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“If touching is not a single perception but a plural, then its objects are a plurality, too.”
(Aristotle)
For investigating steering feel, a very important part is how to measure what people feel.
The hypothesis in the present research work is that steering feel, as perceived by human
beings, can be allotted in dimensions. The steering feel of a certain vehicle can then be
seen as a point in a space with multiple orthogonal dimensions. The aim is to find the
dimensions that people use to perceive and describe steering feel, in order to define this
non-instrumental space. This article describes two modes of evaluation, a manual mode and
a mathematical mode using the statistical method of multidimensional scaling. Applying
these modes, it has been possible to extract nine dimensions describing the steering feel of
road vehicles.
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1. INTRODUCTION

1.1 Background
“One day it will be possible to tell how a vehicle’s

steering feels after measuring its handling proper-
ties!” This vision assumes that there is a correlation
between what the driver perceives and how a vehi-
cle handles. Several investigations have been con-
ducted to find out how drivers experience a change
in handling data, e. g. Chen & Crolla [1] and Riedel
et al. [2]. A very important part of this kind of inves-
tigation is how to measure what people feel. Human
beings are used to expressing feelings and percep-
tions in sentences and (key-)words, while engineering
science is used to measuring standardised physical
variables by standardised tests which leads to char-
acteristic values. Both distinguish different dimen-
sions that describe different aspects of a system. The
steering feel of a certain vehicle can be seen as a point
in a space with multiple orthogonal dimensions. The
idea in engineering is to measure coordinates along
pre-defined dimensions. A human being tries to do
the same by using the available words. Normally an-
other human being would understand the linguistic
description and retrace to the perception.

An analogous process is the description of an ar-
bitrary object using the dimensions in Fig. 1. These
dimensions, weight, size and softness, are obviously
orthogonal. Probably they would correlate to the in-
strumental values mass, length or volume and some
characteristic value for hardness, e. g. Shore hard-

ness. However, is this really the case? Moreover, do
they correlate linearly?

Focussing on the size,

Fig. 1: Analogy-3D

there will be the question of
whether this correlates more
to length or to volume, or
to something else. There are
also more factors than only
mass which will influence
the human perception of
weight, e. g. the handle bar
design or ergonomic aspects.
There may also be some kind of saturation where
people assert that the object concerned is too heavy
independent of the (excessivly big) mass.

This simple example shows that compari-
son between instrumentally measured and human-
perceived metrics is difficult. When transferring
this complex of problems to instrumental and non-
instrumental measurements of the steering feel of
road vehicles, this may obviously be even more com-
plex. However, the human way offers a possibil-
ity: human beings describe metrics using words!
Some words do describe a dimension quite directly;
other words are borrowed from other dimensions, but
are employed to convey nuances in a symbolic or
metaphoric use. However, a physical value perhaps
does not either describe the issue exactly either, even
though it is primarily meant to do so.
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1.2 Notation and conditions
The view of one person is subjective, even if that

person is asked for objective facts. However, by
asking several persons, the average of their answers
can be obtained and this can be regarded as objec-
tive. Therefore, the choice of notation in this pa-
per will be “instrumental” values for measurements
made by instruments (i. e. handling properties) and
“non-instrumental” values for experiences, percep-
tions and feelings, i. e. measurements made by hu-
man beings.

This investigation is based on two assumptions.
The first is that there are orthogonal dimensions in
the instrumentally measurable space that describe
steering feel using test data. The second is that there
are orthogonal dimensions in the human-perceived
space that describe steering feel using key-words.

1.3 Hypothesis
Based on the above-mentioned assumption, the

hypothesis in this research work is that there are
multiple dimensions of human perception regarding
steering feel. In this paper the aim is to find the
dimensions that people use to perceive steering feel
and describe it in their language to define the non-
instrumental space.

Through the research conducted by Russell [3],
the idea of dimensioning describing words came into
existence. In social science the Circumplex is a struc-
ture model that is used for e. g. emotion or personal-
ity. It is a circle around a Cartesian coordinate sys-
tem and describes two dimensions of emotion. The
ordinate shows the dimension arousal / sleepiness,
while the abscissa describes the dimension pleasure
/ misery. The words that belong to these two di-
mensions are arranged on the circle depending on
their affinity to the dimensions (Fig. 2). This model
could grow further to three or more dimensions - if
necessary.

Fig. 2: Circumplex presented by Russell [3].

The desired result in the present research work
is a common language for different drivers and
development engineers. Therefore, the main task
is to find the words, the number of orthogonal
dimensions and their relation to each other, i. e. the
words’ position on the circle.

