
 

 

 

© The author; licensee Universidad Nacional de Colombia.  
DYNA 83 (196), pp. 31-38. April, 2016 Medellín. ISSN 0012-7353 Printed, ISSN 2346-2183 Online 

DOI: http://dx.doi.org/10.15446/dyna.v83n196.56606 

Identification of areas of intervention for public safety policies using 
multiple correspondence analysis 

 
Jesús Antonio Carrillo-Castrillo a, Juan Carlos Rubio-Romero b, José Guadix c & Luis Onieva d 

 
a Grupo de Investigación en Ingeniería de Organización, Universidad de Sevilla, Sevilla, Spain. jcarrillo@io.us.es 

b Escuela de Ingenieros Industriales, Universidad de Málaga, Málaga, Spain. juro@uma.es 
a Grupo de Investigación en Ingeniería de Organización, Universidad de Sevilla, Sevilla, Spain. guadix@io.us.es 
a Grupo de Investigación en Ingeniería de Organización, Universidad de Sevilla, Sevilla, Spain. onieva@io.us.es 

 
Received: December 07th, 2015. Received in revised form: March 01rd, 2016. Accepted: March 07th, 2016. 

 
Abstract 
Analysis of accident reports has been a useful tool in occupational safety research. According to European Statistics on Accidents at Work framework 
(ESAW), important variables related to the main circumstances of accidents are being gathered in Europe. The purpose of this paper is to present a method 
for analysis of accident databases that are coded according to the ESAW and based on Multiple Correspondence Analysis. The method proposed considers 
the implicit conceptual relationship between the exposure and accident variables in order to identify main areas for public policy intervention. This method 
is presented by analyzing specific working processes using a dataset of the accidents that were reported in the Andalusian manufacturing over a ten-year 
period. The method presented allowed easy identification of the main associations candidates for public intervention programs. Each could be object to 
further detailed research before designing the intervention program. This method could help policy makers when identifying areas for public intervention. 
 
Keywords: occupational safety, accident analysis, risk factors, multiple correspondence analysis, ESAW. 

 
 

Identificación de aéreas de intervención de políticas públicas en 
seguridad laboral usando análisis de correspondencias múltiple 

 
Resumen 
El análisis de los partes de accidentes ha sido una herramienta útil en la investigación en materia de seguridad laboral. De acuerdo a marco para la 
elaboración de Estadísticas de Accidentes Laborales en Europa (ESAW), hay importantes variables relacionadas con las principales circunstancias de los 
accidentes que se están recopilando en Europa. El objetivo de este artículo es presentar in método de análisis de bases de datos de accidentes codificados 
de acuerdo a ESAW mediante el uso de Análisis de Correspondencias Múltiple. El método propuesto tiene en cuenta las relaciones conceptuales implícitas 
entre las variables relacionadas con la exposición y las variables relacionadas con el accidente para identificar las áreas de intervención pública de las 
políticas de seguridad laboral. Este método es presentado analizando procesos específicos de trabajo en la información reportada de los accidentes 
laborales en el sector industrial de Andalucía en un período de 10 años. El método presentado permite una identificación fácil de las principales 
asociaciones que puedan ser objeto de programas de intervención pública. Cada una de estas asociaciones puede ser analizada en mayor detalle antes del 
diseño del programa de intervención. Este método puede ayudar a los responsables de elaborar políticas para identificar áreas de intervención pública. 
 
Palabras clave: seguridad laboral, análisis de accidentes, factores de riesgo, análisis de correspondencias múltiple, ESAW. 

 
 
 

1.  Introduction 
 

1.1.  Accident analysis 
 
Analysis of accident reports have been a useful tool in 

occupational safety research [1].  
Governments have also understood the importance of the 

quality of accident reports data. For instance, the European 

Union developed a project denominated European Statistics 
on Accidents at Work (ESAW hereinafter), launched in 1990 
[2]. The main purpose of ESAW is to harmonize data on 
accidents at work and also to incorporate meaningful 
variables from accident scenarios.  

Over the last decades, most researchers have used 
statistical analysis to discover the relationships between 
circumstances and accident occurrence.  
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Accident circumstances are usually structured as a flow 
of events [3] and then analyzed with contingency tables. 
Also, exploratory techniques [4] and clustering tools [5] have 
been used to identify sequences of events and their 
prevalence. Accident analysis has been used for risk 
assessment as well [6,7].  

Also, correspondence methods have been applied to 
explore relationships among certain variables, such as 
between deviations and the type of accident injury[8]. 

All these methods are useful for identifying relation ships 
between accident circumstances variables; nevertheless, from a 
prevention and risk assessment perspective, the key factor is to 
analyze the relationships between the categories of these 
variables and not just the between-variable relations [9]. 

