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HIGHLIGHTS 

1) Body movements, pressure at interface and perceived comfort while seated have been investigated 

2) It has been demonstrated that 25 mm is the best threshold for detecting movements through the 

variation of  the centre of pressure 

3) School chairs in combo desk have been evaluated in terms of perceived comfort in constrained setup 

4) The relation between perceived (dis)comfort and movements is different in cases of constrained 

posture (combo desks) and free posture (adjustable chair) 

5) Number of movements increases in time (the more the duration of the test is long, the more the 

number of movements is high). 
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ABSTRACT 

The aim of this work is to define a new method that helps researchers to analyze perceptions of 

(dis)comfort in dynamic conditions. Recent studies pay considerable attention to body movements, 

mobility, and stability to measure comfort or discomfort when seated. Most of these discuss the relations 

between subjective comfort/discomfort and objective measurements (e.g. body pressure distribution, body 

movement and EMG) for short- and medium-term sitting. The present analysis took place in a classroom of 

the Industrial Engineering Department at the University of Salerno. The participants included 25 students 

(12 females and 13 males), who were observed during classroom hours. The students were invited to sit at 

a combo-desk and were free to perform different combinations of movements while writing and listening. 

These activities required that they adapt their body movements, as the combo-desk was fixed to the floor. 

A pressure pad was used to detect pressure at interface and center of pressure’s changes, allowing for the 

bodies’ motion data to be recorded. The aim was to identify the correct threshold to be used for movement 

detection and to investigate correlations between the number of movements and the perceived 

(dis)comfort. The study also identifies those body parts that have the greatest effect on (dis)comfort 

perception.   

 

Keywords: comfort, discomfort, center of pressure, pressure map, body movements, classroom seat, school 

furniture 
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A study of classroom seat (dis)comfort: relationships between body movements, 

center of pressure on the seat, and lower limbs’ sensations 

Luisa Fasulo, Alessandro Naddeo, Nicola Cappetti 

 

Abstract  
The aim of this work is to define a new method that helps researchers to analyze perceptions of 

(dis)comfort in dynamic conditions. Recent studies pay considerable attention to body movements, 

mobility, and stability to measure comfort or discomfort when seated. Most of these discuss the relations 

between subjective comfort/discomfort and objective measurements (e.g. body pressure distribution, body 

movement and EMG) for short- and medium-term sitting. The present analysis took place in a classroom of 

the Industrial Engineering Department at the University of Salerno. The participants included 25 students 

(12 females and 13 males), who were observed during classroom hours. The students were invited to sit at 

a combo-desk and were free to perform different combinations of movements while writing and listening. 

These activities required that they adapt their body movements, as the combo-desk was fixed to the floor. 

A pressure pad was used to detect pressure at interface and center of pressure’s changes, allowing for the 

bodies’ motion data to be recorded. The aim was to identify the correct threshold to be used for movement 

detection and to investigate correlations between the number of movements and the perceived 

(dis)comfort. The study also identifies those body parts that have the greatest effect on (dis)comfort 

perception.  

Keywords: comfort, discomfort, center of pressure, pressure map, body movements, classroom seat, school 

furniture 

Introduction 
Products are designed according to specific functions that benefit users. However, their successful function 

is dependent on people being able to use them correctly. In the past, the principles of user-centred design 

were defined as methods for creating products, environments and systems that are fit for human use 

(Pheasant and Haslegrave, 2006). Ergonomics, meanwhile, studies the interfaces between people, the 

activities they perform, the products they use, and the environments in which they work, travel or play. As 

stated in Mokdad and Al-Ansari (2009), ergonomics principles allow to develop guidelines for improving 

and redesigning both old and new products.  

A wide range of research on physical comfort and discomfort in the workplace has been carried out. Most 

papers discuss the relationships between environmental factors that can affect perceived levels of 

comfort/discomfort, such as temperature, humidity, applied forces, and others (Galinsky et al., 2000). 

Several papers follow the assumption that a relationship exists between self-reported discomfort and 

musculoskeletal injuries, with these injuries affecting perceived comfort (Hamberg-van Reenen et al., 2008; 

A. Naddeo et al., 2009). Theories relating comfort to products and product design characteristics, however, 

are rather underdeveloped.  

The last 15 years have seen only five “comprehensive models” that considered every aspect of human 

perception: the Helander model [5], the Moes model [6], the Vink-Hallbeck model [7], the Naddeo-Cappetti 

model [8] and the Vink model [9]. 

In the Naddeo-Cappetti model (see fig. 1), the internal body and perceived effects play a fundamental role 

in comfort/discomfort perception and evaluation. 

