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ABSTRACT
We present a new generalized model for the diagnosis and prediction of accidents among the Spanish workforce.

Based on observational data of the accident rate in all Spanish companies over eleven years (7,519,732 accidents),

we classified them in a new risk-injury contingency table (19x19). Through correspondence analysis, we obtained a

structure composed of three axes whose combination identifies three separate risk and injury groups, which we used

as a general Spanish pattern. The most likely or frequent relationships between the risk and injuries identified in the

pattern facilitated the decision-making process in companies at an early stage of risk assessment. Each risk-injury

group has its own characteristics, which are understandable within the phenomenological framework of the accident.

The main advantages of this model are its potential application to any other country and the feasibility of contrasting

different country results. One limiting factor, however, is the need to set a common classification framework for risks

and injuries to enhance comparison, a framework that does not exist today. The model aims to manage work-related

accidents automatically at any level.

Key words: correspondence model, contingency analysis, risk, injury, occupational accidents.

INTRODUCTION

The aim of this paper is to present a generalized model
of occupational accidents at a national scale, specifically
for the Spanish workforce, by considering accidents as
a compound risk-injury event. We aim to establish rela-
tionships of affinity between the component methods of
these two variables, thereby generating a pattern against
which Spanish companies can be analyzed. Although
the model presented is multi-sectored, the same method-
ology, patterns can be applied to identify specific patterns
for each individual industrial sector (metals, transport,
chemicals, etc), if our goal is a more specific analysis
of companies.

Risk assessment is currently an essential tool in
managing safety in the workplace (Amendola 2002),
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and is used for predicting accidents among the work-
force (Kjellén and Sklet 1995). This evaluation process
involves three phases, all of them fundamental in the
subsequent preventive action: identification, assessment
and prioritization (Van Duijne et al. 2008, Frijters and
Swuste 2008). In occupational accidents, the three men-
tioned phases take into consideration the error associ-
ated with the subjectivity required by the methodology
used in the evaluation, although we need to redirect this
methodology towards more objective models (Leveson
2004). This article aims to approach the problem in re-
lation to the three phases above mentioned.

The standard evaluation of safety among the work-
force begins by identifying an “assumed” (hypothetical)
risk in the workplace, either by means of free obser-
vation or by means of a formal checklist (Rouhiainen
1992). Firstly, the evaluation uses tables of values to
try to identify the probability and consequence variables
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at a general level (Fine 1973). Secondly, the risks are
prioritized according their importance.

The main handicap in the standard evaluation of
the “assumed” risks identified in the various jobs in a
specific company lies in the fact that these risks are iso-
lated, independent events, which may or may not affect
individuals (Conte et al. 2007). To characterize an ac-
cident based on a risk before it actually happens is of
little use at present, as it is subject to the fundamental
premise of uncertainty. Therefore, once the “assumed”
risk has been identified, it is not possible to prove either
when the injury will occur or if it will occur, or even
its level of severity.

The mentioned change of scale, moving from the
rate of accidents (population) to the actual accident (the
individual), adds a high level of randomness to the eval-
uation techniques used: the classic criterion variables
play no proven role in the identification of risk (Kdrvers
and Sonnemans 2008). Consequently, only individual,
technical criterion prevails in the choice of the specific
risk value.

In this sense, the conceptual generalization of risk
proposed by Giddens (1994) and Beck (1999) is rel-
evant, which they consider to be the modern focus of
the forecasting and control of future (undesired) con-
sequences of human actions, also combining two ele-
ments that have always been mutually exclusive so far:
nature and society. They use the latter association to
characterize the present day society, which they call a
“risk society”. According to these authors, a type of
society is developing that will manage to overcome the
problem of uncertainty generated by human actions or
“manufactured uncertainty” (Giddens 1994) instead of
by risks that can be forecast based on certain laws of
science and natural systems (Beck 1999).

They see pre-industrial hazards conceived as
“events of destiny”, but that nowadays “industrial risks”
pose the problem of a demand for social responsibility
(accountability), enabling the assessment of risks that
have not taken place to become the subject of pre-
vention, compensation and expectation of preventive
measures. Therefore, in Spain, 40% of companies have
accidents. It is calculated that, in 60% of cases, the pre-
ventive risk action lacks any apparent use as it attempts
to control a problem that does not exist.
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Trying to minimize the uncertainty caused by the
assessment techniques used, this article suggests the use
of a more deterministic alternative: we propose to base
the risk assessment of the control of occupational acci-
dents upon the analysis of specific accidents suffered by
a company, and not upon a set of “assumed” risks whose
analysis goes beyond reality.

Therefore, this evaluation begins with an overall
assessment of the risks that have actually taken place
in a given workforce, avoiding the concept of their in-
dividuality, which is physically associated with spatial
(Nicholson 1998), temporal (Sari et al. 2009) and ma-
terial uncertainty (Hammer 1994).

Our aim, therefore, is to identify the real risks
from a log of accidents and summarize them in a con-
tingency table; we shall reach the criteria needed for
their assessment and prioritization by the mathematical-
statistical analysis.

