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Abstract

Most buses used in Nigeria are imported; thus, the anthropometric dimensions of the
citizens of the country of manufacture were used for the seat design. Poorly designed
seats due to a mismatch in anthropometric measurements may lead to musculoskeletal
disorders. Hence, there is a need to design an appropriate seat for particular bus
drivers. This study aimed to obtain anthropometric dimensions of Nigerian bus drivers
and design an appropriate driver’s seat based on the collected dimensions. Relevant
anthropometric variables necessary for the driver’s seat design were obtained from
150 randomly selected male bus drivers from seven towns in Ogun, Oyo and Lagos
states. Seat dimensions of 50 urban buses in heavy and medium automobile categories
were considered. The means, standard deviations and 5%, 501 and 95" percentiles
were calculated. The existing seat dimensions were compared with the required
anthropometric measurements of the drivers for the seat design. It was found that the
current seat measurements differed from the suggested seat dimensions. The study
highlighted that in designing and producing bus seats for Nigerian bus drivers, their
anthropometric data should be considered. The study recommended that the
dimensions of the driver’s seat should be 46.45-50.45 cm (seat height); 39-48.26 cm
(seat depth); 46.83 cm (seat front width); 53 cm (backrest height); 49-58.26 (backrest
depth); and 90° to 130° (seat backrest angle).

Keywords: anthropometric dimensions, professional bus drivers, vehicle seat design




O. S. Ismaila et al. / Mindanao Journal of Science and Technology Vol. 20 (1) (2022) 125-142
1. Introduction

Anthropometric measurements vary according to ethnicity, gender, age, race,
occupation and patterns of nutrition (Ismaila, 2009; Agrawal et al., 2010;
Guan et al., 2012; Spasojevi¢-Brki¢ et al., 2014). Hence, anthropometry is
needed in developing specific standards and requirements associated with
manufactured goods and services to ensure the usability and suitability of
products for the user population (Okunribido et al., 2007). Also, the safe and
economical accomplishment of various tasks depends on the users’
anthropometric characteristics (Ismaila et al., 2013). However, in the
automotive industry, Nigerians depend on the imported vehicles that have
been designed using the anthropometric dimensions of the people from the
manufacturer’s country of origin. It is also uncertain whether or not the
vehicles, assembled in Nigeria, use Nigerian anthropometric data as the
required anthropometric measurements for the seat design.

One of the earliest reported ergonomic assessments of vehicle seats in Nigeria
was made by Ismaila et al. (2010). The study obtained the anthropometric data
of bus users to determine a possible mismatch between their relevant
dimensions and bus seats. It was found that there was an incompatibility
between the anthropometric dimensions of passengers and the seat
dimensions. Lucas and Onawumi (2013) conducted an ergonomic assessment
of the in-automobile interface design of taxi cabs. The study established that
there were fleets of disused cabs that were generally not user-friendly. Fajobi
et al. (2019) confirmed that there was a mismatch between the anthropometric
dimensions of drivers and seats in some buses (Toyota and Mazda). Similarly,
Ismaila et al. (2021) carried out an ergonomic assessment of drivers’
workstations. They discovered that the seats offered by vehicle manufacturers
were not ergonomically appropriate for drivers.