*Manuscript revised
Click here to view linked References

http://ees.elsevier.com/jerg/viewRCResults.aspx?pdf=1&docID=12085&rev=1&fileID=168208&msid={5C141246-39CD-4B79-B772-E1F54DD8AB14}
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Figure. 1 Naddeo-Cappetti model of comfort/discomfort perception 

The purpose of this work was to define a method to evaluate (dis)comfort perceptions based on body 

movement by observing the behavior of university students during lectures. The classroom is a learning 

environment in which the furniture is an important physical element. The furniture’s function is to facilitate 

learning and provide a comfortable, stress-free environment. Poor classroom sitting posture is one of the 

main negative effects of bad furniture design on students (Dianat et al., 2013). 

Students spend a considerable portion of their day at school, and most of that time is spent doing 

schoolwork in the sitting position (Castellucci et al., 2010; Macedo et al., 2013). Fixed-type furniture is 

commonly used, and, while this should meet the students’ requirements, it may induce constrained 

postures (Gouvali and Boudolos, 2006; Parcells et al., 1999). Given that people differ in size and postural 

preferences, workstations with adjustable seats are preferred, as these have a significant positive effect on 

muscle tension and sitting posture. As well as promoting health and comfort (Koskelo et al., 2007; Thariq et 

al., 2010), they may also be related to better academic grades (Koskelo et al., 2007). 

In the past, schools and universities often chose fixed-type chairs and tables due to the higher price and 

maintenance costs of adjustable alternatives (Straker et al., 2006). Side-mounted desktop chairs are often 

used in university classrooms. However, their correct design has been neglected. A study by Thariq et al. 

(2010) shows that side-mounted chairs do not meet the postural and comfort requirements of university 

students. Further to this, Naddeo et al. (2015) identified a custom seat that had a positive influence on 

students’ perceived comfort.  

To investigate student’s perceived (dis)comfort, a pressure pad was used to measure the pressure at the 

interface between the chair and the buttocks. Previous studies have developed the ideal pressure 

distribution for a car seat, whereby minimal pressure is applied to the intervertebral discs (Zenk, 2008). 

Furthermore, it is generally accepted that continuous static muscle activity results in discomfort (e.g. Falla 

et al., 2007). Regarding the number of movements, Graf et al. (1995) suggest that natural movements are 

desirable and necessary as long as they are within an acceptable range. Leuder (2003) stresses the 

importance of variation between several stable and healthy body postures. General seating studies 

describe the relation between seating time, discomfort, and body movement. Telfer et al. (2009) found that 

subjective discomfort and movement increases over time, with the amount of movement greater in chairs 

rated most uncomfortable. Vergara and Page (2002) proposed that macro-movements are a good indicator 

of discomfort. Fujimaki and Noro (2005) also found that discomfort increases over time, although they 

argued that macro-movements occur in a repeating pattern during prolonged sitting as a means to 

decrease discomfort. Similarly, Graf et al. (1995) found that work tasks which resulted in more muscular-



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

3 
 

skeletal disorders allowed for less frequent and less distinctive postural change. Finally, Callaghan and 

McGill (2001) suggested that humans redistribute their muscular loads using posture adjustments 

according to their comfort level.  

The aim of this study is to understand if it is possible to use the analysis of pressure map data to describe 

the movements of a seated student, and to examine how these movements (number, description and 

frequency) can be used as indicators of perceived (dis)comfort. To this end, the output of the pressure pad 

was recorded to monitor the center of pressure and to evaluate the number of movements. This 

methodology was implemented to analyze (dis)comfort perceived by students during classroom hours. 

Results were validated via a consolidated methodology based on a manual count of the number of 

movements.  

Method 
Interactions can be recorded by many sensors (Vink, 2005). Most studies investigated the effects of 

pressure variables, such as mean and peak pressure (Hostens et al., 2001; Moes, 2007), contact area (Paul 

et al., 2012; Kyung and Nussbaum 2008; Vos et al. 2006) and pressure distribution (Mergl 2006; Zenk 2008). 

Mergl (2006) and Zenk (2008; 2012), for example, defined the ideal pressure distribution for a car driver. 

Even though pressure distribution seems to be the best objective measure for discomfort (De Looze et al. 

2003), it is influenced by other variables such as posture (Tessendorf et al., 2009; Oyama et al., 2003; 

Zhiping and Jian, 2011; Naddeo et al., 2015-2), movement (Wang et al., 2011; Ciaccia and Sznelwar, 2012), 

expectations (Naddeo et al., 2015-1) and first sight (Vink, 2014). Helander and Zhang (1997) and de Looze 

et al. (2003) stated that discomfort is more related to physical factors, while comfort is more related to 

luxury and feelings of refreshment.  

