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man error could be reduced. Figure 3 shows the HERS main 
screen. Users (e.g., call and integrated reservation counsel-
ors, inpatient and outpatient counter members) could share 
jobs using one screen in the hospital. HERS was designed 
with an intuitive interface that focuses on job processes. In 
addition, the main functions are examination reservations, 
guidelines for examination reservations, patient information, 
etc. Figure 3B shows the screen for scheduling more than 
one examination. Users can rapidly find the desired date via 
the screen shown.

2. Mining Method Effect
We selected four clinical centers out of a total of fifteen clinical 
centers of the NCC to search patterns of recommended in-
formation based on association rules. The extracted data was 
processed for outpatients using examination dates within the 
previous six months. The mining steps were the following:
 1) The extracted data is used to create a related rule using 
the apriori functions of the ARULES package (R statistical 
program).
 2) After the extraction of all association rules, the algo-
rithm searches for the satisfied reliability setting value from 
the found sets.
 3) The results of frequent itemsets are compared with or-
ders from the patients’ clinical practices.
 4) If the extracted frequent itemsets were valid at the start of 
the examination reservation, HERS recommends the items.

 There could be more than one recommended sequence. 
Furthermore, HERS recommends the closest time to the cur-
rent time, and the shortest total sum of items. Consequently, 
we could complete an effective recommendation system. In 
addition, HERS could be reflected in the clinical pathway 
(CP) of each department.

3. Reservation Effect
In this paper, we focused on the efficiency of patient and 
staff reservations in hospitals. Therefore, our analysis was 
performed using five weeks of log data obtained before and 
after the implementation of HERS for a total of ten weeks, In 
those ten weeks, the total number of outpatients was 38,993 
for the centers for stomach, liver, lung, and large intestine 
(National Cancer Center, Korea). Furthermore, the number 
of scheduled examinations was 131,344. The average number 
of reserved exams was 3.07 (per a patient). If the number of 
scheduled exams was five or the reserved exams were not 
executed, these cases were excluded from the experiment 
(124 cases). As shown in Figure 4A, the process was contin-
ued if the number of exams for a patient was three or four. 
When HERS was not used increasingly, at 168.67% reserva-
tion speed, the single test ratio was 398.67%, which was a 
reduction of 188.49% at 448.49%. The results were analyzed 
through a paired t-test analysis of the same user-based re-
sults (double: mean (–8.36), Pr > | t | < 0.0001; triple: mean 
(–57.45), Pr > | t | < 0.0001; quadruple: mean (–303.6), Pr > 

(a1) Patients basic information
(a2) Scheduled exams list
(a3) History information
(a4) Notice
(a5) Lab notice
(a6) Calendar (available slots)

(b1) Calendar (multi-capable slots)
(b2) The selected multi-exam list
(b3) Selecting a time slot per exam

Figure 3. Hospital Exam Reservation 
System (HERS) main screen 
and multi-reservation screen.
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| t | < because it showed 0.0001); HERS efficiency could be 
noted. Figure 4B, after ambulatory care, shows how strongly 
inspection intervals were aligned until the next patient’s visit. 
From the extent of the reduction of the inspection schedule 
interval between tests, it is possible to shorten the date of the 
subsequent clinic visit and the total time spent at the clinic. 
Furthermore, it was possible to confirm that reduced spacing 
between examination dates is associated with an increase in 
the number of scheduled scans through the use of HERS, as 
shown in Figure 4B.

IV.  Discussion

Reservation counselors could easily and rapidly manage 
their job through HERS. In addition, reservations for pa-
tients could be made with reduced waiting times, which had 
a positive effect on optimized medical services. Most mining 
technology-based recommendation systems have negative 
effects when the input values are incorrect. Therefore, their 
degree of recommendation was not high. Furthermore, 
methods based on keyword entry require numerous opera-
tions that use the weight of relationships between user and 
content. As a result, their recommendation performance is 
lower. In this paper, we proposed a recommendation system 
based on doctor prescriptions to overcome the aforemen-
tioned problems. The proposed system removes those exams 
that were not executed to improve recommendation accu-
racy. Moreover, we analyzed the patterns of executed exams 
based on the data of each department in this study. This 
system supported the ability to extract more accurate pat-
terns by limiting the appropriate range and threshold. In the 
implementation test, many frequent items that could be used 
were created because the connections between exams are 

strengthened. The results section in HERS was limited by the 
number of items that could be displayed on the (association 
rules) orders of examination reservations to reference four 
items. The reason for this limitation was to prevent the con-
centration phenomenon of particular content with high sup-
port value. In this paper, we used an apriori algorithm. By 
recommending closer dates and faster times, the proposed 
system could provide effective service to hospital staff and 
patients. In addition, we proved the accuracy and efficiency 
of HERS through real operation in a hospital. In the future, 
we will research medical data mining to further improve 
the efficiency and accuracy of our service. HERS will be an 
advanced extension of various applications and services. In 
addition, the service will be improved to meet users’ needs 
through continuing research.
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tests scheduled during exam period.
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