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Abstract 16 

 17 

Over the years many prevention management practices have been implemented to 18 

prevent and mitigate accidents at the construction site. However, there is little evidence 19 

of the effectiveness of individual or combined practices used by companies to manage 20 

occupational health and safety issues. The authors selected a sample of 1,180 21 

construction firms and 221 individual practices applied in these companies to analyze 22 

their effectiveness reducing injury rates over a period of four years in Chile. Different 23 

methods were used to study this massive database including: visual analyses of 24 

graphical information, statistical analyses and classification techniques. Results 25 

showed that practices related to safety incentives and rewards are the most effective 26 

from the accident rate viewpoint, even though they are seldom used by companies; on 27 

the other hand, practices related to accidents and incidents investigation had a slight 28 

negative impact on the accident rate because they are frequently used as a reactive 29 
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measure. In general, the higher the percentage of prevention practices implemented in 30 

a strategy, the lower the accident rate. However, the analysis of the combined effect of 31 

prevention practices indicated that the choice of the right combination of practices was 32 

more important than just the number of practices implemented. 33 

 34 

Keywords: accident rate; Chile; construction company; prevention practice; safety 35 

management; strategy. 36 

 37 

1. Introduction 38 

 39 

Occupational safety and health have always been sensitive issues in the 40 

construction industry, particularly considering its high number of accidents (Hallowell, 41 

2012; Pellicer et al., 2014).  These accidents not only affect the health of workers, but 42 

also the future lives of entire families (Hinze, 2002a). They are also a source of losses 43 

for construction companies (Waehrer et al., 2007; Pellicer et al., 2014). Any 44 

contribution to help reduce occupational accidents in the construction industry can be 45 

considered worthy.  46 

Throughout the years, the occurrence of accidents has gone from being 47 

considered a random phenomenon (Greenwood and Woods, 1919) to being the result 48 

of a series of factors that are possible to determine and control; there are many 49 

sources, at the individual and organizational level, that can cause accidents (Bird and 50 

Germain, 1985). Razuri et al. (2007) suggested that a combination of practices 51 

generates an incremental contribution of safety performance. Hence, prevention has 52 

become multifocal, meaning that there is no single formula to prevent accidents, but 53 

rather efforts or strategies to cover multiple areas of work. Therefore, detecting the best 54 

performing combinations of practices or strategies for different sizes of companies with 55 

different needs is a promising field; this is the point of departure of this research.  56 



In order to pursue this exploration further, the authors contacted the Safety Mutual 57 

of the Chilean Chamber of Construction; this a non-profit organization that provides 58 

medical insurance and technical assistance on safety management to companies in all 59 

types of industries. The authors, working with the Safety Mutual of the Chilean 60 

Chamber of Construction, selected a data sample of more than one thousand 61 

construction firms, and two hundred individual safety practices applied in these 62 

companies, so as to analyze their effectiveness in increasing safety performance over 63 

a period of four years. The analysis of safety performance (specifically the accident 64 

rate) and the implemented safety practices allows the identification of combined 65 

practices (strategies), and the selection of analysis techniques that have the potential 66 

to support the design of safety management strategies in the near future. 67 

In the context of this research, a safety practice is a managerial process that 68 

implements one or more tools and techniques aiming to increase the occupational 69 

safety of the employees in a systematic way (Vinodkumar & Bhasi, 2010; Bridi et al., 70 

2013). These safety practices can lead to a safety culture in the organization, where 71 

collective behaviors of people become a pattern (Fung et al., 2005). From this research 72 

viewpoint, safety performance is measured using the accident rate, since it is a 73 

quantitative, reliable and common indicator (Vinodkumar & Bhasi, 2010; Hallowell et 74 

al., 2013; Wachter & Yorio, 2014). This indicator measures only those incidents that 75 

turn into injures or fatalities of workers (accidents). According to the Chilean law, 76 

information regarding accidents, and therefore the accident rates, is obtained directly 77 

from the official occupational accident report submitted to the Safety Mutual, which is 78 

considered to be a reliable source of information. 79 

The rest of the paper is organized as follows. First, a literature review of safety 80 

management practices is carried out, and the knowledge gap is identified. Later, the 81 

research method is explained. This section is followed by a description and discussion 82 

of the results, considering different analysis techniques. Finally, the main contributions, 83 

limitations and future research are highlighted in the Conclusions section. 84 



 85 

2. Literature Review 86 

 87 

Accidents happen in spite of the efforts that are done to prevent them. Knowing the 88 

underlying causes of accidents would allow attacking the root of this problem. Several 89 

authors have proposed different theories to predict their occurrence. First, Greenwood 90 

and Woods (1919) proposed the theory of accident-proneness; it states that accidents 91 

do not only happen randomly but rather some people are more prone to have an 92 

accident. Later research has not obtained conclusive evidence either for or against this 93 

theory, arguing that people can go through more accident-prone periods according to 94 

their psychological state. 95 

In 1931, Heinrich developed the domino theory, proposing that a sequence of 96 

factors led to accidents. These factors were mostly focused on the person, and how 97 

they are influenced by personal mistakes combined with dangerous or unsafe behavior. 98 

