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Abstract

This paper presents a conceptual model for the
evaluation of electronic health records. The model is
grounded in IS models for evaluating system success
and task-technology fit, and integrates concepts of
meaningful use and outcome research to arrive at a
holistic conceptualization of evaluating the success of
EHR. The paper presents numerous issues and
challenges to the practice of health care outcomes
research, and offers practical solutions for
overcoming them.

1. Introduction

Information systems (IS) have emerged in health
care. Electronic health records (EHR) and health
information exchange facilitate the access and
sharing of patient data. Computerized provider order
entry and clinical decision support systems have the
potential to reduce clinical error and assist with
evidence-based decision-making. These technologies
have the potential to improve efficiency and quality
of care [1].

Despite the potential of health care IS, there are
also challenges associated with its use [2]. The
failure of these information systems can have serious
negative effects on patients and clinical staff.
Implementation and support management can be
costly, and the business case for EHR has not been
well established [3, 4]. As a result, methodical,
rigorous evaluation of EHR is required.

Of course, the use of IS in health care does not
occur in a vacuum; systems do not use themselves,
rather they require human interaction. As a result,
evaluation must examine not only the technology
itself but the human and organizational/social context
in which use occurs. IS as a discipline is well suited
to provide models of adoption, acceptance, use and
success, however these models alone offer little to
explain the link between use and outcome.

Similarly, health care outcomes research alone is
ill-suited to examine the complex interplay of

technology and patient outcomes. Health informatics
and health care IS researchers would benefit greatly
from a research model that unifies IS theory and
outcomes research techniques to enable the study of
EHR-mediated patient outcomes.

Accordingly, the objective of this paper is to
propose a conceptual framework for the evaluation of
EHR. We present a holistic conceptualization that is
grounded in IS models for evaluating system success
and integrates concepts of meaningful use and
outcome research. Issues, challenges and potential
solutions will be discussed throughout the paper.

The remainder of the paper is organized as
follows: Section 2 provides a review of the pertinent
literature, while section 3 proposes a model for
evaluating EHR success. In section 4 the model is
presented in the context of a specific clinical research
scenario. Section 5 discusses research design and
practical guidance for implementation procedures is
presented. Section 6 concludes the paper with a
discussion of research contributions, limitations and
future work.

2. Background
2.1 Evaluation of health care IS

Evaluation research can be of two types:
formative — the goal being to improve the technology
under evaluation by providing feedback to users and
system designers, or summative — the objective here
is to demonstrate the impact on clinical routine [5].

Typical evaluation questions deal with issues of
use — such as which technical features affect
utilization [6], do users accept the system, and if not
why not [7, 8, 9, 10]? Other questions deal with how
systems affect routines and process quality, such as
data quality, clinical workflow, throughput, patient
administration, etc., as well as the users (clinicians,
nurses, and administrative staff) who are impacted
[11, 12,13, 14, 15, 16].
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Other work has focused on outcomes such as
quality of care in telemedicine [17, 18]. For example
a randomized controlled trial (RCT) study design was
used to evaluate the use of decision support to
improve clinical outcome in asthma management
[19]. A clinical reminder system was evaluated for
its impact on preventative clinical services rendered
to hospitalized patients [20].

Patient satisfaction has also been the subject of
considerable research, including systematic reviews
of patient satisfaction [21] and measurement of
satisfaction in the context of a nursing documentation
system [22], among others.

It has been noted by many that one of the major
limitations of EHR adoption is that the business case
has not been convincingly made. Researchers have
explored many of these questions, for example what
are the investment and operational costs of health IT
implementation [23, 24, 25]? Are they cost effective
[21, 26, 27], and what are the factors impacting ROI
[41?

Evaluation of health IS has been ongoing for more
than 40 years [28], and there is consensus over the
many problems that seem to plague it. Changing,
conflicting or unclear evaluation goals represent
some of the problems reported [29], as do frequently
reported results that are often complex and
contradictory [17].

The extensive preparatory effort needed to execute
health IS evaluation is also noted as a significant
barrier [30]. Uncertainty regarding the
generalizability of the results is also commonplace.
[21,31].

2.2 Meaningful use

Health care IS and health informatics researchers
in the U.S. presently find themselves enjoying the
widespread support of the federal government for
health IT research. In the Health Information
Technology and Clinical Health sections of the
American Recovery and Reinvestment Act of 2009,
substantial economic incentives were made available
to health care providers for using IT meaningfully.

The term “meaningful use” arose due to the
concern that “use” alone would not produce
meaningful results [32, 33, 34]. The law provides a
process for benchmarking specifically —what
constitutes  “meaningful”. This concept of
meaningful use is central to this papers’ thesis and
will be expanded and further discussed in section 3.

2.3 Health care outcomes research

Outcomes research is quite different from other
types of medical research. Whereas most medical
research is focused on the effects of a unique
intervention, outcomes research may ask not only are
individuals better off with one diabetes medication or
two, but are individuals with diabetes who have their
care managed through an EHR better off than others?
Thus, outcomes research can provide a broader
window into what impacts outcome, best practice and
policy [35, 36, 37].

Outcomes can be described in different ways.
They can be derived from simple measures such as
blood levels, or from more complex physiological
measures. Outcomes can also be expressed from data
gathered directly from patients, such as the extent of
satisfaction with care or with general quality of life
[38].

