Proceedings of the IMProVe 2011
International conference on Innovative Methods in Product Design
June 15th – 17th, 2011, Venice, Italy

Virtual prototype development for comfort
assessment of occupational footwear sole
Pasquale Franciosa

(a)

(a)

(b)

, Salvatore Gerbino , Antonio Lanzotti , Stanislao Patalano
(b)
(c)
(c)
Mariangela Trotta , Luca Silvestri , Luca Frattari

(b)

, Vito Rufrano

(b)

,

(a)

University of Molise, School of Engineering
University of Naples, Federico II, School of Engineering
(c)
SAFE WAY s.r.l
(b)

Article Information
Keywords:
occupational footwear,
comfort assessment,
numerical-physical correlation,
virtual prototyping,
pressure map.

Corresponding author:
Salvatore Gerbino
Tel.: +39 0874 404593
Fax.: +39 0874 404978
e-mail: salvatore.gerbino@unimol.it
Address: Via Duca degli Abruzzi 86039 Termoli (CB) - Italy

Abstract
Purpose:
The present paper focuses on the parametric analysis of the sole of occupational footwear in
order to improve the perceived human comfort. By combining real experimental tests and
virtual simulations, the sensitivity of both geometric and material design factors, on comfort
degree, was investigated.

Method:
The correlation among perceived human comfort and physical parameters, such as plantar
pressures, was estimated by conducting real tests. Experimenters were asked to wear three
commercial shoes and to express their perceived comfort degree. A bar-foot test was also
performed. By adopting plantar sensors, plantar pressures were also monitored. Once given
such a correlation, a parametric FE model of the footwear was developed. In order to better
simulate the contact at plantar surface, a detailed FE model of the foot was also generated
starting from CT scan images.
A fractional factorial design array was, finally, used to study the sensitivity of different sets of
design factors on comfort degree. In the present study only a static standing-up configuration
was analyzed.

Result:
Findings of this research showed that sole thickness and its material highly influence
perceived comfort. In particular, softer materials and thicker sole designs contribute to
increase comfort degree.

Discussion & Conclusion:
Despite all simplifications and limitations, the proposed methodology may be successfully
adopted in other industrial applications, in which the design (or re-design) of new products is
driven by the satisfaction or the sensations of users.

1 Introduction
Comfort assessment is a crucial task in product design.
This is especially true for certain categories of products
characterized by repeated and prolonged usage, such as
footwear. It was reported that the perceived human
comfort is strongly related to the footwear design, in
terms, for example, of adopted materials, insole and
outsole thickness and shape [1].
In this contest, the opinions of users may provide
valuable information whether or not a shoe is comfortable.
However, this information is often limited to qualitative
descriptions, which cannot quantify the causes of comfort
or discomfort. Therefore, in order to "quantify" what may
influence comfort and discomfort, the relationship
between the human perceived parameters and measuring
parameters should be determined [2].
Over last two decades, researchers, especially in the
medical and bio-mechanical fields, have addressed their
attention to comfort issues. Some studies were mainly
based on questionnaires as an indication of user
preferences [3, 4]. However, very few researches have
focused on the evaluation of the analytical correlation

between subjective and objective parameters.
In [5] it was reported that physiological factors, such as
plantar pressures, are strongly related to physical
parameters such as materials and plantar shape.
A first valid scientific contribution to the analysis of
correlation was offered by Jordan et al. [6]. They
attempted to correlate the subjective perceptions of users
with dorsal and plantar pressure distribution through
short-term dynamic tests. Perceived comfort was
measured by using specific questionnaires, while
pressure distributions were monitored through high
resolution insole sensors. The study showed that a high
peak pressure corresponds to a low perceived comfort.
Moreover, authors highlighted the need to further
investigate other objective parameters that may affect the
user perception (heat transfer, for example).
Witana et al. [7] tried to identify the interaction between
comfort and plantar shape. They found substantial
differences between the subjective perceptions of users
related to the mid-foot for different tested materials, thus
confirming that comfort perceptions, for different areas of
the plantar foot, are quite different.
While on one hand experimental tests, carried out on
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different product designs, give valuable results, on the
other hand, the large number of design parameters would
make extremely difficult and expensive to identify the
optimal design through tests with real prototypes. In this
sense, using virtual simulations and parametric models
may be a valid support.
Recently, in order to give a valuable support to
experimental investigations, computational methods,
based on FE modeling, have been adopted. FE models of
human foot have been developed under certain
simplifications and assumptions [8-11] such as: (i)
simplified or partial foot geometry, (ii) assumptions of nonlinear hyper-elastic material law, (iii) ligaments and
plantar fascia modeled as equivalent forces or elastic
beams/bars, (iiii) no friction or thermal effect, at plantar
foot interface, accounted.
In this contest, Cheung and Zhang [12] combined FEM
and Taguchi methods to identify the sensitivity of five
design factors (arch type, insole and mid-sole thickness,
insole and mid-sole stiffness) of footwear on peak plantar
pressure. From FEM predictions, the most important
design factors, able to reduce the peak plantar pressure,
were found-out.
Starting from the literature review, the present paper
focuses on the parametric analysis of the sole of
occupational footwear in order to figure out which
parameters influence human comfort. In this term, the
analysis allows to define the best design of that sole in
order to maximize comfort.
Subjective perceived comfort and plantar pressure
maps were correlated by using experimental tests on
different commercial shoes. So a comfort function was
estimated. Then the Taguchi method was adopted to
study the influence of different design settings. A FE
model was adopted for this purpose. Finally, by
statistically analyzing simulated plantar pressure maps,
the most influencing design factors were identified.
Experimental phase

