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Abstract 
This study examines the level of clinical sophistication of information technology (IT) in a sample 
of hospitals in Japan and benchmarks the extent of clinical sophistication in Japan with the 
findings from similar surveys conducted at different points in time in the State of Iowa in the US and 
two provinces in Canada. Data for the study were collected using a validated instrument assessing 
three dimensions of IT sophistication: functional, technological and integration levels. Clinical 
areas that were assessed include patient management, patient care activities and clinical support 
activities. The results show that the majority of processes and activities that have been computer-
ised in Japan are the basic patient management processes, such as admission, registrations and 
order entry systems. Telemedicine, expert systems and voice recognition systems for notes tran-
scriptions were only available in less than 5% of the sample hospitals. Overall, there were no 
differences between the small hospitals and large hospitals in terms of functional and integration 
sophistication. However, large hospitals had higher technological sophistications than small 
hospitals. Functional sophistication was higher in Japan than Canada and the US. Technological 
sophistication in Japan was somewhat better than that of Canada but lower than that of the US. 
The results demonstrated that there exists substantial room for expanding clinical IT systems in the 
hospitals in Japan. 
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by the Ministry of Health, Labour and 
Welfare (MHLW) in 2002 reported that 
only 1.3% of hospitals (from a total of 
8,023 hospitals) had the electronic 
medical records (EMR) system and that 
only 15.3% had the physician order 
entry systems (POES) [4]. Other devel-
oped nations also report a low level of 
the adoption of Health Information 
Technologies (HIT)1. Apart from Swe-

den (90%) and the Netherlands (88%) 
where adoption of EMR system by 
general practitioners is high, it is low 
in the US (17%), Canada (14%) and 
Australia (25%) [5-6]. In New Zealand 
and Britain, over 50% of hospitals have 
EMR systems [5]. As the demand for 
safe, effective, timely, patient-centred, 
efficient and equitably distributed 
healthcare systems continues, HIT will 

1. Introduction 

Evidence continues to show that in-
formation technology (IT) has signifi-
cant potential to improve patient safety, 
organisational efficiency, patient sat-
isfaction and quality of healthcare [1- 
3]. Despite such growing evidence, its 
adoption remains limited across many 
nations. In Japan, a survey conducted 

1 HIT is used broadly here to refer to all computing technologies that are used to support healthcare including but not 
limited to electronic medical records systems and physician order entry systems. 
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remain critical to the survival and com-
petitiveness of healthcare institutions. 

In the recent past, the government 
of Japan has initiated several programs 
that have generated a renewed inter-
est in the adoption of HIT and, par-
ticularly, clinical IT systems. One 
initiative is the government policy pa-
per targeting at least 60% of hospitals 
with 400 beds or more to computerise 
their records by 2006 [7]. The policy is 
based on the resource-based theory 
which argues that larger organisations 
have the capacity and resources to in-
novate [8]. Currently, there is no offi-
cial survey done in 2006 regarding 
whether the policy was achieved or 
not. However, a survey conducted in 
the month of October 2005 by the min-
istry of health and welfare, government 
of Japan, indicated that the target has 
not been met. Only 20% of the hospi-
tals with 400 beds or more had compu-
terized their medical records (http:// 
www.mhlw.go.jp/toukei/saikin/hw/ 
iryosd/05/kekka1-3.html [in Japanese]). 
According to a new IT reform strategy 
released on 19th January 2006 by the 
government, it is expected that com-
puterization in hospitals with 400 beds 
or more will be completed by 2008 and 
that all hospitals with less than 400 
beds are expected to computerize their 
records by 2010 (http:// 
www.kantei.go.jp/foreign/policy/it/ 
ITstrategy2006.pdf). It must be noted, 
however, that government policy pa-
pers generally give directions, goals 
and visions which in most cases are 
too ideal to achieve. To what extent 
larger hospitals in Japan are more so-
phisticated in terms of clinical IT adop-
tion remain unclear. Hence, it seems 
important to examine how the trends 
of adoption between small and large 
hospitals in Japan vary. 

Another initiative is the introduction 
of a prospective payment system based 
on diagnosis procedure combination 
(DPC). In 2003, DPC was introduced 
into 80 hospitals in Japan to promote 
standardisation of healthcare and 
shorten hospital stay. DPC was ex-
panded to other hospitals on a volun-
tary basis at the beginning of 2004 [9]. 
The DPC system is expected to make 
hospital services measurable, and pro-
vide valuable information for manag-

ing patient care based on evidence- 
based medicine (EBM). Though it is 
still on a trial basis, effective use of 
DPC will require patient information to 
be in electronic form to allow genera-
tion of useful indicators and faster fil-
ing of health insurance claims. These 
programs, together with several re-
searches commissioned by the Gov-
ernment of Japan, are expected to spur 
wider adoption of clinical IT in the com-
ing years. 

In Japan, there is still no research 
outcome on the characterisation and 
operationalisation of the functions of 
the clinical IT systems and identifica-
tion of the parts, which corresponds 
to the systems’ units that would facili-
tate the utilisation of these systems 
[10]. One way to capture this baseline 
data is to examine the extent to which 
computerised processes/activities in 
each clinical area have been devel-
oped, the technologies to support 
them, and the extent to which the com-
puter-based systems are fully inte-
grated within and between healthcare 
institutions. In other words, there is a 
need to examine the degree to which 
information resources are fully devel-
oped and computer-based systems are 
fully integrated (clinical IT sophistica-
tion) in healthcare institutions. 

In this paper, we analyse comprehen-
sively the current state of clinical IT in 
a sample of hospitals in Japan. This 
study is different from the previous 
studies examining clinical IT adoption 
in healthcare in Japan, because we do 
not look at adoption as a binary vari-
able (e.g., whether POE has been 
adopted or not [11]). We extensively 
examine processes and activities in 
each clinical section of a hospital to 
try to characterise adoption in a way 
that would help policy makers under-
stand both the leverage available and 
the context required to achieve wider 
adoption objectives. We also make an 
attempt to compare the level of clinical 
IT sophistication in samples of hospi-
tals in Japan, the US and Canada as a 
process of benchmarking the clinical 
IT sophistication in Japan. 
Benchmarking is important in measur-
ing outcomes of policies, and monitor-
ing progress in clinical IT diffusion. 
This will indicate how Japan is doing 

compared to the US and Canada in 
terms of extent of clinical IT sophisti-
cation in healthcare. 

In summary, the objectives of this 
study were to (1) describe the sophis-
tication of current clinical IT in hospi-
tals that have adopted these systems, 
(2) assess whether the larger hospitals 
are more sophisticated in terms of clini-
cal IT than the smaller ones, and (3) to 
benchmark the level of clinical IT so-
phistication in Japan with the results 
of similar studies in the US and Canada. 

