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Abstract

A central premise for the creation of Electronic Health Records (EHR) is ensuring the portability
of patient health records across various clinical, insurance, and regulatory entities. From portabil-
ity standards such as International Classification of Diseases (ICD) to data sharing across institu-
tions, a lack of portability of health data can jeopardize optimal care and reduce meaningful use.
This research empirically investigates the relationship between health records availability and
portability. Using data collected from 168 medical providers and patients, we confirm the positive
relationship between user perceptions of expected satisfaction with EHR availability and the ex-
pected satisfaction with portability. Our findings contribute to more informed practice by under-
standing how ensuring the availability of patient data by virtue of enhanced data sharing stand-
ards, device independence, and better EHR data integration can subsequently drive perceptions of
portability across a multitude of stakeholders.

Keywords: Design Theory, Data Availability, Data Portability, Satisfaction, Stakeholders, Patient
Care Processes.

Introduction

Electronic Health Records (EHR) are the digitized longitudinal health records of an individual
that are shared across agencies and providers. The success of an EHR system implementation is
measured by the degree it is used (e.g., Devaraj & Kohli, 2003) as an indicator that the system
meets the users’ expectations. Based on
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Satisfaction with Electronic Health Records Availability

Meeting expectations is an especially challenging objective to attain in a multi-stakeholder envi-
ronment, such as the health care industry. A common reason for IS implementation failures is that
organizations decide on a technological solution without fully understanding the underlying pro-
cesses and stakeholders’ objectives (McGowan, Cusack, & Poon, 2008; Sallas, Matthews, Wat-
kins, & Wiley-Patton 2007).

The need for an EHR system that delivers quality information timely, securely, and accurately
across multiple health care provider systems is essential for delivering safe and quality care. Due
to the nature of health care organizations’ value chain, multiple stakeholders, whose system use
and expectations may significantly differ, are involved in the information flow process (Joss &
Kogan, 1995; McGlynn, 1997). Fulfilling the varying information needs across stakeholders is
one of the most significant expectations from an EHR system and a key indicator of satisfaction
with such a system (Thornewill, Dwling, Cox, & Esterhazy, 2011).

Patient health information availability is an important system characteristic to confidently make
well-informed decisions during patient care. For this purpose, the timely and complete patient
health records need to be available to the right person at the right time. Primary healthcare pro-
viders (PCP) can make more educated decisions if more up-to-date information is available for
them (Bates et al., 2001).

For the purposes of this study, in addition to data availability, we also consider system availabil-
ity to perform essential job functions efficiently, as a precursor of system use (Laplante & Ovas-
ka, 2011). System availability is the extent to which goals are achieved with effectiveness, effi-
ciency, and a level of satisfaction. However, when different user groups use the same system in
different contexts, it is expected that these groups perceive the same system and particular fea-
tures differently (Burn & Ash, 2005).

Information systems may be used in different environments and on different platforms for the
same functional purposes. Information sharing and the need for up-to-date information in the
healthcare environment have always been demanded but only in the recent years have started to
become a reality. The proper design and implementation of information sharing system character-
istics will result in patient record portability. In order to reduce design and development costs,
using the same source-code is inevitable for a portable system. System designers need to account
for the disparate health data from the nation’s many healthcare organizations. This will enable
providers to universally exchange and reuse operational and clinical data stored in different EHR
systems.

The multi-stakeholder context in this study represents the challenges the literature identifies for
proper information systems design to fulfill varying user needs. The different user groups in dif-
ferent healthcare settings in this study are identified as 1) health care providers, 2) patients,

3) administrators, and 4) regulators within six major care providing agencies. Following Shi and
Singh (2008) for our purposes, these are 1) hospital based outpatient care, 2) continuing care,

3) end-of-life-care, 4) preventative care, 5) primary care, and 6) rehabilitative services.

The objective of this study is to investigate the relationship between user perceptions of expected
satisfaction with EHR data availability and the expected satisfaction with portability. Using data
collected from 168 users across the identified four stakeholders groups among the major care
providing agencies, empirical evidence is provided for the effect of perceived expected satisfac-
tion with EHR availability on expected satisfaction with EHR portability. The availability and
portability constructs were measured by reflective indicators and AMOS software for Structural
Equation Modeling (SEM) was used to test our hypothesis. Both constructs have multiple indica-
tors as it was deduced from the survey items.
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This paper aims to contribute to the existing research and gaps in knowledge management by
providing a better understanding of information availability and portability among different
stakeholder groups in the healthcare domain. The findings also highlight important practical im-
plications and contribute to the knowledge management of software vendors, implementation pro-
ject teams, and healthcare agency executives. These theoretical and practical contributions are
discussed in detail in the discussion section.

The literature review is followed by the framework development and research methodology, then
the results are discussed and the limitations and future directions are introduced.

Literature Review

Numerous studies have proved that satisfaction of system users is a key component to IS success
(Al-Khaldi & Wallace, 1999; DeLone & McLean, 1992; Szajna & Scamell, 1993). End user satis-
faction is also suggested to be a deciding factor on software choice with relatively similar features
(Henderson, Smith, Podd, & Varela-Alvarez, 1995). Measuring satisfaction includes subjective
measures such as the user’s individual perception on usability and acceptability: “the comfort and
acceptability of the work system to its users and other people affected by its use” (ISO DIS 9241-
210, 2008).

User satisfaction in a healthcare setting is imperative for implementation success (Meijden,
Tange, Troost, & Hasman, 2003; Murff & Kannry, 2001) and failures are often associated with
unsatisfied users (Lawler, Cacy, Viviani, Hamm, & Cobb, 1996). EHR often replaces paper and
pencil PCP notes, which requires an enormous adjustment within the new workflow of care.
Many healthcare professionals view this change as obstruction to their work and decreased
productivity (Chin & Krall, 1997; Chin & McClure, 1995; Tierney, Miller, Overhage, & McDon-
ald, 1993). This disruption is difficult to overcome in a high-pressure workplace, where time is a
scarce resource and a new EHR system may be perceived as inefficient.