An important issue is that accidents need to be analyzed 
considering their different etiology. A group of accidents 
from the same scenario share a common internal structure in 
terms of the exposure and circumstances leading to the 
accident’s occurrence [10].  

 
1.2.  Accident notification according to ESAW 

 
In Europe, as harmonized variables and classifications of 

the circumstances of accidents at work that establish the 
prevalent situation and conditions at the time of the accident 
are coded using ESAW, identifying the accident scenarios in 
accident reports should be undertaken using the ESAW 
taxonomy. 

European Parliament and of the Council regulation (EC) 
No 1338/2008 of 16th December 2008 on community 
statistics on public health and health and safety at work sets 
out obligations to supply statistics on accidents at work to the 
European Commission, according to the third phase of 
ESAW (ESAW-III). In the third phase of ESAW [2], the 
harmonized and common data set to be provided on accidents 
at work cover new characteristics of the accident, including 
the sequence of event characterizing the accident’s causes 
and circumstances. 

Regarding the quality of the data from accident 
notification, according to [10] Spain has properly 
implemented ESAW, which is comparable to most western 
countries [11]. It is important to highlight that every accident 
notification is accepted by the mutual insurance system in 
Spain, which covers the cost of rehabilitation after an 
accident, and it must be also reviewed by the Labor 
Authority, which on occasion performs its own accident 
investigations. In an unpublished report by the Instituto 
Nacional de Seguridad e Higiene en el Trabajo (the National 
Institute for Occupational Health and Safety in Spain), the 
quality of accidents notified from 2003 to 2008 was analyzed. 
It was concluded that the circumstances of the accidents 
showed adequate information in more than 90% of those 
cases [12]. 

 In a deeper analysis, using cross-sectional double-blind 
design, Molinero-Ruiz et al. (2015) found a moderate 
agreement reliability coefficient (Kappa index) for most 
categories with the Deviation and Contact variables [13]. 

Analysis of the ESAW data needs to be undertaken with 
a clear differentiation between the circumstances related to 
risk exposure and the circumstances related to the accident 

occurrence [14].  
The variables relating to exposure are Working Process 

and Specific Physical Activity, and the variables relating to 
the accident itself are Deviation and Contact. For each 
variable there are two levels of coding. 

 
1.3.  Paper objective 

 
The purpose of this paper is to present a method to 

analyze accident databases that are coded according to 
ESAW and based on Multiple Correspondence Analysis 
(hereinafter MCA).  

The method proposed considers the implicit conceptual 
relationship between exposure variables and accident 
variables in order to identify main areas for public policy 
intervention.  

This method is presented analyzing specific working 
processes using a dataset of the accidents reported in the 
Andalusian manufacturing sector over a ten-year period. 

 
2.  Materials and Methods 

 
2.1.   Data 

 
In order to present the method, we have gathered all 

accidents that have led to at least one day of absence in the 
Andalusian manufacturing sector, from 2003 to 2012, with a 
total of 201,311 valid accident notifications.  

According to Eurostat, the manufacturing sector uses 
NACE economic classification. Manufacturing is the sector 
in Europe with the highest number of annual days of absence 
due to accidents [15]. In order to limit the analysis to 
accidents occurring in industrial sites, we used the ESAW 
variable working environment. 

The latest incidence rate for the manufacturing sector 
published by Eurostat is 3,097 accidents per 100,000 
workers, which shows the importance of manufacturing 
sector accidents for accidents with more than three days’ 
absence in the European Union and Norway in 2007 

It is important to add that Andalusia is one of the biggest 
regions in Europe, represents approximately 12% of the 
Spanish manufacturing sector, and employs on average more 
than 200,000 workers. 

In Spain, accident reports are electronically collected in 
“Official Workplace Incident Notification Forms” [16]. All 
accidents that result in an absence from work for one or more 
days must be notified.  

For each accident, variables related to main 
circumstances are gathered according to ESAW: Working 
Process, Specific Physical Activity, Deviation and Contact. 

 
2.2.  Implicit structure of the accident circumstances  

 
Another important issue is that in-depth analyses of 

accident circumstances of should only be carried out for 
accidents classified as fitting the same scenario [6, 10]. The 
accident scenario is identified by the combination of accident 
circumstances (see Fig. 1).  
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Figure 1. Concepts of task and accident mechanisms in the flow of events. 
Source [6]. 

 
 
According to previous researchers’ findings, and 

regarding ESAW variables, meaningful concepts underlie the 
structure of accident reports [6]. In particular, two main 
concepts are directly linked with flow of events that lead to 
the accident: Task and Accident Mechanism. 

The Task is what the worker was doing. This concept can 
be used to identify the risk that the worker was exposed to 
when the accident occurred. Tasks are identified through the 
ESAW variables Working Process and Specific Physical 
Activity.  