2. Method 

2.1 Research Design 

A cross-sectional survey was con-
ducted as part of an ongoing nation-
wide longitudinal study whose aim is 
to evaluate the improvement of the 
quality of healthcare services as a re-
sult of the introduction of EMR sys-
tems. The overall goal of the 
nationwide study is to propose guide-
lines and self-evaluation methods for 
many medical institutions that plan to 
implement EMR systems in the near 
future. 

2.2 Sample 

In this study, a convenient sample 
of hospitals that had implemented some 
form of clinical IT was drawn as a fol-
low-up to an earlier survey conducted 
to assess the costs of computerisation 
(both initial investment and running) 
according to system types and ven-
dor support. The intention of the ear-
lier survey was to build a business 
model for EMR system adoption. In 
that survey, 350 healthcare institutions 
were randomly selected to participate. 
Only 71 (20.3 %) healthcare institutions 
responded to that survey. The re-
sponse rate was low but the results of 
the survey were very useful in meet-
ing the intended analysis. Further-
more, the responding healthcare 
institutions did not significantly differ 
from the non-responding hospitals in 
terms of organisational characteristics 
such as ownership, hospital category 
(acute or long-term), bed size and bed 

http://www.mhlw.go.jp/toukei/saikin/hw/iryosd/05/kekka1-3.html
http://www.mhlw.go.jp/toukei/saikin/hw/iryosd/05/kekka1-3.html
http://www.mhlw.go.jp/toukei/saikin/hw/iryosd/05/kekka1-3.html
http://www.kantei.go.jp/foreign/policy/it/ITstrategy2006.pdf
http://www.kantei.go.jp/foreign/policy/it/ITstrategy2006.pdf
http://www.kantei.go.jp/foreign/policy/it/ITstrategy2006.pdf
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category (small or large hospitals) (data 
not shown). For this follow-up survey, 
only the 71 healthcare institutions that 
responded to the earlier survey and 
had implemented some form of com-
puterised applications in patient care 
management were invited to partici-
pate. The idea was to use the evidence 
of “success stories” of the adopters 
to understand the effect of clinical IT 
on the delivery of healthcare and also 
to convince other hospitals, which are 
yet to implement computerised sys-
tems. And since this survey was meant 
to provide evidence as a basis for char-
acterisation of the clinical IT functions 
already deployed in healthcare rather 
than to measure the amount of adop-
tion of these functions, we were satis-
fied that this sample would provide a 
good insight for the intended analy-
sis. Besides, the hospitals that re-
sponded to this survey cover the 
spectrum of hospitals in Japan (uni-
versity-affiliated, governmental, semi- 
governmental and private hospitals 
and clinics). 

2.3 Instruments 

The instrument developed by Paré 
and Sicotte [13] was used to collect 
data for this study. The instrument is 
based on a strong theoretical frame-
work, and extensively assesses the 
functional and technological sophisti-
cation and the level of integration of 
systems in three key areas of hospital 
operations: patient management, pa-
tient care activities and clinical sup-
port activities. In these key areas, the 
instrument measures several intersect-
ing technologies and processes in-
cluding but not limited to, tracking 
systems (bar codes and radio frequen-
cies identifications), POES, decision 
support systems and the integration 
of these systems not only within the 
departments but also with other sys-
tems in the external facilities. Prior re-
search had demonstrated that the 
survey instrument was a valid and reli-
able instrument for measuring the avail-
ability of IT applications in hospitals 
[13, 14]. 

The instrument2 was translated into 

Japanese. This was then followed by a 
series of meetings involving health 
informatics experts to check the appro-
priateness of terminology as used in 
the items of the survey. Some minor 
changes were made to the original sur-
vey instruments to reflect the practice 
in Japan. For example, DRG was re-
placed with DPC. Also, one item exam-
ining the HIT architecture was 
restructured to conform to the Japa-
nese Association of Healthcare Infor-
mation Systems’ (JAHIS) 5-level 
hierarchy of clinical IT [15]. One item 
examining transcription of orders by 
nurses was omitted because this is not 
a common practice in Japan. As far as 
possible, we tried to retain the origi-
nality of the instrument to allow the 
comparison of the results obtained in 
Japan and the results obtained in 
Canada [13] and the US [14]. A pilot 
test of the survey instrument in Japa-
nese hospitals indicated that the IT 
applications were relevant for hospi-
tals in Japan. 

2.4 Data collection 

All the chief information officers 
(CIO) of the 71 institutions (69 hospi-
tals and 2 clinics) were contacted by 
telephone to request their participation 
in this study. None of the contacted 
CIO refused to participate. A letter, 
detailing the purpose of the study, 
along with a copy of the questionnaire, 
was then sent to the CIO. Data were 
collected over a period of six weeks 
starting in February 2006. 

2.5 Analysis 

Overall, 42 institutions (41 hospitals 
and 1 clinic) completed the survey 
questionnaire in Japan. For the pur-
poses of this analysis, clinics were ex-
cluded, making the overall response 
rate to be 59.4%. Also, the data col-
lected from hospitals in Canada and 
presented by Paré and Sicotte [13] and 
that collected from the hospitals in the 
US and presented by Jaana et al. [14] 
were used in the benchmarking proc-
ess. 

The responses from the completed 

questionnaires were entered twice into 
a computer and the dataset compared 
to ensure accuracy. Data were 
‘cleaned’ and then analysed using Sta-
tistical Package for Social Sciences 
(SPSS version 12). The same scoring 
procedure for the variables applied by 
Jaana et. al. [14] was used to ensure 
consistency. In brief, functional so-
phistication was measured using bi-
nary questions where a score of ‘1’ was 
assigned for each computerised proc-
ess/activity and a score of ‘0 (zero)’ 
otherwise. Technological sophistica-
tion was measured on a scale ranging 
from ‘0’ (not available), ‘1’ (barely used) 
to ‘7’ (extensively used). The percent 
of hospitals that reported these com-
puterised activities as available was 
determined in each clinical subsection 
and used for comparison between 
small and large hospitals in Japan. Fi-
nally, integration level was measured 
on a 1-7 scale ranging from “not at all” 
to “very much”. 

The organisational characteristics of 
the hospitals surveyed in Japan were 
compared to the non-responding hos-
pitals using chi-square test for cat-
egorical variables and Kruskal-Wallis 
non-parametric test for non-normally 
distributed continuous variables. Re-
liability of the measures used in the 
Japanese survey was assessed using 
Cronbach alpha coefficients, and then 
compared to the same coefficients re-
ported by Paré and Sicotte [13] and 
Jaana et al. [14]. The percent of hospi-
tals that reported having specific com-
puterised processes and technologies 
under investigation for functional so-
phistication and technological sophis-
tication, and the means of the 
responses to questions assessing the 
integration level were computed. Only 
questions that were clearly identified 
in the study in Canada and the US were 
used in this analysis. 