Consequently, the said mismatches affect the driver’s sedentary posture,
which is a key risk factor for musculoskeletal illnesses and contributes to their
development (Byran et al., 2013). It is worthy to note that for vehicle drivers,
the comfort while driving is different from that of sitting on a chair at home,
at the office, or in the workplace (Deros et al., 2015). After driving for 135
min, drivers experience increased discomfort in the driver’s back, buttocks
and thighs (Porter et al., 2003). Hence, appropriate seat design should be made
to avoid the risk of developing a musculoskeletal disorder (Gouvali and
Boudolos, 2006; Murphy et al., 2007) and obtaining severe injury under
different velocities in a frontal crash (Jinhuan et al., 2016).
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An ergonomically suitable product and physical equipment require that they
be designed using the anthropometric data of the user population. Kovacevic
et al. (2010) noted that a properly designed vehicle seat reduces the driver’s
fatigue and provides safe traffic. Sedentary posture should be given additional
consideration throughout the design process, especially when there are other
manual tasks involving the use of force (Li and Haslegrave, 1999). The
availability of users’ anthropometric data also enhances the seat design as this
is used by manufacturers as a guide to developing products for the global
market (Dawal et al., 2015; Jamir et al., 2015) allowing the product to be
ergonomically useful to the population of certain countries (Rahman et al.,
2018). Jinhuan et al. (2016) advised to consider the differences in
anthropometric dimensions between nationalities (Chinese and Americans) in
the development of new vehicle models in China for Chinese drivers.
Onawumi et al. (2016) reported the development of predictive models for
some anthropometric dimensions of Nigerian professional bus operators. The
study collected anthropometric data from occupational bus operators in
Nigeria and provided three mathematical models to predict the anthropometric
variables necessary for the design and manufacture of driver’s workplace and
in-vehicles elements. Lastly, Uba et al. (2018) proposed some measurements
for the automotive seat using Nigerian representative anthropometric data to
guide designers of automobiles for the Nigerian market.

The previous studies only emphasized the need to design seats of vehicles
using users’ anthropometric data as there were incongruences between the
users and the seats. However, they only amassed relevant anthropometric data
from Nigerian commercial bus drivers but did not utilize the obtained data to
design appropriate seats for their use. Hence, this study aimed to collect the
seat dimensions of the existing buses and anthropometric data from Nigerian
commercial bus drivers. The obtained data was then used to design an
ergonomically suitable seat for them.

2. Methodology

2.1 Sample Selection

The participants agreed to be part of the study after the aim was explained to
them. Relevant anthropometric measurements for the driver’s seat design and
age were obtained from 150 randomly selected male bus drivers in seven
urban centers in Ogun (Abeokuta, Ilaro, Sagamu and ljebu-Ode); Oyo (Ibadan
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and Oyo) and Lagos States (Oshodi and Yaba). The mentioned locations were
selected because of economic activities and bus traffic. The sample size was
determined using Cochran’s (1977) formula as presented in Equation 1.

Z *pg
N=—"3 (1)

e

where e (margin of error) = 7%; p (population proportion) = 0.5; Z = 1.65
(90% confidence level); and q = 1-p.

Roscoe (1975) suggested that in determining the sample size, a sample size
greater than 30 and less than 500 should be sufficient for most research.
Furthermore, according to Saunders et al. (2000), many statisticians agree that
a sample size of 30 or more usually has a mean that is very close to the normal
distribution.

2.2 Measurement of Seat and Bus Driver’s Anthropometric Dimensions

A total of 50 vehicles (five each in heavy and five each in medium categories
were used in the study). Table 1 presents the details of these vehicles.

Table 1. Automobiles categories and their brand, country of manufacture and
seating capacity

Heavy automobile Medium automobile

Seating Seating

Brand (country of origin) capacity Brand (country of manufacture) capacity
Foton (China) 42 Mitsubishi 1 (Japan) 14
Ashok (India) 42 Toyota-Coaster (Japan) 30
Tata (India) 42 Mazda (Japan) 10
Comil (Brazil) 54 Honda-Oddysey (Japan) 10
Nissan-Urvan (Japan) 14
Mitsubishi 2 (Japan) 10

The driver’s anthropometric and seat variables were measured using a digital
stadiometer (Detecto PD 300 M, Cardinal Scale Manufacturing Company,
United Kingdom) and a Vernier caliper (0-600 mm, Mitutoyo, Japan),
respectively.
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2.2.1 Measurement of Seat Dimensions

The following seat dimensions were measured: seat front width, seat back
width, seat depth, backrest width (shoulder level), seat height, seat back height
and backrest width (lumbar level). The seat measurements were described by
Chakrabortty et al. (2014) (Figure 1).

