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A B S T R A C T   

Wayfinding in hospitals today is a significant challenge for urban residents, especially for the 
elderly. This study investigated the perceptions and attitudes of the elderly toward existing 
hospital signage systems to identify the wayfinding needs in the healthcare environment. This 
study collected 762 elderly participants’ perceptions and personal preferences regarding 12 
features of the existing signage systems in three hospitals in the Yuexiu, Haizhu, and Liwan 
districts of Guangzhou using a questionnaire methodology. The study further explored the dif
ferences in perceptions and preferences for signage based on the gender, age, and educational 
level of the elderly participants. The findings indicate that most of the elderly participants 
experienced becoming lost in the hospital; they typically chose to ask others for directions first, 
followed by using the signage system. Most of the elderly participants had positive attitudes to
ward the current hospital signage system. Furthermore, they emphasized the importance of the 
signage system’s graphics, texts, colors, and updates, which directly affects the readability and 
comprehensibility of signs. We found gender differences in perceptions and attitudes toward 
signage; male participants had more positive attitudes toward the hospital signage systems than 
female participants. Additionally, consistent with previous findings, the older the age of partic
ipants, the less comprehension they had regarding signage graphic symbols. We also found that 
the more educated elderly participants were, the more understanding of signage they had. At the 
same time, however, they were less satisfied, which is possibly because the more educated they 
were, the more aware they were of signage issues.   

1. Introduction 

Chinese society has entered the status of an aging population. In 2020, the population aged 60 and above in three Guangzhou 
districts: Yuexiu, Haizhu, and Liwan, exceeded 20 % of the registered population [1]. With an expanding urban population and the use 
of increasingly large, complex building spaces, such as hospitals and shopping malls, wayfinding is essential for elderly citizens to live 
and travel [2–6]. 

As the elderly population grows, the number of older people visiting hospital outpatient clinics increases, especially in large general 
hospitals [7,8]. Tertiary hospitals are large general public hospitals that provide medical and health services across regions, provinces, 
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and cities as well as to the entire country; they have comprehensive medical, teaching, and research capabilities, and usually have 500 
or more inpatient beds [9]. According to the Guangzhou Municipal Health Commission, there are 42 tertiary hospitals in Guangzhou, 
which totaled 144,251,100 consultations in 2021 [10]. As such, these hospitals’ colossal traffic and high utilization rates pose a 
challenge to the service and management of Guangzhou’s healthcare facilities [10]. 

In addition, wayfinding in hospitals is a challenge that the elderly must face due to the decline of their physical and cognitive 
abilities [11–13]. As a wayfinding aid, an effective hospital signage system can assist elderly people’s navigation process [14,15]. This 
can reduce their stress and their chances of becoming lost on the premises. When hospital signage is not designed to meet the per
ceptions of the elderly, it is challenging for them to recognize or familiarize themselves with a building, making it difficult for them to 
find their way [16–19]. Studies indicate that elderly people are often less efficient at wayfinding and require more time to reach their 
destination, and more crucially, they are more likely to become lost [20–22].Moreover, disorientation can harm a patient’s physio
logical health by increasing delirium, depression, and the need for painkillers, and, in certain situations, it is time consuming and can 
cause economic loss [23]. Research suggests that a hospitals lost almost 4500 h and USD 202,000 annually in USA, due to disoriented 
people asking for directions [24]. 

While a large number of studies have recommended preliminary suggestions for enhancing user wayfinding efficiency by 
improving the legibility and comprehensibility of signage systems [15,17,22,25] [–] [31], there are few specific hospital signage 
design recommendations for the elderly groups [32]. In addition, perceptions and preferences for signage systems are culturally 
diverse [15,33–38], and no research has been found on the perceptions of hospital signage systems by elderly users in China. Therefore, 
it is necessary to explore hospital signage systems that meet the needs of the elderly in the Chinese cultural context. 

This study aimed to investigate the elderly user’s perceptions and usage needs of the signage systems in three tertiary hospitals in 
Guangzhou and to make suggestions for improving the design of the signage systems. The main results of this study can help to 
determine the actual situation of the signage systems in these three hospitals in Guangzhou, especially the real perceptions of the 
signage systems by the elderly users, and we identified the differences in the perceptions of the signage by age, gender, and educational 
level, which can be used as a basis for similar studies on other healthcare organizations in China. In addition, this study proposed 
recommendations to improve and optimize the hospital signage systems from the perspective of the usage needs of elderly users, so 
that a wider group of users can benefit and thus the healthcare service experience can be improved. 

2. Literature review 

Generally, a signage system is a method of providing wayfinding information. According to the American Institute of Graphic Arts 
(AIGA) [39], the definition of signage system design is a visual design that provides identification, guidance, explanation, warning, and 
other functions through a combination of words, patterns, and colors. Studies indicate that signage has a considerable impact on 
wayfinding behavior; both software (words, graphics, arrows, or color combinations) and hardware (material, form, or size) elements 
are used to render precise, concrete explanations during wayfinding [19,39–42]. 

Hospital signage systems are regarded as critical information for wayfinding success. The signage design of hospital outpatient 
clinics helps guide attendees to their destinations to receive medical services [43,44]. Previous studies have emphasized the impor
tance of a hospital’s signage system, particularly in hospital outpatient areas with the highest concentration of hospital traffic [21,39, 
43,45–48]. Additionally, the outpatient environment is unfamiliar and complex to patients, which often causes wayfinding challenges, 
which reflects the quality of the “wayfinding design” of an outpatient space [21,49]. While analyzing hospital wayfinding, Carpman 
found that wayfinding issues can cause confusion, annoyance, rage, stress, high blood pressure, headaches, and exhaustion [2,22]. 
Therefore, hospital signage system design is critical for visitors to receive essential services swiftly and without experiencing obstacles 
within hospital settings [15,50,51]. 

As the population of elderly people increases, it becomes even more vital to consider their requirements when designing signage 
systems. Typically, hospital spatial features are identical and challenging to distinguish, especially for elderly people [52]. Therefore, it 
is crucial to help the elderly navigate hospitals through an effective signage system [21,47,53,54]. Moreover, due to visual impair
ments, cognitive declination, and reduced physical mobility, wayfinding concerns pose significant challenges for the elderly [3–5,55]. 
According to the literature, aging is linked to reduced cognitive function, which may lead to increased navigational errors; older adults 
gain lesser spatial information while navigating [2,56,57] and perform slower spatial tasks [6]. 

