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Abstract

Background: An increasing number of people are visiting hospital websites to seek better services and treatments compared
to the past. It is therefore important for hospitals to devel op websites to meet the needs of their patients. However, few studies
have investigated whether and how the current hospital websites meet the patient’s needs. Above all, in radiation departments,
it may be difficult for patients to obtain the desired information regarding modality and diagnosis because such information is
subdivided when described on awebsite.

Objective: The purpose of this study isto suggest a hospital website search behavior model by analyzing the browsing behavior
model using a Bayesian network from the perspective of one-to-one marketing.

Methods: First, we followed the website access log of Hokkaido University Hospital, which was collected from September 1,
2016, to August 31, 2017, and analyzed the access log using Google Analytics. Second, we specified the access records related
to radiology from visitor browsing pages and keywords. Third, using these resources, we structured 3 Bayesian network models
based on specific patient needs: radiotherapy, nuclear medicine examination, and radiological diagnosis. Analyzing each model,
this study considered why some visitors could not reach their desired page and improvementsto meet the needs of visitors seeking
radiology-related information.

Results: The radiotherapy model showed that 74% (67/90) of the target visitors could reach their requested page, but only 2%
(2/90) could reach the Center page where inspection information, one of their requested pages, is posted. By analyzing the behavior
of the visitors, we clarified that connecting with the radiotherapy and radiological diagnosis pages is useful for increasing the
proportion of patients reaching their requested page.

Conclusions: We proposed solutions for patient web-browsing accessibility based on a Bayesian network. Further analysisis

necessary to verify the accuracy of the proposed model in comparison to other models. It is expected that information provided
on hospital websites will be improved using this method.

(J Med Internet Res 2021;23(1):€14794) doi: 10.2196/14794
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Introduction

Hospital Web Marketing in Japan

For patients to choose a preferred hospital, information
transmission using a hospital website isimportant because the
external environment is constantly changing, owing to
improvementsto theinternet and new competitive relationships
asaresult of the declining trend of patients[1,2]. It isassumed
that there are 2 mgjor reasons why information on websites has
become increasingly important for hospital management. First,
patients can choose a hospital based on their personal
preferences. The “ paternalism model,” where physicians make
decisions, was previously the mainstream; however, patients
have shifted to an “informed decision model,” where they make
decisions themselves [3]. A previous study conducted by the
Japanese Ministry of Health, Labor, and Welfare revealed that
the percentage of those who responded that “| have obtained
information” for theitem“Isinformation usually obtained when
you visit the hospital?’ increased by 30% compared to 2011
[4]. Second, the popularization of smartphones among all age
groups has led to significant lifestyle changes [5,6]. Patients
can select a hospital based on the information available on a
website. According to the National Federation of Health
Insurance Societies[7], theinformation from ahospital website
has the largest impact on hospital selection. Theinternet serves
as an important source of medical information [8]. A study
showed that “hospital websites” and “information websites
about hospitals’’ account for a high proportion of the available
credible information.

In previousresearch targeting hospital sin Japan, theintroduction
of marketing departments in hospitals has recently been
proposed [9]. However, medical advertising guidelines make
it difficult for hospitals to advertise as a company [10]. In
today’s society, with advancesin theinternet, it is expected that
the proportion of individuals who choose to seek information
from such sources when deciding on a hospital for an
examination or treatment will continue to increase, despite the
strict regulations. Therefore, hospitals need their own web
marketing methods.

Improve I nformation Provision on Hospital Websites

Through recent marketing, CRM, one-to-one marketing, and
personalization aimed at increasing patient satisfaction and
loyalty by reaching individual consumers through the spread
of theinternet and intensified competition are attracting attention
[11,12]. It is therefore desirable to transmit appropriate
information to the websites according to the needs of each
visitor. For thisreason, to improveinformation provisioning on
websites, it is common to analyze the current state of websites
using quantitative data such as access logs. As advertising
regul ations were adopted on websitesin Japan, the study focused
on whether the information posted on websites followed the
regulations [13,14]. In the United States, there are weaker
advertising regul ations on websites than Japan; astudy evaluated
the accessibility of websitesto provide high-fidelity information
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from the viewpoint of public health [15]. Few have focused on
the browsing behaviors of visitors on hospital websites. Suzuki
et al [16] attempted to develop a method for creating browsing
behavior models and assessing the intentions of patients on
hospital websites. However, no model s have been proposed that
allow medical staff to intuitively understand the browsing
behavior of patients and propose improvements to meet the
needs of visitors seeking radiology-related information.
Therefore, we focused on a Bayesian network that can easily
understand variable relationships.