2. METHOD

Since there is a difference between what people
feel and what instruments measure, the search for
human perception in this investigation is not based
on vehicle handling data, but uses human beings as
sources. The method is divided in two main parts,
whereof the first is divided into three subparts and
the second offers two alternatives:

• Preparing words

– Collecting words

– Filtering words

– Grouping words

• Dimensioning words

– Alt. A: Multidimensional scaling

– Alt. B: Manual evaluation

2.1 Collecting words
A group of 60 persons was asked to suggest words

that described steering feel to them. They received a
sheet of paper with a short instruction telling them to
list all the words they could imagine to describe the
steering feel of a car, truck or bus. It was assumed
previously to this collecting phase that the descrip-
tion would be the same for different kinds of road
vehicles, while the results would differ, of course.

The resulting lists contained 5 - 40 words. The
words from these lists were used to compose to a
comprehensive word pool consisting of all the unique
words. This resulting comprehensive word pool
consisted of 163 words using the active vocabulary
of 60 persons.

2.2 Filtering words
In the next step the comprehensive word pool was

presented to 66 interviewees (nearly all of whom had
been in the first group as well). Their task then was
to filter the comprehensive word pool. The inter-
viewees were asked to segregate the words that they
considered as inadequate.

The results were used to compile a compact word
pool consisting of all the words that were accepted
by 95% of the polled group. This task, using the
recognition vocabulary of the second group, reduced
the comprehensive word pool of 163 words to a
compact word pool of 43 words.

2.3 Grouping words
The third step was a pre-step for dimensioning.

The compact word pool of 43 words was listed in both
the rows and the columns of a matrix. Twelve inter-
viewees filled in the matrix with the numbers 0 to 3
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Fig. 3: Results of the cluster analysis of the 43× 43 -
matrix (translated into English): The dendogram
shows the distances and affinities of the words to
each other.

according to the affinity of the two words concerned,
with 0 meaning no affinity and 3 meaning high affin-
ity. The numbers 1 and 2 represented logical steps
in between. High affinity was defined by “words that
describe (nearly) the same dimension”. For example,
for most of the interviewees heavy and inertial had a
high affinity because they described, in the context
of steering feel, nearly the same feeling. However,
heavy and easy also had a high affinity because they
described the same dimension, even if they described
the exact opposite of each other.

The results were summed up in a final matrix
being 43× 43 where the high affinities emerged as
high values and the outliers disappeared.

3. DIMENSIONING WORDS

3.1 Multidimensional scaling
The affinities of the characteristic words in the

final matrix are quantities according to which words
form dimensions and according to which words be-
long to different dimensions. The aim of dimen-
sioning was to find these belonging relationships by
means of a statistical method. Non-metric multi-
dimensional scaling (MDS) was chosen because the
affinities were not measured in absolute metrics, but
as classifications. This tool identifies the distances
between the words, which is the opposite principle
to that of the affinity matrix mentioned above. The
intermediate result was a vector with the distances
among all the words. To visualise the results, which
involved more than three dimensions, the words were
clustered in a dendrogram (see Fig. 3). According to
Backhaus et al. [4] the data compression coefficient
Q should not fall below 2:

Q =
K · 1

2 (K − 1)
K ·R

!
≥ 2 (1)

K · 1
2 (K − 1) = number of affinities (Input)

K ·R = number of coordinates (Output)
K = number of words
R = number of dimensions

With this limitation the maximum number of di-
mensions is 10 when evaluating the 43× 43 - matrix.
Therefore, for the further evaluation the MDS re-
sults were interpreted trying to fulfil the constraint
of the data compression coefficient.

As a next step, single words were eliminated
from the evaluation for different reasons. The words
soft, balanced and (in)consistent were borrowed from
other linguistic areas. Therefore, they could neither
be understood as a dimension of their own nor be
related to another dimension. This was also valid for
the word load-dependent.

The words linear and progressive were eliminated
because an experiment on a test track showed that
test drivers coupled them directly to the instrumen-
tal value of steering ratio, but they could not feel the
difference. Moreover, these two words were also not
coupled to another dimension.

The words understeered / oversteered were elim-
inated because they were interpreted differently by
different interviewees, even if they actually are well
defined in vehicle dynamics.

The word steering wheel return made up a di-
mension of its own and was separated to minimize
the number of dimensions in the following step.

