
Health, 2021, 13, 378-392 
https://www.scirp.org/journal/health 

ISSN Online: 1949-5005 
ISSN Print: 1949-4998 

 

DOI: 10.4236/health.2021.134031  Apr. 21, 2021 378 Health 
 

 
 
 

Clothing Area Factor for Typical  
Seasonal Clothing of Infant 

Yoshihito Kurazumi1*, Kenta Fukagawa2, Tomonori Sakoi3, Akie Naito4,  
Reiko Hashimoto5, Emi Kondo6, Tadahiro Tsuchikawa7 

1School of Life Studies, Sugiyama Jogakuen University, Nagoya, Japan 
2Department of Architecture, Kyushu Sangyo University, Fukuoka, Japan 
3Department of Advanced Textile and Kansei Engineering, Shinshu University, Ueda, Japan 
4Institute for Global Leadership, Ochanomizu University, Tokyo, Japan 
5School of Life Studies, Sugiyama Jogakuen University, Nagoya, Japan 
6Department of Comprehensive Engineering, Kindai University Technical College, Nabari, Japan 
7School of Human Science & Environment, University of Hyogo, Himeji, Japan 

 
 
 

Abstract 
It is not ethical to conduct experiments on infants regarding the thermal en-
vironment. Therefore, to examine the thermal environment of infants, expe-
riments and simulations using a human body thermal model may be feasible 
by clarifying the human body coefficient values of infants. When focusing on 
the heat transfer area of the infant’s body coefficient values, the body surface 
area and solar radiation area factor have only been clarified as the standard. 
The essential basic data for examining the thermal environment of infants 
have not been sufficiently obtained. Therefore, the purpose of this study was 
to determine the clothing area factor for infants’ clothing in a typical season. 
The clothing area factor of infants clothed in summer, mid-season, and win-
ter clothing was measured using a photographic method. The clothing area 
factor was 1.22, 1.42, and 1.90 for summer, mid-season, and winter clothing, 
respectively, indicating a significant seasonal difference. It was also found that 
the clothing area factor was significantly greater for infants than for adults. 
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1. Introduction 

There are two approaches to the evaluation of the thermal environment, that is, 
whether the boundary surface for consideration of the body heat balance is 
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based on the naked or clothed state. When considering the body heat balance 
based on the clothed state, it is necessary to clarify the surface temperature of the 
clothing. However, it is difficult to measure the clothing surface temperature 
accurately because there is an air mass between the body and the woven textile 
material. In addition, the heat transfer area of the surface of clothing is larger 
than that of the skin surface, and the heat transfer area of the clothing is affected 
by the combination of clothing and differences in the way clothing is worn, such 
as folding and overlapping. 

It is difficult to measure the heat transfer area of the target human body every 
time the thermal environment is evaluated. Therefore, formulas for calculating 
the body surface area, which is the heat transfer area, have been proposed for 
each stratum, such as age, for cases when the naked body condition is used as a 
reference. However, since it is difficult to determine the heat transfer area in the 
clothed state, the thermal environment evaluation index is usually calculated 
using the coefficient value of the increase rate of the heat transfer area for the 
naked body, assuming a typical combination of clothing. 

The heat transfer area in the clothed state is obtained by multiplying the heat 
transfer area for the naked body by a coefficient value. This coefficient value is 
illustrated as clothing area factors for typical clothed combinations in the 
ASHRAE Fundamentals Handbook [1], for example. The coefficient values illu-
strated are a comprehensive list of previous research results. Studies on clothing 
area factor have used a photo method and a method of measuring the area of 
unfolded clothing. These coefficient values have been measured in the process of 
research to determine the thermal insulation of clothing, and there are few stu-
dies on the clothing area factor alone. 

The photo method includes methods based on projection area using ordinary 
photographic lenses [2]-[13] and those based on projection area using ortho-
graphic fisheye lenses [14] [15] [16]. The methods for measuring the area of 
clothing include one based on an expansion plan view of the clothing [8] [17] 
and another taking into account the area and how the clothing overlaps through 
an expansion plan view of the clothing [18] [19]. 