Owing to the market trends, we decided to analyze not all
visitors but specific visitors. Our research target, Hokkaido
University Hospital, isone of thelargest hospitalsin Japan with
944 beds. Furthermore, Hokkaido University Hospital has one
of the 17 proton therapy facilities in the country and therefore
provides advanced medical care in the field of radiotherapy
[17]. It is possible that there was a certain need at this hospital
to provide information in response to citizen requests for the
transmission of radiology-related information. In addition, after
the Great East Japan Earthquake (March 11, 2011), severd
individuals have become interested in radiology-related
information. Some studies have reported that few people have
sufficient knowledge of radiology, and many people are
concerned about exposure to radiation [18,19]. Owing to these
situations, several patients have sought information on the safety
and effects of radiotherapy and radiological diagnosis.
Furthermore, there are various types of radiological diagnoses,
such as radiography, computed tomography, and magnetic
resonance imaging, which make it difficult for patients to
understand each type of examination. This study conducted a
behavioral analysis focusing on visitors seeking
radiology-related information.

The purpose of this study isto propose ahospital website search
behavior model in which medical staff can easily understand
the browsing scenario by analyzing the browsing behavior of
visitorswho arelooking for radiology-related information based
on the results of a Bayesian network from the perspective of
one-to-one marketing.

Methods

Scheme

A flowchart of our research is shown in Figure 1. The page that
we believe the target wants to browse was defined as the
“request page (RP).” In addition, atarget reaching the requested
page was defined asa“ conversion,” and the ratio of conversion
as the “conversion rate (CVR),” as shown in

s \We attempted to enhance the
CVR using a Bayesian network with an access log. We used
the website data access|og of the Hokkaido University Hospital
website (Figures 2 and 3), which has 208 pages. Our research
focused on the patients seeking radiology-related information
at Hokkaido University Hospital as the target visitors.

CVR(%) =
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Figure 1. Research scheme.
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Figure 2. Abstract of target website link about radiology-related information. PRT-CT: positron emission tomography-computed tomography; RI:
radio isotope.
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Figure 3. TOP page of Hokkaido University Hospital website (personal computer edition).

() JLiEE K mke

A CKKAIDO UNIVERSITY HOSPITAL

>

PRl

B - g2y —8M

2073w

NEDs

BEDS

_P.

AFE -
BRAVLDS

ke

EMRFEEDS

BREREHE -
LRTWHERELS

we
3

sHSE

i

BH5 2015688188
[H% 1) FrE27EI0F1H(F)LE, SEHFBET SRS

e T R
=30~ (e T

i

202042R216
:

fomde il TR oioy g sEchEdM A an Fo — Skt e ke e e

wrovex mx wn mcws ee ] m ] s

N AL
Language -

SR ¥ » A bRy

Ef 216N
FH#E
FHISEI305~
DT - B [mE] FMeE308~FH11EET
BE SN
8

THEE30A~EFET
sUlE  BEEET, ETFE

Traffic Confirmation

First, we collected the website access log of Hokkaido
University Hospital from September 1, 2016, to August 31,
2017. Knowing the purpose and needs of the visitors is useful
for improving a website; however, this information usually
cannot be observed, and it is necessary to understand this
information through an analysis of the data access log. This
research analyzed the access|og using Google Analytics. Google
Analyticsisatool that allows usersto visualize the access status
without a server that even medical clerks can easily handle.
Google Analytics has been widely used in public ingtitutions,
including hospitals[16,20]. We used “ page view,” which shows
the number of pagesviewed by visitors, “session,” which shows
the number of timesany visitor accessed thewebsite, and “ page
depth,” which shows the number of pages viewed in a single
session.