In this study, data from a pressure mat mounted on the seat-pan of the combo-desk was used to detect 

and classify movements. Specifically, we used the amplitude of the center of pressure’s shift to analyze 

changes in (dis)comfort perception for seated students during a one-hour lesson.  

Subjects 
Twenty-five students (12 females, 13 males), all volunteers, participated in the experiment. None had a 

history of musculoskeletal diseases. The main characteristics of the subjects are summarized in Table 1. All 

subjects were informed of the nature of the tests, and written consent was obtained. The subjects’ 

selection method and the experimental setup and tests were approved by the university’s ethical 

committee. 

 

Table 1. Descriptive statistics of selected variables for the participant population. 

Set-up 
Subjects were selected from the third-year Industrial Engineering course. This choice allowed to obtain data 

for the same kind of students from the same time and day of the week (Wednesday from 8:30 to 13:30) 

(Sammonds et al. 2017). Tests were performed in the same classroom at the Engineering Faculty. 
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The following equipment was used for data acquisition and set-up: a simple wooden seat (rigid seat-pan, 

rigid seatback, no armrest, no knee support) fixed to the floor; a pressure data acquisition system; a 

photo/video-graphic acquisition system; and a (dis)comfort questionnaire. In this way, it was possible to 

evaluate the distribution of pressure and to investigate the corresponding (dis)comfort, without 

considering the effect of soft parts such as cushions or padding. Figure 2 shows the combo-desk that was 

the subject of analysis. The evaluated workstation was a classroom combo-desk (desk + chair). This desk is 

class C1, fire resistant, and made of chipboard covered in melamine. 

The Medilogic® pressure measurement system was used to record the pressure distribution (Figs 3 and 4). 

The pressure pad was placed only on the seat and not on the backrest. The sensors’ matrix has 480 sensors 

over a 500 x 500 mm2 area, and pressures were recorded using the mat. The students’ behavior was 

observed and recorded using a video camera (Fig. 5). 

 

 
Figure 2. The combo-desk and the pressure acquisition system 

 

 

Figure 3. Experimental setup: Front-View 
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Figure 4. Experimental setup: Top-View 

 

 

Figure 5. Setup and video equipment 

 

The (dis)comfort questionnaire is divided into several sections. The lower limbs are divided into eight 

regions, as shown in the Figure 6 (areas numbered from 13 to 20, so-called P13 to P20). Subjects were 

asked to rate their perceived (dis)comfort on a 5-point Likert scale. 

Students were also asked to give a score from 1 to 10 for overall comfort, and to indicate the area of 

greatest discomfort between the right and left side of the lower limbs. 
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Figure 6. Body regions (dis)comfort questionnaire. 

Procedure 
The one-hour test was split into three sessions of twenty minutes. Pressure readings were taken for each of 

these twenty-minute sessions, after which the subjects were asked to complete the (dis)comfort 

questionnaire. During the test, the students were free to move their bodies while performing two main 

tasks: writing and listening. The pressure values were acquired with a frequency of 1Hz, and the 3,600 

values were processed, using a software written in Python3.5, to calculate the center of pressure in the 

plane of the seat (x-y coordinates) and its variation over time. 

The combo-desk model and the video recording indicated that we should focus our attention on left-to-

right and right-to-left movements (sideways movements), as forward-backward movements were limited 

or hindered by the combo-desk layout. To define the methodology for counting the number of movements, 

only the x coordinates (sideways movements) were considered, which was useful for describing the 

movements performed by the lower limbs. The following rule was used to define a movement:  

 ‘’If the difference (Dx) of    -      is more than a given threshold, this constitutes a movement.’’ 

 

In which xt is the value of the x coordinate at time t, and t is from 0 to 3,600 (seconds). The acquisition 

frequency was 20 Hz, while the processed data frequency was 0.2 Hz, with an averaged value taken every 5 

seconds. Another purpose of this work is to understand which threshold is optimal for counting the number 

of movements. To this end, a threshold sensitivity analysis was performed in a range between 5 and 30 

mm, with 5mm increments, giving the following five “Levels”: Level5, Level10, Level20, Level25 and 

Level30. 

The first part of the study was also focused on investigating the correlation between the threshold value 

(and the consequent number of movements) and the (dis)comfort perception. 
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Figure 7. An example of analysis periods: a) first 20 minutes; b) second 20 minutes; c) third 20 minutes. 