For elderly people, however, visual decline may be a barrier to reading signage, which can be avoided by following effective design 
techniques [11,38,58]. However, losses in visual performance among older persons can also be linked to cognition. Research suggests 
that visual decline in elderly people is caused by decreased selective attention, focusing on specific information while overlooking 
others [2,59–61]. When searching for items described by a single feature, older people perform comparably to younger people but 
exhibit a disproportionate decrease in performance when searching for objects defined by a combination of several elements [2,62,63]. 
Therefore, due to the decline of all physical functions, older people are more likely to be disoriented than younger people; their 
wayfinding performance is typically poorer, particularly in hospitals, subways, airports, and other large complex public spaces. In 
addition to age differences, studies indicate that other basic demographic information, such as gender and educational background, 
will also affect people’s perception and understanding of signage [33,64–66]. Furthermore, cultural differences have also received 
more attention as they involve the user’s processing of wayfinding information [37,38,67]. 

However, due to complicated structures, consultation flow, and huge crowds, the difficulty of wayfinding in hospitals cannot be 
overstated. An effective hospital signage system should be easy to perceive and recognize. It is essential to enhance visual perception 
when visual signals are used in such spaces as a result. Previous research has identified the characteristics and performance of 
wayfinding for the elderly [11,15,17,18,26,37,53,68], and provided preliminary recommendations and methods for hospital signage 
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system design. Mollerup argued that the standard approach to solving the problem of wayfinding in hospitals is to improve signage, 
and proposed the use of an inclusive approach to create signage systems that meet the needs of all populations because helping the less 
fortunate approach will ultimately help everyone [15]. Jianfeng Wu et al. constructed a methodological framework for hospital 
wayfinding signage design based on situational cognitive commonalities in terms of signage familiarity and concreteness to enhance 
the comprehensibility of signage symbols for elderly users [32]. However, the above studies paid little attention to the influence of user 
factors on cognitive commonality because different age groups and characteristics of elderly people may have different cognitive 
patterns. In contrast, Ido Morag et al. emphasized the centrality and uniqueness of the user by creating an inclusive questionnaire for 
hospital settings to assess the wayfinding problems faced by hospital users [69]. This study focused on exploring users’ experiences and 
perceptions of wayfinding in hospitals, summarizing users’ use and perceptions of signage and wayfinding information during the 
wayfinding process. Laura Bezerra Martins and Ann Sloan Devlin, also emphasized user factors [36,51]. However, Laura Bezerra 
Martins et al. argued that to effectively operate a hospital wayfinding information system, in addition to considering user charac
teristics, it is important to go beyond the graphic system and work with other disciplines beyond the scope of signage, such as the 

Fig. 1. 12 Design features of the signage systems.  
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physical characteristics of the environment as well as the circulatory system [51]. Ann Sloan Devlin similarly emphasizes the 
healthcare environment from the perspective of environmental psychology, including program configuration and inventory cues, and 
the role of technology [36]. 

In general, signage design is an integrated system that encompasses multiple aspects, and differences in graphic systems, archi
tectural spaces, and user cultures can lead to differences in comprehension. Therefore, research related to wayfinding signage should 
include subjects from different ages, genders, educational levels, and cultural backgrounds with different characteristics to explore 
age-inclusive signage design guidelines and recommendations, which can improve the ease of use and comprehensibility of signage. As 
Mollerup states professional wayfinding designers will research the problem before designing a solution, a thorough analysis of the 
current signage system is a natural starting point for any improvements [15]. 

Based on the existing literature, the present study defines three types of design elements for signage systems: (1) basic visual el
ements, (2) installation and maintenance, and (3) layout and design style. These elements have 12 corresponding design features and 
six indicators corresponding to personal preferences for hospital signage systems, as shown in Fig. 1. 

This study used a questionnaire to perform the following three objectives: (1) To assess the perceptions and personal preferences of 
the elderly participants on the existing signage systems in three hospitals in Guangzhou; (2) To determine whether differences based on 
age, gender, and educational level affect perceptions and personal preferences of hospital signage systems; (3) To recommend a 
hospital signage system design that meets the needs of the elderly. 

3. Method 

This study collected the perceptions of the elderly regarding the signage systems in three tertiary hospitals in Guangzhou using a 
questionnaire. Questionnaires were administered from October to December 2022. Each respondent received 20 RMB. Three 
administrative districts of Guangzhou (Yuexiu, Haizhu, and Liwan) were selected to distribute the questionnaire, and one tertiary 
hospital was selected in each administrative district. The three hospital sample locations were named Sample A, B, and C, respectively. 

3.1. Participants 

The questionnaire was randomly distributed to the patients, family members, companions, and general visitors over 65 years old in 
the hospital outpatient lobby. According to the rough estimation method proposed by Bentler and Chou [70], the sample size should be 
determined by the number of variables used, which is 5–10 times the number of questionnaire scale entries; the sample size can be 
expanded by 20 % by considering the number of invalid samples. The study questionnaire included 18 scale entries. Considering that 
the sampling error becomes smaller with a larger sample size, a total of 1200 questionnaires were distributed in the three hospitals, and 
762 valid samples were obtained. The final valid sample sizes for this study met the statistical sample size requirements of McQuitty 
[71]. 

Informed consent was obtained from participants before questionnaire distribution to ensure confidentiality and voluntary 
participation prior to participation. For privacy reasons, the questionnaire did not collect personally identifiable data, such as name, 
address, or date of birth. Additionally, all participants were informed that they may withdraw from the study without any queries or 
negative consequences. All participants’ identities and personal details were kept confidential. Only the researcher and supervisor 
could access the original data and recorded information. 

3.2. The hospitals 

Yuexiu District, Haizhu District, and Liwan District, which comprise the older urban areas of Guangzhou, all have a resident elderly 
population of more than 20 %. Therefore, this study’s questionnaire was conducted in three randomly selected tertiary hospitals in 
these three districts. By reviewing the official websites and statistics of the three hospitals, we selected large general hospitals with long 
histories and high levels of expertise and quality regarding medical services. Among them, Hospital C was the earliest established 
hospital, which had the most significant number of departments and beds and the largest potential elderly population in the region, 
followed by Hospital A and Hospital B. Table 1 shows the details of the three hospitals and the elderly population obtained from official 
statistics [1]. 

Table 1 
The details of the three tertiary hospitals.  

Code Name of Hospital District Year of 
Establishment 

No. of 
Departments 

No. of 
Beds 

No. of elderly people 
served 

A The Third Affiliated Hospital of Guangzhou 
University of Chinese Medicine 

Li wan 
District 

1985 26 1506 223,100 

B The Second Affiliated Hospital of Guangzhou Medical 
University 

Hai zhu 
District 

1982 59 2500 284,500 

C Guangdong Province Traditional Chinese Medical 
Hospital 

Yue xiu 
District 

1933 73 3524 314,300  
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3.3. Measures 

The questionnaire comprised three parts: (1) demographic characteristics, (2) the participants’ perceptions of the hospital signage 
system categories, including “basic visual elements,” “installation and maintenance,” “layout and design style,” and (3) participants’ 
personal preferences for the hospital signage systems. The literature on related topics was consulted to develop the questionnaire 
content [72–75], as shown in Fig. 1. The questionnaire was scored using a 5-point Likert scale (“1 = strongly disagree,” “2 = disagree,” 
“3 = neither agree nor disagree,” “4 = agree,” “5 = strongly agree,”). A pretest with 30 elderly visitors was conducted in Hospital A to 
optimize the questionnaire before formal distribution. Hospital A received 350 questionnaires and 283 valid questionnaires were 
returned, with a recovery rate of 70.8 %. Hospital B received 340 questionnaires, and 247 valid questionnaires were returned, with a 
recovery rate of 61.8 %. Hospital C received 310 questionnaires, and 232 valid questionnaires were returned, with a recovery rate of 
58 %. Across all three hospitals, a total of 762 valid questionnaires were obtained, with a total recovery rate of 63.5 %. 