Significant findings on clinical IT 
variables between small and large hos-
pitals in Japan were verified using chi- 
square and Cramer’s V (p = value 0.05). 
The p-values of Cramer’s V test are re-
ported. Benchmarking data was plot-
ted as the percent of hospitals 
reporting each of the items listed in the 

2 A copy of the original instrument is available from the authors. 
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Table 1: Characteristics of responding and non-responding hospitals in Japan. 
Sources: a from reference [12]; b from reference [16]; c We define small hospitals as hospitals with fewer than 
400 beds and large hospitals as hospitals with 400 beds or more in line with government’s policy requiring 
hospitals with 400 beds or more to computerise their patient records by 2006 [7]. Clinics were excluded from 
this analysis. 

Variable Responding 
hospitals n = 41 

n (%) 

Non-responding 
hospitals n = 28 

n (%) 

p-value 

Ownershipa   0.268 
University-affiliated 3 (7.3) 2 (7.1)  
Governmental hospitals 5 (12.2) 8 (28.6)  
Semi-governmental 5 (12.2) 1 (3.6)  
Private hospital 28 (68.3) 17 (60.7)  

Number of beds   0.057 
Median 452.0 246.0  
Range 1373.0 798.0  

Age of systemsb   0.152 
Median 3.0 4.0  
Range 7.0 9.0  

Bed categoryc   0.061 
Small 20 (48.8) 20 (71.4)  
Large 21 (51.2) 8 (28.6)  

Hospital categorya   0.085 
Acute 36 (90) 28 (100)  
Long term (chronic) 4 (10) 0 (0)  

Variable Responding 
institutions  

n = 42 
n (%) 

Non-responding 
institutions  

n = 308 
n (%) 

(p-value) 

Ownership a   0.331 
University-affiliated 3 (7.1) 19 (6.2)  
Governmental hospitals 5 (11.9) 81 (26.3)  
Semi-governmental hospitals 5 (11.9) 32 (10.4)  
Private hospital 28 (66.7) 175 (56.8)  
Clinics 1 (2.4) 1 (0.3)  

Number of beds   0.248 
Median 452.0 283.0  
Range 1373.0 1483.0  

Bed category (hospitals only)    0.155 
Small 20 (48.8) 209 (68.1)  
Large 21 (51.2) 98 (41.9)  

Hospital category a   0.146 
Acute 36 (87.8) 259 (84.4)  
Long term (chronic) 5 (12.2) 48 (15.6)  
 Table 2: Characteristics of 42 hospitals as compared with the original 350 hospitals. 

Source: a from reference [12] 
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functional and technological sophisti-
cation as computerised for each of the 
three countries. For integration sophis-
tication, the means of the items in each 
section was calculated and tabulated 
for the Japanese hospitals. 

3. Results 

3.1 Organisational 
characteristics of the 
hospitals 

A total of 41 hospitals responded to 
the survey, with a response rate of 
59.4%. There were no significant differ-
ences between the responding hospi-

tals and the non-responding hospitals 
according to ownership, number of 
beds, age of systems, bed category and 
hospital category (Table 1). No other 
information was available on the char-
acteristics of the non-responding hos-
pitals. 

When the responding hospitals were 
compared to the original random sam-
ple of 350 hospitals, no differences 
were observed on organisational char-
acteristics (Table 2). 

Responding hospitals included 3 
(7.3%) university-affiliated; 5 (12.2%) 
governmental; 5 (12.2%) semi-govern-
mental; and 28 (68.3%) private hospi-
tals. Survey respondents were mainly 
computer scientists (48%), with IT 
management experience ranging from 

0 years to 25 years and a median of 7.0 
years. Comparison of small hospitals 
and large hospitals showed no signifi-
cant differences except on the number 
of years the CIO has worked in the 
current hospital and the budget (both 
total hospital budget and IT budget) 
(Table 3). Respondents from large hos-
pitals reported to have worked longer 
in their respective hospitals than the 
respondents from small hospitals. 

3.2 Instrument Properties 

The reliability of the questionnaire 
was assessed and the results were 
compared to the findings reported by 
Paré and Sicotte [13] and Jaana et al. 
[14]. Reliability was measured using 

Variable Small 
hospitals  
(n = 20) 

Large 
hospitals 

(n = 21) 

p-values 

Ownership   .267 
 University-affiliated 0 (0) 3 (14.3)  
 Governmental 2 (10) 3 (14.3)  
 Semi-governmental 2 (10) 3 (14.3)  
 Private 16 (100) 12 (57.1)  
Hospital category (5 missing data)   .906 
 Acute 15 (88.2) 17 (89.5)  
 Long-term (chronic)  2 (11.8) 2 (10.5)  
CIO’s field of specialisation*     
 Computer scientist 11 (45.8) 13 (50.0)  
 Administrator 8 (33.3) 7 (26.9)  
 MIS 1 (4.2) 4 (15.4)  
 Health manager 1 (4.2) 1 (3.8)  
 Others 3 (12.5) 1 (3.8)  
Experience in current function (years)   0.652 
 Median 3.0 3.0  
 Range 8.0 11.2  
Experience in current hospital (years)   0.033 
 Median 6.0 10.5  
 Range 29.0 31.0  
Experience in IT (years)   0.419 
 Median 9.0 7.0  
 Range 22.0 25.0  
Annual hospital budget (M$)   0.010 
 Median 170.0 1059.0  
           Range 72.0 200.0  
Annual IT budget (M$)   0.008 
 Median 1.2 23.0  
           Range 0.2 1.7  
 Table 3: General characteristics of the responding hospitals.                    * Multiple answers accepted. 
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Cronbach alpha coefficients of inter-
nal consistency of the measures. Ta-
ble 4 presents the results obtained 
from the sample hospitals in Japan, 
State of Iowa in the US, and Canada, 
based on the questions included in the 
survey. “Patient care” combines the 
questions related to patient manage-
ment and patient care activities from 
the original instrument [13]. The 
number of items in each cell, used for 
the calculation of the alpha coeffi-
cients, is different for the three sam-
ples since the instrument was modified 

computerised. The most frequent clini-
cal IT application process used in small 
hospitals was patient index, while the 
least frequent application processes 
used in small hospitals were materials 
(tools) management and case costing. 
On the other hand, outpatient admis-
sions, patient-index, results capturing 
(from analysers) were the most fre-
quent processes being used in large 
hospitals, while the least frequent ap-
plication process used in large hospi-
tals was case costing. 

