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	Mosque visitors often struggle with poorly designed wayfinding signs. Small fonts, unappealing color combinations, illogical placement, and dazzling materials contribute to this frustration. Common complaints involve signs for toilets, ablution areas, prayer halls, and holy boundaries. This study aimed to improve signage legibility by applying ergonomic principles. The visual display cognitive ergonomics approach was chosen, with a focus on human-system interaction and acknowledgment of human limitations. An experimental design was used to evaluate the effects of font size, typeface, and color combinations on legibility. Additionally, symbol comprehension tests and assessments of familiarity, compatibility, and standardization were conducted to inform the design of effective symbol signage. The experimental data were analyzed using the Friedman test. Spearman’s rank correlation test was used to assess the relationships among the three ergonomic factors: familiarity, compatibility, and standardization. Data analysis revealed that only font size significantly impacted legibility. However, a positive correlation was found between ergonomic factors and participant understanding of the signage symbols. This suggests that these factors collectively affect overall legibility. After introducing the newly designed signage, the study successfully increased sign legibility. Future research can explore additional factors that influence legibility to develop more comprehensive guidelines for mosque signage design.
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1. INTRODUCTION
Mosques play a vital role as places of worship, community centers, and symbols of Muslim identity. The development of mosques as public spaces requires careful consideration of the necessary facilities and infrastructure, including signage. Signage is defined as signs or other materials used to provide information, directions, warnings, or prohibitions [1]. Wayfinding is the process by which an individual identifies their current position and determines the direction to their intended destination [1]. Signage plays a crucial role in ensuring comfort, safety, and security within a spatial environment. Legibility is paramount in ensuring effective comprehension of signage [2].
Legibility refers to an individual's ability to read, comprehend, and respond to the information displayed on signs [3]. Legibility is a widely recognized ergonomic criterion used to evaluate visual displays [4]. According to [5], legibility is influenced by a combination of factors, including font size, font type, and leading [6]. Legibility is further affected by the sign's color, color contrast, and ambient lighting conditions [7].
Extensive research has been conducted on the legibility of signage in various public spaces, including hospitals [8], metro stations [9], [10], and highways [11]. Mosques, by contrast, have received relatively little attention as significant public spaces. Consequently, this study focuses on mosques as the primary object of investigation. Four mosques in the Solo Raya region were selected for analysis: Masjid Raya Sheikh Zayed Surakarta (Gilingan, Surakarta), Masjid Agung Al-Aqsha Klaten (Jonggrangan, Klaten), Masjid Agung Madaniyyah Karanganyar (Badran, Karanganyar), and Masjid Agung Baiturrahmah Sukoharjo (Johosari, Sukoharjo).
Findings from interviews and observations conducted at the four mosques indicate that signage legibility is generally low. A majority of visitors expressed dissatisfaction with the signage for toilets (70%), ablution facilities (45%), purity boundaries (20%), and prayer areas (15%). His dissatisfaction stems from several factors: Small font sizes often require visitors to approach the signs closely to decipher the information. Inconspicuous color combinations make the signage difficult to locate. Inconsistent color use within the same space creates a visually chaotic, confusing environment. Unsuitable placement often leads visitors to miss important signs, such as those indicating purity boundaries. The use of materials that reflect excessive glare causes visual discomfort, further hindering legibility.
Word processing speed with larger fonts is generally smoother than with smaller fonts [12]. Legibility is enhanced when the font size is increased by 20% [13]. Researchers have investigated the impact of typeface on the legibility of signs that employ alphanumeric characters [3]. Serif and sans serif are the two most common typefaces currently used for mosque signage. Several studies have evaluated the extent to which typeface influences legibility, with findings indicating no significant difference between serif and sans serif [6][13]. Serif outperforms sans serif in terms of readability by 5% [14]. On the other hand, Bailey [15] asserts that sans serif is more legible than serif.
Color is the most sensitive attribute in human visual perception [15]. It not only influences aesthetics but also guides the observer's behavior [16]. Color combinations impact legibility and visual search performance [17]. Huang [18] suggests using achromatic colors due to their high preference. In contrast, Lin [19] asserts that chromatic colors are visually preferred over achromatic ones, although the difference is not statistically significant.
According to ISO 2227:2007, a symbol is a visually perceived figure that conveys specific meaning to an individual, regardless of language barriers. Graphic perception is faster than reading and comprehending text [8]. However, non-informative symbols can lead to ambiguity.
This study aims to assess the legibility of mosque signage and design ergonomic signage to improve it. Previous research has primarily employed experiments [9], [10], [11], [20]. In this study, experiments were conducted in a laboratory setting to minimize the influence of external factors, such as lighting and noise, thereby reducing distractions during data collection. Signage legibility experiments were conducted to determine the effects of font size, typeface, and color combinations on legibility. Subsequently, a questionnaire-based sign symbol comprehension test was administered, encompassing a comprehension test and a test of familiarity, compatibility, and standardization [8], [21]. This research resulted in a proposed signage display design that can be universally implemented in mosques.