According to ESAW, Working Process is the “main type 
of work or task (general activity) being performed by the 
victim at the time of the accident” and Specific Physical 
Activity is “the victim’s exact specific physical activity at the 
instant of the accident.”  

The Accident Mechanism is what happened in the lead-up 
from normal work to when the accident occurred. The 
accident mechanism is used to identify each central bow-tie 
events and it is defined by the combination of the ESAW 
variables Deviation and Contact [6,17]. 

According to ESAW, Deviation is “the event that triggers 
the accident” and Contact is “the contact that injured the 
victim.”  

 
2.3.  Method  

 
The relationships between the variables and their 

categories in ESAW can be identified using Multiple 
Correspondence Analysis (MCA hereinafter).  

MCA analysis, as an exploratory technique and provides 
an intuitive representation of how certain categories are close 
enough to intuit an association [8]. MCA is also a useful 
method for presentation purposes as the plots are very 
intuitive [18]. 

MCA is a multivariate statistical technique. It is 
conceptually similar to principal component analysis, but 
applies to categorical rather than continuous data. In a similar 
manner to principal component analysis, it provides a means 
of displaying or summarizing a set of data in two-
dimensional graphical form.  

The nearest two modalities are in the plot, the stronger 
one is the evidence of the relationship between them. It must 

be considered that in the center of the correspondence plot, 
very little can be said as it represents the average profile.  

A group of categories that are close to each other and 
separated from the rest is called a cluster, and in terms of 
accident analysis a cluster identifies a scenario of accidents 
that could be prevented. 

The identification of category clusters is subjective. To 
provide a more objective identification, the Phi coefficient 
test has been used to identify all significant associations [19] 

 
Table 1. 
Most frequent tasks for accidents in Production.  

(ESAW code)  
Working 
Process  

(ESAW code)  
Specific Physical Activity 

Task Number 

(1x) 
Production, 
manufacturing, 
processing, 
and storing 

(4x) Handling of objects 
(manually) 

T1 53,241 

(2x) Working with hand-held 
tools 

T2 26,205 

(6x) Movement (walking, getting 
in/out, jumping, etc.) 

T3 25,088 

(5x) Carrying by hand, 
transporting 

T4 18,189 

(1x) Operating machine T5 17,582 
Source: Elaborated by the authors based on Accidents notified in the 
Andalusian manufacturing sector 2003-2012  

 
 

Table 2. 
Most frequent accident mechanisms for accidents within the tasks identified 
in Table 1.  

(ESAW code) 
Deviation    

(ESAW code)  
Contact-Mode of Injury  

Accident 
mechanism  

Number 

(7x) Body 
movement 
under/with 
physical stress 

(7x) Physical or mental 
stress (includes stress 
on the musculoskeletal 
system) 

M1 33,968 

(4x) Loss of 
control (total or 
partial) 

(5x) Contact with a 
sharp, pointed, rough, 
coarse material agent 

M2 9,839 

(4x) Loss of 
control (total or 
partial) 

(4x) Struck by, collision 
with object in motion  

M3 7,989 

(5x) Slipping - 
Stumbling and 
falling - fall  

(3x) Impact with or 
against a stationary 
object … 

M4 8,369 

(6x) Body 
movement 
without any 
physical stress 

(7x) Physical or mental 
stress (includes 
musculoskeletal system) 

M5 7,858 

(3x) Breakage, 
bursting, 
splitting, (…) of 
Material  

(4x) Struck by, collision 
with object in motion 

M6 5,593 

(6x) Body 
movement 
without any 
physical stress 

(5x) Contact with sharp, 
pointed, rough, coarse 
material agent 

M7 5,190 

(6x) Body 
movement 
without any 
physical stress 

(3x) Impact with or 
against a stationary 
object  

M8 4,375 

(3x) Breakage, 
bursting, 
splitting, (…) of 
Material Agent 

(5x) Contact with a 
sharp, pointed, rough, 
coarse material agent 

M9 3,567 

Source: Elaborated by the authors based on Accidents notified in the 
Andalusian manufacturing sector 2003-2012  
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Figure 2. Plot of Task and Accident Mechanism in “Production”. The label 
in each Task and Accident Mechanism from tables 1 and 2 is indicated.  
Source: Elaborated by the authors 

 
 

3. Results  
 

3.1.  Correspondence analysis of accidents in “production” 
 
In this section we use the ESAW first level of coding. The 

symbol x is used to identify all possible codes with the same first 
digit in the code.  

The method proposed is used to analyze a specific type of 
accidents: accidents with code 1x for Working process in 
ESAW. For ESAW, code 1x is used for “Production, 
manufacturing, processing, and storing”, including storing. 