Eliminating these words reduced the matrix from
being 43× 43 to 35× 35 which was evaluated again
with the MDS. In order to meet the constraint of the
data compression coefficient, a maximum number
of eight dimensions was allowed here (including
the dimension steering wheel return, which had
been separated in the previous step). As a further
help, the quality criterion STRESS1, according to
Kruskal∗, was calculated for a different number
of dimensions. STRESS1 is a normalised quantity
of variance which includes the disparities in the
Shepard-Diagram. A STRESS1-value of around
0.05 is good, 0.025 is excellent and down to 0 is
perfect. However, according to Backhaus et al. [4]
a STRESS1-value under 0.01 usually reveals a
failure. Table 1 shows the calculated STRESS1 for
the above-mentioned 35× 35 - matrix. It can be
concluded that the range of six to eight dimensions
meets both the constraints of good results and the
limit of dimensions.

3.2 Multidimensional Scaling Results
Through applying the above-described method,

the reduced compact word pool of 36 words (35 plus
the separated Steering wheel return) could be ex-
pressed as nine dimensions: Stability, Response, Re-

∗mentioned by Backhaus et al. [4], pages 638ff
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Table 1: STRESS1, according to Kruskal, and the
data compression coefficient for the 35× 35 - matrix.

Number of
Dimensions STRESS1 Q

1 0.4330 17
2 0.1703 8.5
3 0.1117 5.67
4 0.0837 4.25
5 0.0664 3.4
6 0.0547 2.83
7 0.0458 2.43
8 0.0396 2.13
9 0.0322 1.89

sistance, Ratio, Road feel, Jerk, Steering wheel re-
turn, Play and Comfort. However, on the one hand,
Comfort seemed to be quite a comprehensive dimen-
sion that could be subdivided further. On the other
hand, Comfort was situated in Fig. 4 very close to
Jerk and was therefore combined with this dimen-
sion.

Finally the analysis led to eight dimensions (see
Table 2) describing steering feel from the point of
view of drivers for use in several possible tests, such
as driving simulator tests and test track investiga-
tions.

In theory one can argue that the space of per-
ception has in general only two or, at most, three
dimensions because, human beings cannot perceive
more than that at any given time [4]. The reader
may judge for himself whether steering feel can be re-
duced to three reasonable dimensions. However, the
space of steering feel perception is often not experi-
enced as a whole, rather the focus is often directed
on only one detail.

Another interesting result was that there were
hardly any differences between summing up and
evaluating five or twelve of the interviewees’ matrices
to the final matrix (as done in Section 2.3). This
means that the interviewees knew quite well the
width of the dimensions and the categories to which
the words belonged. Not only was each interviewee
consistent with himself, but also all the interviewees
were in agreement with each other.

3.3 Manual evaluation
The results from the MDS were traceable. How-

ever, the dimension Response was quite comprehen-
sive, which led to misunderstandings and uncertain-
ties when using the dimensions. Therefore, another
evaluation method was applied with the aim of sub-
classifying this dimension further.

The final matrix (see Section 2.3) was analysed
concerning affinity again. To determine which affin-
ity was high, the standard deviation and the aver-
age over the whole matrix were calculated. All the
values greater than the sum of the average plus the
standard deviation of the whole matrix were defined
as medium high affinity, while all the values greater

Table 2: Dimensions and related words

Dimensions Related words
Stability (un)stable

directionally stable
rate-stable
sensitive to lane-grooves
wobbly

Response controlled
delayed
(in)direct
distinct
erratic
obedient
quick
reactive
precise
(in)exact
slippery
sensitive

Play play
Resistance heavy / easy

inertial
light as a feather
force-requiring

Ratio large / small steering
wheel angle required

Road feel road feel
road contact

Jerk jerky
(Comfort) pulsing

shaky
stabbing
steering wheel jerk
vibrating

Steering wheel return steering wheel return

than the sum of the average plus two times the stan-
dard deviation were defined as high affinity.

āxyarithm
+ σa < medium high affinity

āxyarithm
+ 2 · σa < high affinity

Words that described the same dimension would
have a high affinity by definition. In this case, the
words (in)exact, distinct and (in)direct, for exam-
ple, described one dimension, while the word play
described another dimension. Words within the
same dimension had a high affinity to each other
while comparing words from two different dimensions
would result in a low affinity.

Nevertheless, there could be words with an
affinity between high and low. Continuing with the
example above, the words quick and reactive have
a high affinity to each other, but only a medium
high affinity to the above-mentioned words (in)exact
and (in)direct, almost like their relationship to the
word play. This is easier to retrace in a diagram,
where the words in between would appear as a
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Fig. 4: Results of the cluster analysis for the 35× 35 -
matrix: The dendogram shows the distances of the
words to each other.

linear combination of the mentioned dimensions (see
Fig. 5).