This behavior causes the accident, which ends up in injury or property damage. 99 

Heinrich (1931) postulated that if dangerous or unsafe behavior was removed, then 100 

accidents could be prevented. The domino theory was modified by Adams (1976), 101 

focusing not on personal characteristics, but on properties of the organization. Adams 102 

(1976) suggested that it was the organizational structure that determines the 103 

occurrence of operational errors, which are the cause of incidents or accidents. Bird 104 

and Germain (1985) specified that accidents had “multiple sources.” In other words, 105 

there are many causes that can explain an accident; therefore, identifying sources will 106 

avoid accidents. This idea is the basis of the studies that try to identify the factors 107 

behind the accident, finding that multiple variables affect the outcome. 108 

Later, Howell et al. (2002) proposed a completely different theory based on 109 

cognitive systems engineering. These authors highlight that previous approaches do 110 

not take into account factors such as the nature and dynamics of work on the 111 

construction site. Individual and organizational pressures push workers into hazardous 112 



conditions. Howell et al. (2002) argue that there is a safe area in which workers 113 

perform their work, bounded by the pressures of economic failure of the organization, 114 

personal exertion and acceptable performance. These external pressures can make 115 

the worker start working in the area where there is a loss of control. 116 

Through the years, the occurrence of accidents has gone from being considered a 117 

random phenomenon to being the result of a series of factors that are possible to 118 

determine and control. Meanwhile, the main cause of accidents stopped being the 119 

person as an individual, or his/her characteristics or the company itself, to a much more 120 

complex scenario, in which there are multiple sources at the individual and 121 

organizational level that can cause accidents (Bird & Germain, 1985). Therefore, 122 

identifying the main factors affecting safety performance in projects has been a goal for 123 

researchers and practitioners over many years and not only in the construction 124 

industry. Since the nineties, there have been many studies that attempt to identify the 125 

practices that are most effective in reducing accidents. Most of these studies have 126 

been based on surveys or case studies considering the preventive activities performed 127 

in construction projects. Table 1 shows a historical overview of the most relevant 128 

studies and practices identified so far, as well as the data collection method employed. 129 

 130 

CONTRIBUTION Year A B C D E F G H I J K L Data Collection 

Levitt and Parker 1976 X X X   X    X   Survey & Interviews 
Hinze and Harrison 1981  X X   X       Case Study 
Samelson and Levitt 1982 X X X  X X  X X X   Survey 
Hinze and Raboud 1988  X    X X      Interviews 
Hinze and Figone 1988  X    X   X  X  Survey 
Liska et al. 1993 X X X X X        Survey 
Jaselskis et al. 1996 X X X X X X X  X  X  Survey & Empirical Data 
Harper and Koehn 1998 X X      X  X   Case Study 
Sawacha et al. 1999  X X   X X  X X   Survey 
Hinze and Wilson 2000 X X X X X        Survey 
Hinze 2002a X X X X X X X X X    Survey & Case Study 
Hinze 2002b   X          Survey 
Mohamed 2002 X X    X X X     Survey 
Fang et al. 2004  X    X    X X X Survey 
Tam et al. 2004 X X    X    X   Survey 
Fung et al. 2005  X    X  X  X   Survey 
Teo et al. 2005  X X   X  X X    Survey 
Abudayyeh et al. 2006  X X   X  X     Survey 
Huang and Hinze 2006 X X  X  X     X  Survey 
Razuri et al. 2007 X X X X X X X  X   X Survey 
Aksorn and Hadikusumo 2008 X X X   X  X  X   Survey 
Hallowell and Gambatese 2009 X X X X X X X X X    Delphi Method 
Pellicer and Molenaar 2009 X X   X       X Discussion 
Vinodkumar and Bhasi 2010 X X    X  X  X X  Survey 
Hallowell and Calhoun 2011 X X  X X X X X X  X  Delphi Method 



CONTRIBUTION Year A B C D E F G H I J K L Data Collection 

Lai et al. 2011  X X   X X X     Survey 
Hallowell 2012 X X   X    X  X X Case Study 
Bridi et al. 2013 X X X    X X     Survey 
Hinze et al. 2013 X X X X X X X X X    Survey 
Hallowell et al. 2013 X X X X X X X X X    Case Study 
Olutuase 2014 X X     X X  X X  Survey 
Yorio and Wachter 2014 X X   X  X X     Survey & Empirical Data 
Wachter and Yorio 2014 X X   X  X X     Survey & Empirical Data 
Guo et al. 2015  X X   X  X X    Grounded Theory 
Wu et al. 2015  X X   X  X  X   Survey 
Guo and Yiu 2016 X X X   X  X X X   Interviews 