One should not commit the error of believing that
one type of outcomes research is more important than
the other. As Kane notes, knowing the oxygen
saturation of a patients’ big toe may be good
information to have, but if the patient still can’t walk
then that information may be less important [39]. In
other words, patient-derived data can be as, or in
some cases more valid than that obtained from
machines [40].

Outcomes research uses an approach that is more
complex than simple data gathering. Kane [39]
suggests that the approach should be considered in
terms of an outcomes information system; detailed,
comprehensive data collection for the purposes of
“outcomes ascertainment and risk adjustment”
combined with appropriate analytical tools.

The basic formula for evaluating outcomes of care
is as follows [39]:

Outcomes = f (baseline, patient clinical
characteristics, patient demographic/psychosocial
characteristics, treatment, setting)

These factors are understood as risk factors, and
the goal of such a study is to isolate the relationship
between the outcomes of interest and the treatment.
This is done by controlling for the effects of other
factors, a process known as risk adjustment.

The types of study designs used in outcomes
research include randomized controlled trials and
prospective observational studies [40]. The main
difference between the two is in the allocation of
patients. In the RCT, the allocation of patients is
accomplished randomly, whereas with the
observational study, control over allocation can be
under the control of either the clinician or the patient.
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Selection bias is the primary risk to observational
studies. For example patients may choose their
practitioner or certain types of care, or clinicians may
choose treatments based on differences in clinical
status [39].

What is important in outcomes research is this:
can some unknown, unmeasured factor be
responsible for the choice of treatment? Random
assignment negates this question by randomly
distributing unmeasured factors between the
treatment and control groups. Even still, there is no
guarantee that these groups will be comparable, for
either RCT or observational studies.

For observational studies, statistical techniques
have been developed to address this issue.
Additionally, propensity scoring techniques have
become popular. Such techniques operate through
the creation of homogenous risk subgroups which
enable the identification of variables that may be
associated with a specific treatment. Risk subgroups
are created using these measured variables and the
results are then compared across each subgroup. The
key to convincing clinicians that observational
studies have merit is by carefully controlling
unmeasured factors [39, 40].

Section 5 describes the research design and
implementation  procedures recommended for
evaluation of EHR success. Additional details
pertaining to study design and analysis for the
proposed EHR success evaluation model are
addressed there.

2.4 IS evaluation models

Information systems evaluation research has been
impacted by the theories of human and social
behavior emerging from the disciplines of
psychology and sociology. Social Learning Theory
[42], Social Cognitive Theory [43], Theory of
Reasoned Action [44] and Self-Efficacy Theory [45]
have each had an important role with respect to
informing early IS evaluation studies.

The Technology Acceptance Model was the first
theory developed specifically for the IS context, i.e.,
people in business [46]. Other variations followed,
including the Unified Theory of Acceptance and Use
of Technology [47] and Technology Acceptance
Model-3 [48], among others.

Central to models that predict acceptance and use
is the notion that various contextual and behavioral
factors contribute to enhanced intention to use,
thereby resulting in increased use. These models
seem to imply that greater utilization will result in
increased performance; while system use is indeed a
prerequisite to improved performance, one cannot

assume that increased use is necessarily correlated
with enhanced performance [49].

Unlike the models noted above that predict
acceptance and use, Task-Technology Fit (TTF)
attempts to explain user performance with an
information system [49], as well as use. The premise
of the theory is that individual performance can be
enhanced when the functionality of the technology
meets the user’s needs, i.e., fits the task at hand.

TTF has been studied in a variety of contexts [50,
51]. The theory has also been extended with the
Technology Acceptance Model [52, 53, 54], leading
to variants with behavioral/social elements as well as
the “fit’ components of TTF. Figure 1 illustrates the
general TTF model.

Tazk Perfonmance
Characteri gics Impacts

Task-Technology:
Fit

Technology

Charactetigtics LKtilization

Figure 1. Task-Technology Fit Theory [49]

Driven by the need for a comprehensive model for
evaluating IS/IT, DeLone and McLean [55] proposed
the IS success model. This model displays a process
orientation, and consists of six basic dimensions of IS
success: e.g., system quality, information quality,
system use, user satisfaction, and individual and
organizational impacts. Figure 2 illustrates the
DeLone and McLean IS success model.

System Creation System Use System Impacts
| System Qraalicy |—-& Syzoem Use |
( 3 Ind'rridn.l]lwlrlsH Orzanadonal Impacis
Ilnﬂwm:ianm.lir_vF‘q User Satisfactien |'/

Figure 2. DeLone and McLean IS Success Model [55]

This model follows a logical sequence from
system creation to utilization to system impacts. It
can also be viewed from a causal perspective; system
and information quality impact system use and user
satisfaction. The latter two constructs are causally
related to individual and organizational impacts.
Overall, the model offers a broad perspective of
system success.
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A number of extensions to this model have been
suggested. Examples include evaluation of system
impacts at different levels, e.g. workgroup level [56],
inter-firm  coordination and impacts beyond
organizational boundaries [57], as well as the concept
of “Service Quality” as differentiated from
information quality [58].

