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Abstract

educational hospitals.

and designing an efficient and effective system.

Background: Despite the prevalent use and advantages of information systems in hospitals, some have failed to
meet their predefined objectives. Surgery information system (SIS) is a sub-system of a hospital information system.
Its effective and efficient operation could enhance patient care in the busy environment of operating rooms with
multiple tasks. The objective of this study was to evaluate the effectiveness and efficiency of SIS in three

Methods: Data were collected using a questionnaire completed by 82 users of SIS. This questionnaire contains
three parts: 1) participants’ demographic information, 2) questions regarding the efficiency of SIS, and 3) questions
about its effectiveness. An independent sample t-test was used to compare the efficiency and effectiveness among
systems. Chi-squared and Fisher tests were used to determine the relationship between the participants’
demographics and efficiency and effectiveness as well as the relationship between efficiency and effectiveness.

Results: About 23% of the participants rated the system’s efficiency as low, 29% as medium, and 48% as high.
Besides, 24% of the participants considered the effectiveness of the system as low, 31% as medium, and 45% as
high. There was a significant correlation between the efficiency and effectiveness of SIS (p < 0.0001).

Conclusion: Based on the perspective of most participants (44%)the efficiency and effectiveness of both surgery
information systems were acceptable. The results suggest that these systems should be designed in a way that
facilitate user’s interaction and reduce the time takes to complete tasks. The results could be useful for developing
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Background

Hospital information systems (HIS) have been developed
with the aim of collecting, storing, processing, and pro-
viding access to patients’ information through computers
and communication tools. They are used for establishing
communication among healthcare providers, managing
patients’ information, and providing better services to
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patients [1]. An efficient and effective system is neces-
sary to reach the goals of a health care organization.
According to international standard organization (ISO),
efficiency and effectiveness are two determinants of
system acceptability. Effectiveness is the accurate and
successful completion of the system’s goals by a user,
and efficiency is the extent of effort and resources accu-
rately and completely used to achieve these goals [2].

Many studies have shown [3-5] the efficiency and ef-
fectiveness of surgery information systems in reducing
errors by improving legibility, completeness, and accur-
acy of information required for accurate decision making
by physicians and doing their tasks.
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Evidence shows that [6-9] lack of efficiency and effect-
iveness not only causes errors but also increases adverse
effects and clinical risks for patients. Furthermore, the
system will be inefficient, and clinical expenses will be
incurred if the tasks are not completed on time. There-
fore, an efficient and effective system can enhance
patients’ care and safety.

Surgery information system (SIS) is a subsystem of a
hospital information system that is used in operating
rooms. Since the occurrence of errors in operating
rooms is inevitable and has adverse consequences for pa-
tients, the surgery team needs an efficient and effective
system to provide accurate and efficient information and
improve patients care safety [10-12].

So far, no study has reported on the evaluation of the
effectiveness and efficiency of surgery information sys-
tems. The majority of the studies conducted on surgery
information systems have addressed topics such as the
management of patient’s care [9], quality assurance, the
management of waiting list in surgery information sys-
tems [13], the development of mobile-based surgery in-
formation system [11] and its architecture [14]. The aim
of this study was to evaluate the effectiveness and effi-
ciency of the surgery information system from the view-
points of its users.

Methods

This study was conducted in 3 hospitals affiliated to Ker-
man University of Medical Sciences (Shafa, Afzalipoor,
Bahonar) in the fall of 2018. Currently, the Tirazheh sur-
gery information system is used in two hospitals, and
Peyvand Dadeh is used in the other hospital. Of the 136
users with active usernames and passwords, 82 use the
system actively. All these 82 users were invited to
participate in the study.