Providing the same system across multiple user groups across system characteristics is a chal-
lenging obstacle for system designers and implantation teams alike. The diverse stakeholder
needs and use of EHR systems in a health care organization need to be understood and integrated
in the system design meta-analysis. An EHR system that primarily supports subgroups of users
may lead to decreased use and workarounds. Evidence for failed EHR implementations in the
literature abound and numerous studies attribute the failures to unmet stakeholder needs (e.g.,
Aarts & Peel, 1999; Berg, 2001; Bingi, Sharma, & Godla, 1999; Zhang, Lee, Zhang, & Banerjee,
2002). Other main reasons for such failures range from leadership disconnect, changed workflow,
and work disruption to perceived inefficiency and decreased productivity, which ultimately re-
sults in partial or complete abandonment and rejection of the use of the EHR system by some or
all users (Heeks, 2006; Kaplan & Harris-Salamone, 2009; Simon, 2010).

Organizational information resources house enormous amounts of data, including sensitive cus-
tomer and corporate information, especially in the healthcare industry (Fox, 2000). In addition to
safeguarding this data from unauthorized access, availability of data is critical for sound decision
making (Bakersville & Siponen, 2002; David 2002). According to the Organisation for Economic
Co-operation and Development (OECD), availability ensures the accessibility and usability of
data, information, and information systems on a timely basis in the required manner or simply the
prevention of unauthorized withholding of data or resources (Dhillon & Backhouse, 2001). The
44™ Code of Federal Regulations (U.S.C., Sec. 3542(b)(1)(A-C)) also includes the timely use of
data in the definition of availability, which states, “ensuring timely and reliable access to and use
of information”. Availability is also used as one of the Security Objectives as part of the Stand-
ards for Security Categorization of Federal Information and Information Systems.
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Multi-stakeholder involvement in patient care requires data availability to a variety of functional
groups. Patients recognize the value of information systems in primary care (Ornstein & Bearden,
1994; Ridsdale & Hudd, 1994); however, they express their worries about the availability of their
health history to employees working in the system and the insurance companies.

Accordingly, this study aims to enhance the general understanding of EHR systems’ data availa-
bility and portability features to support the multi-stakeholder needs across the patient care pro-
cess. The next section introduces the framework constructs and their indicators as presented to the
stakeholders to rate their perceived expected satisfaction.

Framework

The aim of this study is to identify the relationship between the perceived expected satisfaction
with EHR data availability and the expected satisfaction with EHR data portability across differ-
ent stakeholders. Following Walls, Widmeyer, and El Sawy’s (1992) information system design
theory (ISDT), availability and portability system features as meta-designs that support organiza-
tional requirements as meta-requirements were proposed to form the base of the system-level in-
vestigation of this study. A meta-analysis of other system features is covered in the Appendix,
however, these features are beyond the scope of this paper.

The proposed model with the availability and portability constructs, their indicators, and the hy-
pothesis with its suggested direction of effects is depicted in Figure 1. The professionals, to
whom the survey was administered, were asked to base their experience on existing healthcare
system features, not only on the particular Electronic Health Record (EHR) systems currently in
use. The reason for this was twofold: (1) EHR systems are not widely implemented, it is the ulti-
mate goal of the healthcare industry based on President Bush’s Executive Order of 2004 (Execu-
tive Order 13335); (2) the term ‘EHR system’ is used to indicate any health information system.

Interoperabillity |

H1(+)
y # Portability

q Availability

Interconnectedness |

Transparency |

Stakeholder Role

Figure 1. Research framework

Availability Meta-Kernel

Availability in this research is approached form two different angles: (1) the availability of infor-
mation that enables users to make sound decisions, and (2) the availability of the system for the
users to perform their job function in an effective and efficient manner. The first instance simply
indicates user access to data required for decision making. The second instance overlaps with the
concept of usability, where properly designed system needs to be available for proper access to
the necessary information. In this concept we describe availability as the requirement for users to
perform their job function with a system that meets their expectations for usability.

“Build it and they will come” is a phrase used to describe a utopian product development stand-
point portraying the unnecessary effort of meeting user needs. Of course, it is rarely the case with
information systems as the offering of technology continues to progress in a rapid rate. Users do
not only expect an easy-to-learn and easy-to-use system, but they also expect that technology aids
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their productivity. Since we proposed applying usability as a subset of the availability meta-
kernel, we will accept Dix, Finlay, Abowd, and Beale’s (1993) and Nielsen’s (1994) attributes of
usability — effectiveness, efficiency, satisfaction, and learnability — for the purposes of this re-
search. However, we will propose the first three concepts as part of availability meta-designs. We
decided to not include learnability for two reasons: (1) it is highly subjective attribute and with a
robust system such as EHR, resistance of change may be an influential factor that is difficult to
account for when measuring a system’s usability, (2) it is omitted in most technical definitions,
such as Standard ISO 9241, which defines software usability as the following: a software is usa-
ble when it allows the user to execute his task effectively, efficiently, and with satisfaction in the
specified context of use.

Our approach provides answers to the following questions with regards to usability attribute
measurements:

Effectiveness: How well can a user goal be achieved through the system use?
Efficiency: What resources are consumed while achieving these goals?

Satisfaction: How do users feel about the system they use to achieve their goal?

Data Access: Is all information available for users to make a well informed, timely deci-
sion?

