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Abstract: This study aimed to determine the quality type and importance ranking of hospital signage
systems’ usage requirements using the Kano model. This study collected data from 300 users in
three hospitals in Guangzhou and evaluated 32 metrics of hospital signage systems. The Kano model
questionnaire was used to analyze the quality type of each demand indicator, and the better-worse
coefficient was used to calculate the sensitivity and importance ranking of the demand. Of the 32
attributes evaluated by participants, 4 are must-be quality (M), 4 are one-dimensional quality (O), 12
are attractive quality (A), and 12 are indifferent quality (I). The results of this study suggest that the
presence of most of the evaluated attributes is associated with maintaining a level of user satisfaction,
and the lack of these attributes causes user dissatisfaction. There is a strong demand for basic usage
functions and an easy-to-use hospital signage system. In addition, users often wish to add and
improve signage functions and have greater expectations for the inclusion of features such as digital
intelligence and regional culture in this study. The results of this study show that the Kano model can
better derive the user requirements for hospital signage systems and can promote the improvement
of hospital signage systems in a more targeted manner, according to the quality type and importance
of requirements, providing a research basis for the sustainable development of healthcare services.

Keywords: hospital signage system; signage function; Kano model; usage requirements; hospital
service management

1. Introduction

Enhancing the quality of life and well-being of urban citizens via design support is a
global issue in the modern world. With the expansion of the urban population, and thus the
increased use of large and complex building spaces, wayfinding is very important for the
citizens’ everyday lives and travel [1-4]. Hospitals are large, complex, and multifunctional
public places that are often comparable to mini cities [5-8]. The multifunctional nature of
hospitals can increase the difficulty of wayfinding to some extent, which is a particular
concern in large hospitals [6,8-10]. One study found that 74.2% of hospital users had
difficulty finding their way around hospital environments [11], and an additional 12% of
patients mentioned the lack of appropriate guidance signage [12]. Wayfinding involves
more factors than signage, such as building structure and individual elements [13,14].
However, hospital signage systems play an important role in the wayfinding process [15,16].
An effective hospital signage system can not only bring great convenience to patients and
visitors by assisting wayfinding, reducing stress, and preventing users from getting lost,
but can also improve the quality of hospital services and city image shaping [17-20].

China’s hospital signage system design was developed along with urban construction
and had a slow start compared to more developed countries. Additionally, with the
expansion and refurbishment of hospitals, the design and management of signage systems
in many cities are limited, especially in small- and medium-sized cities, with problems such
as poor standardization, weak guidance, insufficient signage systems, and inconvenience
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of use [11,12,21]. Due to this, the current design of signage and information in Chinese
hospital environments cannot meet users’ wayfinding needs. As part of a public service,
hospital signage systems should meet the needs of users. How to optimize and improve
the design of the signage system based on a full understanding of users’ needs, enhance
the function of the signage system, and realize the fine management and service quality of
the hospital is particularly significant.

According to the American Institute of Graphic Arts (AIGA) [22], the definition
of a signage system design is a visual design that consists of identification, guidance,
explanation, warning, and other functions via a combination of text, graphic, and color.
In the field of wayfinding, signage design is critical. Effective signage can assist people
of many different backgrounds with easy access to information, break down language
barriers, and provide comprehensive information to help people in their daily lives [23].
Based on the related studies, existing signage systems can be grouped into three categories:
orientation signage, direction signage, and identification signage [15,18,24-26].

High-quality physical environments can promote health and well-being [27,28]. From
the perspective of environmental psychology, the hospital environment has an impact on
the daily practice of healthcare professionals, the effectiveness of care and the recovery
of patients, and it is an important component of safe and high-quality healthcare ser-
vices [29,30]. The physical environment has a critical role in aiding navigation in healthcare
facilities [31]. Many spatial features of a hospital environment are complex and difficult to
distinguish, which often causes wayfinding difficulties and is indicative of the quality of
“wayfinding design” in outpatient areas [26]. Passini defines the architectural structure,
spatial layout form and signage design of hospitals as important environmental factors
that influence wayfinding behavior [15]. Several studies report that signage in the hospital
environment is critical to visitor wayfinding [15,18,32]. The hospital signage system design
helps users to guide attendees to their destinations in order to receive medical services.
Therefore, the design quality of the hospital signage system is an essential environmental
factor in generating wayfinding behavior [18,31,32].

Preliminary recommendations for the design of hospital signage systems have been
made based on previous research that examined color, graphics and text, and installation
location. Color is the most eye-catching feature of signage, and designs for wayfinding
should be based on contrast and readability [33-35]. Color can help to distinguish depart-
ments and allow users to find their way by emphasizing information [18,32,36]. To make it
simpler to identify a sign, there must be adequate contrast between the text and the graphic.
According to the Americans with Disabilities Act (ADA), the contrast between text and its
background should be 70% [23]. In addition, the use of graphics in signage systems is a
key point, and pictograms are recommended since they are more prominent and easier to
understand than abstract graphics and text [37,38]. Aside from colors and graphics, text is
also an important factor in signage design. The layout, type of font, font size, spacing, and
grouping of fonts in signage affect the way users understand signs [22,39]. The legibility of
fonts can be improved by modifying the font case, adding bold fonts, and using sans serif
fonts such as Helvetica [36]. Moreover, signage planning in the right location is the basis
for assessing its legibility [26] and increasing the maximum distance at which the sign can
be effectively understood can be achieved by increasing the contrast of arrows, widening
the size of the sign, and modifying the aspect ratio of the signage [40].

