 0.083 

Clinical EHR workflows supported by IT         External 
information sharing 

-0.110 0.060 -0.091 

Inpatient clinical documentation supported by IT         
External information sharing 

0.177 < 0.001*** 0.179 

Non-Directional Associations
Clinical EHR workflows supported by IT          Inpatient 
clinical documentation supported by IT 

0.400 < 0.001*** 0.406 

Disturbance Variances (After taking measurement errors into account) 
Operational IT management 0.392 < 0.001*** 0.119 
Adoption of infrastructural technologies 0.221 < 0.001*** 0.363 
Clinical EHR workflows supported by IT 0.760 < 0.001*** 0.067 
Inpatient clinical documentation supported by IT 1.279 < 0.001*** 0.137 
Internal information sharing 0.499 < 0.001*** 0.059 
External information sharing 1.327 < 0.001*** 0.027 

 (For latent variables after taking measurement errors into account) 

Operational IT management 0.013 0.107  
Adoption of infrastructural technologies 0.304 < 0.001*** 
Clinical EHR workflows supported by IT 0.260 < 0.001*** 
Inpatient clinical documentation supported by IT 0.181 < 0.001*** 
Internal information sharing 0.534 < 0.001*** 
External information sharing 0.129 < 0.001*** 

**p < 0.01, ***p < 0.001. Significance testing for path coefficients was one-tailed. 
Shaded cells indicate relationships with a different statistical pattern when compared to estimated model 
without measurement errors. 
 
 Most of the parameter estimates had similar values and statistical significance as 

those in Table 5.27 without the measurement errors. When measurement errors were 

taken into account, two significant direct effects disappeared—the positive effect of 
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public status on the extent of IT-supported inpatient clinical documentation and that of 

facilitating operational IT management on the extent of internal information sharing. The 

model with measurement errors along with the resulting path coefficients is depicted in 

Figure 5.19. 

 
 

Figure 5.19. Final IT adoption model and unstandardized parameter estimates with measurement 
errors taken into account. Dashed lines indicate non-significant effects based on a one-tailed test. 
The rectangle with dashed borders indicates a variable without any significant hypothesized 
effects on other variables. Coefficients in bold face changed the significance pattern from the 
model in Figure 5.18 without errors. *p < 0.025, **p < 0.01, ***p < 0.001. 
 
5.7 Content Analysis of Open-Ended Comments 

Open-ended comments of survey responses were analyzed using qualitative 

content analysis. Apart from response clarifications and instructions for incentive and 

results mailing, six themes and 19 subthemes emerged (Table 5.32). 
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Table 5.32 Emerging themes and representative quotes from content analysis of open-ended 
comments. 

Theme and Subtheme 
(Frequency) 

Sample Quotes 

1. Standards & Interoperability 
1.1 Desires or support for 
a single centrally-
developed health IT 
solution for 
interoperability (19) 

“Hospital information systems should be designed centrally (such as by an 
NHSO contract) and then provide training to people across the country for 
alignment and ease of maintenance.” (a small district hospital) 
 
“If there is a central agency that could develop a hospital information 
system and deploy it across the hospitals, Thailand would save a lot of 
money and both public and private sectors would benefit.”  (a medium-
sized private hospital) 
 
“The entire health system, especially hospitals, should have the same 
hospital information system for accurate and fast data aggregation.” (a 
medium-sized district hospital) 
 
“There should be one software solution for the country linking health 
centers, hospitals, departments, and divisions via the Internet.” (a small 
district hospital) 
 
“The same hospital software should be developed for use nationwide to 
enable data interchange, but it should be done by the Ministry rather than 
by a vendor like HOSxP that we need to rely on to deploy.” (a medium-
sized district hospital) 
 
“I wish Thailand has only one hospital information system solution, such as 
HOSxP.” (a medium-sized district hospital) 
 
“Existing software for healthcare services should be combined into one 
solution if possible. Please keep in mind HOSxP that we currently use.” (a 
small district hospital) 

1.2 Redundancies, 
inefficiencies, fragmented 
systems, and 
collaboration (7) 

“I wish a main, central program is developed so that whenever a 
government department wants certain information, they can pull it from this 
program using another developed program or a tool, because the more 
programs, the more complicated it is.” (a small district hospital) 
 
“In the Ministry of Public Health, each department develops its own 
programs, so users have to do things several times, without integration, 
slowing the development.” (a small district hospital) 
 
“...reduce reports and allow us to send electronic files instead.” (a small 
public hospital) 
 
“Development at the provincial level is not in the same direction since the 
beginning. Each hospital separately develops [its systems], so linking data 
or unifying the systems is difficult because of paid investments.” (a large 
district hospital) 
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Table 5.32 Emerging themes and representative quotes from content analysis of open-ended 
comments (continued). 

Theme and Subtheme 
(Frequency) 

Sample Quotes 

1.2 Redundancies, 
inefficiencies, fragmented 
systems, and 
collaboration (7) 
(continued) 

“With respect to hospital information systems, we should work in networks 
because each place has vastly different knowledge and capabilities. Most 
work to respond to budget to be received.” (a small district hospital) 
 
“I wish redundant data reporting is studied. How can we use IT to reduce 
the documentation steps, especially online data, because it creates a lot of 
problems to the local workers?” (a small district hospital) 
 
“I would like [the researcher’s] organization to be involved with other 
health care organizations such as NHSO, the Bureau of Policy and Strategy, 
the Thai Health Coding Center, etc.” (a small district hospital) 

1.3 Centralized data 
center (5) 

“Government agencies have had ideas about a centralized data center. This 
should be fully supported because there is much redundant data exchange 
nowadays.” (a medium-sized private hospital) 
 
“...a provincial data center is being developed.” (a large district hospital) 
 
“Currently the Ministry of Public Health or NHSO or the organizations 
responsible for IT focus on data centralization which is inconvenient and 
inflexible. It should be distributed at the provincial level, and more 
provincial-level personnel development should be done.” (a medium-sized 
provincial hospital)

1.4 Standard data sets (3) “The root of the IT problems in Thailand is standard data set both for back 
and front offices and academic information systems. Software applications 
are simply the mask or conduit for information. A good system is smart, 
fast, and more comprehensive, only if we have a stable standard data set 
that does not change or expand too frequently. Data can then be exchanged 
for both the public and private sectors, and software houses can then 
develop solutions to compete for every platform.” (a large tertiary public 
hospital) 
 
“I wish the Bureau of Policy and Strategy [Ministry of Public Health] and 
NHSO have the same standard data set.” (a small district hospital) 
 
“Hospital information systems should have the same standard data set for 
ease of administration.” (a medium-sized public specialty hospital) 

1.5 General support for 
interoperability (3) 

“I wish for development of universal information standards in Thailand for 
data sharing and transfer.” (a small public hospital) 
 
“I would like to see information of hospitals interoperable nationwide like 
banks.” (a small district hospital) 
 
“I would like to see the exchange of health information like the citizen 
registration system that is accessible anywhere, anytime, from any 
hospital.” (a large district hospital) 

 



 

191 

Table 5.32 Emerging themes and representative quotes from content analysis of open-ended 
comments (continued). 

Theme and Subtheme 
(Frequency) 

Sample Quotes 

1.6 Needs for a 
customized solution that 
fits local requirements (1) 

“Our hospital uses HOSxP but it does not fit our specialty needs so a lot of 
designed data structure is not used. A self-developed solution would fit best 
with our local context. If the government could develop a solution that is 
comparable to that of vendors, data can be exchanged. A central solution 
would be nice.” (a large public specialty hospital)

2. Barriers to Adoption 
2.1 Inadequate financial 
resources (5) 

“There is no budget from the central administration to support [IT 
development]. We used only our own budget. Don’t really have much 
money, but want timely data.” (a small district hospital) 
 
“I wish there is more budget from the Ministry for IT development than 
this, and also ongoing capability development...” (a small district hospital) 
 
“There are only people wanting good stuffs, good programs, good 
machines, but low prices, so we haven’t bought and haven’t used the good 
stuffs, good programs.” (a small district hospital) 
 
“In a small hospital, there is no budget for IT, so development is very 
difficult.” (a small district hospital) 

2.2 Regulatory barriers 
(2) 

“Electronic documents are not yet legally admissible evidence.” (a medium-
sized private hospital) 
 
“...the bureaucratic regulations are also barriers to machine or outsourcing 
procurement.” (a small military hospital)

2.3 Lack of political will 
(1) 

“IT development in Thailand’s health care has no clear direction and is 
uncoordinated because the Ministry of Public Health is not committed or 
sincere to lead. When it leads, there is always corruption. It should start to 
sincerely and seriously lead for once.” (a large public general hospital)

2.4 Lack of value 
Proposition (1) 

“Certain technologies, such as laboratory information systems, PACS, or 
electronic documents, have large expenses that outweigh the returned 
values.” (a medium-sized private hospital)

3. Human Resource Issues 
3.1 Job recruitment and 
job security (17) 

“IT workers are considered temporary workers. No permanent position is 
available in public organizations, making it a challenge.” (a small district 
hospital) 
 
“There need to be job positions on hospital IT. Many hospitals now use 
other employees to administer IT.” (a small district hospital) 
 
“The Office of the Permanent Secretary of the Ministry of Public Health 
does not specify that IT specialist is a necessary job position in district 
hospitals.” (a small district hospital) 
 
“I have long wanted to have an IT position for IT administrator for more 
than a decade, but not necessarily with an IT-related degree but with real-
world IT experience. Please advocate for us.” (a small district hospital) 
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Table 5.32 Emerging themes and representative quotes from content analysis of open-ended 
comments (continued). 

Theme and Subtheme 
(Frequency) 

Sample Quotes 

3.1 Job recruitment and 
job security (17) 
(continued) 

“Findings should be used to facilitate job opportunities and recruitment of 
qualitified individuals because today we work like someone without 
important roles but do everything by ourselves.” (a medium-sized district 
hospital) 
 
“There should be a permanent civil servant position for computer 
specialists in the hospitals because temporary position holders will quit 
often, leading to lack of development continuity.” (a small district hospital) 
 
“There is no IT specialist position in 30-bed district hospitals, so the 
workload falls to other health care professionals.” (a small district hospital) 
 
“There should be a study on roles of system administrators, which will 
show the competency on system administration. There are so many 
technologies nowadays but very few system administrator positions.” (a 
small district hospital) 
 
“IT workers are usually public health civil servants assigned to work in IT, 
so there is no IT career development, leading to frequent changes in the 
responsible person.” (a small district hospital) 
 
“Support for medical informatics personnel from the central government is 
very little.” (a small district hospital) 
 
“There is still a lack of incentive to hire employees who know both IT and 
health care among public organizations (because of complexity in a health 
care unit, those who know both will understand data flow or can be more 
effective system analysts) as well as to train and keep them...” (a small 
military hospital) 

3.2 Human resource 
development (11) 

“Technology evolves continuously, but employees are not willing to change 
or use IT to appropriately improve their jobs.” (a small district hospital) 
 
“For the computer systems in the hospital, most of the users are public 
health professionals with no direct training, leading to potential data errors 
and needs for more learning, which some units don’t have time. Computer 
or IT specialists also don’t fully understand the nature of health care, 
leading to data errors, poor responsiveness, and inability to educate health 
care personnel.” (a medium-sized district hospital) 
 
“I want to see educational opportunities for system administrators and 
workers in district hospitals to improve their knowledge.” (a small district 
hospital) 
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Table 5.32 Emerging themes and representative quotes from content analysis of open-ended 
comments (continued). 

Theme and Subtheme 
(Frequency) 

Sample Quotes 

4. Other Policy Issues 
4.1 Privacy issues (6) “Sharing of patient information needs to consider access and patient rights 

too (it wasn’t mentioned).” (a large district hospital) 
 
“[Patient information] was confidential and should not be disclosed unless 
the patient consents...Hospital IT has increasingly advanced but we need to 
consider confidentiality and patient rights as well. But disclosing 
information to patients may sometimes lead to lawsuits to doctors and the 
hospital (being instigated to misinterpret the hospital).” (a medium-sized 
district hospital) 
 
“Patient information is confidential, unless the patient is referred to another 
hospital.” (a medium-sized private hospital) 

4.2 Budget allocation (4) “...there should be a central agency overseeing the allocation of budget to 
hospitals, not letting NHSO be the sole decider.” (a small district hospital) 
 
“...budget should be allocated to health providers adequately and 
appropriately to their level of care.” (a small district hospital) 
 
“The government should fund a vendor that has developed a solution 
meeting hospital requirements, such as the current system we are using 
(Hospital OS).” (a medium-sized district hospital) 
 
“I want the Ministry to allocate budget specifically for IT administration, 
because the individual organizations sometimes are not efficient in 
systematic management.” (a small district hospital) 

4.3 User issues (3) “Developing IT systems needs time and open mind of users to develop to 
the full potential and also for their own development.” (a small district 
hospital) 
 
“Use of the systems by physicians is often not fully cooperated.” (a small 
provincial hospital) 
 
“If possible, there should be a person for quality control of the hospital 
information systems because most people don’t see the importance.” (a 
small district hospital) 

4.4 Management support 
(2) 

“Senior management of the organization must have IT vision. It will help 
improve the organization’s mission quickly.” (a small district hospital) 
 
“...some hospitals don’t quite see the importance of IT works...” (a medium-
sized military hospital) 

4.5 General support for 
health IT efforts (4) 

“We believe IT is important in today’s era.” (a small public hospital) 
 
“There should be development of information systems specifically for 
hospital operations because it would help the job and reduce the workload 
of workers at all levels.” (a medium-sized private hospital) 
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Table 5.32 Emerging themes and representative quotes from content analysis of open-ended 
comments (continued). 

Theme and Subtheme 
(Frequency) 

Sample Quotes 

4.5 General support for 
health IT efforts (4) 
(continued) 

“There is hopefully a possibility for telepsychiatry development in 
Thailand.” (a medium-sized public specialty hospital) 

5. Thoughts for This Study 
5.1 Support the study’s 
efforts (14) 

“I agree for conducting this study.” (a large public specialty hospital) 
 
“My thanks to the researcher who sees the importance of hospital 
information systems and conducts research to improve medical informatics 
in Thailand.” (a small district hospital) 
 
“Study results should be used to maximize benefits.” (a small military 
hospital) 
 
“I hope the study truly benefits utilization of IT.” (a medium-sized private 
hospital) 
 
“I hope the Ministry of Public Health uses results from this study to 
improve hospital information systems into the same direction.” (a small 
district hospital) 
 
“I’m glad someone is trying to improve and collect this information in Thai 
hospitals. I support this study and I am willing to provide data.” (a medium-
sized private hospital) 

6. Others 
6.1 Miscellaneous (5) “...physical space for education and training within the hospital is also 

limited (no training room).” (a large district hospital) 
 
“Newly developed programs should be sent via e-mail.” (a medium-szied 
district hospital) 
 
“I want health information systems software that has easy-to-use and 
simple user interface, not burdening the users.” (a medium-sized district 
hospital) 
 
“Information systems need to develop continuously and align with the main 
systems. We now use HOSxP because it fits with NHSO which needs data 
for budget management and result-driven management, migrating from 
Oracle to HOSxP, which has a tendency for continuing development and 
receives funding.” (a medium-sized district hospital) 
 
“Servers and other equipments need to have national-standard high quality 
(even for small hospitals) because data must be shared with comparable 
equipments.” (a medium-sized district hospital) 

NHSO - National Health Security Office. One response may belong to several themes. 
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One of the most prominent themes was comments related to standards and 

interoperability. At least 19 respondents expressed wishes to see a centrally-developed 

hospital information system that could be used in hospitals nationwide (Subtheme 1.1). 

Several of these respondents suggested that such homogeneity would reduce 

inefficiencies or enable health information exchange among the providers (Subtheme 

1.2). One comment, in contrast, noted the poor organizational-technology fit between the 

health IT solutions in the market and their local requirements (Subtheme 1.6). Other 

subthemes on standards and interoperability included centralized data center (Subtheme 

1.3), standard data set (Subtheme 1.4), and general support for standard and 

interoperability efforts (Subtheme 1.5). Another theme highlighted barriers to health IT 

adoption from inadequate financial resources (Subtheme 2.1) to regulatory barriers and 

bureaucracies (Subtheme 2.2), lack of political will from the government and bureaucrats 

(Subtheme 2.3), and lack of perceived value proposition for certain technologies 

(Subtheme 2.4). 

Human resources were another clear theme that emerged. The challenges in 

recruiting qualified job applicants and ensuring their job security were most frequently 

cited (Subtheme 3.1). There were many outcries on the lack of a permanent civil servant 

position in IT roles in small to medium-sized public hospitals that makes organizational 

IT management very difficult. The need for continuing education and adequate training 

was also highlighted, as was the importance of those who know both IT and health care 

(Subtheme 3.2). 
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Other policy issues that were noted included the need to consider privacy rights of 

patients (Subtheme 4.1), the importance of appropriate and adequate allocation of 

financial resources (Subtheme 4.2), user-related challenges (Subtheme 4.3), and 

management support (Subtheme 4.4). A number of respondents also expressed support 

and enthusiasm for health IT adoption in Thailand (Subtheme 4.5), as well as support and 

appreciation for this study’s efforts in improving the health IT situation in Thailand 

(Subtheme 5.1). 

Other comments that might indicate potential issues for specific survey questions 

are presented in Table 5.33. These might be useful for future studies that use a similar 

survey instrument. Some respondents noted that the interpretation of some questions is 

subjective. For Question 13 on functional sophistication, some respondents were not sure 

if they should answer the availability of functions in the system or the actual use. For 

Question 15 on internal integration sophistication, issues arose when only one or a few 

systems were used across the departments, and hence it was unclear to them if this 

indicates a highly integrated environment (a high score) or one with little information 

exchange “across” the systems (a low score). Lastly, for Question 16 on external 

integration sophistication, several respondents expressed concerns about privacy issues, 

while others were unsure if only clinical use cases such as referrals should be considered 

or if administrative data reporting was included, and if so, information exchange to what 

organizations should be counted. More clarifications or examples might prove helpful in 

future studies. 
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Table 5.33 Open-ended comments that might suggest potential issues of survey questions. 

Survey Questions (Frequency) Sample Quotes 
Q13 [Functional Sophistication] 
(3) 

“Some questions could be interpreted in different ways. For 
example, on Q13 the support by computerized information systems 
may vary by respondents.” (a medium-sized private hospital) 
 
“I don’t quite understand Q13. Each department can only access 
each data type by the nature of its job.” (a medium-sized private 
hospital) 
 
“The term ‘support’ makes it hard to answer in the case where the 
function is supported but some user groups do not use, such as 
doctors who wouldn’t enter inpatient medication orders through the 
program.” (a medium-sized district hospital) 

Q15 [Internal Integration 
Sophistication] (3) 

“Not sure if ‘between systems’ is the same as between 
departments?” (a medium-sized private hospital) 
 
“We have only one system.” [responded missing on all items] (a 
small district hospital) 
 
“Unclear wording.” (a small public general hospital) 

Q16 [External Integration 
Sophistication] (9) 

“I chose a score of 1 because I understand the question asks about 
information being exchanged via the network (the Internet).” (a 
small district hospital) 
 
“Patient information is confidential and can’t be disclosed. Patients 
must give consent.” (a medium-sized district hospital) 
 
“On Q16, it’s not clear if sending administrative reports is 
considered an information exchange, or only patient referrals are 
considered.” (a small district hospital) 
 
“Access to patient information from outside needs to go through the 
hospital’s board or the director.” (a medium-sized district hospital) 
 
“Does it include NHSO and the Social Security Office’s systems? 
The question is not clear.” (a large public specialty hospital) 

NHSO - National Health Security Office. One response may contain multiple issues. Question numbers 
refer to the corresponding questions in the final survey instrument used in the nationwide study (see 
Appendix B). 
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Chapter Six 

Discussion and Conclusion 

 

This last chapter interprets and discusses the results reported in Chapter 5. The 

knowledge that could be used to drive public policy and further advance the science of 

health IT adoption is drawn. The significance and limitations of this study are noted, and 

opportunities for future research are suggested. The chapter ends with the conclusion of 

this study. 

6.1 Study Summary 

The knowledge gap in Thailand’s state of hospital IT adoption and the paucity of 

theoretical advances on hospital IT adoption at the organizational level served as dual 

opportunities for this study. With Paré and Sicotte’s IT sophistication29 at the core of its 

conceptual framework, this study has proposed a breakdown of hospital IT adoption into 

separate components, from technologies to functions and information exchange. Unlike 

Paré and Sicotte, however, a new dimension was added—the organizational cultures and 

management practices that are important to IT adoption and implementation. Using 

literature evidence from case studies and lessons learned from IT implementation 

successes and failures, as well as opinions from biomedical and health informatics 

experts, this study identified at least ten IT management characteristics that should be 

linked to IT adoption. A new “managerial” aspect of IT adoption was proposed, and a 

quantitative study of the conceptual framework was conducted. 
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 The proposed conceptual framework led to the development of a new survey 

instrument, extensively modified from Paré and Sicotte’s original instrument.29 

Evaluation of face and content validity was done, as was a pilot study to pre-test the 

instrument. After a number of improvements, a nationwide survey of Thai hospitals was 

conducted. The analyses could be largely categorized into four groups—descriptive 

analysis of the state of IT adoption and associated organizational factors; instrument 

validation; the proposed framework’s evaluation and improvements; and content analysis 

of open-ended comments. The following sections discuss findings from these analyses. 

