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ABSTRACT

Comfort is a sensation and state of being that many people seek when they are
working in the office, driving in a car, flying on an airplane, or laying in a hospital bed.
The literature identifies many definitions and interpretations for comfort and discomfort,
and many different ways that researchers have tried to measure comfort and discomfort.
de Looze proposed a model to explain the relationship between comfort and discomfort
using three key components: (a) the human, (b) the product, and (c) the environment.
This dissertation added a measurement component to the model.

In a repeated measures design, subjects (n=35) sat in three different office chairs
for 60 minutes each on two different dates. Researchers collected subjective survey data
and objective electronic data related to perceived sitting comfort and discomfort while
participants completed office computer tasks. Data were analyzed to predict and quantify
office worker seated comfort and discomfort using linear modeling and neural network
modeling.

Correlation values from the linear regression model developed in this experiment
were R? < 0.70, while the single hidden-layer neural network model predicted the
comfort/discomfort responses with a higher correlation (R*=0.997). The 35 subjects in
the study perceived measurable comfort differences between the three chairs tested.
Subjective questions that treated comfort and discomfort in a non-linear relationship
discriminated chair differences better than questions using a linear relationship. There
was no significant difference between male and female comfort/discomfort responses.
Comfort ratings decreased over time, while discomfort increased over time; at least 45-
minute comfort testing is needed to understand subjects’ comfort/discomfort in a

particular office chair.



Five common factors that were important to the model included: (a) fit of the
product to the person, (b) the features of the product itself, (c) the time spent with the

product, (d) the subjective questions, and (e) the objective pressure measurements.
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ABSTRACT

Comfort is a sensation and state of being that many people seek when they are
working in the office, driving in a car, flying on an airplane, or laying in a hospital bed.
The literature identifies many definitions and interpretations for comfort and discomfort,
and many different ways that researchers have tried to measure comfort and discomfort.
de Looze proposed a model to explain the relationship between comfort and discomfort
using three key components: (a) the human, (b) the product, and (c) the environment.
This dissertation added a measurement component to the model.

In a repeated measures design, subjects (n=35) sat in three different office chairs
for 60 minutes each on two different dates. Researchers collected subjective survey data
and objective electronic data related to perceived sitting comfort and discomfort while
participants completed office computer tasks. Data were analyzed to predict and quantify
office worker seated comfort and discomfort using linear modeling and neural network
modeling.

Correlation values from the linear regression model developed in this experiment
were R? < 0.70, while the single hidden-layer neural network model predicted the
comfort/discomfort responses with a higher correlation (R>=0.9966). The 35 subjects in
the study perceived measurable comfort differences between the three chairs tested.
Subjective questions that treated comfort and discomfort in a non-linear relationship
discriminated chair differences better than questions using a linear relationship. There
was no significant difference between male and female comfort/discomfort responses.
Comfort ratings decreased over time, while discomfort increased over time; at least 45-
minute comfort testing is needed to understand subjects’ comfort/discomfort in a

particular office chair.



Five common factors that were important to the model included: (a) fit of the
product to the person, (b) the features of the product itself, (c) the time spent with the

product, (d) the subjective questions, and (e) the objective pressure measurements.
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CHAPTER 1. INTRODUCTION

Whether they work in an office or factory, travel in a plane, car, or train, or sleep
on a bed, humans want to feel comfortable. People want to be comfortable and not have
signs of discomfort as they go about their daily tasks and routines. Comfort is usually
also a criterion for purchasing a particular product or for promoting worker productivity
in an office. The understanding is that if people purchase and use a comfortable product,
then they will expect to be more productive and healthy throughout their day (Bhatnager,
Drury, & Schiro, 1985).

Research that involves comfort evaluations exists in many industries:
manufacturing (hand tools (Kuijt-Evers, Bosch, Huysmans, de Looze, & Vink, 2007)),
medical (wheelchair patients (Crawford, Stinson, Walsh, & Porter-Armstrong, 2005)),
automotive (driver), office (chairs (Groenesteijn, Vink, de Looze, & Krause, 2009)),
bedding (mattresses (H. Lee & Park, 2006)), acrospace (jet pilot seats (Jackson, Emck,
Hunston, & Jarvis, 2009)), and apparel (clothing (Barwood, Newton, & Tipton, 2009)).

The literature shows many definitions and interpretations for comfort and
discomfort (Helander & Zhang, 1997). Researchers have tried many different ways to
measure comfort and discomfort (Straker, 2003). Some measurement tools are based on
objective outcomes using electronic equipment, while others are subjective and based on
people’s perception.

A sitting comfort review was conducted by de Looze et al. (2003), summarizing
theories and research that focused on subjective and objective measures for sitting
comfort. The review by de Looze also proposed a model to explain the relationship
between comfort and discomfort and three key components that influenced
comfort/discomfort: (a) the human, (b) the product, and (c) the environment. This
dissertation discusses a brief history of comfort research and theories, then using existing

literature, illustrates how others have tried to validate the model proposed by de Looze, et



al. It also discusses some of the shortcomings of the model and recommends areas of
research that appear to be missing in the model, and other factors that could be added to
the model. Finally, a specific investigation is conducted and the findings presented to

further refine the parameters of determining Comfort/Discomfort.

