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Abstract: Impact of Seat and Back Angle Settings on Seating Furniture Quality: An Experimental Study. The 

fundamental measure of the quality of seating furniture is seating comfort. Sitting comfort is described in the 

literature by the discomfort coefficient D, calculated from the pressure values and distribution measured between 

the human body and a sitting furniture "body support system". The work aims to experimentally verify the 

influence of selected anthropometric features on sitting comfort. The research was carried out on 12 people using 

a piezoelectric sensor mat and a model of adjustable sitting furniture. The study investigated how different seat 

and backrest inclination variants impact pressure distribution. The test results are the values of the contact 

pressures and discomfort coefficients D for nine combinations of the backrest and seat inclination related to the 

anthropometric characteristics of the tested group of people. The results indicate that anthropometric factors, 

such as body mass index (BMI) and user gender, significantly impact objective seating comfort. These findings 

will help optimize the seating furniture dimensions at their design stage. 
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INTRODUCTION 

Scientific analyzes of the sitting position and the adjustment of furniture to the 

physiological features of a human were started by Franz Staffel in 1884, postulating that in 

the sitting position, the spine should be supported only in its lumbar part (Rybczyński, 2016). 

It was only later that the principle of correct sitting was defined, stating the need to shape the 

backrest's upper part to match the spine's thoracic portion. Those postulates were related to 

the assumption that in seating furniture, seat sizes are closely associated with the anatomy of 

the furniture user. In other words, fitting the user is essential in designing this product type. 

The interconnection of technical and ergonomic design is based on the principle resulting 

from the characteristic of anthropometric ergonomics, i.e., recognizing the priority of human 

physiological needs and shaping products to those identified needs (Tilley & Dreyfuss, 2002). 

Designing ergonomic furniture for sitting involves developing several interdisciplinary 

features closely related to the knowledge of furniture design, production technology, 

anthropometry, and human physiology. 

The seating furniture ergonomy can be decomposed into several factors that affect 

sitting comfort (Smardzewski, 2015). These are the level of contact pressures occurring at the 

interface of the seat and the user's body, body composition (i.e., weight, size, and gender), 

sitting time, and sitting style. It should be emphasized that the body's structure significantly 

affects the formation of ailments due to prolonged sitting.  

The Body Mass Index (BMI), developed by the Belgian mathematician and statistician 

Adolphe Quetelet in the early 19th century, facilitates the comparison of individuals with one 

another, simplifying the process. BMI stands for Body Mass Index. It is a numerical value 
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calculated using a person's height and weight. The formula for calculating BMI is a body 

weight (in kilograms) divided by the square of height (in meters). The BMI value in the 20 to 

25 kg/m² range is deemed appropriate (Miklosik et al., 2022). It's important to note that while 

BMI is a valuable tool for population studies and initial assessments, it does not account for 

variations in body composition, such as muscle mass or distribution of fat, and should be 

interpreted cautiously, especially in the case of athletes or individuals with higher muscle 

mass. 

Sitting comfort refers to the degree of comfort experienced by an individual when 

seated or sitting for an extended time. It is a subjective perception that varies from person to 

person and can be influenced by various factors, such as the design and arrangement of 

seating furniture, cushioning, and padding, and human features (BMI, age, gender, body 

composition) (Wiaderek, 2012; Hitka et al., 2022; Sydor & Hitka, 2023; Hitka et al., 2023). 

Despite these difficulties, some methods can be used to assess seating comfort. For example, 

asking users to complete surveys in which they assess their seating comfort. Objective but 

indirect measurement methods are also used, such as electromyography (EMG) measuring 

tense elections or tracking systems to determine how sitting affects posture and how often you 

change posture. The postural analysis involves analyzing the alignment and posture of an 

individual when seated. This can be done through visual observation or using motion capture 

systems that track body movements. It helps evaluate whether the seating position promotes 

proper spinal alignment and supports different body regions adequately (De Looze et al., 

2003). 

Discomfort is related to the value of contact stresses and the uniform distribution of 

these stresses on the contact surface (Milivojevich et al., 2000; Matwiej et al., 2016; Wiaderek 

et al., 2019). The Seat Pressure Distribution (SPD) was developed to quantitatively assess the 

uniformity of pressure distribution across the seat surface. It measures how pressure is 

distributed across different seat regions (Seigler et al., 2003). The formula (1) expresses the 

SPD: 

 

   (1) 

where: 

n – number of non-zero sensors (pcs.), 

pi – contact stress on the sensor (kPa), 

pm – average contact stresses on the sensors (kPa). 