6.2 State of IT Adoption in Thai Hospitals 

6.2.1 Survey Respondents 

The nationwide survey received a satisfactory 70% response rate among the 1,298 

eligible hospitals. However, comparing with nonresponding hospitals, respondents were 

35 beds larger on average and about 50% more likely to be public hospitals. Geographic 

variations of respondents also existed, with fewer hospitals in the central region and more 

hospitals in the northern region responding. Larger hospitals are expected to have higher 

degree of IT adoption, according to the literature. With evidence from the literature 

suggesting a link between for-profit status and IT adoption, public hospitals are expected 

to have lower levels of IT adoption (although findings ultimately suggested the contrary). 

There is no evidence to suggest that hospitals in the northern region behave differently 

than hospitals in other regions, though hospitals in the central regions are mostly in the 

urban area. These urban hospitals may have higher functional needs, increased patient 

volumes, intense competition, and better access to financial resources and IT expertise, 
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all of which could lead to higher IT adoption. These significant differences could not be 

ignored when findings are generalized, and they suggest that the observed findings might 

overestimate the true level of IT adoption. 

The descriptive statistics of respondent characteristics appeared reasonable. About 

two thirds of the respondents were male, consistent with the tendency of male 

predominance among IT professionals. Most of the respondents were at least college-

educated and received some training in IT and health science. The high proportion of 

respondents who were serving in IT-related or executive roles suggests that findings 

should reflect the real IT environment in the hospitals. 

6.2.2 State of IT Adoption 

This subsection offers discussions related to Research Questions 1–2 (see Chapter 

3). The research questions are reiterated here for ease of reference. 

Research Question 1: What is the extent of IT adoption in Thai hospitals nationwide? 

Research Question 2: Are there variations in the IT adoption levels among hospitals in different 
geographic regions of the country? 

 
Because the proposed model of IT sophistication did not fit the data well 

according to confirmatory factor analysis, the scores for six IT adoption factors revealed 

from the data through exploratory factor analysis were used to assess the state of IT 

adoption. To answer Research Question 1, the scores suggest that hospitals nationwide on 

average have a relatively high level of IT support for clinical workflows such as order 

entry for medications, laboratory tests, and imaging, as well as for results viewing. 

Likewise, responding hospitals on average have greatly adopted infrastructural 

technologies such as networking and master patient index that are fundamental to hospital 
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operations, and they also share information internally to a considerable degree. 

Strikingly, the level of information exchange outside the hospitals is considerably low, 

however. This indicates a sizeable potential barrier toward HIE that leverages patient 

health information across disparate providers to improve individual and population 

health. More studies should attempt to identify major barriers of HIE that need to be 

addressed. 

Geographic differences (Research Question 2) in the scores of several aspects of 

IT adoption exist. The southern, western, and eastern parts of the country have lower 

average scores than other regions in almost all aspects of IT adoption, while the northern 

and northeastern regions have highest scores. The presence of geographic differences is 

not surprising, although the high scores of the northeastern region were not expected 

given the region’s mostly rural environment and a larger, relatively poor population 

compared to other regions. This finding is encouraging because it provides evidence that 

rural hospitals do not necessarily have the biggest barriers toward health IT adoption. It 

would be interesting to study why these regions outperform others. Policymakers should 

also focus on other low-adopting regions to ensure that the geographic adoption gap is 

not large. 

When adoption of EHR and computerized order entry is specifically considered, 

the findings are even more encouraging. More than 80% of hospitals nationwide and in 

all regions have adopted basic EHR systems in the outpatient setting. The situations are 

less satisfactory in the inpatient setting and when both settings are considered, where 

most regions have an adoption rate between 40–50%. When a more stringent, 
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comprehensive definition of EHR is considered, with laboratory order entry, imaging 

order entry, image viewing, drug-allergy alerts, and drug-drug-interaction alerts added, 

the nationwide adoption rate drops to 11% in the outpatient setting and about 5–6% in 

other settings. Overall, the outpatient setting witnesses a higher adoption rate than the 

inpatient setting, and most hospitals still have only “basic EHR” functions. An 

overwhelming 96% of hospitals have implemented computerized order entry for 

medication orders in the outpatient setting, with the adoption rates in inpatient setting and 

both settings combined still very high (higher than 90%) nevertheless. When all orders 

are considered, slightly lower but still very high adoption rates (79–89%) are observed. 

The high adoption rate of computerized order entry functions suggests that the potential 

to implement clinical decision support features to enhance patient safety appears feasible. 

Nevertheless, the impressively high adoption rates need to be considered in 

conjunction with how the estimates were operationalized in this study. For example, for 

basic EHR and all CPOE estimates, responses greater than 1 (Not supported at all by 

computers) for all relevant functions were considered an indicator of adoption, although 

the adoption could be partial (e.g., in some units or by some users). In an attempt to 

conduct sensitivity analysis by changing the definitions to consider only responses of 4 or 

5 (5 = Fully supported by computers) in a 5-point scale for all relevant functions, some 

adoption estimates decrease considerably (results not previously shown). The adoption 

rates for basic EHR drop from 87% to 64% in the outpatient setting and from 50% to 

24% for inpatient and both settings combined. Nevertheless, the adoption rates drop only 

7–14% for medication-order CPOE, from 96% to 89% in the outpatient setting, from 
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91% to 78% in the inpatient setting, and from 90% to 76% in both settings combined. 

Similarly, all-order CPOE estimates decrease from 89% to 73% in the outpatient setting, 

from 82% to 62% in the inpatient setting, and from 79% to 59% in both settings 

combined. While this demonstrates the dependencies of adoption estimates on exact 

definitions, a well-known methodological issue,25,243 the estimates are still surprisingly 

high for outpatient basic EHR and CPOE systems. 

Another interesting finding is the changes in the health IT adoption landscape 

among Thai hospitals that have occurred in the last six years. Comparing the distributions 

of hospital information system vendors/products in 2004 and 2011 reveals a big leap on 

the market share of HOSxP (50% of all hospitals in 2011), with some visible increases 

for Hospital OS but noticeably reduced market shares of most other products. This is 

consistent with the actual market situation in Thailand based on the researcher’s 

experience in the field, as well as an unscientific survey recently presented in a national 

conference in health informatics in 2010.244 

Both HOSxP and Hospital OS are open-source software solutions developed in 

Thailand, specifically targeting small to medium hospitals because of their less complex 

environments and less demanding requirements. Both are led by health care professionals 

with understanding of typical hospital workflows and with experience in hospital IT 

administration and software development. The products are therefore considered to meet 

requirements of many small-scale hospitals. With their open-source nature, these two 

products are allowed to be implemented and customized by the adopting hospitals, and 

the developers were mainly paid nominally for implementation, technical support, and 
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consulting services. One of these products (Hospital OS) also received research and 

development funding by governmental agencies. While the long-term sustainability of 

their business models is unclear, the low fees coupled with well-designed open-source 

solutions and the desperate needs of many public hospitals at the time to find the right 

solution in an affordable price led to their widespread adoption. 

In 2004, HOSxP was in its early phase of development, explaining its low 

adoption rate in a previous study. Since then, the product has matured and an increasing 

number of hospitals adopting it led to a snowball effect where the successful adoption 

and user satisfaction in early-adopting hospitals had an influence on their peer hospitals. 

This is interestingly similar to the concepts of subjective norm in TAM263 and social 

influence in UTAUT,64 though these concepts operate in a different level of adoption than 

this study. Moreover, health officials in some provinces have mandated that all public 

hospitals in the provinces use the same product (mostly HOSxP), which intensified the 

snowball effect even further and had sparked interests and debates in the local health 

informatics community.244,245 

It is important to note, however, that the majority of the hospitals that have 

adopted HOSxP or Hospital OS are relatively small public hospitals, mostly district 

hospitals under the purview of the Ministry of Public Health. Many medium-sized and 

large hospitals view these products and many other solutions in the market as either unfit 

to their higher levels of requirements or requiring extensive customizations. Use of 

commercial products from other countries exists but in a very small percentage and only 

among large and mostly private hospitals. This observation can be explained by the 
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products’ high costs, different internal workflows, and extensive modifications needed 

for claims and reimbursements in Thailand’s predominantly publicly-funded health care. 

A non-negligible 16% of hospitals use self-developed or outsourced solutions specifically 

designed for their environment, suggesting that a homogeneous health IT adoption of the 

same product by most hospitals nationwide—a so-called “one country, one system” idea 

as previously suggested by a number of respondents mostly from small district 

hospitals—is impratical, as echoed by Theera-Ampornpunt.245 This adoption landscape is 

much different from that of most developed countries, and lessons drawn from Thailand’s 

situation might benefit other countries in their pursuit of widespread hospital IT adoption. 

6.2.3 International Comparison 

 Cross-country and cross-study comparisons of health IT adoption are challenging 

endeavors given the different methodologies and definitions employed.25,243 Nevertheless, 

it is important that the adoption situations in different countries are compared to assess 

the gaps and draw implications for public policy. 

 To enable cross-study comparisons, EHR and CPOE adoption was defined to be 

as close to a recent study of U.S. hospitals by Jha et al.21 as possible (see Table 4.4 for 

definitions). Unfortunately, some definitional differences still exist because of some 

remaining operationalization differences. The definitions for this study are less 

comprehensive than those used by Jha et al,21 though the differences are generally in less 

important features. Therefore, for comparison purposes, the adoption rates in this study 

should overestimate the true adoption rates if the exact same definitions were used. 
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 In the ambulatory setting, the preliminary NAMCS findings in 2010 suggest about 

25% adoption rate of basic EHR systems (with demographics, problem lists, clinical 

notes, laboratory results viewing, imaging results viewing, and CPOE for medications) 

among U.S. office-based physicians.94 The adoption estimate among Thailand’s 

independent physician offices is not available (but presumably low based on an 

assessment by experts and especially since most physician offices are solo or small 

practices with minimal IT capabilities). However, when the ambulatory setting of Thai 

hospitals nationwide is considered, the estimate (87%) is much higher than that of the 

physician’s offices in the U.S. (but note the somewhat less restrictive definitions for 

Thailand). 

In the inpatient setting, Thailand’s 2011 estimate of EHR adoption meeting at 

least basic functional requirements (50%) outperforms the 2008 (9%)21 and 2009 (12%)97 

estimates in U.S. hospitals. Even when only responses with a score of 4 or 5 in a 5-point 

scale for relevant functions were considered, the estimated adoption rate of 24% is still 

much higher (although again, the definition was slightly less restrictive; see Table 4.4). 

The comprehensive EHR estimate is also more than doubled for Thailand (6% for the 

inpatient setting) when compared to 1.5% (2008)21 and 2.7% (2009)97 for the U.S. The 

computerized order entry feature for medication orders is also highly adopted in Thai 

hospitals (91% in 2011) compared to 17% (2008)21 and 34% (2009)97 in the U.S. When 

only responses with a score of 4 or 5 were considered, the estimate (78%) is still much 

larger than U.S. estimates. 
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When compared to other Western countries, basic EHR adoption in Thai 

hospitals’ ambulatory setting closely followed the universal adoption rate of Australia, 

the Netherlands, New Zealand, and the United Kingdom.22,23 However, it should be noted 

that independent physician offices not part of a hospital were not considered in this study, 

suggesting that the true ambulatory EHR adoption rate overall in Thailand likely lags 

behind that of these countries. For the inpatient setting, the best reliable estimates for 

these European countries in 2006 put the EHR adoption rate to less than 10% in virtually 

all of the studied countries.22 This suggests that Thailand may have adopted health IT to a 

greater extent than most of these countries, though the five-year time lag between the two 

studies makes a definitive conclusion impossible. Overall, Thailand’s adoption picture 

appears very promising and serves as a high-adopting example among developing 

countries. 

6.2.4 Organizational Factors Associated with IT Adoption 

Considering next the relationships between organizational factors of responding 

hospitals and the levels of IT adoption in various aspects. Univariate analyses suggested 

significant associations between being a teaching hospital and higher scores in some 

aspects such as adoption of basic infrastructural technologies, external information 

sharing, and the extent of facilitating operational management practices. This is in line 

with the literature, which suggests that teaching hospitals are more likely to adopt 

IT.20,98,102,104 A similar pattern was observed for public status, except for the extent of 

facilitating operational management. However, the observed associations were in the 

opposite direction from that hypothesized. Public (i.e., not-for-profit) hospitals had 
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significantly higher IT adoption scores, in contrast to most of literature evidence,100-102,108 

but consistent with some others.98 One possible explanation is the enthusiasm of health IT 

adoption among small to medium-sized public hospitals (predominantly district hospitals 

under the oversight of the Ministry of Public Health) as previously discussed. Such 

enthusiasm-induced snowball effect in public hospitals, coupled with the need for better 

information management due to higher patient volumes and demanding data reporting, 

could explain why public hospitals in Thailand are more likely to be IT adopters than 

private hospitals. In addition to these demand-side factors, appealingly affordable, 

customizable solutions of two major open-source products also serve as supply-side 

facilitators of adoption. 

 When public status was analyzed in the path model controlling for other hospital 

characteristics, the relationships persisted for the extent of adoption of infrastructural 

technologies, the extent of inpatient clinical documentation supported by IT, and the 

extent of information sharing within the hospitals. The observed relationships 

disappeared, however, for the extent of facilitating operational management and the 

extent of clinical workflows supported by IT, when other variables have been controlled 

for. On the other hand, teaching status was not associated with any aspect of hospital IT 

adoption in the multivariate analysis. 

 One interesting finding is that size had mixed effects on hospital IT adoption. In 

univariate analyses, hospital size is positively associated with the extent of facilitating 

operational management and the extent of adoption of basic infrastructural technologies, 

but it is negatively associated with the extent of inpatient clinical documentation 
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supported by IT. Similarly, in path analysis, hospital size was found to be positively 

associated with adoption of infrastructural technologies but negatively associated with the 

levels of IT-supported clinical EHR workflows such as order entry and results viewing as 

well as inpatient clinical documentation. This greatly contrasts to the overwhelming 

literature evidence20,87,100-105 that suggests that organizational size is strongly and 

positively associated with IT adoption. 

Kimberly and Evanisko provided two key mechanisms that explain the tendency 

of larger organizations to adopt IT—the facilitative and necessitative mechanisms.111 In 

the first mechanism, larger hospitals have better access to capital resources,100,101,111 

possess more internal expertise,87,100,111 are in a more powerful negotiating position,246 

and can more easily leverage economies of scale.102 This is in line with the resource 

dependence theory,247 which was used by Kazley and Ozcan246 to argue that larger 

hospitals adopt IT to help them secure necessary resources through increased demands 

from patients and more effective financial reimbursements, thereby reducing their 

dependence on external resources. The second mechanism, on the other hand, argues that 

larger hospitals are more complex,111 and in some cases geographically dispersed,87 

requiring use of IT for better information management. 

The lack of positive associations between organizational size and IT adoption is 

not a new phenomenon, however. As early as 1981, Gremillion248 studied use of 

information systems in units of the U.S. Forest Service and found the lack of significance 

between organizational size and IT use. It was noted that observed findings were in 

contrast to existing theories and empirical evidence at the time. Two explanations were 
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offered—the existence of an adoption threshold and the role of effective change 

strategies.248 In the first explanation, there might be a threshold for the relationship 

between organizational size and IT use, where organizations smaller in size than a certain 

threshold are unlikely to adopt and use IT, while organizations larger than the threshold 

would likely adopt IT. The effect of size may be insignificant if the study focuses on 

organizations that are either below or above the threshold (e.g., among organizations that 

are mostly larger than the threshold). The second reasoning posits that IT adoption and 

use is a function of how well the organization manages change to overcome resistance. 

Gremillion concluded that in his study evidence suggested the second explanation was 

likely.248 

 In this study, the lack of a significant positive association between organizational 

size and some of the IT adoption scores does not appear to be related to presence of an 

adoption threshold as Gremillion proposed.248 Bivariate scatterplot of hospital bed size 

and overall scores for any factor (see Figure 5.13, for instance) did not reveal a 

relationship predicated on a certain threshold. Many small hospitals in this study had high 

IT adoption scores, while large hospitals not necessarily did. Even if such a threshold 

exists, hospital size would be a prohibitive threshold rather than a facilitative threshold as 

Gremillion argued, since two of the three significant effects of bed size were negative. 

The notion that when a certain point is reached, hospitals are less likely to adopt IT is 

theoretically plausible. For instance, when the organization’s complexity reaches a 

certain point, the costs to adopt IT, in financial or managerial terms, may outweigh the 

benefits. The observed negative effects of bed size on the levels of IT-supported clinical 
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EHR workflows (order entry and results viewing) and inpatient clinical documentation 

may in theory result from such a mechanism, since larger hospitals generally have more 

complex workflows and generate larger amount of patient information that could make it 

harder to fully implement IT to support their patient care processes. However, the lack of 

observed threshold effect in this study argues against this explanation. The presence of a 

small but positive association of bed size and adoption of infrastructural technologies 

(networking, Web site, and master patient index) is in line with the literature. 

 Gremillion’s second rationale, however, is interestingly similar to a key argument 

of this study. He suggested that it is not how large the organization is, but rather how well 

the organization manages change, that leads to IT adoption.248 Coincidentally, this study 

echoes that statement, arguing that the extent of facilitating organizational cultures and 

management practices aimed at increasing the success rate of IT adoption that exists is 

related to the degree of IT adoption. This is confirmed by the observed significant 

bivariate associations between scores of facilitating operational management and scores 

of other dimensions, and by the observed effects in the path model between the 

operational IT management construct on the levels of infrastructural technologies 

adoption, IT support for clinical workflows, and IT support for inpatient clinical 

documentation. However, the lack of a significant association between hospital size and 

the extent of facilitating operational IT management suggests that, while operational IT 

management is important to other aspects of hospital IT adoption, small and large 

hospitals do not differ in how well they manage IT implementation, thereby defeating 

Gremillion’s second explanation for the lack of positive effect.248 
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Yet another explanation pertinent to this study is, as previously discussed, the 

unique nature of Thailand’s health IT market. The presence of two popular open-source 

hospital information system products, locally designed specifically for small and 

medium-sized hospitals and available economically, led to great enthusiasm among small 

and medium-sized hospitals. Despite arguments to the contrary, plausible explanations on 

why public hospitals may adopt more IT could still be offered using Kimberly and 

Evanisko’s two mechanisms.111 

First, while it’s true that larger hospitals would have access to more facilitative 

resources that put them in a better position to adopt IT, smaller hospitals would more 

easily implement the systems because of their less complex environment, provided that 

economical solutions are available. In other words, in a market condition where cost-

effective solutions that fit the requirements are available, smaller size would facilitate 

adoption because of its relatively more agile, flexible, and less bureaucratic nature. This 

explanation is supported by the fact that the local hospital information system solutions 

were designed specifically for small hospitals. Medium-sized and large hospitals are left 

to struggle with either high investments of costly commercial products that do not 

necessarily fit their requirements, or the quest for sufficient expertise, executive 

leadership, and financial resources to self-develop or outsource the development. Many 

may decide to postpone the adoption decision and wait for the right solutions to be 

developed or discovered. The researcher’s personal experience and the relatively large 

proportion of self-developed or outsourced systems (Figure 5.8) provide triangulating 

evidence for this argument. 
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Secondly, while organizational complexity necessitates IT adoption,111 

complexity is not necessarily a property of large hospitals alone. Smaller hospitals may 

have relative complexity because of their limited staffs and other resources. For instance, 

since all hospitals (or at least all public hospitals) need to send a number of 

administrative data reports to the Ministry of Public Health, smaller hospitals might have 

higher relative complexity because they have more limited resources to process the 

reports. This could explain why complexity and demanding requirements also necessitate 

small hospitals to adopt IT. Open-ended comments of some respondents in this study as 

well as triangulated findings from a study of Thailand’s community health centers197,249 

and the researcher’s personal experience suggest that this high administrative workload is 

present for small hospitals, reinforcing the plausibility of this mechanism. A health IT 

adoption in South Korean hospitals found that the complexity of the tasks hospital staff 

perform (task complexity) was associated with EHR adoption, potentially because more 

complex tasks require the use of EHR systems to improve effectiveness and efficiency, 

which further reinforces this argument.250 

The resource dependence theory could also be used to explain this observation. 

Small district hospitals depend mostly on claims reimbursements from the government 

for hospitalized patients enrolled in the universal coverage (UC) scheme. Larger hospitals 

have higher proportions of patients who pay out-of-pocket or are reimburse through the 

fee-for-service Civil Servant Medical Benefit Scheme (CSMBS), both of which serve as 

a great source of income. Small district hospitals as well as some provincial hospitals, 

therefore, have smaller buffers for unrecuperated expenses and thus have greater needs to 



 

214 

secure financial resources through reimbursements. These hospitals therefore have a 

greater tendency to adopt IT to capture information needed for reimbursements as well as 

for other reporting purposes. 

