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ABSTRACT 
This research aims to study the effect of seat and/or backrest rotation on comfort and quality of conversation. Different sitting arrangements were tested to study the effect of the seat layout on: 1) (dis)comfort experience; 2) conversation quality and 3) postures. Two seats were arranged in different angles (0°, 45°, 90°, and 180°) at the same distance (1 meter) and participants were asked to talk to each other. The participants' postures were acquired by using cameras and markers on the participants' body. Questionnaires were used to rate the perceived (dis)comfort and quality of conversation. Results show that 90° configuration scored the best both in overall comfort and quality of conversation; while the 0° configuration scored the lowest in both ratings. A strong correlation was established between high comfort and good quality of conversation.
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Introduction

While travelling in trains, airplanes or future autonomous driving cars passengers perform various activities. The most mentioned are sleeping, listening to music, reading, talking and doing nothing (Greghi et al., 2012; Groenesteijn et al., 2014; Kamp et al., 2011; Lille et al., 2016). There are indications that the trend for travelling in groups is rising. In 2017 more than 28% of the passengers at Schiphol airport travelled with more than one accompanying passenger (Homburg, 2017). Young people are the driver of this trend, as millennials (born 1980s-2000s) are found to be more keen on social interaction than older business travellers (“CWT Connected Traveler Study,” 2017): 58% of millennials prefer to travel with others, in contrast, only 29% of the Baby Boomers (born 1940s-1960s) prefer to travel in groups. This implies that the need for conversation during travel will probably increase. 
However, it is often hard to interact with anyone in the plane or in the car, even though some vehicles, such as autonomous driving cars, already allow their passengers to have more time for conversation (Lille et al., 2016).
Furthermore, improving aircraft passenger’s comfort requires knowledge about their perception and eliciting conditions (Ahmadpour et al. 2014).
This paper focuses on the comfortable communication model (Dumur et al., 2004) where comfort means that passengers can behave socially, that people travelling together can talk to each other, and can interact with their neighbours in a comfortable way, so they can have the sensation that all passengers form a group sharing a common experience.
During a social interaction, people surround themselves with a bubble of defined and organized space, which is internalized at an unconscious level (Hall, 1966). Respecting this space could improve the comfort during a social interaction. There have been studies on the distances between standing persons to facilitate communication. Hall (1966) stated there are four interpersonal distances important in social interactions (Figure 1): intimate (from 0 to 45cm) reserved for lovers, pets and family’s members; personal (from 45 cm to 1.2 m) reserved for friends; social (from 1.2m to 3.7m) reserved for strangers and newly formed group; and public (from 3.7m to 7.6m) for a large audience. 
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[bookmark: _Ref519859268][bookmark: _Ref519859249]Figure 1: Four interpersonal distances during social interaction according to Hall, 1990

In addition, Sommer (1962) found that, during a social interaction, opposite seats are preferred to the side-by-side sitting at smaller distances.
Concerning the interpersonal communication that is the communication between one person and another (or others), both verbal and nonverbal communication, or body language, play a part in how one person understands another. The aim of this work is not to analyse the quality of communication, but the people’s perceived discomfort while they are engaged in a conversation in a tested configuration, thus through the conversation quality and postures analysis.
However, for the design of autonomous car and aircraft interiors information on seated positions for social interactions is needed. 
A study from Nguyen (2016) indicated that the best sitting arrangement for communication and comfort was a L-shaped configuration.
In most vehicles, passengers sit aside and should turn their eyes, heads, shoulders, torso or whole body to be engaged in the conversation (Groenesteijn et al., 2014). But, rotating the body too much – especially for a prolonged amount of time – could cause discomfort. Regarding the neck, Naddeo et al. (2015) showed that the comfortable range of the head rotation is limited (Figure 2).
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[bookmark: _Ref519859335]Figure 2: Comfort scores for different head rotations on a scale from 1-10 (10 is most comfortable) (Naddeo, 2017)

