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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.
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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.
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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-
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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.

Age |Mass|Height| Body

Mass

(years)| Kg m Index
Mean 21,4| 66,7 1,7 22,3
Std.Deviation 0,5| 12,7 0,1 )
Minimum 21 48 1,6 18,6
Maxmum 22 95 1B 27,8

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 mm? area, and pressures were recorded using the mat. The students’ behavior was
observed and recorded using a video camera (Fig. 5).

Figure 3. Experimental setup: Front-View
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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.



©CO~NOOOTA~AWNPE

Very comfortable

Comfortable

Neither comfort or discomfort
{Indifferent)

Ratheruncomfortable

Very uncomfortable

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
guestionnaire. 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 x; - x;_1 is more than a given threshold, this constitutes a movement.”

In which x, 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, Levell0O, 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.

-
0 o8 od

() (B)
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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.

Movement

=
=
=)
O
S
5
=
o]
>
o
=

ACQUISITIONTIME

50 55 60

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

in minutes)
Very comfortable 2
Comfoertable 1
Neither comfort or discomfort (Indifferent}) 0
Rather uncomfortable 1
Very uncomfortable 2

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

7
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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.

Treshold Mean (n) | Maximum | Minimum | Std.Deviation
Level5 83,1 158 8 34,1
Level 10 37,6 100 2 21,1
Level20 10,2 43 0 9,4
Level25 5,8 31 0 6,7
Level30| 3.333 19 0 4,3
Rg Level5 41,9 80 5 18,1
Lf Level5 50,0 78 3 16,7
Rg Levell0 17,9 49 0 10,6
Lf Level10 19,3 51 2 11,0
Rg Level20 4,8 20 0 5,0
Lf Level20 5,3 23 0 4,9
Rg Level25 2,9 16 0 3,5
Lf Level25 2,9 15 0 34
Rg Level30 1,7 10 0 2,3
Lf Level30 1.7 10 0 2

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.



©CO~NOOOTA~AWNPE

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.

Level5 | Levell0| Level20| Level25| Level30
Overall BRAIE YT il e sl B ISR R e N
comfort
P13 -0,014 0,081| 0,210*| 0,229* 0,174
P14 0,172| 0,250*| 0,307*| 0,281*| 0,200*
P15 -0,013 0,110( 0,316*| 0,369*| 0,358*
P16 0,084| 0,203*| 0,364*| 0,406*| 0,349*
P17 0,072 0,151| 0,274*| 0,305*| 0,257*
P18 0,080 0,155| 0,277*| 0,320*| 0,268*
P19 0,019 0,077 0,190| 0,243*| 0,216*
P20 -0,001 0,076| 0,207*| 0,235*| 0,219*

*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.

10
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Left Right
M.Dx5mm | -0.203* 0.179
M.Sx5mm| 0.131| -0.109

M.Dx10mm| 0.150| -0.192

M.Sx10mm| 0.016| -0.013

M.Dx20mm| 0.083| -0.120

M.Sx20mm | -0.144 0.168

M.Dx25mm| 0.057| -0.094

M.Sx 25mm | 0.245*| -0.225*

M.Dx30mm | 0.201*| -0.251*

M.Sx30mm | -0.114 0.131

* 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

11
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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.

Movements

-
=
=)
O
S
:
=
Ly
=
o
=

ACQUISITIONTIME

50 55 60

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).

12



©CO~NOOOTA~AWNPE

References

Bouwens, J.M.A., Fasulo, L., Hiemstra-van Mastrigt, S., Schultheis, U.W., Vink, P., Naddeo, A. (2018). Effect
of in-seat exercising on comfort perception of airplane passengers. Applied Ergonomics, 73, 7-12.
doi:10.1016/j.apergo.2018.05.011.

Callaghan. J.P., McGill. S.M. (2001). “Low back joint loading and kinematics during standing and
unsupported sitting.” Ergonomics. Volume 44. Issue 3.

Cascioli, V., Heusch, A.l., McCarthy, P.W. (2011). Does prolonged sitting with limited legroom affect the
flexibility of a healthy subject and their perception of discomfort?. International Journal of Industrial
Ergonomics, Volume 41, No.5.

Castellucci, H. I., Arezes, P. M., Viviani, C. A. (2010). Mismatch between classroom furniture and
anthropometric measures in Chilean schools. Applied Ergonomics. 41. 563 - 568.

Ciaccia, F., Sznelwar, L. (2012). An approach to aircraft seat comfort using interface pressure mapping.
Work 41 (1): 240-245.