1.1 Brief History of Comfort/Discomfort

Aviation researchers were looking for ways to make comfortable seats for
military pilots who would spend 15 hours in seated flight (Hertzberg, 1958). Hertzberg
postulated that comfort and discomfort are not two different states of consciousness, but
“that there is only one, discomfort, and that ‘comfort’ is only the absence of discomfort”.
With this same definition of comfort and discomfort Shackel et al. (1969) used a linear
scale to select an appropriate office chair for workers. Richards (1980) also theorized that
comfort and discomfort were two states that existed on different extremes of the same
linear continuum.

Kamijo et al. (1982) postulated that comfort and discomfort were each influenced
by its own set of variables and suggested that objective and subjective measures were
needed to assess them both. The strongest research supporting a non-linear relationship
between comfort and discomfort came from Zhang and Helander (1992) and Zhang et al.
(1996). These two studies showed that there were different sets of descriptors that people
used for comfort and discomfort, and they were based on independent factors. Comfort
was associated with well-being while discomfort was associated with soreness, pain, and
tiredness. A study was then conducted to verify the non-linear model of comfort and
discomfort (Helander & Zhang, 1997). He observed in this study that discomfort has a
dominant effect on comfort because when responses tended toward high discomfort,
comfort ratings dropped quickly. An additional observation was that aesthetic design
influenced the user’s perception of the product’s comfort (Helander & Zhang, 1997;

Helander, 2003).



1.1.1 Further Discussion on Comfort vs. Discomfort

Part of the issue with understanding people’s perception of comfort or discomfort
is in the definitions and modeling of the two concepts. There has been a debate on the
definitions of comfort and discomfort (Bishu, Hallbeck, Riley, & Stentz, 1991; Lueder,
1983; Richards, 1980; Vink, 2002; Zhang et al., 1996). Hertzberg defined comfort as the
“absence of discomfort” (Hertzberg, 1958), suggesting that comfort was not present when
someone felt discomfort. This definition seems to be a binary definition—one is either
feeling comfort or feeling discomfort—it is either a “yes” or “no”. Shackel et. al. (1969)
added some gray area to this definition and stated that comfort and discomfort are on the

same continuous scale with comfort on one end and discomfort at the other (Figure 1).

COMFORT «(_) > DISCOMFORT

Figure 1. Linear definition showing comfort and discomfort on opposite extremes of the
same spectrum.

These proponents argued that someone can feel various degrees of comfort or
discomfort along a continuous scale. Unfortunately, this definition could not explain why
people could feel comfortable and uncomfortable (discomfort) at the same time. Zhang
et. al. (1996) and Helander and Zhang (1997) argued that comfort and discomfort are not
on the same linear scale, but are different entities that are related non-linearly. This
definition significantly changed the way people looked at comfort and discomfort.

Zhang’s (1996) definition has become the most accepted model as his study
showed significant differences between comfort and discomfort: “comfort is associated

with feelings of relaxation and well-being...and aesthetic design” (p.388); “discomfort is



associated with biomechanical factors...that produce feelings of pain, soreness,
numbness, stiffness, and so on” (p. 388).

According to Zhang, researchers must ask individuals to judge their comfort and
discomfort separately using a set of questions that describe the sensation of comfort or
discomfort. This type of evaluation allows an accurate depiction of what type of seat is
comfortable or uncomfortable to the individual. Helander (2003) wrote a paper
emphasizing the difference between comfort and discomfort, saying that comfort is
primarily a perception, while discomfort is a secondary measure. Comfort is more of an
emotional state, while discomfort is more of a physical state of being. He also argued that
aesthetics of a seat’s appearance would influence the amount of comfort that a user would
experience (Helander & Zhang, 1997; Helander, 2003). All of these definitions are
important in understanding comfort and discomfort, but it is also important to understand

how these two perceptions were measured.

1.1.2 de Looze Model

de Looze et al. (2003) introduced a comprehensive model illustrating the non-
linear relationship between comfort and discomfort, as well as the dominant effect of
discomfort in the model. They also specify three main influencers for comfort/discomfort
assessment: (a) the human, (b) the product, and (c) the environment. The de Looze model
is the most comprehensive model that exists thus far in the literature, accounting for
human influencers of comfort/discomfort, as well as product and environmental factors.

In the de Looze model (Figure 2), discomfort (on left side of model) has a
dominant effect on comfort (right side of model).The three categories of influencers are
also shown. On the discomfort side, de Looze et al. suggested that the human’s physical
capacity (endurance and weight) and physiological processes (skin temperature, muscle
activation, and nerve conduction) can influence perceptions of discomfort. There may

even be interactions between the physical capacity and the physical processes for the



user. On the comfort side, emotions and expectations will influence how the human
perceives the comfort of the product. (i.e. the person is feeling happy [emotions] and sees

a soft-looking seat—this should mean that the seat will be comfortable to him or her

cOMp NFO
& ®) (3

[expectations]).

Aesthetic design

g 1] [10] |2 3 4
2 PhySiQal Physical Emotions »_) N Expectations
Z Capacity [ Processes
= A4 13
— 11 — 14 4
|5 .
= wn . 6
25 Physical features || 12 Physical features |
O &
24

If

8 9

Physical Environment A Fl]?;}/{lronment

\ Task / \ Psychosocial Aspects /
J

ENVIRONMENT

’//F

7

Figure 2. de Looze comfort model showing the 14 parts of the model and interactions.
See Table 1 for specifics on each number in the diagram.

For the assessment of discomfort and comfort, the product can be influenced by

its physical features: cushion thickness, contours, lumbar support, size and dimensions.