As concluded by Helander and Zhang (1997) and Zhang et al. (1996), sitting discomfort and comfort are based on different factors. Feelings of discomfort are associated with pain, tiredness, soreness and numbness, where comfort is associated with feelings of relaxation and well-being. 
Different studies (Andreoni et al., 2001; Christensen and Nilsson, 1999) show that the most comfortable position corresponds to the neutral position of the joints or resting body, called Rest Posture. In the Rest Posture human muscles are relaxed or at minimum strain level, that minimizes muscle activity, strain in the ligaments and optimizes the comfort perception (Galinsky et al., 2000). It would be ideal if seats and/or backrests could rotate to facilitate the conversation and to ensure the highest comfort. 
Despite this background, there is no research regarding the (dis)comfort and quality of conversation while sitting in different angles towards each other.
Therefore, the aim of this study is to find the best configuration to improve the quality of conversation, improve postural comfort and reduce discomfort. The output of this research could be a basis for designing autonomous car, train and aircraft interiors.
The research question is: What is the effect of seat layout on: 1) (dis)comfort experience; 2) conversation quality and 3) postures? 
Method
To answer this research question the effect of four different sitting arrangements on quality of conversation, perceived (dis)comfort and taken posture was studied. For each sitting arrangement, two seats were placed in different angles (0°, 45°, 90°, and 180°) to each other at a distance of 1 meter, that is in the personal space suitable for friends during social interaction (Hall, 1966). This distance was set up considering the centre of each seat as a reference point (Figure 3). 
The experiment was done in a classroom at Delft University of Technology where 18 office chairs were set up using rulers, measuring tapes, goniometers and markers on the floor. The room was divided into 4 zones; each representing a configuration (0°, 45°, 90° and 180°).
[image: C:\Users\iolan\AppData\Local\Microsoft\Windows\INetCacheContent.Word\Configurations.jpg]
Figure 3: Seating arrangements examined

Thirty-six healthy participants, randomly recruited among students of TU Delft, 14 females and 22 males, took part in this study. Table 1 represents the demographic data of the participants.
[bookmark: _Ref519859439]Table 1: Demographics of the samples (n=36)

	
	Range
	Mean
	SD

	Age (years)
	21-28
	22,86
	1,74

	Height (cm)
	160-195
	177,10
	9,53

	Weight (kg)
	53-110
	71,08
	11,49



All participants belong to the millennial age group (“CWT Connected Traveler Study,” 2017). It is assumed that the participants in this test are categorized as acquaintances, since most knew each other before the experiment.
The participants were divided in 9 groups of 4 persons. Of each group two were sitting-participants and the other two were observers, switching roles after each session. The order of the experiment was determined using a Latin square scheme (Fisher, 1992) to minimize the order effect.
During the experiment, the observers took pictures from three different views (top view, lateral view and frontal view) at three different moments in the experiment (start, middle and end) to capture information about postural angles. The pictures were analysed through Kinovea® software to collect postural angles. 
Protocol
Each subject was given a written experiment protocol and asked to sign an informed consent prior to the experiment. After that, the instructions of the experiment were explained and the participants were divided into groups of 4 persons. In each group two people were asked to sit for 10 minutes and talk about a given topic previously discussed in the classroom:
· the paper of Molenbroek et al. (2017) 
· chapter 4 of the book “Aircraft interior comfort and design” (Vink and Brauer, 2011)
The given topic was meant to make the sitting-participants feel at ease in having the conversation (Sommer, 1962). At the end of the 10-minute conversation, the participants were asked to complete the questionnaire on the (dis)comfort and quality of conversation. 
The two observers watched the sitting participants and took pictures (at the beginning, minute 4:30 until 5, and minute 9:30 until 10). The pictures were taken from the front-, side-, and top-view of each person. At the end of the 10-minute conversation, the observer rated the overall comfort and quality of conversation of the sitting participant. After 15 minutes (10 minutes in a seats configuration and 5 minutes to complete the questionnaire) each participant in each group changed his/her role from sitting to observer and vice versa. After 30 minutes, each group went to a different sitting configuration. Figure 4 shows the protocol of the experiment in a timeline.
[image: C:\Users\iolan\AppData\Local\Microsoft\Windows\INetCacheContent.Word\Table.jpg]
[bookmark: _Ref519859608][bookmark: _Ref519859600]Figure 4: Protocol of experiment plotted along the time axis