1 — backrest width (shoulder); 2 — backrest width (lumbar); 3 — seat height; 4 — seat depth; 5 —
seat front width; 6 — seat back height; 7 — seat back width

Figure 1. Measured seat variables
2.2.2 Measurement of Driver’s Anthropometric Variables

The anthropometric dimensions of the driver required for the design of seat
dimensions were sitting height, popliteal height, hip breadth, shoulder width,
sitting shoulder height, buttock-popliteal length, elbow rest height, knee
height and elbow-hand grip. The measurements were described by Halder et
al. (2018) and Mohamad et al. (2016) as presented in Figure 2.

2.3 Seat Design Considerations

In the design of the bus driver’s seat, seat height, depth, and width as well as
backrest height, depth and angle were taken into consideration. The required
anthropometric measure for seat height was the popliteal height and for
adjustability, the dimensions were the 5" and 95" percentiles as the minimum
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and maximum dimensions, respectively. A shoe heel allowance of 0.45 cm
was also added to the minimum and maximum dimensions. The required
anthropometric measure for seat depth was the buttock-popliteal length; the
dimensions of the seat depth were the 5" and 95" percentiles of the buttock
popliteal length as the minimum and maximum dimensions, respectively. The
seat width was determined using the hip breadth of the widest hip, usually that
of a female. The 5 percentile of the shoulder height (sitting) was taken for
the backrest height. The backrest depth was taken as the sum of the seat depth
and backrest’s thickness. A thickness of 10 cm was considered for the
backrest. For the backrest angle, the seat backrest was inclined at an angle
towards the back.

7
2

1 — buttock-popliteal length; 2 — sitting shoulder height; 3 — popliteal height; 4 — knee height; 5 — elbow rest
height; 6 — elbow-hand grip; 7 — sitting height; 8 — shoulder width; 9 — hip breadth

Figure 2. Measured driver’s anthropometric variables
(adapted from Ismaila et al., 2015)

2.4 Data Analysis

The statistical analysis of the obtained data was conducted using descriptive
statistics such as mean, standard deviation, 5%, 50" and 95™ percentiles in the
Statistical Package for the Social Sciences (SPSS) version 16. The T-test
analysis was used to determine whether there were significant differences
between the current seat dimensions and the recommended values at 5% level
of significance.
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3. Results and Discussion
3.1 Nigerian Bus Drivers’ Anthropometric and Seat Dimensions

Table 2 presents the summarized anthropometric dimensions of Nigerian male
bus drivers whose ages ranged from 23 to 61 years (mean of 47.7 years) while
the dimensions of the driver’s seat are presented in Table 3. In Table 2, the
mean, standard deviation, 5%, 50" and 95" percentiles of the anthropometric
data obtained from the drivers are shown. Percentile is widely used in
anthropometry to categorize anthropometric dimensions with 5%, 50t and 95™
percentiles representing small, medium and large dimensions, respectively
(Zhang et al., 2016). The 5™, 50" and 95™ percentiles mean that at least 5, 50
and 95%, respectively, of the population will have the dimensions as specified
against each. Thus, at least seven drivers would have a stature of 168 cm.

Table 2. Summarized anthropometric measurements (cm) of bus drivers

5th 50!h 951h
Variable n Mean SD . . )
percentile  percentile percentile
Stature 150 17315 3.32 168.80 173.00 179.10
Sitting height 150 83.18 4.52 76.90 83.00 90.00
Shoulder width 150 44.50 3.25 40.00 44.00 50.00
Sitting shoulder
150 55.40 1.97 53.00 55.00 58.15
height
Buttock-popliteal
150 48.75 1.45 49.95 49.00 50.00
length
Hip breadth 150 37.02 1.98 34.70 37.00 40.15
Knee height 150 59.25 1.48 56.95 59.00 61.05
Elbow rest height 150 20.8 1.93 21.26 20.00 24.58
Elbow hand grip 150 30.29 1.35 28.00 30.00 31.00
Popliteal height 150 47.46 1.22 46.00 47.50 50.00