As noted by Helander (2003) and Kuijt-Evers et al. (2005) the aesthetic design of the
product can influence the user’s perception of comfort. Discomfort and comfort can be
influenced by the physical environment (temperature, lighting) as well as the task being
performed (typing, filing, and driving). Psychosocial aspects (job satisfaction,
interactions with colleagues) can influence the user’s perception of comfort.

The de Looze model shows interactions between physical human capacity and
physiological processes (ability for muscles to endure long term sitting), product features
and human physical processes (contour of seat alleviating pain on the buttocks), physical
environment/task and human physical processes (warm room and body temperature
discomfort), human emotions and physical environment/task/psychosocial aspects (user
is not feeling well and does not enjoy working with his or her team), and human
expectations and product features and aesthetics (user expects chair to feel good because

it has an appealing design).

1.2 Review of Papers That Support the de Looze Model

A literature search was done using Pub Med, to see if there were documents that
referenced the de Looze comfort model. A search for “de Looze comfort model” netted
no results, but “de Looze comfort” returned a total of 6 references. A broader search was
done for “comfort discomfort”, which returned 941 articles that ranged from medical
catheters to clothing to seating in offices and airplanes. Adding the word “sitting”
narrowed the results to 33 with topics such as exercise balls, office chairs, wheelchairs,
and airplanes. To eliminate the articles that were not relevant to the model in question,
focus was given to documents that discussed either subjective or objective measures of
comfort/discomfort in terms of humans, products, and environments in transportation,
offices, and factories. Table 1 separates the 106 papers that were reviewed into each of

the model’s components.



Table 1. de Looze comfort model parts and related research articles.

de Looze Model Component Number of Related
Articles
1. Human [Physical Capacity] interactions for discomfort 9
2. Human [Physical Processes] interactions for discomfort 12
3. Human [Emotions]interactions for comfort 1
4. Human [Expectations] interactions for comfort 0
5. Product [Physical Features] interactions for discomfort 17
6. Product [Physical Features] interaction with comfort
7. Product [Aesthetic Design] interaction with comfort 4
8. Environment [Physical Environment + Task] interactions for
discomfort
9. Environment [Physical Environment + Task Psychosocial Factors] 6
interactions for comfort
10. Human Physical Capacity and Physical Processes for discomfort 4
11. Human Physical Processes and Product Physical Features for 38
discomfort
12. Human Physical Processes and Physical Environment and Task for 9
discomfort
13. Human Emotions and Physical Environment/Task/Psychosocial 1
interactions for comfort
14. Human Expectations, Product Features and Aesthetics interactions 0

for comfort

1.2.1 Overall Assessment of Literature
Seventy-one percent of the comfort/discomfort research that was reviewed deals
with the interaction between the human and the physical features. Less than 2% of the
papers looked at the human emotions and expectations related to comfort. Most of the
papers did not distinguish between comfort and discomfort as separate concepts. Many
times, they were used “interchangeably” as entities on different extremes of the same
line. Some papers referred to “comfort” in the title, but actually measured “discomfort”

(Park & Kim, 1997; Pint, Pellettiere, & Nguyen, 2003; Thomas, Congleton, Hutchingson,



Whiteley, & Rodrigues, 1991; Yun, Donges, & Freivalds, 1992). This made it a little
difficult to separate the papers between the discomfort and comfort sides on the model,
but most papers focused on measuring discomfort since it has the “dominant” effect as
Helander and Zhang (1997) pointed out. The lack of research articles related to emotions,
human expectations, and the interactions of those items with the aesthetics and physical

features of the product points to possible research opportunities.

1.2.2 Human Aspects

One of every 4 papers reviewed was related to the human aspects of comfort or
discomfort. The papers that discussed human physical capacity reviewed the forces on
the buttocks (Goossens, 1998), time limits for sitting (Goossens, Kleinrensink, &
Lechner, 2003; Reed & Massie, 1996), anthropometric accommodation (Kolich, 2003),
and spinal postures (Faiks & Reinecke, 1998; Kee & Karwowski, 2001; Salewytsch &
Callaghan, 1999). The papers discussing the physiological aspects of human processes
and discomfort looked at blood flow (Habsburg & Middendorf, 1977), back muscles and
posture (Andersson & Ortengren, 1974a; Andersson & Ortengren, 1974b; Andersson,
Ortengren, Nachemson, & Elfstrom, 1974; Andersson, Ortengren, Nachemson, Elfstrom,
& Broman, 1975), respiration and lumbar shape (Lin et al., 2006), low back pain (Pope,
Rosen, Wilder, & Frymoyer, 1980), pressure under the ischial tuberosities (Branton,
1969; Goossens, Teeuw, & Snijders, 2005; Liu et al., 2006), and foot swelling (Winkel,
1986). Focus on most of these papers looked at comfort and discomfort on a linear scale.
Researchers were trying to understand the physical and physiological limits of the human
body as they relate to seated comfort.

One of the papers that related both human Physical Capacity and Physical
Processes combined tests of sitting time and ischial tuberosity pressure (Thakurta,
Koester, Bush, & Bachle, 1995) to measure endurance and comfort over time. Another

study by Kolich (2003) illustrated how anthropometrics and occupant preferences



contradicted some of the published anthropometric recommendations for automotive
seating. Kolich concluded that “automobile seat comfort is a unique science” and
“ergonomic criteria...cannot be applied blindly” to ensure comfortable seats.

