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ABSTRACT 
   The full text of all occupational injury claims associated with threats or violence from Police Officers and 

Security Guards reported to the Swedish National workers’ compensation insurance 2004 –2007 was 
analysed with the help of text-mining software. The analysis generated clusters of details on hazardous 
exposures and accident processes, and the level of information in the clusters describing the different 
scenarios identified possible practical modifications in training, technology and professional operating 
procedures. The analysis of the textual information in the reporting of traumatic injuries promises to better 
represent the dynamics and detail of exposure and accident process and, when applied to valid and 
representative insurance data with the help of a suitable text-mining software, will provide industry groups 
and local companies with detailed decision support for safety management and prevention. 

 

Keywords: Text-mining, free text, occupational injury claims, police officers, security guards, threats, 
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1. INTRODUCTION 

1.1 Background 

In Sweden, although injuries due to occupational violence have decreased during the last 10 years, it is still 
the second most common precursor to traumatic injuries in the workplace (Larsson et al, 2009). The association 
between violence at work and fatality is well documented in the U.S. literature (Baker et al, 1982, Bell, 1991, 
Cone et al, 1991, Toscano and Windau, 1994) and the link is particularly clear for occupational groups carrying 
arms. 
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Several questions in relation to the prevention of the occupationally related violence among police officers 
and security guards would be of interest. What type of typical accident processes are facing police officers? Are 
the risks age-dependent? Are female police officers at a higher risk of injury compared to their male colleagues? 
Does the risk depend on the characteristics of the duty? Does the severity of the injury differ between accident 
processes?  

There is little empirical research focusing specifically on the relation between severity of the injury due to 
violence against police officers and different accident processes leading to traumatic injury. Some studies have 
analysed the potential dangerousness of domestic disturbance calls (Grennan, 1987, Uchida et al., 1987, Ellis et 
al., 1993). Rabe-Hemp and Schuck, (2007) analysed violence against police officers focusing on gender 
differences in assaults on officers, as well as situational and individual factors related to the assault. Their findings 
suggest that compared to male officers, female officers are at a greater risk of being assaulted in family conflict 
situations. These results contradict the hypothesis that the need to assert authority may increase the likelihood of 
violence (Toch, 1992), since having more female officers are thought and found to influence how officers interact 
with members of the public (Steffensmeier, 1979, Van Wormer, 1981). 

In this paper, we analyze the full text of occupational injury claims of police officers and security guards in 
the context of threat and violence leading to traumatic injury. Both occupational groups are analysed separately in 
terms of risk exposure, gender and age. The analysis is based on the total Swedish National workers’ 
compensation insurance material (100% coverage of the occupational groups) and the full free-text of the accident 
process, as depicted on the claims form, by using text-mining analysis.  

 1.2    Information about occupational trauma 

Information about causes of injuries – risk exposures and accident processes at work – is collected as a part 
of AFA, the Swedish Labour Market Insurances’ claims management. The data bank, established in 1988, enables 
AFA, who provides workers’ compensation insurance to 93% of the Swedish labour market,  to provide a source 
of information and a basis for setting priorities for systematic injury prevention in Swedish work life (Larsson 
1990, Bråfelt & Larsson 1993, Wännström & Larsson 1996). The risk information facilitates the identification of 
occupational groups, tasks, activities and machines particularly associated with severe injuries (Larsson et al 
2009). 

The specific information on the exposure and accident process is based on the answers to three questions on 
the AFA Insurance claims form related to “activity prior to accident”, “accident mechanism” and “contact event”. 
Initially, this text information was coded in an alliterative, telegrammatic form (Heidenstrom 1985). Since 2004, 
the full free text of the accident process is saved and avaliable for analysis, and from 2007 with the help of text-
mining software (Brooks 2007; 2008). 

Annually, around 3000 claims for occupational injury due to exposure to threats or violence are filed with 
AFA (Larsson et al 2009). The distribution over occupations in the period 2005 through 2007 (36 months) is 
presented in Table 1.  

 

Table 1 Reported occupational injuries due to threat or violence in different occupational groups.  
AFA Swedish Labour Market Insurances accepted claims 2005-2007. 

