

  safety-08-00033




safety-08-00033







Safety 2022, 8(2), 33; doi:10.3390/safety8020033




Article



Ergonomic Design of Apron Bus with Consideration for Passengers with Mobility Constraints



Ma. Janice J. Gumasing 1,2[image: Orcid], Yogi Tri Prasetyo 1,*, Ardvin Kester S. Ong 1[image: Orcid], Maria Rebeka Isabel M. Carcellar 1, John Brixter J. Aliado 1, Reny Nadlifatin 3 and Satria Fadil Persada 4





1



School of Industrial Engineering and Engineering Management, Mapúa University, Intramuros, Manila 1002, Philippines






2



School of Graduate Studies, Mapúa University, Intramuros, Manila 1002, Philippines






3



Department of Information Systems, Institut Teknologi Sepuluh Nopember, Kampus ITS Sukolilo, Surabaya 60111, Indonesia






4



Entrepreneurship Department, BINUS Business School Undergraduate Program, Bina Nusantara University, Malang 65154, Indonesia









*



Correspondence: ytprasetyo@mapua.edu.ph; Tel.: +63(2)8247-5000 (ext. 6202)







Academic Editor: Raphael Grzebieta



Received: 8 March 2022 / Accepted: 3 April 2022 / Published: 3 May 2022



Abstract

:

Passengers in an apron bus are usually subjected to a standing position because of its limited seats and capacity. Due to this, passengers, especially those with mobility constraints, may expose themselves to musculoskeletal disorder (MSD) risks such as body pain, discomfort, and non-collision injuries. The purpose of this study is to design an ergonomic apron bus to aid the musculoskeletal discomfort experienced by passengers with mobility constraints, specifically the elderly, pregnant women, mothers carrying infants, and persons needing wheelchair assistance. A total of 149 participants are involved in the study. Corlett’s and Bishop’s body discomfort questionnaires and Rapid Entire Body Assessment (REBA) are utilized to evaluate the respondent’s experience of discomfort in different regions of their body. The results show that passengers with mobility constraints experience body discomfort during the apron bus ride. The prevalence of body discomfort is evident in the lower back, knee, thigh, arm, shoulder, and middle back. Finally, principles of anthropometry are used in the study along with quality function deployment (QFD), failure mode and effects analysis (FMEA), and cost-benefit analysis to evaluate the feasibility of the recommended ergonomic design of the apron bus. To meet the requirements of people with disabilities, the ergonomic design of an apron bus is created to minimize the risk of exposure of passengers to certain musculoskeletal discomfort, maximize the space, minimize the delay time of the airlines, and be able to prioritize passengers who require mobility assistance.
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1. Introduction


An apron bus is a ground support equipment vehicle with a special design that facilitates passengers’ transport and hand luggage from airport gate terminals to their specific aircraft. In the Philippines, apron buses are present in all major domestic and international terminals and are owned by Philippine aircraft carriers. The use of an apron bus minimizes operation costs in terms of passenger transport from the terminal to aircraft. According to the low-cost carriers forecast for the Philippines, apron buses will be used by 85% of domestic passengers and 30% of international passengers by 2030 [1]. The functional areas that describe the effectiveness of air transport activity are its physical layout and the means of transport that ensure accessibility. The apron bus’s physical layout will improve passengers’ comfort and the flow of movement, which can be favorable to air transport activity in terms of customer satisfaction. Hence, it is highly important to analyze passengers’ comfort concerning airport service transfer activity [2].



In the Philippines, airport buses usually have limited seats. Most passengers are standing during the whole trip, which lasts around 15–30 min since apron buses have fewer seats than ordinary buses. They are specifically built for usage at airports. Inside these buses, passengers often stand during their journey [3]. Situations where people are forced to travel in a standing position may cause passengers pain, discomfort, and non-collision injuries [4]. A study in Australia has shown that 32% of the fatal and serious injuries on buses are attributed to non-collision incidents [5]. Most of the injuries occurred when the bus was traveling and people were standing. The main mechanism was abrupt vehicle acceleration or deceleration, followed by boarding and disembarking from the bus. A significant number of cases involve elderly passengers, which clearly indicates that this group is the most vulnerable to such incidents. Thus, in the design of public transport vehicles such as apron buses, the safety demands of passengers, especially those with mobility constraints, must be considered.



Similarly, passengers in a standing position may also incline themselves to musculoskeletal disorder risks. Musculoskeletal disorder (MSD) are injuries and disorders that affect the movement of the human body or musculoskeletal system such as muscles, tendons, ligaments, nerves, discs, and blood vessels [6,7]. When individuals are subjected to MSD risk factors, they become fatigued. They acquire a musculoskeletal imbalance when their fatigue outruns their body’s recuperation system. A musculoskeletal disorder develops over time as fatigue outruns recovery and a musculoskeletal imbalance develops. In a study by Deshmukh et al. [8], it was identified that the regions of the body affected mainly by musculoskeletal pain for individuals in standing position during bus travel were the knee joint, followed by the lower back, and ankles/feet.



A study by Matsika [9] also suggested a compromise between the comfort of sitting while also increasing the seating capacity with the use of standing seats. According to Kiran et al. [10], the limited seating space restricts the passengers’ movement, exposing some parts of their bodies to discomfort. Moreover, limited seating capacity may also contribute to musculoskeletal discomfort among passengers with reduced mobility. The number of air passengers has steadily increased over the last decade, with passengers with mobility issues traveling by air growing at a faster rate. Passengers with mobility constraints (PWD, the elderly, passengers carrying children, and pregnant women) have high-risk factors when riding public transport, such as public buses [11]. Recent data from the Philippine Institute for Development Studies [12] found that out of 1031 adult women and 823 children with disabilities, were found to be mobility-impaired (39.7%). Also, in 2016 alone, 43,000 passengers availed themselves of wheelchair assistance from one local airline at the check-in counter [13]. According to Wretstrand et al. [14], comfort and safety are the two essential quality factors to be considered in public transit design that will cater to disabled passenger groups. Similarly, a study by Almada and Renner [15] also stated that the full accessibility to public transit is an essential tool for disabled passenger groups to enable integration into society and improve their quality of life.