In our meta-designs, we recommend solutions to common healthcare system usability concerns,
for example:

e Eliminating the need for duplicate entries by cross populating screens in problem lists
and progress notes while checking for data validity.

e The system should easily allow visual integration of a problem with a particular clinical
event (lab result, imaging, medication, etc.)

e Recording a new problem should follow logical steps and require minimal number of
clicks while providing straightforward and familiar terminology and directions.

Effectiveness

Effectiveness as an attribute of usability is defined as “the accuracy and completeness with which
specified users can achieve specified goals in particular environments” (ISO DIS 9241-210). In
the context of information systems, we can define effectiveness as the degree to which an inter-
face facilitates users in accomplishing their tasks and goals. This definition encompasses Hamil-
ton and Chervany’s (1981) goal centered view in regards to how well the objectives are achieved.
They measure effectiveness on the use process and user performance. Effectiveness of an infor-
mation system is also viewed as the precursor of system use and satisfaction (Bailey & Pearson,
1983; Igbaria, 1990; Srinivasan, 1985). In an EHR system, effectiveness can be measured by the
“success rate” or “task completion rate”. For example, how well a new patient profile or lab order
can be created in EHR is measured by the system effectiveness. Success rate measures the task
accomplishment percentage, while task completion can be measured per unit. Success must be
defined to establish benchmark for the system effectiveness, which affects usability. This could
be a defined end point that needs to be reached, such as the confirmation page.

Efficiency

Efficiency refers to ratio of output divided by input and grew out of the economic discipline. Pre-
vious researches suggest that efficiency is a major part of usable and useful technology (Davis,
1989; 1993; Venkatesh, 2000; Venkatesh, Speier, & Morris, 2002). The definition of efficiency
identifies the rate or speed in addition to the effectiveness. The ISO definition emphasizes the
resources needed for task completion: “the resources expended in relation to the accuracy and
completeness of goals achieved”. In addition to minimized resource, such as time, the consistency
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of responses is also an important measure of efficiency. These elements are also central to deter-
mine one’s productivity; therefore, being efficient is necessary for being productive.

Satisfaction

Numerous studies have proved that satisfaction of system users is a key component to IS success
(Al-Khaldi & Wallace, 1999; DeLone & McLean, 1992; Szajna & Scamell, 1993). End user satis-
faction is also suggested to be a deciding factor on software choice with relatively similar features
(Henderson et al., 1995). Measuring satisfaction includes subjective measures such as the user’s
individual perception on usability and acceptability: “the comfort and acceptability of the work
system to its users and other people affected by its use” (ISO 9241).

There are several software usability measures developed where users can input their subjective
assessment on usability based on their satisfaction. The System Usability Scale (SUS) has re-
ceived positive recognition and been applied by a number of researchers (Brooke, 1996; Lewis &
Sauro, 2009). Another such method is the Software Usability Measurement Inventory, which re-
quires “Agree”, “Don’t Know”, or “Disagree” input from users on 50 subjective statements.

Data Access

Literature identifies data access with the following attributes: accessible, retrievable, speed of
access, available, up-to-date, and consistency (Kumar & Segev, 1993; Panian, 2009). For the pur-
poses of our research, we identify data access as an indicator for the availability construct. Users
respond in regards to this indicator as their perceived level of expected satisfaction with relevant
and up-to-date data they can retrieve and access with relative ease to make decision in terms of
total data available that can be accessed with additional effort. Since time is of essence at making
decisions during patient care, access to relevant and timely data is an important attribute of data
availability.

Portability Meta-kernel

Information systems may be used in different environments and on different platforms for the
same functional purposes. Information systems need to adapt to changing demands of their users
through platform independence while allowing for shared operating processes. In a healthcare
setting, real-time medical information should be shared across different platforms and systems,
which is an extremely important design consideration for EHR systems. Based on the literature of
the interoperability, interconnectedness, and transparency meta-kernels, we propose them as port-
ability meta-kernel characteristics for system design.

Interoperability

Primary healthcare providers can make more educated decision if more up-to-date information is
available for them (Bates et al., 2001). Information sharing and the need for up-to-date infor-
mation in the healthcare environment have always been demanded, but only in the recent years
have they started to become a reality. Enabling interoperability among healthcare systems and
especially in EHR system is vital to achieve this system feature. Interoperability represents the
ability of systems to exchange information for operational use (Institute of Electrical and Elec-
tronics Engineers [IEEE], 1990). Interoperability is defined by the International Organization for
Standardizations (ISO) (ISO TC 215, ISO/TR 20514, 2005) as “the ability of two or more appli-
cations being able to communicate in an effective manner without compromising the content of
the transmitted EHR”. ISO’s Technical Committee (TC) aims to ensure the standardization of
Health Information and Communication Technology (ICT), to allow for interoperability and
compatibility between independent systems. For our research, we define interoperability as the
ability of an EHR system to connect with other systems in order to provide an EHR service. For
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example, the ability to connect with and receive real-time information from a public database of
disease breakouts is vital for a healthcare institution. While access to such information might
have been previously available, we argue the importance of this database to be connected directly
to the EHR system to warn PCPs when identifiable symptoms are entered.

Interconnectedness

Systems interconnectivity offers benefits such as reduced operating cost, improved efficiency,
greater functionality, and centralized data access. The National Institute of Standards and Tech-
nology (NIST) defines interconnectivity as the direct connection of two or more systems for the
purpose of data and information resources sharing. For purposes of this research, interconnected-
ness is defined as the number of systems that are connected together with the EHR system to pro-
vide an EHR service. Providers often must make decisions without access to complete up-to-date
patient health history, to which a connected EHR system have potential remedy (Kohn, Corrigan,
& Donaldson, 2000; Leape, Bates & Culen, 1995).