The single study found on emotions and comfort (Zenk, Franz, & Bubb, 2008)
discussed how flash cards showing human emotion drawings could be used to help
people judge their feelings while seated in a chair. The study also looked at aesthetics as
an influence on how the user would perceive comfort. They covered the chairs with
drapes during the first part of the experiment to get participants’ responses on the touch
and feel of the product. During the second phase of the experiment, they uncovered the
seats and asked the participants to judge their emotional response by only looking at the
design of the seats. They found that there were gender differences in the area of design
expectations, but not in the touch and feel of the seat comfort.

In the literature search, no research was found on user expectations. A search
through design-related research may show some articles, but this appears to be an area
where more comfort-related research can be performed. The ability to understand user
expectations and how it relates to comfort may lead to products that are more intuitive,

conform more naturally to the individual, or adapt to what the user may want.

1.2.3 Product Aspects

Another 25% of the papers reviewed discussed how the physical features and
aesthetics of the products themselves influenced comfort. Many manufacturers and
suppliers want to understand how a material will provide comfort to its users so that they
can create a seat or another product that will meet comfort demands and influence
productivity or health (de Looze et al., 2003). The papers that focused on discomfort and
physical features of the product discussed product adjustments such as seat pan
inclination angle (Bendix & Biering-Sorensen, 1983; Chen, Dennerlein, Chang, Chang,

& Christiani, 2005; Coleman, Hull, & Ellitt, 1998; Congleton, Ayoub, & Smith, 1985;
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Floyd & Roberts, 1958; Graf, 2004; Helander, Zhang, & Michel, 1995), pelvic support
(Wu, Miyamoto, & Noro, 1998), and table and seat heights (Bendix, 1987). Others
discussed the thickness of the foam construction (Crane et al., 2004; Crane, Holm,
Hobson, Cooper, & Reed, 2007; Ragan, Kernozek, Bidar, & Matheson, 2002) or the
materials used for the product’s comfort (Congleton, Ayoub, & Smith, 1988; McGill,
Kavcic, & Harvey, 2006). The research paper by Hertzberg (1972) explained how the
United States Air Force was successful in looking at an optimized “average” contoured
seat that experimentally passed as a comfortable seat for 15-hour long flights. The
research from these papers discussed what material properties and adjustments influenced
the comfort of users.

The three studies on product physical features that dealt with comfort were also
related to foam construction (Jackson et al., 2009) and chair adjustments (Ebe & Griffin,
2001; Groenesteijn et al., 2009). The key research that suggested that aesthetics of a
product can influence comfort (Helander, 2003) was discussed at the beginning of this
paper. Other researchers in The Netherlands (Kuijt-Evers, Groenesteijn, de Looze, &
Vink, 2004; Kuijt-Evers et al., 2005; Kuijt-Evers et al., 2007) took these concepts of
aesthetic influences on comfort and applied their research to hand tools. They judged the
comfort of different tools based on the look of their design. They found that aesthetics in
hand tools was important in influencing comfort—just like it was important for Helander

(2003) in seated comfort.

1.2.4 Environmental Aspects
The last category in the de Looze comfort model is the Environmental Aspects of
comfort and discomfort. Fewer than 10% of all the papers reviewed fell in these
categories, suggesting that there is a need to do more research in this area in the future to
understand more about the physical environment and tasks related to comfort/discomfort.

The papers that were reviewed in this area discussed workstation layout (Hutchinson,
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Figure L-6. Different foot postures during testing



APPENDIX M: SAMPLE PRESSURE MAPPING IMAGES

Start, Day 1

End, Day 1

Chair B

Chair P

ChairR

Figure M-1. Pressure maps of Subject 9, day 1.

Start, Day 1

End, Day 1

Chair B

Chair P

Chair R

Figure M-2. Pressure maps of Subject 25, day 1
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Start, Day 1

Chair B

Chair P

Chair R

Figure M-3. Pressure maps of Subject 28, day 1

End, Day 1

Start, Day 1

Chair B

Chair P

ChairR

Figure M-4. Pressure maps of Subject 33, day 1

End, Day 1
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Table N-4. Values for factors in each stepwise model response
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Response

SeatComfort
SeatComfort
SeatComfort
SeatComfort
SeatComfort
SeatComfort
SeatComfort
SeatComfort
SeatComfort
SeatComfort
SeatComfort
SeatComfort
SeatComfort
SeatComfort
OverallComfort
OverallComfort
OverallComfort
OverallComfort
OverallComfort
OverallComfort
OverallComfort
OverallComfort
OverallComfort
OverallComfort
OverallComfort
NLFeelSoft
NLFeelSoft
NLFeelSoft
NLFeelSoft
NLFeelSoft
NLFeelSoft

Factor

Chair{R-P&B}
Chair{P-B}
SetArmHeight
SetSeatDepth

FitLumbarSupport

FitSeatContour
FitSeatHeight
FitSeatWidth
FitSeatDepth
RITmax

LPCA

LoBCA

BL

BSM
Chair{R-P&B}
Chair{P-B}
SetArmHeight
SetSeatHeight
FitSeatContour
FitSeatWidth
RLmax

LLCA

BSM

RPSM
LITCper
Chair{R-P&B}
Chair{P-B}
FitSeatContour
FitSeatHeight
FitSeatWidth
FitSeatDepth