Data Extraction

First, we acquired data from the access log by designating 8
indicators using Analytics Edge, which is an add-in service of
Google Analytics. The following metrics were collected from
the user’s http request: 1, page title; 2, retrieval keyword by
visitor; 3, municipalities of visitors; 4, browsing date by visitor;
5, network domain of the visitor; 6, page depth; 7, operation
system of the visitor; and 8, page views. Although Google
Analytics issues a “Client ID,” which identifies the user, the
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website administrator cannot obtain the ID. Thus, the
administrator cannot identify the individual user data from the
raw data. Therefore, the behavior data of each user was
identified by generating a pseudo user ID from indicators 2 to
7, which led to the identification of the user. We used only
indicators 3 to 7 to identify the user. We extracted data for 870
sessions using 32 radiology-related keywords that the target
would use as a retrieval keyword, as shown in Multimedia
Appendix 1. This selection was made by aspeciaistinthefield
of radiology. The exclusion conditions in the data extraction
used were as follows: we excluded the records of the session
with a page depth of 1 because of the difficulty in interpreting
theintention to visit [21]. To acquire patient data, we excluded
the following types of data used in retrieval keywords:
recruitment-related words (eg, touring and recruitment),
technical terms (eg, academic society and doctor names), and
words related to needs other than treatment and examination.
We also excluded data with “.ac.jp” at the end of the network
domain, which is called the second-level domain.

Second, we classified the extracted sessions into 3 types of
needs using retrieval keywords: 1, sought radiotherapy
information; 2, sought information on nuclear medicine
examination; and 3, sought information on radiologica
diagnosis. The judgment of the 3 classifications was based on
aninterpretation of indicator 1: retrieval keywords by aspecialist
in radiology.
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Third, the RP for the 3 groups were selected, as shown in Table
1. However, the RP was an estimate because we could not know
for certain what information was needed. Thus, we chose the
RP in order of high scores for “Explanation of flow of
examination,” “Request/notes,” “Explanation of technical
terms,” and “Explanation of equipment” in reference to the

Table 1. Request pagesin each model.

Suzuki et al

previous study, for the 3 groups from the target website [22].
Table 2 shows the evaluation criteria. The Center Navigation
page, that is, the link source of the Radiology Center page, was
set as RP1. Because the Radiology page was an external link,
we could not examine the access log.

Group Request pages
1 2 3 4
Radiotherapy Center Navigas  Radiotherapy Department _a —

tion

Nuclear medicine examina-
tion

Center Naviga-
tion ment
Radiological diagnosis Center Naviga-
tion

Nuclear Medicine Examination Depart-

Radiological Diagnosis Department

Examination and Treat-
ment

PRT-CT? and Nuclear
Medicine

Examination and Treat- —
ment

8The request pages (RPs) for 3 groups were set by aspecialist in radiology. The lower rank RPin acertain group was not applicablein our RP selection.

bPRT-CT: positron emission tomography-computed tomography.

Table 2. Criterion for page evaluation.

Assessment and condition Score
Equipment description

Statement 2

No statement 1
Doctor introduction

Statement 2

No statement 1
Recor ds of previous diagnoses

Statement 2

No statement 1
Flow of examination

Statement (image and text) 3

Statement (only text) 2

No statement 1
Precautions

Statement 2

No statement 1
Terminology

Statement (including meaning of the term) 2

Statement 1

Fourth, we converted the extracted access log into behavioral
data. These behavioral data show whether each visitor browsed
each page. After calculating CVR, these data were applied to
the Bayesian network.

Browsing Models

Behavioral models were built based on the Bayesian network
model, using BAYOLINK version 7.0.1. A Bayesian network
isaprobabilistic model that expressesthe qualitative dependence
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among multiple random variables using a graph structure and
expresses the quantitative relationship between individual
variables based on their conditional probability. Variables are
nodes, and a linked node is referred to as a“ child node,” and a
link source node is referred to as a “parent node,” as shown in
Figure 4. In addition, Bayesian network can be used to determine
the probability distributions of child node by observing the
parent node. When using statistical models in marketing, it is
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crucial to determine whether the model is useful for decision
making. Bayesian networks can express rel ationships between
explanatory variables and even model the entire structure [23].
Although previous studies on predicting website-browsing
behavior used Markov models and n-grams, such approaches
were based on the premise that recent page access records have
a significant influence on future page accesses [24,25]. In our
models, the input value was binary for the browsing or
nonbrowsing of each page for the visitors based on the premise
of prior research. In other words, whether the page was browsed
was represented as a node of the network. To determine the
structure of the network and the parameters, we adopted
Akaike'sinformation criterion as the standard for selecting the
models and the greedy search algorithm as the standard for
deciding on the construction of the models. Their criterion shows
adaptability to dataand simplicity. The greedy search algorithm
isamethod of dividing the problem element into a plurality of
partial problems, independently evaluating each parent

Figure 4. Bayesian network outline.