3.4. Statistical analysis 

Data collected for this study were analyzed using SPSS 25, with a statistical significance level of P < .05. We used three different 
analyses to examine the data gathered for this investigation. First, reliability and validity analyses were used to examine the internal 
consistency of the factors and the validity of the questionnaire structure. Second, descriptive statistical analysis was used to examine 
the frequency of hospital visits, ways of finding their way around the hospital, becoming lost in the hospital, perceptions and opinions 
of the existing hospital signage system, personal preferences, and overall satisfaction with the hospital signage system among older 
participants of different genders (female, male), ages (65–70, 71–74, 75 and above), and educational levels (primary school, junior 
school, senior high school, college, undergraduate, graduate and above). A third analysis involved a series of t-tests to assess how 
participants’ perceptions of the hospital signage system and other performance elements changed with age. Finally, data from the three 
hospitals were pooled to comprehensively assess whether there was a correlation between participants’ age and educational level and 
their perceptions of different attributes of the hospital signage system. We used Pearson correlation analysis to examine the rela
tionship between hospital signage system characteristics and participant performance. 

3.5. Reliability and validity testing 

This study tested the reliability and validity of the questionnaire for elderly users’ perceptions of the three hospital signage systems 
using SPSS 25 software. The details are presented in Table 2. Specifically, Hospital A had a Cronbach’s alpha value of 0.762 and a KMO 
value of 0.841, with Bartlett’s spherical test reaching significant levels (p < .001). Hospital B had a Cronbach’s alpha value of 0.817 
and a KMO value of 0.875, with Bartlett’s spherical test reaching significant levels (p < .001). Hospital C had a Cronbach’s α value of 
0.838 and a KMO value of 0.847, with Bartlett’s spherical test reaching significant levels (p < .001). The mean value of Cronbach’s α 
value for the three hospitals was 0.806, and the mean value of KMO was 0.854, with KMO values greater than 0.8. This indicates that 
the questionnaire data had good reliability and validity and were suitable for subsequent analysis. 

4. Results 

4.1. Participant demographic characteristics 

Table 3 shows the demographic characteristics of the respondents, including gender, age, and educational level. The statistical 
results indicate that most respondents were male, including 139 males and 93 females in Hospital A. There were 151 males and 96 
females in Hospital B and 170 males and 113 females in Hospital C. Additionally, the age of the respondents in the three hospitals was 
between 65 and 70, and 70–75 years old. The educational level of the respondents was primarily junior high and high school. However, 

Table 2 
The reliability and validity of the questionnaire.  

Item   Value 

Hospital A Cronbach’s α value  .762 
Hospital B  .817 
Hospital C  .838 
All hospitals  .806 
Hospital A KMO sampling suitability measure  .841  

Bartlett sphere test Approximate chi-square 
Sig. 

2062.916 
.000 

Hospital B KMO sampling suitability measure  .875  
Bartlett sphere test Approximate chi-square 

Sig. 
1617.289 
.000 

Hospital C KMO sampling suitability measure  .847  
Bartlett sphere test Approximate chi-square 

Sig. 
2387.061 
.000 

All hospitals KMO sampling suitability measure  .854  
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there was also a significant number of people with a college education in Hospitals A and B, accounting for 24.6 % and 25.5 % of the 
total respondents, respectively. Most respondents were not visiting the hospital for the first time. Specifically, 143 from Hospital A 
were not first-time visitors, and 89 were first-time visitors. In Hospital B, 179 respondents were not first-time visitors, and 68 were first- 
time visitors. In Hospital C, 155 were not first-time visitors and 128 were. Most respondents had the experience of becoming lost in the 
particular study hospital. Particularly, 128 respondents (55.2 %) became lost in Hospital A; 190 respondents (76.9 %) in Hospital B, 
and 220 respondents (77.7 %) in Hospital C had become lost. 

Table 4 shows the results of the respondents’ ranking of the reasons for becoming lost in the three study hospitals. The reasons for 
becoming lost were primarily focused on the following: “Consultation process is complicated,” “Hospital environment structure is too 
complex,” and “The signage is difficult to identify.” In Hospital A, the top reason for becoming lost was cited as “Hospital environment 
structure is too complex,” with a mean score of 3.22, which was followed by “The signage is difficult to identify,” with a mean score of 
3.10. Regarding Hospital B, the top reason for becoming lost was cited as “Consultation process is complicated,” with a mean score of 
2.80, which was followed by “The signage is difficult to identify,” with a mean score of 2.11. Similar to Hospital B, in Hospital C, the 
top reason for becoming lost was “Consultation process is complicated,” with a mean score of 3.59. The second reason was “The 
signage is difficult to identify,” with a mean score of 2.88. 

Table 5 shows the ranking results of the wayfinding methods used by the respondents in the three hospitals. Most respondents 
adopted the wayfinding method of “Asking others for directions.” In Hospital A, “Asking others for directions” ranked first, with a 
mean score of 2.95, which was followed by “Paper Maps,” with a mean score of 2.45. In Hospital B, the top method respondents used to 
find directions was “Asking others for directions,” with a mean score of 3.28, which was followed by “Signage system,” with a mean 
score of 2.79. In Hospital C, the top method to find directions was the “Signage system,” with a mean score of 3.04, which was followed 
by “Asking others for directions,” with a mean score of 3.03. 

4.2. Elderly people’s perceptions of existing hospital signage systems 

Table 6 and Fig. 2 shows the percentage and number of participants rating each hospital on the 12 indicators and the total score, 
mean, and standard deviation of the 12 indicators. Table 6 and Fig. 2 demonstrates the highest overall ratings of the three hospitals 
were Hospital B, then followed by Hospital C and Hospital A. The mean scores of all 12 indicators for the three hospitals were above 
3.5, which indicates that respondents rated these indicators more positively, as shown in Table 6. Specifically, Hospital A’s mean range 
was 3.50–3.98. The indicators with the highest mean scores were “The number of signage updated sufficiently(3.98),” “The graphic or 
symbol design of the signage is moderate in size(3.88),” and “Signage can be easily seen in the environment(3.79).” Indicators with the 
lowest scores were “The signage can be regularly maintained and updated(3.50),” “The installation position of the signage is suitable 
(3.54),” and “The graphic or symbol design of the signage is easy to understand(3.58).” Hospital B’s mean range was 3.15–3.96, and 
the indicators with the highest mean scores were “The space layout on the signage is clear(3.96),” “The number of signage is sufficient 
(3.96),” and “Signage can be easily seen in the environment(3.84).” The lowest scoring indicators were “The graphic or symbol design 
of the signage is moderate in size(3.15),” “The graphic or symbol design of the signage is easy to understand(3.32),” and “The 

Table 3 
Demographic characteristics of the participants.  