Occupation N of cases 
of threats, 
violence  

Prop. of  
all claims  
in the 
occupation 

N of cases per  
1000 employed  
in the occupation 

Proportion with 
>30 days disability 
or medical 
impairment 

Police Officers 686 39,4 % 43,8 23,5% 

Security Guards 505 48,7 % 33,5 51,1% 

Psychologists, Social Workers  321 40,0 % 19,2 44,9% 

Prison Staff 120 38,6 % 16,3 29,2% 

Bank Clerks 430 70,1 % 16,2 93,5% 

Carers, Keepers in psychiatric care 810 54,8 % 13,1 23,1% 

Enrolled Nurses 796 23,3 % 5,0 24,1% 
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Childcare Staff 426 25,7 % 4,5 16,0% 

Professional Drivers 421 8,1 % 4,5 61,3% 

Nursing Assistants 684 28,2 % 4,3 18,1% 

Preschool Teachers, Recreation Instructors 325 21,3 % 4,1 11,7% 

Shop Assistants 809 25,6 % 4,0 84,4% 

Teachers and School Staff 487 18,9 % 2,4 16,6% 

Military Staff   (professional) 27 5,0 % 2,4 18,5% 

Nurses and Midwives 203 16,1 % 1,9 39,9% 

Healthcare Specialists 78 15,4 % 1,8 30,8% 

Storage and Transport Assistants  242 7,6 % 1,2 40,9% 

Hotel, Restaurant and Kitchen Staff 75  0,7 69,3% 

Physiotherapists, OTs, Dental Hygienists 23 5,3 % 0,7 34,8% 

Administrative Staff 97 5,1 % 0,2 43,3% 

Other Occupations 682  -  

Total 8247  2,1 39,2% 

 

This type of occupational injury represents the majority of occupational injury claims from Bank Clerks 
and Carers, Keepers in psychiatric care. This injury type also represents the largest proportion of severe claims, 
with extended periods of absence from work and/or assessed permanent impairment, among the claims from Bank 
Clerks, Shop Assistants, Hotel, Restaurant and Kitchen Staff and Professional Drivers. 

The character of violence differs between different occupational exposures. Described in general terms, 
Bank Clerks and Shop Assistants are exposed to thefts and robberies, Teachers and Childcare Staff have conflicts 
with children and parents, Service Staff have conflicts with customers, Medical Staff have conflicts with patients 
and Police Officers and Security Guards are exposed to criminal suspects and offenders. 

In the following, all claims associated with threat or violence in the period 2004 through 2007 (48 months) 
from Police Officers (n=777) and Security Guards (n=558) are treated to a text-mining analysis in order to 
establish the exposure patterns associated with occupational injury in the two occupational groups.  This is the 
whole population of police officers and security guards who have filed claims for injury due to threat or violence 
between 2004 and 2007. The free-text of the accident process is digitalised and available for analysis from 2004, 
and all injuries which have been reported to have occurred in 2004, 2005, 2006 and 2007 have been included. 

2.   METHODS AND PRINCIPLES OF TEXT-MINING  
In order to understand the complexities of processes leading to traumatic injury, free-text descriptions are 

by far superior to aggregated coded information. Extensive descriptions of accident processes will, when 
systematically analysed, yield information about typical exposure situations and the dynamic interaction between 
man, equipment and environment. This often represents “new” knowledge, or rather, knowledge new to those 
removed from the hazardous exposure (Larsson et al 2008).  Stout (1998) has showed the benefits of using 
information from free-text data not present in the coding system and how the use of this information resulted in 
improved claims management in the occupational injury insurance domain.  Kolyshkina and Van Rooyen (2006) 
demonstrated how textual data can be included in the claims analysis and be used to improve the prediction of the 
pay-out value of insurance claims. Brooks (2008) used ten years of Australian workers’ compensation data on the 
injuries of wood industry workers and delivery drivers to develop a more detailed understanding of hazardous 
exposures and accident processes with the help of text mining. The methodology of text mining of extensive 
occupational injury data is well described this work (Brooks 2008; pp 6-18). 

One of the main applications of text-mining is to group the documents into meaningful clusters.  In order to 
do that, the documents must be converted into vectors of lower dimensional space. For that, the text-mining 
software uses the method of Latent Semantic Indexing (LSI). The main assumption is that there is an inherent 
latent semantic structure in the data that is partially obscured by the randomness of word choice (Deerwester et al., 