It is stated that in order to meet the needs of individuals with disabilities, the transportation infrastructure and mobility factors for the disabled must be addressed and enhanced [16]. According to a study by Ipingbeni [17], the travel experiences of the elderly and individuals with disabilities must be considered in the development of a high-quality mode of transportation for all. Thus, the need to address the evaluation and design of public transportation is needed. Broome et al. [18] stated that the existing conventional public transportation system cannot provide an efficient service to people with mobility constraints, and limitations still persist. According to a study by Hwangbo et al. [19], limited mobility caused by the current transportation system and design is still a major issue for disabled and older individuals who utilize the bus system. Thus, the design of public buses, such as apron buses, should consider the vulnerability of people around them and those who also assist the passengers with mobility constraints [20].




2. Review of Related Literature


Previously, there were studies related to passenger comfort for persons with mobility constraints in the country. In a study by Gumasing et al. [21], an ergonomically designed light rail transit (LRT) was developed for persons with mobility impairments and special needs. The study focused primarily on the design of LRT carts, including entrances, seats, lanes, railings, and other characteristics that require mobility aids such as wheelchairs, crutches, and canes. Safety, accessibility, and comfortability were all considered in the study. Similarly, another study on the design of public buses for the elderly and persons with disabilities (PWD) was developed by Gumasing and dela Cruz [11]. The study’s outcomes revealed that significant users of public buses who took part in the study were less satisfied with the existing design of public buses in the Philippines and had trouble using them. Furthermore, the current design measures were found to be unsuitable for Filipino commuters because they were not ergonomically developed. As a result, actual Filipino anthropometric measurements were used to ergonomically adapt the bus design for commuters [11].



Although the availability of much literature for evaluating the comfort of passengers with mobility constraints may be found in current works, very little information for assessing the prevalence of musculoskeletal discomfort of passengers in apron buses exists. The development of air transport activity and services shows the need to improve the quality of airport buses for its passengers in the Philippines. Improving the quality of apron buses will not only benefit their passengers but will also be favorable for the airport and airline services [2,3].



The purpose of this study was to determine the musculoskeletal discomfort experienced by passengers with mobility constraints, specifically the elderly, pregnant women, mothers carrying infants, and persons needing wheelchair assistance. This study also aimed to determine the relationship between discomfort scores and postural risk scores of passengers using the Corlett and Bishop body map questionnaire and Rapid Entire Body Assessment (REBA). Finally, using the principles of anthropometry, the ergonomic design of an apron bus is intended to be created to minimize the risk of exposure of passengers to certain musculoskeletal discomfort, maximize space, minimize the delay time of the airlines, and be able to prioritize passengers who require mobility assistance.




3. Methodology


3.1. Sampling Design


The non-probability sampling method, specifically purposive sampling using pen and paper questionnaires, was utilized in this study. The questionnaire was distributed to passengers who had just gotten off the apron bus. The study was conducted among the passengers in Ninoy Aquino International Airport (NAIA) Terminal 3, the largest terminal in the NAIA complex and the highest volume of passengers capable of servicing 33,000 passengers daily at a peak of 6000 passengers per hour [22]. A total of 180 survey questionnaires were distributed to the target participants. However, only 149 participants responded to the study, resulting in a response rate of 83%. The total participants involved in the study included 48 elderly, 31 pregnant women, 39 mothers carrying infants, and 31 passengers needing wheelchair assistance. The sample size of 149 is compared against the required sample size for PWD passengers of public transport lines following the study of dell’Olio et al. [23], as shown in Equation (1):


  n ≥   p   1 − p        e z    2 +   p   1 − p    N     



(1)




where n is the number of passengers to be surveyed and p is the proportion of PWD passengers who are traveling, which is taken to be 0.33 based on travel demand forecast for PWD using public transportation [24]. Moreover, e is the level of assumed error, z is the value of the random variable in a standard normal distribution, and N is the observed flow of passengers on the line. Thus, the sample can be representative.



The questionnaire was briefly discussed with each respondent, and written consent was obtained from the respondents. The respondents were asked to fill out a consent form that indicates that the responses and information gathered will solely be used for academic and research purposes, following the Data Privacy Act, or Republic Act No. 10173 in the Philippines. In addition, this study was approved by Mapua University Research Ethics Committee (application number FM-RC-21-89). The questionnaire consisted of three sections. The first part of the questionnaire determined the respondents’ demographic profile using an 8-item question, including age, gender, nationality, employment status, the purpose of travel, frequency of travel in the past two years, frequency of riding an apron bus in the last two years, and average duration (min) of the trip in apron bus.



Table 1 presents the descriptive statistics of respondents’ profiles. Based on this table, the majority of the respondents were female (56%) within 20–39 years old (47%). Most of the respondents were Filipinos (95%) and were currently employed (42%). Their usual purpose of travel was for leisure (79%) and had traveled in the last two years for 1–3 times. The researchers also asked about the frequency of riding the apron bus in the last two years. Based on gathered data, 72% of the respondents answered that they had ridden an apron bus 1 to 3 times in the last two years, 15% of the respondents answered that they rode the apron bus 4 to 6 times, 8% responded that they had ridden the apron bus 7 to 9 times, and 1% of the respondents answered ten times or more in the past two years. The majority of respondents’ average travel duration in apron buses was 15–30 min/ride (57%), followed by 30 min or more/ride (40%).




3.2. Corlett and Bishop Body Map Questionnaire


The second part of the questionnaire consists of Corlett and Bishop’s body map discomfort scale. This questionnaire was utilized to evaluate the respondent’s experience of discomfort in different parts of their body. The discomfort questionnaire was distributed to passengers in NAIA Terminal 3 who had just gotten off the apron bus. All selected participants are departing passengers to ensure no general body discomfort is experienced due to prolonged sitting in an aircraft. Furthermore, it was assured that participants had no prior musculoskeletal injuries or progressive disorders at the time of data collection.