CAD-FE Modelling

Experiments

Parametric shoe
model

Analysis of
correlation

Foot model

twenty three users were involved in short-term static tests
and for each of them four different footwear were worn.
During the experiments, plantar pressure maps were
recorded by means of high resolution insole sensors.
Then, subjective ratings, related to perceived comfort,
were collected by means of questionnaires.
By comparing the perceived comfort rate to the
measured pressure maps, a comfort function, depending
on the peak pressure, was established.
Once the comfort function was estimated, Taguchi
method was used to study the sensitivity of different
design settings on plantar peak pressure and then on the
comfort rate, with respect to the sole of the occupational
footwear being optimized. A 3D FE model of the footwear
was developed for this purpose. In order to simulate as
much as possible the contact among the plantar surface
and the foot, an anatomical detailed FE human foot model
- with soft tissue, bones and cartilages - was created from
CT scans.
In accordance with a fractional factorial design, virtual
prototypes were developed, by selecting combinations of
design factors (materials and geometry shape
parameters). By statistically analyzing plantar pressure
maps, the most influencing design factors were identified.
The following hypotheses were formulated:
only footwear sole accounted: vamp and upper-sole
were not modeled. This means that the interaction
effect among dorsal/lateral and plantar pressure was
neglected;
no thermal effect considered: gradient of temperature
may influence perceived comfort, but it is here
neglected as users have worn shoes for a short time;
and,
short-term static tests considered: when running or
walking, perceived human comfort may be influenced
by temperature, humidity and interaction among
dorsal and plantar pressures. In the present research
only a static balanced standing-up configuration was
modeled.
The plantar foot was subdivided into three zones, as
also suggested in [13]. Fig. 2 depicts the proposed foot
division (three areas are shortly identified: rear-foot, midfoot and fore-foot).
P1

DOE analysis

fore-foot
Parametric CAD-FE
Model

Comfort function

(P4-P1)·0.42

P2

mid-foot

Optimization
analysis

(P4-P1)·0.69

P3

Best design
alternatives

rear-foot
P4

Fig. 1 General work-flow methodology
Fig. 2 Foot sub-division

2 Methodological overview
Fig. 1 depicts the general methodology adopted in the
present paper.
First of all, how to correlate subjective perceived
comfort to physical and measurable variables, such as
contact pressure maps, was investigated. To do this,
June 15th – 17th, 2011, Venice, Italy

Plantar pressure maps were recorded by using a high
resolution plantar sensor (with 512 sensors 0.5x0.7 cm).
Each sensor provides four pressure values.
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3 Experimental phase
The experimental phase deals with the measurement of
pressure map distributions in order to carry-out the
correlation among subjective and physical variables.
According to [6], the following physical (or objective)
parameters were accounted (each of them is related to
sub-areas of the foot):
contact area: number of active sensor points (a
sensor point is assumed "active" if the related
pressure is not zero);
peak plantar pressure: maximum pressure value;
and,
weight distribution: net force, calculated as resultant
pressure over contact area. The weight distribution
may be considered as percentage of body-weight
transmitted to the insole for each foot zone.
whereas, the considered subjective parameters were:
global comfort degree; and,
local comfort degree, related to every foot area.
For each experimenter four shoe-configurations were
tested (named "A", "B", "C" and "D"). Configuration D
corresponds to a bare-foot test.