However, a successful hospital signage system includes more than just the above
signage design elements. It is a comprehensive and integrated system, beginning with a
public survey and culminating in the final development of the system, with the sustain-
ability of future developments also being considered [27]. The effect of a signage system
on wayfinding needs to be evaluated on a case-by-case basis, especially considering the
diversity of different environmental factors and users’ needs [41].

Methods for evaluating user satisfaction with healthcare services have become an im-
portant topic of research in the field of healthcare management in recent decades [42—46]. As
mentioned earlier, the healthcare environment is considered a quality factor in healthcare.
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Marie Elf et al. tested 23 instruments to assess the quality of the healthcare environment, but
none met the robustness criteria. Most studies lack a solid, up-to-date theoretical foundation.
In addition, many of the methods lacked a theoretical framework centered on human needs.
Therefore, this author argues that perceived hospital quality indicators should be fully de-
veloped with a user-centered theoretical framework [28]. In addition, the sustainability of
healthcare services is an emerging research topic, and hospitals are increasingly adopting
business management sustainability strategies and operational processes to further enhance
hospital service satisfaction [47-49]. Many hospitals have begun to view sustainable healthcare
as an important management approach that addresses healthcare sustainability from social,
economic, environmental, and health perspectives [50-52]. Andrea Brambilla describes the
validation of an evidence-based framework for hospital facility quality assessment from so-
cial, environmental, and organizational perspectives, and the findings highlight user-patient
centeredness, wayfinding strategies, and spatial functionality as the most important concepts
in the improvement of existing healthcare facilities [53] (Brambilla et al. 2021). Anna Anaker
argues that sustainability has become one of the main goals of healthcare and that design
quality is outlined as a core concept for developing new healthcare environments, includ-
ing environmental sustainability, social and cultural interaction, and resilient architecture.
To implement the concept, it must be able to meet the complex needs of stakeholders in
the healthcare environment [27]. A hospital signage system with both service and product
attributes in the healthcare environment is worth evaluating from the perspective of user
demand and user satisfaction [41,54].

Based on these factors, the Kano model can provide a practical pathway for assess-
ing the quality of healthcare services. The Kano model emphasizes the analysis of user
perceptions, which enables healthcare providers to understand the complex behaviors of
users and their service quality needs; therefore, the model can be used to improve user
satisfaction [55,56]. As mentioned earlier, hospital management and services are not only
reflected in healthcare services but also in the signage system. Existing research shows
that effective space organization and signage systems can positively influence patients’
perception of overall hospital services [16,20,57]. The efficacy of health services can enhance
and indicate the involvement of users, and their impressions of services and related goods
are taken into account [42]. Overall, the use of the Kano model in the field of healthcare is
effective. It not only helps us to understand patients’ expectations of quality but also the
differences in these expectations [58,59]. In addition, the effectiveness of health services can
only be improved by fully understanding user needs and perceptions of services and re-
lated products via the Kano model, and provide a more sustainable competitive advantage
for hospital management [48,60].

Although the Kano model has been widely used to elicit users’ service quality re-
quirements and improve user satisfaction, its implementation in healthcare is still in its
infancy, and user needs for healthcare services are ambiguous [56]. There are no studies
based on previous research findings that have applied the Kano model to assess demand
and satisfaction with the use of hospital signage systems. Therefore, this study aims to fill
this research gap by using the Kano model to comprehensively assess users’ usage needs
and perceptions of hospital signage systems to further improve the quality of healthcare
services. This study is complementary to previous studies [12,61] that evaluated the quality
of health services and their characteristics from a user perspective via the Kano model,
based on the HEALTHQUAL [62] multidimensional scale. Three general hospitals in dif-
ferent administrative districts of Guangzhou were randomly selected for this study. The
objectives of this study are (1) to explore the relationship between hospital signage system
quality attributes and user satisfaction; (2) to identify and classify the quality attributes
of the hospital signage system through the Kano model (i.e., must-be (M), attractive (A),
one-dimensional (O), reverse (R), and indifferent (I)); and (3) to provide a research basis
for promoting the design of hospital signage systems and the sustainable development of
healthcare service quality.
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The remainder of the paper is organized as follows. Section 2 presents the theoretical
Kano model; Section 3 describes the materials and methods used in this study in accordance
with the research objectives; Section 4 presents the results of a questionnaire survey from
three hospitals in Guangzhou; Section 5 discusses the results considering the previously
identified objectives; and Section 6 presents the study’s main conclusions.

2. Theoretical Model

The concept of customer satisfaction has been recognized and adopted by business
managers since the 1950s. Customer satisfaction is closely related to business management
and service quality [63]. Oliver and Linda believe that customer satisfaction is “a psycho-
logical state, a state of feeling that arises when the expectations formed by the consumer
experience are consistent with the consumer experience” [64], Westbrook and Reilly con-
sidered customer satisfaction to be an emotional response [65]. These emotions positively
influence customer behavior, increase the likelihood of new purchases, and promote cus-
tomer loyalty [66]. To explore the relationship between customer satisfaction and service
quality, several research models have been proposed in the literature, the most prominent
of which are the Johnston model, SERV*OR model, and Kano model [42,67]. However,
health services differ from other types of services in several aspects. The health sector’s
service quality is more important than that of other sectors because high-quality health
services have a significant impact on the health and well-being of individuals [42,45,67,68].
As a result, assessment tools that analyze this multidimensionality of needs are required.
Studies have shown that the Kano model is effective for comprehensively assessing the
quality of healthcare services [69,70]. Therefore, the Kano model is used as an evaluation
method that adapts to the objectives of this study since previous models have limitations for
identifying and classifying attributes that define satisfaction, dissatisfaction, and customer
satisfaction [71].

