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Dominique Marlowe Brucal , Alyssa Louise Canuto , Camille Ann Garcia and Jazmin Chong Tangsoc Industrial Engineering Department, De La Salle University, Manila, National Capital Region, PHILIPPINES



The study provides an evaluation of regulatory road signs using ergonomic principles of design and comprehension level. The methodology used in the evaluation includes comprehension level assessment and re-design of road signs using ergonomic principles of design. The ergonomic principles considered in the re-design are spatial compatibility, conceptual compatibility and physical representation. The re-design alternatives used Kepner Tregoe Decision Analysis (KTDA) in the selection of the proposed regulatory road sign. A mean test was done using t-test to validate the significant improvement in the comprehension level of the proposed design. The results showed that the proposed regulatory road sign had significant improvement in the comprehension level. Practitioner Summary: Regulatory road signs in the Philippines are normally adapted standards from international standards. However, some road signs are difficult to understand disregarding driver’s comprehension performance. Ergonomic principles of design are relevant to improve driver’s comprehension level. It is important to incorporate ergonomics in the design of road sign to ensure driver and road safety. Keywords: road signs, comprehension, ergonomic principles of design, safety 1. Introduction Yearly, an average of 1.3 million people is killed and 50 million are injured due to road accidents (Eriksson, 2004). To address this, road signs are created to provide guideline, warnings and information on road-users to promote road safety. Thus, they have to effectively communicate to their readers by clearly delivering the messages they contain through their well-understood design. If signs fail to serve their purpose, safety is compromised. Given that misleading and misunderstood road signs contribute to road accidents and traffic violations around the world, identifying factors that contribute to how road-users comprehend the sign’s meaning could help address accident occurrence. An important factor when measuring comprehension is the comprehension level. Studies conducted by Zakowska (2004) and Shinar et. al (2012) have considered four categories in measuring a reader’s level of comprehension namely, completely correct, partially correct, incorrect and opposite of the correct answer. The driver comprehension level is important in road safety. Ben-Bassat & Shinar (2006) did a study that focused on the ergonomic guidelines and how it affects comprehension levels as recommended in his past study on signage. Ergonomic Principles considered are: (1) Spatial Compatibility refers to the physical arrangement in space, relative to the position of information and directions. (2) Conceptual Compatibility refers to the extent to which the symbols present in the signage coincide with people’s associations. (3) Physical Representation refers to the extent where the sign’s symbol represents its reality. (4) Familiarity refers to the extent to which the drivers are able to recognize symbols based on their driving experience. (5) Standardization refers to the consistency of all the dimensions included in signs such as color and shape. Visual features in road signs have found to be influential in measuring icon effectiveness. A study by Chan & Ng (2008) has these visual features to be Color, Shape, Red Circle-Slash, and Icon Size. Color Feature not only catches attention to readers of signs but it also denotes the level of hazard in a road sign. Surround Shape Feature denotes level of hazard and gives conventional meanings. Red Circle-Slash Feature conveys negation on icons presented. Icon Size Feature enables readers to be able to see details of icons easily. In line with Chan and Ng’s (2008) research on visual features on effectiveness, it is seen how all these features is evident in regulatory road sign. The current standard on regulatory signs is composed of 4 kinds of surround shapes with 6 color features. The regulatory road signs contain the widest variety of surround shape and color features among all types of road signs. In testing the concept of the
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comprehensibility of the road signs, regulatory road signs provide the most variety in design, thus it gives more results as to how different types of designs affect how drivers comprehend road signs. In this research, the ergonomic factors were measured through consulting respondents and experts on how well each road sign complies with each and every principle. The primary objective of this study is to identify poor comprehensible regulatory road signs through comprehension and re-design using ergonomic principles to contribute to the overall improvement of the road sign. This is achieved through the assessment of regulatory road signs in the Philippines. 2. Methodology The methodology used in the study was screening of the road signs to be studied and re-designing the road signs using ergonomic principles of design. 2.1



Sample Size Computation



The screening of poor comprehensible regulatory road signs were done first to determine the road signs that need to be redesigned. A pre-test was first executed to a total 21 respondents to be able to streamline the road signs then, a sample size computation were done to determine the number of respondents. The parameters involving the sample size formula were adapted from the studies of Yi (2007) and Alex & Alexander (2010), as presented in Table 1. The margin of Error dictates the level of accuracy of the sample. It is usually at the range of 5% to 15%. Level of confidence, on the other hand, is the possible error that the researcher is willing to accept. It is usually at the range of 80% to 95%. (Charlton, 2002 & Yi, 2007). For this study, a confidence level of 95% is chosen and an average margin of error of 5% is selected. A total of 96 respondents were computed where respondents are licensed drivers (both professional and nonprofessional) taking into account their years of active driving coming from the major cities of Metro Manila where it has the largest number of licensed issued based from the past five years. Table 1 Sample Size Formula Parameters n = sample size z = significance level (1.96) p/q = probability of an outcome (0.5) p+q=1 E = margin of error (0.05)



Formula



Type of License



Table 2: Subject Profiling Non-Professional Professional



Years of Active Driving



0-19



20 above



0-19



20 above



No. of Respondents



24



24



24



24



2.2



Screening through Comprehension Test



An important factor when measuring comprehension is the comprehension level. Zakowska (2004) and Shinar et. al (2012) have considered four categories in measuring a driver’s level of comprehension namely, completely correct, partially correct, incorrect and opposite of the correct answer. Each category imposes a numerical score depending on how well the respondents comply with its accepted definition. The categories have numerical scores of 2, 1, 0 and -2 respectively. Respondents receive two (2) points for having a completely correct answer. This is where the road sign is defined with its exact idea and meaning. One (1) point is given for answers containing just a gist or incomplete idea of the road sign’s meaning. As long as
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their concepts are still aligned with the actual definition, answers can still be considered as partially correct. No points are given if answers absolutely contain no relation to the concept of the road sign and negative two (-2) points for providing an answer that contains the opposite idea of what the road sign entails. Road signs having a comprehension level below 85%, a passing grade set by American National Standard Institute (ANSI) are considered for the study. It is stated in ISO 3846 that signs are acceptable when the accuracy level achieved in a comprehension test is at least 67%. However, American National Standard Institute (ANSI) recommended that the comprehension accuracy level should be at least 85% for it to be considered acceptable. 2.3