The most frequent tasks are presented in Table 1, and the 
most frequent accident mechanisms are presented in Table 2. 
Note that in ESAW the codes used for each variable are the 
same, so depending on the variable in the column title, the 
meaning of a code can be different. 

For those tasks and accident mechanisms, two dimensions 
captured 98% of the total inertia. 

In Fig. 2, there is a representation of the categories after 
correspondence analysis. 

In terms of accident prevention, this association identifies an 
accident scenario. Main associations, according to Fig. 2, are the 
following generic accident scenarios: 
1. Scenario A: “Movements” tasks (T3) are associated 

with the accident mechanisms “slipping - stumbling 
and falling - fall”, or with “body movement without 
any physical stress”, which leads to “impact with or 
against a stationary object” (M4) and (M8). 

2. Scenario B: “Handling of objects (manually)” (T1) and 
“carrying by hand, transporting” (T4) are associated with 
“body movement under/with physical stress” which leads to 
“physical or mental stress (including stress on the 
musculoskeletal system)” (M1).   

3. Scenario C: Tasks such as “operating machines” (T2) and 
“working with hand-held tools” (T5) are associated with “loss 
of control” accident mechanisms, which leads to “contact with 
a sharp, pointed, rough, coarse material agent” (M2), and 
“body movement without any physical stress” accident 
mechanisms, which leads to “contact with a sharp, pointed, 
rough, coarse material agent” (M7). 

Table 3. 
Most frequent tasks for accidents in setting up, preparation, installation, 
mounting, disassembling, and dismantling. 

(ESAW code)  
Working Process  

(ESAW code)  
Specific Physical Activity 

Task Number  

(51) Setting up, 
preparation, 
installation, 
mounting, 
disassembling, 
dismantling 

(41) Manually taking control 
of, grasping, seizing, holding, 
placing - on a horizontal level 

T1 4,394 

(61) Walking, running, going 
up, going down, etc. 

T2 2,172 

(21) Working with hand-held 
tools - manual 

T3 1,540 

(51) Carrying vertically - 
lifting, raising, lowering an 
object 

T4 1,119 

(22) Working with hand-held 
tools - motorized 

T5 963 

(43) Fastening, hanging up, 
raising, putting up - on a 
vertical level 

T6 933 

(40) Handling of objects - not 
specified 

T7 630 

(67) Movements on the spot T8 531 
(53) Transporting a load - 
carried by a person 

T9 505 

(42) Tying, binding, tearing 
off, undoing, squeezing, 
unscrewing, screwing, turning 

T10 488 

Source: Elaborated by the authors based on Accidents notified in the 
Andalusian manufacturing sector 2003-2012  

 
 
 

Table 4. 
Most frequent accident mechanisms for accidents in setting up, preparation, 
installation, mounting, disassembling, and dismantling (within the ten tasks 
identified in Table 3).  

(ESAW code)  
Deviation    

(ESAW code) 
Contact-Mode of 
Injury   

Accident 
mechanism  

Nº 
cases 

(71) Lifting, carrying, 
standing up 

(71) Physical stress 
- musculoskeletal 
system 

M1 1,546 

(64) Uncoordinated 
movements, spurious or 
untimely actions 

(71) Physical stress 
- musculoskeletal 
system 

M2 486 

(51) Fall of person - to a 
lower level 

(31) Vertical 
motion, crash on or 
against  

M3 422 

(70) Body movement 
under or with physical 
stress - not specified 

(71) Physical stress 
- musculoskeletal 
system 

M4 429 

(52) Slipping - 
Stumbling and falling - 
Fall of person - on the 
same level 

(31) Vertical 
motion, crash on or 
against  

M5 315 

(44) Loss of control 
(total or partial) - of 
object  

(42) Struck - by 
falling object 

M6 306 

(72) Pushing, pulling (71) Physical stress 
- musculoskeletal 
system 

M7 279 

(33) Slip, fall, collapse 
of material agent - from 
above  

(42) Struck - by 
falling object 

M8 268 

(43) Loss of control 
(total or partial) - hand-
held tool (motorized or 
not) or of the material 
being worked by the 
tool 

(51) Contact with 
sharp material 
Agent (knife, blade 
etc.) 

M9 230 

(74) Twisting, turning (71) Physical stress 
- musculoskeletal 
system 

M10 229 

Source: Elaborated by the authors based on Accidents notified in the 
Andalusian manufacturing sector 2003-2012 
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Table 5. 
Most frequent contacts for accidents in setting up, preparation, installation, 
mounting, disassembling, and dismantling (within the ten tasks identified in 
Table 3).  

(ESAW code) Contact-Mode of Injury   Contact  Nº cases 
(71) Physical stress - musculoskeletal system C1 4,000 
(31) Vertical motion, crash on or against  C2 1,224 
(42) Struck - by falling object C3 1,222 
(50) Contact with a sharp, pointed, rough, coarse 
material agent - not specified 

C4 1,039 

(51) Contact with a sharp material agent (knife, 
blade etc.) 