Herzberg’s motivation-hygiene theory is one of the content theories of job satisfaction.
He suggests that there are two types of employee satisfaction in daily work: motivational
factors and hygiene factors. Motivational factors indicate the achievement, recognition,
and responsibility that comes from the job itself; hygiene factors refer to company policies
and management, technical supervision, salary, working conditions, and interpersonal
relationships [72]. Many academics consider Herzberg’s theory to be the most successful
needs fulfillment model employed in healthcare organizations [73,74].

According to satisfaction theory research, not all factors have a one-dimensional effect
on user satisfaction. When certain factors are provided, they may not necessarily gain
user satisfaction, and sometimes they may cause dissatisfaction. Sometimes certain factors
are provided or not provided, and users sometimes believe that there is no difference at
all [72,75]. To overcome this one-dimensional limitation, the Kano model adopts a two-
dimensional approach. The Kano model is inspired by Herzberg’s motivation-hygiene
theory. Noriaki Kano, a professor at the Tokyo Institute of Technology, presented a research
paper “Attractive Quality and Must-be Quality” at the 12th Annual Conference of the Japan
Quality Management Conference in 1982, in which he proposed this two-dimensional
model of satisfaction as a useful tool for classifying and prioritizing user needs. The Kano
model was invented to introduce satisfaction and dissatisfaction criteria into the field of
quality management for the first time, based on an analysis of the impact of user needs on
user satisfaction [71]. In Japan at that time, the problem of improving products and services
was a pressing issue.

The Kano model classifies product quality into five dimensions based on the impor-
tance users place on product quality factors and customer satisfaction [58,71,76]:
(1) mandatory or “must-be” (M), (2) attractive (A), (3) one-dimensional (O), (4) reverse
(R), and (5) indifferent (I) quality (Figure 1). Must-be quality, where user satisfaction
does not significantly increase when this type of requirement is provided but decreases
significantly when it is not provided, is a basic requirement that must be guaranteed.
For one-dimensional quality, user satisfaction increases when this type of requirement



Sustainability 2023, 15, 4972

50f18

is provided and decreases when it is not. This category should be prioritized to ensure
maximum improvements. For attractive quality, user satisfaction does not decrease when
such requirements are not provided but increases significantly when they are provided.
For indifferent quality, user satisfaction does not significantly change with or without the
provision of such requirements. In the case of limited conditions, this requirement may
not be given priority. For reverse quality, the user does not have such a requirement and
providing it would lead to a decrease in satisfaction. The five types of quality are obtained
using the Kano questionnaire, the evaluation form, and the outcome form, and the Kano
quality types also show that not all elements are better if they are provided in greater
numbers, but some elements are counterproductive.

Satishied Attractive

N One-dimensional

Insufficiency — —— Sufficiency

Indifferent

Reversal

Dissatisfied

Figure 1. The relationship between demand satisfaction and user satisfaction in the Kano model.

The Kano model has been widely used in hardware and software product design,
service quality research, and user needs identification after years of extensive practice and
application. The Kano model has also been used in the field of public service demand
decision making to determine which public services are most urgently needed under limited
circumstances, and the results of the Kano model’s demand quality classification are useful
for the formulation of supply policies. Table 1 shows an evaluation of the Kano model.

Table 1. Evaluation of the Kano model.

Negative Form

Like it Expect it Neutral Tolerate Dislike
Like it Q A A A @)
.. Expect it R I I I M
Positive Neutral R I I I M
form Tolerate R I I I M
Dislike R R R R Q

To maximize service quality and satisfaction, reverse quality should be eliminated,
indifferent quality should be reduced, must-be quality guaranteed, one-dimensional quality
improved, and attractive quality satisfied. The hospital signage system is a public service and
a facility product that ultimately aims to meet the user needs for guidance and has a high
degree of fit with the Kano model. The Kano model is used in this study to investigate demand
for hospital signage systems via questionnaires to quantify and compare various demand
indicators, and finally to filter and rank the quality and importance of user-based demand.
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3. Methods
3.1. Usage Requirements Index of the Hospital Signage System

From March 2022 to May 2022, we conducted field research in three large general hos-
pitals in Guangzhou and communicated with hospital management and people who used
signage systems. In addition, based on Lu et al.’s [77] classification of the usage require-
ments of urban signage systems and public information guidance systems—Guidelines for
planning and design issued by the National Standardization Management Committee in
2020 (GB/T 38654-2020) [78]—we finally classified the needs of hospital signage systems
into four types through optimization and screening: functional level, design level, use level,
and attractive level; each level contains specific indicators. The total number of indicators is
32. The indicators of the hospital signage system usage requirements are shown in Table 2.

Table 2. The indicators of hospital signage system usage requirements.