This IS success model is primarily focused on
system characteristics, which are deliberately distinct
from the human factors that also influence
technology use. This point is illustrated in figure 2
above - there is no causal relationship between user
satisfaction and actual use. While certainly useful
when the goal is to isolate and evaluate system
characteristics, we believe that a more holistic model
may be helpful in the health care/EHR context.

Hu [59] extends the original IS success model [55]
to the evaluation of telemedicine systems in three
important ways. As shown in figure 3, this model
incorporates input data quality into the system
creation component, and service impact is added to
the system impacts component of the model. The
original IS success model [55] is primarily concerned
with the output quality of the information generated
by the system. However as one would expect, the
quality of the data produced by the system is largely
dependent on the quality of the data going into it.

System Creation System Use System Impacts

ut Data
uality

"8

System
Quality

Service Individual ‘Organizational|
Lmpactz Impacts ‘mpact:

Tse:
Sati sl'n:iion

Figure 3. Telemedicine revised model [S9]

In figure 3, service impact is also included as an
additional dimension of system success. The key to
service impact is service quality which refers to the
quality of the information services available to users.
Service quality can be evaluated in terms of
consistency, reliability, timeliness, accuracy and
completeness [59].

Hu [59] further adapts the original IS success
model by adding feedback loops from service and
individual impacts to system wuse and user
satisfaction. It follows logically that the ways in
which individuals and services are impacted by the
system may influence both system use and user
satisfaction.  For example, negative service or
individual impacts may reduce user satisfaction,
which in turn could adversely affect ongoing use of

the system. Organizational impacts on the other hand
are measured by higher order concepts such as
profitability, organizational performance, or market
share for example. Such impacts may not have
directly observable effects on system use or user
satisfaction [59] and thus a feedback loop is not
included.

Based on the IS success model proposed by
DeLone and McLean [55] and the extended model by
Hu [59], we propose a revised model that is grounded
in IS success, task-technology fit theory and
outcomes research. This comprehensive approach to
EHR evaluation may enable researchers to better
understand the system, clinical task, individual and
organizational-level facilitators and barriers to EHR
success. For the proposed conceptual model, EHR
success is determined by the impact on patient
outcomes.

3. Conceptual Model

Figure 4 illustrates the proposed conceptual model
for evaluation of EHR success. As shown, the
revised model attempts to preserve the causal and
temporal relationships found in the original IS
success model (figure 2) as well as the telemedicine
systems success model proposed by Hu [59] (figure
3).

Patient
Outcome
Clinical Patient
Factors Specifics
Medical
Settin; q
= Intervention
-y _ e _
r T T |
| | | |
| Input Data | Clinician | Clinical Service |
| Quality T System Use le——  Impacts |
| | |
| | 1 [ ¥ [
| | Task- | |
| System Quality } Technol } Clinician Impacts | |
" —
| Fit | |
: N : ¥ l
|
| rermation | Task Technology | | Organizational ]
Ji Characteristics || Characteristics [
| Quality | | Impacts | 2
5
I I I 12
| System Creation | System Use | System Impacts | S

Figure 4. EHR Success Evaluation Model

We make two substantial changes to the previous
models: First, the new model adds the task-
technology fit construct as an antecedent to clinician
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system use. This replaces the previous models’
inclusion of the user satisfaction construct. While we
agree that wuser satisfaction may be worth
consideration, neither of the previous success models
shows any direct causal link between satisfaction and
system use. This lack of causality seems to imply
that user satisfaction with the system exists in
isolation from actual use, or at the very least only
indirectly influences system use. Previous models
suggest that user satisfaction with the system directly
influences service impacts, and indirectly influences
individual impacts. Despite the feedback loop to
system use suggested by Hu [59], we maintain that
system use not only precedes system and individual
impacts, but causes them directly.

There are a few notable advantages to including
task-technology fit as an antecedent to system use.
First, understanding the factors that either facilitate
use or act as barriers to it (see the TTF construct
definition for system use in table 1) permits an
objective analysis of the degree to which the
technology fits the demands of the clinical task.
Second, understanding fit requires that we define the
task characteristics, in this case we define clinical
tasks in terms of uncertainty and complexity.

Third, including TTF as an antecedent to use
requires that we also define the characteristics of the
technology.  For this, we evaluate the system
characteristics according to its capacity for
information, knowledge and inferencing support.
These capabilities support varying degrees of task
complexity and uncertainty.

Previous models explicitly define IS success in
terms of system characteristics, without accounting
for the nature of the tasks that require support. The
theoretical links between TTF, utilization and
performance impacts have been empirically validated
throughout the literature as a function of the ability of
the technology to meet the demands of the task. We
believe that the addition of this use antecedent offers
important insight into the relationships between EHR
use and patient outcome.

The second way in which we have extended
previous IS success models is by including an
outcome component and shown as the area outside of
the dotted lines in figure 4 (see also figure 5 for this
component of the model). The ultimate objective is to
move beyond meaningful use and take a step closer
to answering the question of whether or not EHR can
positively impact clinical outcome.

The three categories contained within the dotted
lines in figure 4 (system creation, system use and
system impacts) can be understood as the treatment
or intervention on the patient leading to an outcome.
Additional factors that must be accounted for in this

intervention-to-outcome pathway include patient
clinical factors, patient specifics (e.g. age, gender),
current medical intervention and setting (e.g. rural,
urban, ambulatory, non- ambulatory). The collection
of this information permits the creation of
homogenous risk subgroups that enable evaluation of
treatment effects in a prospective observational study
design.