Transparency

For purposes of this research, transparency is defined as the ability of a system to seamlessly in-
tegrate multiple system-level operations and processes such that a user does not feel that one or
more independent systems and processes are interconnected to provide him or her a service. For
example, a transparent EHR system can seamlessly integrate with multiple independent drug-
databases over the cloud and pull the information in real-time without the physician feeling a
sense of lag or requiring separate sign-ons.

Multiple sources of information require the ability of a system to “translate” identifiers that are
used for the record as aliases. System level design specifications need to include the system’s
ability to create, maintain, and provide a list of patient identifier cross reference entities. It will
ensure that patient information will be properly referenced when requested in a different format.
For example, laboratory services might know the patient record as an internal patient ID, howev-
er, when previous results are being queried from the data repository, the locator services indexed
a previous ID, which was assigned by a different campus on a different system. Also, the patient
might schedule an appointment using his or her social security number. These identifiers need to
be cross referenced among each other in order to refer to the same patient.

Transparency ensures that multiple systems provide information while the user experiences a sin-
gle-system use (Razi, Athappilly, & Rea, 2009). In the background, however, information is que-
ried and provided across multiple internal or external databases. If the user is not required to log
into another system, we consider it highly transparent system integration. On the contrary, if a
user is aware that he or she is being redirected to another system and in addition the user is re-
quired to separately log into this/these additional system/s, we consider that system integration
low transparent.

Hypothesis

Information shared across different systems to support different job function is supported by the
portability system characteristic (meta-kernel). Since data portability is a collective representation
of different system features (meta-designs), such as interconnectivity and interconnectedness, and
transparency (Bates et al. 2001), users expect that these features are represented to their expecta-
tion of satisfaction.

The safeguarding measures of patient medical information is crucial because of its considerable
economic, social, and psychological harm to individuals if it is accessed by unauthorized par-
ty(ies) (Ancker, Edwards, & Miller, 2012; Dimitropoulos, Patel, & Cheffler, 2011). With distrib-
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uted health networks and patient care, pooling data into a central repository to increase data avail-
ability is an important part to support sound decision making for proper care (Bates et al., 2001).
However, healthcare system users, who need this information quickly for proper diagnosis and
treatment plan, are intolerant of cumbersome security measures to access the repository from their
primary healthcare system. Therefore, data availability needs to come with a balance between
providing the right information to the right person at the right time without the burden of multi-
step validation procedures across multiple information systems where the information is located.

Interconnected healthcare systems need to be interoperable with each other especially because of
the multiple file format in which they store information. While front-end users do not experience
the portability of the system they use directly, they assess portability based on data availability
(Padhy, Patry, & Satapathy, 2011).

In a healthcare organization, stakeholders may or may not be aware that the data they retrieve is
pooled from internal or an external repository(ies). Satisfaction with data portability is directly
related to data availability, since stakeholders measure their satisfaction based on whether or not
they receive the required information (Radakrishna, Goud, Kasthuri, Waghmare, & Raj, 2014). If
users expect EHR data availability system characteristics to perform to their expected satisfac-
tion, they associate this characteristic with data and system portability as well. Therefore, it is
posited that increased expected satisfaction with data availability leads to increased expected sat-
isfaction with data portability for stakeholders in a healthcare organization.

Hypothesis 1: Satisfaction with availability is positively associated with satisfaction with porta-
bility.

Dissatisfaction with a system characteristic impacts the use of the system. DeLone and McLean’s
widely cited work, the IS Success Model (1992) also confirms that system use is dependent on
the satisfaction with the system. Therefore, if a system provides the required features to the ex-

pected satisfaction, a user group is more likely to use it. It is especially true if the user group is
satisfied and the feature is important to support their job function.

Methodology

Design of an Instrument

The proposed design theoretical framework is built upon the previously introduced meta-kernels
and meta-designs. In the methodology section, the meta-kernel is embedded into the meta-
requirements following information systems design theory as presented in Walls et al. (1992).

The system level characteristics will be aligned with the organizational level requirements. Then
we empirically identify the system features that are loading under each system characteristic, us-
ing principal component method. That will confirm the proper system feature under the corre-

sponding system characteristic our design-theoretic model based on the empirical data collected.

A review of the literature suggests that existing studies limit their attention to conflicting stake-
holder interests (Ahn & Skudlark, 1997; Oz & Sosik, 2000; Pan, 2005), but these studies either
lack empirical evidence or they focus on one particular process or stakeholder group (e.g., Green-
halgh et al., 2010). Therefore, health professionals representing four major stakeholder groups,
(1) primary care providers, including nurses (PCP), (2) auditors, (3) administrators, and (4) pa-
tients, were surveyed on their perceived expected satisfaction with EHR data availability and per-
ceived expected satisfaction with EHR data portability. The survey divided the patient-primary
care provider encounter into four major process sequence blocks: (1) schedule and administer
patient visit, (2) collect and review patient medical information, (3) diagnose and treat patient,
and (4) report and follow up. The process sequence blocks were identified through a detailed re-
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view of patient care process from appointment scheduling to follow-up care. The activities, then,
were categorized into the above four major sequence blocks, each of which were identified as
different level of availability and portability needs across the stakeholder groups.

Meta-Requirement

Walls et al. (1992) suggest that meta-requirements should be formed in an abstracted fashion to
support the design theory’s purpose of solving a class of problems. Therefore, the meta-
requirements are still on the meta level, but inferred from the problem identified and guided by
the solution objectives, to which the kernel theory is applied. For purposes of this research, we
define meta-requirements as organizational level abstractions that characterize the design fea-
tures. The organizational level is supported by user oriented representation of objectives without
system oriented details given. It is the system designers’ responsibility to tie in the appropriate
system level class of artifacts that will meet these organizational level meta-requirements.

