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A Composite Index for Evaluating Electronic Medical Records
Systems: Work in Progress
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A Composite Index for Evaluating Electronic Medical Records
Systems: Work in Progress
Otieno George Ochieng" Toyama Hinako"” Asonuma Motohiro” Koide Daisuke” Naitou Keiko®

Graduate School, International University of Health and Welfare" The University of Tokyo, Graduate
School of Medicine, Clinical Bioinformatics Research Unit” Center of Preventive Medicine, Takagi
Hospital”

Abstract: Objective: As the number of hospitals using Electronic Medical Records (EMR) systems in Japan continues to rise,
there is a need to develop an evaluation framework that can allow comparison of efficiency of EMR within and between

hospitals.

Methods: Principal component analysis (PCA) was used to summarize survey data into a composite index that can provide the
most scientific and credible interpretation of reality. The process included selecting relevant variables, condensing the data
into factors relevant to each construct and calculating the index by summing up the product of each component with its

respective factor score.

Measures: Five constructs were used to develop the index: system quality, information quality, service quality, use and user

satisfaction.

Results: 42 hospitals responded to the survey. Preliminary results show that the composite index can discriminate between
hospitals that are in the same stage of I'T maturity and that the ranking of the hospitals using the index is strongly correlated

with hospital’s IT maturity.

Conclusion: The index can be used as a diagnostic tool for hospitals that are implementing EMR systems as well as hospitals
that want to benchmark their systems against other hospitals. Further validation of the index is in progress.

Keywords: Hospital Information systems, EMR Systems, EMR System Composite Index, Principal

Component Analysis

1. Introduction
Recent research has shown that information

technologies and electronic medical
records (EMR) systems can improve
adherence to clinical guidelines, patient

safety, and the delivery of preventive health
services, thereby potentially improving
health outcomes for patients. Despite these
evidences, wider adoption of EMR systems
remains limited". However, the government
of Japan has initiated several programs that
are likely to enhance wider adoption of
these systems. For example, the government
policy targeting at least 60% of hospitals
with 400 beds or more to computerize their
records by 2006, and the introduction of
prospective payment system based on
diagnosis procedure combination (DPC)g)
are expected to enhance wider adoption of
EMR systems in the coming years.

As the number of hospitals using EMR
systems in Japan continues to rise, there is
a need to develop an evaluation framework

that can allow comparison of efficiency of
EMR systems within and between hospitals.
In this paper we propose a framework for
generating a composite index for evaluating
the efficiency of EMR system within and
between hospitals. The framework involves:
1) identification of factors that contribute
to the efficiency of EMR systems; 2)
development of a set of measures that can
be used to quantitatively score the
efficiency of EMR systems based on the
factors in 1) above; and 3) provision of an

overall theoretical framework that
incorporates these factors toward
developing a composite index for EMR
systems.

2. Methods

2.1 Factors contributing to the
efficiency of EMR systems

Researchers from information sciences have
long studied various factors that would
impact the use of information systems (IS).
Although there have been no
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comprehensive studies that would propose
a general model for evaluating effectiveness
of EMR systems, the DelLone & Mclean’s
model* of IS success provides the most
extensive and comprehensive framework for
identification of factors contributing to the
success of EMR systems. We adopted five
constructs (Table 1) from the model, guided
by the ability of the construct to be
measured quantitatively using survey data
and can be synthesized into a single
composite score (Index) for evaluating EMR
system in a hospital.

2.2 ltem generation

We compiled items measuring each target
construct (Table 1). In order to improve the
validity of the index, multiple sources of
evidence on the efficiency of EMR system
was needed. To this end, five target
respondents, namely, chief information
officer (CIO), chief medical officers (CMO),
chief nursing officer (CNO), doctors (Dr)
and nurses (NS) were surveyed. The
category of users surveyed are the most
likely to be knowledgeable about the EMR
system in their hospitals and whose work is
the most likely to be affected by the
introduction of EMR system. Overall, five
instruments targeting each of the five
categories of users was developed.

2.3 Data collection

As part of a large nationwide survey
assessing the improvement of quality of
health care services as a result of the
introduction of EMR systems,
questionnaires, together with a covering
letter, were sent to 71 healthcare
institutions (69 hospitals and two clinics).
Data were collected over a period of six
weeks starting the month of February 2006.

2.4 Data analysis and Index
computation

Overall, 42 institutions (41 hospitals and 1
clinic) responded to the survey. For the
purposes of this analysis, we excluded
clinics making the effective response rate
to be 59.4% (41/69). We further excluded
hospitals where the entire professional
group were not represented and where only
less than 10% of Dr and/or 10% of NS
responded.

2.5 Data validation and Index
computation

In calculating the index, the process
included data transformation, condensing
the data into factors relevant to each
construct, and calculating the index by

B26m ERIERFEARR
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summing up the product of each of the five
constructs with their corresponding
principal component analysis (PCA) scores.
In summary, data preparation involved
condensing items that were on a scale of
yes/no to distinct sections and recoding the
negatively worded items of the Likert scales
before carrying out factor analysis. Each of
the resultant factors was analyzed for
reliability using Cronbach’s alpha. Items
were deleted where necessary to achieve an
alpha of at least 0.7. A second factor
analysis was conducted on each of the
sub-index. The Index was then calculated
by summing up the product of each of the
sub-index with the corresponding factor
scores. A detailed description of the Index
computation process is available from the
first author (Otieno George Ochieng) on
request.