Doing this manually implicated an uncertainty,
of course. However, it offered the possibility of
compartmentalising the compact word pool in even
greater detail by understanding the words, since
statistics follows its rules strictly. The manual
evaluation enables the content correction of un-
steady data. For an interviewee it is difficult to fill
in a 43× 43 - matrix absolutely consistently. For
example, quick / slow response and delayed have
according to Fig. 4 a distance of 11.5 to each other,
while the distance between quick / slow response
and controlled is only 9.7. Nevertheless, quick / slow
response and delayed must be placed near to each
other following logic and feeling for the language.
Thus, some kind of intellectual judgement was an
integral part of the method.

3.4 Result of manual evaluation
The result of the manual word dimensioning is vi-

sualised in Fig. 6. Lines that are orthogonal to each
other show dimensions that are orthogonal to each
other too. Due to the limitation of the 2D repre-
sentation, parallel lines do represent different dimen-
sions. For the same reason, the whole steering feel
cannot be displayed as a circle similar to the Circum-
plex (Fig. 2). However, if one extracts two dimen-
sions, they can be visualised as a circle. The man-
ual dimensioning resulted in nine dimensions, which
was the number obtained by MDS, and the formu-
lated dimensions generally correlate with the results

Fig. 5: Linear combination of the two dimensions
(in)direct and play

in Table 2. Nevertheless, there are differences. The
earlier mentioned dimensions Stability and Response
are a complexity between the dimensions Play and
Directness, which is characterised by the words di-
rect, distinct and exact, and a dimension that is char-
acterised by the words erratic and slippery.

The figure shows that there are not only orthog-
onal dimensions that are easy to use. However, even
if the result does not show in a direct way what ques-
tions to ask, there are still conclusions that can be
drawn. For example, if there are two questions in
a survey, one asking for the dimension Directness
and the other asking for the dimension Stability, it is
clear that these are not orthogonal dimensions. This
knowledge can be used when finding correlations. In
a multiple regression analysis, for example, both di-
mensions should affect the same dependent variable,
but with a different magnitude.

Fig. 6: Result of the manual word dimensioning
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3.5 Limitations
Since this investigation requires dedicated volun-

teers who can reflect on their feelings about words,
native speakers are required. The words mentioned
in this paper have been translated from Swedish
to English (see Appendix). This means that the
presented results may not be valid in every other
language. To obtain results in another language, the
investigation has to be made with native speakers
who have a feeling for their own mother tongue.
The investigation documented in this paper is based
on interviews held in Swedish with native speakers
from Sweden.

4. CONCLUSIONS

Based on the Circumplex presented by Russell [3],
words for the description of steering feel were dimen-
sioned (Table 2 and Fig. 6). This resulted in up to
nine dimensions describing the steering feel of road
vehicles. The dimensions were found by the statis-
tical method multidimensional scaling and, together
with the words which they contain, they are listed in
Table 2. The manual dimensioning shows similar re-
sults, but explains the complex dimension Response
better. The assumption that there are orthogonal
dimensions in the human-perceived space of steering
feel could not be validated. However, the circle is
the better mode of explanation. If one extracts two
dimensions, they can be visualised as a circle (see
Fig. 5). This will make it easier to explain where
certain words are placed even if they are not con-
tained in one of the dimensions. Since there are nine
dimensions in total the whole steering feel cannot be
visualised in one circle.

The dimensioning of words is a tool that clarifies
the human perception of steering feel. This will fa-
cilitate the performance of further investigations to
find the correlations between instrumental and non-
instrumental metrics, and is therefore an important
pre-step in researching steering feel.
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APPENDIX

Table 3: Interpretation English - Swedish

English Swedish
rate-stable kursstabilt

directionally stable riktningsstabil
(un)stable (in)stabilt

wobbly vinglig
sensitive to lane-grooves sp̊arkänslig

(in)direct (in)direkt(styrd)
distinct distinkt

(in)exact (o)exakt
(im)precise (o)precis
controlled kontrollerad

response respons
quick (response) snabb (respons)

erratic fladdrig
slippery sladdrigt

(dis)obedient (o)följsam
(in)sensitive (o)känslig

reactive reaktionskänslig
delayed fördröjning / fördröjd

road contact vägkontakt
road feel vägkänsla

play glapp
light as a feather fingerlätt

force-requiring kraftkrävande
heavy / easy tung/lätt(styrd)

inertial trög(styrd)
resistance motst̊and

requiring large SW angle stora rattutslag krävs
high / low ratio utväxling (hög / l̊ag)

stabbing hugger / huggande
jerky ryckigt

shaky skakigt
vibrating vibrationer / vibrerande

pulsing pulserande
steering wheel jerk slag i ratten

comfortable komfortabel