Estimate

-0.5157
-0.2534
0.0493
0.0000
0.1169
0.6176
0.3313
-0.4016
0.0000
-0.0070
-0.0033
-0.0019
0.0029
-0.0485
-0.5495
-0.2230
0.0000
-0.2210
0.5921
-0.2620
-0.0048
-0.0024
-0.0237
0.0121
0.0175
-1.8002
-0.4607
0.7898
0.6593
-0.6522
0.0000

nDF

_— = N

e e e e S T T S O S S N e O I S e N e

SS

46.60
12.75
5.18
3.64
4.82
73.74
8.24
13.58
3.57
15.88
8.87
13.70
5.63
16.00
42.89
11.38
3.60
13.95
64.85
6.16
6.38
26.37
5.51
10.31
12.28
448.76
48.49
117.40
31.92
35.62
14.97

"F
Ratio"

27.38
14.98
6.08
4.31
5.67
86.63
9.68
15.96
4.24
18.66
10.42
16.09
6.62
18.80
29.22
15.51
4.96
19.01
88.35
8.40
8.69
35.92
7.51
14.05
16.73
82.80
17.90
43.32
11.78
13.14
5.59

"Prob>F"

0.0000
0.0001
0.0141
0.0386
0.0178
0.0000
0.0020
0.0001
0.0403
0.0000
0.0014
0.0001
0.0105
0.0000
0.0000
0.0001
0.0266
0.0000
0.0000
0.0040
0.0034
0.0000
0.0064
0.0002
0.0001
0.0000
0.0000
0.0000
0.0007
0.0003
0.0185
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Table N-4. Continued.

NLFeelSoft LPCA -0.0070 1 26.62  9.82 0.0019
NLFeelSoft SCOPc 0.2284 1 22.16 8.18 0.0045
NLFeelSoft RPSM 0.0296 1 28.38 10.47  0.0013
NLFeelSoft RPCper 0.0192 1 21.21 7.83 0.0054
NLLikeChair Chair{R-P&B} -1.1713 2 33526 52.60  0.0000
NLLikeChair Chair{P-B} -0.5010 1 52.63 16.51 0.0001
NLLikeChair SetArmHeight 0.0000 1 14.52  4.60 0.0326
NLLikeChair SetSeatHeight -0.3049 1 29.18 9.16 0.0027
NLLikeChair SetSeatDepth -0.1925 1 36.63 11.49 0.0008
NLLikeChair FitSeatContour 1.2527 1 322.94 101.33  0.0000
NLLikeChair FitSeatWidth -0.9685 1 83.90  26.33 0.0000
NLLikeChair LITSM 0.0000 1 12.41 3.92 0.0483
NLLikeChair UBSM 0.0000 1 12.91 4.09 0.0440
NLLikeChair RPCper 0.0000 1 12.58 3.98 0.0468
NLLikeChair RBCper -0.0298 1 24.16  7.58 0.0062
NLFeelComfortable Chair{R-P&B} -1.4137 2 297.44 48.32  0.0000
NLFeelComfortable Chair{P-B} -0.3384 1 21.77 7.07 0.0082
NLFeelComfortable StartEnd{End- -0.4115 1 53.69 17.44 0.0000
Start}
NLFeelComfortable SetSeatHeight -0.3496 1 37.46 12.17 0.0005
NLFeelComfortable SetSeatDepth -0.1798 1 32.49 10.55 0.0013
NLFeelComfortable FitSeatContour 1.1709 1 270.77 87.97 0.0000
NLFeelComfortable FitSeatWidth -0.8244 1 58.65 19.05 0.0000
NLFeelComfortable SPP 0.0097 1 2097  6.81 0.0094
NLFeelComfortable RLmax 0.0000 1 1222 4.00 0.0462
NLFeelComfortable LoBCA -0.0020 1 18.55 6.03 0.0146
NLFeelComfortable RPCper 0.0000 1 13.22 434 0.0380
NLFeelUncomfortable Chair{B&P-R} -1.0211 1 112.37 33.47 0.0000
NLFeelUncomfortable StartEnd{Start- -0.4685 1 57.51 17.13 0.0000
End}
NLFeelUncomfortable Temp 0.6145 1 24.47 7.29 0.0073
NLFeelUncomfortable FitSeatContour -1.3455 1 360.26 107.29  0.0000
NLFeelUncomfortable FitSeatWidth 0.5926 1 33.30 9.92 0.0018
NLFeelUncomfortable LLA -0.0237 1 15.26 4.54 0.0337
NLFeelUncomfortable UBmax 0.0081 1 31.34 9.33 0.0024



Table N-4. Continued.
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NLFeelUncomfortable UBCA -0.0051 1 66.21 19.72  0.0000
NLFeelUncomfortable UBmin -0.1327 1 43.20 12.87 0.0004
NLFeelUncomfortable RBCper 0.0707 1 79.34 23.63 0.0000
Table N-5. ANOVA for Seat Comfort and its predictors

Source DF Sum of Squares Mean Square F Ratio Prob >F
Model 12.00 470.94 39.24 46.64 <0.0001*
Error 379.00 318.90 0.84

C. Total 391.00 789.84

Table N-6. Coefficients for linear relationship predicting Seat Comfort

Term Estimate Std Error t Ratio
Intercept 3.58 0.57 6.29
BL 0.00 0.00 2.68
BSM -0.05 0.01 -4.34
Chair[B] 0.58 0.08 6.95
Chair[P] 0.09 0.08 1.16
FitLumbarSupport 0.11 0.05 2.19
FitSeatContour 0.62 0.07 9.38
FitSeatHeight 0.33 0.10 3.17
FitSeatWidth -0.37 0.10 -3.81
LoBCA 0.00 0.00 -3.89
LPCA 0.00 0.00 -3.13
RITmax -0.01 0.00 -4.57
SetArmHeight 0.05 0.02 2.56