Meta-Kernel

The actual design of a class of artifacts directly supports the concepts identified in the meta-
requirements. For the purposes of this research, we define meta-kernel as a system and design
oriented abstraction that defines a process and its embedded characteristics. Meta-kernels further
clarify the system requirements to the developers and provide additional details to limit develop-
ers’ options and therefore aim their attention to the requirements. The meta-kernels step in our
proposed design-theoretic model is primarily concerned with the identification of the system
characteristics that satisfy the organizational level meta-requirements identified in the previous
model element. Evaluating the meta-requirements and the literature that supports their needs, we
propose that EHR data availability and EHR data portability meta-kernels will satisfy their corre-
sponding organizational level meta-requirements. Table 1 indicates the system level characteris-
tics and organizational level requirements.

These meta-kernels represent system characteristics that encompass the processes that stakehold-
ers perform during their job functions. For example, an administrator requires the system to assist
the regulatory compliance efforts; therefore, the system must possess characteristics that support

this requirement. It is important to note that meta-kernels do not describe the specific sets of fea-

tures, but provide a class of possible features that need to be evaluated based on user needs.

Table 1. Meta-kernel and meta-requirement of the design-theoretic model

Meta-Kernel IMleta-Requirement
The system characteristics of: | Means that the system should:

Availability Support user work function in an effective and efficient manner

Account for the disparate health data frm the nation's many
healthcare organizations and providers and enable the universal
exchange and reuse of operational clinical data stored in
different EHR systems.

Portability

Data Collection

An online survey was conducted to investigate the relationship between data availability and
portability and their relationship to satisfaction with an EHR system. This relationship was scruti-
nized across multiple stakeholder groups. Following Walls et al.’s (1992) information system de-
sign theory (ISDT), this study proposes seven system features as meta-designs that support four
organizational requirements as meta-requirements. These seven meta-designs were presented to
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survey respondents, and they were asked their perceptions of expected satisfaction with each sys-
tem features.

Population selection

Survey respondents were recruited by two methods: (1) cold callings, (2) personal contacts that
represented each stakeholder group were asked to recruit colleagues within and outside of their
organization. Convenient sampling approach was followed from mainly outpatient health care
facilities across the United States. Thus, 168 professionals representing all four previously identi-
fied stakeholder groups across six different healthcare institutions (as suggested by Shi & Singh,
2008) responded to the survey. Figure 2 and Figure 3 demonstrate the response rate by role and
region and role and institution.
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Midwest Mortheast Southeast Southwest West
B Administrator W Auditor B Patient B PCP

Healthcare Role Midwest Northeast | Southeast Southwest West Total
Administrator 14 9 9 13 5 50
Auditor 11 5 11 7 34
Patient 7 11 11 5 9 43
PCP 16 3 6 4 12 41
Total 48 28 &7 22 33 168

Figure 2. Survey response rate by region and role

In this research the constructs were measured by reflective indicators and AMOS software for
Structural Equation Modeling (SEM) was used to test the hypothesis. All constructs have multiple
indicators as it was deduced from the survey items earlier.

Model Fit: Unstandardized estimates were used as recommended for variables with unequal vari-
ance (Kline, 2010) and the Levene’s test failed to confirm the null hypothesis that states that the
groups have equal variances. Composite reliability and average variance extracted cannot be de-
pendably computed as those values use standardized values. Statistical significance, chi-square
values significance and root-mean-square error of approximation along with GFI were examined
to ensure that the data fits the proposed model.
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Figure 3. Survey response rate by role and healthcare institution

Data reduction and validity check

Respondents were asked to identify their perception of expected satisfaction with healthcare sys-
tem features across patient flow processes. The construct indicators included the meta-designs
listed earlier across the four patient flow processes. Factor analysis was utilized using SPSS ver-
sion 22 for Windows to identify the “intercorrelated” observed indicators, which load under a
common factor (Field, 2000, p. 424). Principal component analysis (PCA) method was employed
to extract the factors and followed with a varimax (orthogonal) rotation (Gorsuch, 1983, p. 205).
The interrelationship among variables is best studied through factor analysis, which includes a
variety of correlational analyses (Carr, 1992; Gorsuch, 1983).

When testing for multicollinearity, the Bartlett’s test of sphericity (% (55) = 881.13, p<0.001) was
used, which indicated that principal component analysis (PCA) was adequate for the data, the
correlation matrix, in fact, is not an identity matrix . The Kaiser-Myer-Olkin (KMO) measure of
sampling adequacy is a high value of 0.858. This indicates that the data will factor well as the
items will be able to be grouped into a smaller set of underlying factors.

The indicators were extracted into two factors, which represented availability and portability me-
ta-kernels. Factors with scores of >~0.6 were retained in accordance with Hair, Black, Babin, &
Anderson (2010). The reliability statistics (Cronbach’s alpha) is 0.866, which indicates a high
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level of internal consistency for the scale and exceeds the recommended 0.7 value (DeVellis,
2003; Kline, 2005).

Construct validity evidence of self-reporting expected satisfaction with meta-kernels is supported
as items loaded together measuring the same constructs, labeled as availability and portability
(see Table 2).