Type  Hospital A Hospital B Hospital C 

N % N % N % 

Gender Male 139 59.9 151 61.1 170 60.1  
Female 93 40.1 96 38.9 113 39.9 

Age 65–70 131 56.5 99 40.1 153 54.1 
71–75 86 37.1 29 48.2 96 33.9  
>75 15 6.5 119 11.7 34 12.0 

Educational level Primary school 11 4.7 6 2.4 30 10.6 
Junior school 42 18.1 87 35.2 50 17.7 
Senior high school 102 44.0 75 30.4 131 46.3 
College 57 24.6 63 25.5 40 14.1 
Undergraduate 15 6.5 12 4.9 25 8.8 
Graduate and above 5 2.2 4 1.6 7 2.5 

Total  232 100 247 100 283 100  

Table 4 
Participants ranked the reasons for becoming lost in the hospital.  

Item Hospital A Hospital B Hospital C  

Total M SD Total M SD Total M SD 

The consultation process is complicated. 554 2.38 .840 693 2.80 .593 1017 3.59 .871 
The signage is difficult to identify. 720 3.10 .594 523 2.11 .673 816 2.88 .633 
The hospital environment structure is too complex. 748 3.22 1.053 328 1.32 .827 591 2.08 .649 
Too many people in the hospital. 298 1.28 .681 309 1.25 .585 406 1.43 .882  
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installation position of the signage is suitable(3.74).” Hospital C’s mean range was 3.49–3.97, and the indicators with the highest mean 
scores were “The space layout on the signage is clear(3.97),” “The number of signage is sufficient(3.94),” and “The signage design style 
is uniform(3.84).” The lowest scoring indicators were “The signage can be regularly maintained and updated(3.49),” “The text design 
of the signage is recognizable(3.32),” “The text design of the signage is clear and moderate in size(3.49),” and “The color design of the 
signage is appropriate and eye-catching(3.59).” 

4.3. Personal preferences for hospital signage systems among the elderly 

Table 7 shows the personal preferences of the elderly respondents regarding the hospital signage systems. The highest mean scores 
for both Hospitals A and C were “Image-based signage helps me a lot in wayfinding,” with 3.25 and 3.42, respectively. Hospital B had 
the highest mean score of “The less colorful the signage, the better it helps me find my way” (3.36). Based on the mean scores, “Tilting 
my head to read hanging signs or signs on the wall is easy for me” received the lowest score among the three hospital participants, with 
the three hospitals scoring (Hospitals A 2.93, Hospitals B 2.94, and Hospitals C 2.90). These findings suggest that the elderly re
spondents attached more importance to the graphic symbols and color elements of the signage system. Furthermore, it was challenging 
for elderly users to look up at the hanging signs, so their physical and mental preferences were low in this regard. Concerning 
satisfaction with existing signage, the average value of all three hospitals was around 3, which is considered the middle level. 

Table 6 and Fig. 2 indicate that the highest overall score was in Hospital B. Hospital A was rated between 1 and 3(Likert 5-point 
scale)more frequently than Hospitals B and C. These negative ratings may be due to the fact that although Hospital A was established 
later (1985) than Hospitals B (1982) and C (1933), its signage system has not been updated promptly, and in particular, it occupies 
more low scores in terms of the signage location, the level of standardization, the legibility and the layout design compared to that of 
Hospital B and Hospital C. Therefore, it is not able to satisfy the user’s needs for wayfinding in this hospital. 

4.4. Age differences in perceived signage system and personal preferences 

To further examine the correlation between the 12 indicators and age, we conducted a Pearson correlation analysis to explore 
whether the perceptions and physical and mental preferences of participants from different age groups toward the existing hospital 
signage system were significantly correlated. Tables 9 and 10 show the results of the Pearson correlation analysis. Specifically, 
regarding the participants’ perceptions of the existing hospital signage system: “The graphic or symbol design of the signage is 
moderate in size” (r = -0.399, p < .001); “The graphic or symbol design of the signage is easy to understand” (r = -0.427, p < .001); and 
“The color design of the signage is appropriate and eye-catching” (r = -0.192, p < .001). These three variables showed a significant 
negative correlation with age, while the rest of the variables indicated no significant correlation with age. Regarding the participants’ 
personal preference for hospital signage systems: “The cooler colors signage makes me feel more comfortable” (r = -0.255, p < .001) 
and “When graphics and text are together in the signage, I will look at the graphics first” (r = -0.405, p < .001) showed a significant 
negative correlation with age. The remaining variables were not significantly correlated. 

Table 5 
Participant hospital wayfinding ranking results.  

Item Hospital A Hospital B Hospital C 

Total M SD Total M SD Total M SD 

Asking others for directions 686 2.95 1.208 812 3.28 1176 859 3.03 1.211 
Signage system 525 2.26 .973 690 2.79 .705 863 3.04 .783 
Mobile App navigation 539 2.32 .990 545 2.20 .797 657 2.32 .713 
Paper Maps 570 2.45 1.153 423 1.71 1.041 450 1.59 .997  

Table 6 
Mean and standard deviation of different characteristics of the three hospital signage systems.  

Characteristics Hospital A Hospital B Hospital C   

Total M SD Total M SD Total M SD  

The graphic or symbol design of the signage is moderate in size. 900 3.88 .990 777 3.15 1.153 1031 3.64 1.153  
The graphic or symbol design of the signage is easy to understand. 831 3.58 .972 819 3.32 .918 1027 3.63 .986 
The text design of the signage is clear and moderate in size. 874 3.77 .688 930 3.77 .728 1016 3.59 .777 
The text design of the signage is recognizable. 880 3.78 .703 932 3.77 .719 1004 3.55 .982 
The color design of the signage is appropriate and eye-catching. 848 3.66 .908 940 3.81 .756 1017 3.59 .979 
The number of signage is sufficient. 924 3.98 .727 977 3.96 .750 1116 3.94 .770 
The installation position of the signage is suitable. 822 3.54 .925 923 3.74 .686 1066 3.77 .675 
The material used for the signage is suitable. 874 3.77 .713 932 3.77 .696 1021 3.61 .820 
The signage can be regularly maintained and updated. 813 3.50 .958 937 3.79 .688 988 3.49 .965 
The signage design style is uniform. 840 3.62 .834 937 3.79 .723 1087 3.84 .694 
Signage can be easily seen in the environment. 880 3.79 .715 949 3.84 .724 1083 3.83 .740 
The space layout on the signage is clear. 930 3.52 .738 978 3.96 .742 1124 3.97 .757  
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Fig. 2. Evaluations of the 12 signage characteristics made by the respondents of each hospital under study.  