This approach defines new quantifiable accident
properties that, at least, help us to view the problem
objectively, providing new control criteria based on a
deeper knowledge about them.

Therefore, we have initially defined a general ac-
cident model (Conte et al. 2008), typical of a country,
whose properties are applicable to any company within
this country, the model is to be understood and used as
a pattern, yardstick or standard for contrast (Garcia et
al. 2009). We call it “acsom”, the acronym of “acci-
dent soma” (accident body). To obtain it, we used a
log, which is a temporal series of the accidents that
occurred in this country, and each component in the
series was reported in a risk-injury contingency table,
which summarizes the accident rate recorded in each
annual period.

Conceptually, acsom represents an “equilibrium
diagram” of accidents. As we considered each accident
as a compound event derived from the risk-injury pair,
we identified the risk-injury (RI) type, which each acci-
dent comprises. The collection of these RI pairs for any
given country constitutes its acsom-G, and it is presented
as a compensated outline of its accident. It covers all
the productive sectors, that is, all the positive and neg-
ative typological anomalies that characterize each area
of activity. When we put these anomalies together, they
combine with one another, compensating one another.
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This produces a matrix (RI) diagram and marginal pro-
files (R or I), which are used as a standard of equilib-
rium/balance. The local patterns, or acsom-S, belong-
ing to each branch of production, are interpreted in the
same way.

The isolated profiles, which are marginal to the
contingency table and which can be obtained for each
company, in comparison to the marginal profiles in
acsom-G, show deviations of accidents of the company,
thereby allowing us to identify which types follow the
R or I equilibrium profile, and which types deviate
above or below it.

By means of a correspondence analysis, we pres-
ent a global model (acsom-G) for accidents, its under-
lying data structure was made up of three groups of
risks and injuries. We identified these three groups by
colors (red, yellow and green) to recognize them visu-
ally. The colors do not indicate the level of seriousness
of each group, but the features associated with the fre-
quency of occurrence.

The correspondence model has been applied by
various authors to the study of occupational accidents,
although they have used it for the study of specific cases.
Laflamme et al. (1991) applies the typology of the ac-
cidents in a Canadian car company and in a transport
company. Williamson et al. (1996) analyzed 1738 in-
dustrial accidents in Australia to discover the relation-
ship between work activity carried out in the workplace
where the accidents happened and their nature. Baril
et al. (2003) applied this methodology to a population
of 13,728 injured people in order to establish the rela-
tionship among the activities of the injured workers, the
types of injury suffered and the way the company deals
with casualties.

The correspondence analysis was selected (Ben-
zécri 1992, Greenacre and Blasius 1994) as the most
suitable method to optimize the initial matrix functions,
it reduced the information contained in the contingency
table and established affinity relationships among the
variable components of the table, thus obtaining a clas-
sification based on factorial coordinates (Joaristi and
Lizasoain 1999). Moreover, to obtain models of ac-
cidents in the companies, the correspondence analysis
is undoubtedly the most suitable method because of
its great power and elasticity. It makes no difference

whether the table is finished or unfinished, that is to
say, whether it presents structural or sample zeros, since
[ZX; = x?/N]: the association grade among the vari-
ables defined by their eigenvalues (A; = eigenvalues
from the diagonalization of the matrix; x> = Pearson
chi square value of the contingency table; N = total
frequency of the table).

The contingency table obtained (Table I) shows
three key elements: the total value, the marginal pro-
files, and the central body of the table or matrix. Each
of these identified elements can be analyzed separately
by using different methodologies.

In summary, the method is to compare the features
of the accidents of a specific company as opposed to
the features in their pattern of reference (acsom-G or
S). This methodology is applicable to any company,
regardless of size. In addition, one can automatically
obtain the following: forecasts and predictions of acci-
dents, and prioritizations of risks and injuries. Finally,
it enables a follow-up in real time by implementing
adequate control resources.

MATERIALS

In our model, an accident in the workforce is con-
sidered a compound event, composed of risks (R) and
injuries (I). The risk is understood as a basic generat-
ing and component unit of the accident, which refers to
the physical process inducing the injury. This latter, as it
appears as the material evidence of one or more risks, is
the basic compositional element or biological product,
from which the occurrence of an accident on the indi-
vidual is identified.

We have taken into consideration all the reports
on occupational accidents notified over eleven years
(7,519,732 accidents), registered (Ministerial Order 16-
12-1987, BOE 311, of 29" December) and published
by the Spanish Ministry of Labor (Secretaria General
Técnica, Subdireccion General de Estadisticas Sociales
y Laborales). The risks and injuries mentioned in these
notifications and reports are codified following the cri-
teria of the International Labor Organization presented
in the X International Conference of Statistical Labor
of 1962. The data obtained are summarized in a contin-
gency table of 19 risks (R) by 19 injuries (1), titled the
starting risk-injury matrix.
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The 19 categories of each variable (R or I) have a
disjunctive and exhaustive codification. We considered
the categories of the two initial multiple nominal vari-
ables as binary nominal variables, thereby obtaining 38
variables.