Table 2. Item loadings

. Factors
Observed Indicators Care Process Availability |Portability
Diata Access CollRev Pat Med History 0.706
Data Access Diagnose & Treat Patient 0.686
Diata Access Feport & Follow Up 0.593
Efficiency Diagnose & Treat Patient 0.673
Intercomnectedness Sch./ Adm. Patient Visit 0.61%
Interconnectedness CollRev Pat Med History 0.613
Interconnectedness Diagnose & Treat Patient 0.617
Interconnectedness Report & Follow Up 0.591
Interoperahility Sch./ Adm. Patient Visit 0.673
Interoperability CollRev Pat Med History 0.668
Interoperahility Diagnose & Treat Patient 0.624

A scree test and eigenvalues also suggested the above factors with face validity. Four items load-
ed in the first factor and seven on the second factor, labeled after the meta-kernel availability and
portability, on which the conjointly loaded items suggested to measure the perceived expected
satisfaction.

The first factor labeled availability and the following four factor indicators loaded on it: (1) data
availability during reviewing patient medical history, diagnosing and treating patient, and report-
ing and follow up processes; (2) efficiency during diagnosing and treating patient flow process.

Seven items loaded on the second factor and labeled portability due to the communality in its fac-
tor indicators: (1) interconnectedness during all four patient flow processes, and (2) interoperabil-
ity during reviewing patient medical information, diagnosing and treating patient, and reporting
and follow-up processes.

Results

Model Across all Stakeholders

The path estimates are displayed and the critical ratios are statistically significant (P<0.001) in the
measurement model of the independent variables. The items to keep in the measurement model
were deduced earlier in this research. Figure 4 extends Figure 1 and visually displays the indica-
tor estimate loadings and the path estimate between availability and portability constructs.
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Figure 4. Estimate loadings in the framework

Table 3 displays the estimate loadings of the constructs indicators in the measurement model
along with standard error, critical ratio, and p-value.

Table 3. Estimate loadings of the indicators in the measurement model

Maxitmum Likelihood Estimates

Constructs Indicators Patient Flow Process Estimated S.E. C.R. P
Data Access Reviewing Patient Medical History 1.306 0.226 5.776 R
Availabilitv Data Access Diag:nc:sing and Treal:in,_g Patient 1.385 0.233 f.‘.i’42 rRE
*  |Data Access Reporting and Follow Up 1.162 0.211 5.514 Hhk

Efficiency Diagnosing and Treating Patient 1.000 Fixed Regression Weight
Interconnectedness |Scheduling Patient Visit 0.750 0.171 4.615 Hhk
Interconnectedness |Reviewing Patient Medical History 1.102 0.189 5.846 ok
Interconnectedness |Diagnosing and Treating Patient 1.192 0.195 6.114 Hhk

Portability |Interconnectedness |Reporting and Follow Up 1.000 Fived Regrassion Weight
Interoperability Scheduling Patient Visit 0.906 0.180 5.023 R
Interoperability Reviewing Patient Medical History 1.310 0.213 6.140 ok
Interoperability Diagnosing and Treating Patient 1.195 0.198 6.022 Hhk

S.E. Standard Error C.R. Critical Ratio

Satisfaction with availability of existing healthcare systems is best indicated by data availability
during diagnosis and treatment, and reviewing patient medical history. It is in line with the expec-
tations of “the right information at the right time for the right person” as indicated by the other
two constructs’ factor loadings. Stakeholders collectively expect that a system has data available
during the review of patient medical history and diagnosis and treatment, but are not satisfied
with the current feature in existing information systems.

Satisfaction with portability of existing healthcare systems is best indicated by interoperability
during the patient medical history review process and interconnectedness during the same patient
flow process. This indicates that stakeholders find the meta-design of a system most important
during diagnosis and treatment in regard to system portability. The dependence of data availabil-
ity is clearly explained by the fact that relevant medical information during diagnosis and treat-
ment is inevitable through interconnected systems and stakeholders expect more in regards to this
meta-kernel.
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Structural model estimate loadings of the latent (unobserved) variables

The path estimates of the latent variables loaded statistically significantly (p<0.05). The associa-
tions of the latent variables are indicated through the estimates direction and magnitude. The
loadings supported the hypothesis and Table 4 provides a summary of the estimate loadings.

Table 4. Estimate loadings of the constructs in the structural model

Maximum Likelihood Estimates

Constructs

Estimates

5.E.

C.R.

P

Availability mmm) Portability

0.186

0.091

2.052

0.04

with satisfaction with portability.

Hypothesis supported: Satisfaction with availability is positively associated

Stakeholder Role as Moderator for Hypothesis

The overall model exhibited a proper fit (GFI > 0.9) and the estimates were statistically signifi-
cant (P<0.001). Perceived expected satisfaction with availability of existing healthcare systems is
positively associated with perceived expected satisfaction with portability of existing healthcare
systems is confirmed with a factor loading of 0.22. Table 5 displays the highest factor loadings
(highlighted) for all stakeholders collectively and for each stakeholder separately.

The highest factor loading for perceived expected satisfaction with availability of existing
healthcare systems have a variation across stakeholder groups. While patients and administrators
exhibit interconnectedness during diagnosing and treating patient process as the most important
indicator, PCPs find interoperability during reviewing patient medical history to be the best indi-
cator of perceived expected satisfaction with portability of an existing healthcare system. This
indicator is also the best for across all stakeholder groups. Auditors find interconnectedness to be
the best indicator during the same process.