2. METHODS
Initial data collection was conducted through semi-structured in-depth interviews with 20 mosque visitors at 4 predetermined mosques. Interviews were conducted during the daytime (March 1, 2024 - March 8, 2024) to identify the most common legibility and signage issues faced by visitors. Observations were conducted to document the physical characteristics of existing signage. The findings from the preliminary data analysis served as the basis for the experimental design. According to [22] and [23], the experimental study involved 15 participants. Participants were selected purposively from the population of mosque visitors aged 19-59 years. The inclusion criterion was a minimum visual acuity of 20/30, whereas the exclusion criterion was the absence of color vision deficiency. The experiment will be divided into three stages: respondent criteria testing, signage legibility testing, and symbol comprehension testing.

0. RESPONDENT CRITERIA TESTING
Respondent criteria testing is employed to ensure that participants meet the pre-established inclusion and exclusion criteria. Respondent criteria testing comprises two parts: a visual acuity test using the Snellen Chart and a color-blindness test using Ishihara's Color Blind Test. The Snellen chart was chosen due to its accessibility and straightforward procedure for assessing literacy skills [24]. Ishihara's Color Blind Test is a rapid method for identifying color blindness disorders [25]. The acceptance criteria for respondents in the visual acuity test are a minimum visual acuity of 20/30. In contrast, the acceptance criteria for Ishihara's Color Blind Test are the ability to correctly answer > 7 plates in an average time of < 3 seconds. Respondents who meet the criteria can proceed with the experiment.


0. SIGNAGE LEGIBILITY TESTING
Signage legibility testing is conducted to determine the impact of the independent variables (font size, typeface, and color combination) on the dependent variable (total correct answers (TCA)). Total response time (TRT) serves as a mediating variable, strengthening or weakening the relationship between the independent variables and the dependent variable [26].
Three hypotheses will be tested in this experiment. These hypotheses were formulated in light of previous research findings. Sheedy et al. explicitly stated that font size and typeface have a significant impact on legibility [27]. Franken et al. mentioned that the selection of color combinations affects legibility [28]. The following are the hypotheses employed:
H1: Font size has a significant impact on the legibility of signage, as represented by total correct answers (TCA).
H2: Typeface has a significant impact on the legibility of signage, as reflected in total correct answers (TCA).
H3: Color combination has a significant impact on the legibility of signage, as represented by total correct answers (TCA).
Font size is divided into four test groups (2 cm, 3 cm, 4 cm, and 5 cm), typeface is divided into two test groups (serif and sans serif), and color combination is divided into two test groups (chromatic and achromatic). Times New Roman represents a serif typeface, while Copperplate Gothic represents a sans-serif typeface. The chromatic color combination is white text on a green background, while the achromatic color combination is black text on a white background. As a result, 16 testing schemes comprising 240 data-collection processes were created.
Signage legibility testing was conducted in the Human Factors Design and Ergonomics Laboratory at Sebelas Maret University on May 2, 2024. The lighting level was maintained between 100 and 300 lux. Participants were positioned 6 meters from the test field, and two observers were placed to the right and left of the participants at 30 cm. The observers were responsible for recording TCA and TRT. The test field was constructed from thick cardboard measuring 80 cm in length and 26 cm in width and was laminated with a matte finish to minimize light reflection.