C5 902 

(32) Horizontal motion, crash on or against C6 808 
(41) Struck - by flying object C7 517 
(40) Struck by object in motion, collision with - 
not specified 

C8 504 

(30) Horizontal or vertical impact with or against 
a stationary object (the victim is in motion) - not 
specified 

C9 392 

(52) Contact with a pointed material agent (nail, 
sharp tool etc.) 

C10 293 

(43) Struck - by swinging object C11 288 
Source: Elaborated by the authors based on Accidents notified in the 
Andalusian manufacturing sector 2003-2012 

 
 

3.2.  Correspondence analysis of accidents in “Setting up, 
preparation, installation, mounting, disassembling, and 
dismantling” 

 
In this section, the method is used to analyze in-depth a 

specific type of accident: accidents with code 51 in ESAW for 
the Working process variable, which is used for “Setting up, 
preparation, installation, mounting, disassembling, and 
dismantling”.  

This type of work is part of the manufacturing activities 
process, but is most of the time related to construction and 
on-site delivery of pieces of equipment or industrial products. 
The most frequent tasks are presented in Table 3.  

For those tasks, the most frequent accident mechanisms 
are presented in Table 4, and the most frequent modes of 
contact are presented in Table 5.  

Note that in ESAW the codes used for each variable are 
the same, so depending on the variable in the column title, 
the meaning of a code can be different. 

 
3.2.1.  Analysis of associations between task and accident 

mechanisms in “setting up, preparation, installation, 
mounting, disassembling, and dismantling” accidents. 

 
MCA of the Task and Accident Mechanism variables 

with two dimensions captured 82% of the total inertia and 
identified at least two scenarios for intervention (see Fig. 3): 
1. Scenario D: “Working with hand-held tools – motorized” 

(T5) tasks are associated with “loss of control (total or 
partial) - of hand-held tool (motorized or not) or with the 
material being worked by the tool” accident mechanism, 
which lead to “contact with a sharp material agent (knife, 
blade etc.)” (M9). 

2. Scenario E: “Walking, running, going up, going down” 
(T2) tasks are associated with “fall of person - to a lower 
level” or “Slipping - Stumbling and falling - Fall of 
person - on the same level” accident mechanisms, which 

lead to “vertical motion, crash on or against (resulting 
from a fall)” (M3, M5). 
The phi coefficient test identifies the following 

significant associations (see Table 6): 
 

3.2.2. Analysis of associations between Task and Contact in 
“setting up, preparation, installation, mounting, 
disassembling, and dismantling” accidents 

 
MCA for the variables Task and Contact with two 

dimensions captured 90% of the total inertia and identified at 
least four scenarios for intervention (see Fig. 4): 
1.  Scenario F: “Walking, running, going up, going down, 

etc.” (T2) tasks are associated with “vertical motion, 
crash on or against” (C2) or “horizontal motion, crash on 
or against” contacts (C6). 
 

 
Figure 3. Plot of Task and Accident Mechanisms in “setting up, preparation, 
installation, mounting, disassembling, and dismantling”. The label in each 
Task and Accident Mechanism from Tables 1 and 2 is indicated. Source: 
Source: Elaborated by the authors. 

 
 

Table 6. 
Phi coefficient analysis of Task and Accident Mechanisms in “setting up, 
preparation, installation, mounting, disassembling, and dismantling”. 

Tas K M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 

T1      #     
T2  # #  #      
T3         #  
T4 #     #     
T5         #  
T6   #   #  #   
T7    #       
T8  #        # 
T9 #     #     
T10  #     #   # 

Source: Elaborated by the authors based on Accidents notified in the 
Andalusian manufacturing sector 2003-2012 
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Figure 4. Plot of Task and Contact in “setting up, preparation, installation, 
mounting, disassembling, and dismantling”. The label in each Task and 
Contact from Tables 1 and 2 is indicated.  
Source: Elaborated by the authors. 

 
 

Table 7. 
The phi coefficient analysis of Task and Accident Mechanisms in “setting 
up, preparation, installation, mounting, disassembling, and dismantling”. 

Task  C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 
T1 #  #  #      # 
T2  #    #   #   
T3     #  # #  # # 
T4 #  #         
T5    # #  #     
T6  #         # 
T7    #    #    
T8 #           
T9 #           
T10   # #        

Source: Elaborated by the authors based on Accidents notified in the 
Andalusian manufacturing sector 2003-2012 

 
 

2.  Scenario G: “Working with hand-held tools - motorized” 
(T5) tasks are associated with “struck - by flying object” 
(C7) or “contact with a pointed material agent (nail, sharp 
tool etc.)” contacts (C10). 