For methods that do not involve actual measurements, the clothing area factor 
is calculated using a formula expressed as a linear equation in which the thermal 
insulation of clothing is an explanatory variable, as in the work of Sprague and 
Munson [4], Olesen et al. [5], Mcllough et al. [6], IOS 15831:2004 [20], and ISO 
9920:2007 [21]. The calculation equation [14], expressed as a linear equation in 
which the air volume of the under-clothing climate related to the degree of 
clothing slack is an explanatory variable, is also used to determine the clothing 
area factor. The data on the clothing area factor on which these formulas are 
based are rooted in a photographic method in which the photographic projec-
tion image of the whole body is regarded as front-back and left-right symmetric-
al, and is limited to only one side of the whole body, front-back or left-right. 
This factor may be limited to a standing posture. However, Yamato et al. [9] [10] 
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and Kurazumi et al. [11] show the necessity of taking actual measurements over 
the entire circumference of the body when posture is considered. 

Tomita et al. [8], Kakitsuba et al. [14], Kakitsuba and Suzuki [15], and Miya-
moto and Tomita [16] present a clothing area factor with respect to radiation. 
Kakitsuba and Suzuki [15] show that the clothing area factor given by a linear 
equation using the thermal insulation of clothing is different from that for radia-
tion. Tomita et al. [8] show that the clothing area factor given by the clothing 
expansion area is different from that for radiation. Kurazumi et al. [22] [23] [24] 
measured the heat transfer area due to convection and clarify the difference be-
tween that and the heat transfer area due to radiation, and it is inferred that sim-
ilar data can be obtained for the clothing area factor. 

While it is believed that clothing ease or slack affects the clothing area factor, 
Kurazumi et al. [11] clarifies the effect of changes in the air layer within clothing 
due to posture on the clothing area factor. Changes in the surface properties of 
clothing due to folding and overlapping and changes in the air layer in the space 
inside clothing are considered to have an effect, and differences in posture are 
believed to be strongly represented in the clothing area factor. The conventional 
formula for calculating the clothing area factor is considered unable to express 
the effect of posture. 

Previous studies of the clothing area factor have almost always involved adults 
and extremely rarely have targeted infants. Compared to healthy individuals and 
adults, infants are less able to thermally adapt to their environment. In addition, 
it has not been measured by the actual infant human body. The outdoor envi-
ronment during the summer season is a severe environment from the perspec-
tive of body temperature regulation, and it is considered necessary to take pro-
tective measures against the thermal environment. An infant’s body tends to eas-
ily warm up in a hot environment and cool down in a cold environment [25]. 
Therefore, infants are thought to have different adaptations and sensory percep-
tions of their environment than adults [25] [26]. Compared to adults, infants 
have an extremely small body surface area but an extremely large body surface 
area per unit of body weight. Therefore, heat transfer is important for body 
temperature regulation [27]. 

As above mentioned, compare to adults, infants have less heat transfer in-
volved in thermoregulation than adults [28] [29] [30] [31] [32]. Since infants 
have underdeveloped thermoregulation and low thermal adaptability, it is 
thought that attention to their bodies is necessary [33]. Infants differ from adults 
in terms of thermal environment and body temperature regulation, and it is 
therefore necessary to evaluate the thermal environment for infants. However, it 
is not ethical to conduct experiments on infants regarding the thermal environ-
ment based on body heat balance. Therefore, to examine the thermal environ-
ment of infants, experiments and simulations using a human body thermal 
model may be feasible by clarifying the human body coefficient values of infants. 
From this perspective, Kurazumi et al. [34] developed a thermal manikin of an 
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infant based on heat transfer area. However, sufficient analysis and counter-
measures are not yet developed. 

Focusing on the heat transfer area of infants, a reference body surface area of 
infants has been measured [35]-[43]. Also, the solar radiation area factor of in-
fants has been measured [44]. However, there are few studies on the heat trans-
fer area of infants. Therefore, the purpose of this study was to clarify by actual 
measurements the clothing area factor for infants according to typical seasonal 
clothing combinations. 