L. Deng et al.                                                                                                                                                                                                           



Heliyon 10 (2024) e25003

9

Table 7 
Means and standard deviations of personal preferences for hospital signage systems among the elderly.  

Characteristics Hospital A Hospital B Hospital C 

Total M SD Total M SD Total M SD 

Tilting my head to read hanging signs or signs on the wall is easy for me. 680 2.93 .951 725 2.94 .943 822 2.90 .965 
The less colorful the signage, the better it helps me find my way. 713 3.07 .832 829 3.36 .808 856 3.02 .920 
The cooler color signage makes me feel more comfortable. 743 3.20 .851 753 3.05 .795 861 3.14 .866 
When graphics and text are together in the signage, I will look at the graphics first. 714 3.08 .864 640 2.99 .987 857 3.03 .850 
Image-based signage helps me a lot in wayfinding. 755 3.25 .702 795 3.22 .716 912 3.42 .774 
The existing signage design can meet my needs. 689 2.97 .813 749 3.03 .932 836 2.95 .888  

Table 8 
Gender differences in perceived signage characteristics and personal preferences.   

Levene’s Test for Equality of 
Variances  

t-test for Equality of Means 95 % Confidence 
Interval of the 
Difference   

F Sig. t df Sig. (2- 
tailed) 

Mean 
Difference 

Std. Error 
Difference 

Lower Upper 

The graphic or symbol design 
of the signage is easy to 
understand. 

Equal 
variances 
assumed 

1.962 0.162 2.892 761 0.004 0.206 0.071 0.066 0.346 

Equal 
variances not 
assumed   

2.921 668.250 0.004 0.206 0.071 0.068 0.345 

The text design of the signage is 
clear and moderate in size. 

Equal 
variances 
assumed 

0.005 0.941 2.012 761 0.045 0.110 0.055 0.003 0.217 

Equal 
variances not 
assumed   

2.029 664.515 0.043 0.110 0.054 0.004 0.216 

The text design of the signage is 
recognizable. 

Equal 
variances 
assumed 

0.006 0.940 2.496 761 0.013 0.153 0.061 0.033 0.273 

Equal 
variances not 
assumed   

2.516 663.719 0.012 0.153 0.061 0.034 0.272 

The color design of the signage 
is appropriate and eye- 
catching. 

Equal 
variances 
assumed 

4.110 0.043 3.379 761 0.001 0.222 0.066 0.093 0.351 

Equal 
variances not 
assumed   

3.332 615.652 0.001 0.222 0.067 0.091 0.352 

The signage design style is 
uniform. 

Equal 
variances 
assumed 

1.953 0.163 3.921 761 0.000 0.216 0.055 0.108 0.325 

Equal 
variances not 
assumed   

3.958 666.881 0.000 0.216 0.055 0.109 0.324 

Signage can be easily seen in 
the environment. 

Equal 
variances 
assumed 

0.193 0.660 3.281 761 0.001 0.175 0.053 0.070 0.280 

Equal 
variances not 
assumed   

3.308 664.476 0.001 0.175 0.053 0.071 0.279 

When graphics and text are 
together in the signage, I 
will look at the graphics 
first. 

Equal 
variances 
assumed 

0.120 0.729 − 2.018 761 0.044 − 0.138 0.068 − 0.272 − 0.004 

Equal 
variances not 
assumed   

− 2.005 632.695 0.045 − 0.138 0.069 − 0.273 − 0.003 

Tilting my head to read 
hanging signs or signs on 
the wall is easy for me. 

Equal 
variances 
assumed 

0.604 0.437 − 2.274 761 0.023 − 0.123 0.054 − 0.230 − 0.017 

Equal 
variances not 
assumed   

− 2.318 687.068 0.021 − 0.123 0.053 − 0.228 − 0.019  
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Table 9 
Correlation between age and perception of the hospital signage system.   

Age 1 2 3 4 5 6 7 8 9 10 11 12 

Age 1 ¡.399** ¡.427** 0.015 0.024 ¡.192** 0.033 0.064 0.002 0.029 0.042 0.002 − 0.034 
1. The graphic or symbol design of the signage is moderate in size. − .399** 1            
2. The graphic or symbol design of the signage is easy to understand. − .427** .553** 1           
3. The text design of the signage is clear and moderate in size. 0.015 .182** .236** 1          
4. The text design of the signage is recognizable. 0.024 .141** .167** .590** 1         
5. The color design of the signage is appropriate and eye-catching. − .192** .428** .517** .302** .241** 1        
6. The number of signage is sufficient. 0.033 .189** .262** .286** .261** .247** 1       
7. The installation position of the signage is suitable. 0.064 .103** .159** .225** .193** .192** .231** 1      
8. The material used for the signage is suitable. 0.002 .173** .215** .533** .591** .300** .303** .186** 1     
9. The signage can be regularly maintained and updated. 0.029 − 0.010 0.070 .462** .520** .108** .154** .428** .433** 1    
10. The signage design style is uniform. 0.042 .196** .211** .341** .260** .293** .303** .579** .307** .416** 1   
11. Signage can be easily seen in the environment. 0.002 .336** .395** .387** .274** .430** .368** .300** .388** .176** .394** 1  
12. The space layout on the signage is clear. − 0.034 .285** .272** .302** .284** .261** .529** .217** .306** .124** .317** .399** 1  
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4.5. Gender differences in perceiving the signage system and personal preferences 

This study conducted an independent samples t-test to explore differences in perceptions of the hospital signage system between 
elderly male and female respondents. There were 762 elderly participants, males (n = 460) and females (n = 302) from the three 
hospitals. Table 8 presents the statistical results of the independent samples t-test. The results indicate significant differences between 
male and female elderly participants regarding six indicators of the perceptions of the hospital signage systems: “The graphic or symbol 
design of the signage is easy to understand” (male: M = 3.60 SD = 0.982; female: M = 3.39 SD = 0.935), t(761) = 2.892, p < .05, 95 % 
CI [ 0.066 ; 0.346 ]. This indicates that the male respondents found hospital signage easier to understand compared to females. “The 
text design of the signage is clear and moderate in size” (male: M = 3.60 SD = 0.982; female: M = 3.39 SD = 0.935), t(761) = 2.892, p 
< .05, 95 % CI [ 0.003 ; 0.217 ]. This indicates that the male respondents found the size and clarity of hospital signage text appropriate 
compared to females. “The text design of the signage is recognizable” (male: M = 3.76 SD = 0.839; female: M = 3.60 SD = 0.807), t 
(761) = 2.496, p < .05, 95 % CI [ 0.033 ; 0.273 ]; “The color design of the signage is appropriate and eye-catching” (male: M = 3.77 SD 
= 0.863; female: M = 3.55 SD = 0.922), t(761) = 3.379, p < .05, 95 % CI [ 0.093 ; 0.351 ]; “Signage can be easily seen in the 
environment” (male: M = 3.89 SD = 0.733; female: M = 3.72 SD = 0.704), t(761) = 3.281, p < .05, 95 % CI [ 0.070 ; 0.280 ]; “The 
signage design style is uniform” (male: M = 3.84 SD = 0.759; female: M = 3.63 SD = 0.725), t(761) = 3.921, p < .05, 95 % CI [ 0.108 ; 
0.325 ]; and “When graphics and text are together in the signage, I will look at the graphics first” (male: M = 2.85 SD = 0.912; female: 
M = 2.98 SD = 0.940), t(761) = − 2.018, p < .05, 95 % CI [ 0.272; 0.004 ]. These findings indicate that female seniors were more likely 
to look at the graphics of the signage rather than the textual information compared to male seniors. There were no significant gender 
differences in the remaining indicators. 