Prob>|t|
<0.0001*
0.0077*
<0.0001*
<0.0001*
0.25
0.0292*

<0.0001*
0.0016*
0.0002%*

0.0001*
0.0019*
<0.0001*
0.0108*




Table N-7. ANOVA for Overall Comfort and its predictors

Source
Model
Error

C. Total

DF Sum of Squares Mean Square F Ratio Prob>F
10.000 367.759 36.776 50.126 < 0.0001
395.000  289.800 0.734

405.000  657.559

Table N-8. Coefficients for linear relationship predicting Overall Comfort

Term Estimate Std Error t Ratio Prob>|t|
Intercept 7.963 1.077 7.390 <0.0001
BSM -0.024 0.008 -2.850 0.00
Chair[B] 0.616 0.077 7.990 <0.0001
Chair[P] 0.152 0.079 1.940 0.05
FitSeatContour 0.583 0.061 9.500 <0.0001
FitSeatWidth -0.282 0.086 -3.290 0.00
LITCper 0.017 0.004 4.200 <0.0001
LLCA -0.002 0.000 -6.030 <0.0001
RLmax -0.005 0.002 -2.920 0.00
RPSM 0.012 0.003 3.790 0.00
SetSeatHeight -0.221 0.049 -4.530 <0.0001
Table N-9. ANOVA for Feels Soft and its predictors
Source DF Sum of Squares Mean Square F Ratio Prob > F
Model 8.000 1948.730 243.591 85.081 <0.0001
Error 390.000 1116.593 2.863
C.Total  398.000 3065.323
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Table N-10. Coefficients for linear relationship predicting Feels Soft

Term Estimate Std Error t Ratio Prob>|t|

Intercept 6.918 2.464 2.810 0.005
Chair[B] 1.909 0.145 13.200 < 0.0001
Chair[P] 1.075 0.134 8.030 <0.0001
FitSeatContour 0.760 0.118 6.430 <0.0001
FitSeatWidth -0.598 0.170 -3.520 0.001
LLCA -0.003 0.001 -4.040 <0.0001
RPSM 0.028 0.006 4.540 <0.0001
SCOPc 0.201 0.079 2.550 0.011
SetSeatHeight -0.293 0.091 -3.210 0.001

Table N-11. ANOVA for Like Chair and its predictors

Source DF Sum of Squares Mean Square F Ratio Prob > F
Model 8.000 1409.412 176.176 53.830 <0.0001
Error 395.000 1292.777 3.273

C. Total 403.000 2702.188
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Table N-12. Coefficients for linear relationship predicting Like Chair

Term Estimate Std Error t Ratio Prob>|t|

Intercept 11.833 2.217 5.340 <0.0001
Chair[B] 1.306 0.153 8.530 <0.0001
Chair[P] 0.343 0.135 2.550 0.011
FitSeatContour 1.176 0.123 9.530 <0.0001
FitSeatWidth -1.079 0.183 -5.900 <0.0001
RBCper -0.030 0.010 -2.910 0.004
SetArmHeight 0.109 0.036 3.020 0.003
SetSeatDepth -0.244 0.057 -4.270 <0.0001
SetSeatHeight -0.270 0.100 -2.690 0.008

Table N-13. ANOVA for Feel Comfortable and its predictors

Source DF Sum of Squares Mean Square F Ratio Prob > F
Model 9.000 1348.263 149.807 46.460 <0.0001
Error 389.000 1254.299 3.224

C. Total 398.000 2602.561




Table N-14. Coefficients for linear relationship predicting Feel Comfortable

Term Estimate Std Error t Ratio Prob>|t|
Intercept 13.796 2.139 6.450 <0.0001
Chair[B] 1.315 0.156 8.410 <0.0001
Chair[P] 0.644 0.173 3.730 0.000
FitSeatContour 1.074 0.124 8.630 <0.0001
FitSeatWidth -0.904 0.183 -4.950 <0.0001
RBCper -0.027 0.011 -2.580 0.010
SetSeatDepth -0.191 0.056 -3.410 0.001
SetSeatHeight -0.436 0.100 -4.350 <0.0001
SPP 0.009 0.004 2.510 0.013
StartEnd[Start] 0.446 0.097 4.620 <0.0001
Table N-15. ANOVA for Feel Uncomfortable and its predictors
Source DF Sum of Squares Mean Square F Ratio  Prob>F
Model 9.000 1513.974 168.219 46.141 <0.0001
Error 396.000 1443.731 3.646
C. Total 405.000 2957.704
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Table N-16. Coefficients for linear relationship predicting Feel Uncomfortable

Term

Intercept
Chair{B&P-R}
FitSeatContour
FitSeatWidth
LLA

RBCper
StartEnd[ Start]
UBCA

UBmax
UBmin

Estimate
7.251
-1.035
-1.376
0.593
-0.026
0.061
-0.514
-0.005
0.007
-0.137

Std Error
1.021
0.177
0.130
0.188
0.011
0.014
0.114
0.001
0.003
0.037

t Ratio
7.100
-5.850
-10.630
3.150
-2.270
4.220
-4.510
-4.000
2.740
-3.710

Prob>|t|
<0.0001
<0.0001
<0.0001

0.002
0.024
<0.0001
<0.0001
<0.0001
0.006
0.000
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N.3 Neural Network Model Statistics

Table N-17. Training and validation statistics from five-node neural network

Training

SeatComfort
RSquare

RMSE

Mean Abs Dev
-LogLikelihood
SSE

Sum Freq

OverallComfort
RSquare

RMSE

Mean Abs Dev
-LogLikelihood
SSE

Sum Freq

NLFeelSoft
RSquare

RMSE

Mean Abs Dev
-LogLikelihood
SSE

Sum Freq

N.3 Neural Network Model Statistics
Table N-17. Continued.