Questionnaire
Questionnaires were used to evaluate each sitting arrangement (see Appendix). Each sitting participant was asked to rate the Localized Postural Discomfort (LPD) (Grinten, 1992) for their upper-body (eyes, neck, shoulder, trunk, lumbar spine, pelvic). A 7-point Likert scale was used to assess this discomfort (1 = No discomfort and 7 = Extremely discomfortable). The LPD instrument was meant to help the participant in answering during the experiment. The visual map helps to focus on the various body regions and the 7-point scale helps to give an immediate response, without losing the discomfort perception. Several authors, such as Hiemstra-van Mastrigt et al. (2015; 2016), Bouwens et al. (2018) ,Van Veen et al. (2015), used the LPD questionnaire to analyse discomfort perception.
To evaluate the quality of conversation, four questions (Figure 5) were included using a seven-point Likert scale (Joshi et al., 2015) (from 1 = Extremely Disagree to 7 = Extremely Agree). Those questions were meant to get an idea about the participants’ feelings during the social interaction in a specific configuration, focusing on if they felt at ease or not. An appropriate questionnaire model for this case had not been found in the literature. 
Participants also had to give an overall rating for comfort (10-scale: 1 = No comfort and 10 = Extremely comfortable) and for quality of conversation	 (10-scale: 1 = Very bad and 10 = Very Good) for each configuration. At the end of the experiment, after experiencing all configurations, each participant was asked to choose which configuration they preferred, both for overall comfort and quality of conversation, and they were asked to add an argument for the choice.
Additionally, the observers were also asked to rate their impression of the overall comfort and the quality of conversation with a 10-point scale, to see whether people outside the conversation could correctly rate the comfort and conversation quality. 
Analysis
Comfort and discomfort analysis
All questionnaire data and results from analysing the pictures were gathered and analysed using IBM® SPSS® Statistics version 24. A Wilcoxon signed ranked test was performed to compare results of the questionnaire for each participant and for each configuration. It was useful to understand if participants answered properly for each configuration. In this case, Wilcoxon is used to analyse comfort and discomfort as discomfort may be not normally distributed (Groenesteijn, 2015). With the Wilcoxon test the significance was determined at P=0.05 for each configuration.
Posture analysis
In order to acquire the postural angles, the photos were processed using Kinovea® software. Analysis was made of the following upper limbs movements: head rotation, head bending, shoulder rotation, shoulder bending, trunk rotation, trunk bending and trunk flexion. Body rotation was analysed in the transverse plane, body flexion in the frontal plane and body bending in the sagittal plane. The angles found are defined as the angles between two segments: the first is the line passing corresponding body part in the Rest Posture (when the body leans back against the chair) and the second is the same line after the movement. And more specifically, for the shoulder rotation the line is the one between the acromion processes, while for the head rotation the line is the one passing the centre of the neck and the nose base. An example of the postural angle acquisition is shown in the Figure 5.

[image: C:\Users\iolan\AppData\Local\Microsoft\Windows\INetCacheContent.Word\silvanaontop3.jpg]
Figure 5: Example of neck and shoulders postural angle acquisition
Results 
 (Dis)comfort experience
	
	Eyes
	Neck
	Shoulders
	Upper back
	Lower back
	Buttock

	0°
	2,14
	3,86
	3,49
	3,29
	3,23
	2,86

	45°
	1,57
	2,74
	2,57
	2,51
	2,20
	2,26

	90°
	1,47
	2,21
	2,12
	1,85
	1,88
	1,97

	180°
	1,71
	1,94
	1,88
	2,15
	2,12
	2,15

	
	
	
	
	
	
	


[bookmark: _Ref519859567]Table 2: Mean Values from LPD questionnaire, where 1 = no discomfort and 7 = extremely discomfortable. 