As the chosen variables R and I have a generic and
exhaustive character, each one can be further subdivided,
if it is useful, into other more specific derivatives of the
main variable of reference.

To obtain an affinity relationship model among the
variable components of acsom-G, we carried out the
analysis on the average year matrix (Table I). It must
be understood that, in order to obtain annual contin-
gency tables, a Poisson type design (Aguilera 2001)
was followed: the original frequencies that form the
boxes of the contingency table for each period are in-
dependent random variables with Poisson distribution,
and are filled freely. This basic table, or average year,
of fictitious values appears as an incomplete table,
which does not verify the hypothesis of symmetry of
population probabilities and shows heterogeneity in
its marginal distributions. It defines a theoretical body
of yearly accidents, which allows the analytical deter-
mination of an acsom-G pattern.

The list of codes is as follows:

Risks

Injuries

Fall of Persons

R1 Falls from a height (at different level)

R2 Slips, trips, falls (at one or same level)
Falls of Objects (on persons)

R3 by Collapse

R4 by Handling

R5 by Detachment

Treading on Objects

R6 Pierces, cuts, etc.

Colliding of persons against Objects (crashing)
R7 Colliding against stationary objects

R8 Colliding against mobile objects

R9Y Being struck by objects or tools (hits, cuts, etc.)
R10 Projection of fragments or particles

R11 Catching by or between objects

R12 Accidents by mobile machinery and traffic
R13 Overstrain

R14 Exposure to thermal contact, heat strain
R15 Exposure to electrical contact

R16 Exposure to chemical substances

R17 Exposure to radiation

R18 Explosions and fires

R19 Accidents caused by living beings

L1 Fractures

L2 Luxations

L3 Twists, sprains, strains

L4 Back pain (lumbago, etc.)

L5 Slipped disc

L6 Concussion and internal traumatism
L7 Amputations and loss of the eyeball
L8 Other injuries (piercing, cutting, etc.)
L9 Superficial traumatism

L10 Bruises, contusions and crushing
L11 Objects in the eyes (particles, etc.)
L12 Conjunctivitis

L13 Poisoning and intoxications

L14 Burns

L15 Environmental hazard

L16 Suffocation

L17 Electric effects (shock, etc.)

L18 Radiation poisoning

L19 Multiple injuries

METHODS

The risk-injury matrix (Table I) was initially analyzed
by using various skills of unsupervised learning tech-
niques of data mining analysis (Hand et al. 2001), that
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is to say, by using statistical exploratory multivariate
techniques, with the aim of identifying variable groups
and verifying the obtained results, so as to define a
global pattern (global model or acsom-G). Similarly,
local patterns have been obtained (local model or
acsom-S) for each branch of activity, outside the scope
of this paper, to reflect the features that are typical of
the industrial area to which it refers.

When we used the rate of accidents among the
workforce the profiles in the contingency table follow
Binomial and Poisson probability compound models
(Rubio 1983) interpretable in its set as multinomial
distributions (Aguilera 2006), Figures 1-2. Although
an ideal representative option would be a bar diagram,
a polygon is used in order to better see the differences
among the various types of variables, which a bar dia-
gram does not provide.

After selecting the limited factorial model, we
verified its characteristics in view of the absolute con-
tribution of the categories to each factor and the relative
contributions of each category to the building of each
axis. The suitability of the factorial model is checked by
examining the variances shared by the chosen factorial
axes, for each variable, and their correlation matrix.

The comparison among the categories comprising
factorial planes and axes shows different features asso-
ciated with the risk and injury variables, which we shall
interpret at a later stage.

We have also corrected the active symmetries of
the factor axes, which have appeared at some point
in the process of the systematic dimensional reduction.
These active symmetries alter the position of the group
set without affecting their relative positions (Real 2001).
Therefore, by means of an adequate homographic trans-
formation, it returned to their original position without
altering the features of the obtained initial settlement.

To quantify the affinity relationships among differ-
ent modes, the distances between two points are cal-
culated by using the Minkowski distance widespread
on the factor coordinates. This is necessary because the
graphic three-dimension representation is rather com-
plex and, in two dimensions, errors can easily be made
due to a deformation of the distances among modes that
is caused by the orthogonal projection method in use.
Therefore, it is possible to analytically prioritize the
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Figure 1
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Contingency analysis
Multinomial distribution of 3 risks
(R15, green; R6, yellow; R4, red)

Figure 2
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Contingency analysis
Multinomial distribution of 3 injuries
(I17, green; 13, yellow; 110, red)

Figs. 1 and 2 — Distribution of types of risks and injuries.

injury group concerning a specific risk. It means that,
it is possible to define an order based on the proximity
of the injuries with regard to the above-mentioned risk,
or vice versa, to define an order based on the proxim-
ity of the injury compared to this risk and vice versa. It
is possible to define an order based on the proximity of
the risk compared to an injury.