0. SYMBOL COMPREHENSION TESTING
Symbol comprehension testing aims to evaluate participants' understanding of current signage symbols following the introduction of the proposed symbols. Symbol comprehension testing is questionnaire-based and consists of a comprehension test and a test of familiarity, compatibility, and standardization.
The comprehension test categorizes correct answers as correct (score of 2), partially correct (score of 1), and incorrect (score of 0). The correct or incorrect categories are based on participants' ability to identify the sign's meaning and the appropriate action to take when they see the sign.
The test of familiarity, compatibility, and standardization uses a 1–10 Likert scale. Point 1 indicates that the sign symbol is "very not" (familiar, compatible, and standardized), while point 10 indicates that the sign symbol is "very" (familiar, compatible, and standardized).

0. ERGONOMICS FOR DESIGNING WAYFINDING SIGNAGE
Ergonomics aims to create compatibility between human needs, capabilities, and limitations [29]. Cognitive ergonomics, a branch of ergonomics, focuses on analyzing human mental processes [30]. Cognitive ergonomics research areas include perception, categorization, memory, knowledge representation, numeracy, language, and thinking [30]. The process of information processing is divided into three main stages: understanding the type of information provided by the environment, processing the information, and taking appropriate actions [31]. 
A display is a medium for providing information to humans so that the information seen can be conveyed to facilitate an activity [32]. Salvendy [29] states that in designing displays for human-machine interaction, correspondence and coherence are important. According to Berrio et al [33] ergonomic concepts in display design include (a) familiarity, how often users encounter the sign in their daily lives, (b) standardization, the consistency of codes (e.g., color, shape) used across different signs, (c) concreteness, how clearly the sign represents a real-world object or situation, (d) compatibility, the match between the sign and the message it conveys, (e) meaningfulness, the perceived meaningfulness of the icons within the sign, (f) simplicity, fewer elements or details, and (g) semantic closeness, closeness of the relationship between the symbol and its meaning. Three ergonomic design concepts: familiarity, compatibility, and standardization were referenced in designing new wayfinding signage symbols for this research. Patel & Mukhopadhyay [8] also employed a similar approach. Nonetheless, the final design incorporated all seven ergonomic display design concepts.

3. RESULT AND DISCUSSION 
3.1 RESPONDENT CRITERIA TEST RESULTS
Respondents were selected through random sampling, meeting inclusion and exclusion criteria, and providing informed consent. Of the 15 participants, 4 were male, and 11 were female. The higher proportion of female participants is attributed to (a) a majority of consenting respondents being female, (b) women's tendency for more detailed assessments [34], and (c) previous research [8] underrepresenting female participants. Sixty percent of the respondents were aged 39–48 years, 27% were aged 49–59 years, and 13% were aged 19–28 years. The junior high school (SMP) level accounted for the largest share of respondents' education levels (47%). Thirty-three percent were high school graduates, and 20% were elementary school graduates. Respondent criteria testing was conducted alternately. The visual acuity test results showed that all respondents had a minimum visual acuity of 20/30. 20% of respondents had a visual acuity of 20/15 feet, 20% had a visual acuity of 20/20 feet, 47% had a visual acuity of 20/25 feet, and 13% had a visual acuity of 20/30 feet. The color blindness test results showed that all respondents passed, with an average correct answer of 10.2 plates and an average response time of 1.89 seconds. Therefore, the 15 respondents who were tested were eligible to participate in the next experiment.
3.2 SIGNAGE LEGIBILITY TEST RESULT
The test results showed that the scenario with a 5 cm font size, a serif font, and an achromatic color combination had the highest average TCA (3.00) among the scenarios. The lowest average TCA (1.53) was observed in the scenario with a 2 cm font size, serif typeface, and chromatic color scheme. Table 1 shows the results of the signage legibility test.