4.6. Educational level differences in perceived signage system and personal preferences 

We conducted a Pearson correlation analysis to explore whether the perceptions of participants with differing levels of education on 
the existing hospital signage system and their physical and mental preferences for the signage system were significantly correlated. 
Tables 11 and 12 present the Pearson correlation analysis results. Specifically, in terms of participants’ perceptions of the existing 
hospital signage system: “The text design of the signage is clear and moderate in size” (r = -0.072, p < .005); “The color design of the 
signage is appropriate and eye-catching” (r = -0.110, p < .001); and “The signage can be regularly maintained and updated” (r =
-0.203, p < .001) showed a significant negative correlation with the participants’ educational level. “The number of signage is suf
ficient” (r = 0.364, p < .001) and “The space layout on the signage is clear” (r = 0.301, p < .001) were significantly positively 
correlated with the participant’s educational level and the remaining indicators were significantly correlated with the participant’s 
educational level. The rest of the indicators were not significantly correlated with educational level. 

Regarding participants’ personal preference for the hospital signage systems, “The existing signage design can meet my needs” (r =
-0.327, p < .001) showed a significant negative correlation with participants’ educational level. The remaining indicators were not 
significantly correlated with educational level. 

5. Discussion 

The main objective of this study was to investigate the perceptions and attitudes of the elderly toward existing hospital signage 
systems and to further clarify the perceptions and needs of the elderly in the healthcare environment. Results based on perceptions and 
personal preferences of the elderly on 12 indicators of hospital signage systems indicated that the elderly had positive attitudes to
wards the three existing hospital signage systems. 

5.1. Reasons for elderly people getting lost in hospital 

This study’s results indicate that most of the elderly patients who participated had experienced becoming lost (unable to find their 
destination) in the hospital. The main reasons for becoming lost were cited as: “Consultation process is complicated,” “Hospital 
environment structure is too complex,” and “The signage is difficult to identify.” This result may be attributed to the fact that these 
three large general hospitals were established earlier and have been expanded as the number of people served is increasing due to the 

Table 10 
Correlation between age and personal preferences of the hospital signage system.   

Age 1 2 3 4 5 6 

Age 1 0.035 − 0.032 ¡.255** ¡.405** 0.045 0.045 
1. Tilting my head to read hanging signs or signs on the wall is easy for me. 0.035 1      
2. The less colorful the signage, the better it helps me find my way. − 0.032 .548** 1     
3. The cooler colors signage makes me feel more comfortable. − .255** .548** .453** 1    
4. When graphics and text are together in the signage, I will look at the graphics 

first. 
− .405** .423** .349** .501** 1   

5. Image-based signage helps me a lot in wayfinding. 0.045 .634** .467** .425** .321** 1  
6. The existing signage design can meet my needs. 0.045 .409** .272** .317** .258** .369** 1 
**. Correlation is significant at the 0.01 level (2-tailed).  

L. Deng et al.                                                                                                                                                                                                           



Heliyon10(2024)e25003

12

Table 11 
Correlation between educational level and perception of the hospital signage system.   

Educational 
level 

1 2 3 4 5 6 7 8 9 10 11 12 

Educational level 1 0.070 0.059 ¡.072* ¡.110** − 0.034 .364** − 0.061 − 0.067 ¡.203** − 0.020 0.059 .301** 
1. The graphic or symbol design of the signage is moderate in 

size. 
0.070 1            

2. The graphic or symbol design of the signage is easy to 
understand. 

0.059 .553** 1           

3. The text design of the signage is clear and moderate in size. − .072* .182** .236** 1          
4. The text design of the signage is recognizable. − .110** .141** .167** .590** 1         
5. The color design of the signage is appropriate and eye- 

catching. 
− 0.034 .428** .517** .302** .241** 1        

6. The number of signage is sufficient. .364** .189** .262** .286** .261** .247** 1       
7. The installation position of the signage is suitable. − 0.061 .103** .159** .225** .193** .192** .231** 1      
8. The material used for the signage is suitable. − 0.067 .173** .215** .533** .591** .300** .303** .186** 1     
9. The signage can be regularly maintained and updated. − .203** − 0.010 0.070 .462** .520** .108** .154** .428** .433** 1    
10. The signage design style is uniform. − 0.020 .196** .211** .341** .260** .293** .303** .579** .307** .416** 1   
11. Signage can be easily seen in the environment. 0.059 .336** .395** .387** .274** .430** .368** .300** .388** .176** .394** 1  
12. The space layout on the signage is clear. .301** .285** .272** .302** .284** .261** .529** .217** .306** .124** .317** .399** 1 
*. Correlation is significant at the 0.05 level (2-tailed).**. Correlation is significant at the 0.01 level (2-tailed).  
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urban population explosion [12,44,76]. Existing hospitals therefore possess characteristics such as larger spaces, more complex 
building structures, and untimely updating of signage systems [77]. 

5.2. Wayfinding methods for the elderly in hospitals 

The most used method of wayfinding among the respondents in Hospital A and Hospital B was "asking others for directions", 
however, in Hospital C, it was "signage system" followed by "asking others for directions". The main reason for this result may be that 
the existing signage system in Hospital C is more satisfying in terms of quantity, installation location, degree of standardization, ease of 
visibility, and layout design, and therefore more people choose the signage system for wayfinding. Of course, this difference in 
preference could also be caused by the internal environment of the hospital, the flow of the visit, and differences in the sampling of 
older participants, so a larger sample and more rational sampling techniques are needed to provide more insights in future studies [38]. 