RESULTS

The factors or dimensions obtained by the correspond-
ence analysis for the variables under consideration are
shown in Table II, along with the percentage of total
variance that explains each factor.

The absence of the trivial solution (A; = 1) shows
that the analysis has been carried out on the centers of
gravity of rows and columns. As the rows are quasi-
barycenter of the columns and vice versa, they allow
simultaneous graphic representation.

We selected the first three factors as a limited
model (Table II), representing 72.9% of the total vari-
ance of the risk and injury variables. Therefore, we ful-
filled Hair’s criterion (Hair et al. 1999), which recom-
mends that all the dimensions with inertia greater than
0.2 are selected.

Figure 3 shows the spatial disposition of the three
axes or dimensions chosen as a solution. Each factorial
axis is composed of a linear combination of the cat-
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egories belonging to two different groups. Therefore,
some of categories in the green group characterize
Dim1’s positive side, and some of the categories in the
yellow group characterize its negative side. Dim2’s pos-
itive side is characterized by the rest of the categories
in the green group, and in its negative side by the cat-
egories in the red group. The red group characterizes
Dim3’s positive side, while its negative side is charac-
terized by category Rj3, which belongs to the yellow
group. Therefore, we defined three semi-planes corre-
sponding to each of the mentioned groups (Table III).

Fig. 3 — Characteristics of each factor according to the component

categories.
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TABLE 11
Criterion for reduced factor model.
Dimension | Latent roots | Inertia Variance | Cumulative
(Wi, pi, AQ) (ui) (AQ) explained | proportion
1 0.85341 0.72831 0.313 0.313
2 0.71864 0.51644 0.222 0.535
3 0.67267 0.45248 0.194 0.729
4 0.44163 0.19504 0.084 0.813
5 0.38292 0.14662 0.063 0.876
6 0.32596 0.10625 0.046 0.922
7 0.30171 0.09103 0.039 0.961
8 0.22744 0.05173 0.022 0.983
9 0.14818 0.02196 0.009 0.992
10 0.11712 0.01372 0.006 0.998
11 0.04916 0.00242 0.001 0.999
12 0.02820 0.00080 0.000 1.000
13 0.02111 0.00045 0.000 1.000
14 0.01414 0.00020 0.000 1.000
15 0.01320 0.00017 0.000 1.000
16 0.00836 0.00007 0.000 1.000
17 0.00077 0.00000 0.000 1.000
18 0.00001 0.00000 0.000 1.000
Total 2.32767 1.000 1.000

Wi = row scores; @i = column scores; Ai = eigenvalues.

TABLE II1
Risks and injuries components of axes and planes.
Diml Dim2 Dim3
I R10,R16, R17 | Ri4, Rys, Ryg
yperplane |\ I3, Iia, Iys, |
(Diml,DimZ) 11,1125 118 13> 114, 115, 116
I17
Hyperplane R, Ry, Rg Ri3
(Diml1, Dim3) | I I1, 14,15, Ig
Rig R3, R4, Rs, R7, Rg
Hyperplane Ro, Ry1, Ry2, Ryg
(Dim2, Dim3) I1, 17, Ig, Ig, I
Iig

This three-group solution (Table III) is well char-
acterized by each of the three factorial hyperplanes:
group 1 (green), hyperplane (Diml, Dim2); group 2
(yellow), hyperplane (Dim1, Dim3); and group 3 (red),
hyperplane (Dim2, Dim3). The factorial axes show a
mixture of categories: Diml (green and yellow cate-
gories), Dim2 (green and red categories), and Dim3
(yellow and red categories). The fact that Dim2 repres-
ents few categories in the green group is a consequence

of the low-shared variance of these categories with the
rest of their group. This difference also classifies the
various characteristics into two sub-groups of green
categories.

Tables IV and V give the factor scores obtained
for each of the studied variables, which are calculated
for the first three dimensions and are sufficient to pro-
ject the three stated groups. This three-dimensional ap-
proach is the one that defines the correct affinity relation-

An Acad Bras Cienc (2011) 83 (3)
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TABLES IV and V
Factor Scores

Table IV — Risk variables.

Table V — Injury variables.