1990). In this method, the document collection is numerically represented as matrix of terms by documents. This 
matrix is then decomposed to derive a latent semantic model. This is done by decomposing the original documents 
by term matrix into the product of three other matrices of a special form. The process is called Singular Value 
Decomposition (SVD). These matrices contain singular vectors and singular values, and they show a breakdown 
of the original matrices into linearly independent components. In the reduced model, all the term-term, document-
document and term-document similarities are approximated by values on this smaller number of dimensions. Each 
term and document is represented by its vector of factor values. Many of these components are very small, and 
may be ignored leading to a model with fewer dimensions and less noise. The dot product or cosine between 
vectors representing two objects corresponds to their estimated similarity (Deerwester et al., 1990).  It is important 
to keep the cognitive content of the document by avoiding very low or extremely high number of dimensions and 
to be guided by what reproduces the greatest amount of variance in the original matrix. In order to increase the 
performance of SVD, we have ignored non-informative parts of speech such as auxiliaries, conjunctions, 
prepositions, pronouns. Synonym lists and specified data sets, that contain words which are not significant or 
meaningful to the specific analysis, have been produced. 

Clustering is an analysis technique in which no assumptions are made concerning the number of clusters or 
cluster structure. Internal consistency and cognitively acceptable content is judged after several iterations have 
been performed. A good clustering should group together similar objects and separate dissimilar ones. For this, 
the similarity function that was mentioned above is used by the clustering algorithms. Each cluster is considered 
in relation to whether it is poorly differentiated or not and whether it seems to overlap with another cluster. In this 
analysis we used the expectation-maximization (EM) clustering algorithm. The EM algorithm is a general purpose 
framework for estimating the parameters of distribution in the presence of hidden variables in observable data. 
The underlying assumption is that the objects to be clustered are drawn from k distributions and the goal is to 
identify the parameters of each that would allow the calculation of probability  of the given object’s 

belonging to the cluster  (Feldman and Sanger, 2007).  
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The following procedures are performed by EM algorithm:  
The initial parameters of k distributions are selected randomly (initialisation). The  for all objects x are 
computed by using the current parameters of the distributions. All objects are relabelled according to the 
computed probabilities (E-step). The parameters of the distributions are re-estimated to maximize the likelihood 
of the objects’ assuming their current labelling (M-step). Stopping the iteration process when the change in the 
likelihood function becomes small (convergence). 
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The dimension reduction technique with Latent Semantic Indexing maps the enormous documents-terms 

matrix dimensional space onto a lower dimensional space by representing major associative patterns between 
documents and terms while getting rid of the noise. Then, by using cluster analysis, the documents are grouped 
into meaningful clusters identified as typical accident processes. This allows us to focus on risk exposures for 
different demographic variables and test whether categories differ from each other significantly.  

3. OCCUPATIONAL INJURY ASSOCIATED WITH THREAT OR VIOLENCE 

3.1 Police Officers’ injuries associated with threat or violence 

All text reported by the 777 claimants as responses to the queries of the report form (“What were you 
doing?”, “What went wrong?”, “How did you sustain the injury?”) was included in the analysis. Ninety-five 
percent of the cases could be successfully allocated to clusters describing exposure situations and accident 
processes.  

A number of questions in relation to gender, age and severity of injury can be posed, ie: 
 - are gender groups differently exposed to risk of injury from threat or violence?  
-  are age groups differently exposed to risk of injury from threat or violence? 
-  does severity of the injury differ considerably between clusters? 
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Table 2 Clusters of reported occupational injuries due to threat or violence among male (♂) and female (♀) 
police officers, proportions of severe injuries (>30 days and/or permanent impairment). Swedish Labour 
Market Insurances accepted claims 2004-2007. 

 

There are twice as many male compared to female police officers in the injury material. The official 
statistics from Statistics Sweden (SCB) indicate that the proportions of males and females in the police force are 
about 0.76 and 0.24 respectively, which is 3:1, and this makes male officers underrepresented and female officers 
slightly overrepresented in the material. The proportion of age groups for -25, 26-35, 36-45, 46-55 and 56+ years 
old are 0.018, 0,231, 0.271, 0.275 and 0.205 respectively. The test whether these proportions hold for each cluster 
will show if there is an over- or under-representation of each age group per cluster.  

Based on an analysis of the two-way contingency tables, (cluster by gender, cluster by age and cluster by 
severity)  the null hypothesis that there is no difference of gender related to the exposure leading to traumatic 
injury, in other words that the two populations (female and male) are the same, has been rejected (Table A.1, 
column 2) .  Our findings are in accordance with those of Rabe-Hemp and Schuck (2007) and point to the fact that 
gender is an important risk factor. On the other hand, the results indicate that the distribution of age does not 
differentiate significantly between clusters (Table A.1, column 3). When it comes to the severity of the injury, the 
null hypothesis, that injury severity is similarly distributed over clusters, is rejected (Table A.1, column 4).  
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Table A1 The test of independence of demographic categories with respect to clusters (Police officers). 