3.1

identify possible pathology unknown to the experimenter,
before the test. Subjects with abnormal pathology were,
then, discarded from the data analysis.
Output pressure maps were processed within an ad-hoc
MatLAB® tool, allowing to calculate objective parameters:
contact area, peak plantar pressure and weight
distribution. The tool assures the repeatability of the
subdivision of the foot areas. For each map two extreme
points must be manually identified (point P1 and P4, as
depicted into fig. 2). Then, the tool automatically provided
the breakdown points (P2 and P3 into fig, 2).

Participants

The participants of the experimental session were
selected among students of the School of Engineering at
University of Naples, Federico II - Italy. Their ages ranged
between 20 and 28 years, with 41 shoe size (European
size).

Fig. 4 Adopted questionnaire for comfort rating

After measuring pressure, in order to evaluate perceived
comfort, a 10-level scale questionnaire (see fig. 4) was
asked to be compiled (0 - absence of comfort; 10 extremely comfortable). More specifically, for each test,
experimenters expressed their rating preferences both for
the whole plantar (global comfort degree) and for each
plantar area (local comfort degree).

3.3

Fig. 3 One phase of the testing procedure

After screening all people with foot pathology and
abnormal pressure maps, twenty three experimenters
(thirteen males and ten females) were selected.
In order to avoid the influence of aesthetic qualities of
the shoes, all experimenters conducted their test
blindfolded.
Fig. 3 shows a phase of the testing procedure:
experimenter is firstly blindfolded; then, she/he is aided to
wear the shoes with the insole; finally, pressure maps are
recorded.
When recording pressure maps, experimenters were
asked to stand-up in a balanced configuration and not
make sharp movement for 10-15 seconds (recording
time).

3.2

Experimental protocol

Participant's feet were cleaned with warm water and
then dried. Physical information was also collected:
height, weight, foot size.
The order of tests was randomly selected, to avoid the
effect of noise factors connected to sequence in shoes
wearing and experimental conditions [14].
The insole sensor device was re-calibrated before every
test. Right and left feet pressures were measured to
June 15th – 17th, 2011, Venice, Italy

Data analysis

To assess the reliability of questionnaire results, all
experimenters repeated unconsciously one of the four
tests. The repeatability test was conducted for the shoeconfiguration C. Based on the Mann-Whitney test [15],
five experimenters were excluded from the data analysis.
Looking at tab. 1, where mean values (calculated over
all final eighteen experimenters) are reported, it is of
interest analyzing trends of both objective and subjective
parameters with respect to shoe-configurations.
Configuration C exhibited the lowest peak pressure (in
KPa) in fore-foot and rear-foot areas. As expected, in test
D (bare-foot) the highest peak pressure was achieved in
the rear-foot and fore-foot zones.
Objective parameters (contact area, peak pressure and
weight distribution, related to fore-foot and rear-foot
areas) and subjective parameters were correlated eachother. In particular, as contact area and weight distribution
are dependent each-other (notice that the weight
distribution is calculated averaging pressures over contact
area), only peak pressure and weight distribution will be
kept in the following. So it is possible to evaluate the
correlation index, ρ (based on the Pearson's correlation
coefficient), with respect to the global comfort degree.
A very high positive correlation both for the fore-foot
(ρ=0.87) and rear-foot (ρ=0.99) comfort degrees was
observed. This means that the perceived comfort in those
areas strongly influences the global comfort perception.
Moreover, as expected, peak pressure has a negative
impact on perceived comfort. More specifically, a negative
high correlation appears both for the rear-foot peak
489
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pressure (ρ=-0.95) and for the fore-foot weight distribution
(ρ=-0.96).
Finally, the data analysis showed the following key
issues:
perceived comfort in fore-foot and rear-foot areas
highly influences the global comfort degree; and,
high peak pressure values correspond to low
perceived comfort degrees.
It is of interest, then, describing how to calculate the
comfort function, depending on the objective parameters.
Shoe Configuration

Fore-foot

Mid-foot

Rear-foot

Comfort degree
A

5,94

6,61

6,50

B

4,89

6,50

6,83

C

6,33

6,56

7,22

D

6,00

6,28

6,28

calculated constant values.
The comfort function in eq. 1 is then completely defined.
Notice that the present approach may be easily extended
when more than four shoe-configurations are available. In
that case, comfort constants should be evaluated by
solving for a least squares problem.
The comfort function, Cf, will be adopted in the next to
perform the shoe design optimization.