3. Scenario H: “Working with hand-held tools – manual” 
(T3) tasks area associated with “contact with sharp 
Material Agent (knife, blade etc.)” contacts (C5). 

4.  Scenario I: “Carrying vertically - lifting, raising, lowering 
an object” (T4), “movements on the spot” (T8) and 
“transporting a load - carried by a person” (T9) tasks are 
associated with “physical stress - musculoskeletal 
system” (C1) contacts. 
The phi coefficient test identifies the following 

significant associations (Table 7): 
 

4.  Discussion 
 
In this paper Multiple Correspondence Analysis is used 

to identify intervention areas for preventive programs. For 
such identification, the accident scenario concept is used.  

The first of the areas is identified as an example (Scenario 
A), in which tasks related to “movements” (T3) are 
associated with accident mechanisms in terms of “slipping - 
stumbling and falling -fall” or with “body movement without 
any physical stress”, which leads to “impact with or against 
a stationary object” (M4) and (M8). The methodology 
presented identifies an intervention area focused on the 
prevention of falls and other movements, which leads to 
impact with stationary objects.  

Although difficult to interpret the meaning of the 
dimensions in MCA, each scenario consists of accidents that 
are similar in the transformed space, and thus the preventive 
activities should be effective considering the flow of events.  

The method presented allowed the main association 
candidates for public intervention programs to be easily 
identified. Each can be an object of further detailed research 
before designing the relevant intervention program [20]. 

Multiple Correspondence Analysis offers an improvement on 
the analysis of the relative frequency of each combination of 
variables [7,9] because the association in the transformed space 
of dimensions identifies an internal relationship that is related to 
the structure of the accident in terms of the codification of the 
variables used to describe the circumstances.  

Although it is difficult to name the dimensions, the 
explanation of the inertia in the model is a measure of how 
the model explains those relationships between the categories 
of the variables. 

It should be noted that this identification of accident 
scenarios is only based on some variables included in the 
technological subsystem. Other subsystems, such as human 
factors and organization, are unfortunately not yet 
incorporated with the same level of detail in ESAW. As 
Jacinto et al. (2009) [21] have proposed, it is necessary to 
incorporate new variables, such as individual contributing 
factors, work place factors and organizational and 
management factors to future research.  

New variables available, such as the worker’s level of 
training, should be included in Multiple Correspondence 
Analysis for a more detailed identification of the accident 
scenarios. 

In the phi test that was performed, not all the associations 
found were significant. We should highlight the differences 
in the methods, MLA and phi test.. 

 
4.1.  Application in the design of preventive programs 

 
The identification of scenarios should be complemented 

by accident analysis, with the specific accident scenario in 
order to identify the most frequent causes.  

For example, in [19] there is an analysis of the most 
frequent causes of the accident mechanisms in the 
Andalusian manufacturing sector. 

Therefore, the combination of Multiple Correspondence 
Analysis as presented in this paper, and the results of the 
analysis for the most prevalent causes of each of the accident 
mechanisms can be used to more effectively design public 
safety programs.  

Note than in ESAW, some contacts relate to 
musculoskeletal injuries that come from physical stress, so 
some of the accidents reported are not the usual accidents 
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generally considered in other scientific research on this topic. 
 

4.1.  Application of the initial analysis of types of accidents 
with little research available 

 
In this paper, there is an exploratory analysis of accidents 

the following activities: “setting up, preparation, installation, 
mounting, disassembling, and dismantling.” These accidents 
are part of the manufacturing activities, but in most cases 
involve construction techniques.  

This paper presents an initial identification of the most 
important accident scenarios, and shows the usefulness of 
this method to analyze accidents with almost no literature 
available. It also makes suggestions as to which direction the 
following research should be focused. 

Most of the scenarios identified in “setting up, 
preparation, installation, mounting, disassembling, and 
dismantling” have been studied in the literature for other 
activities, such as falls, handling, loss of control and being 
struck by accidents.  

Therefore the exploratory methodology presented could 
be very effective for types of accidents for which there is only 
a small amount of literature available.  

 
4.2.  Limitations of the method 

 
There is a concern related to quality of the data and 

underreporting issues, as there is with any method using 
accident reports data,. As was mentioned in Molinero-Ruiz et 
al. (2015) [13], public authorities need to look for a better and 
more reliable database for ESAW in order to enable better 
research on this topic. 

Another limitation is the lack of information about how 
many workers are exposed to the risk that the individual 
worker was exposed to when the accident occurred. 

Regarding the specific accident mechanism, it must be 
noted that the data is based on manufacturing in Andalusia 
and used all accidents. Other studies [22,23] show different 
results depending on the countries or industries analyzed or 
the injuries included, for instance when limiting results to 
fatal and non-slight accidents. 