Table 2 and Figure 6 show that the neck scored the highest values of discomfort for the 0˚, 45˚ and 90˚ configurations. The 0° configuration has the highest discomfort for all recorded body parts, followed by 45°, except for the eyes, which was the second most uncomfortable in the 180° configuration. In the questionnaires often the participants mentioned that the 180° configuration forced them to have eye to eye contact. 
The 90° configuration showed the lowest discomfort, apart from the neck and the shoulders, where the 180˚ configuration scored less discomfort.
 The recordings of the angles show that participants tend to rotate the neck and the shoulder to make the face-to-face contact. 
[bookmark: _Ref519859844]Figure 6: Mean values from LPD questionnaire (* means significant differences between configurations) 

Conversation quality
Regarding the quality of conversation, a majority of the participants felt restricted in the social interaction in the 0° configuration. In the 180° configuration participants reported that they could easily understand each other in the conversation, but felt invaded in their personal space. The 90° configuration scored the highest value of “I feel at ease during the conversation”, meaning participants could feel more at ease during the conversation in this configuration than the others (Figure 7).
The 90° configuration scored the highest values both in overall comfort and quality of conversation, followed by 180°, 45° and 0° configurations (Figure 8), thus on the whole it could be the best configuration.[bookmark: _Ref519859749]Figure 7: Results from questionnaire quality of conversation (1=extremely disagree, 7=extremely agree)


After sitting in each seat configuration, each participant was asked to choose their most preferred configuration (Figure 9). The majority of participants rated the 90° as the preferred configuration explaining that this configuration allows them to have a comfortable posture with less discomfort during the social interaction.

[bookmark: _Ref519859875]Figure 8: Mean Values of Overall comfort (1=no comfort, 10=extremely comfortable) and Quality of conversation (1=very bad, 10=very good) 



Figure 9: Percentile of preferred configuration that participant rated

[bookmark: _Ref511515452]Table 3: Mean values of angles for the best sitting arrangement 
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	Mean α or Mean β
	Mean γ

	
	52.6°
	105.2°

	
	36°
	116.5°

	
	31.25°
	149.7°



Postures
The results of posture analysis show that for each configuration, with the exception of 180° configuration, the sitting participants rotated the upper part of their body. There were individual differences. In the 0° configuration the participants rotated or the shoulders (19%) or the neck (38%) or less the shoulder and more the neck or vice versa (43%). 
Finally, the results of the mean values of the postural angles (α and β) are shown in Table 3. 
α and β represent the rotation of neck and shoulders of participants, γ is the angle between the two participants recorded during the conversation (considering a triangle, having two angles at the basis, the third angle can be easily found and it represents the ideal configuration, where participants might be in Rest Posture). 
Table 3 shows that increasing the angles of the sitting arrangement, the mean values of α and β decrease because the people need to rotate less their body parts to have an eye-to-eye contact. 


Correlations
To understand the correlation between the acquired data a statistical analysis was performed using SPSS. Pearson correlation coefficients were calculated to determine the strength of the relationships between all the variables.

Some relevant results were obtained from the correlations between the outcomes:
(** Correlation is significant at the 0.01 level)
1. There is a moderate correlation between the overall comfort and the quality of conversation (r=.542**);
2. There is a negative correlation between the angles regarding the neck rotation and shoulder rotation for the 0˚ configuration (r=-.503**) and a positive correlation for the 180° configuration (r=.694**);
3. There is a weak correlation between the postural angles and overall comfort and between postural angles and body discomfort.
The effect of the quality of conversation to body part discomfort?
The absence of correlations between postural angles and discomfort and between postural angles and overall comfort could be caused by the relative weight of the quality of conversation on overall comfort. 
In order to support the hypothesis, a sensitivity analysis was done by building a mathematical function in order to determine the impact of the variable “Quality of conversation” on the overall comfort. 
The mathematical function has been built through the weighted means of data derived from postural comfort and quality of communication, it means defined as the linear combination of two factors: body part discomfort and quality of conversation.



 In which:  

	A
	0.2
	0.4
	0.6
	0.8

	B
	0.8
	0.6
	0.4
	0.2


[bookmark: _Ref519860005]
[bookmark: _Ref520200668][bookmark: _Ref520200644]Table 4: Combination of A and B for the New Global Index.