4 CAD-FE Modeling
In order to quickly analyze different design settings, a
parametric CAD model of the sole of the occupational
footwear was created into SolidWorks® 2010 (by Dassault
Systemes) CAD system (see fig. 5.a), according to the
design constraints of SAFE WAY s.r.l company - Italy.
fixed boundary

Contact area
A

779,72

278,22

548,72

B

793,11

316,78

552,22

C

766,06

355,11

562,61

D

712,44

207,78

490,17

outer-sole

X

Peak pressure
39,78

28,94

48,17

B

41,72

39,28

46,72

C

40,56

33,78

44,44

43,33

24,44

52,28

moving boundary

a - initial shoe design

Weight distribution
A

57,05

5,62

37,33

B

53,74

8,38

37,87

C

50,19

9,81

40,00

D

56,32

3,92

39,77

Tab. 1 Experimental data

3.4

Y

inner-sole

A

D

Z

Comfort function estimation

Comfort function depends, as discussed above, on
objective parameters. Let Pf, Pr, W f and W r be the peak
pressures and the weight distributions, related to the forefoot and the rear-foot areas. Moreover, let Cf be the
comfort degree. Tab. 2 reports normalized mean values
of such parameters (peak pressures were normalized with
respect to the maximum value).
Pf - [0-1]

Pr - [0-1]

Wf - [%]

Wr - [%]

Cf - [0-10]

A

0.340

0.412

57.05

37.33

6.33

B

0.346

0.379

50.70

38.95

6.83

C

0.341

0.374

50.19

40.00

6.89

D

0.361

0.435

56.32

39.77

6.17

b - FE model

Fig. 5 CAD-FE model

The sole is made of two sub-domains: inner-sole and
outer-sole. The body weight is transmitted from the foot to
the inner-sole and then to outer-sole, which comes into
contact with the ground (not modeled here).
The mechanical behavior of the sole was captured
through a non-linear incompressible hyper-elastic law,
characterized by two material constants, C1 and C2
(Mooney-Rivlin formulation). These constants were
extracted from stress-strain experimental curves
(experimental tests were conducted at Dept. of Materials
and Production Engineering, School of Engineering Naples).
The physical interaction among the inner-sole and the
outer-sole was modeled by defining identity pairs among
interfacial surfaces. Identity pairs assures that the
displacement fields of both parts at interfacial surfaces are
identical each-other.

Tab. 2 Normalized mean values
α1
27.637

α2
-34.923

α3
0.147

α4
0.079

Tab. 3 Comfort constants

Assuming a linear relationship among the comfort
function, Cf, and the objective parameters, one can write:
Cf = f (Pf ,Pr ,Wf ,Wr ) = ...
(1)
...Cf = α1 × Pf + α 2 × Pr + α 3 × Wf + α 4 × Wr
where α1, α2, α3 and α4 are unknown constants (here
called "comfort constants"), which can be now evaluated
by assigning all four constraints (derived from the
experiments), stated into tab. 2. Tab. 3 reports the soJune 15th – 17th, 2011, Venice, Italy

Fig. 6 Pressure distribution (MPa) for the initial shoe design

Since pressure maps are aimed to be calculated, a
detailed foot model, previously developed into [16] starting
from CT scans, was incorporated into the FE model (fig.
490
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Fig. 7 Geometrical design factors

5.b). Contact pairs were introduced between plantar foot
surfaces and the inner-sole. No friction was here
accounted.
Boundary conditions were applied as depicted into fig.
5.b. The upper surface of the ankle was supposed fixed.
The lower boundary of the sole was moved along the Z
direction. The maximum displacement was chosen so that
the reaction force calculated at the fixed boundary was
greater or equal to 650/2 N, that is half of the body
weight.
FEM simulation was performed within Comsol
Multiphysics® 3.5a. As hyper-elastic materials and
contact pairs were modeled, an iterative non-linear static
solver was adopted. The simulation took about 100 min
on a DELL Precision T7400 workstation (WinXP 64bit,
16GB RAM, 2 Xeon E5420 quad-core processors).
Fig. 6 shows numerical FE results related to the initial
shoe design. One should note that the highest peak
pressures are located in the rear-foot and fore-foot areas,
thus confirming experimental analyses.

