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This paper presents a new sensitivity analysis method called ISTHME based on the principles of Morris's
method without the construction of randomized one-at-time (OAT) design. The presented method can be ap-
plied on any experimental design and more particularly on space filling designs. This specificity is very inter-
esting in terms of time and calculation economy. Indeed, we can use a universal design, which is adapted to
sensitivity analysis as well as optimization without any supplementary simulation.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

In the last decade, industrial phenomena (oil industry, nuclear,
etc.) are often studied using numerical simulation [1]. These simula-
tion models are increasingly complex with a large number of input
parameters and consequently a long time of calculation. Therefore,
it becomes essential to determine the most important factors to in-
clude in a metamodel, simpler but realistic, by using screening [2]
or sensitivity analysis. The classical screening methods such as Plackett
and Burman designs [3], supersaturated designs [4,5] or sequential
bifurcation [6,7] are not adapted when the variation domains are
very large since the points are located close to the extreme limits
of the domain. Specific sensitivity analysis are now required as
Morris's method [8–12] which is better adapted and often applied
when a large number of simulations can be performed (more than
5k simulations, where k is the number of inputs) to identify the
few important factors among a lot in models. Nevertheless, this
method which allows the determination of the main effects and
gives indication on nonlinearities or interactions requires many
simulations without the possibility of using the simulations for a
subsequent study.

The method ISTHME presented in this article is based on classical
Morris's method but uses any set of points spread in the interior of
the experimental volume. This set is often a uniform design allowing
different studies in a second time as response surface [13–15] or/and
kriging [16–19].

2. Presentation of the Morris method

2.1. Classical Morris's OAT method

The method proposed by Morris [11] provides a global sensitivity
measure to identify the factors with (1) negligible effects, (2) linear and
additive effects or (3) nonlinear or interaction effects. For that, a design
composed of individual randomized one-at-a-time (OAT) designs is
built in order to determine, for each factorXj, the elementary effects dj(y).

dj yð Þ ¼ yðx1;…;xj−1;xj þ Δj;xjþ1;…;xJÞ−yðxÞ
Δj

where Δj is a value in {1/(p−1),…, 1−1/(p−1)}, with p as the number
of levels (Fig. 1).

Considering L different trajectories, a statistical analysis of these
elementary effects provides the mean μj(y) which assesses the global
influence of the factor Xj.

μ j yð Þ ¼ 1
L

XL
‘¼1

d‘j yð Þ

As elementary effects with opposite signs cancel each other, the
mean of the absolute value μ⁎j(y) is also considered [9].

μ�
j yð Þ ¼ 1

L

XL
‘¼1

d‘j yð Þ
��� ���

The third considered statistic is the standard deviation σj(y)
which indicates the presence of higher order effects and measures
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the non-linearities or the interactions of the jth factor with others
factors.

σ j yð Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
L

XL
‘¼1

d‘j yð Þ−μ j yð Þ
� �2

vuut

According to the values of μ⁎j(y) and σj(y), Morris shows that stud-
ied factors can be classed into three groups as follows: factors having
(1) negligible effects, (2) linear and additive effects or (3) nonlinear
or interaction effects. Nevertheless, this method does not allow the
discrimination between non-linearities and interactions. For an
easier interpretation, the values of μ⁎j(y) and σj(y) can be plotted as
shown on Fig. 2.

Factors with negligible effects are characterized by low values of
μ⁎j(y) and σj(y), factors with linear effects present a high value of
μ⁎j(y) and a low value of σj(y), and for factors with nonlinear or inter-
action effects, μ⁎j(y) and σj(y) present high values.

2.2. Improved sensitivity through Morris extension method

Contrary to classical Morris's method, this method (ISTHME) is
based on any set of points and more particularly a uniform design.

The first step is the construction of constellations from this set of
points. In 2 dimensional space, the constellations are constructed
with 3 points, in 3 dimensional space, the constellations are defined
using 4 points and in k dimensional space, k+1 points are necessary
(a same point can belong to different constellations). For this con-
struction, we defined the following two parameters as shown Fig. 3:

- the length l of the segments of the constellations.
- the angle α between two segments of a constellation

All these constellations are chosen in order to obtain quasi orthog-
onal dihedron (with a fixed length l of segments) and it is obvious

that the variation of l and α induces a variation of the number of con-
stellations (Fig. 4). Consequently, a preliminary study of these param-
eters is required to define values providing a sufficient number of
constellations for the calculations of step 2.

In a second time, elementary effects dj(y) are calculated for each
constellation and then, the sensitivity indices μ⁎j(y) and σj(y) are
calculated as follows (in a 2 dimensional space).

Let a function of two variables x1 and x2 varying respectively in a
domain [n1,m1] and [n2,m2], linear with interaction in a bidimensional
space.

f x1; x2ð Þ ¼ ax1 þ bx2 þ cx1x2 with : x1∈ n1;m1½ � andx2∈ n2; m2½ �

In order to separate the effects, we have to establish a decomposi-
tion of f as follows:

f x1; x2ð Þ ¼ f 0 þ f 1ðx1Þ þ f 2ðx2Þ þ f 12ðx1;x2Þ

where

f0 represents the mean effect
f1(x1) corresponds to the principal effect of x1
f2(x2) corresponds to the principal effect of x2
f12(x1, x2) corresponds to the interaction effect between x1 and x2.

The mean effect f0 is provided by the mean of f which is

f 0 ¼ 1
m1−n1ð Þ m2−n2ð Þ ∫

m2

n2

∫
m1

n1

f ðx1;x2Þdx1dx2

¼ 1
m1−n1ð Þ m2−n2ð Þ ∫

m2

n2

∫
m1

n1

f ðx1;x2Þdx1
" #

dx2
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Fig. 1. Morris's OAT design in a 3 dimensional space.
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Fig. 2. Theoretical disposition of means μ⁎j(y) and standard deviationsσj(y) of the effects
distribution.
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Fig. 3. Parameters of construction for the constellations: the length l of the segments
and the angle α between two segments.
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Fig. 4. Example of 12 constellations (C1, C2,…, C12) in a 2 dimensional space with
N=40 points for fixed length of segments and angle α.
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