	Table1. Sign Legibility Test Result

	Color Combination
	Typeface
	Letter Height
	Mean TJB (point)
	Mean TRT (s)

	Chromatic
	Serif
	2 cm
	1,53
	3,60

	
	
	3 cm
	2,33
	3,51

	
	
	4 cm
	2,80
	3,48

	
	
	5 cm
	2,80
	3,43

	Chromatic
	Sans Serif
	2 cm
	1,60
	3,73

	
	
	3 cm
	2,40
	3,80

	
	
	4 cm
	2,67
	3,70

	
	
	5 cm
	2,87
	3,59

	Achromatic
	Serif
	2 cm
	1,60
	3,52

	
	
	3 cm
	2,33
	3,44

	
	
	4 cm
	2,73
	3,42

	
	
	5 cm
	3,00
	3,35

	Achromatic
	Sans Serif
	2 cm
	1,60
	3,62

	
	
	3 cm
	2,40
	3,65

	
	
	4 cm
	2,67
	3,57

	
	
	5 cm
	2,87
	3,51




The following is a visualization of the distribution of the signage legibility test data. The relationship between font size and total correct answers (TCA) is illustrated in Figure 1. The box plot shows that larger font sizes tend to produce higher TCA values, indicating better legibility performance. The relationship between font size and total correct answers (TCA) is illustrated in Figure 1. The box plot shows that larger font sizes tend to produce higher TCA values, indicating better legibility performance.

	[image: ]


	Figure 1. Box Plot of TCA Against Font Size


    The comparison between serif and sans-serif typefaces in relation to TCA is presented in Figure 2. The distribution indicates that both typefaces produce results that are relatively similar. Figure 3 shows the distribution of TCA across chromatic and achromatic color combinations. The difference between the two color schemes appears relatively small.
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Figure 2. Box Plot of TCA Against Typeface
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Figure 3. Box Plot of TCA Against Color Combination

The average TCA for font sizes of 2 cm, 3 cm, 4 cm, and 5 cm were (1.58), (2.37), (2.72), and (2.88), respectively. The average TJB for serif fonts was (2.39), and for sans serif fonts, it was (2.38). The average TCA for chromatic color combinations was 2.38, and for achromatic color combinations was 2.40. TCA is a maximization function, meaning that the higher the average, the greater the legibility. Figure 4 illustrates the relationship between font size and total response time (TRT). The results indicate that larger font sizes tend to reduce response time. The comparison of TRT values between serif and sans-serif typefaces is shown in Figure 5. Meanwhile, Figure 6 presents the distribution of TRT values for chromatic and achromatic color combinations.

[image: ]

Figure 4. Box Plot of TRT Against Font Size
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Figure 5. Box Plot of TRT Against Typeface
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Figure 6. Box Plot of TRT Against Color Combination

The average TRT for font sizes of 2 cm, 3 cm, 4 cm, and 5 cm were (3.61), (3.60), (3.54), and (3.49), respectively. The average TRT for serif was (3.47), and for sans serif it was (3.63). The average TRT for chromatic was (3.61), and for achromatic it was (3.50). TRT is a minimization function, meaning that the lower the average value, the higher the legibility.
The Friedman test results showed that the significance value for font size on TCA was 0.000 (<0.05), indicating a significant effect. H1 was accepted. The significance value for typeface on TCA was 0.637 (>0.05), so H2 was rejected, indicating no significant effect. The significance value for the color combination on TCA was 0.405 (>0.05), so H3 was rejected, indicating no significant effect.
The Friedman test results only show differences between groups without specific identification. Further analysis using a post-hoc test is needed to identify specific inter-sample groups that differ significantly. According to the Friedman test results, only font size was significant; therefore, it was tested using a post hoc test. The post-hoc results obtained from pairwise comparisons showed significant differences between groups 2 cm - 4 cm (sig. 0.002) and 2 cm - 5 cm (sig 0.001). There were no significant differences between groups 2 cm - 3 cm (sig 0.142), 3 cm - 4 cm (sig 1.000), 3 cm - 5 cm (sig 0.623), and 4 cm - 5 cm (sig 1.000). The pairwise comparison results of font size groups are presented in Figure 7. The analysis indicates significant differences between the 2 cm – 4 cm and 2 cm – 5 cm groups.
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Figure 7. Pairwise Comparison of Font Size