   

Table A2 The test of over/under representation of male and female officers for each cluster 

 

 
Table A3 The test of over/under representation of age categories for each cluster (Police officers) 

 
 
In terms of organisational exposure, the chi-square tests of the null hypothesis that for each cluster the 

proportion of males and females are about 0.76 and 0.24 respectively, have been rejected for the first, second, 
fifth, sixth and tenth clusters. In order to visualise the situation, Graph 1 below, shows the distribution of gender 
by cluster. For each cluster, the second and fourth staples (named female-official and male official), correspond to 
the proportion of female and male police officers within the police force in Sweden (SCB, Statistics Sweden).  In 
all the clusters mentioned above, female police officers are overrepresented and thus over-exposed to injury risk.   
Female officers are strongly overrepresented in cluster 5 (person clawing, biting, kicking, pulling, hitting; 
psychiatric causes) – 56% against 24% females in the force. The same is true for cluster 6 (verbal threat) - 41% of 
the claims were from female officers.    
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Graph 1 
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When it comes to age, the chi-square tests of the null hypothesis that for each cluster the proportion of age 
groups for -25, 26-35, 36-45, 46-55 and 56+ years old are 0.018, 0,231, 0.271, 0.275 and 0.205 respectively is 
rejected for all the clusters (Table A.3). All clusters show an overrepresentation of young Police Officers (18-35) 
of between 2 to 3 times the distribution in the occupation. In cluster 11, Officers aged 18-25 are 6.6 times more 
common than their representation in the force (Graph 2).  These results point to the fact that regardless of the 
operational procedure, young police officers are more exposed to injury risk. 

Graph 2 
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The exposure which includes the highest proportion of severe claims is cluster 6 (verbal threat), where 4 
out of 5 claims are associated with long term absence from work (Graph 3). 
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Graph 3 
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 For the clusters where the over/under representation of gender per cluster is significant (clusters 1, 2, 5, 6 
and 10), one can see that in in cluster 2 (spit, saliva, face, mouth eyes) and in cluster 6 (verbal threat), male 
officers are more likely than female officers to suffer severe consequences. On the other hand, in cluster 5 
(mentally deranged female), female officers have a much higher proportion of severe injuries than their male 
colleagues (Graph 4). 

 

Graph 4 
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3.2 Security Guards’ injuries associated with threat or violence 

All text reported by the 558 claimants as responses to the queries of the report form (“What were you 
doing?”, “What went wrong?”, “How did you sustain the injury?”) was included in the analysis. Ninety-four 
percent of the cases could be successfully allocated to clusters describing exposure situations and accident 
processes. 

Table 3 Clusters of reported occupational injuries due to threat or violence among male (♂) and female (♀) 
security guards, proportions of severe injuries (>30 days and/or permanent impairment). Swedish Labour 
Market Insurances accepted claims 2004-2007. 

 

CLUSTER 

 

DESCRIPTIVE TERMS 
N♂ 
♂ 

N 
♀♀ 

 

Severe* ♂ (%) 

 

Severe ♀ (% 

1  
Patrolling 
pub, restaurant 

Patron, restaurant, customer, patrolman, drunk, removal, 
turn away, saliva, head-butt, beating  50 12 

46.0  41.7 

2  

Car-park,traffic 
warden 

 Car park attendant, parking fine, vehicle, driver, colleague, 
parking, friend, knocked down  42 23 

40.5 47.8 

3  

Shoplifter,take into 
custody  

Shop, shop-walker, take into custody, male shoplifter, steal, 
plainclothes security guard, violent resistance, bump, 
suffering  

47  23 
40.4 52.1 

4  

Robbery 

Robbery, ATM, bank, value, masked, knock down, automatic 
weapon  33   8 

87.8 75.0 

5  

Subway; theft, 
shoplifting  

Assault alarm, subway, theft, shoplifting, take into custody, 
pepper-spray, keeping order, disturbance, resistance, injury, 
guarding, intervention  

75 24 
37.3 33.4 

6  

Ticket control 

Ticket control, entrance, ticket, bus, subway, assault, 
passenger, colleague, try, control  15   3 

26.7 - 

7  

Armoured truck 
robbery  

Robbery of armoured truck, money bag, robbery, 
servicebox, armed robbery, transport, armed, vehicle, order, 
yell, ATM  

56 13 
87.5 100 

8  

Patrolling shopping 
centre  

Patrolling guard, shopping centre, plainclothes guard, 
violent resistance, guard, large spanner  24   9 

50.0 66.7 

9  

Attack by addicted or 
aggressive person 

Assault, public transport, black eye, addict, rebuke, 
centrum, disturbance, concussion  58 12 

51.7 50.0 

Clear Total    527 (94.4%) 
400 127 

  

Unclear n=31       (5.6%)   

* Severe means >30 days sick or medical impairment 

 

There is an overrepresentation of female security guards only in clusters 2 and 3, probably reflecting the 
actual female overrepresentation among staff employed as traffic wardens and shop-walkers.  

