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Abstract

Introduction: Buildings are a very important part of our lives because we spend so much time there. A primary job of
an architect is to assure that the buildings we live in accommodate the human activities that take place within them.
Therefore, anthropometric datasets are important tools for the architect. Unfortunately, anthropometric datasets relevant
to the functions that take place in buildings are relatively scarce, even as part of the architect's academic experience.
Architects mostly depend on a few reference standards that may not fit the local population. The purpose of the research
described here is to contribute to the filling of this gap with an anthropometric dataset for the Bangladeshi population that
can serve as a source of data in the field of architecture. Methods: Body measurements of 130 people, 66 male and
64 female, are taken at 38 different postures. The postures are selected from the reference standards and considering
the local practice. Then the measurements are examined with descriptive statistics and compared with the reference
standards to check the differences. Results: This comparison indicates that the Bangladeshi people are considerably
smaller; therefore, the practiced reference standards are not appropriate for Bangladesh, and presumably South Asia.
Further research is required for a comprehensive anthropometric database. The presented dataset can serve as a source

of data for the design of residential and other buildings in Bangladesh as well as other South Asian countries.
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Introduction

The need for consideration of human factors and
ergonomics (HFE) in the design of built environment
is obvious, as has been much discussed
(Attaianese, 2012, 2014, 2022; Attaianese and
Duca, 2012; Charytonowicz, 2000; Costa et al.,
2012; Eilouti, 2021; Garneau and Parkinson, 2016;
Hendrick, 2008; Olguntirk and Demirkan, 2009;
Remijn, 2006). Scholars agree that integrating HFE
into the design process of built environment can
contribute to, among other things, sustainability
(Attaianese, 2014, 2016, 2017; Attaianese and
Duca, 2012; Hedge and Dorsey, 2013; Hedge et al.,
2010; Radjiyev et al., 2015). Although the need is
recognized, there is a relative scarcity of relevant
research (Attaianese and Duca, 2012; Costa et
al., 2012; Fross, 2014). There are few studies
regarding HFE in the built environment, and those
that have been done tend to focus on the healthcare
sector (for example, Codinhoto et al., 2009; Pinto
et al., 2000; Rogers et al., 2013; Springer, 2007;
Villeneuve, 2000; Yeoman and Ashmore, 2018).
Since good architecture accommodates different
human functions expected in the built environment,
thus, ergonomic considerations should logically be

incorporated into every aspect of the design process.
Designers do it sometimes consciously, sometimes
intuitively (Fross, 2014; Fross et al., 2015). However,
for effective integration of HFE into architecture, it
is necessary for the architect to avail good data
specific to the local context.

Despite the necessity of anthropometric database
for local population, it does not always exist in reality.
In the case of Bangladesh, the national building code
(BNBC/MoHPW/GoB, 2021), the regulations for
building construction in the Dhaka Metropolitan area
(MoHPW/GoB 2008) as well as Dhaka Cantonment
area (Cantonment Board, 2020) provide guidelines
for building design that may contain some ergonomic
considerations, although they are not explicitly
mentioned. However, good architecture-relevant
anthropometric data for Bangladesh simply do not
exist.

The present research is an attempt to address this
gap. This paper describes an anthropometric study
for the Bangladeshi population aimed to determine
the male and female body dimensions. Although the
study covers only the Bangladeshi population, it is
expected to be useful for the populations of other
countries with similar anthropometric features.
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Anthropometric considerations for architecture

Considerations for HFE in architecture differ
somewhat from those of other disciplines, such as
industrial design, in the way that architects must
consider the space within which activities take place.
For architecture, a very clear understanding of human
activities for any given function is the starting point.
Architectural design starts with a comprehensive
understanding of human activites and the space
requirements for those activities. Relevant information
includes a wide range of attributes such as body
dimensions, flexibility, working procedures, equipmentto
be used, furniture and fixtures, behavioral expectations,
sensory abilities, environmental needs, etc. All
these considerations require data on specific body
dimensions at specific postures related to the activities
to be performed. Different types of anthropometric
dimensions are required to accommodate different
types of human activities.

Integrating HFE into the built environment is not
an easy task; it requires proper training. Usually,
such training is introduced in architecture education.
Scholars agree that teaching ergonomics in design
school can improve performance, productivity, safety,
and health in the built environment (Attaianese, 2012,
2016; Garneau and Parkinson, 2016; Olguntirk and
Demirkan, 2009). The typical curriculum attempts to
impart a clear understanding of ergonomic issues
to the students at the early stage of the academic
program. Topics covered include human activities,
movements, postures, relevant body dimensions,
etc. Through this training, the students can learn
to generate space requirements and determine
appropriate dimensions for the relevant furniture and
fixtures and design the space in which the intended
functions can be performed efficiently.