3.3 SYMBOL COMPREHENSION TEST RESULT
The results indicate a 29.78% increase in respondent comprehension levels after the introduction of new symbols. A comparison of respondent comprehension levels between existing and proposed symbols is presented in Table 2.
	
Table 2. Comparison of Symbols Comprehension Levels

	Signage
	Existing Symbol
	Purposed Symbol

	
	X(%)
	Y(%)
	Z(%)
	CL(%)
	X(%)
	Y(%)
	Z(%)
	CL(%)

	Toilet
	13,3
	0.0
	86,7
	13,3
	46,7
	0,0
	13,3
	66,7

	Toilet Disabilities
	13,3
	0,0
	86,7
	13,3
	40,0
	46,7
	13,3
	63,3

	Ablution
	66,7
	6,7
	26,7
	100
	100
	0,0
	0,0
	100

	Ablution Disabilities
	NA
	NA
	NA
	NA
	100
	0,0
	0,0
	100

	Prayer Hall
	100
	0,0
	0,0
	100
	100
	0,0
	0,0
	100

	Purity Boundaries
	60,0
	33,3
	6,7
	76,7
	73,3
	6,7
	20,0
	76,7


* X(Correct Answer), Y(Partially Correct), Z(False Answer), CL(Comprehension Level)
* NA (No Symbol Available)

The results of the familiarity, compatibility, and standardization tests indicate a positive correlation between comprehension level and the application of ergonomic principles in signage design. The more symbols are designed with ergonomic principles in mind, the more likely they are to improve user comprehension [8]. The relationship between comprehension level and ergonomic principles is illustrated in Figure 8.
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Figure 8. Relationship between Comprehension Level and Ergonomic Principles

Spearman's correlation test results indicate a positive correlation between the three ergonomic principles of familiarity, compatibility, and standardization for both the pre- and post-improvement conditions of wayfinding signage symbols. The results of the Spearman correlation test for familiarity, compatibility, and standardization are presented in Table 3.

	Table 3. Comparison of Spearman’s Correlation Test Results

	
	
	Existing Symbol
	Purposed Symbol

	
	
	X
	Y
	Z
	X
	Y
	Z

	X
	r
	1,000
	0,621
	0,703
	1,000
	0,972
	0,899

	
	Sig.
	
	0,041
	0,016
	
	0,000
	0,000

	Y
	r
	0,621
	1,000
	0,605
	0,972
	1,000
	0,933

	
	Sig.
	0,041
	
	0,049
	0,000
	
	0,000

	Z
	r
	0,703
	0,605
	1,000
	0,899
	0,933
	1,000

	
	Sig.
	0,016
	0,049
	
	0,000
	0,000
	


* X (Familiarity), Y (Compatibility), Z (Standardization), r (Correlation Coefficient)

The prototype wayfinding signage display employs a 5 cm font size, a serif typeface, and an achromatic color scheme. The calculation of letter width, spacing, kerning, and leading is based on Grandjean's recommendations.
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Margin sizes of 2.5% and 5% are found to be more legible, image block sizes of 30% and 40% are more easily visible, and horizontal arrangements are considered more legible than vertical arrangements [35]. Location and evacuation route signs should display their information visually using raised letters and Braille [36]. The use of Braille is intended to create an inclusive design. The proposed sign display design is presented in Figure 9. A comparison between current signage symbols and the proposed symbols is presented in Table 4.
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[bookmark: Proposed]Figure 9. Proposed Wayfinding Signage Display Design