Table 3 presents the seat dimensions for the heavy automobile (HA) and
medium automobile (MA) measured in the current study. It was found that the
seat heights from the cabin floor were 39-43 and 27-35 cm for HA and MA,
respectively. The seat depths were 40-50 and 49-50 cm for HA and MA,
respectively. The seat front width range was 47-50 cm for the HA, while the
MA had a value of 50 cm.
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There were different width dimensions of the backrest at the lumbar and
shoulder levels. The backrest widths (lumbar) were 34-43 and 47-52 cm for
HA and MA vehicles, respectively. These values at the shoulder were 46-54
cm (HA) and 42-48 cm (MA). The backrest height was obtained using the
sitting shoulder height; the backrest height ranges were 43-50 cm for HA and
54-55 cm for MA.

3.2 Dimensions of Seat Design Considerations

As mentioned in the preceding section, the important dimensions in the seat
design are seat height, depth, and width and backrest height, depth and angle.
The fact that seats will cause discomfort over a period of time necessitates the
provisions for adjustability of the seats to allow a change in body posture to
reduce discomfort (Van Rosmalen et al., 2009). Adjustable design involves
the use of the 5™ and 95" percentiles of the required dimensions as the
minimum and maximum values, respectively.

3.2.1 Seat Height

Park et al. (2013) noted that the driver’s sitting height was a determinant of
the sitting posture that was adopted. The appropriate dimensions for seat
height are 46 cm (minimum) and 50 cm (maximum). However, there is a need
to add a shoe heel allowance of 0.45 cm to the minimum and maximum
dimensions as suggested by Kothiyal and Tettey (2001). The implication is
that the minimum and maximum dimensions of the seat should be 46.45 and
50.45 cm (Table 4), respectively, as the measured seat height of the vehicles
was between 27 and 43 cm with a mean of 37.14+5.41 cm. The recommended
seat height, based on the obtained anthropometric data, should be a minimum
of 46.45 cm and a maximum of 50.45 cm. This implied that the existing
vehicle seats were too low for the drivers. A low seat may increase the knee
and soft region pressure since the drivers may be forced to fold their legs
(Halder et al., 2018). It may also hinder the ability of the driver to assess the
road properly.

3.2.2 Seat Depth
An adjustable seat requires that the dimensions of the seat depth should be the
5t (39 cm) and 95™ (48.26 cm) percentiles of the buttock popliteal length as

the minimum and maximum dimensions, respectively. The seats were deep
for the drivers as the measured seat depths were between 40 and 53 cm with a
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mean of 48.29+3.41 cm, while the seats are expected to be a minimum of 39
cm and a maximum of 48.26 cm. Deep seats may not allow the driver to make
use of the backrest, which may cause a curvature of the spine resulting in an
uncomfortable posture (Ismaila et al., 2013).

3.2.3 Seat Width

The seat width should accommodate the user’s hip and clothing and allow for
comfortable arm movement (Bridger, 1995). Ismaila et al. (2013) used 95"
percentile of the hip breadth of the drivers with 15% of hip breadth as an
allowance. The drivers’ 95" percentile of the hip breadth was 40.72 c¢cm, an
allowance of 15% (6.11 cm). Therefore, the recommended seat width would
be 46.83 cm as against the seat width of between 38 and 47 cm with a mean
of 41.43+3.29 cm. All the vehicles had adequate dimensions for the seat front
width but only the seat back width of the Comil was adequate (Table 2).

3.2.4 Seat Backrest Height

Thariq et al. (2010) suggested the use of the 51" percentile of shoulder height
(sitting) and this was sustained in this study. Therefore, the backrest height
should be 53 cm while the headrest should be 23.9 cm (since the 5™ percentile
of the sitting height of the drivers was 76 .9 cm).