This tool is a subjective type of survey since different passengers may experience different symptoms. In this study, the researchers assessed the level of discomfort of respondents in their head and neck, shoulder, arm, middle back, lower back, buttock, thigh, knee, and leg and foot. The respondents evaluated their level of discomfort using a 5-point Likert scale (1-not comfortable, 2-barely uncomfortable, 3-quite comfortable, 4-very uncomfortable, 5-extremely uncomfortable) following the study of Li et al. [25].




3.3. Quality Function Deployment (QFD)


The third part of the questionnaire consists of a quality function deployment (QFD) survey. It is a structured approach to defining customers’ needs and requirements and translating them into specific plans to produce products that meet customers’ demands [26]. In an ergonomic design of an apron bus, the perception of passengers with regard to safety and accessibility when riding an apron bus was investigated. For the safety criterion, respondents rated the importance of safety features of the apron bus on a 5-oint Likert scale, wherein 1 being the lowest and 5 being the highest. The safety features involved the following: door material, seat material, handrail material, and floor material. For accessibility criterion, the following components are considered: aisle space, wheelchair lockdown area, door width, door height, seat depth, seat width, and handrail length. The scores were weighted to obtain the measured value. The collected questionnaire data were tested for validity, reliability, and adequacy.




3.4. Rapid Entire Body Assessment (REBA)


This tool was used to evaluate the exposure of individual passengers with mobility constraints to certain ergonomic risk factors using a single-page worksheet to assess the passenger’s body posture, force, and repetition while riding an apron bus. The chosen postures for REBA evaluation are based on the worst postures of the passengers on both left and right sides of the body and held for lengthy periods. The observation of posture was performed at different time intervals during the entire trip duration, from embarking on an apron bus until disembarking. The passengers’ postures were captured using a hand-held video recorder for the participants’ 5–10 min travel duration. Selected still images using cameras were also used to capture the posture of the study participants. The recording devices were placed orthogonally to record the sagittal and frontal planes of the participants. A single researcher whose university-based research focuses on ergonomics analyzed the work posture of the participants using Rapid Entire Body Assessment (REBA). The scores for each passenger were integrated for various postures taken during the assessment. Relative to the assessment, the side of the body (left or right) that was evaluated is based on the most awkward posture (e.g., holding on to the straphangers, standees, handrails, grab bars, etc.) as shown in Figure 1.



Using the worksheet, the researchers assigned a score for each of the following body regions: wrists, forearms, elbows, shoulders, neck, trunk, back, legs, and knees. After the data for each region were collected and scored, tables on the REBA form were utilized to compile the risk factor variables, generating a single score representing the MSD risk level. In this study, the risk level was based on REBA score analysis, as shown in Table 2.




3.5. Statistical Analysis


Correlation analysis using the Pearson correlation method was also employed to determine the relationship between the REBA postural risk scores and the musculoskeletal discomfort of different passengers with mobility constraints by utilizing SPSS 25. The test statistic Pearson’s correlation coefficient evaluates the statistical relationship, or association, between two continuous variables. Because it is based on the method of covariance, it is known as the best method for quantifying the relationship between variables of interest. It provides information on the magnitude and direction of the relationship’s association, or correlation. The input variables were correlated with associated REBA score (1–11) and discomfort score (1–5) for all 149 samples. The study was conducted using a 95% confidence level, and the results of p < 0.05 were considered significant.





4. Results


4.1. Result of Corlett and Bishop Body Map Questionnaire


Table 3 shows the average discomfort scores of passengers with mobility constraints, obtained from the Corlett and Bishop body map questionnaire. The result indicated that for the elderly, the body regions with the highest musculoskeletal discomfort were the knee (2.81) and lower back (2.73). For pregnant women, musculoskeletal discomforts were evident in the lower back (3.16) and thigh (2.87). In addition, for mothers carrying infants, the body regions with high discomfort were the following: arm (3.95), shoulder (3.87), lower back (3.05), buttock (3.00), middle back (2.95), leg and foot (2.97), and knee (2.64). Lastly, for passengers needing wheelchair assistance, body regions with high musculoskeletal discomfort were thigh (3.06), lower back (3.03), middle back (2.94), buttock (2.90), and leg and foot (2.61).




4.2. Result of Rapid Entire Body Assessment (REBA)


Table 4 shows the frequency of postural risk scores of passengers with mobility constraints while riding the apron bus using the Rapid Entire Body Assessment (REBA). The result indicated that for the elderly, 69% have a medium risk while 29% have a high risk. Pregnant women showed that most had a medium risk (90%). Moreover, 64% had a medium risk for mothers carrying infants, while 36% had a high risk. Lastly, for passengers needing wheelchair assistance, the majority had a medium risk (87%). In summary, the passenger with the highest risk (high to very high-risk category) for MSD is a passenger-carrying infant (36%), followed by the elderly (29%).




4.3. Result of Correlation Analysis


Table 5 shows the correlation analysis between the postural risk score and musculoskeletal discomfort in each body region experienced by passengers. The results indicate that the postural risk scores significantly correlate with musculoskeletal discomfort. This implied that as the posture of passengers when riding an apron bus becomes poor and awkward, as reflected by their REBA scores, the higher the discomfort experienced by passengers in different regions of their bodies. In addition, it was found that the body regions with the highest relationship to the postural risk scores were the leg/foot (r = 0.521, p < 0.001) and the arm (r = 0.514, p < 0.001).




4.4. Anthropometric Characterization of Passengers with Mobility Constraints


Anthropometry is a design tool used to measure a human individual’s physical references. In this study, the researchers computed the associated parts of the apron bus and their corresponding measurements using the anthropometric data of Filipinos by Del Prado-Lu [28]. This is the first-ever comprehensive anthropometric measurement of the Filipino adult population in the country. The study’s findings could be used to improve the ergonomic design of workstations, equipment, interactive systems, furniture, and seats for the Filipino adult population, resulting in safer, more productive, and user-friendly workplaces [28].