Suzuki et al

combination with the highest evaluation value. In this study,
all nodeswere designated as parent node candidates. In addition,
to show the models briefly, we built each of the models by
setting pages with a small number of views as “ Other pages.”
In our models, all the variables were binary and indicated
whether browsing was performed. Thejoint probability indicates
the probability of an arbitrary behavior being observed, and the
conditional probability distribution indicates the distribution of
the browsing status of the target pages considering that of a
certain page. Therefore, our models show the cause-and-effect
relationship between the browsing pages of the target visitor.
For example, inamodel in which the child node isthe treatment
page and the parent node is the department page, we interpret
thisto mean that the browsing probability for the treatment page
isaffected by the browsing probability for the department page.
A method was then necessary to judge the strength of the
influence.

After structuring the browsing model, the sensitivity analysis
was performed to determine the influence of other variablesin
the model on any variable and searched for pages that affected
the browsing probability of the RP using mutual information.
Mutual information content represents a measure of the
independence of 2 random variables. Referring to the results of
the senditivity analysis, hypothetical experiments caled a
probability inference were conducted to determine the
probability distribution of any other variable when observing
certain variables and predicted the resulting variable, that is,
the browsing probability of the RP.

Finally, some improvements were discussed to increase the
browsing probability of the RP and meet the needs indicated
from the models.

Table 3. Accessduring the study period.

Directed link

Random variable

Results

Traffic Summary of the Target Website

There were 2,521,279 sessions during the study period, as
presented in Table 3. Access to the department pages was
concentrated next to the TOP page, as listed in Table 4. After
data extraction, a behavior analysis was conducted for a total
of 90 sessions, including 35 sessionsfor the radiotherapy interest
group, 35 sessionsfor the nuclear medicine examination interest
group, and 20 sessions for the radiological diagnosis interest
group. The CVR for the 3 groupsis presented in Table 5. In our
study, 74% (67/90) of the targets could reach the RP.

Indication Values
Page views, n 2,521,279
Sessions, n 663,213
Users, n 381,307
Average pages viewed per sessions 38
Average session time (second) 146
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Table 4. Accessrate of main pages and radiology-related pages.

Suzuki et al

Pagetitle Page views, n (%)
TOP 362,785 (14.39)
Department Navigation 187,558 (7.44)
Medical Department Navigation 153,454 (6.09)
Department and Center Navigation 123,462 (4.90)
Access 99,806 (3.96)
Center Navigation 28,190 (1.12)
Radiotherapy Department 7757 (0.31)
Radiological Diagnosis Department 4839 (0.19)
Nuclear Medicine Examination Department 4651 (0.18)
Examination and Treatment 2407 (0.10)

Table 5. Accessibility to request pagesin each model.
Group CVR? (%)

RF"1 (%) RP2 (%) RP3 (%) RP4 (%) Total (%)

Radiotherapy 29 80 _c — 80
Nuclear medicine examination 29 31 9.0 57 83
Radiological diagnosis 0 45 5.0 — 50

8CVR: conversion rate.
bRP: request page.

“The lower rank RP in certain groups was not set in our judgement. Therefore, certain CVRs were treated as not applicable.