3. Results and Discussion

3.1 Internal consistency verification
Cronbach’s alpha for the 5 constructs
revealed an alpha of 0.827. However,
service quality construct was found to be
negatively correlated with the corrected
Item-totals and suggesting that deleting it
could improve the alpha to 0.924 (Table 2).
The lack of positive correlation between
service quality and the rest of the
constructs could partly be due to the fewer
number of items used in measuring it. Since
we desired the model to be additive, we
dropped the service quality construct from
the final Index computation.

3.2 The composite Index for
evaluating EMR systems

Table 3 presents the Index for hospitals. Six
hospitals had Index above the average.
Based on their performance, 4 categories of
hospitals were identified by dividing the
range (max-min) into four equal parts.
Three hospitals are in the top range (64.
0-70.4), 6 hospitals are in the second (59.
2-64.0) and 2 hospitals in the bottom range
(48.0-53.6). The top three hospitals can be
considered as outstanding performers in
the EMR system while the last two hospitals
still require concerted efforts to improve
the efficiency of the EMR systems as
measured by the Index. The table also
presents sub-indices, which can serve to
identify key areas that a hospital is under
or over-performing. Generally, hospitals
registered lowest score on the information
quality construct. The least performing
hospital, D14, registered lowest sub-indices
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in almost all the constructs.

3.3 Validation of the Index

A literature search revealed no external
standard that could be used to assess the
criterion validity of the Index. We therefore
assessed only the construct validity of the
Index. The high correlation between the
Index and the sub-indices may indeed
represent accurate view of the level of
efficiency of the EMR systems in the
surveyed hospitals (Table 4). The Index was
also strongly correlated to IT maturity -a
scale developed by the Japanese
Association of Healthcare Information
Systems Industry (JAHIS), thus confirming
at once the construct validity of the Index.

4. Conclusion

This is the first study that attempts to
develop an Index for evaluating EMR
systems. It proposes a framework for
evaluating the efficiency of EMR systems of
a hospital and identifies five constructs and
surrogate measures that can be used in
quantifying them. It then describes a
procedure for calculating a composite index
for evaluating EMR systems in hospitals.
The Index is important because its level can
be used as a strong predictor of how well a
hospital can perform in the new healthcare
environment. The Index can also provide
policy makers with a detailed scorecard of
their EMR systems relative to its peer
counterparts. Further, a breakdown of the
Sub-index allow policy analyst to pinpoint

areas of strengths and weakness, thus
providing a balanced perspective in guiding
a hospital through the computerization. The
framework developed here should be
viewed as both descriptive and diagnostic:
descriptive because it tends to explain the
state of EMR system and diagnostic because
it identifies problems areas.

Further work to validate the index is
currently in progress.
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%1 Constructs used for Index computation

Constructs Definition Hitems  Scale et
respondents
Humber of processes factivities that involve the use of CIO. CMO
System quality  computer-based applications and the level of integration of 269t Yesino " ’
oo o : CNO
these applications in a hospital
Information The walue and usefulness or relative importance attributed to 7 5-point Dr NS
quality the output of the EMR system by users Likesrt ’
3 2 The responsiveness of the systems’ staff to users’ requests, S-point
erige ey systems down-time and trouble-shooting of the system. 4 Likert D N3
; ; 5-point
Use The extent to which users are using the systems 62 It CIO, Dy, N3
User The extent to which users felt that the EMR systems are 31 S-point Dr NS
satisfaction important in improving the quality of the care they provide Likedt ’

*CIO = chief Information officer; CIVIO = chief medical officer; CNO = chief nursing officer;, Dr = Doctor; NS = Nurse
f The nurdber shows the raumber of iteras in the questionnaire for the constructs
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52 Internal Consistency of the constructs

Corrected Squared Cronbach's
Constructs Iter-Total Multiple Alpha if Item

Caorrelation Correlation Deleted
System: quality .303 923 761
Iaformation quality 935 933 711
Service quality -122 o 924
Use .69 973 2
User sahsfaction 811 Bl 761

%3 The Composite Index for EMR systems

N Cote gty gty gty " e B )
1 B34 710 593 62.1 7032 629 70.4 4.0
2 D23 68.8 547 546 636 58.1 66.7 5.0
3 C35 70.1 542 596 66.2 579 66 .2 30
4 Dlé 637 518 574 650 563 63.1 30
5 D37 66 .6 511 527 65.5 529 630 3.0
6 B43 64.6 502 56.5 64.4 537 623 3.0

Average value 61.1
7 D28 592 511 54.5 642 52.5 606 3.0
3 Cc22 62.2 50.6 62.4 60.6 526 60.3 3.0
9 D17 543 515 643 575 60.0 593 23

10 A27 52.1 40 558 526 43.1 524 25
11 D14 409 413 62.0 49 1 49 4 40 25

34 Validation of the Composite Index

Variables Index
System quality 955(**%)
Information guality B93(*%
Use 991 (**)
User satisfaction 802(*%)
IT Maturity 897(**)
** Povalue = 0.01 level (2-tailed).
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