Ergonomic Design Principles



Ergonomic principles of design of spatial compatibility, conceptual compatibility and physical representation were done and tested to another 96 respondents. Familiarity and standardization were found insignificant when a correlation test were done with comprehension level during the screening test of regulatory road signs. The redesigning process would touch two design elements of the signs: (1) icons and words present, and (2) the positioning of the information on the road signs. These two elements are based from the ergonomic principles of design which are Spatial Compatibility, Conceptual Compatibility and Physical Representation. The Spatial Compatibility concept pertains to the positioning of information; whereas the Conceptual Compatibility and Physical Representation touches on the actual icon or words present in the road sign. In this research, the ergonomic factors were measured through the respondents on how well each road sign complies with each and every principle. Principles are first explained before having them rate the signs compatibility from a scale of 1-10. In order to increase a road sign’s compliance to the principle spatial compatibility, the icons and words present in the sign were tested and placed in different positions to be able to clearly see where respective information should be placed. This process is more applicable if texts are present in the road signs. Major component in this principle is the size of the icons. On the other hand, improvement of road sign’s compliance to the principles conceptual compatibility and physical representation focus on the replacement of icons. Icons are changed into something that would relate more to the intended reality of the road signs that would also serve as how people associate these icons to the intended meaning of the sign. Wordings and abbreviations may also be changed in this concept for the readers to understand the meaning of the road signs more. The ergonomic design principles correlation is tested using the Spearman Rho Non Parametric Correlations method to be able to see if the ratings of the respondents will be reliable in testing its relationship with the comprehension levels of the drivers with respect to the highway traffic signs tested in the study. Correlation test results showed moderate to high correlation, indicating that the re-designed road signs are more likely to be comprehended by drivers as the signs adhered to good ergonomic principles of design (Ben-Bassat & Shinar et al, 2006). Three alternative designs were created per sign and were all tested. The test undergone was gathering comprehension level and compliance to ergonomic principles of design. Kepner-Tregoe Decision Analysis (KTDA) method will be used to determine which of the three alternatives are to be used. The aim is to determine the most appropriate alternative to be used in redesigning road signs while considering the musts and wants factors. The must factors musts should have significant comprehension level results (t-test between 2 means) from the previous road design before proceeding to the factors that are determined as wants pertaining to the ergonomic principles design of the road signs. Table 3 presents a sample KTDA decision analysis.
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Table 3: Sample Decision Analysis for Road Sign1 ROAD SIGN 1: Permitted to Pass on Both Lanes Criteria T-test Significance (SC) T-test Significance (CC) T-test Significance (PR)



ALT 1



ALT 2



ALT 3



YES



YES



YES



YES



YES



YES



YES



YES



YES



GO/NO Average SC (1/3) Average CC (1/3) Average PR (1/3)



GO



GO



GO



2.4



2.2



3.0



2.4



2.3



3.0



2.3



2.2



3.0



Final Score 7.2 6.7 9.0 Legend: SC-Spatial Compatibility, CC-Conceptual Compatibility, PR-Physical Representation



3. Results and Discussion The regulatory road signs that failed the intial comprehension level test and the final proposed design is shown in Table 4. Table 4: Current and Proposed Regulatory Road Sign No Road Sign CURRENT NEW 1 Permitted to Pass on Both Sides
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No Entry for Jeepneys



3



No Entry for Buses



4



No Entry for Vehicles with Trailer



5



No Entry for Animal Drawn Vehicles



6



No Entry – Push Carts



4  



Proceedings 19th Triennial Congress of the IEA, Melbourne 9-14 August 2015



 



No 7



   



Table 4: Current and Proposed Regulatory Road Sign Road Sign CURRENT NEW No Overtaking



8



Speed De-restriction (No Speed Limit)



9



Speed De-restriction, end of 60kph limit



10



Minimum Speed at 40kph



11



2 hr meter parking zone on the given time



12



Bus Stop – No Parking



13



Jeepney Stop – No Parking



14



Bus and Jeepney Stop – No Parking



15



No entry for vehicles exceeding 2m in width



16



No entry for vehicles exceeding 3.5m in height



17



No entry for vehicles exceeding weight of 5 tons



18



No entry for vehicles with gross axle load of 2 tons



19



No entry for vehicles exceeding 10m in length



20



School Children Crossing
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The proposed design of regulatory road sign showed improvement in the comprehension level applying ergonomic design principles of spatial compatibility, conceptual compatibility and physical representation. Drivers can easily comprehend the regulatory road signs they see on the road while driving thus promoting road safety. To further ascertain the improved comprehension performance of all 96 respondents brought about by the redesigned signs, a test for significance was done through a t-test of the comprehension level of the old and new design. Yielded values show significance in a p-value of 0.05 as all resulting numbers are less than the indicated level. Table 5 showed significant difference from the old levels as all yielded p-values are all less than 0.05. This denotes that comprehension level which relates to the correctness of the actual perceived meaning of the road-user has improved. Table 5: T-test Results (Comprehension Level Old vs New) P-Value *redRoad Sign significant Road Sign PNumber at p 
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