The Sensitivity analysis consist of changing the factors assigning complementary values to the coefficients A and B (Table 4) to see what effect is produced on the sensitivity index. 
A statistical analysis, with Pearson’s correlation coefficients, was performed to verify a possible correlation between the sensitivity index and the overall comfort. This analysis revealed that increasing B, thus increasing the weight of the quality of conversation, the sensitivity index shows a stronger correlation with the overall comfort for each configuration (Figure 10). 
[bookmark: _Ref519860038]Figure 10: Sensitivity analysis for each configuration

Discussion
Answering the research question, the results show that 90° is more preferred for both comfort and communication. This is in align with the study of Nguyen (2016) where the L-shaped configuration performed better than the Opposite (180˚) and Side-by- Side (0˚) set up. Maines (1979) describes that in the 180° configuration people felt uncomfortable as they are forced to face each other, which was affirmed in this study as well. 
The 0° configuration scored the lowest in both comfort and quality of conversation since the sitting arrangement does not facilitate conversation and requires rotation of the body. This sitting configuration however, is most frequently used in cars, buses, trains and airplanes.

Thus, the 90° configuration represents the best compromise for a conversation, since it allows to have a comfortable posture with minimal discomfort and a good quality of conversation, while avoiding the forced eye-to-eye contact between neighbours.

However, the postural analysis shows that even in the highest scored configuration (90° configuration) participants have to rotate parts of their body, which could cause discomfort in the long run. Several studies show that discomfort increase over time (Sammonds et al., 2017; Vink et al., 2017; Hiemstra-van Mastrigt et al., 2016; Smulders et al., 2016). Further research is advised to look at long term effects and check the effect of angles in between the 90° and 180° configurations.

The strong correlation between the overall comfort and the quality of conversation confirms the studies by Helander and Zhang (1997) and Zhang et al. (1996); the quality of conversation, that is associated with the emotions, influences the overall comfort perceived by each participant while it doesn’t influence the LPD, that is associated with physical pain. 
Furthermore, it confirms also the work of Ahmadpour (2014) which, in relation to passenger comfort, showed the importance of psychological and social experiences for creating comfort.
Limitations of the setup
There are some limitations of this study that need to be acknowledged. Firstly, there are not literature studies on methods, tools, techniques to evaluate the quality of conversation. Then, the group of participants were homogeneous, as they were all young (21-28y) and most of them students. However, literature research showed that young people do travel more in groups. Thus, this sample might represent the group involved in this trend. 
During the experiment the participants were asked only to talk about a given topic without defining precisely other conditions. This resulted in too many degrees of freedom for the participants, who sometimes assumed unexpected postures or used devices like books or mobile-phones during social interaction to substantiate their conversation. This aspect caused some problems with the pictures analysis, giving the possibility to analyse only pictures taken at minute 4:30 until 5. Therefore, it was not possible to have a deeper postural analysis, e.g. based on time. Future studies could consider a different method for postural acquisition to prevent these issues. On the other hand, this kind of freedom represents reality as well. 
Furthermore, it was not possible to reproduce a realistic context during the experiment. The context was simulated in a classroom using normal office chairs. This also influences the validity of the experiment. It is advised to do the experiment again in a moving vehicle where the environment can be seen or in a restricted area of a cabin, using also seat belts to be nearer to cars or airplanes environment.
In addition, the distance of 1 meter theoretically is within the personal space between friends as presented in Figure 1. However, in reality most vehicles cannot afford to provide a 1-meter in-between seat allowance because the car size is usually limiting. Current vehicles have the side by side (0°) configuration to save space, thus a further analysis is required to save space and money with a more adequate distance.
Conclusions
In most of the current vehicles, passengers travel side by side. There is a growing number of passengers travelling in groups (“CWT Connected Traveler Study,” 2017) and for these passengers the side by side configuration is not optimal. 

The 90° sitting arrangement was found to be the most preferred for both comfort and quality of conversation, allowing to obtain a comfortable posture with minimal discomfort and a qualitative conversation without forced eye-contact. In interior design more attention is advised for using a similar configuration. 
 