Table 5: The moderation effect of stakeholder role on the relationship
between portability and availability

HI - Sg.a'{'sfa{:rmn with availabilify is positively associated with satisfaction with All Patients | PCP's | Admins| Auditors
portability. stakeholders
Constructs Indicators Patient Flow Process Estimates

Portability Interconnectedness | Scheduling patient visit 0.67 0.22 0.35 0.62 0.65
Interconnectedness [Reviewing patient medical history 0.94 0.84 0.24 0.91 1.61
Interconnectedness [Diagnosing and freating patient 1.03 0.96 0.38 1.64 1.55
Interconnectedness [Reporting and follow-up 0.87 0.83 0.39 0.99 0.54
Interoperability Scheduling patient visit 0.77 0.46 0.73 0.79 0.72
Interoperability Reviewing patient medical history 1.09 0.94 1.44 0.85 1.15
Interoperability Diagnosing and freating patient 1 1 1 1 1

Availability Data Availability  [Reviewing pafient medical history 131 254 1.45 1.22 1.27
Data Availability  [Diagnosing and treating patient 138 293 1.34 1.68 0.62
Data Availability  [Reporting and follow-up 1.16 2.02 1.24 1.37 1.23
Efficiency Diagnosing and freating patient 1 1 1 1 1
Availability —= Portability 0.22 1.59 0.06 0.29 0.41

While there is a degree of variation regarding the highest estimates across stakeholder groups, the

direction of path coefficients stayed the same, therefore, indicating positive association between
perceived expected satisfaction with availability of existing healthcare systems and perceived ex-

pected satisfaction with portability of existing healthcare systems. Patients exhibited the strongest

path coefficient and PCP’s the weakest. This signals that patients feel better cared for if all of
their medical history is accessible and available at the time of their care, while PCPs seem not to

44




Bozan & Datta

associate data availability with system portability that closely. They seem to trust the internally
available data and not rely on external accessibility.

It could be grounds of further investigation why PCPs don’t correlate data availability with con-
nectivity with other systems.

Model fit

The root-mean-square error of approximation (RMSEA) is 0.67 which is above the recommended
0.05 (Browne & Cudeck, 1993) and indicates an acceptable error of approximation. The goodness
of fit (GFI) is 0.853, which is above the recommended 0.8 value (Baumgartner & Hombur, 1996),
and also above the permissible level of 0.7 in certain model complexity and sample size combina-
tions (Hair, Anderson, Tatham, & Black, 1998). The Chi-square test yields a value of y’=686.7
(df=345), P<0.001, which does not reject the null hypothesis of an overall good fit.

Discussion

Care delivery in the healthcare industry involves conflicting viewpoints of users (Ahn & Skud-
lark, 1997; Oz & Sosik, 2000; Pan, 2005) and the support of collaborating inter-professional
teams, practice administrators, patients, and practice auditors. Consequently, designing a system
that supports all stakeholders’ expectations has been a challenging task. After reviewing the use
of clinical information systems and identifying their functions, Dorr, Jones, and Wilcox (2007)
concluded that electronic health records systems lack the multi-stakeholder support. Aligning the
IS with users’ varying need, therefore, becomes more difficult (Corvera Charaf, Rosenkranz, &
Holten, 2013, Vaast & Levina, 2006) and results in a more complex system deployment (Berg-
man, Beyth-Marom, & Nachmias 2008). Therefore, the system features need to follow a rigorous
system design methodology that accounts for the varying need of the stakeholders and the benefit
they seek across their job functions. It is especially important in the context of EHR, where the
same feature might be perceived differently based on users’ need and the function it supports.

Existing literature focuses on a single user group or process (e.g. Greenhalgh et al., 2010), there-
fore, the need emerges to consider the multi-stakeholder view across different organizational pro-
cesses. The current study empirically investigates how perceived expected satisfaction with EHR
data availability is related to perceived expected satisfaction with EHR data portability in the
healthcare domain. The findings can have important practical implications for software vendors
and software users and their management.

Different stakeholder groups perceive the system characteristics differently and their perceived
satisfaction varies based on the care process. For example, availability of patient health infor-
mation decreases the needs to duplicate lab works in case patients visit a PCP outside of their
previous provider’s network. This eliminates unnecessary financial and time burden for the pa-
tients. PCPs can bring confident decisions and EHR can ensure that PCPs who are involved in a
patient’s care base their decisions on uniform sets of data. Administrators need to ensure that the
care organization’s EHR system has the up-to-date patient information at the time of patient care
and that it is traceable for compliance purposes. In addition, a healthcare organization’s adminis-
trator needs to put forward the required safety measures to ensure that patient information entered
at the place of care is only accessible by PCPs who are part of the continued care, besides emer-
gency circumstances. Auditors need to be able to audit the system for safeguard measures con-
cerning patient health information communication with only the required providers. Ensuring
proper data availability may require implementing measures such as authentication and interoper-
ability checks and data standards implementation.

We followed Walls et al.’s (1992) ISDT to identify meta-kernels that align with organizational
meta-requirements in the data availability and portability system characteristics. Following the
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literature, we measured perceived satisfaction with EHR availability through effectiveness, effi-
ciency, satisfaction, and data access. Using Principal Component Analysis, only data access and
efficiency loaded together as indicators of availability. The estimate loadings indicated that EHR
data and availability is best measured by efficiency and data access. Data access during the diag-
nosis and patient treatment process proved to be the strongest indicator followed closely by data
access during reviewing patient medical history. These findings contribute to the literature as they
identify the patient care process on a more granular level and pinpoint the processes and system
characteristics with which stakeholders were expected to be more satisfied in order to deliver
quality care.

Similarly, we identified the indicators of EHR data portability following the literature: intercon-
nectedness, interoperability, and transparency. Primary healthcare providers indicated that in-
teroperability and interconnectedness across most process during patient care best load together to
measure portability. As expected, interoperability during reviewing patient medical history pro-
cess is the strongest indicator.

Data availability itself is perceived as an important EHR system characteristic, but it is expected
to be portable as well, else the availability is limited. The path loading of 0.186 across all stake-
holders supports the hypothesis and can be generalized that perceived expected satisfaction with
availability of EHR systems is positively associated with perceived expected satisfaction with
portability of EHR systems.