2. Measurement Plan 

First, although the target of measurements should be healthy infants, it is ethi-
cally impossible and practically difficult to perform actual measurements, so a 
human infant body model was used as the target. Given that it is used in the 
medical and nursing fields, a Nurse Training Baby (3B Scientific: W17002, Asian 
Body Care Model male) manufactured by Nihon 3B Scientific Inc. [45] was used 
for the infant model, as shown in Figure 1. 

The Nurse Training Baby is modeled on a donated body and consists of a 
head and neck, trunk (including gluteal region), arms, and legs. It is about 50 - 
60 cm in length. From the Growth Survey of Male Infants of the Ministry of 
Health, Labour and Welfare of Japan [46], the 50th percentile data for the age of 1 
to 2 months were extracted, giving a height of 55.6 cm and weight of 4.79 kg. 
Kurazumi et al. [34] compared the body surface area calculated from height and 
weight data [36] [37] [39] [40] [47] [48] [49] with the measured body surface 
area of the infant model and clarified its validity as an infant model. The body 
surface area of each part of the infant model [34] is shown in Table 1. 

 

 
Figure 1. Infant model. 
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The combinations of infant clothing by season are shown in Figure 2. Table 2 
shows the characteristics of the clothing. When dressing the infant model, suffi-
cient care was taken to avoid uneven distribution of folds and overlaps due to 
wrinkles on the surface. The wrinkles, folds, and overlaps of the clothing that  

 
Table 1. Profile of infant model. 

Reagion Surface area [cm2] Area ratio [−] Area ratio [−] 

Right head 256.29 0.123 0.238 

Left head 240.53 0.115 
 

Right ventral trunk 155.25 0.074 0.302 

Left ventral trunk 151.31 0.073 
 

Right dorsal trunk 154.99 0.074 
 

Left dorsal trunk 168.01 0.081 
 

Right upper arm 61.66 0.030 0.117 

Left upper arm 60.71 0.029 
 

Right forearm 59.61 0.029 
 

Left forearm 60.87 0.029 
 

Right hand 34.80 0.017 0.041 

Left hand 49.03 0.024 
 

Right thigh 146.78 0.070 0.240 

Left thigh 159.07 0.076 
 

Right leg 91.86 0.044 
 

Left leg 105.32 0.050 
 

Right foot 67.78 0.032 0.062 

Left foot 63.63 0.030 
 

 

 
Figure 2. Seasonal clothing ensembles. 

https://doi.org/10.4236/health.2021.134031


Y. Kurazumi et al. 
 

 

DOI: 10.4236/health.2021.134031 383 Health 
 

Table 2. Profile of seasonal clothing ensembles. 

Description Detail Material (%) Weight [g] Remark 

Summer season 
    

Diaper 
  

25 Pampers swaddlers, 0 - 3 months 

Underwear Sleeveless rompers Mesh Tenjik cotton (100) 31 miki house, 0 - 3 months, 60 cm 

Short coverall Short sleeve T-shirt and rompers Cotton (100) 73 miki house, 0 - 3 months, 60 cm 

Mid-season 
    

Description 
    

Diaper 
  

25 Pampers swaddlers, 0 - 3 months 

Underwear Short sleeve rompers Milling cotton (100) 43 miki house, 0 - 3 months, 60 cm 

Two-way coverall Long sleeve rompers Cotton (100) 92 miki house, 0 - 3 months, 50 - 60 cm 

Socks 
 

Cotton (83) 13 miki house, 0 - 3 months, 9 - 10 cm 

  
Nylon (16) 

  

  
Polyurethane (1) 

  
Winter season 

    
Diaper 

  
25 Pampers swaddlers, 0 - 3 months 

Underwear Long sleeve rompers Milling cotton (100) 48 miki house, 0 - 3 months, 60 cm 

Two-way coverall Long sleeve rompers Cotton (100) 133 miki house, 0 - 3 months, 50 - 60 cm 

Coverall Long sleeve rompers Front fablic: polyester (100) 431 miki house, 0 - 3 months, 60 - 80 cm 

  
Back fablic: Cotton (100) 

  
Socks 

 
Acrylic (75) 19 miki house, 0 - 3 months, 9 - 10 cm 

  
Polyester (18) 

  

  
Nylon (5) 

  

  
Polyurethane (2) 

  
 

occur when the infant model is moved to the set posture were assumed to be 
natural. 