De Looze, M. P., Kuijt-Evers, L. F., Van Dieén, J. (2003). Sitting comfort and discomfort and the relationships
with objective measures. Ergonomics, 46, 985-997. doi:10.1080/0014013031000121977

Dianat, I., Karimi, M.A., Hashemi, A.A., Bahrampour, S. (2013). Classroom furniture and anthropometric
characteristics of Iranian high school students: Proposed dimensions based on anthropometric data.
Applied Ergonomics. 44(1). 101-108.

Falla, D., Farina, D., Graven-Nielsen, T. (2007). “Experimental muscle pain results in reorganization of
coordination among trapezius muscle subdivisions during repetitive shoulder flexion”. Experimental Brain
Research. Volume 178. Issue 3

Fujimaki, G., Noro, K. (2005). “Sitting comfort of office chair design”. In: Proceeding of the 11th
International conference on Human- Computer Interaction. Las Vegas. Nevada. USA. pp. 22-27.

Galinsky, T.L., Swanson, N.G., Sauter, S.L., Hurrell, J.J., Schleifer, L.M. (2000). A field study of supplementary
rest breaks for data-entry operators. Ergonomics, 43, 622-638. doi:10.1080/001401300184297

Gouvali, M.K., Boudolos, K. (2006). Match between school furniture dimensions and children's
anthropometry. Applied Ergonomics. 37(6). 765-773.

Graf, M., Guggenbihl, U., Krueger, H. (1995). An assessment of seated activity and postures at five
workplaces. International Journal of Industrial Ergonomics. Volume 16

Hamberg-van Reenen, H.H., Beek, A.J., Blatter, B., Van der Grinten, M.P., Mechelen, W., Bongers, P.M.
(2008). Does musculoskeletal discomfort at work predict future musculoskeletal pain? Ergonomics, 51, 637-
648. doi:10.1080/00140130701743433.

Helander, M.G., Zhang, L. (1997). Field studies of comfort and discomfort in sitting. Ergonomics, 40, 895-
915. doi:10.1080/001401397187739

Hiemstra-van Mastrigt, S., Kamp, I., van Veen, S. A. T., Vink, P., Bosch, T. (2015). The influence of active
seating on car passengers' perceived comfort and activity levels. Applied Ergonomics, 47, 211-219.
doi:10.1016/j.apergo.2014.10.004.

Hostens, I., Papaioannou, G., Spaepen, A., Ramon, H. (2001). Buttock and back pressure distribution tests
on seats of mobile agricultural machinery. Applied Ergonomics 32(4): 347-356.
13



©CO~NOOOTA~AWNPE

Koskelo, R., Vuorikari, K., Hinninen, O. (2007). Sitting and standing postures are corrected by adjustable
furniture with lowered muscle tension in high-school students. Ergonomics. 50(10). 1643-1656.

Kyung, G., Nussbaum, M.A. (2008). Driver sitting comfort and discomfort (part Il): Relationships with and
prediction from interface pressure. International Journal of Industrial Ergonomics 38 (5—6): 526—538.

Leuder, R. (2004). “Ergonomics of seated movement. A review of the scientific literature”. Humanics Ergo-
systems. Inc.

Macedo, A., Martins, H., Santos, J., Morais, A., Brito, A., Mayan, O. (2013). “Conformity between Classroom
Furniture and Portuguese Students’ Anthropometry: A Case Study”. Paper presented at the International
Symposium on Occupational Safety and Hygiene. Guimaraes - Portugal.

Mansfield, N. (2017). Vibration and shock in vehicles: new challenges, new methods, new solutions,
Proceedings of the 1st International Comfort Congress, Salerno (ltaly), June 7th and 8th, 2017 Edited by
Alessandro Naddeo. ISBN: 979-12-200-2249-1

Mergl, C. (2006). Entwicklung eines Verfahrens zur Objektivierung des Sitzkomforts auf Automobilsitzen.
PhD thesis, Lehrstuhl fir Ergonomie, Technische Universitat Miinchen.

Moes. N.C.C.M. (2005). Analysis of sitting discomfort. A review. Contemporary Ergonomics. London: Taylor
& Francis. 200-204.

Moes, N.C.C.M. (2007). Variation in Sitting Pressure Distribution and Location of the Points of Maximum
Pressure with Rotation of the Pelvis, Gender and Body Characteristics. Ergonomics 50(4): 536-561.