NLLikeChair
RSquare
RMSE

Measures
0.643
0.846
0.676

366.609
209.505
293.000

Measures
0.623
0.787
0.638

345.510
181.404
293.000

Measures
0.672
1.556
1.185

537.908
700.010
289.000

Measures
0.611
1.586

Validation

SeatComfort
RSquare

RMSE

Mean Abs Dev
-LogLikelihood
SSE

Sum Freq

OverallComfort
RSquare

RMSE

Mean Abs Dev
-LogLikelihood
SSE

Sum Freq

NLFeelSoft
RSquare

RMSE

Mean Abs Dev
-LogLikelihood
SSE

Sum Freq

NLLikeChair
RSquare
RMSE

Measures
0.576
0.923
0.758

132.508
84.282
99.000

Measures
0.506
0.876
0.744

127.403
76.023
99.000

Measures
0.666
1.652
1.313

184.402
261.955
96.000

Measures
0.546
1.762
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Mean Abs Dev
-LogLikelihood
SSE

Sum Freq

NLFeelComfortable
RSquare

RMSE

Mean Abs Dev
-LogLikelihood
SSE

Sum Freq

1.280
548.982
734.379
292.000

Measures
0.574
1.637
1.320

554.354
776.764
290.000

Mean Abs Dev
-LogLikelihood
SSE

Sum Freq

NLFeelComfortable
RSquare

RMSE

Mean Abs Dev
-LogLikelihood
SSE

Sum Freq

1.480
192.561
301.019

97.000

Measures
0.578
1.716
1.431

186.113
279.824
95.000
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Table N-18. Estimated values for neural network nodes and responses

Parameter
H1 1:BL
H1 _1:BSM
H1 1:Chair:B
H1 1:Chair:P

H1 1:FitLumbarSupport

H1_1:FitSeatContour
H1 _1:FitSeatDepth
HI1_1:FitSeatHeight
HI1_1:FitSeatWidth
H1 _1:LITCper
H1 1:LITSM

H1 1:LLA

H1 1:LLCA

H1 1:LoBCA

H1 _1:LPCA
H1_1:RBCper

H1_ 1:RITmax

H1 1:RLmax
H1_1:RPCper

H1 _1:RPSM

H1 1:SCOPc
H1_1:SetArmHeight
H1 _1:SetSeatDepth
H1 _1:SetSeatHeight
H1 1:SPP

H1 _1:StartEnd:Start
HI1 1:Temp

H1 1:UBCA

H1 1:UBmax

H1 1:UBmin

H1 1:UBSM
HI1_I:Intercept

Estimate
-0.00105
0.043315
-1.26918
-1.00398
-1.10945
0.303931
-0.35884
-1.71067
1.128467
0.013721
-0.01649
-0.03147
0.003732
-0.00174
0.004979
-0.01956
0.007976
0.012643
0.047344
-0.0178
-0.30288
-0.29824
0.078151
-0.18383
0.008953
0.368946
0.401117
0.000116
-0.00118
-0.09056
0.139866
-2.39254
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Table N-18. Continued.

H1 2:BL

H1 2:BSM

H1 2:Chair:B

H1 2:Chair:P

H1 2:FitLumbarSupport
H1_2:FitSeatContour
H1 _2:FitSeatDepth
H1 2:FitSeatHeight
H1 2:FitSeatWidth
H1 _2:LITCper

H1 2:LITSM

H1 2:LLA

H1 2:LLCA

H1 2:LoBCA

H1 2:LPCA

H1 2:RBCper

H1 2:RITmax

H1 2:RLmax

H1 2:RPCper

H1 2:RPSM

H1 2:SCOPc
H1_2:SetArmHeight
H1_2:SetSeatDepth
H1 2:SetSeatHeight
H1 2:SPP
H1_2:StartEnd:Start
H1 2:Temp

H1 2:UBCA

H1 2:UBmax

H1 2:UBmin

H1 2:UBSM

H1 2:Intercept
H1 3:BL

H1 3:BSM

0.000414
0.157414
-1.69359
-0.53742

-0.0957

-0.6287
-0.86234
-0.64754
-1.30666
-0.06833
0.003572
0.029321

-0.0045
0.006021

-0.0048
0.021605
-0.00531
0.014499
-0.02122
0.015702
-0.18483
-0.20966

-0.4263
-0.22299
-0.01219
-0.60631
1.500327
-0.00315
0.006342

0.04851
-0.02145
-9.22942
-0.00006
0.064799
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Table N-18. Continued.