This study proposes that the HFE education of
architects, as well as professional practice, would
be enhanced if better data was available. Such
data would logically include different dimensions of
the human body at different postures (depending
on the specific human activity) for different ages,
genders, races, nationalities, etc. Although, a perfect
design for the user is seldom, if ever, possible,
proper considerations of relevant anthropometric
data should be able to better ensure comfort and
efficiency and avoid discomfort and inefficiency
(Klamklay et al., 2008; Mokdad, 2002; Pentikis et
al., 2002; Pheasant and Haslegrave, 2006; Sanders
and McCormick, 1993).

Anthropometric data in Bangladesh

Unfortunately, in Bangladesh, no holistic dataset of
anthropometric features is available, although several
research projects have covered specific features. There
are various studies on anthropometric characteristics
relevant to the field of health and nutrition. A large
portion of such research relates to malnutrition,
particularly in women and children. Research topics

4

that deal with anthropometric features of adults tend
to involve maternal anthropometry (Karim and Mascie-
Taylor, 1997; Nahar et al., 2007), nutrition (D’Souza
and Tandon, 2019; Islam et al., 2004; Mitra et al.,
2018; Sultana et al., 2015), age at menarche (Akter
et al., 2012; Chowdhury et al., 2000; Hossain et al.,
2010; Islam et al., 2017), menstrual health (Hossain et
al., 2011b), hypertension (Ali et al., 2018; Choudhury
et al., 2014; Chowdhury et al., 2016; Simmons et al.,
2021, obesity (Bhowmik et al., 2013, 2014; Biswas et
al., 2017; Flora et al., 2009; Ge et al., 2014; Hussain
et al., 2013; Islam et al., 2020; Qureshi et al., 2017),
diabetes (Asghar et al., 2007; Chowdhury et al., 2015;
Fottrell et al., 2018; Islam et al., 2015; Siddiquee et al.,
2015), and/or some other issues like gut microbiomes
(Osborne et al., 2020), fatty liver diseases (Alam et
al., 2014, 2019), etc. However, despite the plethora of
studies in the health sector, there is a dearth of adult
anthropometric data other than weight and body mass
index (BMI) (Flora et al., 2009).

There are also studies that cover detailed
dimensions of body parts: for example, the face
of Garo women (Akhter et al., 2013), face height
of Garo and non-Garo women (Tania et al., 2020),
hand of Garo men and women (Asadujjaman et al.,
2019), head of Garo women (Akhter et al., 2009),
hand anthropometry of men (Imrhan et al., 2006,
2009), hand anthropometry of women (Razzaque et
al., 2021), hand of both men and women (Hossain,
2015; Imrhan et al., 2009; Shahriar et al., 2020),
various body parts of Santal men (Shah et al., 2015),
arm span of Garo men and women (Hossain et al.,
2011a), arm span of women (Laila et al., 2010a),
forearm of women (Laila et al., 2010b), external ear
anthropometry (Asadujjaman et al., 2019), upper
limbs of Manipuri women (Hussain et al., 2019), etc.
The limitations of these studies are that they only
focus on specific body parts and/or specific tribal
population in Bangladesh.

More complete studies of anthropometric features
are rare. Khadem and Islam (2014) created a dataset
with 37 dimensions of Bangladeshi men. Khan (2014)
reported data on 37 dimensions for both men and
women, and, in a recent study, Parvez et al. (2022a)
prepared a dataset with 37 dimensions for male
and female university students. These studies are
relevant, however, more for industrial engineering
and occupational therapy than for architecture. A few
studies have also covered anthropometry in relation
to furniture, such as classroom and library furniture
(Hoque et al., 2014, Parvez et al., 2021, 2022b, 2022
¢; Shah et al., 2013), hospital beds (Chakrabortty et
al., 2014; Islam et al., 2013), vehicle seat (Hoque
et al., 2017), etc. However, again, the relevance to
architecture is limited.

In sum, the available studies are not of much use
for architecture. As a consequence, the architecture
schoolstendtorely onafew reference standards for HFE
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training (Biswas, 2022; Biswas et al., 2021) rather than
robust datasets. What the available studies do indicate,
though, is that anthropometric features of Bangladeshi
people, such as stature, hand dimensions, and
weight, are significantly different from the populations
associated with published anthropometric datasets:
they are generally somewhat smaller (Imrhan et al.,
2009; Khadem and Islam, 2014; Parvez et al., 20223;
Shahriar et al., 2020). Therefore, blind application of
reference design standards may result in inappropriate
designs for Bangladesh.