 
References 

 
[1] Khanzode, V.V., Maiti, J. and Ray, P., Occupational injury and 

accident research: A comprehensive review. Safety Science, 50(5), 
pp. 1355-1367, 2012.  DOI: 10.1016/j.ssci.2011.12.015 

[2] European Commission. European Statistics on Accidents at Work 
(ESAW) – Methodology (ed. 2001): Luxembourg, Office for Official 
Publications of the European Communities. 2002 

[3] Rajala, H.-K. and Väyrynen, S., Constructing ‘‘core stories” for 
contributing practical safety actions in industrial units. Safety 
Science, 48(10), pp. 1393-1401, 2010. 10.1016/j.ssci.2010.05.014 

[4] Chi, C.-F. and Chen, C.-L., Reanalyzing occupational fatality injuries 
in Taiwan with a model free approach. Safety Science 41(8), pp. 681-
700, 2003. DOI: 10.1016/S0925-7535(02)00018-8 

[5] Palamara, F., Piglione, F. and Piccinini, N., Self-Organizing map and 
clustering algorithms for the analysis of occupational accident 
databases. Safety Science, 49(8-9), pp. 1215-1230, 2011. DOI: 
10.1016/j.ssci.2011.04.003 

[6] Carrillo-Castrillo, J.A., Rubio-Romero, J.C., Guadix, J. and Onieva, 
L., Risk assessment of maintenance operations: The analysis of 
performing task and accident mechanism. International Journal of 

Injury Control and Safety Promotion, 2014. 
DOI:10.1080/17457300.2014.939196 

[7] San Miquel-Pera, L., Vintró, C. and Freijo, M. Characteristics of the 
3 most common types of occupational accident in Spanish sub-surface 
and surface mining, from 2003–2008. DYNA, 79(172), pp. 118-125, 
2012. 

[8] Conte, J.C., Rubio, E., García, A.I. and Cano, F., Occupational 
accidents model based on risk–injury affinity groups. Safety Science, 
49(2), pp. 306-314, 2011. DOI: 10.1016/j.ssci.2010.09.005 

[9] Silva, J.F. and Jacinto, C., Finding occupational accident patterns in 
the extractive industry using a systematic data mining approach. 
Reliability Engineering and System Safety, 108, pp. 108-122, 2012. 
DOI: 10.1016/j.ress.2012.07.001 

[10] Hale, A., Ale, B., Goosens, L., Heijer, T., Bellamy, L., Mud, M., 
Roelen, A., Baksteen, H., Post, J., Papazoglou, I., Bloemhoff, A. and 
Oh, J., Modeling accidents for prioritizing prevention. Reliability 
Engineering and System Safety, 92(12), pp. 1701-1715, 2007. DOI: 
10.1016/j.ress.2006.09.025 

[11] Jacinto, C., Guedes-Soares, C., Fialho, T., Antão, P. and Silva, S.A., 
An overview of occupational accidents notification systems within 
the enlarged EU. Work, 39, pp. 369-378, 2004. 

[12] Benavides, F., Delclos, G., Cooper, S. and Benach, J., Comparison of 
fatal occupational injury surveillance systems between the European 
Union and the United States. American Journal of Industrial 
Medicine, 44(4), pp. 385-391, 2003. DOI: 10.1002/ajim.10290 

[13] Molinero-Ruiz, E., Pitarque, S., Fondevila-McDonald, Y. and Martin-
Bustamante, M., How reliable and valid is the coding of the variables 
of the European Statistics on Accidents at Work (ESAW)? A need to 
improve preventive public policies. Safety Science, 79, pp. 72-79, 
2015. 

[14] Instituto Nacional de Seguridad e Higiene en el Trabajo. Análisis de 
la calidad y especificidad de la cumplimentación del parte de 
accidente de trabajo en el sistema Delt@ periodo 2003-2008. 
Unpublished report, 2010. 

[15] European Commission. Eurostat: Your key to european statistics. [On 
line]. 2012. Available at: http://epp.eurostat.ec.europa.eu/. 

[16] Jacinto, C. and Aspinwall, E., A survey on occupational accidents’ 
reporting and registration systems in the European Union. Safety 
Science, 42(10), pp. 933-960, 2004. DOI: 10.1016/j.ssci.2004.07.002 

[17] Jacinto, C. and Guedes-Soares, C., The added value of the new 
ESAW/Eurostat variables in accident analysis in the mining and 
quarrying industry. Journal of Safety Research, 39(6), pp. 631-644, 
2008. DOI: 10.1016/j.jsr.2008.10.009 

[18] Pérez-Alonso J., Carreño-Ortega A. and Vázquez-Cabrera F.J., 
Callejón-Ferre A.J., Accidents in the greenhouse-construction 
industry of SE Spain. Applied Ergonomics, 43(1), pp. 69-80, 2012.  
DOI: 10.1016/j.apergo.2011.03.007 