The researchers were able to obtain the measurements of the current apron bus used in most Philippine airports. Pictures of the apron bus with its corresponding dimensions are presented in Figure 2.



Anthropometric measurements are needed in this study to further assess the comfortability, satisfaction, accessibility, and safety of passengers onboard the apron bus. These measurements will also help the researchers design a proposed apron bus that will satisfy the needs of the passengers, especially the passengers who need mobility assistance. The anthropometric measurement used in the present study is based on the data obtained from Del Prado-Lu [28]. The study conducted anthropometric measurements among 1805 Filipino workers in 31 manufacturing industries.



Anthropometric measurements allow comparison to population norms or to values collected over time in the same individual. Anthropometric values are closely related to nutrition, genetic makeup, environmental characteristics, social and cultural conditions, lifestyle, functional status, and health. A recent 2021 Global Nutrition Report data revealed that the prevalence of overweight and obese adults for Filipinos aged 18 and over had shown an increase of 10% over the past ten years [29]. However, according to Eaton-Evans [30], anthropometric measurements cannot identify protein and micronutrient deficiencies, detect minor nutritional status disturbances, or identify small changes in the proportions of body fat to body mass index. Likewise, previous studies have found that self-reported anthropometric variables are reasonably accurate when compared with measurements made simultaneously and are generally adequate for use in large-scale epidemiological studies [31]. Thus, to confirm the accuracy of anthropometric data by Del Prado-Yu, a comparison between the data from 100 Filipino PWD and elderly individuals obtained by Gumasing and dela Cruz in 2017 [11] and that of Del Prado-Yu was made. The result proved that differences in measurements were minimal. The reporting errors in anthropometric variables may result in small biases. Hence, the anthropometric data used in the present study can be representative.



Anthropometric data were measured for standing, sitting, hand and foot dimensions, breadth and circumference of the various body parts, and grip strength. The summary of anthropometric measurements is shown in Table 6.



Table 7 shows the apron bus dimensions, actual measurement, dimension reference, percentile, and measurement of the proposed apron bus. The ergonomic design of an apron bus considers ergonomic constraints such as posture, clearance, and reach [32]. The side door handle is based on standing elbow height ranging between the minimum population, 5th percentile female, and maximum population, 95th percentile male (89 cm to 112.8 cm) above the floor. This will provide more comfort for the passengers when embarking and disembarking the bus, using handrails since the range of handrail height will allow passengers to flex their lower arms at a 90-degree angle compared to the existing design, which is too low for the passengers (60cm). Similarly, chair handles should also be designed based on the minimum percentile of users (89 cm). In addition, the maximum circumference of handlebars should be based on the minimum percentile of a handbreadth, which is 9.5 cm on a diameter sphere. It must be rounded or returned smoothly to the bus door. For the ramp width, based on American Disability Acts [33], accessible ramps for wheelchair use must maintain a minimum clear width of 36” or 91.4 cm at all times. The cross slope along the width of any ramp must be less than 1:50 or <2%. The 36” (91.4 cm) clear width must be maintained between all, including handrails. Hence, the door width should also be the same as the width of the ramp to accommodate the entrance of a person needing wheelchair assistance.



For the step height, it was identified in the study by Brooks et al. [34] that this is one of the problems with bus usage. The height of the first step was determined as the major inhibiting aspect for elderly and disabled subjects for step climbing and handrail use when using buses. Thus, it is recommended that there should be a retractable step be provided for persons needing a wheelchair with a maximum allowable slope of 1:12 having a maximum rise of 30” (76.2 cm) [34]. Therefore, the recommended height of step for an apron bus without retractable steps should be the step height of the minimum population, 5th percentile female (14.58 cm) at the maximum to improve the ease of use, especially by elderly passengers [34].



For the handlebars, the measurement of the distance from the edge of the handlebars to the floor was compared to the upper reach of the minimum population (138 cm). Given that the actual measurement of handlebar height is higher (175 cm), a higher measurement would mean that a number of passengers would not be able to reach the handles and struggle in doing so, as supported by the findings of Martinez et al. [35] Thus, a lower measurement would be ideal.



Finally, in the design of seats, the gap from seat to seat should be matched to the maximum population to accommodate enough space for the seat depth and legroom for comfort. The sufficient gap from seat to seat would provide comfort for pregnant women and mothers carrying infants. The seat depth should be designed for the minimum population (40 cm) so that users can comfortably lay their backs against the seat’s back support. On the other hand, legroom should be designed for the maximum population (59 cm) to provide taller passengers with sufficient legroom and adequate space for luggage and bags. The seat depth should be designed for the minimum population (36 cm) and should be low enough for most passengers to lay their feet flat on the floor while seated to avoid compression on the undersides of the thighs and buttock region. For the seat width, the design should accommodate the maximum population (48 cm) so that the hips and buttocks of the passenger can fit into the seat pan, especially for pregnant women. The seatback should have a moderate inclination, and the seat pan should slope back slightly using a moderately contoured pan for weight distribution to provide comfort to passengers, especially pregnant women and mothers carrying an infant.




4.5. Quality Function Deployment (QFD)


The purpose of using the QFD is to identify the apron bus’s design characteristics and its relationship to its passengers’ requirements. The main goal of using this tool is to satisfy the passengers while minimizing the cost and maximizing the benefit of the apron bus. In this research, two different houses of quality were built to analyze the differences—the house of quality for the old apron bus and the other for the proposed apron bus.



Factors for passenger requirements were identified, including their relative weight, to establish and define the basic wants of passengers and incorporate them into the design of the apron bus. In the present study, the following two major factors were categorized: Safety and Accessibility. Table 8 summarizes the average scores of the passengers’ perceptions of their safety and accessibility inside the apron bus with their current weights. The higher the mean average, the more satisfied the passenger.