Risk | Dim. 1 | Dim. 2 | Dim. 3 Injury | Dim. 1 | Dim. 2 | Dim. 3
R1 —0.318 0.012 0.200 Il -0.237 0.002 0.649
R2 | -0.335 0.013 0.080 12 —0.382 0.007 | —0.289
R3 | -0.172 | —-0.009 0.672 I3 —0.439 0.011 | —0.583
R4 | -0.108 0.065 0.731 14 —0.605 0.018 | —1.782
RS | —0.003 | —0.062 0.675 I5 —0.491 0.003 | —1.193
R6 | —0.385 0.012 | —0.345 16 -0.213 0.036 0.273
R7 | -0.153 | -0.034 0.627 17 —0.115 | —-0.008 1.150
R8 | —0.119 | —0.028 0.670 I8 0.021 | —0.057 0.731
R9 | -0.101 | —0.051 0.789 9 —0.144 | —0.043 0.650
R10 2906 | —-1.764 | —0.491 110 —0.199 | -0.018 0.744
RI11 | —0.148 | —0.005 0.893 I11 3.056 | —1.190 | —0.556
RI12 | -0.244 0.032 0.428 112 2.900 0.194 | —0.446
R13 | —0.543 0.014 | —1.320 113 2.838 4.666 | —0.366
R14 3.035 5934 | —0.417 114 2.888 3.363 | —0.354
R15 3.078 4372 | -0.625 115 0.784 2271 | -0.092
R16 2.797 2762 | —0.327 116 2.108 2.646 | —0.245
R17 2.883 1.387 | —0.395 117 3.303 5.125 | —0.793
R18 2.382 4271 | -0.229 118 2.947 2.103 | —0.438
R19 0.005 0.272 0.480 119 —0.191 0.109 0.481

ship among the analyzed variables. We must be careful
in interpreting the above-mentioned relationships using
the two-dimensional projections from the decomposi-
tion of the bucket solution, due to the distortions that
the plane projection imposes on the results space.

The absolute contribution of a variable to a di-
mension indicates the percentage of inertia (variance)
of this dimension attributable to the above-mentioned
variable. Tables VI and VII show the variables that are
most important or best characterize the chosen dimen-
sions. Therefore, we observed that, for the risk vari-
ables, 72.6% of the inertia of Dim1 are due to 62.1%
from Rjg (projection of fragments or particles), and
10.5% from R4 (exposure to heat contacts). For Dim2,
86.2% of their inertia are distributed among three vari-
ables: 47.9% from Rys (exposure to heat contacts),
27.2% from Ry (projection of fragments or particles),
and 11.1% from Rj¢ (exposure to chemical contacts).
In the case of Dim3, both variables represent 75.8% of
their inertia: 58% from Rj3 (overexertion) and 17.8%
from Rg (bruises, contusions and cuts by objects or
tools).
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For the injury variables, 77.4% of the inertia of
57.3%
from Ij; (objects in the eyes), and 20.1% from I3
(burns). For Dim2, 93.7% of their inertia are distrib-
uted among 28.9% from I;; (objects in the eyes) and
64.8% from Ij3 (burns). For Dim3, 82.3% of their
inertia are distributed among 43.3% from I4 (back

Diml are distributed between two variables:

pain), 15.4% from Ijo (bruises, contusions and crush-
ing), 13.8% from Ig (other injuries), and 13.7% from
I3 (twists, sprains and strains).

Figures 4 and 5 represent the risk forms (Rjo for
Diml, R4 for Dim2 and Rj3 and Rg for Dim3) and in-
jury forms (I;{ for Dim1, I3 for Dim2, and I4 and I for
Dim3) respectively, which most contribute to the forma-
tion of each axis where the centroids of the groups are
located. The stated forms have projected orthogonally
to three planes formed by three axes solution.

Considering the risk and injury variables together,
and for Dim1, the relationship of R1g with I1; (the vari-
ables that most contribute to the inertia) is noticed,
which perfectly explains the qualitative meaning or af-
finity of this risk-injury pair. In the same way, the rela-
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TABLES VI and VII

Absolute contributions

Table VI — Contribution of row points

to the inertia of each dimension.

Table VII — Contribution of column points

to the inertia of each dimension.

Risk | Marginal | Dim. 1 | Dim. 2 | Dim. 3 Injury | Marginal | Dim. 1 | Dim. 2 | Dim. 3
R1 0.087 0.010 0.000 0.005 I1 0.093 0.006 0.000 0.058
R2 0.098 0.013 0.000 0.001 12 0.022 0.004 0.000 0.003
R3 0.014 0.000 0.000 0.009 I3 0.270 0.061 0.000 0.137
R4 0.065 0.001 0.000 0.052 14 0.092 0.039 0.000 0.433
RS 0.007 0.000 0.000 0.005 I5 0.001 0.000 0.000 0.003
R6 0.058 0.010 0.000 0.010 16 0.015 0.001 0.000 0.002
R7 0.042 0.001 0.000 0.024 17 0.004 0.000 0.000 0.007
R8 0.024 0.000 0.000 0.016 18 0.174 0.000 0.001 0.138
R9 0.192 0.002 0.001 0.178 19 0.049 0.001 0.000 0.031
R10 0.063 0.621 0.272 0.023 110 0.187 0.009 0.000 0.154
RI11 0.067 0.002 0.000 0.079 I11 0.052 0.573 0.289 0.024
RI2 0.027 0.002 0.000 0.009 112 0.007 0.074 0.000 0.002
R13 0.224 0.077 0.000 0.580 113 0.021 0.201 0.647 0.004
R14 0.010 0.105 0.479 0.003 114 0.001 0.015 0.024 0.000
RI5 0.003 0.035 0.085 0.002 I15 0.000 0.000 0.003 0.000
R16 0.011 0.096 0.111 0.002 116 0.000 0.002 0.003 0.000
R17 0.001 0.010 0.003 0.000 117 0.001 0.011 0.031 0.001
RI18 0.002 0.013 0.049 0.000 118 0.000 0.003 0.002 0.000
R19 0.006 0.000 0.001 0.002 119 0.010 0.000 0.000 0.003
Total 1.000 1.000 1.000 Total 1.000 1.000 1.000

Fig. 4 —Risks {R14, R1g, R13 (Rg)} with a major contribution to the

X

inertia of each dimension.
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Fig. 5 — Injuries {Iy1, I13, 14 (I19)} with a major contribution to the

inertia of each dimension.