Radiotherapy Interest Group

The model described in Figure 5 was structured using 35
sessions from the learning data. The browsing of RP2, the
“Radiotherapy Department page,” was affected by the browsing
of the Proton Therapy News page, which affected the browsing
of the radiology-related department and Medical Expenses
pages. The results of the sensitivity analysis are illustrated in
Figure 6. The mutual information volume of the Proton Therapy

https://www.jmir.org/2021/1/e14794
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News page was the largest, indicating that browsing this page
had the greatest effect on the browsing of RP2. Based on the
results of the sensitivity analysis, we calculated the change in
the browsing probability of RP2 owing to browsing or
nonbrowsing of the pages based on a probability inference, as
shown in Figure 7. When the target visitor browses the
Radiological Diagnosis Department page, the probability of
RP2 increased by 17% from the prior probability.
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Figure 5. Radiotherapy model.
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Figure 7. Probability inference (radiotherapy interest group, Radiotherapy Department page).
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The model, as described in Figure 8, was structured using 35
sessions from the learning data. Browsing of the RP2 “Nuclear
Medicine Department page” was affected by the browsing of
RP4 “PRT-CT and Nuclear Medicine Examination” and was
related to the browsing of the reservation and the medical staff
pages. Theresults of the sensitivity analysisare shownin Figure
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9. Theinteraction between the browsing of RP2 and that of RP4
was also demonstrated. We then calculated the change in the
browsing probability of RP2 and RP3 owing to the browsing
or nonbrowsing of the pages, as depicted in Figures 10 and 11.
The browsing probability of RP2 increased when browsing the
Medical Staff page. When the target visitors browsed the FAQ
page, the browsing probability of RP3 increased by 15% from
the prior probability.
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Figure 8. Nuclear medicine examination model.
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Figure 9. Sensitivity analysis (nuclear medicine examination interest group). PET-CT: positron emission tomography-computed tomography.
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Figure 10. Probability inference (nuclear medicine examination interest group, Nuclear Medicine Examination Department page). PET-CT: positron
emission tomography-computed tomography.
0.7

0.6
0.5

Prior Visit Probability
0.4

0.3

No Wisit
visit

" Visit probability

0.2 No

wvisit LD

visit

0.1 Wisit Visit

Reservation PET-CT and Medical Staff
Nuclear Medicine

https://www.jmir.org/2021/1/e14794 JMed Internet Res 2021 | vol. 23 | iss. 1 | 14794 | p. 11

X SL F (page number not for citation purposes)
-FO

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Suzuki et al

Figure 11. Probability inference (nuclear medicine examination interest group, Examination and Treatment page).
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The model described in Figure 12 was structured using 20
sessions from the learning data. The browsing of the RP2
“Radiological Diagnosis Department page” affected the
browsing of the Radiotherapy Department and related
department pages, such as Orthopedics. The results of the
sensitivity analysis are shown in Figure 13. Browsing of the
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Radiotherapy Department page had the greatest impact on RP2
viewing. We then calculated the change in the browsing
probability of RP2 owing to the browsing or nonbrowsing of
the Radiotherapy Department page, as shown in Figure 14.
When thetarget visitors browsed the Radiotherapy Department
page, the probability of RP2 increased by 35% from the prior
probability.
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Figure 12. Radiological diagnosis model. PET-CT: positron emission tomography-computed tomography.

Radiological Diagnosis Departmend

Visk 0.33%

Department Navi

Wisit LR 1:RE

o Wisit LE152

a [ (2] 0& L

v

Medical Department Nawvi

Wisit OULEES

Mo Wisit (-5 L7

[:] B 04 0s 08 ]

v

Department and Center Navi

Wisit 02362

No Wisit 0Eae

[ 032 L] e 0z

¥
Radiotherapy Department

Visk D650

M Wiesie s

Reservation TOP
No Vie 0.707% e Ving 07088
] [ ¥] a4 o0& 0E 1 [} 02 04 (1] [:F ]
Orthopedics
Wigit 02158
Mo Visit [y Y

Figure 13. Sensitivity analysis (radiological diagnosisinterest group).

Others
: Visk 04376

Radiotherapy Department 0.2232
Medical Department Navigation 0.1771
Reservation 0.0448
Orthopedics 0.0146
TOP 0.0108
Others 0.0098
0.05 0.1 0.15 0.2 0.25

https://www.jmir.org/2021/1/e14794

XSL-FO

RenderX

Mutual Information (bit)

JMed Internet Res 2021 | vol. 23 | iss. 1 | €14794 | p. 13
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Suzuki et al

Figure 14. Probability inference (radiological diagnosis interest group, Radiological Diagnosis page).

0.3

0.25

o
[}

0.15

Prior Visit Probability

Visit probability

o
=

0.05

No visit

Discussion

The number of visiting sessions on the Hokkaido University
Hospital website is over 650,000 per year. This number is
comparable to the number of actual patients to the hospital
annually (approximately 740,000 in 2015) and indicates that
thewebsite playsakey role asan information provider for many
individuals.

