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Abstract 
 
Linear measurements have been assumed to have linear correlation with standing height that may not be so. The 
aim of this study was to establish the actual relationship between standing height and popliteal height. Four 
hundred and eighty (480) students were randomly selected from eight public secondary schools and eight private 
secondary in Ibadan, South Western Nigeria with a mean age of 14 years (n = 480, SD = ± 2.3 years). The 
anthropometric data were collected based on age rather than levels in schools and gender since the schools were 
co-educational. The data generated were analyzed using descriptive statistics such as standard deviations, 
minimum values, maximum values. The fifth, fifty and ninety-five percentiles of the data were determined using 
Excel Microsoft Package. The popliteal height was subjected to curve estimation using SPSS 16.0 Statistical 
Package. The model with p < 0.005 and highest coefficient of determinations was selected as the best model to 
predict the relationship between the standing height and popliteal height. The results of the study show that the 
standing height correlate more non-linearly correlated with popliteal height than being linear. 
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1. Introduction 
Anthropometric data is a collection of the dimensions of the human body and are useful for apparel sizing, 
forensics, physical anthropology and ergonomic design of the workplace (Ismaila, 2009). Roebuck et al. (1975) 
noted that anthropometric data vary considerably for individuals within a family or a nation and between nations. 
Therefore, Ashby (1978) stated that reliable anthropometric data for a target population were necessary when 
designing for that population otherwise the product may not be suitable for the user.  The use of anthropometry in 
design may improve the well-being, health, comfort, and safety of the user of the product (Pheasant, 1998; 
Barroso et al., 2005). The use of anthropometric data in the design of school desks and tables in almost all modern 
developed countries has been acknowledged (Parcells et al., 1999). The measurements necessary to determine the 
dimensions of school furniture that will enable students to maintain the correct sitting posture are popliteal height, 
knee height, buttock to popliteal length and elbow height (Knight and Noyes, 1999; Parcells et al.,1999; 
Panagiotopoulou et al., 2004). Popliteal height is the main anthropometric dimension used in school and other 
chair design and specification to determine appropriate seat height (Tuttle, 2004). In designing a chair to suit a 
population, the popliteal height is used to ensure that members of the population are able to sit with their feet 
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supported on the floor, and without undue pressure behind the knees. Likewise, comparing the popliteal height of 
an individual to the seat height of the available chairs can assist in selecting the most suitable size for that 
individual.  
 
However, gathering anthropometric data involves a lot of resources that include workforce, equipment, and funds 
(Chao and Wang, 2010). The use of only one dimension to predict other body dimensions for the design of 
furniture for use of students in secondary schools would therefore be cheaper. Designers to get approximate 
dimensions for designing items have often used standing height (Kothiyal and Tettey, 2001). Two approaches to 
determine a specific dimension are to measure the standing height and then multiply with a given ratio (Chao and 
Wang, 2010; Pheasant, 1996; Roebuck et al., 1975; Drillis and Contini, 1966) and the use of linear regressions 
(Robinette and McConville, 1981; Web Associates, 1978). These practices may be erroneous, as these dimensions 
may not have good linear correlation with or be a fraction of stature.  The aim of this study was to establish the 
models that best determine the relationships between standing height and popliteal height.  
 
2. Methodology 
Four hundred and eighty (480) students were randomly selected from eight public secondary schools and eight 
private secondary in Ibadan, South Western Nigeria. Their ages range from 10 to 18 years (n = 480, SD=2.3 
years) for all the schools under study. The anthropometric data were collected based on age rather than levels in 
schools and gender since the schools were co-educational. In the study, only Nigerians in the schools were 
considered irrespective of tribes. The stature was measured to the nearest 0.1 cm with the use of a stadiometer 
(model-Health Scale ZT-160, Micro field, England). The popliteal height was measured as a vertical distance 
from the floor to the underside of the thigh immediately behind the knee with the subject sitting with the use of a 
T-square and flexible tape rule. The measurements were taken thrice and the averages were used as representing 
the true values though no differences were noticed in the respective dimensions. To ensure that intra-observer 
variations did not exist, 20 students were measured again for all the dimensions after two weeks and the 
measurements statistically compared using paired t-test but the dimensions were found to be statistically 
insignificant.  
 