All four stakeholder groups examined in this study also exhibited the positive correlation between
the perceived expected satisfaction with availability of EHR systems on the perceived expected
satisfaction with portability of EHR systems. While there are varying expectations from an in-
formation system in the healthcare industry across stakeholders, they all agree that their perceived
data availability is positively associated with perceived portability. They proved to be important
attributes of a system to provide an interconnected and interoperable system that provides the re-
quired information to the user.

There is a high degree of correlation between satisfaction with availability and satisfaction with
portability. This correlation could be explained by stakeholders reporting that information is
available because it has been made portable either in location or device.

The success of an EHR system implementation is measured by the degree it is used (e.g., Devaraj
& Kohli, 2003) because it meets the users’ expectations. Kirsch (1997) found that the alignment
of the interests of multiple stakeholders during the implementation process helped to achieve the
desired outcome. Furthermore, involving users in the system development and deployment pro-
cess is found to promote IS project performance and user satisfaction (Jiang, Klein, & Carr,
2006). The findings of this study support the EHR system implementation success by considering
the multi-stakeholder user requirements regarding the EHR availability and EHR portability. Fur-
thermore, our study helps to find the exact activity and stakeholder group who indicate the
strongest expectations of satisfaction with a particular system characteristic. This finding is espe-
cially important to mitigate software development and implementation risks.

Conclusion

Information systems in the healthcare domain support varying stakeholder groups across the pa-
tient care process. In order to increase safety and make decisions for patient care, access to timely
and relevant information about the patients’ conditions and their medical history is imperative.
Data availability and portability are important system characteristics in the healthcare domain to
support proper and safe care.
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This study empirically investigated and found that perceived expected satisfaction with data
availability leads to perceived expected satisfaction with portability. Satisfaction was measured
by data access and efficiency, while portability was measured by interconnectedness and interop-
erability of a system. Satisfaction with available data for stakeholders to perform their job func-
tions directly related to satisfaction with the information sharing of the connected data sources.

We investigated the perceived expectations with availability and portability EHR system charac-
teristic on a granular level. The patient flow activates were grouped in four major process se-
quence blocks across four stakeholder groups. Empirical data of self-reported perceived satisfac-
tion with EHR system availability and portability was analyzed using factor analysis to identify
the “intercorrelated” observed indicators, which load under a common factor (Field, 2000, p.
424). Principal component analysis (PCA) method was employed to extract the factors, and then
we performed a varimax (orthogonal) rotation (Gorsuch, 1983, p. 205). Cronbach Alpha of 0.866
indicated a high level of internal consistency while the items loaded together measuring the same
construct indicated construct validity.

Walls et al.’s (1992) ISDT provided the theoretical rigor to perform meta-analysis and identify
meta-requirements on the organizational and system level. Our findings add to the existing litera-
ture both theoretically and practically. Theoretically we expand the literature with the more gran-
ular understanding of patient care processes and the perceived satisfaction with EHR data availa-
bility and portability across multiple stakeholder groups. Practical implications provide guidance
for finding the particular process or stakeholder group with particular expectations from the sys-
tem in regards to data availability and portability.

Software vendors and project executives may use the results of this study to enhance their under-
standing of stakeholder needs in regards to expected satisfaction with data availability on a granu-
lar level, including processes, activities, and stakeholders. It is especially important to consider
the indicator variations among stakeholder role and patient flow processes. It can help software
vendors to design a better suited software for all stakeholder groups, while these findings allow
project executives to select the best software to support the different stakeholder groups.

Limitations and Future Directions

This research is limited in scope and not free of shortcomings. These limitations may provide di-
rections for future research within and beyond the domain of this study. Information was collect-
ed through a survey from a sufficient sample population representing each stakeholder group.
However, due to the large number of variables observed, exploratory factor analysis may have
experienced ‘underfactoring’, where large enough discrepancies between the model and data may
not be significant (Humphreys & Montanelli, 1975). Consequently, the model fit in CFA had to
follow a more relaxed cut off values but within the literature suggested limits. Future studies may
want to consider smaller number of variables or increase the sample population.

Similarly, CFA was performed on a simplified model to test the hypothesis on the stakeholder
level due to decreased sample size once stakeholder role was used as a grouping variable. It
would be preferred to run the model in its entirety while observing estimates on the region level.
The strength of the indicator variables and the variation of path coefficient intensities clearly in-
dicate the expectations across stakeholder groups within the hypothesis.

The collected information on regions was not utilized, which might have provided further direc-
tion on expectations from stakeholders based on the region they operate. It is an interesting objec-
tive to test whether regional regulations influence stakeholders’ expectations from an EHR sys-
tem characteristic. It can be the focus of a future research itself. Additionally, due to the same
reason, the study was unable to capitalize on the different healthcare institution types, from which
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data was collected. Comparing stakeholders’ expectations across institution types may also reveal
unique expectations from an HER system.

As the moderating effect of stakeholder role was explored, some path coefficients revealed sur-
prising magnitude. It would be worthwhile to investigate the underlying reason behind it and
whether it is correlated to regions of the institute type from where data was collected.

Following the approach of this study, the relationship between the other variables will also be
investigated and stakeholders will be considered as moderators.
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Appendix

Meta-analysis of system features

Kernel
System Meta-Kernels Characteristics
Availability
Choefel 2003 Effectiveness
Bevan et al 199] Efficiency
Rengger 1991 Satisfaction
Peterson et al. 2005 Data Access
Portability
Tange et al. 2006 Interoperabillity
Laitinen et al. 2000 Interconnectedness
Bates et al. 2001; Leape et al. 199 Transparency
Security/Accountability
Win et al. 2002 Confidentiality
Huston 2001 Data Integrity
Chao et al. 2005 Responsibility
Peterson et al. 2005 Auditability
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