 

Answers to the questionnaires were rated using the values shown in the Table 2. 

Figure. 8 presents an example of the number of movements (Level 5) made by a student during an analysis 

period. 

 

Figure 8. Movement count for the 5 mm threshold (level5) over one hour of analysis (the x-axis shows time 

in minutes) 

 

Table 2. Indexes of Comfort (IC) associated with each item of the questionnaire. 

The questionnaire was developed to discover correlations, if any, between overall comfort, the  total 

number of movements detected, the number of right and left movements, (dis)comfort perception in 

different lower limb regions, and the relative suffering of the buttocks (right or left). Correlations between 

the number of movements and characteristics such as weight or height were also investigated.  

  

Validation 
This methodology for detecting body movements was validated by comparing the X-movement of the 

center of pressure with another methodology based on the number of movements recorded by the video 

camera. Three different people with no health or vision problems analyzed all the videos recorded during 

the study. The Wilcoxon Rank test was used to compare the methodologies. The number of lower-body 

movements was compared with the total number of movements counted using different threshold levels.  

They each counted the number of movements, returning a reliability rate of more than 95%. This work 

allows the new method of counting movements using center of pressure analysis to be validated by 
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comparing it to others in the literature (Naddeo et al., 2013; Bouwens et al., 2018; Hiemstra-van Mastrigt et 

al., 2015).  

 

Results  
The first interesting result concerns a comparison of movement counts made by the different 

methodologies. Level20 and the Level25 gave similar results, and these results are quite similar to the 

number of movements count (p=0.310 and p=0.192, respectively). The other Levels, however, are 

significantly different (p<0,01). This result indicates that the two methods are similar, and that Level25 (and 

the related threshold) is a good indicator for the movements’ count.  

Table 3 shows the average, maximum, minimum, and standard deviation of the total movements detected 

via the center of pressure analysis. (Note: In the first five lines, the number (n) of total movements for each 

Level are represented, while the other rows give the number of movements (right and left) for different 

Levels). At level 30 (a movement is detected only when the Dx is more than 30 mm) very few movements 

have been detected in one hour test. 

 

Table 3. The average, maximum, minimum, and standard deviation of the movements (Rg and Lf are right 

and left movements for each level, respectively). 
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Figure 9. Statistical distributions of movements at different detection threshold. 

The statistical distributions show a Gaussian shape for Level5 and Level10 and a Weibull shape for Level 20, 

Level 25 and Level 30.  A multivariate analysis was performed to verify the correlations among the 

variables. R 3.2.2 statistical analysis software was used to perform the analysis. Pearson correlation and 

Spearman coefficients were calculated to check and evaluate the correlations between the variables.  

Both the Pearson index and the Spearman-Rho multivariate analysis revealed the same “weak to medium” 
correlations between the variables. Regarding the anthropometric data, a negative correlation was 
detected between the student’s weight and the average of the number of movements performed (i.e. the 
number of movements decreases as the subjects’ weight increases). This result also gives an indication of 
the comfort perceived by subjects during the analysis. As described below, an increase in the number of 
movements correlates with an increase in comfort. The minimum weight thus gives an indirect indication of 
the extent of the perceived comfort increase. 
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Table 4 shows the results of the sensitivity analysis for each Level through the Pearson indexes. Level25, 
which has a movement detection threshold of 25 mm, shows the highest correlations with all analyzed 
parameters, and is therefore a good indicator of movement-related comfort. Only the body part P14 shows 
a higher correlation for Level20. This correlation indicates that perceived comfort increases in line with the 
number of movements. Also Spearman-Rho analysis shows the better correlation result (0,352 at 0.05 level 
of significance) of overall comfort with movements detected through the “Level25” threshold. 

 

 

 
* 0.05 level of significance 

Table 4. Analysis results (P13-P20 are the body parts for which subjects gave a subjective evaluation of 

perceived (dis)comfort). 

Pain for the left- and right-side body parts was also investigated via the questionnaire. Taking Level25 as 

the most representative level for (dis)comfort correlation, data analyses show that when subjects move to 

the left part of the seat (i.e. his/her center of pressure shifts left), left-side discomfort increases and right-

side discomfort decreases. 

Level25 is a good movement detection indicator for movements to the left, while Level30 is the best for 

movements to the right. Both of these are good indicators of comfort (in terms of Pearson correlation), 

with results similar to those for pain: the number of movements towards the right part of the seat (i.e. 

his/her center of pressure shifts right) causes an increase in perceived left-side discomfort and a decrease 

in perceived right-side discomfort.  