In general, the results of this study showed that most of the older adults found their way by asking for directions and signage 
systems, which is consistent with previous findings [20,75,78]. This finding suggests that asking others for leadership is not unique to 
China but is a universal method of wayfinding. However, while it is often considered to be more efficient and faster, it has a hidden cost 
to hospitals [78]. Therefore, on the one hand, the utilization rate of the signage can be increased by improving its recognizability and 
comprehensibility, and on the other hand, the frequency of users asking for directions verbally can be reduced, which in turn reduces 
the economic costs for both users and hospitals. 

5.3. Signage design features that are easily perceived by the elderly 

Elderly users in all three hospitals rated the text, graphic symbols, and color design elements of the signage poorly, especially in 
Hospital C. Comparing the results of older users’ perception of the signage design features of the three hospitals, we found some 
commonalities. The first is the age-related difference in perception. The present study’s findings indicated that the older the partic
ipants were, the more worse they perceived the signage’s text size, graphic symbols and the color, which may be related to vision loss 
and physiological memory deterioration common in senior populations [79]. Furthermore, the older participants were more inclined 
to find their way by preferentially looking at the textual information of the signage rather than the graphics. However, previous 
findings indicate that icons with graphic symbols as design elements are easier to recognize and understand than single textual 
messages since images are more universally recognizable than text because graphics contain fewer barriers than verbal text [80,81]. 
This can help avoid problems associated with inadequate reading skills or language unfamiliarity [82–84]. However, for the elderly, 
comprehension of signage graphic symbols can worsen with age [17,19,60], and the satisfaction with the signage is reduced [19]. This 
may be due to age-related changes in selective attention, inhibition efficiency, and the ability to form new associations [17,25]. 
Moreover, familiarity with graphic symbols affects users’ comprehension [28], and signage medical symbols are typically composed of 
graphic symbols that lack familiarity [37], which will be more challenging to remember and understand for elderly people. Regarding 
signage color, older participants preferred a high-saturation, warm, and eye-catching signage color scheme, possibly due to weakened 
color perception caused by declining visual perception [85]. 

Table 6 and Fig. 2 demonstrated the users’ satisfaction with the signage of the three hospitals, with the lowest ratings were “The 
graphic or symbol design of the signage is easy to understand,” “The graphic or symbol design of the signage is moderate in size,” “The 
color design of the signage is appropriate and eye-catching,” and “The signage can be regularly maintained and updated.” Of course, in 
addition to these common characteristics, there are also variations from hospital to hospital. For example, the scores for “The 
installation position of the signage is suitable,” and “The space layout on the signage is clear,” were also very low in Hospital A, while 
the opposite was true for Hospital C. It is also worth noting that in Hospital C, "The text design of the signage is clear and moderate in 
size," and "The text design of the signage is recognizable," also scored relatively low. These findings suggest that respondents placed the 
highest importance on the graphics, colors, texts, layout design, installation position and updates of the signage system. These in
dicators directly affect the legibility and comprehensibility of the signage. Therefore, these areas must be improved in the existing 
hospitals. 

Table 12 
Correlation between educational level and personal preferences of the hospital signage system.   

Educational 
level 

1 2 3 4 5 6 

Educational level 1 0.027 − 0.010 − 0.007 − 0.009 − 0.012 − .327** 
1. Tilting my head to read hanging signs or signs on the wall is easy for me. 0.027 1      
2. The less colorful the signage, the better it helps me find my way. − 0.010 .548** 1     
3. The cooler colors signage makes me feel more comfortable. − 0.007 .548** .453** 1    
4. When graphics and text are together in the signage, I will look at the 

graphics first. 
− 0.009 .423** .349** .501** 1   

5. Image-based signage helps me a lot in wayfinding. − 0.012 .634** .467** .425** .321** 1  
6. The existing signage design can meet my needs. − .327** .409** .272** .317** .258** .369** 1 
**. Correlation is significant at the 0.01 level (2-tailed).  
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5.4. Gender differences in perceptions of signage systems 

Regarding the variability in the perceived aspects of the hospital signage systems between the elderly male and female participants, 
there were significant differences in the following: the comprehensibility of the signage’s graphics, the clarity of the text, whether the 
signage’s colors were eye-catching, the effectiveness of the English text messages, the overall design and whether it was in harmony 
with its surroundings. There were no significant differences in the remaining indicators. Overall, the male respondents had more 
positive attitudes and overall satisfaction than females. Regarding personal preference for signage systems, female seniors preferred to 
view the signage graphics over textual information, with no significant gender differences in the remaining indicators. These gender 
differences may be due to other factors, such as participant differences in other factors, such as visual knowledge, experience levels, 
and cultural backgrounds in understanding signage and, therefore, differing levels of comprehension [37,38,86]. However, previous 
studies indicate that males and females differed in visual perception and visual preference and that females may be more sensitive to 
color than males; thus, females may outperform males in color perception in visual tasks, and females also tend to have the ability to 
perceive speed, i.e., the ability to compare pictures quickly and accurately [87,88]. This may explain the lower ratings of text, graphics, 
and color of hospital signage by female users in this study. Given this gender difference, further research is needed to investigate the 
effects of participants’ knowledge, experience level, and cultural background on visual perception and preference. 

5.5. Differences in perceptions of signage systems by educational level 

Regarding the perceptions and personal preferences of participants with different levels of education regarding the existing hospital 
signage systems, as expected, the higher educated participants perceived the signage to help them easily find their way compared to 
the less educated participants. The higher educated participants understood the graphic symbolic information of the signage more 
accurately [37]. However, at the same time, the higher educated participants were less satisfied with the existing signage than the less 
educated participants. For example, participants generally felt that the textual information on the current signs was not clear enough, 
the colors of the signs were not eye-catching, and the maintenance and updating of the signs were lacking. This does not mean that less 
educated people encountered fewer challenges, but perhaps more highly educated people are more aware of the problems with 
signage, and therefore they demand higher quality [78]. 

5.6. Recommendations for hospital signage system design 

As mentioned above, the color, text format, symbols or pictograms, layout design, installation location, and maintenance and 
updating of hospital signage are the most important design factors to the users. Numerous studies have shown that text, graphic 
symbols, and color factors directly affect the readability and comprehensibility of signage [15,17,25–28]. However, differences in 
perceptions of and preferences for signage are not only age-dependent but also include gender and level of education. Some studies 
have shown that cultural factors are the key to the differences in users’ perceptions of signage [15,33–38]. Therefore, how to meet the 
needs and habits of different groups of older persons of different genders and educational backgrounds within the same signage system 
is an important issue that needs attention. Based on the results of this study, improvement strategies are proposed from the needs of the 
target group through several aspects of signage, including text, graphics, and color to enhance and improve the signage system in the 
context of Chinese culture. 