The actual measurement of the infant clothing area factor according to sea-
sonal clothing combinations was carried out using the methods of Yamato et al. 
[9] [10] and Kurazumi et al. [11], which are modifications of the photographic 
method of Olesen et al. [5]. Olesen et al. [5] consider the photographic projec-
tion image of the whole body to be front-back and left-right symmetrical for the 
calculation of the clothing area factor, and they consider measurement by pho-
tography limited to only one side of the whole body, front-back or left-right, to 
be sufficient. The rationale for this is that Fanger et al. [50] assume that the 
standing human body is symmetrical and that the projection area from a 
point-symmetrical position centered on the human body is equal. However, 
Yamato et al. [9] [10] and Kurazumi et al. [11] measured the clothing area factor 
by posture and found left-right and front-back differences in the clothing area 
factor. Therefore, it is essential to measure the clothing area factor at all azimuth 
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angles and different elevation angles for postures such as chair seated, leg-out 
seated, and seated in a buggy, in which a part of the body protrudes in the sagit-
tal direction and is asymmetrical with respect to the coronal and median planes, 
and the body axis is vertical. 

The actual measurement coordinate system is shown in Figure 3. The origin 
of the measurement coordinates was 0.05 m behind the umbilicus, which is the 
center point of the infant’s body. Forty-eight points were measured using a 
combination of elevation and orientation angles. The elevation direction was 
made 0˚ and 60˚ from the coordinate origin. The infant model is not left-right 
symmetrical, and considering the established postures, the measured azimuth 
angles were set at 15˚ intervals based on the median plane to enclose the infant 
model. A turntable mount similar to that of Tsuchikawa et al. [44] was used for 
the actual measurements of the photographic method. 

A full-size digital camera (Canon: EOS 5D, Canon: EF24-70 mm f/2.8) was 
used for photography. The focal length of the lens was fixed at 70 mm for the 
measurements. In the photographic method, the distance from the subject to the 
camera station must be as long as possible to minimize the shooting error. 
Therefore, in this study, the measurement distance was determined based on the 
relative size of the subject (infant model) and an examination of the error caused 
by prior measurement of the projection area. As in Tsuchikawa et al.’s study 
[44], the measurement distance was set to 6.0 m, at which the projection area 
error was 1% or less in the measurements. 

To calculate the projection area of the subject in the captured image, a square 
piece of colored paper with a side of 0.15 m was placed next to the subject and 
photographed together with the subject, thereby forming a reference area facing 
the normal vector plane of the shooting elevation angle. Image processing soft-
ware (Adobe: Photoshop CS6) was used to calculate the projection area. The ex-
tracted area of the infant body model was obtained by applying a coloring 
process to the captured images. The area of the infant model and the clothed 
part were measured, and the projection area was calculated based on the projec-
tion area of the 0.15-m square in the same image. The clothing area factor at 
each measurement point was calculated by dividing the projection area of the  

 

 
Figure 3. Coordinate system for measurement of clothing area factor. 
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infant model when clothed by the projection area of the infant model when 
naked. To calculate the clothing area factor of the whole body, the calculation 
method of ISO 9920:2007 [21] was extended to the actual measurement points 
surrounding the whole body, and the clothing area factor of each measurement 
point was averaged. In this study, the significance probability was considered to 
be 5%. JMP 14 (SAS Institute Japan) was used for statistical analysis. 