Regarding the (dis)comfort experience and conversation quality, the 0° configuration was found to score the lowest on both aspects and also was the least preferred of all arrangements. 

Regarding the postures, it has been observed that for 0°, 45° and 90° configurations the participants needed to rotate their body to engage in a conversation. These postural angles may be used as guidelines for future interior and seat designs.

There was no correlation between (dis)comfort and local postural discomfort and postural angles, though it was found that there is a strong correlation between comfort and quality of conversation. A sensitivity analysis was performed and a new index was calculated as a linear weighted of the body postural discomfort and the quality of conversation. A strong correlation between the new index and the overall comfort was found in correspondence of the highest value of the quality conversation weight. This shows that the perceived overall comfort was strongly influenced by the quality of conversation the participants had. 
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Appendix: Questionnaire of LPD and Quality of conversation
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Part of questionnaire used for the experiment. Question 9 is the LPD, questions from 10 to 13 are about the quality of conversation, questions 14 and 15 about overall comfort and overall quality of conversation, respectively.

BODY DISCOMFORT
0°	[Eyes]	  [Neck]	  [Shoulders]	 [Upper back]	 [Lower back]	 [Buttox]	2.1428571428571428	3.8571428571428572	3.4857142857142858	3.2857142857142856	3.2285714285714286	2.8571428571428572	45°	*
*
*
*
*
*

[Eyes]	  [Neck]	  [Shoulders]	 [Upper back]	 [Lower back]	 [Buttox]	1.5714285714285714	2.7428571428571429	2.5714285714285716	2.5142857142857142	2.2000000000000002	2.2571428571428571	90°	[Eyes]	  [Neck]	  [Shoulders]	 [Upper back]	 [Lower back]	 [Buttox]	1.4705882352941178	2.2058823529411766	2.1176470588235294	1.8529411764705883	1.8823529411764706	1.9705882352941178	180°	[Eyes]	  [Neck]	  [Shoulders]	 [Upper back]	 [Lower back]	 [Buttox]	1.7058823529411764	1.9411764705882353	1.8823529411764706	2.1470588235294117	2.1176470588235294	2.1470588235294117	



180°	Communication (in this posture) is easy to understand	I feel at ease during the conversation	I feel limited in the social interactions	I feel invaded in my personal space	6.1818181818181817	5.2121212121212119	2.7878787878787881	4	90°	Communication (in this posture) is easy to understand	I feel at ease during the conversation	I feel limited in the social interactions	I feel invaded in my personal space	6.03125	5.96875	2.5625	2.15625	45°	Communication (in this posture) is easy to understand	I feel at ease during the conversation	I feel limited in the social interactions	I feel invaded in my personal space	5.5714285714285712	5.5714285714285712	3.2285714285714286	2.0571428571428569	0°	Communication (in this posture) is easy to understand	I feel at ease during the conversation	I feel limited in the social interactions	I feel invaded in my personal space	4.4411764705882355	4.4117647058823533	4.5	2	



Comparision between Overall comfort and Quality of communication
Overall Comfort	
0°	45°	90°	180°	5.66	7.26	7.82	7.38	Quality of comm.	
0°	45°	90°	180°	7.29	8.14	8.26	8.0299999999999994	Configurations




Seat Configuration Preference

90°	45°	180°	0°	17	9	7	1	

45°	
0.2	0.4	0.6	0.8	-8.9021907682632795E-2	3.8869941579071083E-4	9.2098752813236484E-2	0.15689307337619293	180°	[VALORE]*
[VALORE]**

0.2	0.4	0.6	0.8	-0.05	0.17299999999999999	0.38	0.49399999999999999	0°	[VALORE]*
[VALORE]**

0.2	0.4	0.6	0.8	-9.4E-2	0.182	0.48599999999999999	0.63300000000000001	90°	[VALORE]*
[VALORE]**

0.2	0.4	0.6	0.8	-6.5000000000000002E-2	0.20399999999999999	0.41499999999999998	0.50900000000000001	B (quality of conversation)

Correlation Index
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