Only 2% (2/90) of the target visitors could reach the Radiology
Center page (RP1), which describes its inspection information.
Thereare 3 possiblereasonsfor thisfinding: browsing behavior
(the visitor started with the department pages, not the Center
page), the visitor could not distinguish the Radiology Center
pages from the radiol ogy-related department pagesthat describe
the department information, and that there are some pages for
which we could not obtain the data access log. In total, 2 plans
were considered for improving the browsing probability of RP1:
linking the radiology-related department pages and the
Radiology Center page, and summarizing radiology-related
information on the website rather than posting according to the
hospital’s organizational structure.

According to the radiotherapy model, when browsing the Proton
Therapy News page, the browsing probability of the RP2
“Radiotherapy Department page” decreased. Therefore, we
found that interest in radiotherapy and interest in news differed
from one another, or that there was no conductor design. In
addition, because the child node of the Radiotherapy Department
page had the pages of new patients and medical expenses pages,
patientswho receive radiation treatment tend to seek information
on receiving medical treatment such as medical expenses owing

https://www.jmir.org/2021/1/e14794

Visit

FAQ

to the high price of proton therapy [26]. In a questionnaire
survey of medical radiological specialists, it was reported that
a certain number of technicians were asked about the cost of
radiotherapy in treating patients receiving cancer radiotherapy

[27].

In the nuclear medicine examination interest group, the browsing
probability of the FAQ page was higher than that of the other
2 groups. In addition, as aresult of the probability inference, a
positive relationship was found between browsing the FAQ
page and the Examination and Treatment page. Because the
FAQ page is generaly used for posting information on
exceptional cases such as product guidelines and specific topics
[28], target visitors may be concerned about specialized
information, except for the content of the RP. From Figure 10,
the browsing probability of the RP2 “Nuclear Medicine
Examination Department page” was higher than the prior
probability when browsing the Medical Staff page. Because
neither of these pages were designed with a link that allows
direct access, it is mainly the medical staff that browse them.

In the radiological diagnosis model, the RP2 “Radiological
Diagnosis Department page” contained child nodes, such asthe
Orthopedics Department page, indicating that visitors are
interested in the contents of the departmentsthey are associated
with. Table 6 presents the proportion of radiological diagnosis
conducted at Hokkaido University Hospital, with the proportion
of “bone/soft” being the second highest after “respiratory
organs.” Therefore, the site design was considered, linking
radiology-related department pageswith their rel ated department
pages and redesigning the website considering the flow of
treatment and inspection.
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Table 6. Number of radiological examinations at Hokkaido University Hospital (April 2018 to March 2019).

Classification Inspections, n (%)
Respiratory 53,322 (41.9)
Bone and soft part 30,230 (23.8)
Digestive organ 27,141 (21.3)
Tooth 16,685 (13.1)
Others 18 (0)

From the results of the probability inference, the browsing
probability of the RP2 “Radiologica Diagnosis Department
page” was higher than the prior probability when browsing the
Radiotherapy Department page. According to these results,
visitorsinterested in radiol ogy-rel ated departments woul d access

that CVR can be increased by linking to the “Radiology
Department page,” where the targets have a high percentage of
browsing.

Table 7 presents the site design proposalsto increase the CVR,

as examined from theresults. Thus, thisresearch concluded that
our method is effective in improving the provision of
information because improving the quality of decision making
is crucial in data analytics, as exemplified through business
intelligence tools [29]. The proposed method can be applied to
departments other than radiology-related areas.

RP2, which indicates that CVR can be improved by linking
radiology-related departments. The percentage of visitors who
browsed the RP3 *“ Examination and Treatment page” wassmall.
Thisisthought to be dueto the low interest of the target visitor
or their inability to reach the page. In the latter case, we suggest

Table 7. Proposalsfor site design to meet the needs of visitors seeking radiology-related information.