3. Results and Discussion 

Figure 4 shows the results of image processing for each orientation angle and 
elevation of the measured images. The area in red indicates the skin surface. The 
area in green indicates the surface of the clothing. The calculation results of the 
clothing area projection ratio of the infant body model are shown in Table 3. 
The change in the clothing area factor by azimuth angle showed a similar ten-
dency to that of summer clothing, which tends to adhere to the body surface, for 
both elevation angles. The degree of change was greatest for winter clothing, 
followed by mid-season clothing. As the amount of overlapping clothing in-
creased, the change in surface properties and the change in air volume in the 
clothing space due to folding and overlapping of the clothing also increased; this 
is thought to have affected the amount of change in the clothing area factor. The 
results are similar to those of Yamato et al. [9] and Kurazumi et al. [11], who 
examined the relationship between the sagittal plane left-right and coronal plane 
front-back azimuth angles of the human body and the clothing area factor. Ku-
razumi et al. [11] also found that in the leg-out seated position, in which the 
lower limb protrudes from the coronal plane, the clothing area factor was greater 
when the elevation angle was 60˚ than when it was 0˚. These results are consis-
tent with the findings of this study. The mean value of the clothing area factor 
for each season was 1.22 for summer clothing, 1.42 for mid-season clothing, and 
1.90 for winter clothing. 

Kakitsuba and Suzuki [15] focus on clothing ease and show that the clothing 
area factor was affected by the air volume under the clothing. Kurazumi et al. 
[11] focus on differences in posture and show that the clothing area factor was 
affected by changes in the surface properties of the clothing due to folding and 
overlapping of the clothing and changes in the air layer of the space inside the 
clothing. Yamato et al. [10] focus on posture and clothing size and show that the 
clothing area factor was similar to the factor identified by Kurazumi et al. [11] 
and Kakitsuba and Suzuki [13]. The results of the present study were also con-
sistent with the findings of Yamata et al. [10], Kurazumi et al. [11], and Kakit-
suba and Suzuki [15]. 

The results of comparing the effect of seasonal clothing on the clothing area 
factor by ANOVA were p < 0.01 (RMSE = 0.08, F [2, 149] = 913.92, p < 0.01), 
showing a significant difference in the clothing area factor by season and indi-
cating that differences in seasonal clothing strongly affect the clothing area fac-
tor. Furthermore, the results of a Tukey test showed p < 0.01 for summer and  
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Figure 4. Results of measurement projection image processing. Red parts indicate the skin surface. 
Green parts indicate the clothing surface. 
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Table 3. Result of clothing area factors. 

Azimuth [˚] 
Summer 

Elevation 0˚ 
Summer 

Elevation 60˚ 
Mid-season 
Elevation 0˚ 

Mid-season 
Elevation 60˚ 

Winter 
Elevation 0˚ 

Winter 
Elevation 60˚ 

−180 1.27 1.14 1.48 1.34 1.93 1.74 

−165 1.26 1.17 1.45 1.39 1.93 1.76 

−150 1.28 1.19 1.39 1.42 1.93 1.79 

−135 1.26 1.19 1.34 1.42 1.89 1.84 

−120 1.27 1.17 1.37 1.43 1.90 1.94 

−105 1.27 1.17 1.40 1.44 1.95 1.91 

−90 1.33 1.17 1.45 1.46 2.06 1.88 

−75 1.29 1.15 1.43 1.45 1.94 1.74 

−60 1.27 1.10 1.44 1.44 1.82 1.72 

−45 1.24 1.10 1.45 1.45 1.74 1.74 

−30 1.26 1.13 1.54 1.50 1.83 1.85 

−15 1.28 1.16 1.56 1.52 1.94 1.98 

0 1.20 1.20 1.47 1.57 1.86 2.08 

15 1.31 1.17 1.56 1.48 2.09 2.07 

30 1.30 1.15 1.46 1.42 2.04 2.04 

45 1.27 1.17 1.38 1.42 1.95 2.02 

60 1.24 1.18 1.38 1.36 1.91 2.00 

75 1.25 1.17 1.39 1.34 1.96 1.99 

90 1.29 1.19 1.44 1.31 2.07 1.98 

105 1.28 1.20 1.43 1.32 1.95 2.01 

120 1.23 1.21 1.38 1.35 1.79 1.99 

135 1.25 1.21 1.43 1.37 1.73 1.88 

150 1.25 1.16 1.46 1.29 1.74 1.72 

165 1.24 1.18 1.47 1.33 1.83 1.78 

180 1.27 1.14 1.48 1.34 1.93 1.74 

fcl [−] Summer 1.22 Mid-season 1.42 Winter 1.90 

 
mid-season, summer and winter, and mid-season and winter, indicating a strong 
influence of seasonal clothing on the clothing area factor. 