6.3 Instrument Validation 

6.3.1 Face and Content Validity 

As previously reported, face and content validity has been established through 

interviews with five experts. Experts agreed that the survey instrument appears to 

measure what it intends to measure (face validity) and important concepts have been 

adequately captured (content validity). The survey instrument underwent a series of 

modifications to reduce misinterpretation and cognitive burden of respondents. The Thai-

translated version was also reviewed by two Thai experts. Additionally, a pilot study was 

also done to identify any remaining issues, the results of which led to a restructuring of 

the questions on internal and external integration sophistication. The restructured 

questions were conceptually more logical because they better represent the informational 

component of organizational IT. In summary, the face and content validity was 

reasonably established. 

6.3.2 Construct Validity 

One analysis that could also provide insights on construct validity is factor 

analysis. Confirmatory factor analysis was performed to answer the following research 

question. 

Research Question 3: Do the data support the conceptualization of hospital IT adoption into four IT 
sophistication dimensions as proposed? If not, what pattern do the data reveal that will guide the 
subsequent model testing? 
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Contrary to the proposed conceptual model, confirmatory factor analysis of the IT 

sophistication dimensions as conceptualized in Chapter 3 indicates that the hypothesized 

structure does not fit the data well. Several reasons could be offered. First, the items that 

supposedly belong to each IT sophistication dimension may not be truly unidimensional, 

or there may be non-negligible associations between some of the items that are 

conceptually close beyond what could be explained by the single underlying latent factor 

(the respective IT sophistication dimension). An alternative explanation is this study’s 

very large sample size and high power that makes it sensitive to small effects not 

included in the confirmatory factor analysis models. Inspection of the residuals and 

modification indices indicates that the first explanation is likely. In order to develop and 

test a theory of hospital IT adoption as proposed, exploratory factor analysis was 

therefore performed to reveal the pattern of factors from the data that will suggest the 

proper model in path analysis. 

Findings from exploratory factor analysis of all IT sophistication items suggest 

that some items form factors that do not follow the IT sophistication model as proposed. 

Specifically, the functional sophistication items do not aggregate into one single 

dimension but instead form several factors, each with items that are related (order entry 

of medications and laboratory tests, for example). Some of the factors included both the 

functional sophistication items and the technological sophistication items (such as 

adoption of PACS technologies and the extent of IT support on electronic image 

viewing). These “cross-dimensional” factors suggest that Paré and Sicotte’s breakdown 

of IT sophistication into technologies and functions (among other dimensions)29 may not 
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be supported by the data when factorial validity is concerned. This is not unexpected 

because when a hospital adopts a technology (such as an EHR system), they will 

implement system functionalities that support related operations (such as order entry and 

clinical notes), which will lead these technological and functional items to aggregate with 

one another. 

The discovered factor patterns from this study are conceptually similar to the 

concept of technology clusters introduced by Rogers’ diffusion of innovations theory54 

and used in Burke and Menachemi’s IT munificence concept.83 Instead of breaking 

hospital IT into technologies and functions separately, the discovered patterns suggest 

that we should view hospital IT as consisting of different information systems (e.g., EHR 

systems) each with a coherent set of functions (e.g., order entry and results viewing). 

Infrastructural technologies (such as networking, hospital Web site, and master patient 

index) should be considered separately from other information systems since they focus 

almost exclusively on the technological aspect but not the functional one). Exploratory 

factor analysis also shows some of the managerial sophistication items to be of lesser 

important to hospital IT adoption, and these items were later dropped before subsequent 

analyses were performed. 

While the initial conceptual framework as presented in Chapter 3 did not 

differentiate between internal and external information sharing, findings from the pilot 

study, the main study’s descriptive analysis, and their Pearson product-moment 

correlation indicated that both are obviously separate dimensions. The mean scores of 

these two dimensions were different, and their correlation was weak-to-moderate in size, 
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indicating that they do not measure the same thing and are not part of one uniform 

construct. After items related to medical imaging were excluded since they did not appear 

to behave coherently with other items, exploratory factor analysis suggests that items in 

each of these two dimensions form a single, distinct factor, thereby arguing in favor of 

these two dimensions’ separation. 

The observed significant correlations for the scores of all IT adoption factors 

discovered through exploratory factor analysis offer support for their construct validity. 

The strength of the correlations, mostly in the weak-to-moderate range, provides 

evidence for both convergent and discriminant validity. A weak or moderate but 

significant correlation between two dimensions of the overarching IT sophistication 

construct suggests that the two dimensions are likely related beyond that occurs by 

chance, hence establishing convergent validity for IT sophistication. The not-so-strong 

correlations, on the other hand, indicate that they are two distinct dimensions that do not 

have a high overlap, thus demonstrating discriminant validity. The significant 

relationships among the IT adoption factors in path analysis, after adjusting for other 

factors and hospital characteristics, strengthen the evidence for construct validity. In 

summary, this study provides considerable evidence for convergent and discriminant 

validity of the newly discovered IT adoption constructs. 

6.3.3 Criterion Validity 

Criterion validity (specifically concurrent validity) was evaluated in this study 

using a number of criterion variables. First, a summary 5-point Likert-type question 

asked respondents for overall perception of their hospital’s IT utilization. While 
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inevitably subjective, the degree of perceived overall IT utilization should be higher on 

average for hospitals that adopt IT to a greater extent. This finding was observed for the 

scores of all IT adoption factors. The mean scores were consistently higher in a dose-

response fashion for increasing levels of overall IT utilization. 

 The number of PCs in use in the hospitals was also a criterion used to assess 

concurrent validity. High-adoption hospitals are expected to have more PCs to support 

their operations. While the numbers provided are likely inexact estimates (as witnessed in 

the pilot study), they should still be correlated with the levels of IT sophistication on 

average. Findings confirmed the significant relationships (except for the extent of IT 

support for inpatient clinical documentation and the extent of external information 

sharing). The relatively weak correlations suggest that the number of PCs, which has 

been used as a measure of organizational IT adoption in some studies,28 is not a good 

proxy for IT adoption. When the number of PCs per hospital bed was used as a criterion 

variable instead, all significance remained, and in fact the significant correlations 

between the criterion and scores of the extent of IT support for inpatient clinical 

documentation and the extent of external information sharing emerged, all reinforcing 

their criterion validity. 

 Apart from these two criterion variables, certain organizational characteristics 

such as bed size, teaching status, for-profit status, respondents’ IT experience, and the 

level of IT training, were also used. The significant positive relationships were observed 

for teaching status, respondents’ IT experience, and levels of IT training, but not others. 

The plausible explanations for the observed negative relationships between for-profit 
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status and IT adoption scores (or conversely, positive relationships between public status 

and the scores) and the insignificant or mixed effects of bed size have been offered in the 

previous section (subsection 6.2.4). While the evidence appears mixed, the insignificant 

or opposite effects, as argued, may result from Thailand’s local context that differs from 

that of the vast majority of the literature. The significant associations between the IT 

adoption scores and respondents’ perceived overall IT utilization and the number of PCs 

in use per hospital bed provide reasonable evidence of concurrent (criterion) validity. 

6.3.4 Reliability 

This study assessed two types of reliability—interrater reliability and internal 

consistency reliability. Interrater reliability was measured in the pilot study by intraclass 

correlations as noted in Chapter 4. Results from multiple respondents in the same 

hospitals served as the different raters of the same object of measurement. Unfortunately, 

findings suggest that the instrument, specifically the version used in the pilot study, 

suffered from poor interrater reliability of several IT sophistication dimensions. 

Subjective interpretation of each IT sophistication dimension is inevitable and would 

explain some of the poor interrater reliability.216 Other experts cautioned against using an 

arbitrary cutoff value (such as 0.75) for good interrater reliability because of its 

problematic conceptualization.217 The fact that only five hospitals were included in the 

pilot study and the various respondent roles recruited could also contributed to the poor 

response agreement. 

Nevertheless, results prompted many improvements in the survey instrument, 

including dropping non-essential items (which likely resulted in differing responses), 
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improving the wording, and restructuring of the integration sophistication dimensions. 

The cover letter used in the nationwide survey also emphasized the need for IT 

executives or IT staff members as respondents if possible to reduce the likelihood of large 

variations. It is believed that with the improvements made, the nationwide survey 

instrument likely performs better. 

After the factor patterns based on the data were revealed through exploratory 

factor analysis, the internal consistency reliability of the six IT adoption factors were 

assessed. All factors except the adoption of basic infrastructural technologies had a value 

for Cronbach’s alpha of at least 0.86 in the nationwide study. With experts 

recommending a criterion of 0.70 for acceptable reliability, these factors seem to perform 

well overall. The relatively low Cronbach’s alpha for the extent of adoption of basic 

infrastructural technologies (0.64) may be because it consists of only four items and some 

items such as hospital Web site did not perform very well. Nevertheless, it represents an 

important aspect of hospital IT adoption that is distinct from other factors. 

In summary, this study began with a conceptual model based on Paré and 

Sicotte’s IT sophistication framework,29 modified by adding a new dimension focusing 

on facilitating IT management practices and using a newly developed survey instrument 

that improves upon their original work. While the instrument has face and content 

validity, the conceptualized model of hospital IT adoption does not fit the observed data 

according to confirmatory factor analysis. This indicates that while Paré and Sicotte’s IT 

sophistication framework29 may be useful, it does not fully reflect the reality of hospital 

IT adoption, at least in the context of Thailand. Nevertheless, their model served as a 
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starting point, which together with this study’s subsequent analyses led to a new set of IT 

adoption constructs that is revealed from the observed data. Analyses provided 

reasonable evidence supporting these IT adoption constructs’ construct validity, criterion 

validity, and reliability. There are certainly rooms for improvement (such as finding ways 

to improve the reliability of the extent of infrastructural technologies adoption), and it 

remains to be seen if future validation studies could reproduce this study’s findings. 

6.4 Evaluation of the Proposed Conceptual Framework 

The path analysis to evaluate the hypothesized model (Figure 3.2) needed to 

undergo an initial model respecification because accreditation status information was 

unavailable to this study; IT budget and size of IT workforce were extremely unreliable; 

and the proposed structures of IT sophistication dimensions did not fit the data well, 

requiring new factors discovered through exploratory factor analysis to be used instead. 

When this initial respecified model was evaluated, the first step was to evaluate its model 

fit statistics. 

The respecified model (Figure 5.16) did not have a good model-data fit. But with 

addition of an effect to the model, informed by model diagnostic information, the 

resulting model (Figure 5.17) fitted the data well. However, the respecifications 

necessarily capitalize on chance, so these model fit statistics need to be interpreted with 

caution until it is cross-validated in independent samples. The model respecifications led 

to a new set of hypotheses as summarized in Table 6.1 that replaces the initial set of 

hypotheses in Chapter 3. To answer the last research question, the revised list of 

hypotheses as shown in Table 6.1 is evaluated. 

Research Question 4: Are the associations hypothesized in the model statistically significant? 
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Table 6.1 Summary of tested hypotheses and their findings. 

Hypothesis Finding 
R1: There is a significant positive direct effect of hospital size 
on the extent of facilitating operational IT management. 

Not supported; No significant effect 

R2: There is a significant positive direct effect of teaching 
status on the extent of facilitating operational IT management. 

Not supported; No significant effect 

R3: There is a significant negative direct effect of public 
status on the extent of facilitating operational IT management.

Not supported; No significant effect 

R4: There is a significant positive direct effect of hospital size 
on the extent of adoption of infrastructural technologies. 

Supported 

R5: There is a significant positive direct effect of teaching 
status on the extent of adoption of infrastructural 
technologies. 

Not supported; No significant effect 

R6: There is a significant negative direct effect of public 
status on the extent of adoption of infrastructural 
technologies. 

Not supported; Significant effect in the 
opposite direction (positive) 

R7: There is a significant positive direct effect of hospital size 
on the extent of clinical EHR workflows that are supported by 
IT. 

Not supported; Significant effect in the 
opposite direction (negative) 

R8: There is a significant positive direct effect of teaching 
status on the extent of clinical EHR workflows that are 
supported by IT. 

Not supported; No significant effect 

R9: There is a significant negative direct effect of public 
status on the extent of clinical EHR workflows that are 
supported by IT. 

Not supported; No significant effect 

R10: There is a significant positive direct effect of hospital 
size on the extent of inpatient clinical documentation that is 
supported by IT. 

Not supported; Significant effect in the 
opposite direction (negative) 

R11: There is a significant positive direct effect of teaching 
status on the extent of inpatient clinical documentation that is 
supported by IT. 

Not supported; No significant effect 

R12: There is a significant negative direct effect of public 
status on the extent of inpatient clinical documentation that is 
supported by IT. 

Not supported; Significant effect in the 
opposite direction (positive) only when 
not accounting for measurement errors, 

but no significant effect when 
accounting for errors 

R13: There is a significant positive direct effect of the extent 
of facilitating operational IT management on the extent of 
adoption of infrastructural technologies. 

Supported 

R14: There is a significant positive direct effect of the extent 
of facilitating operational IT management on the extent of 
clinical EHR workflows that are supported by IT. 

Supported 

R15: There is a significant positive direct effect of the extent 
of operational IT management on the extent of inpatient 
clinical documentation that is supported by IT. 

Supported 

R16: There is a significant positive direct effect of the extent 
of adoption of infrastructural technologies on the extent of 
clinical EHR workflows that are supported by IT. 

Supported 

R17: There is a significant positive direct effect of the extent 
of adoption of infrastructural technologies on the extent of 
inpatient clinical documentation that is supported by IT. 

Supported 
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Table 6.1 Summary of tested hypotheses and their findings (continued). 

Hypothesis Finding 
R18: There is a significant positive direct effect of the extent 
of facilitating operational IT management on the extent of 
internal information sharing. 

Supported only when not accounting 
for measurement errors, but no 

significant effect when accounting for 
errors 

R19: There is a significant positive direct effect of the extent 
of adoption of infrastructural technologies on the extent of 
internal information sharing. 

Supported 

R20: There is a significant positive direct effect of the extent 
of clinical EHR workflows that are supported by IT on the 
extent of internal information sharing. 

Supported 

R21: There is a significant positive direct effect of the extent 
of inpatient clinical documentation that is supported by IT on 
the extent of internal information sharing. 

Supported 

R22: There is a significant positive direct effect of the extent 
of facilitating operational IT management on the extent of 
external information sharing. 

Not supported; No significant effect 

R23: There is a significant positive direct effect of the extent 
of adoption of infrastructural technologies on the extent of 
external information sharing. 

Not supported; No significant effect 

R24: There is a significant positive direct effect of the extent 
of clinical EHR workflows that are supported by IT on the 
extent of external information sharing. 

Not supported; No significant effect 

R25: There is a significant positive direct effect of the extent 
of inpatient clinical documentation that is supported by IT on 
the extent of external information sharing. 

Supported  

R26: There is a significant positive direct effect of the extent 
of internal information sharing on the extent of external 
information sharing. 

Supported  

R27*: There is a significant positive direct effect of public 
status on the extent of internal information sharing. 

Added during respecification according 
to model diagnostics; Supported 

An asterisk (*) indicates a hypothesis added during the model respecifications. The numbers of all 
hypotheses are prefixed by R to indicate that all were part of a revised set of hypotheses that was 
necessitated by the data, not the initial set of hypotheses as proposed in Chapter 3. 
 

Overall, most of the hypothesized relationships among the six constructs 

(Hypotheses R13-R26) were supported by the data based on the final respecified model, 

with a few exceptions. The extent of external information sharing was not directly 

associated with the extent of facilitating operational IT management, the extent of 

adoption of infrastructural technologies, or the extent of IT support for clinical EHR 

workflows (order entry and results viewing), although it was positively associated with 

the extent of IT support for inpatient clinical documentation. This latter association seems 
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logical because the extent of inpatient clinical documentation supported by IT would 

determine the amount of patient information that is available in the electronic format, a 

prerequisite for information sharing within or outside the hospitals. The significant 

association between the extent of facilitating operational IT management and the extent 

of internal information sharing disappeared when measurement errors were included in 

the model, suggesting that much of the effect of IT management performance on 

information sharing is mediated through other variables in the model such as adoption of 

infrastructural technologies and the extent of IT support for clinical functions. 

 It was surprising that most of the hypotheses involving hospital characteristics 

and other IT adoption constructs were not supported. Teaching status was not associated 

with any other constructs, while public status was positively associated with adoption of 

infrastructural technologies contrary to its hypothesized negative effect. Hospital size had 

mixed effects, from a positive association with infrastructural technologies adoption to 

negative associations with the levels of IT-supported clinical EHR workflows and 

inpatient clinical documentation. Plausible reasons for unsupported hypotheses on size 

and public status have been offered earlier in the chapter.  

Several plausible explanations for the insignificant effect of teaching status in the 

model are offered here. First, being a teaching hospital may in fact not be associated with 

more sophisticated IT environment, especially when other characteristics have been 

adequately adjusted for. Second, respondents may have interpreted the survey question 

on teaching status differently. It is possible, based on the survey wording, that 

respondents would indicate that their hospitals are teaching hospitals because medical 
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students are rotated there as part of the hospitals’ affiliation with a medical school. Apart 

from having medical student rotations, these hospitals might not have other high-quality 

processes and capabilities that true teaching hospitals have. This could dilute any effect 

inherent in teaching status, if any, and contribute to the lack of significance. Descriptive 

statistics show that about 21% of the hospitals were teaching hospitals, a likely inflated 

proportion. The second explanation is therefore likely. Unfortunately, higher quality data 

were not available for teaching status to remediate this possible issue. Finally, the 

observed associations between teaching status on one hand and bed size and public status 

on another, as noted in Section 5.4, might create a multicollinearity problem which 

results in unstable estimates with large standard errors. This could potentially lead to the 

observed significant associations between IT adoption and other hospital characteristics 

but not between IT adoption and teaching status, even if the teaching status in fact has a 

real effect on IT adoption. However, the standard errors for the parameter estimates of 

these characteristics in the path model were not much higher when compared to those of 

other variables, and the large sample size in the path analysis should result in reasonably 

stable and precise parameter estimates. Therefore, the effect of multicollinearity, if any, 

should be small. Nevertheless, the findings did not substantially differ from the 

previously analyzed model when either public status or teaching status was excluded. 

The positive association between public status and internal information sharing 

beyond the effects of technology adoption and IT-supported clinical functions was 

discovered, at least in this population, based on the model diagnostic information. Public 

hospitals tend to have highly integrated internal IT environment, a likely effect of 
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adopting one or a few main information systems, as discussed previously, as opposed to 

the best-of-breed approach often found in large and private hospitals. Whether this effect 

is unique to Thailand’s situation or it is present in other countries is unclear. 

In summary, this study provides empirical evidence against the conceptualization 

of hospital IT adoption as consisting of technogies, functions, and integration as 

suggested by Paré and Sicotte’s IT sophistication framework.29 While the framework may 

be useful for IT implementers, it does not reflect how hospital IT adoption works in 

reality. The use of their framework in this study gave rise to a new conceptual model 

informed by the observed data. The resulting model still retains some features of the 

original model, such as the existence of constructs that focus on the technological, 

functional, and information integration aspects of IT adoption. Unlike the original model, 

however, the use of health IT to support hospital functions is broken down into two 

aspects, one focusing on clinical workflows such as order entry and results viewing; and 

another on inpatient clinical documentation. The levels of information sharing within and 

outside the hospitals are also considered separate constructs. The importance of 

facilitating IT management practices such as change management, user involvement, and 

workflow considerations was also clearly demonstrated. It is important to note that the 

items that constitute the extent of IT support for clinical workflows are very similar to 

what experts have identified as important EHR functions,16,21,97,207 although some 

functions such as problem lists, medication lists, and radiologic reports viewing were not 

measured in this study. Overall, this study benefits from the ideas behind the IT 
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sophistication framework but offers an improved model that should be useful and 

relevant to future hospital IT adoption endeavors. 

6.5 Open-Ended Comments 

Emerging themes from the open-ended comments were not less interesting. Many 

respondents expressed hope or support for a centrally-developed hospital information 

system that can be used in hospitals (or at least public hospitals) nationwide. Several 

respondents cited the inefficiencies of the current heterogeneous environment and cost 

savings that could be made with a homogenous platform, while others suggested that it is 

the way to bring about HIE that would benefit both patients and providers. Theera-

Ampornpunt245 suggests that this “one size fits all” idea originates from misconceptions 

about standards and interoperability where many people believe that the only effective 

way to exchange data between hospitals is when the hospitals use the same system. The 

smaller-scale “one province, one system” initiatives244 mandated by health officials in a 

few early-adopting provinces also exacerbate this misunderstanding. In his papers,192,245 

Theera-Ampornpunt argues that the idea is not realistic in a scale any larger than a 

province and more harms could be made to the hospitals and patients because of poor 

organization-technology fit. This position is echoed by one of the respondents in this 

study who noted that in her specialy hospital, the technology available in the market does 

not really meet the hospital’s needs. The considerable proportion of hospitals that use 

self-developed or outsourced solutions also reaffirms that the goal of homogeneous 

environment is unrealistic. Efforts toward standards, interoperability, and HIE should 

address this misconception. 
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Nevertheless, the frequent mentions of concepts related to standards and 

interoperability, including standard data sets and unique identifiers, offer some 

encouragement. With the initial IT implementation successful in many hospitals, the 

focus now turns to how to best utilize the information and leverage the existing 

infrastructure to benefit individual and population health. Enthusiasms on standards and 

interoperability could pave a way toward dialogue for HIE collaboration. Policymakers 

should also seize this opportunity to provide building blocks for sustainable HIE 

developments. Some respondents’ concerns on information privacy when asked about 

external information sharing, could be an important barrier toward HIE. Policymakers 

should address this privacy issue through proper regulations, governance, and education 

that would enable information exchange to benefit patients while at the same time protect 

their privacy. 