An Acad Bras Cienc (2011) 83 (3)
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TABLES VIII and IX

Relative contributions

Table VIII — Contribution of dimensions
to inertia of each row point.

Table IX — Contribution of dimensions
to inertia of each column point.

Risk | Marginal | Dim. 1 | Dim. 2 | Dim. 3 | Total Injury | Marginal | Dim. 1 | Dim.2 | Dim.3 | Total
R1 0.087 0.211 0.000 0.066 | 0.277 I1 0.093 0.089 0.000 0.527 | 0.616
R2 0.098 0.285 0.000 0.013 | 0.298 12 0.022 0.481 0.000 0.217 | 0.698
R3 0.014 0.055 0.000 0.664 | 0.720 I3 0.270 0.301 0.000 0.420 | 0.721
R4 0.065 0.021 0.006 0.743 | 0.769 14 0.092 0.110 0.000 0.751 | 0.861
RS 0.007 0.000 0.007 0.779 | 0.786 15 0.001 0.150 0.000 0.698 | 0.848
R6 0.058 0.132 0.000 0.083 | 0.215 16 0.015 0.148 0.004 0.193 | 0.344
R7 0.042 0.056 0.002 0.743 | 0.802 17 0.004 0.002 0.000 0.195 | 0.197
RS 0.024 0.031 0.002 0.784 | 0.817 18 0.174 0.001 0.004 0.600 | 0.604
R9 0.192 0.015 0.003 0.720 | 0.738 19 0.049 0.051 0.004 0.826 | 0.881
R10 0.063 0.747 0.232 0.017 | 0.995 110 0.187 0.079 0.001 0.864 | 0.943
R11 0.067 0.023 0.000 0.664 | 0.688 I11 0.052 0.716 0.256 0.019 | 0.991
R12 0.027 0.037 0.001 0.115 | 0.153 112 0.007 0.484 0.002 0.009 | 0.495
R13 0.224 0.170 0.000 0.794 | 0.965 113 0.021 0.293 0.666 0.004 | 0.963
R14 0.010 0.207 0.666 0.003 | 0.876 114 0.001 0.105 0.120 0.001 | 0.226
R15 0.003 0.110 0.186 0.004 | 0.300 I15 0.000 0.077 0.546 0.001 | 0.624
R16 0.011 0.329 0.270 0.004 | 0.603 116 0.000 0.119 0.158 0.001 | 0.278
R17 0.001 0.052 0.010 0.001 | 0.063 117 0.001 0.041 0.082 0.002 | 0.125
R18 0.002 0.248 0.672 0.002 | 0.922 118 0.000 0.021 0.009 0.000 | 0.030
R19 0.006 0.000 0.115 0.333 | 0.448 119 0.010 0.008 0.002 0.041 | 0.052

tionships are verified among many studied variables:
R4 withI;3 (Dim2), Ry3 with I4, and Rg with I1¢ (Dim3).
The variables that most influenced the inertia of the di-
mension are also those that are near to the centroid.

The relative contribution of a dimension to a vari-
able, Tables VIII and IX, represents the correlation’s
measure between the dimension and the variable. This
indicates the proportion of the inertia of the variable
explained by the dimension. The amount of relative
contributions of a variable is equivalent to the concept
of its shared variance (communality) used in the clas-
sic factor analysis.

In the case of risk variables (Table VIII), the worst
represented or those with the worst reconstitution
quality as three chosen dimensions are R (27.7%), R,
(29.8%), Rg (21.5%), R12 (15.3%), Ry5 (30.0%), and
Ry7 (6.3%).

In the case of injury variables (Table IX), the worst
represented considering three chosen dimensions are
Ig (34.4%), 17 (19.7%), 114 (22.6%), 116 (27.8%), 117
(12.5%), 113 (3.0%), and I9 (5.2%).
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Therefore, Dim3 is the one that best represents the
diversity of all variables that compose the analyzed table.

This situation shows the discontinuity that appears
in the frequencies of the initial contingency table, one of
high and one of low frequencies. The sub-table of high
frequencies is largely characterized by Dim3, while the
low frequencies are represented by the other two dimen-
sions.

With regard to the data, the shared variance among
the chosen factorial axes has been analyzed, for each
variable, as well as the correlations matrix among them.
Both shared variances and obtained correlations indi-
cate the independence among the factorial axes and,
therefore, a suitable representation of the information by
the model, that is, the stability of the adopted solution.