Method

The research involved taking a series of
measurements of Bangladeshi men and women. The
measurements were taken as a part of an academic
exercise at the Department of Architecture, Military
Institute of Science and Technology (MIST). The
exercise was to design a small residential building.
Therefore, only the measurements relevant for
residential use were considered. All the participants
participated in the survey voluntarily with informed
consent. The exercise was approved by the
academic wing of MIST.

Participants

Measurements were taken from 130individuals — 66
men and 64 women (Table 1). The age range was from
15 to 65 years, thus covering the range of working age
population able to join the labor market. Convenience
sampling fitted best to obtain the participants as it
was conducted within an academic exercise. The age
breakdown of participants is as follows.

Selection of Body Dimensions

For space design, the first task is to know what
body dimensions are to be considered for the
activities performed and what furniture/fixtures are
to be accommodated in that space. The furniture/
fixtures are also related to the body dimensions at
different postures. For this study, body dimensions
were taken at standing, sitting in a chair, and sitting/
crawling on the floor positions. The postures were
selected based on the relevance for residential
functions and on a review of three reference books
that are commonly consulted in the practice and
education of architecture. The books consulted are:

1. Time Saver Standards for Building Types (De
Chiara and Callender, 1990);

2.Human Dimension & Interior Space: A Source
Book of Design Reference Standards (Panero and
Zelnik, 1979);

3. Architects’ Data (Neufert and Neufert, 2012).

The study included 38 body dimensions that
are very basic for space designing. 32 of them

were derived from the reference books and 6 were
added as relevant for the local context. The selected
dimensions are presented in Figure. Although
residential functions were the focus, the data is
expected to be helpful for designing other spaces
such as offices, small commercial spaces, etc.

Data Analysis

Statistical analysis involved simple examination
of the dataset through descriptive statistics. This
included the mean, mode, range, standard deviation,
coefficient of variation and selected percentiles.
Mean values were compared with reference
standards with Z-test and t-test.

For comparison, Human Dimension & Interior
Space: A Source Book of Design Reference
Standards (Panero and Zelnik, 1979), referred to as
HD hereinafter, had preference because of its gender
specific and elaborate data. Time Saver Standards
for Building Types (De Chiara and Callender, 1990),
referred to as TSS hereinafter, and Architects’ Data
(Neufert and Neufert, 2012), referred to as NAD
hereinafter, mostly provide dimensions with gender-
neutral figurative drawings, although NAD provides
occasional gender identification in the illustrations
(such as clothing, body shape, hair style, etc.).

Limitations

This study has some limitations. The number of
participants was relatively small, and it did not represent
the South Asia or even Bangladesh. This study was
conducted within the framework of an academic
exercise in architecture education, and it was particularly
oriented towards residential architecture in the local
context. Additionally, state of the art measurement tools
were not available for this study.

Results and Discussion

The results are shown in Tables 2—7: both the
measured dimensions and comparison to reference
standards. Tables 2 and 3 provide mean, mode,
range, standard deviation, reference standards and
the difference between the mean and reference
standard for men and women. Table 4 provides
selected percentile values for both men and women.
Tables 5 and 6 present comparison of different
body dimensions with the reference standards and
Table 7 shows comparison of different ratios with the
reference standards.

A vital question is how the data reported here
differs from that of reference standards. Itis observed
that all dimensions are smaller than the reference
standards, with three exceptions — side width for
women and hand length and vertical reach (standing)
for men. However, these latter dimensions are slightly

Table 1. Age distribution of the participants

Age (years) | 15-20 21-30 31-40 41-50 51-60 61-65 Total
Male 17 26 4 5 13 1 66
Female 10 20 8 13 10 3 64
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Anthropometric dimensions measured in the study

larger only when the reference is taken from the TSS
as the unisex dimensions. In fact, unisex dimensions
in references are generally smaller compared to the
gender-specific dimensions for reasons that are not
clear. The derived dataset suggests that the body
dimensions are smaller than those of standard
references, sometimes dramatically. Tables 5 and 6
show that most of the comparisons with reference
values reach statistical significance.

The dataset is again compared with the reference
standards with different ratios. Table 7 shows a
comparison of all the derived dimensions and their
ratios with stature and arm span for both men and
women against the references. This shows that the
body dimensions are considerably smaller than the
reference values, p-value is 5.42654E-09 for men
and 7.00667E-09 for women. The ratio comparison
shows an interesting trend: stature ratio for men
(p = 0.6036852) and arm span ratio for women
(p = 0.07259) are strikingly similar, while stature ratio
for women (p = 0.02970065) and arm span ratio for
men (p = 0.0001983) are not that close. This may
happen because proportions of different body parts
may differ for different races and ethnic groups (Akhter
et al., 2013; Goel and Tashakkori, 2015; Hovinga and
Lerner, 2009; Hussain et al., 2019; Karmegam et al.,
2011; Rossion and Michel, 2011, Tania et al., 2020).