Dimension Code Requirements Description
Al Entrance reminder Appropriate signage at. the hospital entrance or
parking lot
A2 Route guide Route guidance and channel diversion signage tips
. With the function of prompting the specific
A3 Current location location of the user in the hospital
T . With the function of introducing the experts in
Ad Specialist introduction each department of the hospital
A5 Consultation flow Visualization of the consultation process
Functional level A6 Floor guide with floor-by-floor guld.e function, showing
departments and sections on each floor
A7 Departmental gui delines Departmental entrance mdlc}ators, such as
gynecology and radiology
A8 Danger indication Indicates danger, such as flammable objects and
toxic danger
A9 Emergency evacuation Emergency evacua’Flon instructions, emergency
evacuation channels, etc.
A10 Important advice Important adV1c?, such as beware of
bumping heads
All Healthcarepopularization Public healthcare, such as flu self-test knowledge.
Bl Layout format A more standardized typographic format design
B2 Information hierarchy and density =~ Reasonable classification and hierarchy of signage
B3 Text and terminology Use of appropriate typc?graphy and standardized
terminology
. Signage symbols are designed to be simple,
B4 Signage symbols descriptive, and easy to understand
Design level B5 Colors Use of eye-catching and appropriate color design
B6 Mounting position Installed in a reasonable location
. . The size of the signage is appropriate for the
B7 Signage size :
hospital space
B8 Standardization The signage system has a uniform style
C1 Visibility The signage is easily noticeable
C2 Legibility Signage is easy to understand
c3 Sienage plannin. Good layout planning to cover nodes where it is
gnagep & easy to get lost
Use level c4 Number setting A reasor}able number of signs to é.iVOI.d missing
signs or unnecessary duplication
cs5 Safety The signage is stable and secure to reduce
safety hazards
Co Durability Signage is durable and not easily damaged
c7 Update and maintenance Signage is updated and maintained regularly
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Table 2. Cont.

Dimension Code Requirements Description
cs User inclusive Inclusive signs for Chlldren, elderly people, those
who speak different languages, etc.
D1 Visual form Signage system with an attractive visual form
Attractive D2 Fun and stylish Signage system with an interesting and unique
design style
D3 Cultural elements The signage system mcorpo.rates local
cultural characteristics
Harmonization with the . . . .
Level D4 - The signage system is environmentally friendly
environment
D5 Digital intelligence The signage system has intelligent digital

functions, such as interactive screens

Firstly, the functional level classifies the signage functions of the hospital signage
system, aiming to understand user demand for each signage function. Secondly, the
design level mainly extracts and classifies the design elements of the logo system layout
to understand user perceptions of the design elements of the logo layout. Thirdly, the use
level includes factors that may affect the use of the signage system and aims to determine
which factors may cause inconvenience to the daily use of the signage system. Fourthly,
the attractive level includes positive features that can enhance the signage system in order
to understand which features are more in line with user expectations.

3.2. Questionnaire Design

The first part of the study was a basic questionnaire, including questions on gender,
age, education, hospital disorientation experience, reasons for disorientation, and hospital
wayfinding aid preference. The second part was a Kano questionnaire with specific indi-
cators, each containing both positive and negative questions [71]. The positive questions
asked users how they feel about the signage system having this function; the negative
questions asked users how they feel about the signage system not having this function [42].
In this study, the five-level classification (Like it; Expect it; Neutral; Tolerate; Dislike) pro-
posed by Matzler and Hinterhuber to assess consumer expectations was used to analyze the
two-dimensional Kano model [79]. The Kano model questionnaire is shown in Table 3, and
both positive and negative questions have five levels of options: all questions were scored
using the Likert scale: “Like it—5; Expect it—4; Neutral—3; Tolerate—2; Dislike—1".

Table 3. The Kano model questionnaire form.

Function Question Likeit  Expectit Neutral Tolerate Dislike
Entrance With this function O O O O O
reminder Without this function O g ] d d

The questionnaire had 32 questions related to the Kano model shown in Table 2. The
number of questionnaires is 10 times the number of indicators, which is in line with the
principle of questionnaire design. Among the questions, “Which way to find the way in the
hospital” and “Main reason for getting lost in the hospital” were ranked, and the average
composite score of “K” was obtained by calculating the weights and frequencies of the
options. Based on the number of options, the first option was assigned 4 and 6 points, and
the second option was assigned 3 and 5 points. The calculation formula is

K = (Z number of frequencies x weight)/number of completions
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3.3. Identification of Requirement Quality Types

The traditional Kano quality classification method is a two-dimensional categorization
of attributes, and it is straightforward to determine statistical indicators by aggregating
them and matching them with the Kano evaluation table. However, when the statistical
values of two quality types are close to each other, quality attributes can be misjudged.
Since the management of some hospital signage systems has been lacking for a long time,
a large number of users have become accustomed to the status quo of the city’s signage
system and believe that, regardless of whether it is upgraded, it will have little impact
on their life travel. From the preliminary results of the Kano questionnaire on the use
of hospital signage systems, the indifferent quality (I) is close to other qualities, which is
not conducive to correctly identifying the real quality type of this indicator. Therefore, it
is necessary to implement the better—worse coefficient calculation method [80], which is
calculated as follows:

Calculation of Customer’s Satisfaction Coefficients (CSC):

Better/SI= (O + A) /M + O + A+ 1)

Worse/DSI=(O+M)/M+O+A+1) x (—1)

The better-worse coefficient indicates the effect on user satisfaction or dissatisfaction
when demand is increased or decreased; the better coefficient indicates user satisfaction
when a demand is satisfied, and the worse coefficient indicates user dissatisfaction when a
demand is not satisfied. One-dimensional quality (O) is determined when both the better
and worse values are >0.5. Indifferent quality (I) is when both better and worse values are
<0.5, attractive quality (A) when both better >0.5 and worse <0.5, and must-be quality (M)
when better <0.5 and worse >0.5.