3.2.5 Seat Backrest Depth

Drivers should be provided with structural supports for the trunk and contact
with backrest influence vertical apparent mass of the body. The thickness of
the backrest is essential in providing this support as it determines how well it
can aid the trunk. A good backrest can assist in reducing lumbar load. It may
also influence the vibration transmission through a foam cushion at the seat
pan (Zhang et al., 2015).

Increasing foam thickness from 5 to 12 cm reduced the resonance frequency
and the associated vertical vibration transmissibility of a seat cushion, with a
more predictable effect than when altering the composition, density, or
hardness of the foam (Ebe and Griffin, 2000). In the study by Zhang et al.
(2015) on the effect of foam thickness at the seat and backrest with three
thicknesses of foam at the backrest of 6, 8 and 10 cm, foam thickness of 10
cm provided the least transmissibility of vibration. This necessitates the choice
of 10 cm as the thickness of the backrest. As mentioned, the backrest depth is
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the sum of the seat depth and the thickness of backrest. A seat depth of
between 39 and 48.26 cm was recommended in this study; thus, the backrest
depth should be between 49 and 58.26 cm.

3.2.6 Seat Backrest Angle

Driving subjects the driver to a fixed body posture with the hands on the
steering wheel and one foot on the accelerator. The angle between the backrest
and the seat pan determines the driver’s body posture, especially the trunk-
upper leg angle. A small angle of inclination of the backrest results in high
sub-maximum pressures on the seat pan with sub-maximum pressure on the
backrest (Hostens et al., 2001).

Studies have recommended that the seat backrest should be inclined at an
angle between 90° and 110° towards the rear (Cranz, 1998); Thariq et al.
(2010) recommended 96°. Harrison et al. (1999) found that electric activity of
the back muscles is lowest; hence, the intradiscal pressures are lowest when
the backrest is inclined at between 110° and 130°. Saidu and Aghazadeh
(2019) recommended a seat back inclination of 100° as myoelectric activity
of the back muscles was less at this inclination. These studies showed that the
seat back inclination should be adjustable from 90° to 130°.

3.3 Current Seat Dimensions and Proposed Seat Design

The current study confirmed that the anthropometric data of the user
population is necessary for the proper design of an ergonomically compliant
driver’s seat. A review of 54 studies by Joseph et al. (2021) found moderate
evidence that an uncomfortable seat for professional drivers is a risk factor for
the development of musculoskeletal disorders. In another study by Kasemsan
et al. (2021), it was established that bus drivers had a high level of
musculoskeletal pain in the neck, back and shoulder parts of their bodies and
advocated a national-wide epidemiological database to be able to monitor and
report muscular pain among bus drivers.

The recommended dimensions of the driver’s seat are presented in Table 4
while Table 5 shows the comparison of the values of the existing seat and the
proposed seat. Figure 3 presents the proposed seat design, incorporating the
recommended dimensions, for Nigerian drivers in the South West.
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Table 4. Recommended seat dimensions for Nigerian drivers

Anthropometric variable Seat variable Recommended dimension
Sitting popliteal height Seat height 46.45-50.45 cm
Buttock popliteal length Seat depth 39.00-48.26 cm
Hip breadth Seat front width 46.83 cm
Hip breadth Seat back width 46.83 cm
Hip breadth Backrest width (lumbar) 46.83 cm
Seat backrest angle 90°-130°
Shoulder width Backrest width (shoulder) 48.95-57.85 cm
Shoulder height (sitting) Backrest height 53.00 cm