H1 3:Chair:B

H1 3:Chair:P

H1 3:FitLumbarSupport
H1 3:FitSeatContour
H1_3:FitSeatDepth
H1 3:FitSeatHeight
H1_3:FitSeatWidth
H1 3:LITCper
H1 3:LITSM

H1 3:LLA

H1 3:LLCA

H1 3:LoBCA

H1 3:LPCA

H1 3:RBCper

H1 3:RITmax

H1 3:RLmax

H1 3:RPCper

H1 3:RPSM

H1 3:SCOPc

H1 3:SetArmHeight
H1_3:SetSeatDepth
H1 3:SetSeatHeight
H1 3:SPP
H1_3:StartEnd:Start
H1 3:Temp

H1 3:UBCA

H1 3:UBmax

H1 3:UBmin

H1 3:UBSM

H1 3:Intercept

H1 4:BL

H1 4:BSM

H1 4:Chair:B

H1 4:Chair:P

0.923174
0.268204
0.073508
-3.25137
0.073302
1.37568
-0.08582
-0.0413
-0.03137
-0.01365
-0.00105
-0.00213
-0.01133
0.066203
0.004198
-0.00089
0.015029
0.0197
0.430188
0.218551
0.035624
0.241887
0.001355
-0.40866
0.158648
-0.00256
-0.00071
-0.05222
-0.07035
-12.0281
-0.00097
0.055147
0.676012
1.049865
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Table N-18. Continued.

H1 4:FitLumbarSupport
H1 4:FitSeatContour
H1 4:FitSeatDepth
H1 4:FitSeatHeight
HI1_4:FitSeatWidth
H1 _4:LITCper

H1 4:LITSM

H1 4:LLA

H1 4:LLCA

H1 4:LoBCA

H1 4:LPCA

H1 4:RBCper

H1 4:RITmax

H1 4:RLmax
H1_4:RPCper
H1_4:RPSM

H1 4:SCOPc
H1_4:SetArmHeight
H1_4:SetSeatDepth
H1_4:SetSeatHeight
H1 4:SPP
H1_4:StartEnd:Start
H1 4:Temp

H1 4:UBCA

H1 4:UBmax

H1 4:UBmin

H1 4:UBSM

HI1_ 4:Intercept

H1 5:BL

H1 5:BSM

H1 5:Chair:B

H1 5:Chair:P
H1_5:FitLumbarSupport
H1 5:FitSeatContour

-0.25195
0.810553
0.737314
0.650777
-0.23259
0.028713
-0.00473
-0.00387
0.000142
-0.00186
-0.00132
0.119075
-0.00975
-0.01512
0.012295
0.050038
-0.05667
-0.07556
0.068945
0.157817
0.007826
0.075076
0.051471
0.000282
-0.01753
0.091918
0.006895
-12.7628
-0.00047
0.122221
0.752434
0.846471
-0.74813
-1.02492
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Table N-18. Continued.

H1 5:FitSeatDepth
H1 5:FitSeatHeight
H1 5:FitSeatWidth
H1 5:LITCper

H1 5:LITSM

H1 5:LLA

H1 5:LLCA

H1 5:LoBCA

H1 5:LPCA

H1 5:RBCper

H1 5:RITmax

H1 5:RLmax
H1_5:RPCper
H1_5:RPSM

H1 5:SCOPc
H1_5:SetArmHeight
H1_5:SetSeatDepth
H1_5:SetSeatHeight
H1 5:SPP
H1_5:StartEnd:Start
H1 5:Temp

H1 5:UBCA
H1_5:UBmax

H1 5:UBmin

H1 5:UBSM
HI1_5:Intercept
SeatComfort 1:H1 1
SeatComfort 2:H1 2
SeatComfort 3:H1 3
SeatComfort 4:H1 4
SeatComfort 5:H1 5
SeatComfort_6:Intercept
OverallComfort 6:H1 1
OverallComfort 7:H1 2

-0.26689
-0.04344
-0.82025
-0.04146
-0.00358
-0.00743
-0.0059%4
-0.00072
-0.00903
-0.04431
0.004622

0.01268
0.026939
0.015078
0.319039
-0.27314
-0.33167
-0.86692
0.013733
0.337292
0.533111
0.001169
0.005901
-0.11781
-0.09579
12.24652
-0.90032
-0.75284
-0.84731
0.369313
0.658517
2.421046
-0.79631
-0.57433
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Table N-18. Continued.
OverallComfort 8:H1 3
OverallComfort 9:H1 4
OverallComfort 10:H1 5
OverallComfort 11:Intercept
NLFeelSoft 11:H1 1
NLFeelSoft 12:HI1 2
NLFeelSoft 13:H1 3
NLFeelSoft 14:H1 4
NLFeelSoft 15:H1 5
NLFeelSoft 16:Intercept
NLLikeChair 16:H1 1
NLLikeChair _17:H1 2
NLLikeChair 18:H1 3
NLLikeChair 19:H1 4
NLLikeChair 20:H1 5
NLLikeChair_21:Intercept
NLFeelComfortable 21:H1 1
NLFeelComfortable 22:H1 2
NLFeelComfortable 23:H1 3
NLFeelComfortable 24:H1 4
NLFeelComfortable 25:H1 5
NLFeelComfortable 26:Intercept
NLFeelUncomfortable 26:H1 1
NLFeelUncomfortable 27:H1 2
NLFeelUncomfortable 28:H1 3
NLFeelUncomfortable 29:H1 4
NLFeelUncomfortable 30:H1 5
NLFeelUncomfortable 31:Intercept

-0.91397
0.259302
0.756078

245797

-1.2512
-1.29465
-1.10959
1.679596
1.638263
3.928493
-1.23935
-1.11598

-1.9635
1.068619
1.920293
3.991371
-0.89036
-1.04823
-1.83422
1.296808
1.805544
4.152448

0.81537
0.848619
2.107859
-1.14293
-1.12778
4.455525
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