Mokdad, M., Al-Ansari, M. (2009). Anthropometrics for the design of Bahraini school furniture.
International Journal of Industrial Ergonomics. 39(5). 728-735

Naddeo, A., Barba S., Ferrero Francia, I.F. (2013). Propuesta de un nuevo método no invasivo para el
analisis postural con aplicaciones de fotogrametria 4d, CIBIM 2013, XI Congreso lbero-Americano de
Ingegnieria Mecanica, 11- 14 Nov. 2013, La Plata, Argentina.

Naddeo, A., Califano, R., Vink, P. (2018). The Effect of Posture, Pressure and Load Distribution on
(Dis)Comfort Perceived by Students Seated on School Chairs. International Journal on Interactive Design
and Manufacturing: 1-10. doi:10.1007/s12008-018-0479-3.

Naddeo, A., Cappetti, N., Califano, R., Vallone, M. (2015). The Role of Expectation in Comfort Perception:
The Mattresses’ Evaluation Experience. Procedia Manufacturing. 3, 4784-4791

Naddeo, A., Cappetti, N., D'Oria, C. (2015). Proposal of a new quantitative method for postural comfort
evaluation. International Journal of Industrial Ergonomics, 48, 25-35. doi:10.1016/j.ergon.2015.03.008

Naddeo, A., Cappetti, N., Vallone, M., Califano, R. (2014). New trend line of research about comfort
evaluation: proposal of a framework for weighing and evaluating contributes coming from cognitive,
postural and physiologic comfort perceptions. In Proceedings of the 5th International Conference on
Applied Human Factors and Ergonomics AHFE, edited by T. Ahram, W. Karwowski and T. Marek.

Naddeo, A., Fasulo L., Vallone M. (2015). Ergonomic analysis and comfort driven redesign of student
classroom combo desk at University of Salerno (Italy). Journal of industrial design and engineering, Vol.10,
pp. 33-44.

Naddeo, A., Memoli, S. (2009). Postural comfort inside a car: Development of an innovative model to
evaluate the discomfort level. SAE International Journal of Passenger Cars - Mechanical Systems, 2, 1065-
1070. doi:10.4271/2009-01-1163.

14


file:///C:/Users/Alessandro/Desktop/__Documenti_sul_desktop/Articoli/2018/_Comfort_Conference_2017/___Conference_Proceedings/Plenary/Plenary_MANSFIELD.pdf

©CO~NOOOTA~AWNPE

Netten, M.P., Van Der Doelen, L.H.M., Goossens, R.H.M. (2013). Chair Based Measurements of Sitting
Behavior a Field Study of Sitting Postures and Sitting Time in Office Work. Lecture Notes in Computer
Science (Including Subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics).
Vol. 8026 LNCS. doi: 10.1007/978-3-642-39182-8_31.

Oyama, H., Noro, K., Mitsuya, R., Takao, H. (2003). Development of a new working posture for VDT.
Conference proceedings of HUMACS conference 2003, Tokyo, Japan: Waseda University, 12—-15.

Parcells, C., Stommel, M., Hubbard, R.P. (1999). Mismatch of classroom furniture and student body
dimensions: Empirical findings and health implications. The Journal of adolescent health: official publication
of the Society for Adolescent Medicine. 24(4). 265-273.

Paul, G., Daniell, N., Fraysse, F. (2012). Patterns of correlation between vehicle occupant seat pressure and
anthropometry. Work 41: 2226-2231.

Pheasant, S., and Haslegrave, C.M. (2006). Bodyspace: Anthropometry. Ergonomics. And The Design Of
Work: Taylor & Francis Group.

Sammonds, G.M., Mansfield, N.J., Fray, M. (2017). Improving Long Term Driving Comfort by Taking Breaks —
how Break Activity Affects Effectiveness. Applied Ergonomics 65: 81-89. doi: 10.1016/j.apergo.2017.05.008.

Sammonds. G.M., Fray, M., Mansfield, N.J. (2017). Effect of long term driving on driver discomfort and its
relationship with seat fidgets and movements (SFMs). Applied Ergonomics, 58:119-127. doi:
10.1016/j.apergo.2016.05.009

Straker, L., Pollock, C., Burgess-Limerick, R. (2006). Excerpts from CybErg 2005 discussion on preliminary
guidelines for wise use of computers by children. International Journal of Industrial Ergonomics. 36(12).
1089-1095.