Surgery information system

The surgery information systems evaluated in this
study were the subsystems of two health information
systems developed by Tirazheh and Peyvand Dadeh
that are currently used in 236 and 67 educational
hospitals in Iran, respectively. These systems have
various parts, including patient profiles, patient lists,
patient status, new surgeries, requests for services,
blood requests, service records and audio records, ser-
vice results, inpatient appointments, patient transfers,
and delivery information. Using these systems, users
can undertake activities such as transferring patients
from the waiting lists to clinical wards and entering
the information of services provided to the patient.
Also, users can order services from other wards and
see the results of the provided services.
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Data collection

The data was collected using a questionnaire that was
developed by the researchers based on the review of us-
ability questionnaires [15] of the system as well as a pre-
vious study [16]. This questionnaire was reviewed by
three medical informaticians, one health information
management specialist, and one operating room techni-
cian (Additional file 1). The questionnaire was modified
based on the specialists’ comments and its content valid-
ity was confirmed. In designing this questionnaire, three
questions from the previous study, and two questions
from the usability questionnaire were used for the effect-
iveness section. as well as two questions from the previ-
ous study and two questions from the usability
questionnaire were used for the efficiency section. In
addition, twelve of the questions were designed by re-
searchers. The reliability of the questionnaire was con-
firmed by calculating the internal consistency with a
Cronbach’s alpha of 95%. The questionnaire was com-
posed of three parts: 1) Demographic information such
as sex, education, work experience, computer skills, the
experience of working with a surgery information sys-
tem, daily use of the surgery information system, and
the experience of using the traditional system. 2) Specific
questions for evaluating the effectiveness of the surgery
information system (16 questions, one of which related
to the overall effectiveness of the system). 3) Specific
questions for evaluating the efficiency of the surgery in-
formation system (5 questions). We used a 9 point
Likert scale (1 =the lowest level of agreement to 9 = the
highest level of agreement) to answer the questions.
Zero was assigned to the questions with no answer. Ef-
fectiveness was assessed based on user’s perceptions of
achieving system goals while performing tasks. Efficiency
was measured based on the users’ perceptions of
reducing the time required to perform tasks.

Data were collected from the hospitals under study by
the researcher after obtaining the required license issued
by the research deputy of the faculty. Printed question-
naires were distributed by one of the researchers among
the participants after explaining the purpose of the
study. Verbal consent was obtained from the participants
before the completion of the questionnaires. To ensure
the completeness of all questionnaires, one of the re-
searchers personally collected the questionnaires in the
same day. In the case that the users did not have enough
time to complete the questionnaires on the same day,
the researcher visited the hospital the next day and
asked them to cooperate.

Data analysis

Data were analyzed using SPSS 22. We used independ-
ent sample t-test to compare the efficiency and effective-
ness of the two systems. Chi-square test and Fisher test
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were used to investigate the relationship between demo-
graphic information and efficiency and effectiveness as
well as to determine the relationship between the effi-
ciency and effectiveness of the system. The anchors of
the questionnaire were reduced to three categories for
easy data analysis (0—3: low, 3.1-6: average, 6.1-9: high)
[17]. Moreover, the efficiency and effectiveness of the
surgery information system were considered as accept-
able if the total score of more than 70% was obtained.
Likewise, it was considered as marginal with a score be-
tween 50 and 70%, and as not acceptable with a score of
less than 50% [18].

Results

The demographic information of the participants is
shown in Table 1. Of the 82 users who participated in
the study, 85% were female and 92% had an academic
education degree. Forty percent of the participants had
6-15 years of work experience. In addition, 60% of the
participants had less than 5 years’ experience of working

Table 1 Participants’ demographic information

Demographic information N (%)

Gender
Female 70 (85.4)
Male 12 (14.6)

Work experience (year)

2 5 25 (31.6)
6-15 31 (39.2)
>15 23 (29.1)

Education
Non-academic 6 (74)
Academic 75 (92.6)

Work experience with computer (year)

2 5 20 (333)
6-15 37 (61.7)
>15 3(50)

Computer skills (year)

Elementary 24 (30.0)
Advanced 56 (70.0)

Experience of using surgery information system

2 5 35 (60.3)
6-15 23 (39.7)

Daily use of surgery information system
<1 45 (57.7)
21 33 (423)

Experience of using traditional systems
Yes 62 (80.5)
No 15 (19.5)
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with a surgery information system, and 58% use the sys-
tem for less than an hour per day. More than 81% of the
users had the experience of working with the traditional
system.