The primary and most crucial factor in every product is the customer’s safety. Safety is to protect passengers from accidents, risks, and hazards that may result in injuries and fatalities. Since an apron bus transports pack passengers from the gate terminal of the airport to the airplane to reduce apron bus trips, the driver must ensure the safety of its passengers throughout the ride. The importance and the relative weight will show that safety will always be the top requirement of the passengers. The following are under the safety category in the house of quality: door material, seat material, handrail material, and floor material.



On the other hand, efficiency, ease, and comfort are some of the characteristics of the ideal convenience for passengers. Passengers would define accessibility in line with the comfort they are experiencing when riding the apron bus. Enough space and room to move and sit without hassle are critical requirements for passengers riding the apron bus. The factors that fall under the category of accessibility are aisle space, wheelchair lockdown area, door width, door height, seat depth, seat width, and handrail length.




4.6. Ergonomic Design of Apron Bus


The 2D design shows the number of seats and several measurements that were generated from the anthropometric data. The dimensions of the seat length, leg clearance, bus width, aisle width, and door width are shown in Figure 3. It can be observed that the apron bus has two doors in the middle for easier boarding and descending of the passengers. This will also minimize the ground time of the apron bus, as the two doors will disembark the passengers faster.



It can be seen in Figure 4 that the middle area of the apron bus is designed for passengers who have mobility constraints. They are specifically designated in the middle area to access the doors easily and more efficiently. Signs are used to represent a priority for those passengers. Seatbelts are also attached so that the passengers are secured. Poles made of steel and plastic powder coating are also provided. These can be used as handles for passengers with mobility issues and as an extra grip for passengers standing on the apron of the bus.



Furthermore, there is also an assigned area for passengers who require wheelchair assistance. Two wheelchairs can be accommodated inside the bus and are arranged back-to-back. A stopper for the wheelchair is placed so that the wheels of the wheelchair will not move, and a long handle is provided for the passengers’ grip. The number of wheelchair users is only limited to the apron bus to maximize space for all airport passengers.



As shown in Figure 5, the dimensions follow the recommended anthropometric data that was analyzed in the present study for the passenger seats. Cushions, made of foam, are also provided so that passengers can ride the apron bus in comfort. These seats can also be reclined to reduce the passengers’ stiffness during the ride. The luggage of the passengers is assigned below their seats. The space below their seats can give enough room to fit the maximum width measurement for hand-carry luggage (38 cm). This design will provide convenience for the passengers and reduce their exposure to musculoskeletal discomfort since several lifting positions are eliminated. In addition, handles made of plastic beside the seats are provided so that passengers who are standing do not have to lift their hands for grip. This reduces the angles at which the passengers can incur several musculoskeletal discomforts.



Figure 6 shows the design of the exterior of the apron bus. It can be observed that the proposed bus width is wider than the current apron bus. This will provide extra comfort for the passengers, giving them a wider aisle width than at present, so that getting to their seat and disembarking the bus is much more convenient for the passengers.




4.7. Failure Mode and Effect Analysis (FMEA)


The design FMEA of the proposed apron bus is divided into the following two parts: interior and exterior. Potential failure modes of each part and/or function are also determined. Potential causes and effects of failure and its severity and likelihood are also identified, as well as the current design controls with the corresponding detection. With this analysis, the risk priority number (RPN) is established by multiplying the severity, likelihood, and detection of the part or function. Recommended actions and actions taken are also included in this analysis with their corresponding severity, likelihood, and detection. These action results will also derive a corresponding risk priority number.



Table 9 summarizes the design FMEA analysis that was concluded. It can be observed that the part of the apron bus with the highest percentage improvement is the wheelchair lockdown area, with an 87.50% improvement. Moreover, a high percentage of improvement was observed in the step height and bus door area, with a percent improvement equal to 83.33%. The lowest RPN for the proposed apron bus design is at the bus door. Using the design FMEA, it can be recognized that the overall percent improvement when using the proposed apron bus is equal to 72.05%.




4.8. Cost-Benefit Analysis


Assumptions of the cost-benefit analysis are the average cost of delay per minute being PHP 3674.55 [36], the average number of delays of flights per day at Ninoy Aquino International Airport (NAIA) being 250/day [37], the average cost of serious injury crashes being PHP 1,728,127 [38], and the average cost of permanent disabilities of passengers in an accident being PHP 1,728,127 [39].



The researchers designed an apron bus that can seat 45 passengers, maximizing the number of standing passengers at 26. In the previous study [3], the delay time was reduced to one and a half when the apron bus was designed ergonomically using a two-door approach. The number of passengers at risk of injury, since they are not secured with a safety belt, is equal to eight. The delay time for arrivals and departing aircraft is subtracted by one and a half minutes for the proposed apron bus. The total cost for the proposed apron bus is equal to PHP 8,500,000 since accidents are eliminated with the proposed design of the apron bus, while the total cost for the delay is PHP 11,140,592.06. The total cost-benefit ratio for the proposed apron bus is equal to 1.3107.



The cost of the proposed apron bus was compared to the cost of the proposed public bus for the elderly and PWD, as suggested by Gumasing and dela Cruz in 2017 [11]. The findings indicate that the proposed apron bus’s fabrication cost is higher than the proposed public bus (PHP 8,500,000 vs. PHP 6,134,008). The difference in fabrication costs can be attributed to several factors. Firstly, the cost of materials and labor in the past years has increased annually due to inflation. According to PSA, the retail price growth in construction materials in Metro Manila rose 2.1% yearly over the past three years [40]. Secondly, in the present study, several safety features were added compared to the proposed public bus in a previous study. The added features were wider doors for easier boarding, seatbelts to secure passengers in wheelchairs, powder-coated poles to support standing passengers, more spacious seats to accommodate the luggage and bags of passengers, and safety signs to assist passengers with mobility constraints during the ride.