Table 1. Treatment categories and construct
descriptions

Treatment Construct Description

Category

System Examples:

Creation

Input data quality | Accuracy, currency,
workflow support

System quality Flexibility, ease-or-use,
accuracy, reliability,

response time, workflow

support
Information System Output — accuracy,
Quality currency, reliability,
flexibility, response time.
System Use
Use “Meaningful Use” specific
benchmarks — do they
support improved
clinical/health outcomes?
TTF Data quality, locatability,
authorization, ease-of-use,
training, compatibility,
timeliness, reliability, IS
relationship to users.
Task Complexity, uncertainty
Characteristics
Technology Information, knowledge,
Characteristics inference (decision
support)
System
Impacts
System Service Impacts efficiency, effectiveness.
impacts

refers only to
System users,
not patients

Individual
Impacts

Performance, satisfaction,

Organizational Efficiency, cost-saving,
Impacts ROI, market share

Patient outcomes can be of two basic types:
condition-specific or generic [39]. Condition-
specific measures are linked to specific interventions,
and will vary with the condition being treated.
Generic outcomes are generally understood as
higher-order constructs, such as satisfaction with the
quality of care or setting. These concepts are more
abstract, and thus are more difficult to link causally
to treatment.

The third way we have extended the original
model and built upon previous work is to provide
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feedback between the outcome and the treatment
(note the arrow leading from patient outcome to the
area within the dotted line in figure 4). Recall that
Kane [39] suggested that the “outcomes approach”
should be considered in the context of an outcomes
information system. To achieve this, we have
included this feedback loop from achieved outcomes
to intervention as representative of a system that
collects, organizes and provides analysis tools for
feedback of outcomes data into the processes of
system creation, use and impact. In this way, the
outcomes evidence collected by the system is directly
contributing to input data quality, information quality
and system quality.

The final way in which we have adapted this
model for EHR is to redefine “system use” in
accordance with the recent development of
“meaningful use” criteria. These criteria are
designed to define how EHR can be used most
meaningfully, the hope being that widespread
achievement of the benchmarks will result in
improved outcomes for patients.

In figure 4, the “clinician system use” construct is
defined by recently established meaningful use
criteria. System use has traditionally been a rather
straightforward construct that is normally measured
by simply determining if the system is being used — a
yes or no answer is the extent of the information
obtained. Unfortunately, simply knowing if a system
is being used does not enable objective analysis of
how system use is actually occurring in practice, nor
does it provide any insight into the impact of use.

There are at least two reasons why defining use in
terms of meaningful use is important. First, aligning
the definition of clinician system use with meaningful
use criteria gives us something to objectively
measure. As an example, for the patient record
function of EHR in table 2, one of the meaningful use
measures is that computerized order entry is used for
at least 80% of all orders (lab, imaging etc.). This
represents a form of system use that can actually be
measured. Use defined in such a way may enable the
assessment of whether or not achievement of these
benchmarks actually translates into improved patient
outcomes.

Second, orienting the model toward “meaningful
use” is helpful in that considerable future economic
incentives are geared toward providers’ achievement
of these standards.  Moreover, health systems,
hospitals and individual practitioners must make
considerable  financial investments in EHR
implementation, training and ongoing support. It is
critical that they have an objective method of
assessing the degree to which EHR use supports the
goals of improved patient safety, clinical and

administrative efficiency, better quality care and
improved outcomes. Table 2 highlights a sample of
EHR functions and their corresponding meaningful
use measures; however it is not intended to be a
comprehensive list.

In the following section, we further elaborate on
the proposed EHR evaluation model as we instantiate
its use in the context of evaluation of system use and
type 11 diabetes outcomes.

4. Model Instantiation

To illustrate how the proposed model may be used
in a real-life scenario, this section describes its use in
evaluating example diabetes outcomes given the use
of EHR technology. Referring to figure 5, only the
patient outcomes section of the model will change for
the evaluation of different condition-specific or
general outcomes. For example, assessment of the
elements of the model enclosed in dotted lines (see
figure 4) will remain the same whether the outcome
of interest was diabetes or congestive heart failure, or
if the outcome was condition-specific or general in
nature. That is not to say that system creation, system
use or system impacts will not change, rather the
variables used to measure these constructs remain the
same over time. In contrast, the outcomes section of
the model (figure 5) will vary according to the patient
outcomes of interest.

Table 2. EHR Functions and Meaningful Use
Measures [60]
EHR ‘ “Meaningful Use”
Function Measure
Patient
Record

Rx lists At least 80% of

patients have at least
one entry as structured
data

At least 80% of
patients have at least
one entry as structured

Problem lists

data

Rx orders CPOE used for at least

80% of all orders
CDS (Clinical Decision
Support)

Rx Warnings Drug-drug, drug-
allergy, drug-formulary
checks enabled

Guideline- Implement at least 5

based care CDSS rules relevant to

reminders applicable quality
metrics for clinician
specialty
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Information

Exchange
Images Perform at least one
returned test of capacity to
electronically | exchange key clinical

information.

View lab At least 50% of all
results clinical lab tests

ordered whose results
are pos/neg or in
numerical format and
recorded as structured
data.