RP? Improvement 1 Improvement 2 Improvement 3
A.Improve CVRP of radiotherapy interest group
RP1: Radiology Center page Link the Radiology Center pageand Link the Radiology Center page Set tracking
radiology-related department pages  and pages such asthe New Pa-  code
tients page and Re-examination
page
RP2: Radiotherapy Department page Link the Radiotherapy Department ~ Link the Radiotherapy Depart- __c¢
page and Radiological DiagnosisDe- ment page and the Medical Ex-
partment page penses page
B. Improve CVR of nuclear medicine examination interest group
RP1: Radiology Center page Same as above Same as above Same as above
RP2: Nuclear Medicine Examination Department Link theNuclear MedicineExaminae — —
page tion Department page and the Medical
Staff page
RP3: Examination and Treatment page Review of posted contentsonthe Ex- — —
amination and Treatment page
RP4: PRT-CTY and Nuclear Medicine Examination ~ Link the PRT-CT and Nuclear - -
page Medicine Examination page and the
Nuclear Medicine Examination De-
partment page
C. Improve CVR of radiological diagnosisinterest group
RP1: Radiology Center page Same as above Same as above Same as above

RP2: Radiological Diagnosis Department page Link Radiological Diagnosis Depart-
ment page and the Radiotherapy De-

partment page

Link the Radiological Diagnosis —
page and the Orthopedics page

RP3: Examination and Treatment page Link the Radiological DiagnosisDe- — —
partment page and the Examination

and Treatment page

3RP: request page.

PCVR: conversion rate.

®The certain CVRs were treated as not applicable in our behavioral analysis.
4PRT-CT: positron emission tomography-computed tomography.
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Limitations

One of the limitations of this study is the low accuracy of the
models applied. The number of samples (20-35 sessions) used
to build the modelswas small compared with the actual usership
for Hokkaido University Hospita'swebsite. Owing to the recent
shift to Secure Sockets Layer for use in search engines, the
sample size has remained limited. Future studies should
substitute search keywords. Furthermore, some data may have
been missing because there were some pages set with the no
web tracking code in Google Analytics. By increasing the
sample size, factors such as browsing time can be incorporated
into the model, improving the prediction accuracy for the
probability distribution of each page. However, the effects of
the visitor's interest on each page regarding factors such asthe
browsing time and browsing devices for hospital websites are
still unknown. Therefore, it is necessary to clarify the effects
of the browsing factors before modeling.

Asanother limitation, we were unable to verify the accuracy of
the proposed model compared to other approaches. To evaluate
our model, we need to accurately set the web tracking code and
extract data without using retrieval keywords because we have
obtained few retrieval datain recent years.

Third, the RP we set during the page-evaluation phase is
uncertain. Thus, setting an RP objectively to obtain information
by means of questionnaires to accurately understand visitor
needswill beanissueinthefuture. Similarly, it will be possible
to evaluate pages suitablefor each visitor by clarifying the above
relationship between visitor interests for each page and access
indicators such asthe browsing time. In recent years, Japan has
been rapidly aging, and older adults are using hospital websites.
However, previous studies have reported that age-related
deterioration in visual acuity and changesin color vision affect
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the use of older adults to use such websites [30,31]. Therefore,
we hope that the factors affecting CVR differ between older
adults and young adults. In the future, wewould like to consider
improving the CVR by modeling the categorization of young
and older adults.

Conclusions

Thisstudy structured 3 browsing models, each based on specific
patient needs: radiotherapy, nuclear medicine examination, and
radiological diagnosis. A total of 74% (67/90) of the target
visitors could reach their requested page, but only 2% (2/90)
could reach the inspection information page owing to the site
structure. Furthermore, for the radiological diagnosis interest
group, browsing of the “Radiological Diagnosis Department
page” affected the browsing of the related department pages,
such as Orthopedics.

Plans were considered for improving the browsing probability
of the inspection information page such as summarizing
radiol ogy-related information on the website rather than posting
according to the hospital’s organizational structure. Thus, our
method hasthe potential to increase the probability of delivering
the desired information to the users. In the future, we plan to
improve the accuracy of the models by using alarge number of
samples. We believe that an increase in the number of subjects
will reveal the characteristics of the browsing scenario in more
detail.

We built models with the objective of improving the
provisioning of radiology-related information; however, because
the structure of a hospital website is not unique, we hope to
apply the proposed method to other hospitals. It isexpected that
the provisioning of information on hospital websites will be
improved using this approach.
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