The effect of redesigning the apron bus is evident in the cost-benefit analysis shown in Table 10. The risk of passenger injury is minimal, the cost of delay for arriving and departing aircraft is reduced, and the apron bus is much safer to ride on. This analysis concludes that redesigning the apron bus has a higher overall value. Although its price is higher, the potential for the cost for aircraft and airlines is minimized. This means that the cost-benefit analysis, which is the proposed apron bus (45 seaters), should be the chosen mode of transportation by the airlines.





5. Discussion


The study showed that the prevalence of musculoskeletal discomfort among apron bus passengers with mobility constraints was medium risk to very high-risk. The results indicated that for elderly passengers, knee and lower back are most prevalent, and most of the passengers are exposed to a medium to high risk of developing musculoskeletal discomfort (MSD). Existing studies have found that age is a significant predictor of musculoskeletal disorders [33,34]. Similarly, in the study by Lal [41], it was found that older persons in the age range between 54–66 experienced the most knee pain and lower back pain. It was also reported that almost one in every three persons over the age of 45 reports some type of knee pain or lower back pain, which increases with age in western countries [42]. Thus, policy measures should be developed to strengthen and improve the mobility of elderly passengers riding public transport, such as apron buses.



The results showed that musculoskeletal discomforts are evident on the lower back and thigh for pregnant women. The study also found that most pregnant passengers are exposed to a medium risk of MSD when riding on an apron bus. According to the Centers for Disease Control (CDC), women experience physiological changes in pregnancy that require special consideration when traveling [43]. This finding is also supported by the U.S. Department of Health and Human Services study, which found pregnant women usually complain of pain that runs from the lower back down to one leg or thigh. This could be attributed to the symptoms of deep vein thrombosis, which results in unusual swelling of the leg and thigh during the 2nd to 3rd trimester of pregnancy [44]. Therefore, a designated seat should be allotted for pregnant women in public transport vehicles such as apron buses.



For mothers carrying infants, it was reported that the body regions with significant discomfort are the arm, shoulder, lower back, buttock, middle back, leg and foot, and knee. It was also recognized that passengers carrying infants are exposed to a medium to high risk of MSD during the apron bus ride. Studies have shown that mothers carrying infants may be more prone to muscle pain that could strain their bodies [45]. Because of the repetitive stress they place on various portions of their bodies, parents who lift, carry, and reach for a child may harm muscles, tendons, and nerves [46]. For this reason, passengers carrying infants must be given seat priority during the apron bus ride to avoid MSD and other accidental injuries.



Lastly, for passengers needing wheelchair assistance, it was found that the body regions with significant musculoskeletal discomfort are the thigh, lower back, middle back, buttock, and leg and foot, and most are exposed to a medium risk for developing MSD. This finding is similar to Gumasing et al.’s [21] study that found PWD passengers experience musculoskeletal discomfort during public transport rides.



Passenger comfort has already been identified as a critical factor in research investigations [47,48,49]. Thus, an ergonomic design of an apron bus should be developed to meet the needs of people with disabilities that will allow PWD to have safe and comfortable mobility during public transport rides. The seat plays a critical role in meeting these comfort requirements [50]. When developing ergonomic seats, the proportions of the seat must be tailored to the anthropometry of the passengers. Passenger seat design based on passenger anthropometry can help reduce fatigue and discomfort when sitting, especially for lengthy periods of time. The present study met its objectives and improved the design of the current public bus in the Philippines in terms of Filipino anthropometric measurement, making it more accommodating to not only ordinary passengers but also passengers with mobility issues. Furthermore, a mobility management program and policy measures should be created to allow passengers to have improved and comfortable mobility during public transport rides.



5.1. Practical Implications


The significant findings of this study shed some light on the relevance of focusing on enhancing the safety and comfort of passengers in an apron bus to enhance customer satisfaction, especially for those passengers with mobility constraints. Moreover, the results of this study will provide transport management companies, such as airline operators and airport authorities, with an effective tool for use in their customer service quality. This could encourage operating companies of public transport to include some of the design components found significant in the study in their customer surveys. As a result, the gap between practitioner demands and scientific research will be met.



This study can be used by bus manufacturers to improve the design of buses and provide bus operators with significant guidance in ensuring the apron bus system’s safety, comfort, and convenience that Filipino commuters deserve.




5.2. Research Limitations


Despite the study’s positive results, a few limitations have to be considered. First, the study only investigated a musculoskeletal disorder risk factor associated with the postural risk of passengers in an apron bus. As a result, other risk factors, such as injuries and accidents during apron bus rides, should also be investigated. An assessment and explanation of the prevalence of MSD risk factors among apron bus passengers would be more thorough if additional risk variables were included. Second, in terms of coverage, the study is limited. Although several apron buses were in the Philippines, this was only carried out in Metro Manila. Thus, future research is suggested to replicate the study using data from various regions to check if the conclusions are consistent. This would also aid in validating the findings and interpretation of the current study. Finally, it is also recommended that other researchers extend the present research work to evaluate all the segments of public transport for the ergonomic design of passenger seats.





6. Conclusions


Due to an apron bus’s limited seating and capacity, passengers are frequently forced to stand. As a result, passengers, particularly those with mobility constraints such as the elderly, pregnant women, mothers carrying infants, and persons needing wheelchair assistance, may be exposed to musculoskeletal discomfort and bodily pain. Key findings from the study revealed that passengers with mobility constraints are exposed to a medium-to-high risk of developing discomfort during the apron bus ride. The result of correlation analysis proved that postural risk scores have a significant relationship to musculoskeletal discomfort, with leg/foot and arm having the strongest association. Thus, to meet the requirements of people with disabilities, the ergonomic design of an apron bus was created to minimize the risk of exposure of passengers to certain musculoskeletal disorders, maximize space, minimize the delay time of the airlines, and be able to prioritize passengers who require mobility assistance. Furthermore, a mobility management program and policy measures should be created to allow passengers to have improved and comfortable mobility during the apron bus ride. The risk of passenger injury is minimal, the cost of delay for arriving and departing aircraft is reduced, and the apron bus is much safer to ride on. The results implied that there would be a greater benefit for PWD passengers and airlines to promote air travel. Finally, the results and design created in this study could be applied and extended among other apron buses worldwide.
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Figure 1. Example of postures evaluated using REBA. 
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Figure 2. Current Apron Bus Dimensions. 
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Figure 3. Interior Design of Ergonomic Apron Bus. 
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Figure 4. Passengers who need Mobility Assistance Area. 
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Figure 5. Seat Design. 
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Figure 6. Exterior Design. 
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Table 1. Descriptive statistics of the demographic profile of respondents.
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Variable