Another prominent theme was the human resource issues. An overwhelming 

number of respondents, mostly from small to medium-sized public hospitals, cited 

recruitment and job security of hospital IT staffs as a serious concern that prohibits 

sustainable IT development within the hospitals. Similar themes were documented by 

Pongpirul et al. in a qualitative study of hospital representatives from five provinces in 

Thailand,201 which provide triangulation for this study’s findings. A parallel human 

resource issue was the ongoing development and training of IT and hospital personnel. 

This issue was also found in a study of health IT adoption in Thailand’s community 

health centers by Kijsanayotin.249 Policymakers should take serious note of these issues, 
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especially given that they have been documented in the literature for many years and still 

echoed, in a particularly emphatic tone at times, in this study. 

Barriers to IT adoption were also remarked by some respondents. Inadequate 

financial resources were frequently cited as an issue, which is also reinforced by some 

respondents who suggested that budget allocation procedures from the top down need to 

better facilitate hospital IT adoption. Regulatory barriers include procurement 

bureaucracies and perceived lack of validity for electronic data, although the Electronic 

Transactions Act has actually been enacted since 2001. The lack of the Ministry of Public 

Health’s political will and leadership in IT development was also mentioned. 

Policymakers need to address all of these issues in order to facilitate widespread 

adoption. 

One last theme that was clearly evident but unexpected by the researcher is the 

support and enthusiasms expressed for this study. Comments suggest that these 

respondents felt they were left alone to struggle with few if any studies on this important 

issue being conducted. The disenfranchised feelings could explain the very satisfactory 

response rate this study enjoyed. It is important that this line of research continues so that 

an open line of communications is maintained between academic researchers and IT 

workers in the field. In addition to the substantive research questions being addressed, 

this would make it possible for information and attitudes of local workers to be gauged, 

fed to policymakers, and ultimately addressed. 
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6.6 Study Implications 

6.6.1 Implications for Thailand’s Public Policy 

This study has several important implications for public policy. First, descriptive 

statistics suggest that IT adoption is lower among hospitals from southern, western, and 

eastern regions. Policymakers should focus more on these regions, identifying systematic 

barriers that could be addressed. They would also benefit from better insights from other 

regions with higher adoption, such as the northeastern and the northern regions. Lessons 

drawn from these regions would not only benefit other regions across Thailand but could 

also be useful for other developing countries with similar endeavors. 

Comparing across different aspects of IT adoption, the relatively high degrees of 

infrastructural technologies adoption, IT-supported hospital functions, and information 

sharing within the hospitals overall are encouraging. They suggest that many hospitals 

already have some IT infrastructure in place to help them conduct their operations. The 

low level of external information sharing indicates the virtually complete absence of HIE 

in Thai hospitals nationwide. It is important to identify perceived and actual barriers of 

HIE that need to be addressed before a large-scale HIE becomes a reality. At the very 

least, the privacy issues raised by some respondents need to be addressed. The realistic 

path forward for large-scale interoperability also needs to be clearly laid out and 

communicated to stakeholders, in parallel to efforts to develop national standards on 

health IT as experts have recommended.193 

The adoption rates of EHR and CPOE in Thailand are very encouraging. More 

studies should be conducted to independently confirm this observation, looking more 
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closely into these technologies. With the relatively high EHR adoption in the outpatient 

setting, the focus of policymakers and hospital executives should be on how to translate 

high adoption in the ambulatory setting into the less-adopted inpatient setting. Another 

important question that is relevant to researchers, hospital executives, and policymakers 

alike is whether adopting such health IT leads to improved clinical processes and patient 

outcomes, and how the providers and patients feel about the systems, especially given the 

dearth of this evidence in Thailand and inconclusive evidence in some areas in the 

literature. 

Contrary to the conventional wisdom, public hospitals in Thailand do not lag 

behind private hospitals on IT adoption. To the contrary, private hospitals may have a 

lesser tendency to adopt technologies and exchange information within their walls. If a 

true HIE is envisioned, private hospitals deserve a close look by policymakers to ensure 

that they are not left behind and that incentives and value propositions encourage them to 

participate. 

Finally, policymakers need to fix the job recruitment and job security issues as 

many respondents outcried. Specifically, hospitals need to have permanent IT positions to 

allow them to sustainably develop and maintain their IT environment, a critical 

component of today’s and future’s health care. Any bureaucratic barriers, especially those 

instituted by the Office of the Civil Service Commission (as some respondents have 

mentioned) that prevent recruitment and retention of qualified IT specialists, need to be 

tackled. Ongoing efforts to train the country’s informatics workforce need to be 

promoted, which reinforces a recommendation by national experts.193 
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6.6.2 Implications for Health Informatics Communities 

The conceptual framework evaluated in this study provides a useful theoretical 

guide for researchers and health IT implementers. The associations between facilitating 

organizational IT management and other aspects of IT adoption suggest that 

organizations should not only focus on the technical and functional aspects when 

implementing a technology but also on the associated sociocultural and managerial 

aspect. As any health informatics expert would testify, it is not enough to have a great 

technology but it is also important to pay attention to how the IT implementation project 

and the changes it introduces are envisioned, planned, managed, and communicated. The 

needs to involve users, consider workflow implications, provide adequate training, and 

learn from past experience cannot be overstated. In addition to implementers, future 

health IT adoption researchers should keep this important aspect of IT adoption in mind 

when studying IT adoption. 

The interesting findings related to the relationships, or the lack thereof, between 

hospital characteristics and IT adoption have important implications for other countries 

and IT adoption researchers. At the very least, it presents new contrasting evidence 

against the effect of hospital size and for-profit status. This could be merely an aberrant 

finding from just one locale, but it might also create a new line of studies to test the 

arguments that better explain the observation. For policymakers in other countries, 

individual contexts will dictate the facilitators and barriers of IT adoption, but findings 

from this study may suggest ways to overcome the “adoption chasm” by optimally 

shaping the local market conditions. For instance, appropriate funding and systematic 
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promotion of open-source or low-cost well-designed health IT products that meet the 

needs of many target hospitals might spur the adoption. Encouraging collaboration, 

constructive dialogue, and sharing of lessons learned among peer hospitals would also 

create a momentum and social influence that may accelerate adoption toward “the tipping 

point.” More studies should attempt to study the local health IT markets in Thailand and 

draw lessons for other developing countries. It would also be interesting to see how 

Gladwell’s concepts in “The Tipping Point”251 could be applied to study Thailand’s 

health IT adoption. 

6.7 Study Significance 

This study is among the first quantitative studies of organizational health IT 

adoption to specifically include organizational cultures and management practices in the 

analysis and consider them a crucial part of the IT adoption process. While extensive 

qualitative studies and expert opinions have documented the importance of these 

sociocultural and managerial factors, this study provides quantitative evidence that 

supports their importance. It is also one of the rare health IT adoption studies at the 

organizational level that are heavily rooted in a theoretical framework.28 The application 

of Paré and Sicotte’s IT sophistication model29 provides a useful multi-faceted 

conceptualization of IT adoption, with its breakdown of IT adoption into technologies, 

functions, and information sharing. With the added “managerial” aspect, this study 

further refines the model and argues that this “soft” component of organizational IT is as 

important as other more identifiable components. The necessary split of information 

sharing into internal and external dimensions, as indicated by the data, also suggest that 
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these two properties behave quite differently and should be treated as such. Although in 

the end the factor analysis findings indicated a poor fit between this conceptualization of 

IT adoption and the data, they gave rise to a new plausible theoretical model. This new 

model still somewhat resembles Paré and Sicotte’s IT sophistication framework29 but was 

able to fit the data reasonably better and logically explain the interrelationships among 

the constructs, while also highlighting the roles of facilitating organizational IT 

management on various aspects of hospital IT adoption. 

In addition to simple univariate and multivariate analyses common to most health 

IT adoption studies, this study also employed more advanced path analysis techniques to 

move the science and theory of health IT adoption forward. The use of path analysis or 

even more sophisticated structural equation modeling and similar methods, is not new in 

fields like psychology, sociology, organizational behaviors, or information science. It is 

not new either in studies of health IT adoption and use at the individual level. But this 

study ranks among the few organizational-level IT adoption studies in the health care 

setting that use these techniques. 

The atypical observations regarding the relationships between hospital 

characteristics and IT adoption also offer an uncommon opportunity for future 

researchers to investigate how these hospital characteristics relate to health IT adoption. 

Different causal mechanisms may be offered that contrast to existing propositions and 

move us toward better understanding of how the social contexts influence organizational 

behaviors. 



 

235 

This study also exemplifies how a cross-study and cross-country comparison of 

health IT adoption could be done. While remaining definitional and methodological 

issues prevented the definitive conclusions to be drawn, this study attempted to use 

definitions that were as close as possible to that of recent prior studies.21,97 It also shows 

that a breakdown of IT adoption into several dimensions does not preclude us from 

conducting comparative analysis with other studies. 

Finally, this study is the first scientific study that offers high-quality estimates of 

health IT adoption in Thai hospitals. The survey was done nationwide with a high 

response rate. While a previous study already exists,200 that study suffered from much 

lower response rate and measurement issues that prevent reliable adoption estimates to be 

derived. It was also conducted six years before this study, and as evident in this study’s 

findings, a lot has changed since then. Another study has focused on IT adoption among 

Thailand’s community health centers.196-198 This study provides information about Thai 

hospitals’ IT adoption that was a large missing piece in Thailand’s health IT adoption 

puzzle. 

6.8 Study Limitations 

 While this study contributes to the knowledge body on health IT adoption, it also 

has some important limitations. First, it is a cross-sectional observational study, which 

prevents it from establishing causation. Associations between factors in the conceptual 

framework do not necessarily suggest that these factors actually cause successful IT 

adoption, although it is believed that use of path analysis in this study is a step forward in 

providing plausible mechanisms. In his seminal book, Bollen226 extensively discussed the 
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issue of causation in structural equation modeling. Three important components are 

required before causality can be concluded—isolation, association, and direction of 

causation. Isolation refers to the separation of an explanatory variable’s effect on a 

dependent variable from effects of other variables. In this study, some degree of isolation 

was achieved through adjustment of likely confounding effects, such as the use of 

hospital bed size, teaching, and public status together in the analyses. However, it is still 

possible that unmeasured confounders, such as accreditation status, may contribute to the 

observed effects. Association refers to the observed association “net of other 

influences.”226 The use of path analysis in this study allows significant associations 

controlling for other factors to be observed. Lastly, direction of causation is determined 

through either temporal priority or “causal priority.”226 The latter notion stipulates that if 

a variable (such as the respondent’s age) cannot be affected by another variable it is 

associated with (such as attitudes or emotions), the direction of causality from the second 

variable to the first variable is impossible. In this study, hospital characteristics very 

likely have causal priority over IT adoption constructs because any non-negligible causal 

effect from adopting IT to changes in the hospital’s size, public status, or teaching status 

is not easily imaginable.  

 The observed associations between two IT adoption constructs in the model (the 

extent of adoption of infrastructural technologies and the level of IT-supported clinical 

EHR workflows, for instance) do not necessarily suggest that one occurs before, and thus 

is the cause of, the other. In this study and its resulting models, causation is not implied. 
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This limitation on causation is echoed in the notion of equivalent path models.209 

These equivalent models, common in path models, behave in a statistically similar 

manner to this study’s model but with directional differences in some effects. The models 

cannot be distinguished statistically, and can only be eliminated if they are not causally 

plausible. In this study’s models, reversal of the effect direction of certain IT 

sophistication constructs on others (such as between clinical EHR workflows supported 

by IT and infrastructural technologies adoption) produces an equivalent model. Given the 

complexity of the model in this study, there are likely several equivalent models, none of 

which could be distinguished statistically. The resulting model in this study, therefore, 

needs to be interpreted with caution. However, this study does not stress as much on the 

direction of causal effects among the six IT adoption constructs as their conceptualized 

associations and their relationships with hospital characteristics. In other words, we 

would expect that several of these constructs in the model (e.g., adoption of 

infrastructural technologies, the level of IT-supported clinical EHR workflows, the level 

of IT-supported inpatient clinical documentation) would occur together when a hospital 

decides to adopt and use health IT. Whether one comes before and thus causes another is 

not as important as the notion that, given that they are associated with one another, we 

should look at these aspects together in a balanced way when implementing health IT. 

Therefore, with proper caution against causal interpretation, the model should still be 

useful for IT implementation and future research. 

 The model analyzed used findings from exploratory factor analysis to inform the 

proper model specification and underwent steps of respecification that repeatedly fitted 
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the model on the same data. While this technique is acceptable and sometimes necessary 

in early theory development, it capitalizes on chance.209 The model that is fitted again and 

again over the same data set would certainly improve. Therefore, the final model with 

satisfactory fit statistics may merely reflect the overfitting rather than the true model in 

the population. It is important that the model be cross-validated in independent samples 

to assess if it is externally valid. Nevertheless, given this study’s large sample size and 

only a few steps of respecifications, the chance capitalization should not be too great. 

Like other surveys, this study is susceptible to certain kinds of errors that could 

influence the results. While several strategies led to a satisfactory response rate, 

nonresponse bias was present. The tendency of respondents to be public hospitals, 

somewhat larger in size, and with some geographic variations, when considered together 

with the observed findings, suggest that this study may overestimate the level of IT 

adoption and IT sophistication. Respondents of different roles might tend to have 

different perspectives that confounded the findings. It is also possible that the 

respondents would not provide truthful and accurate answers to the survey questions. 

This study allowed respondents to complete the questionnaire anonymously, which 

should alleviate some concerns about their truthfulness. The tendency of subjects to 

respond in a socially-desirable manner is always possible, but the clearly low average 

scores on external information sharing compared to other aspects of IT adoption, together 

with the fact that the identities of individual respondents and hospitals will not be 

revealed to the public, should reduce the concern of this phenomenon. 
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The poor interrater reliability observed in the pilot study is worrisome, although 

various logical improvements have been made based on the results of the pilot study. The 

acceptable internal consistency reliability for most of the factors nevertheless provides 

some confidence for the measurement properties of the instrument. Although one aspect 

of IT adoption (the extent of adoption of basic infrastructural technologies) had relatively 

low internal consistency reliability, incorporating these reliability measures to account for 

measurement errors in path analysis did not change most of the significant associations 

observed, providing an even stronger case for this study’s findings. 

Lastly, the findings and the models were evaluated in one population. The social 

contexts and other uncaptured phenomena may explain the observed findings in this 

study but these relationships may not be reproducible in other settings. Until reasonable 

evidence is provided through cross-validation, the resulting model reflects only findings 

of this sample and should be interpreted cautiously when generalized to other settings. 

6.9 Areas for Future Research 

 This study opens a wide array of opportunities for future research. Although the 

study itself is cross-sectional in nature, it allows for subsequent studies to track the 

progress of IT adoption in Thai hospitals over time and make longitudinal comparisons. It 

would also be interesting to compare the state of IT adoption in Thai hospitals and the 

country’s other settings, such as the ambulatory physician’s offices that have not been 

studied at all. As previously discussed, studies should also investigate the local 

environments that could explain high adoption in some geographic regions, especially the 

rural areas. The unique social context and health IT markets in Thailand that give rise to 
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the interesting observations between hospital characteristics and IT adoption should be 

critically analyzed to identify lessons that other developing countries can learn from 

Thailand. Additionally, measuring the level of IT adoption enables the evaluation of 

health IT impacts on clinical outcomes and organizational performance in Thai hospitals. 

The data can also be used to conduct evaluation studies of certain strategies designed to 

encourage widespread adoption. 

Researchers who are interested in the theoretical side of the study can also try to 

replicate the findings by evaluating the final model, or its variations, in other samples, or 

in other types of organizations within and outside health care. Cross-validation would 

provide more information about the model’s validity. Studies could also focus on refining 

or modifying the model, for instance by investigating how the effects of organizational 

factors differ between samples, identifying additional factors that are associated with IT 

adoption, or discovering relationships not postulated in this study. One particular 

potential improvement is to investigate how hospital IT budget and size of IT workforce 

play a role in the model of hospital IT adoption, an endeavor that this study was unable to 

fulfill due to data quality issues. These efforts will help improve the model’s explanatory 

power, its generalizability, and our theoretical knowledge. Qualitative studies to confirm, 

investigate, or disprove findings or arguments in this study are also encouraged. These 

include studies on IT adoption decision-making, the roles of facilitating management 

practices on aspects of IT adoption, and the nature of information sharing within and 

outside the hospitals. 
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The instrument development aspect of this study could also be improved. For 

instance, researchers might wish to test how the instrument performs in other samples or 

find ways to improve the item wording or the list of items. The items for the extent of 

adoption of basic infrastructural technologies, with relatively low internal consistency 

reliability, may particularly benefit from efforts to improve them. Finally, the underlying 

factor patterns using a different sample could be compared with those of this study. 

With the multitude of research opportunities it offers, this study serves as an 

influential starting point for streams of IT adoption research in years to come. 

6.10 Conclusion 

With the influential roles of health IT on quality and efficiency of care, it is 

important for health IT adoption research to capture the state of health IT adoption as 

well as providing theoretical understanding that would be helpful to practitioners, 

policymakers, and researchers. This study tackles both the practical and scientific fronts 

by conducting a nationwide survey of Thai hospitals’ adoption of information 

technology. Given the lack of knowledge about the baseline level of IT adoption in Thai 

hospitals, this study captures and compares the country’s state of adoption so that 

appropriate policies can be made. Together with a previous study investigating IT 

adoption in Thailand’s community health centers,196-198 this study provides a more 

complete picture by offering the much needed insights on IT adoption in Thailand’s 

hospital setting. It suggests that IT adoption in Thai hospitals appears encouraging, and 

there are unique characteristics of Thailand’s local social contexts that are responsible for 
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relatively high adoption, including the presence of open-source and low-cost solutions 

and the social influence among peer hospitals. 

 This study also provides significant scientific contributions to the field of 

biomedical and health informatics. By incorporating the managerial aspect into the 

conceptual framework, this study highlights the role of organizational IT management on 

successful adoption, an important component that is often missing in previous IT 

adoption studies. In addition, this study is among the few to investigate the structural 

relationships between various organizational factors and hospital IT adoption together in 

one theoretical model. Such a move is believed to be important to the field because it 

provides a scientific, theoretical explanation on how different organizational factors lead 

to different aspects of IT adoption, building upon knowledge from previous studies. 

Findings reaffirm the importance of the organizational IT management aspect and the 

utility of Paré and Sicotte’s IT sophistication framework,29 although this framework did 

not fit well with the data and ultimately gave rise to a new theoretical model of hospital 

IT adoption. The theoretical understanding gained from this study not only serves as 

foundations for future research but also as helpful guides for policymakers and 

practitioners to successfully tackle the adoption problem. 

To honor the respondents who participated in this study and the country from 

which this study benefited, the final model after taking measurement errors into account 

(with the significant paths in Figure 5.19) is named the “Theory of Hospital Adoption of 

Information Systems (THAIS)” by the researcher. The model is not necessarily 

considered complete or valid, and more work is needed to determine the applicability and 
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usefulness of the model. Naming of this model is intended only to encourage its clear and 

unambiguous reference for future studies. It is the researcher’s hope that the resulting 

model from this study’s analyses serves as the input for further validation, refinements, or 

disconfirmation in future studies. 
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Item Changes from Pilot Survey Instrument to Nationwide Survey Instrument (English) 
 

Item Wording in Pilot Survey Item Wording in Nationwide Survey Pilot Assessment Decision Rationale 
1. How many inpatient beds does your 

hospital currently have? 
 Somewhat 

unreliable 
especially in large 
hospitals 

Dropped Respondent not 
reliable source. 
Authoritative 
source available. 

2. Which of the following best fits the type 
of your hospital? 

 A public hospital (including state 
enterprises, autonomous public 
hospitals, and public organizations) 

 A non-profit private hospital 
 A for-profit private hospital 

1. Which of the following best fits the 
type of your hospital? 

 A public hospital (including state  
enterprises, autonomous public  
hospitals, and public organizations) 

 A private hospital 

Reliable Revised response 
categories for 
simplification 

 

3. Does your hospital routinely teach 
medical students? 

 Yes. We are a teaching hospital or  
part of a medical school. 

 Yes. We are an external affiliate  
of a medical school and routinely teach 
its medical students. 

 No. We don’t routinely teach medical 
students. 