Table 1. Literature review 131 
NOTES: 132 
A. Pre-project and pre-task planning 133 
B. Safety orientation and specialized training 134 
C. Evaluation and reward 135 
D. Drug and alcohol testing 136 
E. Accident and incident investigation 137 
F. Management commitment 138 
G. Staffing for safety 139 
H. Worker involvement 140 
I. Subcontract management 141 
J. Safety equipment 142 
K. Safety audits 143 
L. Management safety training 144 

 145 

One of the most relevant papers in the field was published by Jaselskis et al. 146 

(1996) who proposed specific practices to improve safety at the project and company 147 

level. The additional merit of this work is that it used empirical data, such as recordable 148 

incident rates (or accident rates) and experience modification rates. Using a survey of 149 

corporate safety coordinators, these authors found that the most significant practices 150 

were: upper-management attitude, project-management team turnover, time devoted to 151 

safety by field safety representatives, formal and informal safety meetings with 152 

supervisors, specialty sub-contractors, site safety inspections, and worker safety 153 

performance penalties. 154 

Later, a research report issued by the Construction Industry Institute identified the 155 

five practices with the greatest impact in reducing accidents (Liska et al., 1993; Hinze & 156 

Wilson, 2000): pre-project and pre-task planning, safety orientation and specialized 157 

training, evaluation and reward, drug and alcohol testing, and accident and incident 158 

investigation. Later on, Hinze (2002a) extended these five techniques to nine, adding 159 

the following: management commitment, staffing for safety, worker involvement, and 160 

subcontractor management. 161 

Besides these nine factors that are widely recognized among researchers and 162 

practitioners (Hallowell et al., 2013; Hinze et al., 2013), three additional ones have 163 



been included in the literature review (see Table 1): safety equipment, safety audits, 164 

and management safety training. In 1999, Sawacha and colleagues carried out a 165 

survey of construction workers in the United Kingdom; they concluded that the supply 166 

and use of safety equipment was among the top five most effective practices (Sawacha 167 

et al., 1999). Similar studies, such as the ones developed by Fang et al. (2004), Tam et 168 

al. (2004), Fung et al. (2005), Vinodkumar & Bhasi (2010), and Wu et al. (2015) 169 

corroborated this finding. Regarding safety audits and inspections, Jaselskis et al. 170 

(1996) considered them to be key recommended practices; this proposal was later 171 

supported by Fang et al. (2004), Huang & Hinze (2006), Vinodkumar & Bhasi (2010), 172 

Hallowell (2012), and Olutuase (2014), among others. 173 

Training of upper management in safety issues is not a common practice among 174 

contributors; however, the authors of this research have added it because of personal 175 

conviction of its importance. Pellicer & Molenaar (2009) stated the key importance of 176 

education and training for engineering managers, especially in the construction 177 

industry, and how it influences the safety culture. Even though most of the authors 178 

analyzed proposed training up to the supervisor level, as described in Guo & Yiu 179 

(2016), just a few (Razuri et al., 2007; Hallowell, 2012) have taken into consideration 180 

training of the managers; Fang et al. (2004) measured the hours of safety education 181 

per year for a manager, including it as a main factor regarding safety education in 182 

construction. 183 

After reviewing the most relevant literature in the field, very few contributions 184 

regarding safety management practices implemented by construction companies deal 185 

with empirical studies that relate these practices to better safety performance. Jaselskis 186 

et al. (1996) were pioneers in this matter, setting the course. However, it was not until 187 

recently that Yorio & Wachter (2014) and Wachter & Yorio (2014) developed an 188 

empirical study of safety management practices based on the accident rate as well as 189 

the days away, restricted duty, or job transfer rate. Furthermore, the authors of this 190 

paper have found few studies that analyze a combination of practices, instead of the 191 



effect of individual practices. Therefore, the analysis of combination of practices using 192 

empirical data is the point of departure of this research. 193 

 194 

3. Materials and Methods 195 

 196 

As stated in the Introduction, the goal of this paper is to detect the best performing 197 

combinations of practices or strategies for different sizes of companies. The authors 198 

have used data from the Safety Mutual of the Chilean Chamber of Construction (Safety 199 

Mutual hereafter) as their source for empirical data. The Safety Mutual is a non-profit 200 

organization that provides medical insurance and technical assistance on safety 201 

management to companies in all industries. It includes more than 2,600 workers as 202 

well as more than 50 support centers. The Safety Mutual invests in prevention to 203 

diminish occupational accidents, mainly through programs specifically requested by 204 

and designed for companies, which include: certificates of safety compliance, audits, 205 

specific assessments, and training courses and workshops, among others. The Safety 206 