Overall, the data from our research 

cal sophistication. The application and 
connectivity technology most used 
was electronic reporting of test results 
to medical units and local area net-
works (LAN), respectively. Of the 18 
application technologies listed in the 
survey, only four technologies were 
available in more than 75% of the sam-
ple hospitals. Three application tech-
nologies were available in less than 
10% of the sample hospitals. Of the 
connectivity technologies, none of the 
sample hospitals was using microwave 
connections and fewer than 10% use 

 Patient care Clinical support activities Overall dimension 
 Japan Iowa a Canada b Japan Iowa a Canada b Japan Iowa a Canada b 

Functional 
sophistication 

0.87 (32)† 0.91 (35) 0.84 (33) 0.87 (21) 0.91 (21) 0.84 (21) 0.91 (53) 0.95 (56) 0.91 (54) 

Technological 
sophistication 

0.75 (24) 0.86 (24) 0.79 (24) 0.84 (13) 0.84 (13) 0.83 (13) 0.80 (37) 0.91 (37) 0.88 (37) 

Integration 
sophistication 

0.83 (10) 0.93 (10) 0.86 (10) 0.78 (6) 0.84 (6) 0.84 (6) 0.83 (16) 0.94 (16) 0.89 (16) 

Overall 
sophistication 

      0.91 (106) 0.97 
(109) 

0.94 
(107) 

 Table 4: Comparison of internal reliability (Cronbach’s Alpha) in Japan, Iowa USA and Canada hospitals. 
† the values in parentheses are the number of items in the survey instrument for the corresponding clinical section. a From 
reference [14];  b From reference [13]. 

in some instances to reflect the prac-
tice in Japan without affecting the sub-
stance of the instrument. The alphas 
were all above 0.70 levels acceptable 
for social research. 

3.3 Functional sophistication 
in Japan 

Table 5 presents variables measur-
ing the extent of functional sophisti-
cation in a hospital. Nearly three 
fourths of hospitals surveyed in Japan 
use computer systems in twelve of the 
listed variables for functional sophis-
tication. The least computerised proc-
ess among the hospitals surveyed was 
case costing in the operating room, 
with only one hospital indicating to 
have computerised this process. The 
data also show that the least compu-
terised section was operating room 
(OR) where only one process (opera-
tions booking) was reported by more 
than half of the sample hospitals as 

reveal that no significant differences 
exist between small and large hospi-
tals in terms of functional sophistica-
tion (t = -1.891; P = 0.066). However, of 
the variables in the functional sophisti-
cation, significant differences between 
small and large hospitals were noted in 
five of these variables. These processes 
were: materials (tools) management 
(Cramer’s V = 0.513; p-value 0.001), an-
aesthetic notes recording (Cramer’s V 
= 0.488, p-value = 0.002), historical drug 
information storage (Cramer’s V = 0.513, 
p-value = 0.001), making out refill re-
ports (Cramer’s V = 0.350, p-value = 
0.025) and label generation (Cramer’s V 
= 0.516, p-value 0.001), were more likely 
to be computerised in large hospitals 
than in small hospitals. 

3.4 Technological 
sophistication in Japan 

Table 6 presents variables measur-
ing the extent of use of a wide range of 
technologies in a hospital, technologi-

satellite connections and infrared con-
nections. None of the small hospitals 
were using telemedicine for evaluation 
and triage purposes, bar coding and 
voice recognition systems for notes 
transcription in operation room. On the 
other hand, none of the large hospi-
tals were using expert systems. 

Our analysis reveals that technologi-
cal sophistication was higher in large 
hospitals than small hospitals (t = - 
2.080; P = 0.044). Out of the 18 vari-
ables, significant differences between 
small and large hospitals were noted 
in only three variables, namely connec-
tion to external databases (Cramer’s V 
= 0.336, p-value 0.031); bar coding to 
track tools (Cramer’s V = 0.369, p-value 
0.023); and telemedicine for results cap-
turing and interpretation (Cramer’s V = 
0.327, p-value 0.036). In all these tech-
nologies, large hospitals were more 
likely to report use of these technolo-
gies than small hospitals. In the con-
nectivity technologies variables, only 
two variables showed significant dif-
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ferences between small and large hos-
pitals. These were; use of modems 
(Cramer’s V = 0.372, p-value 0.017) and 
use of fibre optics (Cramer’s V = 0.337, 
p-value 0.031). Large hospitals were 
more likely to report use of these tech-
nologies than small hospitals. 

3.5 Integration sophistication 
in Japan 

Integration level is the extent to 
which internal and external systems/ 
applications are integrated to each 
other in a hospital and is measured on 
7-point Likert scale ranging from “not 

at all” to “very much”. No statistical 
tests of significance were done for the 
sample of hospitals in Japan as was 
also the case in the studies in Canada 
[13] and the US [14] using the same 
instrument. However, as Table 7 
shows, the level of integration was all 
above the midpoint (3.5) in all the four 

Variable Small 
(n = 20) 

Large 
(n = 21) 

Japan 
(n=41) 

p-Value 

Patient management     
Inpatient pre-admissions 60.0 57.1 58.5 .853 
Outpatient admissions 90.0 100.0 95.1 .137 
Bed availability estimation 55.0 66.7 61.0 .444 
Patient-index 100.0 100.0 100.0 - 
Patient care (MD)     
Discharge summary 85.0 81.0 82.9 .731 
Face sheet 55.0 76.2 65.9 .153 
Patient care (RN)     
Medication administration 60.0 42.9 51.2 .272 
Historical record keeping 80.0 66.5 73.2 .335 
Vital signs recording 25.0 33.3 29.3 .558 
Quality assurance 30.0 9.5 19.5 .098 
Nursing flowsheet 95.0 90.5 92.7 .578 
Patient care (ER)     
Results reporting  89.5 85.7 87.5 .720 
Registrations and admissions 84.2 85.7 85.0 .894 
Patient inflow, waiting time, 
crowding 

36.8 57.1 47.5 .199 

Patient data collection 
(consultations, tests) 

73.7 76.2 75.0 .855 

Physician orders transcriptions 26.3 38.1 32.5 .427 
Patient care (OR)     
Operations booking 63.2 81.1 72.5 .208 
Staff scheduling 21.1 28.6 25.0 .583 
Materials (tools) management 0.0 42.9 22.5 .001 
Case costing 0.0 4.8 2.5 .335 
Anesthetic notes recording 10.5 57.1 35.0 .002 
Clinical support (pharmacy)     
Medication administration 75.0 76.2 75.6 .929 
Patient drug profile lookup 25.0 38.1 31.7 .368 
Historical drug information storage 30.0 81.0 56.1 .001 
Making out refill reports 15.0 47.6 31.7 .025 
Drug interaction checking 85.0 81.0 82.9 .731 
Clinical support (laboratories)     
Recurring tests management 40.0 47.6 43.9 .623 
Specimen archiving 75.0 90.5 82.9 .188 
Blood bank management 25.0 47.6 36.6 .133 
Results capturing (from analysers) 85.0 100.0 92.7 .065 
Clinical support (radiology)     
Label generation 20.0 71.4 46.3 .001 
Results capturing and validation 75.0 81.0 78.0 .645 

 Table 5: Comparison of functional IT sophistication in Japanese hospitals. 
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Variable Small 
(n = 20) 

Large 
(n = 21) 

Japan 
(n=41)  

p-value 

Patient management     
Telemedicine for transmission of diagnostics 20.0 19.0 19.5 .939 
Telemedicine for evaluation and triage 
purposes 

0.0 5.0 2.5 .311 

Expert systems 5.0 0.0 2.4 .300 
Voice recognition systems 15.0 23.8 19.5 .477 
Connection to external databases 20.0 52.4 36.6 .031 
Patient care (RN & ER)     
PCs or workstations at the bedside 90.0 90.5 90.2 .959 
Patient care (OR)     
Bar coding to track tools 0.0 25.0 13.2 .023 
Real-time monitoring and reporting of 
operations’ stages 