[19] Chi, C.-F., Chang, T.-C. and Hung, K.-H., Significant industry–
source of injury–accident type for oc-cupational fatalities in Taiwan. 
International Journal of Industrial Ergonomics, 34(2), pp. 77-91, 
2004. DOI: 10.1016/j.ergon.2004.03.002 

[20] Carrillo-Castrillo, J.A., Rubio-Romero, J.C. and Onieva, L., 
Causation of severe and fatal accidents in the manufacturing sector. 
International Journal of Occupational Safety and Ergonomics, 19(3), 
pp. 423-434, 2013. DOI: 10.1080/10803548.2013.11076999 

[21] Jacinto, C., Canoa, M. and Guedes, C., Workplace and organizational 
factors in accident analysis within the food industry. Safety Science, 
47(5), pp. 626-635, 2009. DOI: 10.1016/j.ssci.2008.08.002 

[22] Bellamy, L.J., Manuel, H.J. and Oh, J., Investigated serious 
occupational accidents in The Netherlands, 1998–2009. International 
Journal of Occupational Safety and Ergonomics, 20(1), pp. 19-32, 
2014. DOI: 10.1080/10803548.2014.11077033 

[23] European Commission., J. Causes and circumstances of accidents at 
work in the EU. Luxembourg: Office for Official Publications of the 
European Communities, 2009.  

 
J.A. Carrillo-Castrillo, received his BSc. and MSc. in Industrial 
Engineering in 1995 from the University of Seville, Spain, his MSc. in 
Manufacturing Systems Engineering in 1996 from the Rensselaer 
Polytechnic Institute, USA, and his PhD in Industrial Organization in 2015 
from the University of Seville, Spain. From 1996 to 2002, he worked for 



Carrillo-Castrillo et al / DYNA 83 (196), pp. 31-38. April, 2016. 

38 

enterprises in the manufacturing sector in Spain as a quality manager, 
responsible for e-commerce and reengineering. Since 2002 he has worked 
for the public administration in different departments such as information 
technologies, occupational health and safety and currently in the innovation 
at health department as a secondary Director. Recently he has also worked 
as adjunct professor. His research interests include: occupational safety, 
innovation management, industrial management and organizational design. 
ORCID: 0000-0003-2873-1895 
 
J.C. Rubio-Romero, (PhD, MSc, MEng), is an Industrial Engineer and an 
Associate Professor of “Safety at Work” in the School of Industrial 
Engineering of the University of Malaga, Spain. He obtained his PhD in 
2000 in occupational health and safety in the industry, and is currently the 
Chair of Prevention and Social Corporate Responsibility at the University of 
Malaga as well as the director of the research group, “Operations and 
Sustainability: Quality, ICT and Risk Prevention at Work”. Dr. Rubio has 
spent over 18 years undertaking research into workplace health and safety 
and has published a wide range of textbooks, reports, and papers, especially 
on management of workplace health and safety in the manufacturing 
industry and at construction sites.  
ORCID: 0000-0002-5122-7526 
 
J. Guadix, studied Industrial Engineering and obtained his PhD in the 
School of Industrial Engineering from the University of Seville, Spain, in 
2004. His research interests include operations research, service industry 
and, health and safety. He has been a consultant for several leading services 
companies and Regional Government Administrations since 2000. 
Currently, he is Associate Professor and Vice-Rector of Technology 
Transfer at the University of Seville, Spain.  
ORCID: 0000-0002-3221-5095 
 
L. Onieva, received his BSc. Eng and MSc. in Industrial Engineering in 
1984 and his PhD in Industrial Organization in 1986 from the University of 
Seville, Spain, after which he joined the Department of Industrial 
Organization and Enterprise Management. He has been a full professor since 
1995 and he has been chairman of his department and Vice-chancellor of 
Innovation of the University of Seville. He has also been the Director of the 
Innovation Foundation of the University of Seville and President of the 
Association for the developing of the Organization Engineering 
(ADINGOR). As researcher he has been responsible of numerous R+D+R 
funded by public and/or private entities and he has published several books 
and papers in prestigious national and international journals. His research 
interests are industrial management, operations research and innovation.  
ORCID: 0000-0002-4466-615X 

 

 
 

 

Área Curricular de Ingeniería Administrativa e 
Ingeniería Industrial 

Oferta de Posgrados 

Especialización en Gestión Empresarial 
Especialización en Ingeniería Financiera 

Maestría en Ingeniería Administrativa 
Maestría en Ingeniería Industrial 

Doctorado en Ingeniería - Industria y Organizaciones 
 

Mayor información: 
 

E-mail: acia_med@unal.edu.co 
Teléfono: (57-4) 425 52 02 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