Mutual has data from companies (practices implemented and accident rates), but it 207 

does not really know the actual on-site impact of these practices. 208 

The Safety Mutual’s database included data of construction companies and 209 

prevention practices carried out every year; it was also possible to obtain information 210 

such as company size, building indicators, and other data to characterize the 211 

companies involved. However, it was difficult and complex to process and analyze data 212 

from the original database because the system was designed to store data, not to 213 

assess information. Significant efforts were made to improve the quality of the data, 214 

because the original data was input by safety experts from each of the companies who 215 

might have different criteria for defining prevention practices. Also, companies may 216 

have carried out other activities that the Safety Mutual was not aware of, and hence 217 

those activities would not have been included in the database. To build the database 218 

used in the analysis, the following activities were carried out:  219 



 Filter companies by category, in order to analyze only the construction 220 

companies in the Safety Mutual: a total of 1,180 companies.  221 

 Sort companies by size of business: four levels considering the number of 222 

employees.  223 

 Calculate the rate of accidents per year for each company.  224 

 Select four years with a total of 4,506 records.  225 

The next step was to identify the prevention practices undertaken each year by 226 

each company. There were a total of 221 different prevention practices; due to the fact 227 

that each one of these practices was defined by the safety experts using his/her own 228 

style, a homogenization process was needed. This way, the next step was to group 229 

prevention practices into categories to simplify the analysis. Considering the literature 230 

review, carried out in advance and summarized in the previous Section (see Table 1), 231 

as well as the classification of activities performed by the Safety Mutual, the research 232 

team decided to classify the 221 practices into seven categories of practices, as 233 

follows: 234 

1. Accidents & Incidents Investigation: activities related to the capture of 235 

information of accidents and incidents. 236 

2. Safety Planning & Resources: activities carried out by safety staff (such as the 237 

preparation of safety plans) as well as activities related with safety equipment 238 

that workers should use. 239 

3. Management Commitment: activities that demonstrate the willingness and 240 

commitment to safety from management, which otherwise would not be carried 241 

out. 242 

4. Workers’ Safety Training: activities such as courses, workshops, seminars, and 243 

all kind of safety training for workers. 244 

5. Management Safety Training: similar to the previous group, but focused on the 245 

company management. 246 

6. Audits & Certifications: regular activities performed by the Safety Mutual. 247 



7. Safety Incentives & Rewards: all kinds of recognition for good safety records. 248 

It can be noted that the first four categories concur with some of the best practices 249 

proposed by Hinze (2002a). The last three, however, were adjusted to the 250 

characteristics of many practices developed and encouraged by the Safety Mutual, 251 

which are focused on training of managers, certifications, and safety incentives. As 252 

indicated previously, the objective of this research is to identify which of these practices 253 

are most effective. 254 

Eighty strategies, or combination of categories of practices, were detected in the 255 

database. However, only the ones with at least 30 available records were taken into 256 

consideration for the analysis, obtaining a total of 14 strategies. The main metric to 257 

compare the effectiveness of these strategies was the accident rate, defined as shown 258 

in Eq. 1. 259 

Accident rate =  
number of accidents

average labor force
    (1) 

Summarizing, the final database comprised: original descriptive variables (year, 260 

average number of employees, number and description of practices implemented out 261 

of the original 221 practices), additional descriptive variables (size of the company, and 262 

presence or absence of any practice belonging to a category defined in the previous 263 

classification), and response variable (accident rate). With this data, the research team 264 

performed the following analyses: 265 

 Preliminary analysis of practices (221), categories (7), and all strategies (80). 266 

 Descriptive analysis of the 14 most frequently implemented strategies, 267 

measuring the incremental added value of different categories in different 268 

scenarios. 269 

 Classification tree of the 14 most frequently implemented strategies, using the 270 

exhaustive CHAID (Chi-Squared Automatic Interaction Detector) algorithm and 271 

displaying a routing graph of strategies. This statistical analysis was carried out 272 

using IBM SPSS Statistics (version 20.0). 273 



 274 

4. Analysis and Discussion of Results 275 

 276 

4.1. Preliminary Analysis 277 

 278 

Considering the 221 original practices coded by the Safety Mutual, a visual 279 

analysis of the number of practices implemented versus the accident rate per year and 280 

company allows a comprehensive and overall understanding of the problem. Figure 1 281 

displays a negative (and low) correlation between them: the more practices 282 

implemented, the lower the accident rate. There is a concentration of records by 283 

companies that implement less than 10 practices per year; the graph (Figure 1) shows 284 

a broad dispersion of data, which may explain the low correlation. 285 

 286 

 