3.4. Reliability and Validity Testing

The reliability and validity of the Kano questionnaire for hospital signage system
usage requirements were tested using SPSS 22.0 software, as shown in Table 4. The overall
Cronbach’s o value was 0.805, including 0.824 for positive questions and 0.809 for negative
questions, both of which were greater than 0.8, indicating that this questionnaire has a good
reliability. For validity testing, the KMO measure value was 0.776, with a validity between
0.7 and 0.8, and Bartlett’s sphere test statistic value of significant probability was 0.000,
which is less than 0.01 and has a positive correlation, indicating that the data were suitable
for a factor analysis. The cumulative variance contribution using a principal component
analysis was 70.243%. This questionnaire had good structural validity and was suitable for
a Kano model analysis.

Table 4. The analysis of the Kano questionnaire reliability and validity.

Item Value

Cronbach’s « value

All questions 0.805

Positive questions 0.824

Negative questions 0.809

KMO sampling suitability measure 0.776
Bartlett’s sphere test Sig 0.000

Cumulative variance contribution 70.243%

4. Results
4.1. Demographic Characteristics of the Sample
The questionnaire was distributed in both online and offline forms, and the survey

period lasted from March 2022 to May 2022. A total of 320 questionnaires were distributed
during the survey period, 100 online questionnaires were distributed using Questionnaire
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Star media (WeChat, various social media and QQ), and 220 offline questionnaires were
distributed, including 80 from Guangdong Provincial Hospital of Traditional Chinese
Medicine, 80 from Guangzhou First People’s Hospital, and 60 from the First Affiliated
Hospital of Sun Yat-sen University. A total of 300 valid questionnaires were collected after
eliminating 20 invalid questionnaires, which included those filled out too quickly and those
with simple answers, and the characteristics of the Kano questionnaire respondents are
shown in (Table 5). Among the respondents, 56.7% were males and 43.3% were females.
The age of the respondents ranged between 18 and 45 years old, their education level
ranged from high school to a bachelor’s degree, and the respondents had a good cognitive
ability to understand the hospital signage system. The majority of respondents experienced
getting lost in the hospital (79%). The most common methods of wayfinding around the
hospital are “Asking others for directions”, using “Mobile App Navigation”, and using the
“Signage System”. The main reasons for getting lost in the hospital are “Cannot understand
the signage”, “The hospital is crowded”, and “Complex medical process”.

Table 5. Demographic characteristics of the sample.

Item Indicator Frequency Percentage/Sort
Gender Male 170 56.7%
Female 130 43.3%
<18 9 3.0%
18-30 123 41.0%
Age 31-45 85 28.3%
46-60 12 4.0%
>60 71 23.7%
Primary school and below 36 12.0
Junior high school 108 36.0
Education level High school/junior college 59 19.7
Undergraduate 62 20.7
Master’s and above 35 11.7
Rarely 24 8%
Lost in the hospital Occasionally get lost 131 43.67%
experience Often lost 106 35.33%
Always lost 39 13%
Asking others for directions 3.02 1
Hospital wayfinding Mobile app navigation 2.62 2
method Signage system 2.35 3
Brochure map 2.01 4

Cannot understand the

. 5.20 1
signage

The hospital is crowded 5.14

Reasons for getting lost A complex medical process 3.61

in the hospital

Personal reasons 2.27

2
3
Complex building structure 3.21 4
5
6

Other reasons 1.56
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4.2. Results of Demand Quality Type

Classification using the better—worse coefficient makes up for the shortcomings of the
traditional classification method to a certain extent, but it cannot determine reverse quality
(R). Since reverse quality (R) is less frequent in practical situations and can be quickly
judged using the traditional classification method, this study identifies reverse quality (R)
and questionable results (Q) using a traditional classification and then classifies them using
the better-worse coefficient, which can more comprehensively identify the type of demand
quality for the use of hospital signage systems. The statistics and classification of demand
quality type of hospital signage system are shown in Table 6.

Table 6. Hospital signage system demand quality type statistics and classification.

Function A (0] M I R Q Type Better Worse R
Al 47 62 114 77 0 0 M 0.36 0.59 0.690
A2 138 72 40 50 0 0 A 0.70 0.37 0.793
A3 63 41 84 112 0 0 I 0.35 0.42 0.542
A4 66 57 67 110 0 0 I 041 0.41 0.582
A5 102 65 62 71 0 0 A 0.56 0.42 0.699
A6 111 85 47 57 0 0 A 0.65 0.44 0.788
A7 52 65 100 83 0 0 M 0.39 0.55 0.674
A8 58 131 58 53 0 0 O 0.63 0.63 0.891
A9 99 42 50 109 0 0 I 0.47 0.31 0.561