In order to test if there are systematic differences between exposure situations in terms of gender, age and 
severity of the injury, the same chi-square test as in Section 3.1 was performed on the Security Guards material.  



The results from chi-square test (Table A.4, column 2) indicate that the null hypothesis - no difference of 
gender due to accident process leading to traumatic injury - has not been rejected. The result is in contrast to what 
we found for Police Officers. Furthermore, there is no difference between age groups in terms of type of risk 
exposure (Table A.4 , column 3). 

 

Table A4 The test of independence of demographic categories with respect to clusters (Security guards). 

 

Table A5 The test of over/under representation of male and female security guards for each cluster 

 

 

Table A6 The test of over/under representation of age categories for each cluster (Security guards) 
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Common to both genders is that the highest proportions of severe injuries are associated with armed bank 
robberies and the robberies of armoured trucks. The null hypothesis, that the injury severity categories belong to 
the same population with respect to exposure, is rejected (Table A.4, column 4).  

The results for over/under representation of gender groups indicate that the hypothesised proportion of 
male and female security guards (about 0.72 and 0.28 respectively) is rejected at α =0.05 level for only the last 
cluster, attack by addicted, where female security guards are overly represented (Table A.5). 

The null hypothesis - that the age distribution in the clusters is the same as in the profession - is rejected at  
α =0.05 level for the forth (robbery), fifth (subway theft) and seventh (armoured truck robbery) clusters (Table 
A.6). The over/under representation of age groups is illustrated in Graph 5, where the last staples correspond to 
the age distribution provided by Statistics Sweden. It is clear that the youngest age group (-25) is overly exposed 
to injury risks for the three clusters mentioned.   

 

Graph 5 
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Although police officers and security guards have different type of duties, the association between the 
severity of the injury and accident process display similarities: the exposures related to direct confrontation with 
armed resistance or vengeance related threat/violence are closely associated with more than 30 days disability or 
medical impairment (Graph 6).  
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Graph 6 
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4.  CONCLUSIONS AND IMPLICATIONS FOR PREVENTION 
This analysis of occupational injury claims from Police Officers and Security Guards related to threats and 

violence is undertaken with a different methodology compared to earlier studies. The text analysis software tools 
represent new possibilities for exploratory, yet systematic, insights into the particulars and details of hazardous 
exposures described and included in the large amounts of data recorded in the National workers’ compensation 
system. The analysis helps to sort exposure situations and accident processes into cognitively distinct and 
meaningful clusters by assuming that there is a latent semantic structure in the data. By linking demographic 
variables to the resulting exposure information, detailed suggestions for safety management and injury prevention 
can be formulated.   

The Swedish workers’ compensation scheme represents National coverage, ie all Police Officers and 
Security Guards in the country are covered and included. There is no reason to believe that the system suffers 
from systematic under-reporting or missing data. The actual age/gender distribution in everyday operations in 
these professions, however, is unknown and this must be considered when drawing conclusions from the 
presented data.  

Ninety-five percent of all accident processes could be acceptably and credibly allocated to clusters possible 
to differentiate in relation to exposure. The analysis of the text information of the claims forms generates detailed 
descriptions of occupationally and situationally specific exposures suggesting a typology of such dynamic 
(accident) scenarios which lead to injury. The level of information in the clusters describing the different 
scenarios is such that measures of risk management and control could be developed through training, operational 
routines, or technical resources, i.e.: 

further differentiate operational procedures/techniques among police officers between arrests of  violent  
suspects, mentally deranged suspects, drunk suspects, addicted suspects; 

develop further the operations of police officers manually taking suspects into custody according to the 
different environment - suspect’s car, backseat of patrol car, cell; 

carefully analyse the operational procedures in terms of using female police officers for certain types of 
interventions; 
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clarify the role and response, and conduct preparatory training, of the security guards likely to be exposed 
to armed robbery. 
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