Figure 1. Practices implemented per year versus accident rate 

 287 

Further analysis comprises a two sample z-test in order to determine if two 288 

population means are equal (in this case referring to the accident rate), considering 289 

that the variance of the population is known and, furthermore, the population is 290 

normally distributed (with more than 30 records each). First, this analysis is applied to 291 

groups of companies (taken from the population in the database) that have 292 

implemented intervals of practices: none, one or two, three to seven, eight to ten, or 293 



more than eleven. Table 2 shows the results of the analysis of accident rates for these 294 

groups of practices. A two sample z-test is applied to determine if two populations’ 295 

means are equal; the comparison is performed between a group and its following 296 

successor in size considering the fewer necessary amounts of additional practices to 297 

get a statistically significant difference between the accident rates of both groups (0 298 

practices compared to 1-2 practices, and so on). The results displayed in Table 2 prove 299 

that there is a statistically significant difference between the different groups; therefore, 300 

this corroborates the previous visual analysis of Figure 1: the more practices 301 

implemented, the lower the accident rate. 302 

 303 

 0 practices 1-2 practices 3-7 practices 8-10 practices >11 practices 

Mean (accident rate) 13.20 11.89 10.88 9.04 7.71 
Variance (known) 148.50 115.78 90.76 51.21 43.96 
Observations 2,065 717 543 123 300 
z 2.71 1.76 2.41 1.78  
p(Z≤z) one tail 0,00 0.04 0.01 0.04  
z critical value 1.64 1.64 1.64 1.64  

Table 2. Results of z-test for accident rates according to different number of 304 

practices implemented in the company 305 

 306 

In a similar way, an analysis of means can be performed for the quantity of 307 

practices performed, grouping companies according to their size: micro (9 or less 308 

employees), small (between 10 and 49), medium (between 50 and 199), and large 309 

companies (200 or more). A two sample z-test is also used to decide if two populations’ 310 

means are equal; in this case, the comparison is performed between a group and its 311 

following successor in size (micro-companies to small companies, and so on). Results 312 

are displayed in Table 3. The quantity of practices (mean) shows a statistically 313 

significant difference between the different sizes of companies. In this case, the larger 314 

the company, the more practices implemented. 315 

  316 



 317 

 Micro-companies Small companies Medium companies Large companies 

Mean (quantity of practices) 0.18 0.68 1.91 9.04 
Variance (known) 0.56 4.83 14.04 237.67 
Observations 510 1,623 1,482 891 
z -7.81 -11.03 -13.58  
p(Z≤z) one tail 0.00 0.00 0.00  
z critical value 1.64 1.64 1.64  

Table 3. Results of z-test for quantity of practices performed according to different 318 

size of company 319 

 320 

The next step is focused on the seven categories of practices, which come from 321 

grouping the 221 original practices in the database. These categories were sorted 322 

using a tornado diagram in Figure 2. This chart displays, in the vertical axis, the seven 323 

categories of practices. In the horizontal axis, the graph shows the difference between 324 

the accident rate for a company implementing (blue color) and not implementing (red 325 

color) a category, compared to the average accident rate (in vertical), which in this 326 

case is 10.01. Figure 2 shows that there is indeed a difference in the accident rate of 327 

companies that perform some categories of practices compared to those that do not 328 

perform them; this is applicable to all categories except Accidents & Incidents 329 

Investigation. Companies that do not implement any of the other six variables have (on 330 

average) a higher accident rate than the mean of all records (10.01). The companies 331 

that implement the category Safety Incentives & Rewards outperform the others, 332 

decreasing the accident rate by more than 25%. Regarding the other five categories, 333 

the differences are not so significant. Furthermore, there are also small differences for 334 

companies that do not implement practices, except in the case of Accidents & Incidents 335 

Investigation whose difference with the average is negative. 336 

 337 



 

Figure 2. Accident rate considering if the category is implemented or not 

 

 338 

The percentage of companies conducting prevention practices ranges from 0.8% 339 

to 19.9% of the total for each of the seven categories. The impact of prevention can be 340 

considered by dividing the average accident rate of the companies that do not 341 

implement a specific variable by the average accident rate of the companies that do 342 

implement that category; this is the effectiveness index proposed by Razuri et al. 343 

(2007) displayed in Figure 3. The effectiveness index reveals that companies carrying 344 

out prevention practices are always a smaller portion compared with companies that do 345 

not perform these practices. 346 



 

Figure 3. Effectiveness index of prevention categories 

 347 

Safety Incentives & Rewards is the category that is most effective, from the point of 348 

view of the accident rate. Companies that do not implement any practice in this 349 

category have an accident rate 51% higher than companies that do implement this 350 

category, as shown in Figure 3. This conclusion contradicts some previous 351 

contributions stating that incentives are counterproductive (Hinze, 2002b), or may be 352 

effective in the short term, but counterproductive in the long-term (Guo et al., 2015). 353 