Telfer, S., Spence, W.D., Solomonidis, S.E., (2009). The potential for actigraphy to be used as an indicator of
sitting discomfort. Human Factors: The journal of the human factors and ergonomics society. 51 (5). 694-
704

Tessendorf, B., Arnrich, B., Schumm, J., Setz, C., Troster, G. (2009). Unsupervised monitoring of sitting
behaviour. Proceedings of the 31st Annual International Conference of the IEEE EMBS. Minneapolis,
Minnesota, USA. 2—6 September.

Thariq, M.G.M., Munasinghe, H.P., Abeysekara, J.D. (2010). Designing chairs with mounted desktop or
university students: Ergonomics and comfort. International Journal of Industrial Ergonomics. 40(1). 8-18.

Vergara, M., Page, A. (2002). Relationship between comfort and back posture and mobility in sitting-
posture. Applied Ergonomics. Volume 33(1): 1-8.

Vink, P. (2005). Comfort and design: principles and good practice. Boca Raton: CRC Press 2005, ISBN O-
8493-2830-6.

Vink, P. (2014). The sweetness of discomfort: designing the journey. Inaugural Lecture, Delft University of
Technology. June 4, 2014.

Vink, P. (2017). Comfort and discomfort effects over time: the sweetness of discomfort and the pleasure
towards of the end, Proceedings of the 1st International Comfort Congress, Salerno (ltaly), June 7th and
8th, 2017

Vink, P., Hallbeck, S. (2012). Editorial: Comfort and discomfort studies demonstrate the need for a new
model. Applied Ergonomics, 43, 271-276. doi:10.1016/j.apergo.2011.06.001

15



©CO~NOOOTA~AWNPE

Vos, G.A., Congleton, J.J., Moore, J.S., Amendola, A.A,, Ringer, L. (2006). Postural versus chair design
impacts upon interface pressure. Applied Ergonomics 37(5): 619-628.

Wang, B, Jin, X., Chen, B., Tao, X. (2011). Assessment of driver movements during prolonged driving using
seat pressure measurements. Proceedings of the Human Factors and Ergonomics Society 55th annual
meeting. 1568-1572.

Zenk, R., Franz, M., Bubb, H., Vink, P. (2012). Technical note: Spine loading in automotive seating. Applied
Ergonomics, 43, 290-295. doi:10.1016/j.apergo.2011.06.004

Zenk, R. (2008). Objektivierung des Sitzkomforts und seine automatische Anpassung. Diss. TU Miinchen.

Zhiping, L., Jian, W. (2011). Influences of Sitting Posture and Interface Activity on Human Physical and
Psychological Reaction. Proceedings of the 5th International Conference on Bioinformatics and Biomedical
Engineering (ICBBE). 10—-12 May 2011, Wuhan, China.

16



Figure 1
Click here to download high resolution image

Environment

Person

Product
Characteristics

Task and Usage

P Physiological
__ Environment |

Pre-conceptual
rCtation due o
working enviromment



http://ees.elsevier.com/jerg/download.aspx?id=168137&guid=c7f11602-d54e-418a-8eae-1f74b3799d40&scheme=1

Figure 2
Click here to download high resolution image



http://ees.elsevier.com/jerg/download.aspx?id=168138&guid=dc58b546-175d-422b-8c88-e15890188cd1&scheme=1

Figure 3
Click here to download high resolution image



http://ees.elsevier.com/jerg/download.aspx?id=168139&guid=3cad928c-418e-41c8-9552-fdb97be99fd4&scheme=1

Figure 4
Click here to download high resolution image



http://ees.elsevier.com/jerg/download.aspx?id=168140&guid=3c3a8d5d-a6ad-4743-b9a2-6866a6b8fa01&scheme=1

Figure 5
Click here to download high resolution image



http://ees.elsevier.com/jerg/download.aspx?id=168141&guid=68fce942-781d-48eb-bb1f-85c118bd3613&scheme=1

Figure 6
Click here to download high resolution image

Very comfortable

Comfortable

Neither comfort or discomfort
(Indifferent)

Ratheruncomfortable

Very uncomfortable



http://ees.elsevier.com/jerg/download.aspx?id=168142&guid=8c54d1fb-d123-4104-b238-d449a6008d19&scheme=1

Figure 7
Click here to download high resolution image

(A) (B) (€)


http://ees.elsevier.com/jerg/download.aspx?id=168143&guid=461b0ea8-4ab1-4aa9-b9cd-5a268d17c600&scheme=1

Figure 8
Click here to download high resolution image

Movement

-
=
-
O .
o
;
=
S8
=
O
=

.