22.2 40.0 31.6 .239 

Voice recognition systems for notes 
transcription 

0.0 4.8 2.6 .348 

Portable devices for data input 11.1 15.0 13.2 .723 
Dictation systems for post-operative reports 16.7 20.0 18.4 .791 
Clinical support (pharmacy)     
EDI links to medication suppliers 36.8 33.3 35.0 .816 
Electronic requisition for medications from 
clinical units  

95.0 100.0 97.6 .300 

Clinical support (laboratories)     
Bar coding to track specimen 80.0 95.2 87.8 .136 
Electronic reporting of tests results to medical 
units 

100.0 100.0 100.0 - 

Clinical support (radiology     
PACS 68.4 76.2 72.5 .586 
Voice recognition system for results 
transcription 

10.0 30.0 20.0 .114 

Telemedicine for results capturing and 
interpretation 

10.0 38.1 24.4 .036 

Connectivity technologies     
Use of Fax 60.0 81.0 70.7 .141 
Use of Modem 25.0 61.9 43.9 .017 
Use of Fiber optics 55.0 85.7 70.1 .031 
LAN 100.0 100.0 100.0 - 
WAN 10.0 28.6 19.5 .134 
Microwave connections 0.0 0.0 0.0 - 
Satellite connections 0.0 4.8 2.4 .323 
Infrared 0.0 4.8 2.4 .323 
Wireless connections 75.0 81.0 78.0 .645 
Website  100.0 95.2 97.6 .323 

 Table 6: Comparison of technological IT sophistication in Japanese hospitals. 

variables measuring integration level, 
indicating higher integration sophisti-
cation of the clinical IT systems in the 
sample hospitals. 

3.6 Benchmarking 

The percent of hospitals within a 
country that reported each of the listed 
variables to be available was charted 
for each of the functional and techno-
logical sophistication. Figure 1 dem-

onstrates the variability in the clinical 
IT sophistication between the three 
countries. In Japan, 19 of the 32 vari-
ables measuring functional sophisti-
cation were available in at least 50% of 
the sample hospitals in Japan, com-
pared to 17 and 12 variables which were 
available in at least 50% the sample 
hospitals in Canada and State of Iowa 
in the US, respectively. On the hand, 
10 of the 28 variables measuring tech-
nological sophistication were being 

used in at least 50% of the sample hos-
pitals in Japan compared to 8 and 12 in 
at least 50% of sample hospitals in 
Canada and State of Iowa in the US 
respectively. 

4. Discussion 

This report presents clinical IT 
sophistications across a sample of 
hospitals in Japan. The study was part 
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M ean of integration level Variable 
Sm all 
(n=20) 

Large 
(n=21) 

Japan 
(n=41) 

[Patient m anagem ent]    
Integration am ong patient m anagem ent applications 5.5 5.8 5.6 
Integration of patient m anagem ent system s to other 
applications 

5.1 5.8 5.5 

[Patient care]    
Integration between patient care systems and external 
entities' com puterised system s (clin ics, other 
hospitals) 

4.0 3.6 3.8 

Integration of ER applications 5.1 5.2 5.2 
 Table 7: Comparison of IT integration level in Japanese hospitals. 

Scale 1-7, “not at all” to “very much”. 

of an ongoing nationwide longitudi-
nal study whose aim is to evaluate the 
improvement of the quality of the 
healthcare services as a result of the 
introduction of EMR systems. In or-
der to understand the effect of the in-

troduction of clinical IT systems (in-
cluding EMR systems), it is important 
that one is able to characterise clinical 
IT and identify parts which corre-
sponds to the systems’ units that 
would facilitate the utilisation of these 

systems. Therefore this study was in-
tended to characterise clinical IT so-
phistication among the Japanese 
hospitals and to evaluate whether the 
IT sophistication varies significantly 
among the small and large hospitals 

Figure 1: Clinical IT sophistication for the three countries. 
Note: % hospitals are computed as the number of hospitals within a country who answered yes to the variables in the 
survey; Data for Canada and state of Iowa in the US were obtained from Reference [13] and [14] respectively. 
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surveyed. The response rate was only 
12% of the original targeted random 
sample of 350 hospitals. But the re-
sponding hospitals did not differ from 
the non-responding hospitals on or-
ganisational characteristics. We used 
a measurement instrument that has 
been validated in both Iowa in the US 
and Canada. We translated the instru-
ment into Japanese and modified some 
variables in the instrument, but this did 
not affect the reliability of the instru-
ment as is exhibited in Table 4. Our 
Cronbach’s alphas were somewhat 
lower than the ones found in the two 
previous studies. We suspect that the 
low Alphas obtained in this study 
could have resulted from the nature of 
the sample hospitals, which were al-
ready having some form of computer- 
based applications thus restricting 
variability in the scores. In general, all 
the alphas were well above the com-
monly accepted threshold level of 0.70, 
confirming that the results are reliable 
measures of clinical IT sophistication 
in the sample hospitals. 

4.1 Functional sophistication 

Overall, functional clinical IT sophis-
tication did not vary significantly be-
tween small and large hospitals. 
Nevertheless, some differences existed 
between the hospitals in the two cat-
egories as shown in Table 4. Materials 
(tools) management for operation, an-
aesthetic notes recording, historical 
drug information storage, refill reports 
making in pharmacy and label genera-
tion in radiology were supported by 
computer-based application in larger 
proportion of large hospitals than small 
hospitals. The fact that large hospitals 
were more computerised on these vari-
ables could be attributed to the fact 
that large hospitals tend to see more 
patients than small ones. For example, 
none of the small hospitals reported 
materials (tools) management in opera-
tion room to be computerised. Small 
hospitals see fewer and less complex 
cases than large hospitals and there-
fore tools tracking in the operating 
room can easily be managed manually. 
Similarly, anaesthetic notes recording, 
historical drug information storage, 
and making out drug refill reports in 

the pharmacy and label generation for 
radiology are not common in small hos-
pitals due probably to the workload 
available in such hospitals. Moreover, 
large hospitals had significantly higher 
total hospital budget and IT budget 
than the small ones (Table 3), a fact 
that could be enhancing computerisa-
tion in  the large hospitals. However, 
as the trend elsewhere [17], most basic 
processes for patients’ registration 
and admission have been computer-
ised in large proportions across the 
sample hospitals. Particularly, proc-
esses in patient management and pa-
tient care were computerised in more 
than half of the sample hospitals. In all 
the clinical sections, processes and 
activities in the operating room were 
the least computerised. 

It is noteworthy that all the sample 
hospitals had patient index computer-
ised. This is a significant step in the 
implementation of computer-based 
applications in healthcare. The patient 
index if integrated to all other depart-
ments can form the first building block 
for expansion of the computer-based 
applications including but not limited 
to decision support systems. 