2. Does your hospital routinely teach 
medical students? 

 Yes 
 No 

Different responses 
in some hospitals 

Revised response 
categories for better 
clarity by grouping 
two categories 
together and 
revised wording 

To reduce 
possibility of 
misinterpretation 

 3. What is your hospital’s current number 
of total personnel? 

|_________________| Persons 
(Approximate figure is fine.) 

Not in pilot survey Added. A proxy of hospital 
size 

 
 
 
 



 

342 

Item Wording in Pilot Survey Item Wording in Nationwide Survey Pilot Assessment Decision Rationale 
4. What is your hospital’s current number 

of IT personnel (including IT 
executives, IT managers, IT 
administrators, systems analysts, 
programmers, other technical staffs and 
other hospital staffs with important 
roles in IT works)? 

 None 
 1-5 persons 
 6-20 persons 
 21-50 persons 
 51 persons or more 

4. What is your hospital’s current number 
of IT personnel? 

|_________________| Persons 
(Approximate figure is fine.) 

Different responses 
in some hospitals 

Revised wording 
and response 
format. Changed 
from categorical to 
numeric. 

No external reliable 
source. 

5. Which of the following best describes 
your hospital’s accreditation (HA) 
status? 

 Is currently not accredited and has no 
plan in place toward accreditation. 

 Is currently not accredited, has a plan in 
place, but has not made significant 
progress toward accreditation. 

 Is currently not accredited but has made 
significant progress toward 
accreditation. 

 Is currently accredited. 

 Different responses 
in some hospitals 

Dropped Not very reliable. 
Authoritative 
source not 
accessible to this 
study. Dropped 
because not central 
to study. Could be 
incorporated in 
future research. 

6. What was your hospital’s total budget 
during the fiscal year 2009? 
|_________________| Baht 
(Approximate figure is fine.) 

 I don’t know. 

5. What was your hospital’s total budget 
during the fiscal year 2010? 

|_________________| Baht 
(Approximate figure is fine.) 

 I don’t know. 

Highly unreliable Revised fiscal year 
for nationwide 
survey 

Highly unreliable 
but no external 
source available. 
May need to drop 
this variable from 
analytic model. 
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Item Wording in Pilot Survey Item Wording in Nationwide Survey Pilot Assessment Decision Rationale 
7. During the fiscal year 2009, how much 

did your hospital spend on IT, including 
IT hardware, software, personnel, 
consulting, and outsourcing? 
|_________________| Baht 
(Approximate figure is fine.) 

 I don’t know. 

6. During the fiscal year 2010, how much 
did your hospital spend on IT, 
including IT hardware, software, 
personnel, consulting, and outsourcing? 

|_________________| Baht 
(Approximate figure is fine.) 

 I don’t know. 

Highly unreliable. Revised fiscal year. Highly unreliable 
but no external 
source available. 
May need to drop 
this variable from 
analytic model. 

8. If you did not know the answer to Q6 or 
Q7 above, please estimate what 
percentage of your hospital’s total 
budget your hospital spends on IT 
approximately. 

 Less than 1% 
 1-4% 
 5-8% 
 More than 8% 

7. If you did not know the answer to Q5 
or Q6 above, please estimate what 
percentage of your hospital’s total 
budget your hospital spends 
approximately on IT during the fiscal 
year 2010. 

 Less than 1% 
 1-4% 
 5-8% 
 More than 8% 

Highly unreliable. Retained with slight 
rewording. 

Highly unreliable 
but no external 
source available. 
May need to drop 
this variable from 
analytic model. 

9. To what extent do you agree or disagree 
with each of the following statements? 
“N/A” represents a statement not 
applicable to your hospital. 

8. To what extent do you agree or 
disagree with each of the following 
statements? 

Acceptable 
reliability. 

Revised wording. 
Individual items 
were also revised 
and reordered. 

“N/A” tended to 
confuse people 
(sometimes they 
chose “N/A” even 
though they meant 
the lowest choice in 
the Likert-type 
scale). 

a. Our hospital is open to new ways of 
conducting operations. 

a. Our hospital is open to new ways of 
conducting operations. 

High item-total 
correlation. 

Retained.  
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Item Wording in Pilot Survey Item Wording in Nationwide Survey Pilot Assessment Decision Rationale 
b. Our hospital sets clear visions and goals 

on what we wish to achieve with IT 
projects. 

c. Our hospital sets clear vision, goals, 
and plans on IT works. 

 

Low item-total 
correlation and 
isolated from other 
items in factor 
pattern. 

Revised wording. Likely due to 
misinterpretation as 
hospital’s overall 
vision and mission. 

c. When a new technology is introduced, 
we clearly communicate the goals, 
plans, and progress to key stakeholders. 

d. Our hospital communicates goals, plans 
and progress on IT works to 
stakeholders clearly. 

High item-total 
correlation. 

Revised wording. To increase 
coherence and 
reflect changes in 
item b of pilot. 

d. Those who will use the information 
systems are fully involved early in our 
IT projects. 

e. Those who will use the information 
systems are fully involved in hospital 
IT development. 

High item-total 
correlation. 

Revised wording. To increase clarity 
and avoid double-
barreled statements. 

e. Our top-level management fully 
supports the use of IT. 

b. Our top-level management fully 
supports the use of IT. 

High item-total 
correlation. 

Retained.  

f. We have a multi-disciplinary team of 
users involved in our IT projects. 

f. The team of users involved in our IT 
development comes from several 
disciplines. 

High item-total 
correlation. 

Revised wording. To increase clarity. 

g. Before new IT is implemented in our 
hospital, the workflow changes required 
are carefully considered. 

h. In our hospital’s IT development, the 
workflow changes are carefully 
considered. 

High item-total 
correlation. 

Revised wording. To increase clarity. 

h. The majority of hospital employees are 
committed to achieving the envisioned 
organizational goals. 

g. The majority of hospital employees are 
committed to achieving the envisioned 
organizational goals. 

High item-total 
correlation. 

Retained.  

i. Before a new system is introduced, we 
adequately provide training to those 
who will use the system. 

i. Our hospital provides training to those 
who will use the system adequately. 

High item-total 
correlation. 

Revised wording. To increase clarity. 
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Item Wording in Pilot Survey Item Wording in Nationwide Survey Pilot Assessment Decision Rationale 
j. When our hospital is conducting an IT 

project, we have a process in place to 
track its progress and manage it. 

j. Our hospital has a process in place to 
track work progress and manage IT 
works appropriately. 

High item-total 
correlation. 

Revised wording. To increase clarity. 

k. Our hospital learns from the past 
experience to improve its operations. 

k. Our hospital uses our past experience as 
lessons driving our current works. 

High item-total 
correlation. 

Revised wording. To increase clarity. 

10. Overall, what is the extent of your 
hospital’s adoption of information 
technology to support its operations? 

 Very high 
 High 
 Moderate 
 Low 
 Very low 

9. Overall, what is the extent of your 
hospital’s utilization of information 
technology to support its operations? 

 Very high 
 High 
 Moderate 
 Low 
 Very low 
 

Not large variation. Retained (English 
wording revised but 
Thai wording 
unchanged). 

 

11. How many personal computers 
(including desktops and 
notebooks/laptops) does your hospital 
have in use? 
|_______| Personal Computers 
(Approximate figure is fine.) 

10. How many personal computers 
(including desktops and 
notebooks/laptops) does your hospital 
have in use? 

|_______| Personal Computers 
(Approximate figure is fine.) 

Large variations in 
medium to large 
hospitals. 

Retained. No external data 
source available. 
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Item Wording in Pilot Survey Item Wording in Nationwide Survey Pilot Assessment Decision Rationale 
12. What is the primary hospital 

information system in your hospital, if 
any? 

 Our hospital doesn’t have a hospital 
information system. 

 HOSxP 
 Hospital OS 
 A custom system developed by our 

hospital or a contractor 
 Other. Please specify 

|_____________________________| 

11. What is the primary hospital 
information system in your hospital, if 
any? 

 Our hospital doesn’t have a hospital 
information system. 

 HOSxP 
 Hospital OS 
 A custom system developed by our 

hospital or a contractor 
 Other. Please specify 

|_____________________________| 

Responses were 
similar within the 
same hospitals. 

Retained.  

13. Since what year has your hospital been 
using the hospital information system 
you specified in Q12? If you don’t 
know the exact year, please provide an 
approximate one. 
Year |_______| 

 I don’t know. 

12. Since what year has your hospital been 
using the hospital information system 
you specified in Q11? If you don’t 
know the exact year, please provide an 
approximate one. 
Year |_______| 

 I don’t know. 

Similar responses 
within the same 
hospitals. 

Retained.  

14. For each of the following activities, 
how much is the activity supported by 
computerized information systems in 
your hospital? If it varies across 
departments in your hospital, please 
indicate the average level in the entire 
hospital. “N/A” is not applicable (no 
such activity in the hospital). 

13. For each of the following activities, 
how much is the activity supported by 
computerized information systems in 
your hospital? If it varies across 
departments in your hospital, please 
indicate the average level in the entire 
hospital. If your hospital doesn’t have 
a particular activity (Not Applicable), 
please leave that item blank. 

Responses were 
somewhat different 
among respondents 
of the same 
hospitals, but 
internal consistency 
was satisfactory. 
The total items (51) 
were too many and 
overly burdened the 
respondents. 

Revised wording. 
Some individual 
items were revised 
and reorganized, 
and some were 
dropped to reduce 
the overall 
numbers. Two new 
items were added to 
represent clinical 
decision support 
features. 

“N/A” tended to 
confuse people 
(sometimes they 
chose “N/A” even 
though they meant 
the lowest choice in 
the Likert-type 
scale). 

‐ Patient registration ‐ Patient registration and recording of 
patient’s demographic information 

High item-total 
correlation. 

Revised wording. To increase clarity. 
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Item Wording in Pilot Survey Item Wording in Nationwide Survey Pilot Assessment Decision Rationale 
‐ Insurance eligibility verification  High item-total 

correlation. 
Dropped. Not substantively 

important. 
‐ Outpatient appointment scheduling ‐ Outpatient appointment scheduling Low item-total 

correlation.
Retained. Substantively 

important.
‐ Patient management within outpatient 

clinics 
 Moderate item-total 

correlation. 
Dropped. Not substantively 

important. 
‐ Inpatient admissions 
 

 High item-total 
correlation. 

Dropped. Not substantively 
important. 

‐ Inpatient discharges 
 

 High item-total 
correlation. 

Dropped. Not substantively 
important. 

‐ Patient referral to another facility 
 

 High item-total 
correlation. 

Dropped. Not substantively 
important. 

‐ Bed occupancy and availability check 
 

‐ Viewing the list of hospitalized 
patients 

High item-total 
correlation. 

Revised wording. To group similar 
items and increase 
clarity. 

‐ Inpatient medication order entry 
 

‐ Inpatient medication order entry Moderate item-total 
correlation. 

Retained. Substantively 
important. 

‐ Inpatient lab order entry 
 

‐ Inpatient lab order entry 
 

Moderate-to-high 
item-total 
correlation. 

Retained. Substantively 
important. 

‐ Inpatient imaging order entry ‐ Inpatient imaging order entry High item-total 
correlation. 

Retained. Substantively 
important. 

‐ Inpatient lab results reporting ‐ Inpatient lab results viewing Moderate-to-high 
item-total 
correlation. 

Revised wording. Substantively 
important. Revised 
to increase clarity. 

‐ Inpatient imaging results reporting  Moderate item-total 
correlation. 

Dropped. Many hospitals do 
not have 
radiologists to 
provide imaging 
reports and hence 
this item would not 
be applicable. 
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Item Wording in Pilot Survey Item Wording in Nationwide Survey Pilot Assessment Decision Rationale 
‐ Inpatient clinical notes ‐ Documentation of history, physical 

examination & progress note of 
inpatients 

Moderate-to-high 
item-total 
correlation. 

Revised wording. Substantively 
important. Revised 
to increase clarity. 

‐ Discharge summary documentation ‐ Discharge summary documentation High item-total 
correlation. 

Retained. Substantively 
important. 

‐ Outpatient medication order entry ‐ Outpatient medication order entry Moderate item-total 
correlation. 

Retained. Substantively 
important. 

‐ Outpatient lab order entry ‐ Outpatient lab order entry High item-total 
correlation. 

Retained. Substantively 
important. 

‐ Outpatient imaging order entry ‐ Outpatient imaging order entry High item-total 
correlation. 

Retained. Substantively 
important. 

‐ Outpatient lab results reporting ‐ Outpatient lab results viewing High item-total 
correlation. 

Revised wording. To increase clarity. 

‐ Outpatient imaging results reporting  High item-total 
correlation. 

Dropped. Many hospitals do 
not have 
radiologists to 
provide imaging 
reports and hence 
this item would not 
be applicable. 

‐ Outpatient clinical notes ‐ Documentation of history & physical 
examination of outpatients 

Moderate-to-high 
item-total 
correlation. 

Revised wording. Substantively 
important. Revised 
to increase clarity. 

‐ Care planning  Moderate item-total 
correlation. 

Dropped. Likely to be 
misinterpreted, and 
could be grouped 
with other items. 

‐ Order review and processing  Moderate item-total 
correlation. 

Dropped. Responses likely to 
vary by local 
workflow needs. 
Function could be 
reasonably assumed 
if order entry 
functions exist. 
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Item Wording in Pilot Survey Item Wording in Nationwide Survey Pilot Assessment Decision Rationale 
‐ Medication administration and 

documentation 
‐ Documentation of medication 

administration to patients 
 

Low item-total 
correlation. 

Revised wording. Substantively 
important. Revised 
to increase clarity. 

‐ Documentation of nursing assessment ‐ Nursing documentation Moderate item-total 
correlation. 

Revised wording. Substantively 
important. Revised 
to group nursing 
documentation 
activities together 
(except medication 
administration). 

‐ Surgery appointments and scheduling  Moderate-to-high 
item-total 
correlation. 

Dropped. Substantively not 
important. 

‐ Patient management within operating 
rooms 

 High item-total 
correlation. 

Dropped. Substantively not 
important. 

‐ Operative note documentation  Moderate item-total 
correlation. 

Dropped. Substantively not 
important. 

‐ Anesthetic note documentation  Moderate item-total 
correlation. 

Dropped. Substantively not 
important. 

‐ Case service charging  High item-total 
correlation. 

Dropped. Substantively not 
important. 

‐ Specimen handling  High item-total 
correlation. 

Dropped. Substantively not 
important. 

‐ Results capture from automated 
equipments 

 High item-total 
correlation. 

Dropped. Substantively not 
important. 

‐ Results entry for non-automated tests  High item-total 
correlation. 

Dropped. Substantively not 
important. 

‐ Results validation and confirmation  High item-total 
correlation. 

Dropped. Substantively not 
important. 

‐ Imaging appointments and scheduling  High item-total 
correlation. 

Dropped. Substantively not 
important. 

‐ Image capture from imaging devices  Low item-total 
correlation. 

Dropped. Could be grouped 
with another item. 
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Item Wording in Pilot Survey Item Wording in Nationwide Survey Pilot Assessment Decision Rationale 
‐ Imaging reports entry  Moderate-to-high 

item-total 
correlation. 

Dropped. Substantively not 
important. 

‐ Image viewing by radiologists  Low item-total 
correlation. 

Dropped. Substantively not 
important. 

‐ Image viewing by attending physicians ‐ Electronic image viewing (instead of 
using films) for inpatients 

‐ Electronic image viewing (instead of 
using films) for outpatients 

Low item-total 
correlation. 

Split into inpatient 
and outpatient 
items and revised 
wording. 

Substantively 
important. Revised 
to increase clarity. 

‐ Pharmacist’s review of medication 
orders 

 Moderate item-total 
correlation. 

Dropped. Responses likely to 
vary by local 
workflow needs. 

‐ Outpatient medication dispensing  ‐ Outpatient medication dispensing Moderate item-total 
correlation. 

Retained. Substantively 
important. 

‐ Outpatient pharmacy inventory control ‐ Pharmacy inventory control Moderate-to-high 
item-total 
correlation. 

Revised wording. Revised to group 
outpatient and 
inpatient items. 

‐ Inpatient medication dispensing ‐ Inpatient medication dispensing High item-total 
correlation. 

Retained. Substantively 
important. 

‐ Inpatient pharmacy inventory control  Moderate item-total 
correlation. 

Dropped. Grouped with 
another item above. 

 ‐ Automatic drug allergy checking  Added. Added the item for 
an important 
clinical decision 
support feature. 

 ‐ Automatic drug interaction checking  Added. Added the item for 
an important 
clinical decision 
support feature. 

‐ Billing, claims, and reimbursement ‐ Patient billing 
‐ Reimbursement claims 

Low item-total 
correlation. 

Split and revised 
wording. 

Substantively 
important. Split to 
two functions. 
Revised to increase 
clarity. 
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Item Wording in Pilot Survey Item Wording in Nationwide Survey Pilot Assessment Decision Rationale 
‐ Accounting  Low item-total 

correlation. 
Dropped. Substantively not 

important. 
‐ Personnel records  Moderate-to-high 

item-total 
correlation. 

Dropped. Substantively not 
important. 

‐ Staff workload management  High item-total 
correlation. 

Dropped. Substantively not 
important. 
Responses likely to 
vary by 
interpretation. 

‐ Inventory management  Low item-total 
correlation. 

Dropped. Substantively not 
important. 

‐ Internal communications  Moderate item-total 
correlation. 

Dropped. Substantively not 
important. 

‐ Public relations and external 
communications 

 Moderate item-total 
correlation. 

Dropped. Substantively not 
important. 

15. For each of the following technologies, 
to what extent is it made available in 
your hospital? If it varies across 
departments in your hospital, please 
indicate the average level among the 
applicable departments. “N/A” is not 
applicable (no activity exists that can 
be supported by the technology). 

14. For each of the following 
technologies, to what extent is it made 
available in your hospital? If it varies 
across departments in your hospital, 
please indicate the average level 
among the applicable departments. If a 
technology is not applicable to any 
activities in your hospital, please leave 
that item blank. 

Responses were 
different among 
respondents of the 
same hospitals, 
possibly suggesting 
varying 
interpretation, but 
internal consistency 
was acceptable. 

Revised wording. 
The total number of 
items was also 
reduced to shorten 
the questionnaire. 

“N/A” tended to 
confuse people 
(sometimes they 
chose “N/A” even 
though they meant 
the lowest choice in 
the Likert-type 
scale). 

a. Internet access a. Internet access Low-to-moderate 
item-total 
correlation. 

Retained. Substantively 
important. 

b. Hospital Web site b. Hospital Web site Moderate item-total 
correlation. 

Retained. Substantively 
important. 

c. Hospital intranet (internal Web site)  Moderate item-total 
correlation. 

Dropped. Substantively not 
important. 

d. Hospital e-mail system  Low item-total 
correlation. 

Dropped. Substantively not 
important. 
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Item Wording in Pilot Survey Item Wording in Nationwide Survey Pilot Assessment Decision Rationale 
e. Local area network (LAN) c. Local area network (LAN) Low item-total 

correlation. 
Retained. Substantively 

important. Low 
item-total 
correlation in small 
pilot sample 
probably because 
most hospitals 
would have this 
technology 
regardless of their 
adoption of others. 

f. Wireless networks  Low item-total 
correlation. 

Dropped. Substantively not 
important. 

g. Data warehouse  Low item-total 
correlation. 

Dropped. Likely to cause 
misinterpretation, 
and substantively 
not very important. 

 d. Master Patient Index  Added. Missing item that is 
substantively 
important. 

h. Computerized order entry e. Computerized physician order entry Low item-total 
correlation. 

Revised wording. 
Thai wording 
revised to increase 
interpretability. 

Substantively 
important. Revised 
to increase clarity. 

i. Electronic medical record/electronic 
documentation of clinical care 

g. Electronic medical records that 
documents clinical care in the system 

Low item-total 
correlation. 

Revised wording. Substantively 
important. Revised 
to increase clarity. 

j. Disease management systems  Moderate-to-high 
item-total 
correlation. 

Dropped. Misinterpretation 
very likely and 
difficult to improve 
item clarity. 

k. Laboratory information system h. Laboratory information system Moderate item-total 
correlation. 

Retained. Substantively 
important. 
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Item Wording in Pilot Survey Item Wording in Nationwide Survey Pilot Assessment Decision Rationale 
l. Pharmacy information system  Moderate item-total 

correlation. 
Dropped. Misinterpretation 

likely and difficult 
to improve item 
clarity. Another 
item on pharmacy 
informatics-related 
technologies 
already exists. 

m. Electronic medication administration 
records 

f. Electronic medication administration 
records 

Moderate item-total 
correlation. 

Revised wording in 
Thai (English 
wording retained). 

Substantively 
important. Revised 
to increase clarity. 

n. Picture archiving and communication 
system (PACS) 

i. Picture archiving and communication 
system (PACS) for electronic storage 
of medical images instead of films 

High item-total 
correlation. 

Revised wording. Substantively 
important. Revised 
to increase clarity. 

o. Radiology information system  High item-total 
correlation. 

Dropped. Likely to create 
misinterpretation. 
Substantively not 
very important. 

p. Telemedicine (remote provision of 
medical services or consultation 
through IT) 

 High item-total 
correlation. 

Dropped. Might create 
misinterpretation. 
Substantively not 
very important. 

q. Teleconferencing  Moderate item-total 
correlation. 