Figures 6 and 7 present the previously achieved
results. The aim is to verify the scattering of groups.

Table X shows the relationships of affinity between
the risk and injury vectors calculated as Minkowski dis-
tances, forming a decision criterion of great interest in
their forecasting and prioritizing.
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Fig. 6 — Factor model: groups of risks for three axes. (Red group without label; points projected on coordinate planes).
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Fig. 7 — Factor model: groups of injuries for three axes. (Red group without label; points projected on coordinate planes).

DISCUSSION

The presented methodology overcomes certain limita-
tions imposed by classical analytical methods regarding
accident rates: “free risk assessment methods”, that use
tables valued on a qualitative or quantative ordinal scale,
but with major limitations that impose the direct and sub-

jective assignment of risk values and “logical methods”
based on the analysis of probability trees (event and fault
trees) where the majority of starting probabilities are
usually estimated and not calculated on observations.
This methodology allows the calculation of prob-
abilities associated with the diverse nature of occupa-
tional accident rates, being the basis for an in-depth ana-

An Acad Bras Cienc (2011) 83 (3)
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lysis of the observed frequencies and greatly exceeding
the analytical expectations of the currently used methods
as indicated in the above paragraph.

The correspondence analysis is the core or central
body of this new methodology, but its full development
exceeds the parameters of this article. A basic concept
that it provides is that of a “population pattern of ac-
cident rates” named acsom, which can include various
studies aimed at characterizing (the study of masses and
potentials), comparing (the study of company-pattern de-
viations) and controlling (preventive action plans) cor-
porate accident rates, mainly regarding the frequency of
their occurrence and their seriousness.

As indicated by Schroeder-Frechette (1999), the
multi-dimensional approach to risk must take into ac-
count the following ethical problems: (1) who defines
the risk and how it should be defined, (2) who evaluated
the risk and in accordance with what rules, and (3) under
what conditions is ethically acceptable to impose risks
upon the society.

The problem of occupational accidents is a re-
stricted variant on the problem of risk, as defined by
Giddens (1994) and Beck (1999), appearing in their
manifestation at least as a reflection in the physical-
natural world.

Regardless the existence of human beings, the risk
of accidents will continue to exist as a natural phenom-
enon that may happen, as in fact they do, to any other
biological species. The frequency at which they occur
(the accident rate) is increased by social-economic activ-
ity, and their control is ethically obligatory as they cause
injuries of varying intensity (seriousness) to the health
of individuals.

The correspondence model, or joint probability
model, of accident rates in the Spanish workforce repro-
duces some risk-injury groups similar to those obtained
through other analyses based on the study of rows and
columns: principal components, multidimensional scal-
ing and hierarchical clustering analysis. This is what best
establishes the relationships between risk and injury, be-
ing confirmed as the most suitable analytical method to
treat the exposed problems under the proposals already
outlined.

As for the groups, the group-1 or green includes all
those risk and injury variables related to technological

problems of recent historical appearance (the industrial
revolution) and related to scientific and technical devel-
opment (Baram 2009, Rasmussen 1997). The group-2
or yellow group contains all those risk and injury vari-
ables related to evolutionary biomechanical problems
(Nachreiner et al. 2006). The group-3 or red group
contains all those risk and injury variables related to
technical-cultural problems (Guldenmund 2000) and to
the evolution of their activity.

The groupings also match the results obtained by
Douglas and Wildavsky (1982) by indicating the lack
of differences between the hazards that were posed in
early history (red and yellow groups) and those from
developed civilizations (red, yellow and green groups),
excepting in the type of cultural perception and the
way in which a civilization has organized itself into a
global society.

RISK AND INJURY VARIABLES OF THE FIRST FACTOR

The variables of the first factor contribute to the forma-
tion of the positive side of dimension 1, the categories
of the green group {Rig, Ri¢, R17}, and the formation
of the negative side of the yellow group {R1, Ry, R¢}.
This dimension is associated to projections of fragments
at the macroscopic or microscopic scale, to the expo-
sure to solid, liquid or gas chemical substances, to radi-
ation or to exposure at a subatomic scale (green group),
with the accident rate for anomalies of gravitational in-
teraction, fall of persons and treading on objects (yellow
group). This dimension can be interpreted as the phys-
ical process “projections” from the environment on the
individual (green group) or from the individual on the
environment (yellow group).

RISK AND INJURY VARIABLES OF THE SECOND FACTOR

Axis 2 is formed by the linear combination of variables
of the green group {Ri4, Rys, Rig} whose common fac-
tor is thermal effects and the resultant injury mostly
being burns (trauma-type, thermal-type), which contrib-
utes to the positive side. Similarly, on the other side
of the variable, the Ri9 from the red group, in which
the fewest injuries are of trauma-type generated by the
interaction with living beings, including falls, bruises,
strokes, blows, shocks, bites, stings, etc., is the main
contribution to the negative side of the axis.