4.2 Technological 
sophistication 

Technological sophistication was 
significantly higher in large hospitals 
than small hospitals. On further inspec-
tion, differences between the propor-
tion of small and large hospitals (Table 
6) were noted in three of the 18 vari-
ables measuring technological sophis-
tication. A larger proportion of large 
hospitals were having connection to 
external databases, bar coding to track 
tools and telemedicine for results cap-
turing compared to small hospitals. 
Overall, the proportions of hospitals 
with technologies were limited. Satis-
factory technological sophistication 
(over 50% of the hospitals) was only 
observed in five variables namely, PCs 
or workstations at the bedside, elec-
tronic requisition for medications from 
clinical units, bar coding in laborato-
ries and use of picture archiving sys-
tems (PACS) in radiology. As shown 
in Table 6, availability of many of the 
technologies in sample hospitals was 

very low to almost nonexistent. 
Telemedicine for evaluation and triage 
purposes, expert systems and voice 
recognition systems for notes tran-
scription were only available in less 
than 5% of sample hospitals. Some of 
the technologies that can improve pa-
tient safety (e.g. bar coding in operat-
ing room), and facilitate the care 
process (e.g. portable devices for data 
input) have not been implemented by 
a large number of sample hospitals. 
However, many of the sample hospi-
tals have implemented technologies 
such as computerised physician order 
entry (CPOE) systems for drug requi-
sitions, tests orders and results view-
ing which if incorporated with 
decision-making capabilities, can 
greatly reduce medical errors [18]. The 
use of CPOE should be carefully moni-
tored and evaluated to avoid introduc-
tion of unintended medication errors 
[19]. The study also show that, apart 
from PACS system which is available 
in a large proportion of the sample hos-
pitals, complex advanced technologies 
such as expert systems, voice recog-
nition systems, dictation for post-op-
erative reports and telemedicine 
remains low in the sample hospitals. 
We suspect that low adoption of these 
technologies could be due to large 
budgets required in implementing 
them. And since majority of the sam-
ple hospitals were mainly private hos-
pitals (Table 2) that rarely receive 
grants from government, their adop-
tion is constrained by the finances re-
quired to implement these 
technologies. 

A majority of the sample hospitals in 
Japan are already having simple con-
nectivity technologies (e.g. fax, LAN, 
fibre optics, wireless connections and 
websites) (Table 6). However, more 
advanced technologies such as micro-
wave, satellite connections and infra-
red are almost nonexistent. We suspect 
that the low adoption of the more ad-
vanced connectivity technologies 
could be related to issues of maintain-
ing security of data and the budget 
required to implement such connectiv-
ity technologies. 
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4.3 Integration sophistication 

On a scale ranging from 1-7, “not at 
all” to “very much”, the level of inte-
gration of the clinical sections were all 
above 5 (Table 7) except the integra-
tion between patient care systems and 
external entities’ systems. This is con-
sistent with the fact that WAN are not 
as common in the sample hospitals as 
LAN (Table 6). Healthcare in Japan is 
not characterised by integrated deliv-
ery networks (IDNS) such as the ones 
seen in the US [20] and therefore use 
of WAN is not common in Japan. In 
Japan, even in instances where some 
institutions have branches spread 
across the country (e.g. The Red Cross 
group of hospitals), each branch oper-
ate as an independent entity and does 
not share clinical data with any other 
branch. The high integration level 
found in this study was only within 
institutions (internal integration) rather 
than between institutions. This did not 
come as a surprise given that most of 
the hospitals surveyed were already 
using some form of computer-based 
applications. With the international 
standards (such as HL7) being ad-
hered to by hardware and software 
developers, it has become much easier 
for systems within an institution to be 
integrated. Moreover, integration of 
systems within a single institution is 
much easier to implement as the number 
of stakeholders, especially the leader 
of the institution (the president of the 
hospital amongst others) can be eas-
ily convinced to take up integrated 
systems. It is much more difficult to 
integrated geographically dispersed 
institutions (external integration) with 
many stakeholders, each with a differ-
ent opinion and view of patient data 
security across institutions. No won-
der therefore that the overall level of 
external integration among the hospi-
tals in Japan was only 3.8 (Table 7). 

4.4 Benchmarking data 

The benchmarking comparison 
made in this report is based on the re-
sults of the comprehensive analysis of 
clinical functional sophistication and 
technological sophistication from data 
collected at different points (in time) 

in three countries -Japan, the US and 
Canada. The results are reported here 
in as far as they can elucidate the ex-
tent clinical IT sophistication in Japan 
compares to those of Canada and the 
US. No statistical tests were done due 
to the following reasons: First, in Ja-
pan we deliberately invited hospitals 
that were already having some form of 
computer-based processes and activi-
ties, unlike in the US and Canada where 
all hospitals regardless of their com-
puterisation status were invited. This 
was likely to exaggerate the level of 
clinical IT sophistication in the sam-
ple hospitals in Japan. This approach 
was adopted purposefully to use the 
group that has adopted clinical infor-
mation technology systems to con-
vince other hospitals of the value of 
these systems. Secondly, the study in 
the US and Canada did not report the 
IT maturity level of the sample hospi-
tals; we could not therefore determine 
whether the hospitals in the three coun-
tries are similar in terms of their IT ma-
turity status. Above all, the data for 
the three studies were collected at dif-
ferent points of time, i.e. Canada (2001), 
the state o f Iowa in the US (2002) and 
Japan (2006). These results may not 
be reflecting the current level of clini-
cal sophistication in Canada and the 
state o f Iowa in the US. 

However, though the charts (Fig 1) 
reveal a similar trend between the three 
countries, a closer look suggests that 
some differences in the pattern of 
adoption exist between the three coun-
tries. Japan showed a rather higher 
level of functional clinical IT sophisti-
cation than Canada and the US. Based 
on the individual variables measuring 
functional clinical IT sophistication, 19 
(59.4%) of the variables were reported 
by more than half of the sample hospi-
tals in Japan compared to 17 (53.1%) in 
Canada and 12 (37.5%) in the US. Even 
though our sample was biased, con-
trary to our expectation, we did not see 
a much higher functional sophistica-
tion as compared to Canada and the 
US. On a hierarchical scale ranging 
from “1” (only departmental systems 
without any integration at all) to “5” 
(longitudinal collection of personal 
health information with systems inte-
grated across healthcare facilities) [15], 

most of the sample hospitals (56.0% 
[data not shown]) in Japan reported 
their IT maturity to be at level “3” (Sys-
tem that captures and stores signifi-
cant data about clinical encounter with 
an institution-wide network has been 
implemented). The results clearly dem-
onstrate that functional clinical IT so-
phistication remains limited even in 
hospitals that have adopted compu-
ter-based systems. 

Technological sophistication ap-
pears to be higher in Japan than 
Canada but lower than the US. How-
ever, less than half of the variables 
measuring technological sophistica-
tion were reported by at least 50% of 
the sample hospitals in the three coun-
tries. 