Dropped. Substantively not 
important. 

r. Barcoding j. Barcode use in patient care Moderate item-total 
correlation. 

Revised wording. Revised to increase 
clarity. 

s. Enterprise resource planning (ERP) 
system to manage finance, human 
resources, and materials of the 
organization 

 High item-total 
correlation. 

Dropped. Interpretation likely 
to vary due to many 
hospitals’ 
unfamiliarity with 
ERP systems. 
Substantively not 
important. 
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Item Wording in Pilot Survey Item Wording in Nationwide Survey Pilot Assessment Decision Rationale 
16. An information system is sometimes 

linked (integrated) with other 
information systems, with data being 
shared or transferred between them. In 
other cases, an information system may 
be stand-alone and does not share or 
transfer data with other systems. For 
each of the following functions or 
settings, to what extent do its 
information systems share data with 
other systems within your hospital 
overall? “N/A” is not applicable (no 
such function/setting). 

15. Sometimes, information is shared or 
transmitted among the information 
systems. In other cases, information 
may not be shared or transferred 
between the systems at all. 

 
For each of the following types of 
information, to what extent is the 
information shared or transmitted 
among the information systems within 
your hospital? 

Responses were 
different among 
respondents of the 
same hospitals, 
possibly suggesting 
varying 
interpretation, but 
internal consistency 
was satisfactory. 

Revised wording 
and structure of 
item categories. 

To focus on sharing 
of various types of 
information rather 
than departmental 
systems (due to 
high subjectivity, 
lack of conceptual 
clarity, and 
dependence on 
local IT 
configurations). 

a. ER  High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

b. Patient registration, admissions, 
discharges, and transfers 

 High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

c. Inpatient  High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

d. Outpatient clinics  High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

e. Nursing  High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

f. Surgery/OR  High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

g. Laboratory  High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 
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Item Wording in Pilot Survey Item Wording in Nationwide Survey Pilot Assessment Decision Rationale 
h. Radiology  Moderate item-total 

correlation. 
Dropped. Item dropped to 

restructure entire 
item list. 

i. Pharmacy  High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

j. Finance  Moderate item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

k. Human resource management  High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

l. Others  High item-total 
correlation. 

Dropped. Highly subject to 
individual’s 
interpretation. Item 
dropped to 
restructure entire 
item list. 

 a. Patient’s demographic information  Added. Conceptually more 
appropriate. 

 b. Outpatient’s history and medical 
documentation 

 Added. Conceptually more 
appropriate. 

 c. Outpatient’s diagnoses  Added. Conceptually more 
appropriate. 

 d. Outpatient’s medication orders  Added. Conceptually more 
appropriate. 

 e. Inpatient’s history and medical 
documentation 

 Added. Conceptually more 
appropriate. 

 f. Inpatient’s diagnoses  Added. Conceptually more 
appropriate. 

 g. Inpatient’s medication orders  Added. Conceptually more 
appropriate. 

 h. Surgical operations and procedures  Added. Conceptually more 
appropriate. 
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 i. Laboratory results  Added. Conceptually more 

appropriate. 
 j. Medical images and results  Added. Conceptually more 

appropriate.
17. For each of the following functions or 

settings, to what extent do its 
information systems share data with 
other systems outside your hospital 
overall (including linkages to 
government agencies and other 
hospitals)? “N/A” is not applicable (no 
such function/setting). 

16. For each of the following types of 
information, to what extent is the 
information shared or transmitted 
between your hospital’s information 
systems and other information systems 
outside your hospital (such as 
information systems of government 
agencies or other hospitals), including 
outbound and inbound transmissions? 

Responses were 
very similar among 
the respondents, 
likely because most 
hospitals had low 
level of external 
information 
sharing. Internal 
consistency was 
satisfactory. 

Revised wording. To focus on sharing 
of various types of 
information rather 
than departmental 
systems (due to 
high subjectivity, 
lack of conceptual 
clarity, and 
dependence on 
local IT 
configurations). 

a. ER  High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

b. Patient registration, admissions, 
discharges, and transfers 

 High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

c. Inpatient  High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

d. Outpatient clinics  High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

e. Nursing  High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

f. Surgery/OR  High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 
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g. Laboratory  High item-total 

correlation. 
Dropped. Item dropped to 

restructure entire 
item list. 

h. Radiology  High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

i. Pharmacy  High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

j. Finance  High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

k. Human resource management  High item-total 
correlation. 

Dropped. Item dropped to 
restructure entire 
item list. 

l. Others  High item-total 
correlation. 

Dropped. Highly subject to 
individual’s 
interpretation. Item 
dropped to 
restructure entire 
item list. 

 a. Patient’s demographic information  Added. Conceptually more 
appropriate. 

 b. Outpatient’s history and medical 
documentation 

 Added. Conceptually more 
appropriate. 

 c. Outpatient’s diagnoses  Added. Conceptually more 
appropriate. 

 d. Outpatient’s medication orders  Added. Conceptually more 
appropriate. 

 e. Inpatient’s history and medical 
documentation 

 Added. Conceptually more 
appropriate. 

 f. Inpatient’s diagnoses  Added. Conceptually more 
appropriate. 
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 g. Inpatient’s medication orders  Added. Conceptually more 

appropriate. 
 h. Surgical operations and procedures  Added. Conceptually more 

appropriate.
 i. Laboratory results  Added. Conceptually more 

appropriate. 
 j. Medical images and results  Added. Conceptually more 

appropriate. 
18. What is your gender? 
 Male 
 Female 

17. What is your gender? 
 Male 
 Female 

 Retained.  

19. What is your current age? 
|______| Years 

18. What is your current age? 
|______| Years 

 Retained.  

20. What is your highest level of education 
completed? 

 Lower than bachelor’s degree 
 Bachelor’s degree 
 Master’s degree or higher 

19. What is your highest level of 
education completed? 

 Lower than bachelor’s degree 
 Bachelor’s degree (including M.D.) 
 Master’s degree or higher (including 

specialist physicians) 

 Revised wording 
Note: in Thailand, 
M.D. is considered 
a bachelor’s degree 
(6 years of college 
study) because 
there are no pre-
medical years. This 
item would need a 
revision for use 
elsewhere. 

Response 
categories revised 
to increase clarity. 

21. Which of the following best describes 
your formal IT training? 

 I had no formal training in an IT-
related area. 

 I had a non-degree training in an IT-
related area. 

 I received an academic degree in an IT-
related field. 

20. Which of the following best describes 
your formal IT training? 

 I had no formal training in an IT-
related area. 

 I had a non-degree training in an IT-
related area. 

 I received a bachelor’s/master’s/ 
doctoral degree in an IT-related field. 

 Retained (English 
wording revised). 
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22. Which of the following best describes 

your formal clinical training? (clinical 
training includes training in medicine, 
dentistry, nursing, pharmacy, medical 
technology, physical therapy, 
radiological technology, etc.) 

 I had no formal training in a clinical 
field. 

 I had a non-degree training in a clinical 
field. 

 I received an academic degree in a 
clinical field. 

21. Which of the following best describes 
your formal training in health science? 
(health science training includes 
training in medicine, dentistry, 
nursing, pharmacy, medical 
technology, physical therapy, 
radiological technology, public health) 

 I had no formal training in health 
science. 

 I had a non-degree training in health 
science. 

 I received a bachelor’s/master’s/ 
doctoral degree in health science. 

 Revised wording. Revised to increase 
clarity, with clinical 
training also 
changed to health 
science training. 
 
 
 
 
 
 

23. Which of the following best describes 
your formal business administration 
(BA)/management training? 

 I had no formal training in 
BA/management. 

 I had a non-degree training in 
BA/management. 

 I received an academic degree in 
BA/management. 

 

22. Which of the following best describes 
your formal business administration 
(BA)/management training? 

 I had no formal training in 
BA/management. 

 I had a non-degree training in 
BA/management. 

 I received a bachelor’s/master’s/ 
doctoral degree in BA/management. 

 Revised wording. Slightly revised to 
increase clarity. 

24. How many years have you worked in 
any IT-related position at all past and 
current workplaces combined? 
|______| Years 

 

23. How many years have you worked in 
any IT-related position at all past and 
current workplaces combined? 
|______| Years 

 Retained.  
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25. Which of the following best describes 

your role in the hospital? If you hold 
multiple roles, please check all that 
apply? 

 The director or senior executive of the 
hospital 

 A hospital executive who directly 
supervises hospital IT responsibilities  

 An IT manager or head of the 
hospital’s IT unit or department 

 An IT specialist, system administrator, 
system analyst, programmer, or 
computer technician within the hospital 
but not an executive or department 
head 

 A hospital worker with an important 
role in IT projects without an executive 
or technical role 

 A hospital worker without an important 
role in IT projects and without an 
executive or technical role 

 Other. Please specify 
|_____________________| 

24. Which of the following best describes 
your role in the hospital? If you hold 
multiple roles, please check all that 
apply. 

 The director or a senior executive of 
the hospital 

 A hospital executive who directly 
supervises hospital IT responsibilities  

 An IT manager or head of the 
hospital’s IT unit or department, but 
not a hospital executive 

 An IT specialist such as a system 
administrator, a system analyst, a 
programmer, a health information 
management specialist or a computer 
technician within the hospital but not 
an executive or department head 

 A hospital worker with a past or 
present important role in IT 
development, but not a hospital 
executive or a computer technician 

 A hospital worker without an 
important role in IT development and 
not a hospital executive or a computer 
technician 

 Other. Please specify 
|_____________________| 

 Revised wording Revised to increase 
clarity. 

For the purpose of improving this 
questionnaire, may we inquire how long it 
took you to answer this questionnaire? 
|_______| minutes 

  Dropped Intended for pilot 
study only, to 
gauge respondent’s 
burden. 
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Item Wording in Pilot Survey Item Wording in Nationwide Survey 

1. ปจัจุบนัโรงพยาบาลของท่านมเีตยีงรบัผูป้ว่ยในจาํนวนกีเ่ตยีง? 

|________| เตยีง 

(Dropped from nationwide survey.) 

2. โรงพยาบาลของท่านเป็นโรงพยาบาลประเภทใด? 

 โรงพยาบาลของรฐั (รวมถงึรฐัวสิาหกจิ โรงพยาบาลในกาํกบัของรฐั และองคก์ารมหาชน) 

 โรงพยาบาลเอกชนทีไ่มมุ่ง่หวงัผลกาํไร (non-profit private hospital) 

 โรงพยาบาลเอกชนทีมุ่ง่หวงัผลกาํไร (for-profit private hospital) 

1. โรงพยาบาลของท่านเป็นโรงพยาบาลประเภทใด 

 โรงพยาบาลของรฐั (รวมถงึรฐัวสิาหกจิ โรงพยาบาลในกาํกบัของรฐั และองคก์ารมหาชน) 

 โรงพยาบาลเอกชนทีมุ่ง่หวงัผลกาํไร (for-profit private hospital) 

3. โรงพยาบาลของท่าน มกีารเรยีนการสอนนกัศกึษาแพทยเ์ป็นประจาํหรอืไม?่ 

 ใช ่เป็นโรงพยาบาลโรงเรยีนแพทย ์หรอืสว่นหนึ่งของคณะแพทยศาสตร ์

 ใช ่เป็นสถาบนัสมทบทีม่กีารเรยีนการสอนนกัศกึษาแพทยข์องคณะแพทยศาสตร ์

 ไมม่กีารเรยีนการสอนนกัศกึษาแพทยเ์ป็นประจาํ 

2. โรงพยาบาลของท่าน มกีารเรยีนการสอนนกัศกึษาแพทยเ์ป็นประจาํหรอืไม ่

 ใช ่

 ไมใ่ช ่

(Not present in pilot survey.) 3. ปจัจุบนัโรงพยาบาลของท่านมบีคุลากรทัง้สิน้ จาํนวนกีค่น 

|_______________| คน (อาจตอบเป็นตวัเลขโดยประมาณ) 

4. ปจัจุบนัโรงพยาบาลของท่านมบีคุลากรดา้นเทคโนโลยสีารสนเทศ (รวมถงึผูบ้รหิารงาน

สารสนเทศ ผูด้แูลระบบ นกัวเิคราะหร์ะบบ โปรแกรมเมอร ์บุคลากรทางเทคนิคอืน่ๆ และ

บุคลากรอืน่ของโรงพยาบาลทีม่บีทบาทสาํคญัในงานดา้นสารสนเทศ) จาํนวนกีค่น? 

 ไมม่ ี

 1-5 คน 

 6-20 คน 

 21-50 คน 

 51 คนขึน้ไป 

4. ปจัจุบนัโรงพยาบาลของท่านมบีคุลากรดา้นเทคโนโลยสีารสนเทศ จาํนวนกีค่น 

|_______________| คน (อาจตอบเป็นตวัเลขโดยประมาณ) 

 



 

362 

Item Wording in Pilot Survey Item Wording in Nationwide Survey 
5. ขอ้ใดต่อไปนี้ตรงกบัสถานภาพการรบัรองคุณภาพโรงพยาบาล (hospital accreditation 

หรอื HA) ของโรงพยาบาลของท่านในปจัจุบนัมากทีส่ดุ? 

 ยงัไมไ่ดร้บัการรบัรอง และยงัไมม่แีผนทีจ่ะรบัการตรวจรบัรอง 

 ยงัไมไ่ดร้บัการรบัรอง มแีผนทีจ่ะขอรบัการตรวจรบัรอง แต่ยงัไมม่คีวามคบืหน้าทีช่ดัเจน 

 ยงัไมไ่ดร้บัการรบัรอง แต่มคีวามคบืหน้าทีช่ดัเจนในการเตรยีมรบัการตรวจรบัรอง 

 ปจัจุบนัผา่นการรบัรองแลว้ 

(Dropped from nationwide survey.) 

6. ในปีงบประมาณ 2552 โรงพยาบาลของท่านมงีบประมาณทัง้สิน้เท่าใด? 

|_______________| บาท (อาจตอบเป็นตวัเลขโดยประมาณ) 

 ไมท่ราบขอ้มลู 

5. ในปีงบประมาณ 2553 โรงพยาบาลของท่านมงีบประมาณทัง้สิน้เท่าใด 

|_______________| บาท (อาจตอบเป็นตวัเลขโดยประมาณ) 

 ไมท่ราบขอ้มลู 

7. ในปีงบประมาณ 2552 โรงพยาบาลของท่าน ใชง้บประมาณดา้นเทคโนโลยสีารสนเทศ ซึง่

รวมถงึการจดัซือ้/จดัจา้งฮารด์แวร ์ซอฟตแ์วร ์ค่าตอบแทนบุคลากร ทีป่รกึษา และการจา้ง

งาน (outsourcing) ดา้นเทคโนโลยสีารสนเทศ เป็นจาํนวนทัง้สิน้เท่าใด? 

|_______________| บาท (อาจตอบเป็นตวัเลขโดยประมาณ) 

 ไมท่ราบขอ้มลู 

6. ในปีงบประมาณ 2553 โรงพยาบาลของท่าน ใชง้บประมาณดา้นเทคโนโลยสีารสนเทศ ซึง่

รวมถงึการจดัซือ้/จดัจา้งฮารด์แวร ์ซอฟตแ์วร ์ค่าตอบแทนบุคลากร ทีป่รกึษา และการจา้ง

งาน (outsourcing) ดา้นเทคโนโลยสีารสนเทศ เป็นจาํนวนทัง้สิน้เท่าใด 

|_______________| บาท (อาจตอบเป็นตวัเลขโดยประมาณ) 

 ไมท่ราบขอ้มลู 

8. หากท่านไมท่ราบขอ้มลูขอ้ 6 หรอื 7 กรุณาคาดคะเนวา่ งบประมาณดา้นเทคโนโลยี

สารสนเทศ คดิเป็นประมาณรอ้ยละเท่าใดของงบประมาณทัง้โรงพยาบาล? 

 น้อยกวา่รอ้ยละ 1 

 รอ้ยละ 1 ถงึรอ้ยละ 4 

 รอ้ยละ 5 ถงึรอ้ยละ 8 

 มากกวา่รอ้ยละ 8 

7. หากท่านไมท่ราบขอ้มลูขอ้ 5 หรอื 6 กรุณาคาดคะเนวา่ งบประมาณดา้นเทคโนโลยี

สารสนเทศในปีงบประมาณ 2553 คดิเป็นประมาณรอ้ยละเท่าใดของงบประมาณทัง้

โรงพยาบาล 

 น้อยกวา่รอ้ยละ 1 

 รอ้ยละ 1 ถงึรอ้ยละ 4 

 รอ้ยละ 5 ถงึรอ้ยละ 8 

 มากกว่ารอ้ยละ 8 
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9. ท่านเหน็ดว้ยหรอืไม่เหน็ดว้ยกบัขอ้ความแต่ละขอ้ต่อไปนี้มากน้อยเพยีงใด? หากขอ้ความใด

ไมเ่กีย่วขอ้งกบัโรงพยาบาลของท่าน กรุณาเลอืก “N/A” (Not Applicable) 

8. ท่านเหน็ดว้ยหรอืไม่เหน็ดว้ยกบัขอ้ความแต่ละขอ้ต่อไปนี้มากน้อยเพยีงใด 

ก. โรงพยาบาลของเราเปิดกวา้งสาํหรบัแนวทางใหม่ๆ  ในการปฏบิตังิาน ก. โรงพยาบาลของเราเปิดกวา้งสาํหรบัแนวทางใหม่ๆ  ในการดาํเนินงาน 

ข. โรงพยาบาลของเรามกีารกาํหนดวสิยัทศัน์และเป้าหมายทีช่ดัเจนทีเ่ราหวงัจะไปใหถ้งึดว้ย

โครงการต่างๆ ดา้นสารสนเทศ 

ข. โรงพยาบาลของเรามกีารกาํหนดวสิยัทศัน์ เป้าหมาย และแผนงานดา้นสารสนเทศทีช่ดัเจน 

ค. เมือ่เรานําเทคโนโลยใีหม่ๆ  เขา้มาในโรงพยาบาล เรามกีารสือ่สารเป้าหมาย แผนงาน และ

ความคบืหน้าของโครงการไปยงัผูเ้กีย่วขอ้งอยา่งชดัเจน 

ค. โรงพยาบาลของเรามกีารสือ่สารเป้าหมาย แผนงาน และความคบืหน้าของงานดา้น

สารสนเทศไปยงัผูเ้กีย่วขอ้งอยา่งชดัเจน 

ง. ผูท้ ีจ่ะใชร้ะบบสารสนเทศในโรงพยาบาลของเรามสีว่นร่วมในโครงการดา้นสารสนเทศอยา่ง

เตม็ทีต่ ัง้แต่เนิน่ๆ 

ง. ผูท้ีจ่ะใชร้ะบบสารสนเทศในโรงพยาบาลของเรามสีว่นร่วมในการพฒันาระบบสารสนเทศของ

โรงพยาบาลอยา่งเตม็ที ่

จ. ผูบ้รหิารระดบัสงูของเราสนบัสนุนการใชเ้ทคโนโลยสีารสนเทศอยา่งเตม็ที ่ จ. ผูบ้รหิารระดบัสงูของเราสนบัสนุนการใชเ้ทคโนโลยสีารสนเทศอยา่งเตม็ที ่

ฉ. เรามทีมีผูใ้ชง้านจากหลากหลายสาขาทีม่สีว่นร่วมในโครงการดา้นสารสนเทศของเรา ฉ. ทมีผูใ้ชง้านทีม่สีว่นร่วมในการพฒันาระบบสารสนเทศของเรา มาจากหลากหลายสาขา 

ช. ก่อนทีโ่รงพยาบาลของเราจะนําเทคโนโลยสีารสนเทศใหม่ๆ  มาใช ้การเปลีย่นแปลงของ

กระบวนการทํางาน (workflow) ไดร้บัการพจิารณาอยา่งรอบคอบ 

ช. ในการพฒันาระบบสารสนเทศของโรงพยาบาลของเรา การเปลีย่นแปลงของขัน้ตอนการ

ทาํงาน (workflow) ไดร้บัการพจิารณาอยา่งรอบคอบ 

ซ. บุคลากรสว่นใหญ่ของโรงพยาบาล มคีวามมุง่มัน่ทีจ่ะใหโ้รงพยาบาลประสบความสาํเรจ็ตาม

เป้าหมายขององคก์รทีว่างไว ้

ซ. บุคลากรสว่นใหญ่ของโรงพยาบาล มคีวามมุง่มัน่ทีจ่ะใหโ้รงพยาบาลประสบความสาํเรจ็ตาม

เป้าหมายขององคก์รทีว่างไว ้

ฌ. ก่อนทีร่ะบบจะถูกนํามาใช ้โรงพยาบาลของเรามกีารจดัการอบรมผูท้ ีจ่ะใชง้านระบบ

สารสนเทศใหมอ่ยา่งเพยีงพอ 

ฌ. โรงพยาบาลของเรามกีารอบรมผูท้ีจ่ะใชง้านระบบสารสนเทศอยา่งเพยีงพอ 

ญ. เมือ่เราดาํเนนิโครงการดา้นสารสนเทศโรงพยาบาลของเรามกีระบวนการตดิตามความ

คบืหน้าและบรหิารจดัการโครงการ 

ญ. โรงพยาบาลของเรามกีระบวนการตดิตามความคบืหน้าและการจดัการงานดา้นสารสนเทศ

อยา่งเหมาะสม 

ฎ. โรงพยาบาลของเราเรยีนรูจ้ากประสบการณ์ในอดตีเพือ่ปรบัปรุงการปฏบิตังิาน ฎ. โรงพยาบาลของเรานําประสบการณ์การทาํงานในอดตีมาเป็นบทเรยีนเพือ่ขบัเคลือ่นการ

ทาํงานในปจัจุบนั 
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10. โรงพยาบาลของท่านมกีารนําเทคโนโลยสีารสนเทศมาใชง้านโดยรวมเพือ่สนบัสนุนภารกจิ

ของโรงพยาบาลมากน้อยเพยีงใด? 