	
Characteristics

	
Frequency

	
Proportion






	
Gender

	
Male

	
66

	
44%




	
Female

	
83

	
56%




	
Age

	
20 and below

	
1

	
1%




	
20–39 years old

	
70

	
47%




	
40–59 years old

	
30

	
20%




	

	
60 and above

	
48

	
32%




	
Nationality

	
Filipino

	
142

	
95%




	
Foreigner

	
7

	
5%




	
Employment Status

	
Student

	
5

	
3%




	
Employed

	
62

	
42%




	
Self-employed

	
54

	
36%




	
Retired

	
28

	
19%




	
Purpose of Travel

	
Leisure

	
118

	
79%




	
Business

	
19

	
13%




	
Personal

	
12

	
8%




	
Frequency of Travel in the last two years

	
1–3 times

	
85

	
57%




	
4–6 times

	
42

	
28%




	
7–9 times

	
12

	
8%




	
10 or more times

	
10

	
7%




	
Frequency of riding an apron bus in the last two years

	
1–3 times

	
107

	
72%




	
4–6 times

	
22

	
15%




	
7–9 times

	
18

	
12%




	
10 or more times

	
2

	
1%




	
Duration of travel in apron bus per ride

	
15 min or less

	
5

	
3%




	
15–30 min

	
85

	
57%




	
30 min or more

	
59

	
40%
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Table 2. REBA Score Analysis.
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	Final Score
	Risk Level
	Action





	1
	Negligible risk
	No action required



	2–3
	Low risk
	Change may be needed



	4–7
	Medium risk
	Further investigation, change soon



	8–10
	High risk
	High risk, investigate and implement change



	11+
	Very high risk
	Implement change







Source: www.ergo-plus.com (accessed on 29 March 2022) [27].
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Table 3. Average Discomfort Scores of Passengers with Mobility Constraints.






Table 3. Average Discomfort Scores of Passengers with Mobility Constraints.





	
Body Part

	
Mobility Constraints




	
Elderly

	
Pregnant

	
Carrying Infants

	
Wheelchair Assistance




	
Mean

	
Std. Dev.

	
Mean

	
Std. Dev.

	
Mean

	
Std. Dev.

	
Mean

	
Std. Dev.






	
Head and Neck

	
1.67

	
0.88

	
1.94

	
1.12

	
2.15

	
0.90

	
2.06

	
0.93




	
Shoulder

	
1.88

	
0.89

	
2.03

	
1.17

	
3.87

	
0.92

	
2.45

	
0.96




	
Arm

	
1.96

	
1.05

	
2.06

	
1.00

	
3.95

	
0.83

	
2.10

	
1.08




	
Middle Back

	
2.38

	
1.04

	
2.39

	
1.05

	
2.95

	
1.19

	
2.94

	
0.85




	
Lower Back

	
2.73

	
0.82

	
3.16

	
0.78

	
3.05

	
1.15

	
3.03

	
1.17




	
Buttock

	
2.25

	
1.02

	
2.29

	
1.04

	
3.00

	
1.40

	
2.90

	
1.08




	
Thigh

	
2.29

	
1.07

	
2.87

	
0.96

	
2.46

	
1.07

	
3.06

	
1.21




	
Knee

	
2.81

	
0.84

	
2.26

	
1.21

	
2.64

	
1.20

	
2.39

	
1.38




	
Leg and Foot

	
2.42

	
1.16

	
2.39

	
1.23

	
2.97

	
1.44

	
2.61

	
1.26
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Table 4. Summary of REBA Scores of Passengers with Mobility Constraints.
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REBA Score (Risk Category)

	
Frequency (%)




	
Elderly

	
Pregnant

	
Carrying Infants

	
Wheelchair Assistance






	
1 (negligible)

	
0 (0%)

	
0 (0%)

	
0 (0%)

	
0 (0%)




	
2–3 (low risk)

	
1 (2%)

	
1 (3%)

	
0 (0%)

	
3 (10%)




	
4–7 (medium risk)

	
33 (69%)

	
28 (90%)

	
25 (64%)

	
27 (87%)




	
8–10 (high risk)

	
14 (29%)

	
2 (6%)

	
14 (36%)

	
1 (3%)




	
11+ (very high risk)

	
0 (0%)

	
0 (0%)

	
0 (0%)

	
0 (0%)




	
Total

	
48 (100%)

	
31 (100%)

	
39 (100%)

	
31 (100%)
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Table 5. Summary of REBA Scores of Passengers with Mobility Constraints.
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	Relationship
	Pearson Correlation (r)
	95% CI for p
	p-Value
	Strength of Relationship





	REBA score → head and neck discomfort
	0.351
	(0.201, 0.484)
	<0.001
	Moderate



	REBA score → shoulder discomfort
	0.451
	(0.312, 0.570)
	<0.001
	Moderate



	REBA score → arm discomfort
	0.514
	(0.385, 0.623)
	<0.001
	High



	REBA score → middle back discomfort
	0.430
	(0.289, 0.552)
	<0.001
	Moderate



	REBA score → low back discomfort
	0.310
	(0.157, 0.448)
	<0.001
	Moderate



	REBA score → buttock discomfort
	0.491
	(0.358, 0.604)
	<0.001
	Moderate



	REBA score → thigh discomfort
	0.317
	(0.165, 0.455)
	<0.001
	Moderate



	REBA score → knee discomfort
	0.494
	(0.362, 0.607)
	<0.001
	Moderate



	REBA score → leg and foot discomfort
	0.521
	(0.393, 0.629)
	<0.001
	High
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Table 6. Anthropometric measurement for Filipino population.
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Anthropometric Measurement (cm)

	
Male (n = 843)

	
Female (n = 962)




	
Mean

	
5th Percentile

	
Median

	
95th Percentile

	
Std. Dev.