This also indicates that a comprehensive
anthropometric database is required for

application in architecture and other sectors.
Further studies can investigate the variations for
ethnic groups and comparisons with references to
find if multipliers can be used until a widespread
database is prepared.

The results suggest that the reference
standards are not appropriate for Bangladesh, and,
presumably, for other countries in South Asia. Space
design standards are vital for integrating HFE in
the built environment to ensure users’ comfort and
health benefits; they are also essential for such
architectural design considerations as functional
efficiency, workability, space optimization, etc. It
follows that the data presented here provides better
guidance than the reference standards when one
is designing for Bangladesh, or as said above, for
South Asia in general.

Conclusion

In this article, an anthropometric dataset is
presented that is specifically tailored for architectural
design in Bangladesh. Considering the importance
of local data, it highlights the significance of using the
Bangladeshi dataset when designing for Bangladesh,
rather than relying on reference standards that are
relevant for other populations.

Although the focus is on architecture and
Bangladesh, the data can be applied to other fields,
such as product design, and to other populations,
such as other countries in South Asia.
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AHHOTauuA

BBegeHue: 30aHnsi — BaxHas 4acTb HaLUEM >KU3HWU, MOTOMY YTO Mbl MPOBOAMM B HUX OYEHb MHOTO BPEMEHMU.
OcHoBHas 3agaya apxuTekTopa COCTOMT B 0BGecrneyeHMn COOTBETCTBUS 34aHWI, B KOTOPbIX Mbl XXMBEM, NPOUCXOASLLEN
B HUX YEroBEYEeCKON AesATENbHOCTU. [103TOMY aHTPONOMETPUYECKUE AaHHbIE — BaXKHbI MHCTPYMEHT NS apxXuTekTopa.
K coxaneHuto, aHTpONoMeTpuYeCKne AaHHbIe, OTHOCALLMECS K (DYHKLUSIM, BbINOMHAEMbIM B 30aHUSIX, OTHOCUTENBHO CKYHbI
[axke B pamMKax akageMU4ecKoro onbiTa apxutektopa. ApXUTEKTOPbI B OCHOBHOM MoJiaraloTcsl Ha HECKOMbKO CTaH4apToB,
KOTOpble MOryT HE COOTBETCTBOBAaTb MECTHOMY HaceneHuto. Llenb onncaHHoro 3gecb uccrnefoBaHUA — BHECTU BKNaz
B BOCMOJSIHEHME 3TOro npobena ¢ NOMOLLbI COCTaBIEHWUS] CMPaBOYHbIX aHTPOMOMETPUYECKUX Tabnuu Ans HaceneHus
BaHrnagell, kotopble MOryT CMYXWUTb MCTOYHWKOM AaHHbIX B obnactu apxutektypbl. MeTogbl: AHTponomMeTpuyeckue
nokasatenu 130 uyenoBek, 66 MyX4nH KU 64 XeHLUMH, Obinu naMepeHbl B 38 pas3nuyHbix nosax. Mo3bl BbiOpaHbl 13
CTaHAapPTOB U C y4ETOM MECTHOW NPaKTUKK. 3aTemM n3mepeHus Gbinmn nccrefoBaHbl C MOMOLLbIO ONMUCaTENbHOM CTaTUCTUKK
1 NOABEPINNCE CPABHEHUIO CO CTaHAapTamu Ansi NpoBepKu pa3nuynii. PesynbraTtbl: CpaBHUTENbHbIN aHanu3 NokasblBaeT,
4YTO nokasaTenu HaceneHust baHrnagew 3HauYMTENbHO MeEHbLLIE; crieqoBaTenbHO, NPUMEHSIEMbIE CTaHAAPTbl HE NOAXOAAT
ans badrnagew v, npeanonoxutensHo, KOxHon Asun. [na coszgaHusi BceoObeMntoLe aHTponoMeTpuyeckorn Gasbl
[aHHbIX HeobXxoauMbl JanbHelwme uccnenoBanus. NpeactaBneHHble 3MEPEHNst MOTYT CMYXWUTb UCTOMHUKOM LaHHbIX
[ONsi NPOEKTUPOBaHNS XWUMbIX U APYrKUX 30aHuii B BaHrnagelw, a Takke B Apyrux ctpaHax KkHon Asuu.

KniouyeBble cnoBa: ctaHapT, aHTPONOMETPUS, NapaMeTpbl Tena, HaceneHne baHrnagewy, APXUTEKTYpa, 3proHOMuUKa.
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