	Table 4. Comparison of Current and Proposed Wayfinding Signage Symbols

	Current Wayfinding Signage Symbols
	Proposed Wayfinding Signage Symbols

	Signage
	Grand Mosque of Sheikh Zayed Surakarta
	Great Mosque of Al-Aqsha Klaten
	Great Mosque of Madaniyah Karanganyar
	Great Mosque of Baiturrahmah Sukoharjo
	Mosque of Siti Aisyah Surakarta
	Mosque of Miftahul Jannah Sukoharjo
	Respondent’s
Suggestion
	Purposed Symbol

	
	
	
	
	
	
	
	
	Male
	Female

	Toilet
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	Gender (LK/PR), Toilet Facilities
	[image: ]
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	Toilet Disabilities
	[image: ]
	NA
	[image: ]
	NA
	[image: ]
	NA
	Gender (LK/PR), Toilet Facilities, Wheelchair
	[image: ]
	[image: ]

	Ablution
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	Gender (LK/PR), Water Faucet, Wudhu
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	Ablution Disabilities
	[image: ]
	NA
	[image: ]
	NA
	NA
	NA
	Gender (LK/PR), Water Faucet, Wudhu, Wheelchair
	[image: ]
	[image: ]

	Prayer Hall
	[image: ]
	NA
	[image: ]
	NA
	[image: ]
	[image: ]
	Gender (LK/PR), Pray Activity
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	Purity Boundaries
	[image: ]
	NA
	NA
	NA
	NA
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	Sandals/ Shoes Prohibited
	[image: ]










The sink symbol visually represents the object and activity commonly associated with toilets. This symbol adheres to the public information symbols guideline [37], incorporating cultural adjustments such as the addition of a pecis (Muslim cap) and hijab (headscarf). The signs specifically for people with disabilities (toilet and ablution area signs) retain the wheelchair shape in accordance with international standards.
The ablution activity depicted on the ablution area sign explicitly conveys the symbol's meaning, whereas simply presenting a water faucet and visual representations of male and female bodies would require visitors to infer its meaning.
Praying in the prayer hall is associated with worship. This symbol is simpler, and the body shaping is clearer compared to the prostration movement. This symbol refers to the public information symbols guideline [37].
Sandals are chosen because there is a hadith from HR Abu Daud about wearing sandals to the prayer area [38]. Sandals are more commonly worn when entering the mosque than shoes, so the cultural context makes it easier to interpret the symbol of the sacred space boundary.
Recommendations for the placement of signs in mosques are based on the normative references SNI 03-6574-2001 [39] and ANSI A117.1 (1998) [40]. Sign height is determined based on anthropometric data for the Indonesian body, including body height, standing eye height, standing hand-grip height, and shoulder height. The data was obtained from Antropometri Indonesia's official website, with body data criteria for ages 19–47 [41].
The 50th percentile is used for body height so that all groups can reach the signs. The 95th percentile is used for eye height to ensure visitors' movement does not obstruct the signs. The 5th percentile is used for standing hand grip height [41] so that it can be reached by all visitors, especially for tactile Braille. For shoulder height, the 95th percentile is used to ensure the signs are not too low. Based on the 4 dimensions above, the minimum height for installing the signs is 165 cm.
Based on anthropometric considerations and accessibility standards, several recommended placements for wayfinding signage in mosque environments were developed. These placement configurations are illustrated in Figures 10–14, which show examples of signage installation on different types of walls and door configurations commonly found in mosque buildings.
Figure 10 shows the recommended placement of wayfinding signage on a wall in a mosque environment. The approximately 165 cm installation height from the floor is determined based on anthropometric data for the Indonesian population. This height ensures that the signage is easily visible to users while remaining accessible for tactile elements such as Braille. The placement also minimizes visual obstruction caused by pedestrian movement and improves overall signage legibility.