Public Health
Reporting

Notifiable Perform at least one
diseases sent test of capacity to
electronically | provide electronic
submission of lab
results and syndromic
surveillance data.

The four categories shown interacting with the
pathway to outcomes are 1. Clinical factors, 2.
Setting, 3. Patient specifics and 4. Medical
intervention.  The clinical factors include those
specific to diabetes, including the patient’s AIC
value, LDL cholesterol level, blood pressure (BP)
and fasting glucose level. Additional clinical factors
should be considered, including patient co-morbidity
factors.

Patient Outcomes
A1C level
LDL level

Blood Pressure
Fasting Glucose
Satisfaction with Care
Quality
f
Clinical Patient
Factors Specifics
A1C Level - Age
LDL Level Gender
Blood Pressure Occupation
Fasting Glucose Family History
. Medical
Setting Int ti
Rural v. Urban - ntervention
Ambulatory v. Non- Diet/exercise
w ambulatory Single agent
Practice size Multiple agent
Insulin

Figure 5. Outcome section of EHR evaluation model

Setting should differentiate between rural or urban
location, and ambulatory versus non-ambulatory
settings. Patient specifics including age, gender and
occupation should be considered. The medical
intervention should also be defined according to the

type the patient receives. One patient may be
managing their diabetes with diet and exercise alone,
while another may require multiple drugs to manage
their disease.

For the prospective observational study design
outlined in section 5, the collection of this data will
permit the creation and use of homogenous risk
subgroups. Because such study designs do not offer
the same degree of internal validity protections as
RCT-type designs, the use of this data for subgroup
creation and assignment is needed to minimize the
possibility that unmeasured variables will impact the
outcomes of interest.

5. Issues with Study Design,
Implementation and Analysis

The choice between a RCT and an observational
study design (experimental v. quasi-experimental)
requires a tradeoff between internal and external
validity. Random assignment of patients does not
guarantee group comparability; it simply means that
any differences are due to chance. Of course the
main problem with highly controlled experimental
designs is that the results may not be generalizable to
the wider population due to the tight controls in
place.

On the other hand, observational designs are
subject to the risks of selection bias. This bias has
the potential to confound the treatment-outcome
relationship.  Despite the fact that observational,
quasi-experimental designs more accurately reflect
the greater population and are thus potentially
stronger with respect to external validity concerns,
selection bias remains perhaps the greatest threat to
health outcomes research [39].

The study design suggested for this evaluation of
EHR technology is observational in nature, due
primarily to the challenges of instituting a RCT in the
rural, primary care setting of South Dakota. The
study will take place over a three year period, with
baseline data gathered in a pre-test fashion during
year one, EHR implementation during year two, and
post-test data collection at the end of year 3.

To address the issues of selection bias, patients
will be assigned to homogenous risk subgroups as
previously discussed.  Other threats to validity
include statistical conclusion validity, internal and
external validity, and construct validity. Low
statistical power means that the study design is
unable to detect a true effect. The solutions are to
increase the sample size and the responsiveness of
the outcome measure. Fishing and error rate
problems refer to the increased risk of a type I error
due to multiple comparisons. The goal here is to

Authorized licensed use limited to: Dakota State University. Downloaded on November 05,2020 at 08:16:45 UTC from IEEE Xplore. Restrictions apply.



Proceedings of the 44th Hawaii International Conference on System Sciences - 2011

develop primary and secondary hypotheses, and if
necessary, make ad hoc adjustments for multiple
comparisons.

Violated assumptions of statistical tests and
inappropriate statistical tests can be rectified by using
methods that take into account the correlated nature
of outcomes research. Reliability of measures refers
to measures that are unreliable and or unstable. To
address this issue, only measures based on sound
psychometric properties should be used. Finally,
inconsistent treatment implementation is caused by a
lack of standardization and clarity regarding the
implementation process. Taking corrective measures
is possible through careful monitoring of system
implementation. In this case, EHR technology
implementation must be standardized across
subgroups.

Another concern with health outcomes research is
internal validity.  Validity threats here include
selection, regression to the mean, attrition and
missing data and history. A selection threat refers to
the differential selection of patients to treatment and
control groups, and arises when treatment is not
randomized. Possible solutions include risk
adjustment or propensity scoring.

Regression to the mean refers to the selection of
sicker or healthier patients for the study, and can be
addressed by careful evaluation of recruitment
criteria and outcome measures. Another solution is
to use a control group with similar characteristics to
the treatment group.

Attrition and missing data occurs when subjects
leave the study before its completion. A focus on
adequate follow-up can ease this threat; however
patient death due to unrelated causes cannot be
preemptively controlled for. Finally, history is a
threat to validity. This happens when events occur
during the study that impact treatment
implementation and outcomes. The solution in this
case is to carefully monitor external factors such as
medication, reimbursement and patient management
changes.

Threats to construct validity include poorly
defined constructs, mono-method and mono-
operation biases and treatment diffusion. It is likely
clear why poorly defined constructs are problematic;
however mono-method and mono-operation threats
arise from the use of single methods during data
collection. This threat can be minimized by using
multiple measures for treatment and outcome. The
primary challenge here is that multiple measures are
costly to implement. The final threat to construct
validity is treatment diffusion.  This threat is
understood as the spill-over of treatment to groups
not intended to receive the treatment. One way to

address this issue is to appropriately segregate
treatment and control groups. Another is to blind
subjects to the treatment or give control subjects a
pseudo-treatment.