 มาก 

 ค่อนขา้งมาก 

 ปานกลาง 

 ค่อนขา้งน้อย 

 น้อยมาก 

9. โรงพยาบาลของท่านมกีารนําเทคโนโลยสีารสนเทศมาใชง้านโดยรวมเพือ่สนบัสนุนภารกจิ

ของโรงพยาบาลมากน้อยเพยีงใด 

 มาก 

 ค่อนขา้งมาก 

 ปานกลาง 

 ค่อนขา้งน้อย 

 น้อยมาก 

11. โรงพยาบาลของท่านมเีครือ่งคอมพวิเตอรส์ว่นบุคคล (รวมถงึ desktops, notebooks 

และ laptops) สาํหรบัใชง้านจาํนวนกีเ่ครื่อง? 

|_______| เครื่อง (อาจตอบเป็นตวัเลขโดยประมาณ) 

10. โรงพยาบาลของท่านมเีครือ่งคอมพวิเตอรส์ว่นบุคคล (รวมถงึ desktops, notebooks 

และ laptops) สาํหรบัใชง้านจาํนวนกีเ่ครือ่ง 

|_______| เครื่อง (อาจตอบเป็นตวัเลขโดยประมาณ) 

12. โรงพยาบาลของท่านใชร้ะบบสารสนเทศโรงพยาบาล (Hospital Information 

System) ระบบใดเป็นระบบหลกั? 

 โรงพยาบาลของเราไมม่รีะบบสารสนเทศโรงพยาบาล 

 HOSxP 
 Hospital OS 

 ระบบทีโ่รงพยาบาลของเราพฒันาขึน้เองหรอืจา้งพฒันาเป็นพเิศษ 

 อืน่ๆ โปรดระบุ |____________________________| 

11. โรงพยาบาลของท่านใชร้ะบบสารสนเทศโรงพยาบาล (Hospital Information 

System) ระบบใดเป็นระบบหลกั 

 โรงพยาบาลของเราไมม่รีะบบสารสนเทศโรงพยาบาล 

 HOSxP 
 Hospital OS 

 ระบบทีโ่รงพยาบาลของเราพฒันาขึน้เองหรอืจา้งพฒันาเป็นพเิศษ 

 อืน่ๆ โปรดระบุ |____________________________| 

13. โรงพยาบาลของท่านเริม่ใชร้ะบบสารสนเทศทีท่่านระบุในขอ้ 12 ตัง้แต่ปี พ.ศ. ใด? หาก

ท่านไมท่ราบปี พ.ศ. ทีแ่น่นอน โปรดระบุปี พ.ศ. โดยประมาณ 

พ.ศ. |_______| 

 ไมท่ราบขอ้มลู 

12. โรงพยาบาลของท่านเริม่ใชร้ะบบสารสนเทศทีท่่านระบุในขอ้ 11 ตัง้แต่ปี พ.ศ. ใด หากท่าน

ไมท่ราบปี พ.ศ. ทีแ่น่นอน โปรดระบุปี พ.ศ. โดยประมาณ 

พ.ศ. |_______| 

 ไมท่ราบขอ้มลู 
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14. กจิกรรมแต่ละขอ้ต่อไปนี้ ไดร้บัการสนบัสนุนดว้ยระบบสารสนเทศทางคอมพวิเตอรม์าก

น้อยเพยีงใด? หากระดบัการสนบัสนุนแตกต่างกนัในแต่ละหน่วยงาน โปรดระบรุะดบัโดย

เฉลีย่ทัง้โรงพยาบาล และหากโรงพยาบาลของท่านไมม่กีจิกรรมใดเลย กรณุาเลอืก 

“N/A” (Not Applicable) 

13. กจิกรรมแต่ละขอ้ต่อไปนี้ ไดร้บัการสนบัสนุนดว้ยระบบสารสนเทศทางคอมพวิเตอรม์าก

น้อยเพยีงใด หากระดบัการสนบัสนุนแตกต่างกนัในแต่ละหน่วยงาน โปรดระบรุะดบัโดย

เฉลีย่ทัง้โรงพยาบาล และหากโรงพยาบาลของท่านไมม่กีจิกรรมใดเลย (Not 

Applicable) กรุณาเวน้คาํตอบของขอ้นัน้ไว ้

‐ การลงทะเบยีนผูป้ว่ย ‐ การลงทะเบยีนและบนัทกึขอ้มลูทัว่ไปของผูป้ว่ย 

‐ การตรวจสอบสทิธคิ่ารกัษาพยาบาล (Dropped from nationwide survey.) 

‐ การจดัการตารางนดัหมายผูป้ว่ยนอก ‐ การจดัการตารางนดัหมายผูป้ว่ยนอก 

‐ การจดัการรายชือ่และควิผูป้ว่ย (patient management) ในแผนกผูป้ว่ยนอก (Dropped from nationwide survey.) 

‐ การรบัผูป้ว่ยไวร้กัษาในโรงพยาบาล (admission) (Dropped from nationwide survey.) 

‐ การจาํหน่ายผูป้ว่ยในออกจากโรงพยาบาล (Dropped from nationwide survey.) 

‐ การสง่ต่อผูป้ว่ยไปยงัสถานพยาบาลอืน่ (Dropped from nationwide survey.) 

‐ การตรวจสอบการครองเตยีงและจาํนวนเตยีงทีว่า่ง ‐ การเรยีกดรูายชือ่ผูป้ว่ยใน 

‐ การสัง่ยาผูป้ว่ยใน ‐ การสัง่ยาผูป้ว่ยใน 

‐ การสัง่การตรวจทางหอ้งปฏบิตักิารของผูป้ว่ยใน ‐ การสัง่การตรวจทางหอ้งปฏบิตักิารของผูป้ว่ยใน 

‐ การสัง่การตรวจทางรงัสวีทิยาของผูป้ว่ยใน ‐ การสัง่การตรวจทางรงัสวีทิยาของผูป้ว่ยใน 

‐ การรายงานผลการตรวจทางหอ้งปฏบิตักิารของผูป้ว่ยใน ‐ การเรยีกดผูลการตรวจทางหอ้งปฏบิตักิารของผูป้ว่ยใน 

‐ การรายงานผลการตรวจทางรงัสวีทิยาของผูป้ว่ยใน (Dropped from nationwide survey.) 

‐ การบนัทกึประวตักิารรกัษาพยาบาลของผูป้ว่ยใน ‐ การบนัทกึประวตั ิการตรวจร่างกาย และ Progress Note ของผูป้ว่ยใน 

‐ การสรุปประวตัผิูป้ว่ยจาํหน่าย (discharge summary) ‐ การสรุปประวตัผิูป้ว่ยจาํหน่าย (discharge summary) 

‐ การสัง่ยาผูป้ว่ยนอก ‐ การสัง่ยาผูป้ว่ยนอก 

‐ การสัง่การตรวจทางหอ้งปฏบิตักิารของผูป้ว่ยนอก ‐ การสัง่การตรวจทางหอ้งปฏบิตักิารของผูป้ว่ยนอก 

‐ การสัง่การตรวจทางรงัสวีทิยาของผูป้ว่ยนอก ‐ การสัง่การตรวจทางรงัสวีทิยาของผูป้ว่ยนอก 
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‐ การรายงานผลการตรวจทางหอ้งปฏบิตักิารของผูป้ว่ยนอก ‐ การเรยีกดผูลการตรวจทางหอ้งปฏบิตักิารของผูป้ว่ยนอก 

‐ การรายงานผลการตรวจทางรงัสวีทิยาของผูป้ว่ยนอก (Dropped from nationwide survey.) 

‐ การบนัทกึประวตักิารรกัษาพยาบาลของผูป้ว่ยนอก ‐ การบนัทกึประวตัแิละการตรวจรา่งกายของผูป้ว่ยนอก 

‐ การวางแผนทางการพยาบาล (care planning) (Dropped from nationwide survey.) 

‐ การทบทวนและดาํเนนิการตามการสัง่การรกัษา (order) ของแพทย ์ (Dropped from nationwide survey.) 

‐ การใหย้าและบนัทกึการใหย้าผูป้ว่ย (medication administration) ‐ การบนัทกึการใหย้าผูป้ว่ย 

‐ การบนัทกึการประเมนิทางการพยาบาล (nursing assessment) ‐ การบนัทกึทางการพยาบาล 

‐ การจดัตารางนดัและการนดัผา่ตดั (Dropped from nationwide survey.) 

‐ การจดัการรายชือ่และควิผูป้ว่ย (patient management) ในหอ้งผา่ตดั (Dropped from nationwide survey.) 

‐ การบนัทกึรายงานการผา่ตดั (operative note) (Dropped from nationwide survey.) 

‐ การบนัทกึรายงานการดมยา (anesthetic note) (Dropped from nationwide survey.) 

‐ การคดิราคาคา่ผา่ตดั (Dropped from nationwide survey.) 

‐ การจดัการสิง่สง่ตรวจ (specimen) (Dropped from nationwide survey.) 

‐ การรบัผลการตรวจทางหอ้งปฏบิตักิารจากเครือ่งตรวจอตัโนมตั ิ (Dropped from nationwide survey.) 

‐ การป้อนผลการตรวจทางหอ้งปฏบิตักิารสาํหรบัการตรวจทีไ่มไ่ดใ้ชเ้ครือ่งตรวจ

อตัโนมตั ิ

(Dropped from nationwide survey.) 

‐ การตรวจสอบและยนืยนัผลการตรวจทางหอ้งปฏบิตักิาร (Dropped from nationwide survey.) 

‐ การจดัตารางนดัและการนดัผูป้ว่ยรงัส ี (Dropped from nationwide survey.) 

‐ การรบัภาพทางรงัสวีทิยาโดยตรงจากเครือ่งเอกซเรยเ์ขา้ระบบคอมพวิเตอร ์(แทนทีจ่ะ

ใชฟ้ิลม์เอกซเรย)์ 

(Dropped from nationwide survey.) 

‐ การบนัทกึรายงานผลการตรวจทางรงัสวีทิยา (Dropped from nationwide survey.) 

‐ การเรยีกดภูาพทางรงัสวีทิยาโดยรงัสแีพทยผ์า่นระบบคอมพวิเตอร ์ (Dropped from nationwide survey.) 
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‐ การเรยีกดภูาพทางรงัสวีทิยาโดยแพทยผ์ูร้กัษาผา่นระบบคอมพวิเตอร ์ ‐ การเรยีกดภูาพทางรงัสวีทิยาผา่นคอมพวิเตอร ์(แทนฟิลม์เอกซเรย)์ สาํหรบัผูป้ว่ยใน 

‐ การเรยีกดภูาพทางรงัสวีทิยาผา่นคอมพวิเตอร ์(แทนฟิลม์เอกซเรย)์ สาํหรบัผูป้ว่ยนอก 

‐ การทบทวนการสัง่ยาโดยเภสชักร (Dropped from nationwide survey.) 

‐ การตรวจสอบการสัง่ยาทีผู่ป้ว่ยมปีระวตัแิพด้ว้ยระบบคอมพวิเตอร ์ ‐ การตรวจสอบการสัง่ยาทีผู่ป้ว่ยมปีระวตัแิพด้ว้ยระบบคอมพวิเตอร ์

‐ การตรวจสอบการสัง่ยาทีม่ปีฏกิริยิาต่อกนั (drug interactions) ‐ การตรวจสอบการสัง่ยาทีม่ปีฏกิริยิาต่อกนั (drug interactions) 

‐ การจ่ายยาผูป้ว่ยนอก ‐ การจ่ายยาผูป้ว่ยนอก 

‐ การจดัการคลงัยาและเวชภณัฑผ์ูป้ว่ยนอก ‐ การจดัการคลงัยาและเวชภณัฑ ์

‐ การจ่ายยาผูป้ว่ยใน ‐ การจ่ายยาผูป้ว่ยใน 

‐ การจดัการคลงัยาและเวชภณัฑผ์ูป้ว่ยใน (Dropped from nationwide survey.) 

‐ การเงนิและการเบกิจ่ายค่ารกัษาพยาบาล ‐ การเรยีกเกบ็เงนิจากผูป้ว่ย 

‐ การเบกิจา่ยค่ารกัษาพยาบาล 

‐ การบญัช ี (Dropped from nationwide survey.) 

‐ ทะเบยีนประวตับิคุลากร (Dropped from nationwide survey.) 

‐ การบรหิารจดัการภาระงาน (workload) (Dropped from nationwide survey.) 

‐ การจดัการคลงัพสัด ุ (Dropped from nationwide survey.) 

‐ การสือ่สารภายในโรงพยาบาล (Dropped from nationwide survey.) 

‐ การประชาสมัพนัธแ์ละสือ่สารกบัภายนอก (Dropped from nationwide survey.) 
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15. โรงพยาบาลของท่านมเีทคโนโลยแีต่ละอยา่งต่อไปนี้ตดิตัง้อยูใ่นโรงพยาบาลเพือ่ใหใ้ชง้าน 

(available) มากน้อยเพยีงใด? หากแตกต่างกนัในแต่ละหน่วยงาน โปรดระบรุะดบัโดย

เฉลีย่ของหน่วยงานทัง้โรงพยาบาล และหากโรงพยาบาลของท่านไมม่กีจิกรรมทีส่ามารถ

นําเทคโนโลยใีดมาสนบัสนุนการทาํงานได ้กรณุาเลอืก “N/A” (Not Applicable) 

14. โรงพยาบาลของท่านมเีทคโนโลยแีต่ละอยา่งต่อไปนี้ตดิตัง้อยูใ่นโรงพยาบาล (available) 

มากน้อยเพยีงใด หากแตกต่างกนัในแต่ละหน่วยงาน โปรดระบุระดบัโดยเฉลีย่ของ

หน่วยงานทัง้โรงพยาบาล และหากโรงพยาบาลของท่านไมม่กีจิกรรมทีส่ามารถนํา

เทคโนโลยใีดมาสนบัสนุนการทาํงานได ้(Not Applicable) กรุณาเวน้คาํตอบของขอ้นัน้

ไว ้

‐ การเขา้ถงึอนิเทอรเ์น็ต ‐ การเขา้ถงึอนิเทอรเ์น็ต 

‐ เวบ็ไซตข์องโรงพยาบาล ‐ เวบ็ไซตข์องโรงพยาบาล 

‐ อนิทราเน็ต (เวบ็ไซตภ์ายใน) ของโรงพยาบาล (Dropped from nationwide survey.) 

‐ ระบบ e-mail ขององคก์ร (Dropped from nationwide survey.) 

‐ ระบบเครอืขา่ยภายในโรงพยาบาล (local area network/LAN) ‐ ระบบเครอืขา่ยภายในโรงพยาบาล (LAN) 

‐ เครอืขา่ยไรส้าย (wireless networks) (Dropped from nationwide survey.) 

‐ ระบบคลงัขอ้มลู (data warehouse) (Dropped from nationwide survey.) 

‐ ระบบทะเบยีนผูป้ว่ย (Master Patient Index) ‐ ระบบทะเบยีนผูป้ว่ย (Master Patient Index) 

‐ ระบบสัง่การรกัษาผา่นคอมพวิเตอร ์(computerized order entry) ‐ ระบบทีใ่หแ้พทยส์ัง่การรกัษาดว้ยคอมพวิเตอร ์

‐ ระบบบนัทกึประวตักิารรกัษาพยาบาลในรูปแบบอเิลก็ทรอนกิส ์(electronic 

medical record/documentation of clinical care) 

‐ ระบบเวชระเบยีนอเิลก็ทรอนิกส ์(electronic medical records) ซึง่บนัทกึประวตัิ

การรกัษาพยาบาลในคอมพวิเตอร ์

‐ ระบบสารสนเทศรกัษาผูป้ว่ยเฉพาะโรค (disease management systems) (Dropped from nationwide survey.) 

‐ ระบบสารสนเทศหอ้งปฏบิตักิาร (laboratory information system) ‐ ระบบสารสนเทศหอ้งปฏบิตักิาร (laboratory information system) 

‐ ระบบสารสนเทศทางเภสชักรรม (pharmacy information system) (Dropped from nationwide survey.) 

‐ ระบบสารสนเทศบนัทกึการใหย้าผูป้ว่ย (electronic medication administration 

records) 

‐ ระบบบนัทกึการใหย้าผูป้ว่ยดว้ยคอมพวิเตอร ์(electronic medication 

administration records) 

‐ ระบบภาพทางรงัสวีทิยา (Picture archiving and communication 

system/PACS) 

‐ ระบบจดัเกบ็และเรยีกดภูาพทางรงัสวีทิยาดว้ยคอมพวิเตอรแ์ทนฟิลม์เอกซเรย ์

(PACS) 
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‐ ระบบสารสนเทศทางรงัสวีทิยา (radiology information system) (Dropped from nationwide survey.) 

‐ การใหบ้รกิารหรอืคําปรกึษาทางการแพทยท์างไกลโดยใชเ้ทคโนโลยสีารสนเทศ 

(telemedicine) 

(Dropped from nationwide survey.) 

‐ การประชมุทางไกล (teleconference) (Dropped from nationwide survey.) 

‐ บารโ์คด้ (barcoding) ‐ การใชบ้ารโ์คด้ในการดแูลรกัษาผูป้ว่ย 

‐ ระบบบรหิารทรพัยากร (งานคลงั ทรพัยากรบุคคล และพสัด)ุ ขององคก์ร 

(Enterprise resource planning/ERP) 

(Dropped from nationwide survey.) 

16. ในบางครัง้ ระบบสารสนเทศหนึ่งจะมกีารเชือ่มต่อกบัระบบสารสนเทศอืน่ๆ และมกีาร

แลกเปลีย่นหรอืสง่ผา่นขอ้มลูระหว่างกนั แต่ในบางกรณ ีระบบสารสนเทศหนึ่งอาจไมไ่ด้

แลกเปลีย่นหรอืสง่ต่อขอ้มลูกบัระบบอืน่ (stand-alone) ระบบสารสนเทศในภาพรวมของ

แต่ละระบบงานต่อไปนี้ มกีารแลกเปลีย่นขอ้มลูกบัระบบสารสนเทศอืน่ภายในโรงพยาบาล

มากน้อยเพยีงใด? หากโรงพยาบาลของท่านไมม่รีะบบงานใด กรุณาเลอืก “N/A” (Not 

Applicable) 

15. ในบางครัง้ ขอ้มลูสารสนเทศจะมกีารแลกเปลีย่นหรอืสง่ต่อกนัทางอเิลก็ทรอนกิสร์ะหวา่ง

ระบบสารสนเทศต่างๆ แต่ในบางกรณ ีขอ้มลูสารสนเทศอาจไมไ่ดม้กีารแลกเปลีย่นหรอืสง่

ต่อกนัระหวา่งระบบสารสนเทศเลย 

 
ขอ้มลูสารสนเทศแต่ละประเภทต่อไปนี้ มกีารแลกเปลีย่นหรอืสง่ต่อกนัระหวา่งระบบ

สารสนเทศต่างๆ ภายในโรงพยาบาลมากน้อยเพยีงใด 

‐ หอ้งฉุกเฉนิ (Dropped from nationwide survey.) 

‐ การลงทะเบยีนผูป้ว่ย การรบัผูป้ว่ยไวใ้นโรงพยาบาล การจาํหน่าย และการสง่ต่อผูป้ว่ย (Dropped from nationwide survey.) 

‐ ผูป้ว่ยใน (Dropped from nationwide survey.) 

‐ ผูป้ว่ยนอก (Dropped from nationwide survey.) 

‐ งานการพยาบาล (Dropped from nationwide survey.) 

‐ หอ้งผา่ตดั (OR) (Dropped from nationwide survey.) 

‐ หอ้งปฏบิตักิาร (Dropped from nationwide survey.) 

‐ งานรงัสวีทิยา (Dropped from nationwide survey.) 

‐ งานเภสชักรรม (Dropped from nationwide survey.) 

‐ งานการเงนิการคลงั (Dropped from nationwide survey.) 
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‐ งานการเจา้หน้าทีแ่ละทรพัยากรบุคคล (Dropped from nationwide survey.) 

‐ ระบบงานอืน่ๆ (Dropped from nationwide survey.) 