Table 5. Comparison of the existing seat dimensions and the recommended ones

. . Heavy Medium . .
Anthropometric variable . . Proposed dimensions
automobile automobile
Seat height (cm) 39.00-43.00 27.00-35.00 46. 45-50.45
Seat depth (cm) 40.00-50.00 49.00-50.00 39.00-48.26
Seat front width (cm) 47.00-50.00 50.00 46.83
Seat back width (cm) 38.00-47.00 38.00-44.00 46.83
Backrest width
34.00-43.89 47.00-52.00 46.83
(lumbar) (cm)
Backrest width
46.00-54.00 42.00-48.00 48.95-57.85
(shoulder) (cm)
Backrest height (cm) 43.00-50.00 54.00-55.00 53.00
Seat backrest angle 90°-130°
w
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Figure 3. Proposed seat design for Nigerian drivers: backrest height (a); seat height
(b); seat depth (c); backrest depth (d); seat front width (e); and seat backrest angle (f)
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The T-test statistical analysis showed that there were significant differences
between the recommended and the existing values of the seat height with p =
0.002 (Table 5) and p = 0.000 (Table 6) for HA and MA, respectively, and
seat depth of MA (p = 0.001) (Table 7) except for HA (p = 0.264) (Table 8).
These further confirmed the need to use the anthropometric data of Nigerian
bus drivers in the design of their seats. These results are in agreement with the
work by Gowtham et al. (2020) on seating comfort analysis for Indian bus
drivers using rapid upper limb assessment (RULA). They found out that
drivers in the 77" to 94™ percentile were comfortable with the seat, while
others had higher RULA scores and were uncomfortable. They then suggested
that the design of bus seats should consider the anthropometric data of Indians.

Table 5. Statistical difference between the existing and recommended seat height
dimensions (HA)

Existing dimension  Recommended dimension

Mean 41.25 48.2
Variance 4.25 2.916667
Observations 4 4

Pooled variance 3.583333
Hypothesized mean difference 0
Df 6

t stat -5.19226

P(T <=) one-tail 0.001015

t Critical one-tail 1.94318

P(T <=) two-tail 0.00203

t critical two-tail 2.446912

Table 6. Statistical difference between the existing and recommended seat height
dimensions (MA)

Existing dimension Recommended dimension

Mean 32.66667 48.70833
Variance 37.06667 2.400417
Observations 6 6
Pooled variance 19.73354
Hypothesized mean difference 0
Df 10
t stat -6.25472
P(T <=t) one-tail 4.72E-05
t critical one-tail 1.812461
P(T <= t) two-tail 9.45E-05
t critical two-tail 2.228139
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Table 7. Statistical difference between the existing and recommended seat depth
dimensions (MA)

Existing dimension Recommended dimension

Mean 49.66667 43.71
Variance 0.266667 10.3286
Observations 6 6

Pooled variance 5.297633
Hypothesized mean difference 0
Df 10

t stat 4.482528

P(T <=t) one-tail 0.000587

t critical one-tail 1.812461

P(T <=t) two-tail 0.001174

t critical two-tail 2.228139

Table 8. Statistical difference between the existing and recommended seat depth
dimensions (HA)

Existing dimension ~ Recommended dimension

Mean 47.5 43.565
Variance 25 15.7969
Observations 4 4
Pooled variance 20.39845
Hypothesized mean difference 0
df 6
t stat 1.232143
P(T <= t) one-tail 0.131994
t critical one-tail 1.94318
P(T <=t) two-tail 0.263987
t critical two-tail 2.446912

4, Conclusion and Recommendation

The study found that the existing bus seats in Nigeria were not compatible
with the necessary anthropometric dimensions of the Nigerian drivers. This
may force the drivers to adopt an uncomfortable posture that will consequently
put them at risk of musculoskeletal disorders. It was also revealed that were
significant differences between the recommended and current dimensions of
seat height and depth. Finally, the study was able to design an appropriate seat
for the target population using the obtained anthropometric data. The design
can be used for fabricating their seats to reduce the associated disorders. For
future work, it is recommended to conduct a similar study with a larger
number of participants.
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