Table 2 shows the mean efficiency and effectiveness of
the surgery information systems based on their vendors.
In general, there was no significant difference between
the efficiency and effectiveness of the surgery informa-
tion systems between Tirazheh and Peyvand Dadeh
(p > 0.05).

The rating of the efficiency and effectiveness of the
surgery information systems based on demographic in-
formation of the participants is shown in Table 3. There
was no meaningful correlation between any of the par-
ticipants’ demographic information (gender, work ex-
perience, education, experience of working with
computer, computer skills, experience of using a surgery
information system, daily use of the surgery information
system, and experience of using the traditional system)
with efficiency and effectiveness of the surgery informa-
tion systems (p > 0.05).

In general, about 23% of the participants considered
the efficiency of the surgery information systems as low,
29% considered it as medium, and 48% regarded it as
high. Besides, 24% of the participants considered the sys-
tem effectiveness as low, 31% considered it as medium
and 45% regarded it as high.

In response to the overall question comparing the ef-
fectiveness of the surgery information system with the
traditional system, 57% (n=47) of the participants be-
lieved the surgery information system is far more effect-
ive. In addition, 45% (n=37) of them rated the
learnability of the system in a short period at a medium
level. The results also showed that 56% (1 =46) of the
participants believed that the surgery information system
can increase the quality of documents and the confiden-
tiality of information. Likewise, 51% believed that using
the system would increase the accuracy in recording the
information and save the users time (Table 4).

According to the perspective of 44% of the participants
who believed that the efficiency of the system was not
acceptable and 22% of those who rated it as marginal
and 10% of those who considered it as acceptable, the ef-
fectiveness of the system was also the same. There was a
significant relationship between the efficiency and

Table 2 Comparison of the mean efficiency and effectiveness
of surgery information systems between the vendors

Vendor Factor Mean + Std p-value
Tirazheh Efficiency 115+14 03
Peyvand Dadeh 1105+ 28

Tirazheh Effectiveness 354+ 89 09
Peyvand Dadeh 348 £ 86
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Table 3 The rating of efficiency and effectiveness of the systems based on demographic information of the participants
Demographic information Variables Effectiveness Efficiency
Acceptable Marginal Not Acceptable Marginal Not
N(%) N (%) acceptable N(%) N(%) acceptable
N(%) N(%)
Gender female 32(457)  31(443) 7(10) 41 (586) 19 (27.1) 10 (143)
male 541.7) 5@17) 2(167) 9 (75.0) 1(83) 2(16.7)
Work experience (year) >5 12 (48) 10 40) 3012 15 (60) 7 (28) 3(12)
6-15 16 (51.6) 12 (387) 3(9.7) 19 (61.3) 7(226) 5(16)
16< 8 (348) 12 (522) 3(13) 14 (609) 5(1.7) 4(0174)
Education Academic 3 (50) 3 (50) 0 (0) 5(83.3) 0 (0) 1(16.7)
Non- 34 (453) 32(427) 9012 44 (58.7) 20 (26.7) 11 (14.7)
academic
Experience of working with computers (year) >5 10 (50) 7 (35) 3 (15) 14 (70) 2 (10) 4 (20)
6-15 17 (45.9) 17 (459) 3 @8.1) 21 (56.8) 11(29.7) 5(135)
16< 1(333) 2 (66.7) 0(0) 2 (66.7) 1(333) 0(0)
Computer skills elementary 6 (25) 14 (58.3) 4 (16.7) 12 (50) 8((333) 4(167)
advanced 9(51.8)  22(393) 5(89) 36 (64.3) 12.(214) 8(143)
Experience of working with surgery information >5 9 (54.3) 12 (343) 4(114) 25 (71.4) 5(43) 5(143)
system (year) 6-15 2(522) 10 (435) 1(43) 14 (609)  7(304) 2 (87)
Daily use of surgery information system (hour) <1 21 (46.7) 20 (444) 4 (89 31 (68.9) 92000 5011
1< 16 (48.5) 14 (424) 309.1) 18 (54.5) 10 (30.3) 5(15.2)
Experience of using the traditional system Yes 1 (50) 26 (41.9) 5 (8.1) 38 (61.3) 17 274) 7(013)
No 4(26.7) 9 (60) 2(133) 9 (60) 3 (20) 3(20)