In the case of signage text, studies have shown that the recognizability of different fonts of the same size at different distances is 
significantly different, with non-serifed fonts being more suitable for long-distance viewing than serifed fonts [75,78]. Text alignment, 
font type, font size, layout, and grouping all affect the way users interpret information [16,75,89]. In the hospital space, a large amount 
of signage needs to be viewed from a distance. Therefore, for elderly people, it is necessary to use larger, bold, non-serifed fonts (e.g., 
Arial, Helvetica, and Frutiger in English) for the main message of the signage, and for Chinese fonts we recommend FZHeiTi and 
Microsoft Yahei, while serifed fonts represented by SimSun and KaiTi are not recommended. In the context of this study, improving the 
accuracy and comprehensibility of medical terminology on signage is a key to improving the accuracy and comprehensibility of 
medical terminology on signage, especially when signage graphics are difficult to comprehend, as less educated and female pop
ulations are less inclined to use signage text for wayfinding. Therefore, we recommend using text alongside graphics as well as 
enhancing the layout and consistency of signage messages to help improve visual attention [15,16,90]. 

The results of this study indicated that older, less educated, and female elderly users perceived and understood the graphic symbols 
to a lesser extent. Therefore, upgrading hospital signage systems requires the development of generic graphic symbols that are easily 
recognizable. Studies have shown that familiar, figurative graphic symbols are more accurate and easier to recognize and understand 
than unfamiliar, abstract graphic symbols because more details that users recognize and perceive are included in familiar, concrete 
symbols [26,32,84,91,92]. Several studies have emphasized that anthropomorphic symbols or pictogram symbols are more likely to 
increase familiarity as well as ease of recognition especially for older and less educated populations, because these symbols have the 
shape and appearance of real-world objects [32,93–95]. Secondly, the design of universal healthcare symbols is the future direction of 
signage design [35,36,96–98]. The design of universal healthcare symbols is particularly important as hospitals are places that serve all 
people, including different cultures, ages, genders, and education levels. We recommend that hospital management and designers 
conduct symbol comprehensibility testing and training among a broader population when developing signage systems to improve user 
comprehension and future utilization [99,100]. 

Another design factor that must be enhanced is the color of the signage. Due to visual degradation, the contrast of signage colors is 
critical to attract attention and differentiate messages. This study showed that the green signage in Hospitals B and C was preferred by 
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the elderly, and the brown color in Hospital A was not considered to be eye-catching enough. Based on the results of this study, we 
recommend that signage be made in highly saturated, eye-catching colors that are preferred by the elderly [74,95] [–] [97]. In the 
context of Chinese culture, black, white, grey, or bright red are often rarely used in public space signage systems; from a color psy
chology perspective black, white, and grey are high in contrast but lack affinity, while bright red is mostly used in celebratory scenes to 
highlight a warm atmosphere [101,102]. In terms of the overall color scheme, the colors of all signage should be uniform to identify 
sectors and industries and to emphasize information through color [85,103,104]. 

Overall, the above design elements are used throughout the design and implementation of a signage system, whether creating a new 
signage system or updating an existing one. Good pre-planning for signage will save maintenance costs for an organization in the long 
run [75]. To better understand the needs of target users, methods such as user testing and participatory design during the pre-planning 
phase can also help reduce wayfinding issues after a signage system is implemented [29,73,105]. In addition, hospital management 
and designers can improve the standardization, comprehensibility, and cultural characteristics of the signage system through signage 
text, graphics, colors, and layout design during the design and implementation phases. In particular, signage should be maintained and 
updated after installation. The results of the study showed that the common problem of signage in the three hospitals was the low 
evaluation of the maintenance and updating of the signage by the users. It is more cost-effective to maintain a signage system than for 
hospitals to have to replace an entire system due to outdated or degraded existing signage [48,75,78]. Therefore, when hospital 
administration creating an age-inclusive signage system should consider and analyze the environmental characteristics, cultural 
factors, and user population, and this should be included from the pre-planning, design and implementation, and post-maintenance 
and updating of the signage system. 

6. Conclusions 

This study investigated the perceptions and personal preferences of seniors regarding several features of existing signage systems in 
three hospitals in Guangzhou using a questionnaire. It further explored the differences in perceptions and preferences for signage based 
on gender, age, and educational level. To our knowledge, this is the first article published in China to explore the perceptions and 
attitudes of senior citizens toward existing hospital signage systems. The results of this study can provide reference and insight into the 
aging-friendly hospital signage system design. These findings may serve as a basis for research on hospital signage systems in other 
countries or regions. 

However, due to time constraints and the questionnaire sample, this study’s limitations are as follows. One of the main limitations 
of this study is the research methodology, which tends to favor traditional empirical research. Empirical research emphasizes that 
things are measurable and quantifiable [106], but not all issues in wayfinding research can be precise. This can easily lead to the study 
being formal and not in-depth [106,107]; for example, it is difficult to quantify the data to reveal elderly users’ disorientation point in 
hospital and why they get lost. Additionlly, this study was limited to 762 elderly respondents. This is mainly because older people are 
less efficient in completing the questionnaire or lack patience when there are too many questions, which may abandon the ques
tionnaire in the middle of the process and reduce the number of valid questionnaires. Some potential respondents were unwilling to 
complete the questionnaire or to share their experience of finding their way in the hospital due to time constraints or anxiety. In 
addition, due to time and budget constraints, this study could not include every tertiary hospital in Guangzhou. Therefore, the study 
results only represent certain elderly people in Guangzhou and some large public general hospitals in Guangzhou, which cannot 
represent hospitals in other regions and countries. Moreover, although this study provides recommendations for improving the 
common problems of the signage systems in the three hospitals, there are also individual problems in each hospital, which may be 
related to the variability of the hospital’s environment, building structure, consultation process, and the characteristics of the users 
themselves. Therefore, we were not able to provide perfect improvement recommendations for each hospital. 

The following are suggestions for follow-up of future related studies. To address the limitations of traditional empirical research, 
more cutting-edge experimental research methods can be considered to improve the precision and interpretability of the research, such 
as eye-tracking [108–110] and electroencephalography (EEG) analysis tools [104,111,112], the route-tracking experiments, and 
action research can help to obtain precise and specific feedback from users [99,113]. And considering the study subjects were senior 
citizens over 65, they were more likely to suffer from visual deterioration and cognitive decline. The comprehensibility of healthcare 
symbols in signage systems can be tested to further explore differences in comprehension among the elderly due to physiological 
deterioration [27]. Additionally, the study sample size was limited. More research is required to further validate the results presented 
in this study. Therefore, the sample size of the elderly population in different regions across more hospitals could be appropriately 
increased as the study population. In particular, perceptual differences based on users’ age, gender, education level, cultural differ
ences, and experiences should be explored in depth in one healthcare setting and targeted recommendations for the improvement of 
signage in that hospital should be provided. Moreover, future studies can add health literacy and visual acuity tests before the formal 
questionnaire [37]. However, educational attainment was associated with health literacy, and this relationship is not always reliable 
[114]. Statistical inaccuracies due to health literacy and vision problems were avoided by assessing the study participants’ health 
literacy and the presence of vision problems. 
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