	
Mean

	
5th Percentile

	
Median

	
95th Percentile

	
Std. Dev.






	
Standing shoulder height

	
137.45

	
128.00

	
137.00

	
148.00

	
6.07

	
127.21

	
118.00

	
127.00

	
136.00

	
5.80




	
Standing elbow height

	
104.14

	
96.50

	
104.00

	
112.80

	
6.72

	
96.28

	
89.00

	
97.00

	
104.00

	
7.39




	
Elbow-elbow breadth

	
30.57

	
32.00

	
31.00

	
48.00

	
2.07

	
28.85

	
30.00

	
29.00

	
46.00

	
1.68




	
Buttock-popliteal length

	
46.40

	
41.00

	
46.00

	
52.00

	
3.72

	
45.14

	
40.00

	
45.00

	
51.00

	
3.69




	
Popliteal height

	
43.33

	
39.00

	
43.00

	
47.00

	
2.57

	
40.34

	
36.00

	
40.50

	
44.00

	
2.90




	
Step height

	
27.67

	
16.00

	
28.00

	
40.00

	
7.79

	
25.63

	
14.58

	
25.00

	
37.00

	
9.11




	
Lower arm length

	
25.83

	
21.10

	
25.00

	
30.00

	
4.41

	
24.16

	
20.00

	
24.00

	
30.70

	
4.18




	
Hand breadth

	
9.80

	
8.00

	
4.07

	
11.00

	
4.07

	
9.23

	
7.50

	
8.50

	
10.00

	
6.97




	
Grip strength

	
40.64

	
25.20

	
41.00

	
54.80

	
9.35

	
22.36

	
13.00

	
22.00

	
31.00

	
8.89
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Table 7. Recommended Anthropometric Measurement of Apron Bus.
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	Apron Bus Dimension
	Actual Measurement
	Dimension Reference
	Percentile
	Recommended Measurement





	Side Door Handle
	60 cm
	Standing elbow height
	5th % F to 95th % M
	89 cm to 112.8 cm



	Chair Handles
	25 cm
	Standing elbow height
	5th % F
	89 cm



	Handle Bar Circumference
	23 cm
	Hand breadth
	5th % F
	9.23 cm



	Ramp Width
	65 cm
	Wheelchair width
	Maximum width + allowance
	91.4 cm



	Door Width
	65 cm
	Wheelchair width
	Maximum width + allowance
	91.4 cm



	Step Height
	23 cm
	Step height
	5th % F
	14.58 cm



	Floor to Handle Height
	175 cm
	Standing shoulder height + lower arm length
	5th % F
	118 cm + 20 cm = 138 cm



	Gap between Seat to Seat
	74 cm
	Seat depth + leg room
	95th % M
	40 cm + 59 cm = 99 cm



	Seat Depth
	38 cm
	Buttock popliteal length
	5th % F
	40 cm



	Leg Room
	22 cm
	(Buttock popliteal length + popliteal height) − seat depth
	95th % M
	(52 cm + 47 cm) − 40 cm = 59 cm



	Back Seat Height
	80 cm
	Standing shoulder height − buttock popliteal length − popliteal height
	5th % F
	118 cm − 40 cm − 36 cm = 42 cm



	Seat Width
	42 cm
	Elbow to elbow breadth
	95th % M
	48 cm



	Seat Height
	47 cm
	Popliteal height
	5th % F
	36 cm
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Table 8. Summary of Passenger Safety and Accessibility Survey.
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Passenger Safety




	

	
Mean

	
Total Weight






	
Door Material

	
2.82

	
13.64%




	
Seat Material

	
2.36

	
6.06%




	
Handrail Material

	
2.55

	
16.67%




	
Floor Material

	
2.57

	
1.52%




	
Passenger Accessibility




	
Aisle Space

	
2.46

	
3.03%




	
Wheelchair Lockdown Area

	
2.69

	
7.58%




	
Door Width

	
2.49

	
10.61%




	
Door Height

	
2.41

	
4.55%




	
Seat Depth

	
2.90

	
15.15%




	
Seat Width

	
3

	
12.12%




	
Handrail Length

	
2.69

	
9.10%
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Table 9. Summary of Failure Modes and Effect Analysis.






Table 9. Summary of Failure Modes and Effect Analysis.





	Parts
	Total RPN of Current Design
	Total RPN of Proposed Design
	% Improvement





	Passenger Seat
	52
	10
	80.77%



	Handrail and Hand strap
	62
	20
	67.74%



	Wheelchair Lockdown
	24
	3
	87.50%



	Baggage Area
	43
	20
	53.49%



	PWD Area
	18
	6
	66.67%



	Step Height
	18
	3
	83.33%



	Bus Door
	12
	2
	83.33%



	Overall Total
	229
	64
	72.05%
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Table 10. Cost-Benefit Analysis of Proposed Apron Bus.
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Alternative 1: Proposed Apron Bus (Seats 45 Passengers)




	
Cost

	
Amount (Php)

	
Benefit

	
Amount (Php)






	
Designing the Proposed Apron Bus that sits a maximum of 45 passengers

	
PHP 8,500,000

	
Cost of Delay (Arriving)/Day

	
3675.55 × 7.314 min × 250 = PHP 6,720,743.18




	
Cost of Delay (Departing)/Day

	
3675.55 × 4.81 × 250 = 4,419,848.88




	
Total Cost

	
₱ 8,500,000

	
Total Benefit

	
₱ 11,140,592.06




	
Cost-Benefit Ratio

	
1.3107
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