ACQUISITIONTIME

L


http://ees.elsevier.com/jerg/download.aspx?id=168144&guid=a191be64-055b-442c-9681-bfa6d071a13c&scheme=1

Figure 9
Click here to download high resolution image

B

| aaiasas



http://ees.elsevier.com/jerg/download.aspx?id=168145&guid=2079311d-7029-42a6-8d6c-5ca717b9a814&scheme=1

Figure 10
Click here to download high resolution image

Movements

-
=
-d
o)
o
s
=
wi
>
O
=

ACQUISITIONTIME



http://ees.elsevier.com/jerg/download.aspx?id=168146&guid=b93380fe-bca4-446c-a574-cd152248b46b&scheme=1

Click here to download high resolution image

Age |[Mass|Height| Body

Mass

(years)| Kg m Index
Mean 21,4| 66,7 1,7 22,3
Std.Deviation 0t Azl 0)al 7) 2!
Minimum 21 48 1,6 18,6
Maxmum 22 95 1,9 27,8



http://ees.elsevier.com/jerg/download.aspx?id=168150&guid=7dff163d-4d69-4d43-a141-7af154241ea6&scheme=1

Table 2
Click here to download high resolution image

Very comfortable

2
Comfortable 1
Neither comfort or discomfort (Indifferent) 0
Rather uncomfortable 1

Very uncomfortable



http://ees.elsevier.com/jerg/download.aspx?id=168151&guid=69893d66-ca68-4fc5-b0c9-ec4042eb0a35&scheme=1

Table 3
Click here to download high resolution image

Treshold Mean (n) | Maximum | Minimum | Std.Deviation
Level5 83,1 158 8 34,1
Level 10 37,6 100 2 21,1
Level20 10,2 43 0 9,4
Level25 5,8 31 0 6,7
Level30| 3.333 19 0 4,3
Rg Level5 41,9 80 5 18,1
Lf Level5 50,0 78 3 16,7
Rg Level10 17,9 49 0 10,6
Lf Levell0 19,3 51 2 ililfo
Rg Level20 4,8 20 0 5,0
Lf Level20 B 23 0 4,9
Rg Level25 2,9 16 0 3,5
Lf Level25 2,9 15 0 3,4
Rg Level30 1,7 10 0 2,3
Lf Level30 117, 10 0 251



http://ees.elsevier.com/jerg/download.aspx?id=168152&guid=14913651-9bcc-42a6-8a0e-6907975edb7b&scheme=1

Table 4

Click here to download high resolution image

Level5| LevellO| Level20| Level25| Level30
Overall 0,134 0212*| 0,335*| 0,342*| '0,327*
comfort
P13 -0,014| 0,081 0,210*| 0,229* 0,174
P14 0,172 0,250*| 0,307 0.281*%| 0,200*
P15 -0,013 0,110( 0,316*| 0,369*| 0,358*
P16 0,084| 0,203*| 0,364*| 0,406*| 0,349*
P17 0,072 0,151| 0,274*| 0,305*| 0,257*
P18 0,080| 0,155| 0,277*| 0,320*| 0,268*
P19 0,019 0,077| 0,190| 0,243*| 0,216*
P20 -0,001 0,076| 0,207*| 0,235*| 0,219*



http://ees.elsevier.com/jerg/download.aspx?id=168153&guid=a5c6e6ab-5468-4a8d-ab49-75b471bd063d&scheme=1

Table 5

Clic

k here to download high resolution image

Left Right

M.Dx5mm | -0.203* 0.179
M.Sx5mm| 0.131| -0.109
M.Dx10mm| 0.150| -0.192
M.Sx 10mm | 0.016| -0.013
M.Dx20mm| 0.083| -0.120
M.Sx 20mm | -0.144 0.168
M.Dx25mm| 0.057| -0.094
M.Sx 25mm | 0.245* | -0.225*
M.Dx30mm/| 0.201*| -0.251*
M.Sx30mm | -0.114 0.131



http://ees.elsevier.com/jerg/download.aspx?id=168154&guid=48d908c7-105e-4629-824f-fc900b9993ff&scheme=1

Tables in MSWord
Click here to download Supplementary Interactive Plot Data (CSV): Tabelle.docx


http://ees.elsevier.com/jerg/download.aspx?id=168155&guid=d09352b4-6f24-4abf-b31c-3e3b02486482&scheme=1