An Acad Bras Cienc (2011) 83 (3)
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RISK AND INJURY VARIABLES OF THE THIRD FACTOR

Axis 3 is formed by the yellow group, with Ry3 form-
ing its negative side, and its positive side is formed by
the variables of the red group {R3, R4, Rs} that repres-
ent “fall of objects”, a by {R7, Rg, Rg} that represent
bruises, blows and collisions against or by objects. Ry
represents the cases of being caught by objects, and R»
represents the cases related to mobile machinery and
traffic in the workplace (excluding accidents while
travelling). Axis 3 represents the trauma-type injuries
caused by external agents to the individual, or by the
individual himself.

FACTORS COMPOSITION: FACTORIAL PLANES

The combination of the factorial axes defines three fac-
torial hyper-planes, which represents the risk and in-
jury groups. Therefore, axes 1 and 2 define the green
group (environmental risk and injury), axes 1 and 3 de-
fine the yellow group (risks associated with individual
and muscle-skeletal injuries), and finally axes 2 and 3
define the red group (individual mixed risk and trauma-
type injuries).

GREEN GROUP: PLANE (DiM1, DIM2)

The industrial accident identifies this group as risks as-
sociated with the work environment and injuries caused
by the environment.

The green group is characterized by the low oc-
currence of the frequencies of its component variables,
the temporal instability of their relative frequencies and
the highest accumulation of mass in two or three injury
variables. Figures 1 and 2 represent the multinomial dis-
tributions corresponding to a risk (R;s5) and an injury
(I17), respectively, from the green group. Individuals
are presented as a passive element in the individual
interaction environment, without the ability to respond
to an accident.

YELLOW GROUP: PLANE (DiMm1, DimM3)

The yellow group is characterized by the high occur-
rence of risk, the temporal stability of its relative fre-
quencies, and the highest accumulation of mass in one
or two injury variables (heterogeneity in the distribu-
tion). Figures 1 and 2 represent the multinomial distri-
butions corresponding to a risk (R¢) and an injury (I3),
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respectively, from the yellow group. Individuals are pre-
sented as an (dynamic) active element in the individual-
environment interaction, and responsive to the accident.
The environment will be a (static) passive element.

RED GROUP: PLANE (DiM2, DIM3)

The red group is characterized by the high occurrence of
the risk, the temporal stability of its relative frequencies,
and the distribution of the principal mass in 5 or more
categories (greater homogeneity in the distribution). Fig-
ures 1 and 2 represent the discrete multinomial distribu-
tions corresponding to a risk (R4) and an injury (I;¢), re-
spectively, from the red group. Both the individual and
environment can be active elements in the interaction.

CONCLUSIONS

The presented risk-injury correspondence model results
in three groups of risks and injuries. The advantage over
other factorial models stems from the joint treatment of
risks and injuries, thereby obtaining groupings composed
of the variables. These three groups, called green (tech-
nological/environmental), yellow (biological/evolution-
ary) and red (technical/cultural) groups, have been ver-
ified as a necessary and sufficient condition for the ab-
breviated representation of occupational accident rates.

These risk and injury groupings define a pattern
that we called “accident soma” or acsom-G, which
should be understood as a global model that represents
the balancing conditions of occupational accidents in a
population, enabling multiple specific analyses of com-
panies to be carried out.

Based on the presented result, new possibilities are
opened for the development of applications focused on
the automatic analysis, interpretation and management
of occupational accidents, thereby minimizing uncer-
tainty and improving the objectivity not offered by cur-
rent methods.

RESUMO

Apresentamos aqui um modelo generalizado para o diagnos-
tico e predicdo de acidentes na classe de trabalhadores da Es-
panha. Baseados em dados sobre a frequéncia de acidentes
em todas as companhias da Espanha em 11 anos (7.519.732
acidentes), nds os classificamos em uma nova tabela de con-

tingéncia risco-injuria (19x19). Através de uma analise por
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correspondéncia obtivemos uma estrutura composta por 3 eixos
cuja combinagao identifica 3 grupos separados de risco e in-
juria, que noés usamos como um perfil geral na Espanha. As
mais provaveis ou frequentes relagdes entre risco e injurias
identificadas nesse perfil facilitaram o processo de decisdo nas
companhias em um estagio inicial de apreciagéo do risco. Cada
grupo de risco-injuria tem suas proprias caracteristicas que sdo
compreensiveis dentro do conteido fenomenolégico do aci-
dente. As principais vantagens desse modelo sdo a sua apli-
cagdo potencial em qualquer outro Pais e a possibilidade de
comparar resultados de diferentes paises. Um fator limitante,
contudo, ¢ a necessidade de se usar um padrdo comum de
classificagdo para riscos e injurias afim de facilitar a compara-
¢do, um padrdo que ndo existe hoje. O modelo tem como alvo
administrar acidentes ligados ao trabalho automaticamente

em qualquer nivel.

Palavras-chave: modelo de correspondéncia, analise de con-

tingéncia, risco, injuria, acidentes ocupacionais.
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