effectiveness of the surgery information system (p <0.0001)
(Table 5).

Discussion

Principal findings

According to the perspectives 44% of participants in this
study, the efficiency and effectiveness of the surgery in-
formation system were acceptable. Also, there was no
significant difference between the efficiency and effect-
iveness of the surgery information system in the two
companies. About 30% of users reported that they can
learn how to use the system in a short period of time,
though they need some training to use it successfully.
Moreover, more than 50% of them claimed that using
this system can improve the confidentiality and accuracy
of patient’s information as well as the completion of
documents. The findings of the present study showed
that the users irrespective of their age, sex, education,
experience of working with computers, computer skills,
and experience of working with surgery information sys-
tems have the same viewpoint about the efficiency and
effectiveness of the system.

In our study, 44.7% of the participants rated the sys-
tem’s effectiveness as high and 48.5%of them rated its ef-
ficiency as high, as well as 44% of participants believed
that the system effectiveness and efficiency were

acceptable. In this regard, Meulendijk [19] evaluated a
decision support system and showed that users per-
formed their tasks better using the system compared to
traditional method, but they sometimes made mistakes
when working with the system. Furthermore, due to the
users’ unfamiliarity with the user interface, it took more
time to get tasks done by the system, leading to low effi-
ciency. Hence, participants indicated that the system was
marginally acceptable. Findings of a review study [20]
that evaluated three aspects (effectiveness, efficiency, and
satisfaction) of the clinical decision making support sys-
tem showed a positive effect of this system on efficiency
and effectiveness. Also, Treadwell study [21] assessed
the usability of the personal digital assistant system for
clinical examinations. According to the results, the ef-
fectiveness of this system was not different in the effect-
iveness of the paper-based system, but its efficiency was
higher. Farrahi in a study [22] measuring the relation-
ship between user interface problems of an admission,
discharge, and transfer (ADT) module with usability at-
tributes, found that the efficiency and effectiveness of
that system were unacceptable. This was due to the user
interface issues such as unclear function of some keys,
lack of “help” option, and the existence of hidden menus
in the system. These issues prevented a successful inter-
action of the users with system wasted their time.
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Table 4 The viewpoints of the participants concerning the efficiency and effectiveness of surgery information system
Factors related to the efficiency and effectiveness of the system Low Medium High
N(%) N(%) N(%)
Effectiveness
More effective than the traditional system 17 (20.7) 18 (22.0) 47 (57.3)
No need to learn the system 37 (45.1) 21 (25.6) 24 (29.3)
Meeting the users' needs 20 (24.4) 32 (39.0) 30 (36.6)
System ease of use 25 (30.5) 28 (34.1) 29 (35.4)
Reducing physicians’ error 18 (22.0) 22 (26.8) 39 (47.6)
Improving the safety of patients in operating room 27 (329) 28 (34.1) 27 (329)
Increasing patients’ satisfaction 27 (32.9) 30 (36.6) 24 (29.3)
Increasing the quality of the documents 14 (17.1) 21 (25.6) 46 (56.1)
Increasing the confidentiality of information 15 (18.3) 20 (244) 46 (56.1)
Easy documentation of reports 18 (22.0) 25 (30.5) 39 (47.6)
Increasing the reliability of information and data in patient records 13 (15.9) 27 (32.9) 42 (51.2)
Continuing patients care 16 (19.5) 30 (36.6) 36 (43.9)
Increasing the quality of care provided to patients 23 (28.0) 25 (30.5) 34 (41.5)
Increasing the accuracy of recording patients information 18 (22.0) 22 (26.8) 42 (51.2)
Facilitating communication among specialists 18 (22.0) 31 (37.8) 33 (40.2)
Facilitating communication among clinical wards s 12 (14.6) 24 (29.3) 45 (54.9)
Efficiency
Learning of the system in a short period of time 19 (23.2) 37 (45.1) 25 (305)
Facilitating reporting 16 (19.5) 19 (23.2) 46 (56.1)
Saving time 22 (26.8) 18 (22.0) 42 (51.2)
Increasing the completion of documents 19 (23.2) 20 (24.4) 42 (51.2)
Reducing the duration of requests from other wards 16 (19.5) 23 (28.0) 42 (51.2)