Accidents & Incidents Investigation has a negative impact of 4% on the accident rate, 354 

whereas any other practice implemented resulted in a positive impact on the accident 355 

rate. The reason may be that practices related to Accidents & Incidents Investigation 356 

are reactive; they are applied when a serious accident has occurred in order to 357 

determine its causes (Razuri et al., 2007). The other five categories behave in a more 358 

consistent way: the accident rate is reduced by implementing them, whereas the rate 359 

increases by not implementing them, but both in an expected range (between 4-14% 360 

variation), as shown in Figure 2. Within this group, the better performance corresponds 361 

to Audits & Certifications as well as Management Safety Training. 362 

Moreover, all possible combinations of the seven categories of practices were 363 

identified for further analysis. These combinations of practices are called “strategies” 364 



from now on. Figure 4 shows 80 different strategies (or combinations of practices) 365 

found in the database, ordered in a tornado graph form, in a similar way as in Figure 2; 366 

the 80 strategies (in horizontal) are classified according to the difference between their 367 

accident rate compared to the average accident rate (in vertical), from highest (left) to 368 

lowest (right). As seen in Figure 4, there is a good fit to the linear equation proposed. 369 

Even though only approximately 20% of the strategies recorded accident rates higher 370 

than the average, these accounted for two thirds of all records in the database. 371 

However, accident rates among categories are not normally distributed. 372 

 373 

 374 

Figure 4. Tornado diagram of accident rate variation for each strategy 375 

 376 

Figure 5 shows that as the number of preventive practices increases (shown as a 377 

percentage in the right side of the diagram), accident rates decrease (displayed as a 378 

ratio in the left side). However, this relationship shows high variability. It seems that the 379 

number of preventive practices “per se” has limited influence on accident rates; 380 

furthermore, individual practices may have different effectiveness too. Therefore, more 381 

important than the number of practices is the right combination of them (or strategy). 382 

 383 



 384 

Figure 5. Relative accident rate and presence of practices 385 

 386 

4.2. Descriptive Analysis of Strategies 387 

 388 

In order to increase the soundness of the results, only those strategies with 30 or 389 

more available records were considered in this analysis; therefore, only 14 strategies 390 

were analyzed. Figure 6 allows for a global review of these 14 strategies. The upper 391 

part of Figure 6 displays the chosen 14 strategies (in the horizontal axis); the vertical 392 

axis shows not only the average accident rate of each strategy (left), but also the 393 

percentage of the presence of the seven categories in that particular strategy (right). 394 

The lower part of Figure 6 exhibits the chosen 14 strategies (in horizontal), and the 395 

seven categories used for grouping the practices as well as the distance to the average 396 

accident rate, record count and percentage of records (in vertical).  397 

 398 



 

Figure 6. Strategies with at least 30 records 

 399 

Figure 6 highlights some facts; for example, even though these 14 strategies 400 

represent 84.2% of the records in the database, the top nine strategies comprise an 401 

average of 1.2% of records in the database. It is worthy to note that the second worst 402 

strategy (no category implemented) is widely adopted and accounts for 55% of total 403 

records; however, it has twice the accident rate of the best strategy. Maybe the most 404 

striking fact is that the category Safety Incentives & Rewards is not present in any of 405 

the strategies analyzed, being seldom used by companies; even though the high 406 

impact of this category was already previously analyzed, the scarce data so far 407 

impedes considering it for the configuration of the strategies. 408 

In general, the two most effective strategies (those with the two lowest accident 409 

rates) have more categories implemented (five and six, respectively). The most popular 410 

strategy (second-worst performance) does not have any of the seven categories 411 

implemented. This confirms previous results that indicate that the higher the number of 412 

prevention activities, the lower the accident rates. However, this trend presents 413 

interesting features. For example, strategies 6, 9 and 12 have two categories each; one 414 



of the categories is Safety Planning & Resources, and the strategies vary only in the 415 

presence of the practices Accidents & Incidents Investigation, Management 416 

Commitment, and Management Safety Training, respectively. Only with this difference, 417 

strategy 6 has an average accident rate of 11.08, strategy 9 of 9.94, and strategy 12 of 418 

8.18. With an equal number of categories, there are differences of up to 26% in the 419 

accident rate, highlighting the importance of the strategy itself. 420 

Using a similar approach, it is possible to assess the impact of individual 421 

categories of practices. Strategies 1, 3, 4, 5, 8 and 11 (Figure 6) have only one 422 

category each. They are displayed in Figure 7 in order to analyze their individual 423 

impact, compared with companies that do not do anything. Figure 7 is arranged similar 424 

to Figure 6. Companies that only implemented the category Accidents & Incidents 425 

Investigation had accident rates higher than companies without any category of 426 

practice. This is consistent with the definition of the practice; as explained previously, 427 

the documentation of accidents and incidents usually begins after the occurrence of 428 

serious accidents, to determine their causes. In that sense, it can be defined as a 429 

practice of reaction rather than prevention. 430 

 431 

 