Figure 10. Placement on Walls

Different door and corridor configurations may influence the optimal placement of wayfinding signage in mosque environments. To address these variations, several recommended configurations for signage placement were developed. These configurations are presented in Figures 11–14.

	


Figure 11. Placement on the Corridor Wall Single Push Door
	


Figure 12. Placement on the Corridor Wall Single Pull Door

	


Figure 13. Placement on the Wall Double-Push Door
	


Figure 14. Placement on the Wall Sliding into the Single Push Door



3.4 EVALUATION OF WAYFINDING SIGNAGE LEGIBILITY IN MOSQUE
Legibility is defined as the ease with which the eye can detect words or letters to obtain the information contained in them [6]. The results of interviews and observations indicate that the legibility of current wayfinding signage is relatively low. This is due to the font size being too small, the color combinations being insufficiently striking, the placement of the signs being non-strategic, and the sign material being glaring.
Smaller font sizes lead to longer observation times. Text that is too small makes it difficult for observers to identify letters [42]. The font size of current wayfinding signage is around 1.5-2 cm, which visitors consider too small.
Color is an important element for attracting attention, conveying meaning, and enhancing aesthetics [43]. The color combinations used on current wayfinding signage are diverse and irregular. Diversity occurs not only between mosques but also within mosques themselves. The diversity of colors encourages visitors to adapt to each mosque they visit constantly.
The non-strategic placement of signs makes it difficult for visitors to find them. Yu et al. state that there is a correspondence relationship between sign height, readability distance, and font size [44]. Respondents suggest installing signs separating men and women at the mosque entrance.
The materials used for current wayfinding signage include metal plates, acrylic, and glossy-laminated stickers that reflect light. Signs with increased reflectivity will be less legible [43]. Visitors report reduced readability due to glare from the sign material, particularly under nighttime lighting.

3.5 ANALYSIS OF SIGNAGE LEGIBILITY TEST RESULTS
This study found that reading speed for correct words increases with font size. This finding is in line with [45], who state that the speed and accuracy of visual processing, such as identifying characters in printed displays, is systematically influenced by contrast, size, and field luminance. The Friedman test results demonstrate that font size has a significant impact on the legibility of wayfinding signage (sig 0,000 < 0,05).  This finding is consistent with [11] and [46]. The primary cause of a sign's lack of legibility from a distance is its font size [3]. Inappropriate size affects subjective judgements that are worse in terms of perception, such as legibility, sharpness, and general preference [35]. Too small font sizes make it difficult for people to identify letters within words' internal patterns. Font sizes that are too large will occupy display space, resulting in less information visible within a single eye fixation. The 5 cm size was chosen because it has the highest average accuracy for correct answers.
This study found that typeface does not significantly affect the legibility of wayfinding signage. This finding is consistent with the findings of [14], but contradicts the findings of [15], who stated that there is a significant difference in typeface legibility. Although serif and sans serif typefaces were not significantly different in this study, the accuracy rate of correct answers for serif was higher (2.39) than for sans serif. Therefore, serif was chosen for the proposed wayfinding signage display design. The reading time for words on serif printed surfaces is faster than that of sans-serif [13]. Serif is 5% more legible than sans serif, and visual acuity is slightly improved when serif is used instead of sans serif [14]. Serif reading speed is faster than sans serif, although this effect disappears with increasing font size [47]. There are two reasons why serif can improve legibility. First, serifs can increase credibility by creating special codes for more complex letters. Second, the serif characteristics that give the ends of strokes can create a horizontal illusion that can guide the reader's eye movement [48].
This study found that color combinations do not significantly affect the legibility of wayfinding signage. This finding is consistent with [9], who stated that there is no significant effect between chromatic and achromatic colors, but this finding contradicts [49], who stated that several color combinations have different effects on legibility. Achromatic colors in this study achieved higher correct-answer accuracy (2.40) than chromatic colors; therefore, achromatic colors were selected for the proposed sign display. Black font on a white background achieves optimal legibility [28]. The contrast of the chromatic color combination (white-green) is 88.2%, while the achromatic color combination (black-white) is 100%. Both meet ADAAG standards (minimum 70%), so the effect of the significant difference in their influence is not significantly visible.