Findings of Sheehan study [23] also indicated that qual-
ity of a system interface can influence the duration of
work and consequently the system performance. More-
over Guo study [24] showed that system interface prob-
lems reduce the efficiency because users have to devote
more time to fulfill a task.

The results of the study showed a significant relation-
ship between the efficiency and effectiveness of surgery
information systems. The findings of the present study
are in line with the results of the study conducted by
Erik [25] concerning the relationship between the three

Table 5 The relationship between the efficiency and
effectiveness of surgery information system

Effectiveness

Efficiency Acceptable Marginal Not Acceptable
N(%) N(%) N(%)
Acceptable 36 (43.9) 14 (17.0) 0(0)
N(%)
Marginal 1(1.2) 18219 1(1.2)
N(%)
Not Acceptable 0 (0) 448  8(97)

N(%

usability attributes (efficiency, effectiveness, and satisfac-
tion). Findings of his study also showed a meaningful
correlation between the efficiency and effectiveness attri-
butes. Ramadan [26], in a study evaluating the usability
of geographic information system (GIS), showed that al-
though the effectiveness score was higher than the effi-
ciency score, consistent with our results, there was a
significant relationship between these two attributes. In
a study conducted by Georgsson [2] participants who
did their tasks successfully were also quicker in perform-
ing them.

In our study, 51% of the participants evaluated high
rate of the use of the surgery information system to in-
creasing the precision of recording patients’ information.
Increased accuracy in data recording reduces errors and
re-work, which can decrease the time required to per-
form tasks and improve the system efficiency. Consistent
with this finding, Maat study findings [5] showed that
after performing the computerized physician order entry
(CPOE) in the intensive care unit (ICU), the glucose cal-
culation accuracy increased. Use of this system, in com-
parison with the manual computation, reduced the
computation time.
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In the present study, about 48% of the users indicated
that the physicians’ errors reduced highly when using
the system. Also, 34% of the participants believed that
this system improved patient safety up to a medium level
This finding is consistent with the results of a study by
Hsieh [27] in which the use of mobile electronic medica-
tion administration record (ME-MAR) system reduced
medication errors by nurses and consequently increased
patient safety. About 37% of our study participants men-
tioned that this system could improve patient satisfac-
tion at a moderate level. This finding is congruent with
the results of Yilmaz’s study that investigated the use of
an architectural system for the development of smart in-
formation systems [28].