A detailed discussion between the 
survey in the state of Iowa in the US 
and Canada has been reported by 
Jaana et. al. [14]. 

4.5 Limitations 

Several limitations concerning this 
study are worth mentioning. First, even 
though our sample of 42 hospitals did 
not differ on organisational charac-
teristics from the original random sam-
ple of 350 hospitals, the response rate 
was very low (12%) that is likely to limit 
the extent the results could be gener-
alised to the original 350 hospitals. 
Secondly, the Japanese version of the 
instrument used in this study was not 
fully validated through a rigorous 
measurement study [21]. However, the 
result of the internal consistency 
analysis revealed acceptable level of 
Cronbach’s alphas (Table 4). Finally, 
this study uses both primary and sec-
ondary data collected at different 
points in time between three countries. 
Therefore to what extent the conclu-
sion can be drawn regarding the level 
of IT sophistication between the three 
countries remains limited: the hospi-
tals could be different and the respond-
ents could also have interpreted the 
concepts in the instrument differently. 
However, we tried to maintain the origi-
nal meaning of the items through re-
view of health informatics experts. 
Furthermore, the majority of our re-
spondents were computer scientists as 
was the case in the Canada survey, giv-
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ing us confidence that the respond-
ents could be having the same inter-
pretation of the concepts in the 
survey. Lastly, in reporting integration 
sophistication, mean scores were used. 
This is not methodologically sound in 
statistical sense [22]. However, this 
approach was adopted to be consist-
ent with the reporting of results of the 
study in Canada [13] and the US [14] 
from which we drew our secondary 
data. 

5. Conclusion 

To the best of our knowledge, this is 
the first research reporting on the clini-
cal IT sophistication profile in Japa-
nese hospitals to the international 
medical informatics community. This 
study suggests that clinical IT sophis-
tication remains limited and variable 
across the clinical areas. As the profile 
reflects, majority of the already com-
puterised processes and activities 
(and the accompanying technology to 
support them) are relatively basic and 
simple to implement. Due to complex 
nature of healthcare, the tendency has 
always been to computerise order en-
try processes and admission proce-
dure first [23] before implementing 
advanced procedure such as 
telemedicine for consultations, expert 
systems etc. And since the mean age 
of the program (systems) for the sam-
ple hospitals was about 3.7 years, 
these hospitals might still be at the ini-
tial stage of computerisation. As time 
goes on, we believe the hospitals are 
likely to expand the current systems 
by adding more advanced modules. 

The Japanese Government policy 
targeting hospitals with 400 beds or 
more to computerise patient records by 
2006 was based on the fact that large 
hospitals have resources and infra-
structure necessary to implement com-
puterised systems. Overall, this view 
was only supported on the technologi-
cal dimension of clinical IT sophisti-
cation in the sample hospitals. The 
results suggest that even large hospi-
tals have not been able to meet the tar-
get and may require extra incentives 
and motivation to implement more ad-
vanced systems. 

The extent of clinical IT sophistica-
tion across countries is an important 
contribution and input to policy-mak-
ing. We made an attempt to benchmark 
our results to other better-performing 
countries as a way of measuring out-
come of policies, and monitoring 
progress in clinical IT diffusion. Us-
ing a standard selection of indicators, 
our results show that the extent of 
clinical IT sophistication is yet to 
reach ‘saturation level’ (the state where 
all patient-related activities and proc-
esses in hospital are done using com-
puters in a paperless environment) 
even in hospitals that could be classi-
fied as “adopters”. Though many hos-
pitals in this study are moving towards 
the ‘saturation level’, it will take some 
time for hospitals to be fully paperless 
[24, 25]. To this end, this report has 
provided straightforward evidence as 
an essential input to policy analysis. 

In summary, the results demon-
strated that there exists substantial 
room for expanding clinical IT systems 
in hospitals. 

Acknowledgements 

This research was partly supported 
by the research grant from the Minis-
try of Health, Labour and Welfare, 
Government of Japan, number H17- 
Med-038. 

We thank the anonymous reviewers 
for their in-depth reviews and com-
ments that have greatly improved the 
quality of this paper. 

References 
1. Mekhijian HS, Kumar RR, Kuehn L, 
Bentley TD, Teater P, Thomas A, Payne 
B, Ahmad A. Immediate benefits realized 
following implementation of physician 
order entry at an academic centre. Journal 
of American Medical Informatics Associa-
tion, 2002; 9(5): 529-539. 

2. Fung CH, Woods JN, Asch SM, 
Glassman P, Doebeling BN. Variation in 
implementation and use of computerized 
clinical reminders in an integrated healthcare 
system. American Journal of Managed 
Care, 2004; 10(2): 878-885. 

3. Pizzi LT, Suh DC, Barone J, Nash DB. 

Factors related to physicians’ adoption of 
electronic prescribing: results from a na-
tional survey. American Journal of Medi-
cal Quality, 2005; 20: 22-32. 

4. Japan Hospital Association: A survey 
on status of Computerization: July 2001 
Available from: http://www.hospital.or.jp/ 

5. Harris Interactive, European physi-
cians especially in Sweden, Netherlands 
and Denmark, lead U.S. in Use of elec-
tronic medical records. HealthCare News; 
2002; 2. Available from: http://  
www.harrisinteractive.com/news/ 
newsletters/healthnews/ 
HI_HealthCareNews2002Vol2_iss16.pdf. 

6. Harris Interactive, U.S. trails other 
English Speaking countries in use of elec-
tronic medical records and electronic pre-
scribing. HealthCare News; 2001; 28. 
Available from: http://  
www.harrisinteractive.com/news/ 
newsletters/healthnews/ 
HI_HealthCareNews2001Vol1_iss28.pdf. 

7. Committee for Healthcare Information 
System, “IT Grand Design for Healthcare 
system,” Available from: http://  
www.mhlw.go.jp/shingi/0112/dl/s1226- 
1.pdf (in Japanese). 

8. Zinn JS, Weech RJ, Brannon D. Re-
source dependence and institutional ele-
ments in nursing home TQM adoption. 
Health Service Research, 1998; 33 (2): 261-273. 

9. Iwamoto Y, Fukui T, Ii M, Kawaguchi 
H, Kohara M, Saito M. Policy options for 
Health Insurance and Long-term care In-
surance, ESRI Collaboration Projects 
2004, available at http://www.esri.go.jp/ 
jp/prj-2004_2005/macro/macro16/09-1- 
R.pdf. 

10. The SECRPC report, Ministry of 
Health, Labour and Welfare, 2003. Avail-
able from: http://www.mhlw.go.jp/shingi/ 
2005/05/dl/s0517-4b.pdf  (in Japanese). 

11. Otieno GO, Hosoi R. Factors influ-
encing diffusion of electronic medical 
records: a case study in three healthcare 
institutions in Japan. Health Information 
Management Journal, 2005; 34 (4): 120- 
129. 