3.6 ANALYSIS OF SIGNAGE SYMBOL COMPREHENSION TEST RESULTS
This study found an increase in understanding of wayfinding signage symbols after the introduction of new symbols. This finding is consistent with [28] and [21]. Correct answers on the comprehension test were divided into 3 categories: correct, partially correct, and wrong. This is in line with  [21], [50], [51]. However, this model differs from [52], which considers only right and wrong answers. The correct-answer variation model enables deeper exploration of the level of understanding. 
The level of understanding of current wayfinding signage symbols in mosques is relatively low, especially for toilet signs (13.33%) and toilet signs for people with disabilities (13.33%). This does not meet the ISO 3864-3:2006 standard, which requires a minimum of 67%. The low level of understanding is due to two reasons: the presence of ambiguity, which leads to the interpretation of symbols not in accordance with their original meaning [21], and the lack of contextualization of symbol design [52].
Rousek & Hallbeck state that to redesign symbols appropriately, respondents' feedback needs to be considered [53]. This study also compares existing wayfinding signage symbols across the four mosques identified to expand the reference base in the creation of new symbol designs. These new symbols were then tested with respondents, and the results showed increases in understanding of toilet signs (53.34%), toilet signs for people with disabilities (50.01%), and ablution areas (30%). All respondents understood the new symbol for the ablution area for people with disabilities. The symbols for prayer areas and sacred boundaries did not increase understanding, as they already convey the true meaning and are therefore easy to interpret and unambiguous. This statement aligns with [54], which states that ambiguity is one of the characteristics that negatively affect a person's performance in understanding symbols.
Ben-Bassat & Shinar [50], Siswandari et al. [50], and Patel & Murkhopadhyay [8] found that the more symbols are designed with ergonomic principles in mind, the more likely users who have never seen them before are to understand them. The three principles studied in this research are familiarity, compatibility, and standardization. Familiarity is described as the frequency of encounters between the symbol and the user. Compatibility is the correspondence between a symbol and the message it represents. Standardization is described as the consistency of a homogeneous representation of shape, color, symbols, direction, and so on [50]. The results of this study show that the three ergonomic principles are significantly interrelated, with positive relationships among them. The three of them make a unique contribution: the more frequent the encounters between users and the symbol, the more opportunities there are to learn its meaning and store it in memory. The ease of learning symbols is supported by standardization, which creates order in processing information.

4. CONCLUSION
This study aimed to evaluate the legibility of wayfinding signage in mosques and design a more ergonomic wayfinding signage display. The design process involved a preliminary study (interviews and observations), experiments, and the exploration of symbols. The expected output of this study is a prototype wayfinding signage display ready for use in mosques to improve the legibility of wayfinding signage. This is important because good wayfinding signage will create a sense of comfort, safety, and security for visitors during their time in the mosque area.
The findings of this study are that (1) font size has a significant effect on the legibility of wayfinding signage. (2) Typeface and color combinations do not have a significant effect on the legibility of wayfinding signage. (3) New symbols designed with an ergonomic approach (based on the principles of familiarity, compatibility, and standardization) can improve the level of understanding of respondents. The three are positively correlated. (4) There was an increase in the legibility of wayfinding signage after the proposed wayfinding signage was introduced to respondents.
Further research is expected to consider cognitive tools such as EEG, GSR, and eye tracking to determine the body's response to the stimuli provided. This relates to the more complex cognitive-visual abilities of humans. In addition, exploring other factors related to the legibility of wayfinding signage in mosques, such as lighting levels, sign material, field luminance, and viewing angle, will enrich the scientific knowledge base.
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