Generally speaking, when facing out an optimization
problem, it is asked to calculate the best set of design
parameters, which optimizes (in terms of minimization or
maximization) a given objective function.
In the present research, the objective function is the
comfort function (see Section 3.4), to be maximized. This
function depends on physical variables, such as contact
pressure. However, the analytical relationship among
design factors (see for example, sole materials, sole
thickness) and physical variables is not known. By using a
FEM solution, this relationship can be obtained for a given
set of design factors.
Therefore, the proposed approach may be summarized
as follows: (i) generate a set of combinations of design
factors; (ii) calculate the comfort function for every
combination by solving a FE model; and, then, (iii)
analyze design scenarios, looking for the best
combination of design factors.
Here, combinations of design factors were generated by
using a factorial design approach.

5 DOE analysis
This Section discusses how to investigate the most
influencing design parameters, based on a DOE (Design
Of Experiments) approach.

5.1

Looking at fig. 7, the following design factors were
considered:
arch shape: its elliptical shape was parameterized in
terms of width (F2) and centre position (F1) with
respect to the global coordinate frame;
outer-sole cuttings (F6, F7, F8);
inner-sole thickness: parameterized through the Z
coordinates of points F3, F9 and F10;
outer-sole notching (F11); and,
sole materials: outer-sole material (F4) and inner-sole
material (F5).
Factors F1 to F5 had 3 levels (shortly named "1", "2",
"3"), while two levels (named "1", "2") were assigned to
factors F6 to F11. F6, F7, F8 and F11 are ON/OFF factors. A
full factorial design would have required a large amount of
6
5
tests (2 · 3 =15552).

F7

F8

X
Y

F6
Z

F2

F11

Design factors

F9
F3
F10

X
Y
F1

ID

F1

F2

F3

F4

F5

F6

F7

F8

F9

F10

F11

Cf - [0-10]

I

1

1

2

1

1

2

2

2

2

2

1

1.1525

II

1

1

2

3

2

1

1

1

1

1

2

3.2021

III

1

2

1

1

2

2

1

1

2

2

1

4.2259

IV

1

2

2

2

3

2

2

2

1

2

2

7.8142

V

1

3

1

1

1

1

1

2

1

1

2

5.2216

VI

1

3

3

2

3

1

2

1

2

1

1

8.0387

VII

2

1

3

1

3

2

2

1

1

1

2

6.8328

VIII

2

2

2

3

3

2

1

2

2

1

1

10.0000

IX

2

2

3

2

1

1

1

2

2

2

2

6.2995

X

2

3

1

2

2

2

2

2

2

1

2

5.3854

XI

2

3

1

3

1

1

2

1

1

2

1

1.4264

XII

3

1

1

2

3

1

1

2

1

2

1

2.2577

XIII

3

2

1

3

1

1

2

1

2

1

2

5.2151

XIV

3

2

3

1

2

1

2

2

1

1

1

3.4966

XV

3

3

2

1

3

1

1

1

2

2

2

9.6596

XVI

3

3

2

2

1

2

1

1

1

1

1

9.6810

Tab. 4 Adopted mixed fractional factorial array L16 and comfort function values

June 15th – 17th, 2011, Venice, Italy
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Fig. 8 Mean effects related to the comfort degree. Optimal design levels: 3-3-2-2-3-2-1-1-2-1-2

However, since every test is related to a FEA run (which
is very time consuming - about 100 min to solve), a
fractional factorial array L16 was adopted (see tab. 4). This
array was generated by using the MatLAB® built-in
function "rowexch" [17]. Notice that the L 16 array has the
minimum number of treatments, allowing to capture at
least the main effects for every design factor (interactions
among design factors are not here accounted).
Tab. 4 reports the adopted mixed fractional array L 16
and the comfort degree values for each treatment,
calculated with eq. 1, based on FEM results.

5.2

Discussion of results

Looking at tab. 4, notice that treatment VIII gives the
maximum comfort degree value. However, as a fractional
array was here adopted, treatment VIII corresponds to a
"relative" optimal configuration, among the 16 tested
configurations. More investigations are then needed.

mean effects. Therefore, a new FE model was generated
and resolved, according to the optimal design parameters.
Fig. 9 compares initial shoe design and the optimal
design. The estimated comfort degree for the initial shoe
design equals 4.79, whereas it becomes 8.28 for the
optimal design (with about 42% of comfort improving).
ìSMQ = Nl R 2
j
ji
i =1
ïï
(2)
SMQj
í
,"j = 1,...,Nf
ï Δj = Nf
SMQj
ïî
i=j
By analyzing data through a Pareto ANOVA [18],
contribution indexes (Δ) were calculated, as stated into
eq. 2, where Nl and Nf are the number of levels and
factors, respectively, and Rji is the mean effect response
of factor "j" at level "i".