12. Japanese hospital directory, 2003- 
2004 (in Japanese). 

13. Paré G, Sicotte C. Information tech-
nology sophistication in healthcare: an in-
strument validation study among Canadian 
hospitals. International Journal of Medi-
cal Informatics, 2001; 63: 205-223. 

14. Jaana, M., Marcia, M.W., Pare, G. and 
Douglas, S.W. Clinical information tech-
nology in hospitals: A comparison between 

http://www.harrisinteractive.com/news/newsletters/healthnews/HI_HealthCareNews2002Vol2_iss16.pdf
http://www.harrisinteractive.com/news/newsletters/healthnews/HI_HealthCareNews2002Vol2_iss16.pdf
http://www.harrisinteractive.com/news/newsletters/healthnews/HI_HealthCareNews2002Vol2_iss16.pdf
http://www.harrisinteractive.com/news/newsletters/healthnews/HI_HealthCareNews2001Vol1_iss28.pdf
http://www.harrisinteractive.com/news/newsletters/healthnews/HI_HealthCareNews2001Vol1_iss28.pdf
http://www.harrisinteractive.com/news/newsletters/healthnews/HI_HealthCareNews2001Vol1_iss28.pdf
http://www.mhlw.go.jp/shingi/0112/dl/s1226-1.pdf
http://www.mhlw.go.jp/shingi/0112/dl/s1226-1.pdf
http://www.mhlw.go.jp/shingi/0112/dl/s1226-1.pdf
http://www.esri.go.jp/jp/prj-2004_2005/macro/macro16/09-1-R.pdf
http://www.esri.go.jp/jp/prj-2004_2005/macro/macro16/09-1-R.pdf
http://www.esri.go.jp/jp/prj-2004_2005/macro/macro16/09-1-R.pdf
http://www.mhlw.go.jp/shingi/2005/05/dl/s0517-4b.pdf
http://www.mhlw.go.jp/shingi/2005/05/dl/s0517-4b.pdf


Otieno et al. | electronic Journal of Health Informatics 2(2): e12 

13 

the state of Iowa and two provinces in 
Canada. International Journal of Medical 
Informatics, 2005; 74: 719-731. 

15. Japanese Association of Healthcare 
Information Systems (JAHIS): classifica-
tion of EMR systems, 1996; V1.1 

16. The list of the adoption status of elec-
tronic medical record system (hospitals), 
New Med. Jpn. 30 (2005) (7), pp. 93-107 
(in Japanese). 

17. Poon EG, Jha AK, Christino M, Hon-
our MM, Fernandopulle F, Middleton B, 
Newhouse J, Leape L, Bates DW, 
Blumenthal D, Kaushal R. Assessing the 
level of healthcare information technology 
adoption in the United States: a snapshot. 
BMC Medical Informatics and Decision 
Making, 2006; 6:1. Available from: http:// 
www.biomedcentral.com/1472-6947/6/1. 

18. Kawamoto K, Houihan CA, Balas EA, 
Lobach DF. Improving clinical practice 
using clinical decision support systems: a 
systematic review of trials to identify fea-
tures critical to success, BMJ, 2005; 
doi:10.1136/BMJ.38398.500764.8F 

19. Koppel R, Metlay JP, Cohen A, 
Abaluck B, Localio AR, Kimmel SE, Strom 
BL. Role of computerized physician or-
der entry systems in facilitating medica-
tion errors. Journal of American Medical 
Informatics Association, 2005; 293(10): 
1197-1203. 

20. Bodenheimer TS, Grumbach K Under-
standing health policy: a clinical approach. 
4th Ed. 2005. Lange Medical Books, 
McGraw Hill. 

21. Friedman CP, Wyatt JC. Evaluation 
methods in medical informatics. Springer- 
Verlag New York, Inc. 2000 

22. Garde S, Harrison D, Huque M, 
Hovenga, EJS. Building health informatics 
skills for health professionals: results from 

the Australian Health Informatics Skill 
Needs Survey. Australian Health Review, 
2006; 30(1):34-45. 

23. Park RW, Shin SS, Choi YI, Ain JO, 
Hwang, S.U. Computerized physician or-
der entry and electronic medical record 
systems in Korean teaching and General 
hospitals: Results of a 2004 survey. Jour-
nal of the American Informatics Associa-
tion, 2005; 12, 6; Health & Medical 
Complete: 642-647 

24. Haux R. Individualization, globaliza-
tion and health -about sustainable infor-
mation technologies and the aim of medical 
informatics. International journal of medi-
cal informatics, 2006; 75: 795-808. 

25. Reichertz PL. Hospital information 
systems -past, present, future. Interna-
tional Journal of Medical Informatics, 
2006; 75: 282-299. 

Correspondence 

George Ochieng Otieno 
Health and Welfare Information 
System, Division of Health Service 
Management, 
Graduate School, International 
University of Health and Welfare 
2600-1, Kitakanemaru, Ohtawara, 
Tochigi 324-8501, Japan. 
E-mail: gotiochiengs@yahoo.co.uk 
Phone: +81-805-087-4506 
Fax: +81-287-24-3637 

Hinako Toyama 
Health and Welfare Information 
System, Division of Health Service 
Management 

Graduate School, International 
University of Health and Welfare, 
2600-1, Kitakanemaru, Ohtawara, 
Tochigi 324-8501, Japan. 
Phone: 0287-24-3096; 
Fax number: 0287-24-3190 

Motohiro Asonuma 
Health and Welfare Information 
System, Division of Health Service 
Management, Graduate School, 
International University of Health 
and Welfare 
8-10-22 Akasaka, Minato-Ku, Tokyo 
107-0052, Japan 
Phone: +81-3-5414-6060 
Fax: +81-3-5414-6064 

Daisuke Koide 
Clinical Bioinformatics Research Unit 
Graduate School of Medicine, 
The University of Tokyo, 
7-3-1 Hongo, Bunkyo-ku, Tokyo 113- 
8655, Japan 

Keiko Naitoh 
Center of Preventive Medicine, 
Takagi Hospital 
Sakemi 141-11, Okawa City, Fukuoka 
831-0016, Japan 
Phone: +81-944-87-0001 
Fax: +81-944-87-9310 

http://www.biomedcentral.com/1472-6947/6/1
http://www.biomedcentral.com/1472-6947/6/1

	1. Introduction 
	2. Method 
	2.1 Research Design  
	2.2 Sample  
	2.3 Instruments  
	2.4 Data collection 
	2.5 Analysis 

	3. Results 
	3.1 Organisational characteristics of the hospitals 
	3.2 Instrument Properties 
	3.3 Functional sophistication in Japan 
	3.4 Technological sophistication in Japan 
	3.5 Integration sophistication in Japan 
	3.6 Benchmarking 

	4. Discussion 
	4.1 Functional sophistication 
	4.2 Technological sophistication 
	4.3 Integration sophistication 
	4.4 Benchmarking data 
	4.5 Limitations 

	5. Conclusion 
	Acknowledgements 
	References 
	Correspondence 


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