 

A lower value of the SPD coefficient indicates a more favorable uniform stress 

distribution on the seat surface. 

Knowing the value of the maximum pressures, the SPD coefficient, and the contact 

surface of the body with the seat, can be included by the discomfort coefficient D, which is 

expressed by the formula (2) (Smardzewski et al., 2014): 

 

    (2) 

where: 

A – active contact area between the human body and sitting furniture (m). 

Low values of the D coefficient objectively determine the comfort of using the seats. 

Thus, the contact stress value, SPD coefficient, and active contact area A most impact seat 

comfort. 

The study aimed to experimentally verify the influence of selected anthropometric 

features on seat comfort in seating furniture by determining the value of the discomfort 

coefficient D. 
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MATERIALS AND METHODS 

Pressure tests were conducted on a test stand, allowing for the adjustment of seat 

inclination angles (α) at 0°, 7°, and 11°, as well as backrest inclination angles (β) relative to 

the α angle at 90°, 100°, and 105°. Eight combinations of α and β angles were used: 0.100, 

0.105, 11.100, 11.105, 11.90, 7.100, 7.105, and 7.90. The reference position was the 

combination of the α seat inclination angle of 0° and the angle of the backrest to the seat (β) 

of 90° (0.90). A fixed front edge height of the seat of 430 mm and a fixed seat depth of 490 

mm is specified. In the test stand, polyurethane upholstery foam with a thickness of 30 mm 

was used as the elastic material with the following parameters: apparent density 37 kg/m3 

(according to ISO 845: (2006)), Compression load Deflection (CLD) 3.42 kPa to compress a 

foam sample by a 40% of its original thickness (according to ISO 3386-1: (1986)), elasticity 

at reflection not less than 55% (according to ISO 8307: (2018a)), permanent deformation not 

more than 5% (according to ISO 1856: (2018b)). 

 

 
Figure 1. Test stand used in the pressure tests 

 
The contact pressure measurement tool was a 630 × 630 mm mFlex type pressure 

mapping mat with an array of 32 × 32 sensors (FSA/mFlex, Canada) and Force Sensitive 

Applications software. 

Twelve volunteers, six women, and six men, participated in the research. Each of the 

12 volunteers took a position on the seat nine times, i.e., for each geometric variant. 

Measurements of pressure on the contact surface of the user's body with the seating furniture 

were preceded by an interview with each of the 12 volunteers, during which the necessary 

information was recorded to determine the BMI of the respondent. These were: height 

expressed in centimeters, body weight in kilograms, and age in years. 

 

RESULTS AND DISCUSSION 

Laboratory tests allowed observing how pressure is distributed while sitting by women 

and men with different BMI in different backrest and seat configurations. Figures 2-9 show 

the influence of BMI and seating furniture arrangement on the value of the D factor. 

Figure 2 shows that the discomfort coefficient  D varies with similar BMI in men 

(26.9; 26.2; 26.5). Similar results were obtained for women (Fig. 3). With an almost equal 

BMI (26.7 and 26.9), the discomfort coefficient  D varies. 
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Figure 2. Discomfort coefficient s calculated for men with different BMI interacting with various seat 

arrangements 

 

 

Figure 3. Discomfort coefficient calculated for women with different BMI interacting with various seat 

arrangements 

Number of active sensors. Men with a higher BMI have more active sensors (Fig. 4). The 

seat-back configuration shows a slight effect on the number of active sensors. 

 

Figure 4. Number of active sensors measured for men with different BMI interacting with various seat 

arrangements 
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A similar picture was observed for women (Fig. 5 shows that the women with a higher 

BMI have more active sensors). The furniture arrangement (α and β angles variants used) 

slightly affects the number of active sensors. 

 

 

Figure 5. Number of active sensors measured for women with different BMI interacting with various seat 

arrangements 

 

Average stress on the sensor. Men's BMI does not unambiguously influence the average 

pressure on the sensor (Fig. 6). Similar BMIs (26.9, 26.2, and 26.9) show different average 

strains on the sensor. 

 

 

Figure 6. Average pressure on the sensor measured for men with different BMI interacting with various seat 

arrangements used 

 

Women's BMI does not unambiguously affect the average pressure on the sensor. It 

can be observed in Figure 7. Similar BMIs (26.7 and 26.9) show different average pressures 

on the sensor. Figure 9 shows that women's active contact surface area varies at similar BMIs 

(26.7 and 26.9), so it can be concluded that BMI does not affect the active area. 
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Figure 7. Average strain on the sensor for women with different BMI interacting with various configurations of 

the seat and backrest 

 

Active surface. With similar BMIs (26.9; 26.2; 26.9) in men, the active area varies, so BMI 

does not affect the active area. 