This difference can be explained by the position of the subjects in the classroom. All of the subjects were 

sitting on the right side of the classroom. To see the blackboard, they had to turn their body slightly to the 

left. This caused an increased load on the right side of the lower body, leading the center of mass to 

become unbalanced. Each movement therefore allowed subjects to improve their perceived comfort (or 

lower their perceived discomfort) for the right side of the body that was consistently more loaded than the 

left.  

This fact was evident in the video recordings. It is also indicated by the mean percentage of time in which 

the center of pressure is on the right and left side of the seat (about 58% and 42%, respectively).  

No correlations were found between the direction of movements, individual body parts and overall 

comfort. We may therefore state that overall comfort is influenced more by movements than by each 

individual body part comfort. 
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* 0.05 level of significance 

Table 5. Correlation between “Right and left movements” and “Right- and left-side discomfort perception”. 

 

Discussion  
This paper shows that performing a high number of movements in a constrained space is due to the 

increase of discomfort; after a movement or a change of position, the decrease of discomfort is perceived; 

the decrease of postural discomfort concurs to a more overall comfortable state. This result is in line with 

those found in the literature. Cascioli et al. (2011), Netten et al. (2013), Mansfield (2017), Vink (2017), and 

Sammonds et al. (2017) all state that an increase in discomfort causes an increase in the number of 

movements. The availability of the space required to perform these movements thus increases perceived 

comfort (after the movements themselves). 

Heavier subjects are also shown to experience greater discomfort, as stated in Zenk (2008, 2012).  

Our analyses produced evidence that may appear contradictory. Whatever the direction of the movement 

(right or left), perceived discomfort decreases in the left side of the body and increases in the right side. 

However, this result was anticipated due to the experimental setup. Given the relative position between 

the chair and the blackboard, the subjects’ bodies were always rotated and unbalanced toward the left, 

overloading the left buttocks. Any movement therefore tended to improve left-side comfort by 

“distributing” the discomfort perception towards the right side. This result is confirmed by the lack of 

correlation between overall comfort and the number of movements to the left.  

One limitation of this study is the lack of correlation of individual body parts (dis)comfort with left and right 

movements; however, this was not the purpose of this study.  Due to the not-Gaussian distribution of some 

data, also a Spearman-Rho analysis was performed and the results were the same of the Pearson one. In 

general, the Pearson index analyses reveal only weak and medium correlations among variables and this is 

another limitation of the study. Probably it is due to the high numbers of variables that have to be taken 

into account in a one-hour test (environmental factors, psycho-physiological factors, noises coming from 

other students and so on) and cannot be easily controlled. 

Another limitation is the lack of attention to upper-body posture and its influence on the pressure maps. 

We did not know the configurations of the body parts – for instance, when and if one or both arms were 
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hanging down or leaning on the desk. This could be an interesting topic for further research. The proposed 

methodology that bases the movement count on centre of pressure analysis could open up new fields of 

investigation in the study of whole body movement. The evolution of the centre of pressure, as well as the 

methods used to understand and predict overall comfort by studying the interaction between the buttocks 

and the seat-pan, are potentially interesting topics of future research.  

 

Conclusion 
Several studies have reported a strong correlation between the number of movements performed and 

perceived (dis)comfort. This paper seeks to demonstrate this concept by converting the pressures 

measured at the interface between the seat and the subject into specific movements. The results revealed 

a correlation between these movements and the (dis)comfort perceived by students. The first applicable 

result is undoubtedly the identification of Level25 as a good indicator for detecting and counting movement 

and assessing lower-body comfort.  Both Level30 and Level25 gave a realistic indication of the perceived 

(dis)comfort caused by the direction of the movements (right or left). In Vergara et al. (2002), Graf et al. 

(1995) and Lauder et al. (2003) discomfort is shown to increase when subjects change position. In all of 

these cases, the participants’ movements were natural and not obligatory. In our study, however, the 

movements were obligatory as subjects had to write or listen within a limited space, with no possibility to 

change the combo-desk layout. We thus observed the opposite result: a decrease in discomfort when the 

subject changed position. This decrease was more evident when the center of pressure moved in either the 

right or left direction. 

Finally, we found that the number of movements gave us an indication of perceived lower-body 

(dis)comfort, while the direction of the movements allowed us to evaluate general (dis)comfort perception. 

Figure 10 shows the macro-movements trend (Level25) that gave the highest correlation. 

 

 

Figure 10. Example of movements (Level25) by a student over one hour of analysis (the x-axis represents 

time; the y-axis represents the number of macro-movements; the acquisition time is in minutes). 
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