(Not present in pilot survey.) ‐ ขอ้มลูทัว่ไปของผูป้ว่ย 

(Not present in pilot survey.) ‐ ประวตักิารเจบ็ปว่ยและบนัทกึทางการแพทยใ์นแผนกผูป้ว่ยนอก 

(Not present in pilot survey.) ‐ ประวตักิารเจบ็ปว่ยและบนัทกึทางการแพทยใ์นแผนกผูป้ว่ยใน 

(Not present in pilot survey.) ‐ การวนิิจฉยัโรคของผูป้ว่ยนอก 

(Not present in pilot survey.) ‐ การวนิิจฉยัโรคของผูป้ว่ยใน 

(Not present in pilot survey.) ‐ ยาทีแ่พทยส์ัง่ใหผู้ป้ว่ยนอก 

(Not present in pilot survey.) ‐ ยาทีแ่พทยส์ัง่ใหผู้ป้ว่ยใน 

(Not present in pilot survey.) ‐ รายการผา่ตดัและการทําหตัถการ 

(Not present in pilot survey.) ‐ ผลการตรวจทางหอ้งปฏบิตักิาร 

(Not present in pilot survey.) ‐ ภาพและผลการตรวจทางรงัสวีทิยา 

17. ระบบสารสนเทศในภาพรวมของแต่ละระบบงานต่อไปนี้ มกีารแลกเปลีย่นขอ้มลูกบัระบบ

สารสนเทศอืน่ภายนอกโรงพยาบาล (รวมถงึการเชือ่มต่อกบัระบบสารสนเทศของสว่น

ราชการและสถานพยาบาลอืน่) มากน้อยเพยีงใด? หากโรงพยาบาลของท่านไมม่รีะบบงาน

ใด กรุณาเลอืก “N/A” (Not Applicable) 

16. ขอ้มลูสารสนเทศแต่ละประเภทต่อไปนี้ มกีารแลกเปลีย่นหรอืสง่ต่อกนัระหวา่งระบบ

สารสนเทศของโรงพยาบาล กบัระบบสารสนเทศอืน่ภายนอกโรงพยาบาล (เชน่ ระบบ

สารสนเทศของสว่นราชการหรอืสถานพยาบาลอืน่) ทัง้การสง่ขอ้มลูใหก้บัระบบภายนอก 

และการรบัขอ้มลูจากระบบภายนอก มากน้อยเพยีงใด 

‐ หอ้งฉุกเฉนิ (Dropped from nationwide survey.) 

‐ การลงทะเบยีนผูป้ว่ย การรบัผูป้ว่ยไวใ้นโรงพยาบาล การจาํหน่าย และการสง่ต่อผูป้ว่ย (Dropped from nationwide survey.) 

‐ ผูป้ว่ยใน (Dropped from nationwide survey.) 

‐ ผูป้ว่ยนอก (Dropped from nationwide survey.) 

‐ งานการพยาบาล (Dropped from nationwide survey.) 

‐ หอ้งผา่ตดั (OR) (Dropped from nationwide survey.) 

 



 

371 

Item Wording in Pilot Survey Item Wording in Nationwide Survey 
‐ หอ้งปฏบิตักิาร (Dropped from nationwide survey.) 

‐ งานรงัสวีทิยา (Dropped from nationwide survey.) 

‐ งานเภสชักรรม (Dropped from nationwide survey.) 

‐ งานการเงนิการคลงั (Dropped from nationwide survey.) 

‐ งานการเจา้หน้าทีแ่ละทรพัยากรบุคคล (Dropped from nationwide survey.) 

‐ ระบบงานอืน่ๆ (Dropped from nationwide survey.) 

(Not present in pilot survey.) ‐ ขอ้มลูทัว่ไปของผูป้ว่ย 

(Not present in pilot survey.) ‐ ประวตักิารเจบ็ปว่ยและบนัทกึทางการแพทยใ์นแผนกผูป้ว่ยนอก 

(Not present in pilot survey.) ‐ ประวตักิารเจบ็ปว่ยและบนัทกึทางการแพทยใ์นแผนกผูป้ว่ยใน 

(Not present in pilot survey.) ‐ การวนิิจฉยัโรคของผูป้ว่ยนอก 

(Not present in pilot survey.) ‐ การวนิิจฉยัโรคของผูป้ว่ยใน 

(Not present in pilot survey.) ‐ ยาทีแ่พทยส์ัง่ใหผู้ป้ว่ยนอก 

(Not present in pilot survey.) ‐ ยาทีแ่พทยส์ัง่ใหผู้ป้ว่ยใน 

(Not present in pilot survey.) ‐ รายการผา่ตดัและการทําหตัถการ 

(Not present in pilot survey.) ‐ ผลการตรวจทางหอ้งปฏบิตักิาร 

(Not present in pilot survey.) ‐ ภาพและผลการตรวจทางรงัสวีทิยา 

18. โปรดระบุเพศของท่าน 

 ชาย 

 หญงิ 

17. โปรดระบุเพศของท่าน 

 ชาย 

 หญงิ 

19. ท่านมอีายเุท่าใด 

|______| ปี 

18. ท่านมอีายเุท่าใด 

|______| ปี 
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20. ท่านจบการศกึษาขัน้สงูสดุระดบัใด? 

 ตํ่ากวา่ปรญิญาตร ี

 ปรญิญาตร ี

 ปรญิญาโทหรอืสงูกวา่ 

19. ท่านจบการศกึษาขัน้สงูสดุระดบัใด 

 ตํ่ากวา่ปรญิญาตร ี

 ปรญิญาตร ี(รวมถงึปรญิญาแพทยศาสตรบณัฑติ) 

 ปรญิญาโทหรอืสงูกวา่ (รวมถงึแพทยท์ีจ่บสาขาเฉพาะทาง) 

21. ขอ้ใดต่อไปนี้ตรงกบัการรบัการศกึษาอบรมดา้นเทคโนโลยสีารสนเทศของท่านมากทีส่ดุ? 

 ไมเ่คยไดร้บัการศกึษาอบรมในสาขาทีเ่กีย่วขอ้งกบัเทคโนโลยสีารสนเทศเลย 

 เคยไดร้บัการอบรม แต่ไมเ่คยไดร้บัปรญิญาในสาขาทีเ่กีย่วขอ้งกบัเทคโนโลยสีารสนเทศ 

 เคยไดร้บัปรญิญาตร/ีโท/เอกในสาขาทีเ่กีย่วขอ้งกบัเทคโนโลยสีารสนเทศ 

20. ขอ้ใดต่อไปนี้ตรงกบัการรบัการศกึษาอบรมดา้นเทคโนโลยสีารสนเทศของท่านมากทีส่ดุ 

 ไมเ่คยไดร้บัการศกึษาอบรมในสาขาทีเ่กีย่วขอ้งกบัเทคโนโลยสีารสนเทศเลย 

 เคยไดร้บัการอบรม แต่ไมเ่คยไดร้บัปรญิญาในสาขาทีเ่กีย่วขอ้งกบัเทคโนโลยสีารสนเทศ 

 เคยไดร้บัปรญิญาตร/ีโท/เอกในสาขาทีเ่กีย่วขอ้งกบัเทคโนโลยสีารสนเทศ 

22. ขอ้ใดต่อไปนี้ตรงกบัการรบัการศกึษาอบรมในสาขาวชิาชพีทางคลนิิกของท่านมากทีส่ดุ? 

(สาขาวชิาชพีทางคลนิิก หมายรวมถงึสาขาวชิาทางแพทยศาสตร ์ทนัตแพทยศาสตร ์

พยาบาลศาสตร ์เภสชัศาสตร ์เทคนคิการแพทย ์กายภาพบาํบดั รงัสเีทคนิค เป็นตน้) 

 ไมเ่คยไดร้บัการศกึษาอบรมในสาขาวชิาชพีทางคลนิิก 

 เคยไดร้บัการอบรม แต่ไมเ่คยไดร้บัปรญิญาในสาขาวชิาชพีทางคลนิิก 

 เคยไดร้บัปรญิญาตร/ีโท/เอกในสาขาวชิาชพีทางคลนิกิ 

21. ขอ้ใดต่อไปนี้ตรงกบัการรบัการศกึษาอบรมในสาขาวชิาชพีทางสขุภาพของทา่นมากทีส่ดุ 

(สาขาวชิาชพีทางสขุภาพ เชน่ สาขาวชิาทางแพทยศาสตร ์ทนัตแพทยศาสตร ์พยาบาล

ศาสตร ์เภสชัศาสตร ์เทคนิคการแพทย ์กายภาพบาํบดั รงัสเีทคนคิ สาธารณสขุศาสตร)์ 

 ไมเ่คยไดร้บัการศกึษาอบรมในสาขาวชิาชพีทางสขุภาพ 

 เคยไดร้บัการอบรม แต่ไมเ่คยไดร้บัปรญิญาในสาขาวชิาชพีทางสขุภาพ 

 เคยไดร้บัปรญิญาตร/ีโท/เอกในสาขาวชิาชพีทางสขุภาพ 

23. ขอ้ใดต่อไปนี้ตรงกบัการรบัการศกึษาอบรมดา้นบรหิารธรุกจิหรอืการจดัการ (business 

administration/management) ของท่านมากทีส่ดุ? 

 ไมเ่คยไดร้บัการศกึษาอบรมดา้นการบรหิารธรุกจิหรอืการบรหิารจดัการ 

 เคยไดร้บัการอบรม แต่ไมเ่คยไดร้บัปรญิญาดา้นการบรหิารธุรกจิหรอืการบรหิารจดัการ 

 เคยไดร้บัปรญิญาตร/ีโท/เอกดา้นการบรหิารธรุกจิหรอืการบรหิารจดัการ 

22. ขอ้ใดต่อไปนี้ตรงกบัการรบัการศกึษาอบรมดา้นบรหิารธรุกจิหรอืการบรหิารจดัการ 

(business administration/management) ของท่านมากทีส่ดุ 

 ไมเ่คยไดร้บัการศกึษาอบรมดา้นการบรหิารธรุกจิหรอืการบรหิารจดัการ 

 เคยไดร้บัการอบรม แต่ไมเ่คยไดร้บัปรญิญาดา้นการบรหิารธุรกจิหรอืการบรหิารจดัการ 

 เคยไดร้บัปรญิญาตร/ีโท/เอกดา้นการบรหิารธรุกจิหรอืการบรหิารจดัการ 

24. ท่านปฏบิตังิานในบทบาททีเ่กีย่วขอ้งกบัเทคโนโลยสีารสนเทศ ไมว่า่ในตาํแหน่งใด ณ 

สถานทีท่าํงานใดในอดตีและปจัจุบนั มาแลว้รวมทัง้หมดเป็นเวลากีป่ี? 

|______| ปี 

23. ท่านปฏบิตังิานในบทบาททีเ่กีย่วขอ้งกบัเทคโนโลยสีารสนเทศ ไมว่า่ในตาํแหน่งใด ณ 

สถานทีท่าํงานใดในอดตีและปจัจุบนั มาแลว้รวมทัง้หมดเป็นเวลากีป่ี 

|______| ปี 
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25. ขอ้ใดต่อไปนี้ตรงกบับทบาทของทา่นในโรงพยาบาล? หากท่านมหีลายบทบาท กรุณาเลอืก

ทุกบทบาททีต่รงกบัท่าน 

 ผูอ้าํนวยการหรอืผูบ้รหิารระดบัสงูของโรงพยาบาล 

 ผูบ้รหิารโรงพยาบาลทีก่าํกบัดแูลงานดา้นสารสนเทศของโรงพยาบาลโดยตรง 

 หวัหน้าหน่วยงานดา้นเทคโนโลยสีารสนเทศของโรงพยาบาล 

 ผูเ้ชีย่วชาญดา้นเทคโนโลยสีารสนเทศ ผูด้แูลระบบ นกัวเิคราะหร์ะบบ โปรแกรมเมอร ์

นกัวชิาการคอมพวิเตอร ์หรอืบุคลากรทางเทคนิคในโรงพยาบาล แต่ไมใ่ชผู่บ้รหิารหรอื

หวัหน้าหน่วยงาน 

 บุคลากรในโรงพยาบาลทีม่บีทบาทสาํคญัในโครงการทางเทคโนโลยสีารสนเทศแต่ไมไ่ดม้ี

บทบาททางบรหิารหรอืทางเทคนคิ 

 บุคลากรในโรงพยาบาลทีไ่มไ่ดม้บีทบาทสาํคญัในโครงการทางเทคโนโลยสีารสนเทศ และ

ไมไ่ดม้บีทบาททางบรหิารหรอืทางเทคนิค 

 อืน่ๆ โปรดระบุ |______________________________| 

24. ขอ้ใดต่อไปนี้ตรงกบับทบาทของทา่นในโรงพยาบาล หากท่านมหีลายบทบาท กรุณาเลอืก

ทุกบทบาททีต่รงกบัท่าน 

 ผูอ้าํนวยการหรอืผูบ้รหิารระดบัสงูของโรงพยาบาล 

 ผูบ้รหิารโรงพยาบาลทีก่าํกบัดแูลงานดา้นสารสนเทศโดยตรง 

 หวัหน้าหน่วยงานดา้นสารสนเทศทีไ่มใ่ช่ผูบ้รหิารโรงพยาบาล 

 ผูเ้ชีย่วชาญดา้นสารสนเทศ เชน่ ผูด้แูลระบบ นกัวเิคราะหร์ะบบ โปรแกรมเมอร ์นกัวชิาการ

คอมพวิเตอร ์นกัเวชสถติ ิหรอืบคุลากรทางเทคนคิในโรงพยาบาล ทีไ่มใ่ชผู่บ้รหิารหรอื

หวัหน้าหน่วยงาน 

 บุคลากรในโรงพยาบาลทีม่หีรอืเคยมบีทบาทสาํคญัในการพฒันางานดา้นเทคโนโลยี

สารสนเทศ แต่ไมใ่ชผู่บ้รหิารโรงพยาบาลหรอืบคุลากรทางเทคนิค 

 บุคลากรในโรงพยาบาลทีไ่มไ่ดม้บีทบาทสาํคญัในการพฒันางานดา้นเทคโนโลยสีารสนเทศ 

และไมใ่ชผู่บ้รหิารโรงพยาบาลหรอืบุคลากรทางเทคนิค 

 อืน่ๆ โปรดระบุ |______________________________| 

เพือ่ประโยชน์ในการปรบัปรุงแบบสอบถาม ผูว้จิยัขอความกรุณาท่านชว่ยใหข้อ้มลูเพิม่เตมิวา่ 

ท่านใชเ้วลาในการตอบแบบสอบถามนี้ทัง้สิน้ประมาณ  นาท ี

Dropped because intended only for pilot study to gauge respondent’s burden. 
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Appendix E 

Descriptive Statistics of Individual IT Sophistication 

Items in the Nationwide Study 
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Item Value 
Managerial Sophistication 

a. Our hospital is open to new ways of conducting operations. (N=904) 
b. Our top-level management fully supports the use of IT. (N=903) 
c. Our hospital sets clear vision, goals, and plans on IT works. (N=906) 
d. Our hospital communicates goals, plans and progress on IT works to stakeholders 

clearly. (N=905) 
e. Those who will use the information systems are fully involved in hospital IT 

development. (N=904) 
f. The team of users involved in our IT development comes from several disciplines. 

(N=904) 
g. The majority of hospital employees are committed to achieving the envisioned  

organizational goals. (N=905) 
h. In our hospital’s IT development, the workflow changes are carefully considered. 

(N=905) 
i. Our hospital provides training to those who will use the system adequately. (N=905) 
j. Our hospital has a process in place to track work progress and manage IT works  

appropriately. (N=905) 
k. Our hospital uses our past experience as lessons driving our current works. (N=905) 

 
Average Overall Score for Managerial Sophistication (N=907) 
 
Technological Sophistication 

a. Internet access (N=903) 
b. Hospital Web site (N=904) 
c. Local area network (LAN) (N=902) 
d. Master Patient Index (N=876) 
e. Computerized physician order entry (N=886) 
f. Electronic medication administration records (N=894) 
g. Electronic medical records that documents clinical care in the system (N=899) 
h. Laboratory information system (N=893) 
i. Picture archiving and communication system (PACS) for electronic storage of 

medical images instead of films (N=889) 
j. Barcode use in patient care (N=895) 
 

Average Overall Score for Technological Sophistication (N=906) 
 
Functional Sophistication 
Patient Management 

1. Patient registration and recording of patient’s demographic information (N=906) 
2. Outpatient appointment scheduling (N=905) 
3. Viewing the list of hospitalized patients (N=901) 

Outpatient Care 
4. Outpatient medication order entry (N=904) 
5. Outpatient lab order entry (N=898) 
6. Outpatient lab results viewing (N=900) 
7. Outpatient imaging order entry (N=894) 
8. Electronic image viewing (instead of using films) for outpatients (N=893) 
9. Documentation of history & physical examination of outpatients (N=902) 

Inpatient Care 
10. Inpatient medication order entry (N=896) 
11. Inpatient lab order entry (N=894) 
12. Inpatient lab results viewing (N=894) 

 
4.08 ± 0.87 
4.24 ± 0.85 
3.74 ± 0.96 
3.50 ± 0.90 

 
3.40 ± 0.95 

 
3.53 ± 1.03 

 
3.92 ± 0.85 

 
3.70 ± 0.87 

 
3.29 ± 0.95 
3.33 ± 0.86 

 
3.84 ± 0.86 

 
3.69 ± 0.64 

 
 

4.49 ± 0.77 
3.66 ± 1.46 
4.65 ± 0.70 
4.45 ± 0.92 
3.88 ± 1.43 
3.84 ± 1.46 
3.93 ± 1.34 
3.58 ± 1.56 
1.79 ± 1.42 

 
1.63 ± 1.13 

 
3.59 ± 0.69 

 
 
 

4.75 ± 0.57 
4.20 ± 1.13 
4.59 ± 0.84 

 
4.54 ± 0.96 
4.37 ± 1.12 
4.29 ± 1.19 
4.16 ± 1.27 
1.97 ± 1.51 
3.95 ± 1.32 

 
4.18 ± 1.27 
4.15 ± 1.28 
4.00 ± 1.37 
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Item Value 
13. Inpatient imaging order entry (N=883) 
14. Electronic image viewing (instead of using films) for inpatients (N=885) 
15. Documentation of history, physical examination & progress note of inpatients 

(N=895) 
16. Discharge summary documentation (N=895) 

Nursing 
17. Documentation of medication administration to patients (N=901) 
18. Nursing documentation (N=899) 

Pharmacy 
19. Outpatient medication dispensing (N=905) 
20. Inpatient medication dispensing (N=897) 
21. Pharmacy inventory control (N=900) 
22. Automatic drug allergy checking (N=904) 
23. Automatic drug interaction checking (N=900) 

Finance 
24. Patient billing (N=902) 
25. Reimbursement claims (N=902) 
 

Average Overall Score for Functional Sophistication (N=906) 
 
Internal Integration Sophistication 

a. Patient’s demographic information (N=899) 
b. Outpatient’s history and medical documentation (N=900) 
c. Outpatient’s diagnoses (N=897) 
d. Outpatient’s medication orders (N=897) 
e. Inpatient’s history and medical documentation (N=898) 
f. Inpatient’s diagnoses (N=896) 
g. Inpatient’s medication orders (N=894) 
h. Surgical operations and procedures (N=890) 
i. Laboratory results (N=897) 
j. Medical images and results (N=890) 

 
Average Overall Score for Internal Integration Sophistication (N=902) 
 
External Integration Sophistication 

a. Patient’s demographic information (N=895) 
b. Outpatient’s history and medical documentation (N=896) 
c. Outpatient’s diagnoses (N=896) 
d. Outpatient’s medication orders (N=894) 
e. Inpatient’s history and medical documentation (N=887) 
f. Inpatient’s diagnoses (N=893) 
g. Inpatient’s medication orders (N=890) 
h. Surgical operations and procedures (N=890) 
i. Laboratory results (N=896) 
j. Medical images and results (N=887) 

 
Average Overall Score for External Integration Sophistication (N=897) 
 
Average Total IT Sophistication Score (All Dimensions Combined) (N=907) 

3.82 ± 1.48 
1.88 ± 1.46 
2.68 ± 1.58 

 
3.59 ± 1.48 

 
3.18 ± 1.68 
2.74 ± 1.63 

 
4.64 ± 0.78 
4.48 ± 0.97 
3.92 ± 1.32 
4.32 ± 1.09 
3.74 ± 1.44 

 
4.34 ± 1.09 
4.31 ± 1.04 

 
3.87 ± 0.77 

 
 

4.09 ± 1.14 
3.80 ± 1.32 
4.00 ± 1.21 
4.11 ± 1.18 
3.38 ± 1.44 
3.81 ± 1.28 
3.81 ± 1.31 
3.46 ± 1.42 
3.83 ± 1.34 
2.29 ± 1.53 

 
3.66 ± 1.02 

 
 

2.49 ± 1.41 
2.32 ± 1.36 
2.53 ± 1.43 
2.38 ± 1.39 
2.20 ± 1.32 
2.44 ± 1.43 
2.25 ± 1.37 
2.25 ± 1.36 
2.20 ± 1.35 
1.69 ± 1.12 

 
2.28 ± 1.19 

 
3.53 ± 0.59 

Data are mean ± SD. 
 