 

Figure 8. Active contact surface of men with different BMI interacting with various seat and back configurations 

 

Figure 9. Active contact surface of women with different BMI interacting with various seat and back 

configurations 
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Study limitations. The discomfort coefficient  (D) can yield erroneous high values 

when there are large average contact stresses on the sensors (pm), a small contact area (A), and 

a low Seat Pressure Distribution (SPD) coefficient, which is characteristic of a thin person. It 

should be noted either that the discomfort coefficient  method may give erroneous results for 

cases where the balanced and high stresses exceed the comfort level of the seating. 

 

CONCLUSIONS 

The work aims to verify the influence of BMI and gender on sitting comfort. The 

experimental setup included 6 men and 6 women, a sensory mat, and a model of adjustable 

sitting furniture. The results show an apparent influence of the furniture arrangement to the 

seat on the distribution of usable stresses and, thus, on the comfort and quality of use. The 

results of the D discomfort coefficient  for nine combinations of the backrest and seat 

inclination were related to the anthropometric features of the examined group of people. The 

results indicate that anthropometric characteristics such as body mass index (BMI) and the 

user's gender influence objective seating comfort. The results are valuable in optimizing the 

geometry of furniture seats at the design stage. 

The results make it possible to formulate the following observations: 

1. Along with the increase in BMI, the value of the contact surface of the body with 

the furniture increased for both women and men surveyed. At the same time, 

higher BMI values indicated more favorable results of the SPD coefficient, i.e., a 

higher sense of comfort.  

2. The most even stress distribution (SPD) and, at the same time, the most 

comfortable geometry of the seat and backrest were obtained: for women in the 

configurations, 11.90 and 11.100, which is 8% and 5%, respectively – concerning 

the reference position, and results obtained for men at variants 11.90 and 11.100, 

which are 6% and 5%, respectively, to the reference position.  

3. Among all averaged measurements of the relationship between the discomfort 

coefficient D and the uniform stress distribution (SPD), similar associations were 

observed in men and women, indicating the position with the highest possible 

comfort in the geometry configuration seats support for systems 11.90 and 11.100.  

 

Two additional general conclusions can be formulated after analysis of experimental results: 

4. The results show a large diversity of results, which leads to the conclusion that the 

angle of inclination of the seat to the backrest should be selected individually for 

the anthropometric parameters of the users. 

5. Sitting comfort and the quality of sitting furniture are closely related. The quality 

of all furniture is associated with positive user experiences and feedback. When 

individuals consistently report high levels of sitting comfort and satisfaction with a 

particular piece of furniture, it indicates a strong relationship between the quality 

of the furniture and the comfort experienced by users. The obtained results will 

help optimize the geometry of furniture seats at its design stage, increasing their 

quality. 
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Streszczenie: Wpływ ustawienia kąta siedziska i oparcia na jakość mebli do siedzenia: badania 

eksperymentalne. Podstawową miarą jakości mebli do siedzenia jest komfort siedzenia. Komfort siedzenia 

określany jest w literaturze przez współczynnik dyskomfortu D, obliczany na podstawie wartości i rozkładu 

nacisków zmierzonych pomiędzy ciałem człowieka a „układem podparcia ciała” mebli do siedzenia. Celem 

badań była eksperymentalna weryfikacja wpływu wybranych cech antropometrycznych na komfort siedzenia. 

Badania przeprowadzono na 12 osobach z wykorzystaniem piezoelektrycznej maty sensorycznej oraz modelu 

regulowanego mebla do siedzenia. Zbadano, jak różne warianty pochylenia siedziska i oparcia wpływają na 

rozkład nacisków. Wynikiem badań są rozkłady nacisków oraz wartości współczynnika dyskomfortu D dla 

dziewięciu kombinacji nachylenia oparcia i siedziska odniesione do cech antropometrycznych badanej grupy 

osób. Analiza wyników wskazuje, że czynniki antropometryczne, takie jak wskaźnik masy ciała (BMI) i płeć 

użytkownika, znacząco wpływają na obiektywny komfort siedzenia. Spostrzeżenia te pomogą lepiej 

zoptymalizować wymiary mebli wypoczynkowych na etapie ich projektowania. 
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