The final threat to the validity of health outcomes
research is the threat to external validity. External
validity is understood as the representativeness of the
results to person, place and time. Many researchers
understand this as a threat to generalizability. The
solution here is to replicate studies across different
populations, settings and points in time.

Ultimately, implementation of the proposed study
design must address these challenging threats to
validity. The guidelines discussed here help to
ensure maximum validity of the findings.

Methods include survey and interviews. System
users will be evaluated by survey method and the
results analyzed by SEM techniques, namely latent
path analysis (partial least squares regression).
Patients will be interviewed for higher order
questions such as satisfaction with care. Such
methods should produce valuable information
regarding the information input and output, and
system and task characteristics that impact the
meaningful use of EHR.

6. Conclusion

This paper presents a conceptual model for
evaluating EHR. The model is based on IS success,
task-technology fit theory, and outcomes research,
and is focused on the extent to which “meaningful
use” impacts health care outcomes.

The conceptual model presented here contributes
to IS theory, health/medical informatics and
outcomes research by suggesting a unified approach
for evaluating EHR. The new model captures the
antecedents to meaningful use, and establishes a
research design suited to assessment of EHR-
mediated patient health care outcomes.

Some limitations apply to this work.  First,
although we propose a quasi-experimental design,
there may be clinical situations in which RCT-type
designs are more appropriate. Second, while well-
grounded in theory, the model has not been
empirically verified. A third limitation is that our
model assumes the feedback loop from Patient
outcomes to system creation (see fig. 4). This
capability, described by Kane [39] as an outcomes
information system, may not be present in current
iterations of EHR. Clearly, these limitations offer
opportunities for future work.

Authorized licensed use limited to: Dakota State University. Downloaded on November 05,2020 at 08:16:45 UTC from IEEE Xplore. Restrictions apply.



Proceedings of the 44th Hawaii International Conference on System Sciences - 2011

REFERENCES

[1] Bates, D.W., Cohen, M., Leape, L.L., Overhage, J.M., Shabot,
M.M., Sheridan, T. (2001) Reducing the frequency of errors in
medicine using information technology, JAMIA 8 (4) 299—308

[2] Ammenwerth, E. Graber, S., Herrmann, G., Burkle, T., Konig,
J. (2003) Evaluation of health information systems-problems and
challenges, Intn’1 Jrnl of Medical Informatics, 71 125-135

[3] Aita, S. (2008) Implementing an EHR with ROI in mind, J Med
Pract Manage. Jan-Feb;23(4):244-6.

[4] Xu, S. (2007) Advancing return on investment analysis for
electronic health record investment. Impacts of payment
mechanisms and public returns, J Healthc Inf Manag. Fall;
21(4):32-9.

[5] Friedman, C., Wyatt, J.C. (1997) Evaluation Methods in
Medical Informatics, Springer, New York,

[6] Braccini, G., Fabbrini, F., Fusani, M. (1995) Software quality
assessment for health care systems, in: C. Pappas (Ed.),
Proceedings of the Medical Informatics Europe 1997, Studies in
Health Technology and Informatics, vol. 43, 10S Press,
Amsterdam, pp. 746—750.

[71 Anderson, J. (1999) Increasing the acceptance of clinical
information systems, MD Comput. January—February 62—65.

[8] May, C., Gask, L., Atkonson, T., Ellis, N., Mair, F., Esmail, A.
(2001) Resisting and promoting new technologies in clinical
practice: the case of telepsychiatry, Soc. Sci. Med. 52 1889—1901.

[9] Huryk, L.A. (2010) Factors influencing nurses' attitudes
towards healthcare information technology. J Nurs Manag. Jul;
18(5):606-12.

[10] Greenhalgh, T., Stramer, K., Bratan, T., Byrne, E., Russell, J.,
Potts, H.W. (2010) Adoption and non-adoption of a shared
electronic summary record in England: a mixed-method case
study. BMJ. 16; 340

[11] Ammenwerth, E., Eichstidter, R., Haux, R., Pohl, U., Rebel,
S., Ziegler, S. (2001) A randomized evaluation of a computer-
based nursing documentation system, Methods Inf. Med. 40 (2)
61—68.

[12] Biirkle, T., Kuch, R., Prokosch, H., Dudeck, J. (1999)
Stepwise evaluation of information systems in an university
hospital, Methods Inf. Med. 38 (1) 9—15.

[13] Watkins, J., Weatherburn, G., Bryan, S., (2000) The impact of
a picture archiving and communication system (PACS) upon an
intensive care unit, Eur. J. Radiol. 34 (1) 3—S8.