The data generated were analyzed using descriptive statistics such as standard deviations, minimum values, 
maximum values. The fifth, fifty and ninety-five percentiles of the data were determined using Excel Microsoft 
Package. All the dimensions were subjected to curve estimation using Statistical Products and Services Solution 
(SPSS) 16.0 Statistical Package. The models with p < 0.005 and highest coefficient of determinations were 
selected as the best models to predict the relationships between the standing height and popliteal height. 
  
3. Results and Discussion 
The anthropometric data of the students are presented in Table 1 as means, standard deviations (SD), and 5th, 50th 
and 95th percentiles. Furthermore, included are the minimum and maximum dimensions. In anthropometry, 
percentiles of various body dimensions are used to determine design values for an application. For seat height, the 
5th percentile (lower percentile) of the popliteal height of the population is usually recommended to accommodate 
a larger number of the population and thus allow a short person to use the chair. There are relationships between 
standing height and; popliteal height (Table 2). 
 
The best models that describe the relationship between the standing height and popliteal height are the quadratic 
and cubic models (Table 2) since both have the highest coefficient of determination (R2) of 0.844 that shows a 
positive strong relationship. Therefore, the popliteal height can be predicted using the following relationship: 

( ) ( ) 762.102682.1005.0 2 −+−= STHSTHPOH                                                                                        (1) 

While the relationships between standing height and length dimensions have usually been assumed linear, the 
present study confirms that such dimensions have non-linear relationships rather than linear relationships. For 
instance, the relationship between the popliteal height and standing height is quadratic rather than the linear 
relationship proposed by Oyewole et al. (2010), though their study considered pupils of between 6 and 7 years of 
age in the United States of America. Moreover, the present study obtained a higher value of R2 of 0.844 compared 
with R2 = 0.81 (r = 0.90) obtained by Castellucci et al. (2010) for correlation between stature and popliteal height. 
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Moreover, the assertion by Roebuck (1995) that the correlation between standing height and length dimensions 
are usually larger than breadth measurements is strongly supported in the current study. 

Table 1: Anthropometric Data for all Students in cm 
 Minimum Maximum 5th 

Percentile 
50th 

Percentile 
95th 

Percentile 
Standard 
Deviation 

Age 
(Years) 

10 18 10 14 18 2.3 

Standing 
height 

115.2 195.1 130.1 158.0 175.3 14.1 

POH 27.8 48.4 30.2 39.8 41.9 3.2 
 

 
Table 2: Model Summary and Parameter Estimates for Standing Height and Popliteal Height  

Dependent Variable: Popliteal Height        

Equation 

Model Summary Parameter Estimates 

R Square F df1 df2 Sig. Constant B1 B2 b3 

Linear .663 939.632 1 478 .000 10.899 .182   

Logarithmic .706 1147.824 1 478 .000 -103.873 28.364   

Inverse .746 1400.802 1 478 .000 67.393 -4353.956   

Quadratic .844 1286.554 2 477 .000 -102.762 1.682 -.005  

Cubic .844 1286.554 2 477 .000 -102.762 1.682 -.005 .000 

Compound .635 831.576 1 478 .000 17.828 1.005   

Power .681 1022.344 1 478 .000 .729 .789   

S .725 1259.906 1 478 .000 4.453 -121.593   

Growth .635 831.576 1 478 .000 2.881 .005   

Exponential .635 831.576 1 478 .000 17.828 .005   

Logistic .635 831.576 1 478 .000 .056 .995   

The independent variable is Standing Height.       
 

4. Conclusions 
The current study shows that the standing height correlates more with popliteal height in a non-linear manner than 
linearly. It therefore shows that popliteal height could be estimated using the prescribed model with standing 
height as the dimension of interest to be measured with the ultimate aim of reducing costs of measurements.  
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