A10 87 53 54 106 0 0 I 0.47 0.36 0.587
All 78 54 72 96 0 0 I 0.44 0.42 0.608
Bl 61 73 96 70 0 0 M 0.45 0.56 0.719
B2 110 36 35 119 0 0 I 0.49 0.24 0.541
B3 85 44 62 109 0 0 I 0.43 0.35 0.557
B4 62 71 88 79 0 0 M 0.44 0.53 0.691
B5 88 82 64 66 0 0 A 0.57 0.49 0.747
B6 130 56 40 74 0 0 A 0.62 0.32 0.698
B7 97 69 54 80 0 0 A 0.55 0.41 0.689
B8 113 68 54 65 0 0 A 0.60 0.41 0.728
C1 92 56 53 99 0 0 I 0.49 0.36 0.613
c2 112 45 47 96 0 0 A 0.52 0.31 0.607
C3 110 38 38 114 0 0 I 0.49 0.25 0.555
C4 80 42 72 106 0 0 I 041 0.38 0.557
C5 122 74 38 66 0 0 A 0.65 0.37 0.752
Cé 73 87 72 68 0 0 O 0.53 0.53 0.752
c7 138 46 28 88 0 0 A 0.61 0.25 0.661
c8 76 65 66 93 0 0 I 0.47 0.44 0.642
D1 78 87 83 52 0 0 O 0.55 0.57 0.790
D2 77 75 77 71 0 0 M 0.51 0.51 0.717
D3 122 36 38 104 0 0 A 0.53 0.25 0.582
D4 97 80 65 58 0 0 A 0.59 0.48 0.763
D5 66 39 82 113 0 0 I 0.35 0.40 0.534

M: must-be, A: attractive, O: one-dimensional, R: reverse, I: indifferent, Q: questionable qualities.

The results of this questionnaire showed no reverse quality (R) and questionable results
(Q). The must-be quality (M) is focused on the functional level and design level, including
“Al-Entrance Reminder”, “A7-Departmental Guidelines”, “Bl-Layout format”, and “B4-
Signage symbols”. The above four elements indicate what users believe is important
to the hospital signage system. The above four elements show that users have strong
functional and design needs for hospital signage systems. Although the provision of these
features cannot bring about an increase in user satisfaction, the failure to provide the above
features will lead to a significant decrease in user satisfaction; therefore, hospital managers
and signage designers should focus on the essential demand services. The top four one-
dimensional quality (O) aspects that users care most about are “A8-Danger indication”,
“C6-Durability”, D1-Visual form”, and “D2-Fun and stylish”. This indicates that user
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satisfaction increases when the signage system provides this feature and decreases when
it does not. Attractive quality (A) accounts for a large proportion of the functional level,
design level, and attractive level, indicating that a user’s satisfaction and loyalty will be
greatly enhanced by the improvement of these three levels and that user satisfaction will not
be reduced when this feature is not provided. The indifferent quality (I) aspect is generally
focused on the functional level, “A3-Current Location”, “A4-Specialist Introduction”, “A9-
Emergency evacuation”, “Al10-Important Advice”, and “Al1-Healthcare popularization”.
These are features that users do not care about; regardless of whether they are provided or
not, they do not affect user satisfaction.

4.3. Better—-Worse Analysis
4.3.1. Demand Importance Ranking Rules

Traditional classification combined with better—worse classification was used to cat-
egorize the Kano model quality types for the usage requirements metrics of the hospital
signage system. This was used to determine which were required, desired, attractive,
irrelevant, and reverse qualities, but the additional importance ranking of each indicator
was needed to clarify the degree of impact. The ranking of the importance of the usage
requirements was carried out in two steps.

Step 1: Between the same type of function, it is recommended to give a higher priority
to the better coefficient and a lower priority to the worse coefficient. According to the
importance ranking obtained from the long-term practice of the Kano model theory, the
ranking of function priority is general, and can be divided into four levels: must-be quality
(M) > one-dimensional quality (O) > attractive quality (A) > indifferent quality (I).

Step 2: By calculating the better—worse sensitivity values, a secondary ranking of the
usage demand indicators of the same quality type is performed. Using the better value
as the horizontal coordinate and the absolute value of the worse value as the vertical
coordinate, a demand sensitivity matrix is created and brought into each demand indicator
to visualize the sensitivity intensity in the matrix. The value of “R” indicates the sensitivity
of each indicator to the user, and the size of the value is the distance from the point to the
origin of the matrix. The importance of each indicator is further determined by comparing
the size of R-value. The farther the distance from the point to the origin of the matrix, the
larger the R-value, the higher the sensitivity, and the greater the impact on the user. The
smaller the R-value, the lower the sensitivity of the quality trait, which can be temporarily
disregarded, the better—worse sensitivity matrix scatter diagram is shown in Figure 2. The
distance of each point to the origin of the matrix coordinates is calculated as follows:

R= \/(Better value)? + (|Worse|value)?