[14] Nirel, N., Rosen, B., Sharon, A., Blondheim, O., Sherf, M.,
Samuel, H., Cohen, A.D. (2010) The impact of an integrated
hospital-community medical information system on quality and
service utilization in hospital departments. Int J Med Inform. Sep;
79(9):649-57

[15] Chaudhry, B., Wang, J., Wu, S., Maglione, M., Mojica, W.,
Roth, E., Morton, S.C., Shekelle, P.G. (2006) Systematic review:
impact of health information technology on quality, efficiency, and
costs of medical care. Ann Intern Med. 2006 May 16; 144(10):742-
52

[16] Lopez DM, Blobel B, Gonzalez C. (2010) Quality evaluation
of health information system's architectures developed using the
HIS-DF methodology. Stud Health Technol Inform. 156:21-31

[17] Currell, R., Urquhart, C., Wainwright, P., Lewis, R. (2000)
Telemedicine versus face to face patient care: effects on
professional practice and health care outcomes (Cochrane review),
in: The Cochrane Library, Issue 1, Update Software, Oxford,.

[18] J.E. Gray, C. Safran, R.B. Davis, G. Pompilio-Weitzner, J.E.
Stewart, L. Zaccagnini, D. Pursley, (2000) Baby CareLink: using
the internet and telemedicine to improve care for high-risk infants,
Pediatrics 106 (6) 1318—1324.

[19] McCowan, C., Neville, R.G., Ricketts, LW., Warner, F.C..
Hoskins, G., Thomas, G.E. (2001) Lessons from a randomized
controlled trial designed to evaluate computer decision support
software to improve the management of asthma, Med. Inf. Internet.
Med. 26 (3) 191—201.

[20] Dexter, P.R., Perkins, S., Overhage, J.M., Maharry, K.,
Kohler, R.B., McDonald, C.J., (2001) A computerized reminder
system to increase the use of preventive care for hospitalized
patients, N. Engl. J. Med. 345 (13) 965—970.

[21] Mair, F., Whitten, P. (2000) Systematic review of studies of
patient satisfaction with telemedicine, BMJ 320 (7248) 1517—
1520.

[22] Nahm, R., Poston, I. Measurement of the effects of an
integrated, point-of-care computer system on quality of

nursing documentation and patient satisfaction, Comput.

Nurs. 18 (5) (2000) 220—229.

[23] Enning, J., Bakker, A. Analysis of costs of information
systems, in: E. van Gennip, J. Talmon (Eds.), (1995) Assessment
and Evaluation Technologies in Medicine, Studies in Health
Technology and Informatics, vol. 17, IOS Press, Amsterdam, pp.
87—97.

[24] van Gennip, E., Bakker, A. Assessment of effects and costs of
information systems, Int. J. Biomed. Comput. 39 (1995) 67—72.

[25] Bryan, S., Weatherburn, G., Buxton, M., Watkins, J., Keen, J.,
Muris, N. (1999) Evaluation of a hospital picture archiving and
communication system, J. Health Serv. Res. Policy 4 (4) 204—
209.

[26] Lock, C. (1996) What values do computers provide to NHS
hospitals? BMJ 312 1407—1410.

[27] Bryan, S. , Buxton, M., Brenna, E. (2000) Estimating the
impact of a diffuse technology on the running costs of a hospital. A
case study of a picture archiving and communication system, Int. J.
Technol. Assess. Health Care 16 (3) 787—798.

[28] van der Loo, R., (1995) Overview of published assessment
and evaluation studies, in: E.M.S.J. van Gennip, J.S. Talmon
(Eds.), Assessment and Evaluation of Information Technologies,
Studies in Health Technology and Informatics, vol.17, I0S Press,
Amsterdam, pp. 261—282.

[29] Heathfield, H., Peel, V., Hudson, P., Kay, S., Mackay, L.,
Marley, T., Nicholson, L., Roberts, R., Williams, J. (1997)
Evaluating large scale health information systems: from practice
towards theory, in: D. Masys (Ed.) Proceedings of the AMIA
Annual Fall Symposium, Hanley & Belfus, Philadelphia, , pp.
116—120.

Authorized licensed use limited to: Dakota State University. Downloaded on November 05,2020 at 08:16:45 UTC from IEEE Xplore. Restrictions apply.



Proceedings of the 44th Hawaii International Conference on System Sciences - 2011

[30] Biirkle, T., Schmitz, M., Prokosch, H.U., Dudeck, J., (1995) A
systematic approach for evaluation of nursing work in an
university hospital, in: P. Barahona, M. Veloso, J. Bryant (Eds.),
Medical Informatics Europe 1994, European Federation for
Medical Informatics (EFMI), Lissabon, pp. 1321—1325.

[31] Heathfield, H., Pitty, D., Hanka, R. (1998) Evaluating
information technology in health care: barriers and challenges,
BMJ 316 1959—1961.

[32] Ferris, T., Johnson, S., Jha, A., DesRoches, C., Isaac, T.
Blumenthal, D., (2008) A Framework for measuring the effects of
health information technology on health care quality. Chapter 9, in:
Health Information Technology in the U.S.: Where we Stand
Princeton, NJ, Robert Wood Johnson Foundation.