Figure 7. Analysis of the impact of individual categories 



 432 

Safety Planning & Resources had an impact of 4% on the accident rate compared 433 

with companies without any category implemented. As in the previous case, this is 434 

because many of the practices that comprise this category correspond to the 435 

preparation of plans and safety programs, which are just the first steps to reduce the 436 

number of accidents in a workplace. Management Safety Training had a 9% impact on 437 

the accident rate, whereas the category Workers Safety Training reduced the accident 438 

rate by more than 15%. This shows that training focused on those who carry out the 439 

activities has a higher impact than training focused on those who manage them. 440 

Finally, the categories of practice Management Commitment and Audits & 441 

Certifications reduced accident rates by approximately 25%. This significant reduction 442 

can be explained in part because companies that adopt this type of commitment from 443 

upper management have a low accident rate, and they work to reach the zero 444 

accidents target, with a strategic vision of the company. It is noteworthy that in the 445 

category Audits & Certifications there are individual practices that lead to certification of 446 

the company, which is a clear indication that the company has safety as one of its 447 

strategic goals. 448 

In summary, this analysis identified categories of practices and strategies that have 449 

a greater impact and can support the design of more effective and economical safety 450 

management strategies. One of the greatest potentials of this analysis is that it allows 451 

inputting a categorical variable; the sample can be divided into two nodes, according to 452 

the presence or absence of the category, and that generates the combinations of 453 

variables that make up each strategy. With this, the impact of each of these strategies 454 

can be measured, in general, but also the impact of each of these strategies in 455 

companies that have different characteristics, such as the type of project, size of 456 

company, etc. For example, Figure 8 shows the impact of the different strategies on the 457 

accident rate (in horizontal) according to company size (in vertical, left); smaller firms 458 



have a larger dispersion and worse results for the same strategies than larger firms, 459 

whereas larger companies have much lower dispersion than smaller firms. 460 

 461 

 

Figure 8. Accident rate of each strategy analyzed by company size 

 462 

4.3. Classification Tree Approach 463 

 464 

As a method to support the design of optimal strategies, categories of practices 465 

can be identified that, combined with others already in place, minimize the accident 466 

rate. The aim is to get the best combination of categories (independent variables or 467 

predictors) that explain the following output (dependent or predicted variable), to 468 

answer this question: Does the accident rate decrease when applying a specific 469 

category of practice? This procedure can be systematized using the classification tree 470 

method, implementing the exhaustive CHAID (Chi-Squared Automatic Interaction 471 

Detector) algorithm (Kass, 1980; Biggs et al., 2011). Because the answer to the 472 

previous question is categorical dicothomic (yes/no), this algorithm uses a Chi-Squared 473 

test in order to divide the data into two groups (nodes), which have a statistically 474 

significant difference between the average accident rates of both nodes. Data is 475 



systematically split into separate groups (nodes) in a way that the variation of the 476 

dependent variable is minimized within the groups and maximized among the groups 477 

(Ramaswami and Bhaskaran, 2010); the process is repeated until no statistically 478 

significant difference is found (stopping rule). This will not only make sure that there are 479 

statistical differences between the accident rate for different nodes, but also allows the 480 

identification of the order of application of the categories, which in turn allows the 481 

measurement of the marginal impact of each of these different combinations. 482 

This method is displayed using a tree diagram, which allows visualizing the 483 

relationship between the dependent and independent variables in a graphical way, as 484 

shown in Figure 9. It is a tree of 12 nodes, with seven terminal nodes (which means 485 

seven paths), using five categories (independent variables) out of the total of seven 486 

possible categories. Figure 9 includes not only the mean and standard deviation, but 487 

also the percentage of presence for each of the categories that the algorithm used in 488 

each node. The seven terminal nodes represent 100% of all records in the database. 489 

 

Figure 9. Classification tree using exhaustive CHAID algorithm 



 490 

In order to get a better interpretation of the data obtained from the CHAID analysis, 491 

Figure 10 is displayed. The numbers in the upper horizontal of Figure 10 are the 492 

terminal nodes in Figure 9. As in Figures 6 and 7, in the graph (vertical) part of Figure 493 

10, the record count and percentage of records is shown, whereas, in the table 494 

(vertical) the distance to the average accident rate is included; furthermore, this table in 495 

Figure 10 includes not only the five categories used by the CHAID algorithm, but also 496 

the two additional ones (Accidents & Incidents Investigation as well as Safety 497 

Incentives & Rewards) specifying their percentage of presence. 498 

 499 

 

Figure 10. Average accident rate terminal nodes with exhaustive CHAID algorithm 

 500 

The best strategy corresponds to node 10 (Workers’ Safety Training + 501 

Management Safety Training + Audits & Certifications); this is the final node with 502 

lowest accident rate mean in Figure 9. This strategy also has the most presence of 503 

each of the other four categories and also for the whole set of categories (92%). 504 



However, only 3.3% of the records contain this strategy. The other two best strategies, 505 

corresponding to nodes 8 and 9, get similar results. Their first category is Workers’ 506 