4.3.2. Different Attributes and Their Relationship with User Satisfaction

According to the better-worse coefficients, the R-value of different demand indicators
(Table 6), and the four-quadrant diagram of better-worse coefficients (Figure 2), we can
analyze user satisfaction with various functions of hospital signage systems. Among the
32 functional attributes, 4 are must-be quality (M), 4 are one-dimensional quality (O), 12
are attractive quality (A), and 12 are indifferent quality (I). A four-quadrant diagram was
created based on the better-worse coefficients of the different functional attributes of the
hospital signage system in Table 6, as shown in Figure 2. Many attributes are a mixture
of various features, and this figure helps to more precisely indicate the must-be and other
types of attributes (Fu et al. 2023) [54]. There are four functional attributes: Al (entrance
reminder), A7 (departmental guidelines), B1 (layout format), and B4 (signage symbols),
located in the lower right corner of the quadrant diagram, and they are must-have qualities.
These features are must-have attributes for hospital signage systems; otherwise, users will
be reluctant to use their services and will be less satisfied. The four functional attributes,
namely A8, C6, D1, and D2, are located in the upper right corner of the map, and they all
relate to one-dimensional quality. According to the relationship between the influence of
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the classification and satisfaction in the Kano model requirements [54,58], hospital signage
systems may increase user satisfaction when they have the functional attributes desired
by users. Moreover, most of the functional attributes are distributed in the upper left and
lower left corners of the quadrant diagram, indicating that they are attractive or indifferent
qualities. When a hospital signage system has attractive qualities, it may increase user
satisfaction, while indifferent qualities have little effect on user satisfaction.
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Figure 2. Four-quadrant diagram based on the better—worse coefficient.

4.3.3. Demand Importance Ranking and Analysis

The first level of must-be quality (M) has the highest importance. In terms of sensi-
tivity ranking, these indicators are B1 (layout format), B4 (signage symbols), Al (entrance
reminder), and A7 (departmental guidelines), in that order. The second level of one-
dimensional quality (O), in order of sensitivity, is A8 (danger indication), D1 (visual form),
C6 (durability), and D2 (fun and stylish), indicating that these are the usage requirement
indicators that can greatly increase user satisfaction. The third level of attractive quality
(A) has more indicators: A2 (route guide), A6 (floor guide), and D4 (harmonization with
the environment), C5 (safety), B5 (colors), B8 (standardization), and A5 (consultation flow),
B6 (mounting position), B7 (signage size), and finally C7 (update and maintenance), C2
(legibility), and D3 (cultural elements). The fourth level has the most indicators of indiffer-
ent quality (I), among which the indicators at the feature level are the most negative. The
ranking of the importance of hospital signage system requirements is shown in Table 7. In
general, use level indicators are the most important, and the demand for functional level is
more likely to account for other indicators, most likely because some functions are optional
for users.

Separately, at the functional level, Al (entrance reminder) and A7 (departmental guide-
lines) are must-be quality (M) requirements, so they are of utmost importance. In second
place is A8 (danger indication) for one-dimensional quality (O), followed by attractive
quality (A) for A2 (route guide), A6 (floor guide), and A5 (consultation flow). All indicators
at the functional level can be seen through the sensitivity, and the setting should focus on
securing Al (entrance reminder) and A7 (departmental guidelines), two types of signage,
and improving the signage for A8 (danger indication). At the same time, adding three
types of signage, namely A2 (route guide), A6 (floor guide), and A5 (consultation flow),
can greatly enhance the satisfaction of users.
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Table 7. Demand importance ranking of the hospital signage system.

Ranking Method Demand Importance Ranking
Functional level Al>A7>A8>A2>A6>A5>A11>A10>A4>A9> A3
Design level B1>B4>B5>B8>B6>B7>B3>B2
Use level C6>C5>C7>C2>C8>C1>C4>C3
Attractive level D1>D2>D4>D3>D5
Must-be (M) Bl1>B4>Al>A7

One-dimensional

Attractive (A)
Reverse (R)

Indifferent (I)

©) A8 >D1 > C6>D2
A2>A6>D4>C5>B5>B8>A5>B6>B7>C7>C2>D3

C8>Cl1>A11>A10>A4>A9>C4>B3>C3>A3>B2>D5

At the design level, Bl (layout format) and B4 (signage symbols) are the must-be
quality (M) requirements and are ranked first. The most concentrated needs for attractive
quality (A) include B5 (colors), B6 (mounting position), B7 (signage size), and B8 (standard-
ization). Based on the sensitivity ranking, the respondents have a higher demand for the
layout design, icon symbol design, color design, mounting position, and standardization
level of hospital signage. B2 (information hierarchy and density) and B3 (text and terminol-
ogy) belong to indifferent quality (I), indicating that the respondents have a higher demand
for the information quality of signage, and text terminology are two types of features that
respondents do not care about.

At the use level, the one-dimensional quality (O) ranking was C6 (durability), which
ranked first in sensitivity, followed by attractive quality (A) needs, including C5 (safety),
C7 (update and maintenance), and C2 (legibility). From the first four items in the sensitivity
ranking—durability, readability, safety, and ability to be effectively maintained— hospital
signage systems are in much higher demand than the other indicators. It is worth noting
that C8 (user inclusive) and C1 (visibility) are considered as indifferent quality (I) but their
sensitivity is still higher.

At the attractive level, D1 (visual form) and D2 (fun and stylish) are one-dimensional
quality (O). The attractive quality (A) includes D3 (cultural elements) and D4 (harmo-
nization with the environment); D5 (digital intelligence) is the indifferent quality (I). The
sensitivity ranking shows that the interesting and well-designed appearance and inte-
gration of local cultural elements in the signage system are also the top-ranked demand
indicators. Moreover, intelligent signage is considered an irrelevant quality, likely because
digital intelligent signage is difficult to operate, and users prefer to rely on traditional
physical signage systems for wayfinding in the hospital environment.