[33] D’Avolio, L. (2009) Electronic Medical Records at a
crossroads: impetus for change or mislead opportunity, JAMA,;
302 (10); 1109-11

[34] Linder, J.A., Ma, J., Bates, D.W., Middleton, B., Stafford,
R.S., (2007) Electronic health record use and the quality of
ambulatory care in the U.S. Archives of Internal medicine,
167(13); 1400-5

[35] Krumbholz, H. M. (2008) Outcomes Research: Generating
Evidence for Best Practice and Policies. Circulation 118, 309-318

[36] Krumholz, HM. (2009) Outcomes Research: Myths and
Realities. Circ Cardiovasc Qual Outcomes 2, 1-3

[37] Clancy, C., Collins, F.S. (2010) Patient-Centered Outcomes
Research Institute: The Intersection of Science and Health Care.
Science Translational Medicine 2, 37

[38] Clancy, C.M., Eisenberg, J.M. (1998) Outcomes Research:
Measuring the End Results of Health Care Science Vol. 282. no.
5387, pp. 245 - 246

[39] Kane R. (2006) Understanding Health Care Outcomes
Research, 2" Ed. Jones and Bartlett Publishers, Sudbury, MA,

[40] Tanenbaum, S.J. (1994) Knowing and Acting in Medical
Practice: The Epistemological Politics of Outcomes Research.
Journal of Health Politics, Policy and Law 19(1):27-44

[41] Curry, L.A., Nembhard, I. M., Bradley, E.H. (2009)
Qualitative and Mixed Methods Provide Unique Contributions to
Outcomes Research. Circulation 119, 1442-1452

[42] Miller, N.E. and Dollard (1941) Social Learning and
Limitation, Yale University Press, New Haven

[43] Bandura, A. (1977) ‘Self-efficacy: toward a unifying theory of
behavioral change’, Psychological Review, Vol. 84, No. 2, pp.191—
215.

[44] Fishbein, M. and Ajzen, 1. (1975) Belief, Attitude, Intention
and Behavior: An Introduction to Theory and Research, Addison-
Wesey, Reading, MA.

[45] Bandura, A. (1986) Social Foundations of Thought and
Action: A Social Cognitive Theory, Prentice-Hall, Englewood
Cliffs, NJ.

[46] Davis, F.D. (1989) Perceived usefulness, perceived ease of
use, and user acceptance of information technology’, MIS
Quarterly, Vol. 13, No. 3, pp.319-340.

[47] Venkatesh, V., Morris, M.G., Davis, G.B. and Davis, F.D.
(2003) ‘User acceptance of information technology: toward a
unified view’, MIS Quarterly, Vol. 27, No. 3, pp.425-478.

[48] Venkatesh, V. and Bala, H. (2008) ‘Technology acceptance
model 3 and a research agenda on interventions’, Decision
Sciences, Vol. 39, No. 2, pp.273-315

[49] Goodhue, D.L. (1998) ‘Development and measurement
validity of a task-technology fit instrument for user evaluations of
information systems’, Decision Sciences, Vol. 29, No. 1, p.105.

[50] Zigurs, I and Buckland, B.K. (1998) ‘A theory of
task/technology fit and group support systems effectiveness’, MIS
Quarterly, Vol. 22, No. 3, p.313.

[51] Ferratt, T.W. and Vlahos, G.E. (1998) ‘An investigation of
task-technology fit for managers in Greece and the US’, European
Journal of Information Systems, Vol. 7, No. 2, p.123.

[52] Klopping, 1. and McKinney, E. (2004) ‘Extending the
technology acceptance model and the task-technology fit model to
consumer e-commerce’, Information Technology, Learning, and
Performance Journal, Vol. 22, No. 1, p.35.

[53] Pagani, M. (2006) ‘Determinants of adoption of high speed
data services in the business market: evidence for a combined
technology acceptance model with task technology fit model’,
Information and Management, Vol. 43, No. 7, p.847.

[54] Wills, M.J., El-Gayar, O.F. and Deokar, A.V. (2009)
‘Evaluating the technology acceptance model, task-technology fit,
and user performance for an electronic health record system’,
Proceedings of the 40th Annual Decision Science Institute
Conference, New Orleans, LA, 14—17 November 2009.

[55] DeLone, W. and McLean, E. (1992) Information Systems
Success: The Quest for the Dependent Variable Information
Systems Research, 3 (1); 60-95

[56] Myers, B.L., Kappelman, L.A., and Prybutok, V.R. (1998) A
Comprehensive Model for Accessing the Quality and

Productivity of the Information Systems Function: Toward A
Theory for Information Systems Assessment in Information
Systems Success Measurement, E.J. Garrity and G.L. Sanders
(eds.)

[57] Clemons, E.K., and Row, M.C. (1993) Limits to Interfirm
Coordination Through Information Technology: Results of A Field
Study in Consumer Goods Packaging Distribution, Journal of
Management Information Systems, Vol.10, No.1, pp.73-95.

[58] Pitt, L.F., Watson, R.T., Kavan, C.B. (1995) Service Quality:
A Measure of Information Systems Effectiveness, Management
Information Systems Quarterly, Vol.19, No.2, pp.173-188.

[59] Hu, J. (2003) Evaluating Telemedicine Systems Success: A
Revised Model, Proceedings of the 36th Hawaii International
Conference on System Sciences (HICSS’03)

[60] Hogan, S.O., Kissam, S.M., (2010) Measuring Meaningful
Use Health Affairs; Apr 2010; 29, 4;

Authorized licensed use limited to: Dakota State University. Downloaded on November 05,2020 at 08:16:45 UTC from IEEE Xplore. Restrictions apply.



	Beyond Meaningful Use: A Model for Evaluating Electronic Health Record Success
	Recommended Citation

	Beyond Meaningful Use: A Model for Evaluating Electronic Health Record Success