Based on the results, about 35% of the participants
rated the system’s ease of use as high. Since system ease
of use saves the time users spend on the learning and
using a system, it can affect the efficiency of that system.
Therefore, the design of such systems should be simpli-
fied in their development phase to improve their effi-
ciency. In this regard, a study conducted by Lee [29]
regarding the efficiency of the nursing care planning sys-
tem showed that ease of use of the system improved effi-
ciency and satisfaction of users. Furthermore, the study
by Khajouei [30] also showed that physicians were satis-
fied with CPOE ease of use and its effect on medication
safety, workflow, and efficiency. Likewise, nurses also
had a positive attitude towards it. In the present study,
the 45%of the participants mentioned their need for
training to use the system. This may not be the case for
other systems. For example, Alnasser [31] in a study
which investigated the usability of Twazon Arabic
Weight Loss App showed that a large number of users
did not need to learn the app before using it. The major-
ity of participants in this study believed that the surgery
information system improves communication among
specialists (40%) and clinical wards (55%). Since the aim
of this communication is to provide care for the patients,
the facilitation of communication can improve patient
care [32]. Sturzlinger [6], in a study concerning the effi-
ciency and effectiveness of CPOE with integrated deci-
sion support systems, highlighted the improvement of
communication and patient care after implementation of
this CPOE. Georgiou [33] in a study revealed that the
use of CPOE and clinical decision support system
(CDSS) reduced the turnaround time for laboratory test
results and improved patient care as a result.

Fifty-six percent of the participants in this study noted
that surgery information systems increase the confidenti-
ality of information. This finding is in line with the re-
sults of Dale’s study [34] on the investigation of the
privacy, confidentiality, and security of information in
electronic information systems. Participants in our study
asserted that surgery information systems increase the
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speed of completing documents. This finding is consist-
ent with the results of previous studies [9, 35].

Implications of the study

Despite the existence of different studies on surgery in-
formation systems, no previous study has investigated
the efficiency and effectiveness of this system. This re-
search is the first study examining the efficiency and ef-
fectiveness of two surgery information systems used in
Iranian hospitals. The methodology adopted in this
study helped to investigate the opinions of real users
concerning the efficiency and effectiveness of surgery in-
formation systems. Our findings suggest that policy-
makers, designers and developers of information systems
select and develop efficient and effective systems that
help users reach out the system’s goals such as increas-
ing patient safety and satisfaction, reducing task comple-
tion time, improving accuracy of patient information
and reducing errors rate.

Limitations

This study had three limitations. First, the efficiency and
effectiveness of the system were evaluated in three uni-
versity hospitals. More accurate results can be obtained
by choosing a bigger sample size form a broader envir-
onment. However, this research was carried out on two
surgery information systems that are currently used in
303 university hospitals in Iran. Second, since the study
was conducted on an already implemented system, it
was not possible to compare the effectiveness and effi-
ciency of the surgery information system with the trad-
itional system. Yet, the findings of this study can be used
by subsequent studies that plan to compare efficiency
and effectiveness of the systems before and after imple-
mentation. Third, this study examined the efficiency and
effectiveness of two surgery information systems (Tiraz-
heh and Peyvand Dadeh). Although the surgery informa-
tion systems developed by different vendors may have
different efficiency and effectiveness based on each ques-
tionnaire component, due to the following reasons this
may not have a major impact on our findings: a) the effi-
ciency and effectiveness of these two systems were not
significantly different, b) since these two systems have
the same purpose and are designed for the same goal,
they are similar in terms of interface features and cap-
abilities and c) this study was conducted in three teach-
ing hospitals affiliated with the same university, hence,
they have almost similar staff composition, and the tech-
nical knowledge of their system users is similar.

Conclusion

In the present study, the efficiency and effectiveness of
the surgery information systems were acceptable. Also,
the efficiency and effectiveness of the two surgery
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information systems in the two companies (Tirazheh
and Peyvand Dadeh) were similar. Based on users’ per-
spectives, the selection and development of information
systems should focus on the aspects that improve the
successful interaction of the users with the systems and
of the system and reduce the time required to perform
tasks This study provided insights for healthcare policy-
makers, and designers and developers of information
systems to select and develop efficient and effective
systems.
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