5. Discussion

Research on hospital sighage systems with user requirements as the starting point is
helpful to provide targeted optimization direction and measures in the pre-design, mid-
implementation, and post-maintenance stages to improve satisfaction with the hospital
signage system, ultimately to promote the humanized development of China’s hospital
signage system [31,41]. This study used the Kano model to conduct a questionnaire survey
on the usage requirements of hospital signage systems at four levels: functional, design,
usage, and attractiveness levels. The results of this study provide a ranking of the quality
types and importance of each usage requirement indicator of hospital signage systems,
identifying attributes that need to be improved or reduced and attributes that promote
higher satisfaction.

The survey results show that improvement in the five essential attributes of hospital
signage systems Al (entrance reminder), A7 (departmental guidelines), Bl (layout format),
B4 (signage symbols) is a challenge, because the improvement in these attributes does not
generate greater satisfaction. On the contrary, their absence has led to great dissatisfaction.
Among these attributes, Al (entrance reminder), A7 (departmental guidelines), B1 (Ilayout
format), and B4 (signage symbols) belong to the functional level and design level. Based
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on previous research, the entrance reminder signage, the departmental guide signage, the
clarity of signage layout, and the comprehensibility of signage symbols help users find
their way, and thus have a high demand [41,81,82]. Therefore, this result is consistent with
the results of the previous study.

In addition, via one-dimensional quality (O)—AS8 (danger indication), D1 (visual
form), C6 (durability), D2 (Fun and stylish)—and attractive quality (A)—A2 (route guide),
A6 (floor guide), and D4 (harmonization with the environment)—the improvement in
these attributes can greatly enhance user satisfaction. Hospital management can increase
efforts to develop the attractive attributes of a signage system, enhancing user goodwill
and confidence, to aid the sustainability of hospital services [51,52,60]. The high level
of demand for the functional level attributes A2 (route guide), A6 (floor guide), and A8
(danger indication) is because these signs are located in heavy-traffic areas; therefore,
wayfinding problems occur frequently [41] (Bubric et al. 2021). C6 (durability), C7 (update
and maintenance), and D4 (harmonization with the environment) are important design
qualities that contribute to the sustainability of healthcare environmental services, such
as the use of environmentally durable and sustainable materials for signage, and the
enhancement of ecological attributes and user perceptions of the healthcare environment
by improving environmental factors [27]. It is interesting to note that D1 (visual form) and
D2 (fun and stylish) is considered as one-dimensional quality (O), that shows the aesthetic
features of the design contribute to the comprehension of graphics and symbols, which can
enhance the aesthetic quality of the signage and improves the user’s favorability [83,84].
Many indicators of graphic symbol demand are based on user perceptions, such as visual
form and aesthetic appeal [85-87]. A graphic or symbol’s emotional response, such as value
(positive vs. negative feelings) and arousal (whether it is calming or thrilling), is becoming
increasingly essential [87]. This suggests that the aesthetic quality of a product is a desired
attribute to increase user experience and user satisfaction. A9 (emergency evacuation),
C4 (number setting), B3 (text and terminology), A3 (current location), B2 (information
hierarchy and density), and D5 (digital intelligence) are the least important attributes of
indifferent quality (I), most likely because these attributes are not the most common in
user wayfinding and have no impact on user experience, regardless of whether signage is
provided or not. Although, emergency evacuation signs are important safety warnings, and
the design of this kind of signage has been the subject of decades of research, regulatory, and
standardization initiatives (ISO 7010:2019) [88]. However, emergency evacuation signage is
usually used to help users find their way in dangerous situations [89,90], the probability
of hospital visitors using emergency evacuation signage in a usual situation will be low.
Digital intelligence signage is costly to install; therefore, it is not the first choice for most
people to find their way around, especially the elderly [29,91,92]. The design details of
the signage, namely number setting, text and terminology, current location, information
hierarchy, and density, can somewhat influence the visual preferences and wayfinding
efficiency of users [13,41,93,94], but they do not have a significant impact on user demand
and satisfaction in existing hospitals.

6. Conclusions

The objective of this study was to use the Kano model in three hospitals in Guangzhou,
China, to assess user needs for hospital signage systems via a multidimensional approach.
The Kano model was used to classify the quality attributes of the hospital signage system,
identified the attributes that users regard and disregard, and discussed the relationship
between various quality attributes and user satisfaction. To our knowledge, this is the first
article published in China that explores the Kano model and its relationship with hospital
signage systems. In this way, it is a pioneering study that helps to fill the existing gaps in
the literature on the subject.

However, this study has some limitations. Although it was conducted in three hospi-
tals in Guangzhou, China, the results should be carefully handled and interpreted when
extrapolating them to other populations with different demographic, cultural, and ur-
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ban infrastructures, and different hospital characteristics. The sample size of this study
is limited, and more research is needed to further verify whether these attributes have
sustainable value and can improve user satisfaction. In addition, research has shown that
the Kano model is particularly useful in the design phase of a product/service; however, a
drawback of the Kano model is that it does not reveal the relative importance of various
attributes in the overall customer assessment of the product/service, or how the analyzed
attributes relate to each other in this regard [95]. Therefore, a penalty-reward contrast
analysis (PRCA) could be utilized in the future to further evaluate the relationship between
the quality attributes of hospital signage systems.

This study provides a new perspective on sustainability research in the healthcare
service industry by linking the quality of hospital signage system design to the sustain-
ability of the hospital environment in terms of user satisfaction with the requirements for
using hospital signage systems. Overall, hospital signage systems, as part of healthcare
services, have multidimensional attributes, and maintaining a sustainable high level of
user satisfaction is a long-term challenge for hospital management [42,47].
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