Safety Training; node 9 considers later Management Safety Training, whereas node 8 507 

considers Safety Planning & Resources instead. The former gets more distance to the 508 

accident rate, as well as slightly more presence of the whole set (60%) and similar 509 

percentage records (3.5%). Anyway, Workers’ Safety Training is present in these three 510 

best strategies. 511 

Figures 9 and 10 also indicate that the worst strategy represents only 0.8% of total 512 

records, and it has a high percentage of categories present (48%); maybe companies 513 

with very bad performance decided to implement many prevention activities in order to 514 

improve their outcomes quickly. Due to this fact, as well as the low percentage of 515 

records, this category may not be illustrative. The second worst strategy represents 516 

65% of the records, but no category out of the whole set was chosen by the algorithm 517 

in this strategy. This strategy also has a very low presence of the total categories (4%), 518 

whereas the most successful strategy (lowest accident rate mean) has a presence of 519 

92%. This confirms the analysis of Figure 6: the higher the percentage of categories 520 

implemented in the strategy, the lower the accident rate. However, as in the previous 521 

analysis, this growth is not completely linear; a node may have a higher presence of 522 

practices, but still have worse accident rates than another node, and vice versa. This 523 

relationship shows again that, for intermediate ranges, the right combination is more 524 

important than the number of practices. 525 

 526 

5. Conclusions 527 

 528 

The analysis of the data showed that even though the number of prevention 529 

activities had a statistically significant correlation with the accident rate (the more 530 

practices implemented the less the accident rate), the analysis in the graphical strategy 531 

format showed that this factor itself provided only a partial explanation. Significant 532 



differences occurred once a certain number of practices were reached; at a given point, 533 

the marginal contribution of adding more prevention practices is virtually zero. In future 534 

work the authors will explore this relation for companies of different characteristics. 535 

The analysis of the combined effect of prevention practices (safety management 536 

strategies) showed that the choice of the right combination of practices was more 537 

important than just the number of practices implemented. In this research, the most 538 

optimized combined strategy implements practices in three categories: Workers’ Safety 539 

Training, Management Safety Training, and Audits & Certifications; this strategy gets 540 

the lowest accident rate, with the most presence of each of the other four categories 541 

and also for the whole set of categories. It is worth noting that Workers’ Safety Training 542 

is always present in the best three strategies analyzed; hence, it seems to have a key 543 

role in any prevention strategy. Furthermore, Safety Incentives & Rewards is the 544 

category that is most effective, from the point of view of the accident rate, even though 545 

it was very scarcely implemented in the dataset. Finally, practices related to Accidents 546 

& Incidents investigation are reactive, generally used as an aftermath of an accident 547 

and, therefore, may not be a good indicator of performance. 548 

This analysis approach can bring significant improvements to companies by 549 

contributing to the design of effective strategies that can lead to best results at a 550 

minimum cost. Similarly, the Safety Mutual can benefit themselves and their associates 551 

by developing highly effective prevention strategies with the least cost. Moreover, these 552 

methods can help to determine the order of implementation of different practices, so as 553 

to achieve greater impact at first, and then continue with higher marginal impact. 554 

The strategy analysis method proposed seems to be an attractive method to 555 

design safety management strategies if the appropriate data is available. Because of 556 

the space constraints, a feature that was not discussed in this paper is that the method 557 

can be used to perform an individualized analysis for a company, considering its 558 

particular characteristics: company size, type of business, type of projects, or any other 559 

attribute or combination. This eventually allows the development of custom designed 560 



programs. When applied in companies which have massive data on their prevention 561 

programs, this method could enable them to measure the impact on safety for every 562 

new management initiative. This method also allows analyzing individual factors of a 563 

safety program, or any unconventional prevention activity to be implemented, provided 564 

that there are sufficient data for the analysis. Future work will pursue the development 565 

of software that integrates data capture with this methodology to support the design of 566 

safety management strategies for companies and projects according to their specific 567 

characteristics and needs. 568 

There are some limitations to this research. First, the data regarding 569 

implementation of practices was reported to the Chilean Safety Mutual by the 570 

companies; therefore, the quality of the data is related to the quality of each 571 

organization’s self-reporting. Moreover, regarding the safety practices and their 572 

combination, frequency is not the only condition to take into consideration. The quality 573 

of implementation may also affect the outcome. Another issue to consider is the 574 

magnitude of the accidents: a major one has greater impact than many minors. These 575 

limitations can lead to future lines of research. 576 

The method used in this research can be applied to other countries. The categories 577 

are defined according to an in-depth literature review and they can be equally valid in 578 

other contexts. Nevertheless, the results cannot be extrapolated to other scenarios 579 

unless previous analyses have been developed to check if their safety culture is similar 580 

to that of the Chilean construction industry. 581 
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