å

å

Fig. 10.a Contribution indexes

Comfort degree

8.28

Comfort degree

a - optimal shoe design

4.79

b - initial shoe design

Fig. 9 Optimal design vs initial design

Fig. 8 shows the mean effects of each level for the
eleven design factors on the comfort degree. Levels, for
every design factor, which maximize the comfort degree,
are marked as circle. Notice that the set of design factors
(here called "optimal design"), maximizing the comfort
degree, does not match any tested configuration, listed in
tab. 4. This is due to the adopted fractional array, which
does not contain all combinations among levels of factors.
A confirmation experiment is then required [18]. The
purpose of the confirmation experiment is to demonstrate
the validity of results coming-out from the analysis of the
June 15th – 17th, 2011, Venice, Italy

Fig. 10.a depicts the so-calculated contribution indexes.
Looking at fig. 10.b, where cumulative contributions are
shown, one should observe that, assuming a significant
level of 90%, factors F9, F11, F1, F8 exhibit a poor
incidence on comfort degree: this means that variations of
those factors slightly influence the comfort degree and
then their variation may be neglected. This result says, for
example, that the outer-sole notching plays no significant
role on improving comfort degree and, then, it may be
introduced with no variation of the comfort degree.
From the analysis of fig. 10.a, about 60% of the
contribution rate is due to factors F 2 ("arch shape"), F5
("inner-sole material") and F3 ("inner-sole thickness"). By
analyzing mean effects of these factors (see fig. 8), one
can note that:
a general increasing in comfort degree is observed
when decreasing the width of the arch shape (from
level 1 to level 3). However, the increasing rate is less
pronounced when moving from level 2 to level 3;
material stiffness highly influences comfort degree.
Except for a minimal reduction on comfort degree
492
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when moving from level 1 to level 2, a very
considerable improvement of comfort is obtained
when adopting a softer material (level 3);
increasing of inner-sole thickness will improve the
comfort degree.

among the foot and the upper shoe cover was neglected.
This hypothesis may be accepted for a static test,
whereas when considering walking or running conditions,
it becomes a strong limitation. In fact, the perceived
comfort is often affected by the interaction between
plantar pressures and dorsal/lateral pressures. More
investigation is, then, required when considering dynamic
foot motion.
Apart from the simplifications and the limitations, the
proposed methodology for studying and quantifying the
comfort function, based on virtual prototyping, may be
successfully extended to other engineering applications,
involving customer satisfactions and sensations, such as
seat design or postural assessments.

Acknowledgement

Fig. 10.b Cumulative contribution indexes

The design of a new product, as footwear, involves
many factors and key features to be accounted. When
considering also the human perceived comfort, the design
stage becomes a very huge task. The present study,
despite its limitations, gives some guidelines to choosing
and selecting the best design alternatives, by statistically
analyzing different design settings.
Designer should consider these results carefully since
they give only a preliminary screening in selecting the
right design setting. Real experimenters are always
required to validate such predicted results.

6 Conclusions and final remarks
In the present research different footwear design
scenarios, based on virtual prototypes, were investigated
in order to improve the perceived human comfort.
Attention was posed on occupational footwear, which is
commonly judged un-comfortable. In particular, only the
footwear sole was here taken into account.
In order to "quantify" the perceived comfort, a
preliminary experimental session was conducted. Twenty
three experimenters were selected and, for each of them,
four different shoes were worn. Every experimenter was
asked to compile a questionnaire reporting the degree of
perceived comfort. Plantar pressures were also
monitored. By comparing the perceived comfort degree to
the measured pressure maps, a comfort function, mainly
depending on the peak pressure, was determined.
Results showed that an increase in plantar pressure
corresponds to a decrease of perceived comfort.
The comfort function was, then, adopted to study the
sensitivity of different design factors. A parametric FE
model was developed for this purpose. The sensitivity
study was based on a fractional factorial design array.
Findings of this study have suggested that the sole
material and its thickness may strongly influence
perceived comfort. More specifically, softer material and
thicker inner-sole may play a significant role in improving
comfort. Other specific features, such as sole notching,
exhibit a negligible contribution level. This means that,
when designing such features, other criteria, different
from comfort assessments, can be adopted. Cost or
manufacturing rules can be here evocated.
In the present research a static balanced standing-up
configuration was accounted. Moreover, the interaction
June 15th – 17th, 2011, Venice, Italy
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