Looking at the seasonal clothing in this study in terms of the amount of ease, 
it can be assumed that summer clothing has the least and winter clothing has the 
most. Yamato et al. [10] and Kakitsuba and Suzuki [15] mention the relationship 
between clothing ease and clothing area factor. In addition, Yamato et al. [10] 
shows the relationship between posture and ease of clothing and found that the 
more ease the clothing has, the higher the clothing area factor in the case of 
postures such as chair seated and leg-out seated position. The results are consis-
tent with these studies [10] [15]. 
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According to the ASHRAE Fundamentals Handbook [1], the clothing area 
factor for the combination of insulated coverall with long-sleeved thermal un-
derwear and long underwear bottoms, which approximates the winter clothing 
of infants, is 1.26. The clothing area factor for the combination of overalls with 
long-sleeved shirt and T-shirt, which approximates the clothing of the mid-season, 
is 1.27. The clothing area factor for the combination of walking shorts and 
short-sleeved shirt, which approximates summer clothing, is 1.10. The clothing 
area factor for the combination of knee-length skirt, which has a large degree of 
ease, with long-sleeved shirt, suit jacket, and panty hose is 1.46. Partly because of 
the standing posture, the value of the clothing area factor is low. The clothing 
area factor of infants is significantly greater than for adults. 

Fukazawa et al. [13] measured the clothing area factor of 6 - 12-month-old 
infants using the simplified method of a standing position [12]. The clothing 
area factor for the combination of short sleeves with T-shirt and short trousers 
in summer ranged from 1.15 to 1.46, with a mean value of 1.24. The clothing 
area factor for the combination of undershirt with socks, sweatshirt, and thin 
trousers in the mid-season ranged from 1.04 to 1.39, with a mean value of 1.18. 
The clothing area factor for the combination of undershirt with socks, long 
sleeve shirt, vest, jumper, and thick trousers in winter ranged from 1.16 to 1.42, 
with a mean value of 1.29. The clothing area factor of infants in the present 
study was not significantly different from the clothing area factor of infants in 
the summer in Fukazawa et al.’s study [13], but it was significantly greater in the 
mid-season and winter, when thicker clothing was worn. From the Growth Sur-
vey of Infants of the Ministry of Health, Labour and Welfare of Japan [46], the 
50th percentile data for the age of 6 to 12 months was extracted, giving a height of 
67.9 to 73.8 cm and weight of 8.0 to 9.1 kg. The degree of growth and the degree 
of clothing fit may have an effect, but as Kurazumi et al. [11] point out, the 
clothing area factor is considered to be greater in the posture set in the present 
study, in which the lower extremities protrude from the coronal plane compared 
to the standing posture. 

As described in the introduction, an infant’s body tends to easily warm up in a 
hot environment and cool down in a cold environment [25]. Normally, infants’ 
clothing is slightly large and has a lot of ease. The seasonal clothing determined 
in this study is useful data for examining the thermal environment of infants. 

4. Conclusion 

To clarify the clothing area factor of infants, the clothing area factor of an infant 
model clothed in typical summer, mid-season, and winter clothing was meas-
ured using a photographic method. The clothing area factor in each season was 
1.22, 1.42, and 1.90 for summer, mid-season, and winter clothing, respectively, 
indicating a significant seasonal difference. It was also found that the clothing 
area factor was significantly greater for infants than for adults. When designing 
and evaluating the thermal environment for infants, it is essential to investigate 
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using data from infants. 
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